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(57) ABSTRACT

Disclosed is a nonvolatile storage system including: a
memory block having a plurality of flash memories; a flash
memory power supply circuit outside of the memory block;
and a flash memory controller. The flash memory power
supply circuit has a plurality of types of power supply
circuits for process execution, the power supply circuits for
process execution generating and supplying power at a
plurality of voltage levels needed to execute processes in the
flash memories. The flash memory controller monitors
changes of the internal states of the flash memories by
communicating with the flash memories, thereby controlling
the power supply circuits for process execution and the flash
memories.
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FIG. 10

S81

system turned on

S82 v

flash memory controller issues internal state reading command
to read applied voltage information from information registers of all
of or a part of flash memories

83 v

flash memory controller stores applied voltage information in
applied voltage information storage of
flash memory internal state management table

S84 v

writing/erasing request from host

585 v

flash memory controller refers to flash memory internal state
management table to read applied voltage information of all of
candidates of flash memories targeted for data writing/erasing

|

flash memory 1 = V1
flash memory 2 = V2

S86

flash memory N = Vn

S87 l

flash memory controller selects flash memory having lowest applied voltage
as flash memory targeted for data writing/erasing

- |

flash memory controller issues command to
flash memory targeted for data writing/erasing
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FIG. 11

S91

system turned on

§92 l

flash memory controller issues internal state reading command to
read applied voltage information from information registers of all of

or a part of flash memories

so3 }

flash memory controller stores applied voltage information in applied voltage
information storage of flash memory internal state management table

S94 4

writing/erasing request from host

$95 v

flash memory controller refers to flash memory internal state management
table to read applied voltage information of all of
candidates of flash memories targeted for data writing/erasing

S96

flash memory 1 = V1
flash memory 2 = V2

flash memory N = Vn

S97

flash memory controller selects flash memories having smaller difference

between applied voltages thereof as
flash memories targeted for data writing/erasing

598 l

flash memory controller issues command to
flash memories targeted for data writing/erasing




US 2018/0129601 A1

May 10, 2018 Sheet 13 of 88

Patent Application Publication

=it

4
y10¢

Aiowsuw yse|}

2102

J0A

21027

JAN

v10¢

Aowsuw ysey

dl

\/\
710¢

Alowsu ysey}

¢v0c

SN

snhq ejep u

L4

snq |0J1U0D /SSaIppE

A

1v0¢ ™

¢e0¢

a3el03s
uojjeuLIofUl i~
odejjon vm_u"aam N eeoz

9|qe] Wweswadeuew
9]e]s jeudaiul
Alowswt yseyy

N

JNOAI0 [04IU0D
98e}]oA paidde

\
J1ajj0quo0o Atowaw ysey VEOC

M 0802

A
N Va

oy m
‘ev

u.unu\/_i.V 3oolq Asowsw

- . A
' eV 2y
1 £v0Z
A BuipeaJ Jo}
N._W.NNON ) §no.o Ajddns semod
O SUIAJISA U0} g
eL 6707 N0 Ajddns samo
T QNN 77T o Adans somad u
3 02 \/\ noso Ajddns semod Alowawl Yysey 9397
"™ 010¢ 0202

gL 914



US 2018/0129601 A1

May 10, 2018 Sheet 14 of 88

Patent Application Publication

BuiAguaA 3uisess /Suillim elep ssnoaxe Alowsw r_wmi

4 ¥iLLS

s|qe) Juswaeurw 93e)S [eUIITUL
Aowaw ysey seiepdn pue Auowasw ysey jo

uoessdo [euISIUl SHIEISI 19]|0.JU0D AlOWwSW ysey

+

€Lis

Buiseds /Sunm 1o} Pnoao Ajddns usmod
Jo jeudis ssauipead Ajddns omod
sindino pnoao Ajddns Jamod Aaowsul yseyd

¢LisS

¢, Ajddns a3e1joA 10}
ApesJ si BUISEIS /Uijlam 10} HNOAID
Ajddns samod Jaylaym

a8ejjoA 195 U0 paseq Suisess /Burum 1o} A|ddns semod

40 98e]j0oA s88ueyD JINO.I0 [013U0D 988} |oA paijdde

OLiS

¢, 98e}joA paidde
juasaad ueyy JoysIy si 9583j0A
18 J8ylaym

601S

98e]|0A 195 se 93e}{0A U0I108.410D

% BUIAJIIBA JO SBWIY JO JOQUINU 4 (UOITBWIOJU] |
ageyjon pajjdde) a3e}j0A 90UBI8484 Buisn AQ BUISEID /FUillIM
104 Alddns Jamod sa1BAIOE UNOAO [0.[U0D 8Fe}joA paldde

4 S0LS

Alowsaws Yyse|} JO 4191SI8s4 UOITRULIOJUI WOy UOIjRWLIoU!
SaWI}-Jo—Joquinu SUIAJLISA pue uoljeULIOLUl 9Fe}{0A paljdde pead
0} puswiwod Sulpess 91e]S [BLI9IUI SONSS] J9jj0JU0D Alowsw ysej}

98e}|0A J9s 01
a8e}joA pajjdde uasaud saiedwoo JN0LIO j04u00 ade}joA paidde

A 80LS

93e7|0A 195 Sk 98B]J0A UOI108.LI00
x SulAfLIaA JO sdwIg JO JSquinu 4 (UOoljRWIOUl
aFejjoA paijdde) a5e1j0A 90U a4 Suisn AQ BuiseId /SUjIM
10} Ajddns Jomod S91BAIOR 1INDJID [0J3U0D 85e}|0A paydde

A 101S

¢ 9AnorUl SI Buisess /Sunum
404 ynoaio Ajddns samod Jsyiaym

Aowsw yse) Jo Je3siFe. UOITBUWIOJUI LIOY LoITBWIoUI
$5WI-J0-1oquinu BuIAJLISA pue UoIjeuLIOjUl a88}joA paijdde pesd
0] puBWWOD Fuipeal 91e1S |eulajul SBNSS! J8jjoJ1u0d Alowsw ysey

A 9018

a|ge] JuswaBeuew 93els [eUISIUI AlowaW Ysey 0}
S49434 pue Auowaw ysey sasned J9|joaju00 Auowaw yse|}

s 201S

43(j043u00 Auowaw ysey 03
jeusis SulAjiou jdnaisiul Azowew ysey ndino
'PAY01E| S4B USRLIM 3q 0] BIEp PUE SSBJPPE U] ) o

€L 914



1 914

=
= 81 3%
X I
= r~ Al
& v10¢ _ uonwHOu
— A | N
S / croe own Jonedtidee 1M geoz
m ¢l0¢ Aiowsw ysey A L ) A oFeI0rs
] snq e3ep y uoneuloul | b
¥ sfesion paijdde M acqs

% _...wv ’ snq _o\_uwmw\ ssa.ppe ~ 9|qey Juswageusw

| 1y0¢ aje3s jeusaul
3 J0N i : €€0C | Aiowsw ysey ™ 0802
“ g1R% M<
- JNO.I0 |0.U0D
g Hl 7 mmmﬁg_nw:aa@
%u \(\ \ »\4 \ L /AVMON
% y102 /.“ _ oy 19]|043U00 AJowaw ysey
P} y ] =
Q \ gV
m., NEN\ Aowsw ysejl Y ¢ AV

4 £ (A
2 ! gV
= < y ev0e
/ [4
90A 8l /) ev P
m dl ; d m:wmumm; 4104 g
= P~ / N.g 7700 4120 Addns Jamo
<
.m r10¢ V BUIAJLIBA JO}
m ) m.—.HmNON 2 unouo’Ajddns Jamod
¢10¢ Aowsus yse

.m i o é W 1L 1202~ uwzﬁw_wgw_\%%wwg‘ﬂwﬁwn vl—
m _Jv & oz N0 Ajddns Jomod Aiowaw ysey | oA
.M.. O0A %00jq AdoLualu \/\ 010¢ 000¢
=
-«
=
&
&
="



Patent Application Publication May 10, 2018 Sheet 16 of 88  US 2018/0129601 A1

— FI1G.15

S121

system turned on

S122 l

flash memory controller issues internal state reading command to
read applied voltage information, verifying number—of-times information,
and pulse width/internal information from information registers
of all of or a part of flash memories

S123 l

flash memory controller stores applied voltage information in applied voltage
information storage of flash memory internal state management table and
stores number—of-times information and pulse width/internal information
in voltage application time information storage

S$124 \ 4

writing/erasing request from host

S125 4

flash memory controller refers to flash memory internal state management table
to read applied voltage information and voltage application time information
of all of candidates of flash memories targeted for data writing/erasing

I

flash memory 1 =T1a,T1b,Tlc++-
flash memory 2= T2a,T2b,T2¢c* -

S126

flash memory n = Tna,Tnb,Tnc***

S127 l

flash memory controller selects flash memory having shortest voltage
application time as flash memory targeted for data writing/erasing

5128 l

flash memory controller issues writing command to
flash memory targeted for data writing/erasing
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S131

system turned on

5132 l

flash memory controller issues internal state reading command to
read applied voltage information, verifying number—of-times information,
and pulse width/internal information from information registers of all of
or a part of flash memories

S133 v

flash memory controller stores applied voltage information in applied voltage
information storage of flash memory internal state management table and
stores number—of-times information and pulse width/internal information
in voltage application time information storage

S134 l

writing/erasing request from host

135 l

flash memory controller refers to flash memory internal state management
table to read applied voltage information and voltage application time
information of all of candidates of flash memories targeted
for data writing/erasing

I

flash memory 1 = T1a,T1b,Tic- -
flash memory 2 = T2a,T2b,T2¢c" -

5136

flash memory n = Tna, Tnb,Tnc*++

S137 l

flash memory controller selects flash memories having smaller difference
between voltage application times thereof as flash memories targeted
for data writing/erasing

5138 l

flash memory controller issues command to flash memories targeted
for data writing/erasing
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FIG.21

5161

system turned on

5162 l

flash memory controller issues internal state reading command to
read load power information from information registers of all of
or a part of flash memories

163 l

flash memory controller stores load power information in load power
information storage of flash memory internal state management table

S164 v

writing/erasing request from host

5165 v

flash memory controller refers to flash memory internal state
management table to read load power information of all of
candidates of flash memories targeted for data writing/erasing

'

flash memory 1 = P1
flash memory 2 = P2

S166

flash memory N = Pn

$167 l

flash memory controller selects flash memory having smallest load power
as flash memory targeted for data writing/erasing

S168 l

flash memory controller issues command to flash memory targeted
for data writing/erasing
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S171

system turned on

S§$172 l

flash memory controller issues internal state reading command to
read load power information from information registers of all of
or a part of flash memories

S173 l

flash memory controller stores load power information in load power
information storage of flash memory internal state management table

5174 . 4

writing/erasing request from host

$175 v

flash memory controller refers to flash memory internal state
management table to read load power information of all of
candidates of flash memories targeted for data writing/erasing

S176

flash memory 1 = P1
flash memory 2 = P2

flash memory N = Pn

$177 l

flash memory controller selects flash memories having smallest
load power in total as flash memories targeted for data writing/erasing

I

flash memory controller issues command to flash memories targeted
for data writing/erasing
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C

auto program
starts

3\\1 302

v

1304 1300
Info. Reg. set
CHI set “H”
v 1306
| Rv/BYsL
¢ 1308
| Status Reg. set
N\1312
Program verify ~ [N\1314
CHI set “L” 1\\1 316
Yes
Verify=pass? *
1318 1332
Info. Reg. set AV
CHI set “H"
Info. Reg. set /2/1 320 = 1334
CHI set “H" 1 ‘ 4
Smrurﬁqg.‘wet‘—/f——“‘—‘”
Y 1336
R/BY=H AV
* 1338
CHl set “L”
Program \N\1326 e 1340
‘ ends
CHIset “L"  N\\328

v

Info. Reg. set
CHI set “H”

I
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FIG. 32
) acceptable command
command name first cycle second cycle during Busy period

serial data input 80h -

auto program 10h -

reading address input 00h -

column address change 06h -

reading start 30h -

column address change EOh -

auto block erasing 60h DO

ID reading 90h -

status reading 70h - o)

reset FFh - O

information reading 50h - O
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FIG.37

S301

command is issued from host and
received by flash memory controller

l‘

flash memory controller checks
driving state of power supply circuit

S302

l (driving rate by polling)

S303

flash memory controller estimates
operating power of flash memory

5304

whether driving state
of power supply circuit is enough to supply
estimated operating power
to flash memory ?

Yes

h 4

flash memory controller starts process
execution in flash memory

5305
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FI1G.38
S311 .
p| Process currently executed in
flash memory memory

S312 | flash memory controller checks

driving state of power supply

circuit
(driving rate by polling)
S313

S314

S315

5316

whether
driving state is equal to or larger
than specific level L, 2

flash memory controller
pauses a part of
flash memories

¢

flash memory controller checks
driving state of
power supply circuit

(by polling)

whether
driving state is equal
to or smaller than specific level
L, after paused flash memory
restarts to operate ?

S317

flash memory con’groller restarts
process execution in paused flash
memory

No

S318

rocess is completed in flash
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FIG. 39
12
/\/

P ki | 1D state | oo oo | stabrng o der
8 flash memory A writing | 50mA 1
7 flash memory B erasing| 50mA 2
6 flash memory C writing [ 50mA 3
5 flash memory D erasing| 50mA 4
4 flash memory E writing | 50mA 5
3 flash memory F erasing| 50mA 6
2 flash memory G erasing| 50mA 7
1 flash memory H writing | 50mA 8
0 flash memory [ pausing| 50mA 0
0 flash memory J pausing| S0mA 0
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FI1G. 41

S321

interrupt by power supply circuit for
flash memory controller

h 4

flash memory controller pauses
a part of flash memories

;

flash memory controller checks
driving state of
power supply circuit

i (driving rate by polling)

§322

S323

whether
driving state is equal to
or smaller than specific level L
after paused flash memory restarts
to operate ?

5324

§325

flash memory controller restarts process execution
in paused flash memory
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FIG. 43
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S331

flash memory controller checks
driving state of
power supply circuit

S332

driving state is equal to or larger than

(driving rate by polling)

whether

specific level Ly ?

S333

flash memory controller pauses

a part of flash memories

$334

flash memory controller checks
driving state of
power supply circuit

(by polling)

S335

5336

than specific level L after paused

whether driving
state is equal to or smaller

flash memory restarts
to operate ?

flash memory controller restarts

to process execution in paused flash memory

>
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FIG. 44
12
/-\.1/

P g | 1D state | power level | stapting order
9 flash memory A writing | 1 1
8 flash memory B erasing | 2 2
7 flash memory C writing | 2 3
6 flash memory D erasing | 2 4
5 flash memory E writing | 3 5
4 flash memory F erasing | 3 6
3 flash memory G erasing+-3 7
2 flash memory H writing | 3 8
1 flash memory [ pausing | O 0
0 flash memory J pausing | 0 0
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FIG. 45
S341 command is issued from host and
received by flash memory controller
5342 flash memory controller checks . )
driving state of power supply circuit (driving rate by polling)
5343 flash memory controller estimates
operating power of flash memory
S344 whether driving

state of power supply circuit is enough to
supply estimated operating power of
flash memory ?

Yes S345 process execution continued
in flash memory with
low power level
S346 »
flash memory operation management table
updated
S347

flash memory controller starts process
execution in flash memory
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FI1G. 47
S351 .
command is issued from host and
received by flash memory controller
§392 flash memory controller checks - .
driving state of power supply circuit (driving rate by polling)
-
Y
S353 .
flash memory controller estimates
operating power of flash memory
S354 whether driving

state of power supply circuit is enough
to supply estimated operating power of
flash memory ?

Yes $355

low-priority process executed
with low power level

v

flash memory operation management table
updated

S356

S357

flash memory controller starts process
execution in flash memory
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FIG.50

5361

process currently in execution
in flash memory

Sheet 51 of 88

US 2018/0129601 A1

;

flash memory controller checks
driving state of
power supply circuit

5362

S363 whether
driving rate is equal to or larger

than specific level L, ?

No

(driving rate by polling)

Yes

\ 4

5364

process execution continued
in flash memory with
low power level

$365 v

flash memory operation management table
updated

5366

whether
process execution in flash memory is
completed ?

No
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FIG.51
S371 interrupt by power supply circuit
for flash memory controller
8372 .
a part of processes executed in low
power mode
S3713 flash memory controller checks driving
state of power supply circuit
(driving rate by polling)
S374 whether Yes
driving state is equal to or larger than
specific IV
No
Y
S375

flash memory operation management table
updated
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process currently in execution
in flash memory

;

flash memory controller checks
driving state of power supply
circuit

FIG.52
$381
—»
S382
5383

whether
driving rate is equal to or larger
than specific level L ?

No

(driving rate by polling)

Yes

\ 4

5384

low—priority process executed
with low power level

S385

A 4

flash memory operation management table

updated

No

S386

whether process
execution in flash memory is
completed ?
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FI1G.53

S391

5393

S394

interrupt by power supply circuit
for flash memory controller

3392

May 10, 2018 Sheet 54 of 88  US 2018/0129601 A1

h

low—priority process executed
in low power mode

l

flash memory controller checks driving
state of power supply circuit

whether
driving state is equal to or larger than
specific level Ly ?

No

(driving rate by polling)

Yes

v

5395

flash memory operation management table
updated
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FIG. 55

Sheet 56 of 88  US 2018/0129601 A1

S401

process execution completed
in flash memory

S402 l

flash memory controller checks
overload flag of power supply circuit

5403

flash memory controller clears overload flag
of power supply circuit

overload ?

Yes

T s l

No flash memory controller verifies
process of flash memory
v S406 o
whether
¢ es data of flash memory is
normal ?
$407 v 5408

flash memory controller notifies
host of normal ending

flash memory controller notifies
host of abnormal ending
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power supply control signal inputted

v

(parameter setting unit)

~

parameters necessary for voltage generation
set depending on power supply control signal
(eg, clock frequency,

number of rows of boosters)

v

(voltage generating unit)
voltages generated: VHH/IHH,
power supply voltage variation single N10
outputted

v

(voltage state monitoring unit)
operational driving rate (discrete value) or affordability
L calculated from power supply voltage variation signal

4

o )
operational driving rate or affordability outputted
in the form of power supply state notifying signal
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FI1G.64

power supply voltage
variation signal N10

counter internal signal [ gh ( 1h : 2h :(

— — ;
i i i i i i
i { i i i i
i i P P
! : 1L : n

counter value signal NT11 !
H
!
&

inversion signal N12

integration control signal N13

]

P07 seonupue USRS
B O e Mo
P v sompeuiyuit N
o=

H
e
@

\_]

1 (
i P
i \ i lj P
VREF Duty2 | i - : 1
VREF Duty! | — ’ i \\ .}I
VREF_Duty0 ;_ML — = T R I R, 7y
_ integration signal N15 : i ﬁ P / Pl i i
! I t i ] !
power supply state | i I h ! i ! :
information signal N16 4 ; H i ;
P Pl s & i P
P i\ i i P
[} 1 .
power supply state | i : : : : ] : :
information signal N17/ ! : ! : : _ . ) !
¥ 1 | 1
P P\ i P I
P Py P RE P
power supply state ! ! ! ! T I B T ! !
information signal N18! ! e l b b e
P P P i P
1 1 ] ] | 1 i i
power supply state i - - - - .
notifying signal Q2[1:0] I Oh >Qh(1h:low driving rate)l
i i i i i i i i i i

¥ output signal of status
register Siginfo[2:0 ] after
table conversion e driving rate of N10 clock signal is low

e AriVING rate of N10 clock signal is high
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FIG. 66

power supply voltage variation i
signal N10 !

counter internal signal

counter value signal N11 i

inversion signal N12 i

integration control signal N13 |

integrated signal N14

VREF Duty2

VREF_Duty1

VREF_Duty0
integration signal N15

power supply state .
information signal N17 4

Siginfo[1]

N20

Sc[1]

power supply state transition
notifying signal Q2

power supply state notifying signal — ) — -
sl , XK

A A S
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FIG. 68

power supply voltage variation
signal N10

counter internal signal

counter value signal N11 :

inversion signal N12 |

integration control signal N13 |

integrated signal N14

VREF_Over
VREF Duty?2

VREF_Duty1

VREF_Duty0
integration signal N15

power supply state
information signal N16

power supply state i
information signal N17

power supply state i
information signal N18

counter reset signal N19 i

Siginfo[3:0] l

averload detection signal Q5

power supply state notifying signal
Q2[2:03
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VOLTAGE CONTROL CIRCUIT FOR
PROVIDING TWO VOLTAGES GENERATED
BASED ON A PARAMETER
CORRESPONDING TO AN INPUT SIGNAL

RELATED APPLICATIONS

[0001] The present application is a U.S. Divisional patent
application of U.S. patent application Ser. No. 13/940,161,
filed Jul. 11, 2013, which is a U.S. Continuation patent
application of U.S. patent application Ser. No. 13/732,089,
filed Dec. 31, 2012, now patented as U.S. Pat. No. 9,405,
671, issued on Aug. 2, 2016, which is a U.S. Continuation
patent application of International Patent Application No.
PCT/IP2011/003581, filed on Jun. 23, 2011, which in turn
claims priority of Japanese Application No. 2010-147849,
filed on Jun. 29, 2010 and Japanese Application No. 2010-
155264, filed on Jul. 7, 2010, the disclosures of which
applications are incorporated by reference herein.

TECHNICAL FIELD

[0002] The invention relates to a nonvolatile storage sys-
tem provided with a nonvolatile storage device such as a
SSD (Solid State Drive) or SD (Secure Digital) memory
card in which a plurality of flash memories are used. The
invention more particularly relates to a technology for
reducing power consumption in a more advantageous man-
ner in such an operating environment that running states of
processes in a plurality of flash memories are dynamically
changing, the invention further relating to a technology for
ensuring a high data reliability through an operational sta-
bility by avoiding system crash caused by unfavorable
events, such as overload, in a power supply circuit for
memory system where a state of power supply is undergoing
dynamic changes.

BACKGROUND ART

[0003] In recent years, storage devices configured for fast
data processes, for example, SD memory card and memory
stick, are becoming increasingly popular among consumers.
These nonvolatile storage devices, in which a plurality of
flash memories are provided as nonvolatile storage cells, are
used in hosts of personal computers, PDA (Personal Digital
Assistant), mobile telephones, digital cameras, audio play-
ers, and automotive navigation systems.

[0004] The ongoing price reductions of the flash memories
are accelerating the widespread of SSD (Solid State Drive)
mounted with a large number of flash memories as an
alternative to hard disc drives in personal computers and
data centers.

[0005] The SSD is a drive device in which flash memories
are used as a storage medium. The SSD having the same
connection interface as that of the hard disc drive (HDD)
(for example, ATA) is used as an alternative to hard discs.
The SSD may be called flash drive or flash memory drive.
The SSD having no mechanically driven parts is very
resistant to vibrations during reading and writing processes.
The SSD enables the data reading and writing to be pro-
cessed at high speeds because of no need for time for a
reader (head) to move on a rotating disc (seek time) or time
for waiting any wanted data on the rotating disc to arrive at
a head position (search time).

[0006] A flash memory storage device system has a plu-
rality of flash memories and a flash memory controller

May 10, 2018

which controls the flash memories. The flash memory con-
troller is connected to the flash memories by a control bus
and a data bus. The flash memory controller selects arbitrary
one of the flash memories to read data from and write/erase
data in the selected flash memory in response to commands
received from the host of the storage device.

[0007] For example, a required power supply voltage for
data reading is 5V at a maximum, a required power supply
voltage for data writing/erasing is 20V at a maximum, and
a required power supply voltage for verifying is 10V at a
maximum. Because of these differently required voltages, a
power supply circuit for feeding the flash memories with
power is provided with power supply circuits for process
execution which respectively generate a plurality of different
voltage levels needed to enable a plurality of different
processes to be executed. The power supply circuits for
process execution are more specifically a power supply
circuit for reading, a power supply circuit for writing/
erasing, and a power supply circuit for verifying. These
power supply circuits for process execution include booster
circuits. The processes are executed in the flash memories by
each page or block of a memory cell array. However, it
hardly succeeds to complete the processes respectively
executed in the target cells in a single attempt by simply
injecting and withdrawing electric charges to and from
floating gates. Therefore, it is verified in each data writing or
erasing whether the data is properly written or erased. The
verifying process is repeated until the data is properly
written or erased with the power supply voltages being
adjusted. A controller provided in the flash memory controls
a sequence of processes.

[0008] In a storage device used in a host or a slave device,
it is necessary to access a plurality of flash memories at once
to improve a processing speed. These days, peak currents of
external equipments are becoming higher because of large
increases of an operating current in each flash memory as a
result of the ongoing miniaturization of flash memories and
needs for higher operation speeds of the external equipments
to keep abreast of hosts increasingly speeding up. A mark-
edly high current capacity is now demanded to feed the flash
memories with power, which is largely different to current
capacities averagely required. Further, there are other prob-
lems to be solved; system crash and degraded data reliability
in the flash memories due to overload due to current supply
beyond a designed capacity.

PRIOR ART DOCUMENTS

Patent References

[0009] Patent Reference 1: JP Patent Application Publica-
tion No. 2008-4196

[0010] Patent Reference 2: JP Patent Application Publica-
tion No. 11-296430

[0011] Patent Reference 3: PCT Japan National Publica-
tion No. 2004-526239

[0012] Patent Reference 4: PCT Japan National Publica-
tion No. 2004-531801

[0013] Patent Reference 5: JP Patent Application Publica-
tion No. 11-242632

[0014] Patent Reference 6: JP Patent Application Publica-
tion No. 07-93499

[0015] Patent Reference 7: JP Patent Application Publica-
tion No. 2009-122909
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SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0016] Insome storage devices conventionally available, a
power supply circuit for flash memory is embedded in a flash
memory to generate a voltage needed for each flash memory,
wherein a flash memory controller is irrelevant to control of
the power supply circuit in the flash memory but in charge
of controlling the processes of the flash memory alone such
as data reading, writing, and erasing. In these storage
devices which are not designed to meticulously control
power consumption in a whole system, large power con-
sumption is a huge problem. A solution for the problem is to
control consumption of power consumed in voltage
increases when the power supply circuits for process execu-
tion are activated.

[0017] In recent years, an increasing number of nonvola-
tile storage systems are equipped with a large number of
flash memories to enable a larger data capacity and a faster
processing speed. In these storage systems, wherein a plu-
rality of flash memories should be accessed simultaneously
to increase the processing speed, reduction of power con-
sumption in a whole system is a solution.

[0018] According to some inventions disclosed so far (for
example, Patent References 1 and 2), a power supply circuit
for flash memory is provided outside of the flash memory to
reduce an area dimension of the flash memory on a chip.
[0019] It is suggested by some disclosed inventions that a
plurality of different power supplies are provided for the
flash memories by a power supply circuit provided outside
of the flash memories (for example, Patent References 3 and
4). The power supplies of the flash memories and the power
supply circuit externally provided are connected by a power
supply bus to feed power in turns.

[0020] These days, there is an increasing demand for a
higher operating current each flash memory as a result of the
ongoing miniaturization of flash memories and higher opera-
tion speeds of external equipments to keep abreast of hosts
increasingly speeding up. In a high-speed nonvolatile stor-
age system, plural flash memories are accessed at once to
achieve a higher processing speed.

[0021] The current consumption increases as a memory
block has more flash memories. Also, the current consump-
tion increases as more different types of and/or a larger
number of power supply circuits for process execution are
provided in a flash memory power supply circuit. The more
complicated a circuit configuration is, the more difficult it is
to control the power supply. This problem is more apparent
particularly in SSD surging these days because of its large
data capacity and high operation speed.

[0022] The ongoing miniaturization of semiconductor
technologies is significantly increasing the current consump-
tion of a flash memory, and the demand for a higher data
processing speed is significantly increasing the number of
flash memories to be accessed at once. Under the circum-
stances, power supply circuits used having large power
outputs (power supply capacities) are often used as a power
supply circuit for memory system. This is more apparent in
SSD  recently widespread, and various studies and
researches are under way.

[0023] To ensure stability in the operation of a flash
memory, additional improvements are necessary, for
example, providing a power supply circuit for memory
system having an overly high power supply capacity. Oth-
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erwise, the data reliability is undermined by the occurrence
of an operational instability and/or system crash due to
overload.

[0024] However, any solutions have certain limits as far as
they simply follow the conventional techniques. The occur-
rence of overload in the power supply circuit for memory
system unfavorably invites an operational instability and/or
system crash, causing unanticipated data loss or data gar-
bling.

[0025] The invention was accomplished to solve these
conventional technical problems. The invention provides a
nonvolatile storage system that exerts a high power con-
sumption reducing effect, successfully dealing with a larger
data capacity, a higher processing speed, and any complexity
resulting from large-scale structures. The invention further
aims at avoiding an operational instability and/or system
crash due to problems such as overload in a structure where
a power supply circuit for memory system having a rela-
tively small power capacity is used and as many flash
memories as possible are accessible at once. In other words,
the invention carefully observes how the flash memories can
be efficiently controlled with a relatively small operating
current or in a minimum range of capacity, thereby ensuring
a high data reliability.

Means for Solving the Problem

[0026] All of numbers recited in the brackets < > in a
description hereinafter given respectively correspond to the
claim numbers when the application documents of the
invention were filed. The bracketed numbers are not serially
organized.

[0027] <1> A nonvolatile storage system according to the
invention includes a memory block having a plurality of
flash memories, a flash memory power supply circuit, and a
flash memory controller. These three structural elements are
physically and spatially independent from one another and
communicate with one another through a wiring system
including signal lines and buses connecting them. To the
point, the flash memory controller and the flash memory
power supply circuit are provided outside of the flash
memories, and the flash memory power supply circuit is
provided outside of the flash memory controller. There is no
contradiction between locating these structural elements
apart from one another and mounting two of all of the
structural elements on a chip. These structural elements may
be mounted on different chips or may be mounted on the
same chip.

[0028] The flash memory power supply circuit includes
power supply circuits for process execution for generating a
plurality of different voltage levels necessary to execute a
plurality of different processes in the flash memories. The
power supply circuits for process execution are available for
the shared use by the plurality of flash memories. Though a
power supply outputted from one of the power supply
circuits for process execution is possibly supplied to more
than one flash memory at once or supplied to only one of the
flash memories, it is not possible that different powers of the
power supply circuits for process execution are supplied to
one flash memory at once.

[0029] It is the role of the flash memory controller to
decide which of the power supply circuits for process
execution is connected for power supply to any of the flash
memories and by what timing they are connected.
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[0030] The flash memories respectively notify the flash
memory controller of their internal states constantly chang-
ing. The flash memory controller stores therein the newly
received internal states and constantly updates the internal
states stored therein. It is arbitrary decided what type of and
how many internal states of the flash memories are stored.
There are a variety of internal states thus stored and updated.
[0031] The flash memory controller receives operation
commands from a host externally provided and accordingly
accesses the memory block to check the internals states of
the flash memories. Based on the obtained internal state of
the flash memory, the flash memory controller activates any
of the power supply circuits for process execution of the
flash memory power supply circuit appropriate for the
received operation command. Thus, the power supply circuit
for process execution to be selected is decided in a fine-
tuned manner. In principle, whether to activate or not to
activate the power supply circuit is decided at points under
the unit of command issued to the flash memory.

[0032] The number of the flash memories operating at
once may be one, two, or three or more, constantly changing
depending on different situations. The invention is premised
on that more than one flash memory is possibly active at
once.

[0033] Supposing that a power supply circuit for process
execution necessary for an operating state of a flash memory
is activated, and any power supply circuit for process
execution necessary for an operating state of another flash
memory is activated concurrently, a power supply circuit for
process execution may be connected to the flash memories
or different power supply circuits for process execution may
be connected thereto. A combination of the operating state of
flash memory and the power supply circuit for process
execution to feed power to the flash memory constantly
changes at all times depending on different situations. The
combination changes in a complicated manner.

[0034] The combination of the operating state of the flash
memory and the power supply circuit for process execution
to feed power to the flash memory have more complicated
patterns as more flash memories constitute the memory
block and/or a more different types of wider variety of power
supply circuits for process execution (more different types of
operating states of the flash memories) are provided.
[0035] When, for example, a flash memory is newly
accessed, the flash memory controller determines based on
the internal state of the accessed flash memory whether any
power supply circuit for process execution suitable for a
process to be executed in the accessed flash memory is
inactive or already active for a process to be executed in
another flash memory. The power supply circuit for process
execution, when determined as inactive, is activated. The
flash memory controller skips the activation step when the
power supply circuit for process execution is already active.
It takes a certain amount of time for a startup operation to be
stabilized to activate the power supply circuit for process
execution, while it saves the startup time to skip the acti-
vation step, contributing to a faster operation and less power
consumption.

[0036] When the process of the accessed flash memory is
completed, the flash memory controller determines based on
the internal states of the flash memories whether the same
process as that of the process-completed flash memory is
being executed in any other flash memory. The power supply
circuit for process execution is deactivated in the absence of
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such a flash memory, while the power supply circuit for
process execution continues to be active when such a flash
memory is found. This operation continuance is technically
equivalent to skipping the activation step described earlier
when any other flash memory is newly accessed. The “any
other flash memory” is any flash memory but the flash
memory continuously operating and may include any flash
memory that just completed the process.

[0037] To activate the power supply circuit for process
execution, the operation of the flash memory is paused
beforehand to avoid current inrush at the time of startup or
prevent the flash memory from starting to operate before an
intended power supply voltage is supplied thereto, failing to
correctly write or read data therein. When the power supply
circuit for process execution is already operating, the opera-
tion of the flash memory is restarted. The power supply
circuit for process execution, when determined as inactive,
is activated. After an enough voltage rise stabilizes the
power output of the power supply circuit, the operation of
the flash memory is restarted.

[0038] To deactivate the power supply circuit for process
execution, the operation of the flash memory is paused
beforehand to avoid any current variation when the power
supply circuit is deactivated. Then, the operation of the flash
memory is restarted when any other flash memory is already
using the targeted power supply circuit for process execu-
tion. The power supply circuit for process execution, if not
currently used by any other flash memory, is deactivated to
restart the operation of the flash memory. In a sequence of
processes described so far, the flash memory controller
controls the flash memories and the flash memory power
supply circuit in a realistic, dynamic and fine-tuned manner.
[0039] Summarizing the description given so far, the non-
volatile storage system recited in <1> includes:

[0040] a memory block having a plurality of flash memo-
ries;

[0041] a flash memory power supply circuit provided
outside of the memory block; and

[0042] a flash memory controller for controlling the flash
memory power supply circuit and the plurality of flash
memories, wherein

[0043] the flash memory power supply circuit includes a
plurality of types of power supply circuits for process
execution for generating a plurality of different voltage
levels necessary to execute a plurality of different processes
in the flash memories for power supply to the flash memo-
ries, and

[0044] the flash memory controller communicates with the
plurality of flash memories to monitor changes of internal
states of the flash memories to control the operations of the
power supply circuits for process execution of the flash
memory power supply circuit and processes of the flash
memories based on the monitored internal states of the flash
memories.

[0045] According to the nonvolatile storage system thus
characterized, the following technical advantages are
exerted. The flash memory power supply circuit having the
plurality of types of power supply circuits for process
execution is provided outside of the flash memories
(memory block) for the shared use by the plural flash
memories. This is advantageous for reduction of a circuit
area dimension (substrate area). It contributes to reduction of
power consumption that the plurality of types of power
supply circuits for process execution are shared by the plural
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flash memories as compared to providing and using a power
supply circuit for each flash memory. Conventionally, plural
flash memories are each provided with a plurality of types of
power supply circuits for process execution. This conven-
tional structure feeds power to any flash memory currently
inactive, wasting power. The sharing technique according
the invention avoids such a waste of power.

[0046] The flash memory controller communicates with
each of the flash memories to be notified of the internal state
of the flash memory (on standby or currently operating),
what type of process (type of the power supply circuit for
process execution currently used) is executed in the flash
memory, and any changes of such information. Based on the
internal states of the flash memories being monitored when
the operation command is received, the flash memory con-
troller controls the target flash memory and the power supply
circuit for process execution. Thus, whether to activate or
deactivate the power supply circuit for process execution is
meticulously controlled in response to active—inactive swi-
tchover of the flash memory and the type of process to be
executed. This minimizes any useless power consumption. A
particular advantage is to reduce voltages rises at the time of
startup of the power supply circuit for process execution,
greatly reducing relatively large power consumption gener-
ated during the voltage rises. The power supply circuit for
process execution for the flash memory currently unused is
deactivated unless any other flash memory is currently
operating. This avoids wasting power by supplying power to
any flash memory currently unused.

[0047] This enables a dynamic control that responds to
ongoing changes in the operation of the nonvolatile storage
system. Such a dynamic control, which flexibly deals with
different processes to be executed that are constantly chang-
ing, for example, data writing and reading, individual dif-
ferences of the flash memories, changing running states of
the processes, and internal states of the flash memory power
supply circuit, is carried out in a dynamic, realistic, and
fine-tuned manner. The control technique thus characterized
has never been disclosed so far, and it is a novel technique
that cannot be anticipated from any prior arts. This is the
distinctive technical advantage of the invention. The inven-
tion accomplishes such a flexible control that immediately
responds to any changes of the internal states of the flash
memories, thereby greatly reducing power consumption.

[0048] <50> Functionally describing the main structural
elements of the nonvolatile storage system according to the
invention, provided are: a memory block having a plurality
of flash memories provided as a nonvolatile storage device;
a flash memory controller for controlling execution of a
process in each of the plurality of flash memories; and a
power supply circuit for supplying the plurality of flash
memories with power to enable operations of the flash
memories. It is the minimum requirement to provide three
structural elements (memory block, flash memory controller,
and power supply circuit). According to the invention, the
nonvolatile storage system per se is equipped with the power
supply circuit for memory system. Thus, the nonvolatile
storage system is different to any conventional system
designed to receive power from a host-side power supply
circuit. The power supply circuit for memory system pro-
vided outside of the memory block, which is different to any
conventional system where each flash memory has therein a
power supply circuit.
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[0049] Some flash memories are configured for data read-
ing, writing, and erasing, while some flash memories are
further configured for verifying whether data is written or
erased. The invention imposes no restrictions on the spec of
the flash memory.

[0050] The internal circuit configuration of the power
supply circuit for memory system conforms to the spec of
the flash memory. The power supply circuit for memory
system may include a power supply circuit for reading and
also a power supply circuit for writing/erasing. The power
supply circuit for memory system may further include a
power supply circuit for verifying data writing/erasing. The
invention imposes no restrictions on the internal circuit
configuration.

[0051] In the nonvolatile storage system wherein the
power supply circuit for memory system is shared by the
plural flash memories and the plural flash memories are all
controlled by the flash memory controller, it is necessary to
contrive an effective way of controlling these three structural
elements provided apart from one another which are the
flash memory, power supply circuit for memory system, and
the flash memories, so that any flash memory to be accessed
can stably execute a process within the range of a rated
power supply capacity of the power supply circuit for
memory system.

[0052] The power supply circuit of the nonvolatile storage
system according to the invention has a function to detect
and retain its own state of power supply and notify the flash
memory controller of the detected state of power supply in
the form of a power supply state information. The flash
memory controller has a function to determine whether any
access-target flash memories can properly execute a process
within the range of the rated power supply capacity of the
power supply circuit for memory system based on the power
supply state information received from the power supply
circuit for memory system and control the operations of a
part of the access-target flash memories so that power usage
is lessened when determined that the processes are not
properly executable. As a result of these functions, any
access-target flash memories will be able to properly execute
the processes over time within the range of the rated power
supply capacity of the power supply circuit for memory
system.

[0053] “To control the operations of a part of the access-
target flash memories so that power usage is lessened” is a
broad technical concept. The operation of the access-target
flash memory may be paused to be postponed, or the
access-target flash memory may be subjected to a mode
change (reduction of operating current) so as to operate in an
operation mode that requires less power than a normal mode.
In either way, power used by the target flash memory is
lessened.

[0054] The power supply circuit for memory system may
notify the flash memory controller of the power supply state
information in response to polling by the flash memory
controller (inquiry at regular or irregular intervals) or inter-
rupt as a result of transition of the internal state of the power
supply circuit for memory system.

[0055] The flash memory controller that received an
operation command from the host receives the power supply
state information from the power supply circuit for memory
system. Then, whenever determining based on the received
power supply state information that the access-target flash
memories are unable to properly execute the processes
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within the range of the rated power supply capacity of the
power supply circuit for memory system, a part of the
access-target flash memories are controlled so that the
processes are executable within the range of the rated power
supply capacity.

[0056] Summarizing the description given so far, the non-
volatile storage system according to the invention recited in
<50> includes: a memory block having a plurality of flash
memories provided as a nonvolatile storage device; a flash
memory controller for controlling execution of a process in
each of the plurality of flash memories; and a power supply
circuit for supplying the plurality of flash memories with
power to enable operations of the flash memories, wherein
the power supply circuit notifies the flash memory controller
of its own state of power supply in the form of a power
supply state information, and when it is determined based on
the received power supply state information that the access-
target flash memories are unable to properly execute the
processes within the range of the rated power supply capac-
ity of the power supply circuit for memory system, the flash
memory controller controls the access-target flash memories
to lessen power usage so that the processes are executable
within the range of the rated power supply capacity of the
power supply circuit.

[0057] The nonvolatile storage system recited in <50> is
characterized in that the flash memories are controlled based
on the power supply state information received from the
power supply circuit for memory system so that the pro-
cesses are executable within the range of the rated power
supply capacity of the power supply circuit.

[0058] The access-target flash memory may be controlled
when the command is just outputted thereto and the process
is yet to start or may be controlled while the process is being
executed.

[0059] To control the access-target flash memory so that
the process is executable within the range of the rated power
supply capacity, the process currently executed in the target
flash memory may be paused, or the operation mode of the
target flash memory currently executing the process may be
changed to a low power mode.

[0060] The flash memory controller may receive the
power supply state information from the power supply
circuit in response to polling by the flash memory controller
to the power supply circuit or interrupt as a result of
transition of the internal state of the power supply circuit.
[0061] According to the nonvolatile storage system
according to the invention recited in <50>, the flash memory
controller receives the power supply state information from
the power supply circuit. When it is determined based on the
received power supply state information that the processes
are not properly executable within the range of the rated
power supply capacity of the power supply circuit, the flash
memory controller reduces power usage in the flash memo-
ries, thereby allowing the processes to be executed within
the range of the rated power supply capacity. This avoids an
operational instability and/or system crash due to such
problems as overload, thereby providing a better data reli-
ability.

[0062] The power required in the access-target flash
memories is compared to a power currently supplied by the
power supply circuit to determine whether the power supply
circuit currently has a power supply capacity that can afford
the required power. Whenever the power supply capacity is
determined as not enough, the flash memories are controlled
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to ensure an enough power supply. This enables a dynamic
control that responds to ongoing changes in the operation of
the nonvolatile storage system. Such a dynamic control,
which flexibly deals with different processes to be executed
that are constantly changing, for example, data writing and
reading, individual differences of the flash memories, chang-
ing running states of the processes, and internal states of the
flash memory power supply circuit, is carried out in a
dynamic, realistic, and fine-tuned manner. The control tech-
nique thus characterized has never been disclosed so far, and
it is a novel technique that cannot be anticipated from any
prior arts. This is the distinctive technical advantage of the
invention.

[0063] <62> Next, a power supply circuit for nonvolatile
storage system according to the invention is described. The
power supply circuit supplies the plural flash memories of
the memory block with power to enable operations of the
flash memories. Further, signals are transmitted and received
to and from the power supply circuit and the flash memory
controller so that the flash memory controller is notified of
the state of power supply (driving rate or affordability) of the
power supply circuit. Further, the power output of the power
supply circuit is controlled as requested by the flash memory
controller. The structural elements of the power supply
circuit are a voltage generating unit and a voltage state
monitoring unit.

[0064] A power supply control signal outputted from the
flash memory controller is inputted to the voltage generating
unit. The voltage generating unit has a function to generate
and output a power supply voltage for the operation of each
flash memory depending on information (parameters) indi-
cated by the power supply control signal. Moreover, the
voltage generating unit generates a power supply voltage
variation signal indicating changes of the generated power
supply voltage and outputs the generated signal to the
voltage state monitoring unit.

[0065] The voltage state monitoring unit receives the
power supply voltage variation signal from the voltage
generating unit and generates a power supply state notifying
signal indicating the state of power supply (driving rate or
affordability) of the voltage generating unit based on the
received power supply voltage variation signal and outputs
the generated signal to the flash memory controller. The
driving rate represents a driving state relative to how fre-
quently the voltage generating unit is activated or the
operational capacity of the voltage generating unit. The
affordability represents a degree of tolerance relative to how
frequently the voltage generating unit is activated or the
operational capacity of the voltage generating unit.

[0066] The power supply circuit provided with the voltage
generating unit and the voltage state monitoring unit may be
a functional block independent from the memory block and
combined with or independent from the flash memory
controller. The power supply circuit provided as an inde-
pendent functional block has the following terminals for
connection with equipments externally provided; a power
supply control terminal to which the power supply control
signal is inputted from the flash memory controller exter-
nally provided, a power supply output terminal from which
the power supply voltage generated by the voltage generat-
ing unit is outputted to the memory block (plural flash
memories), and a power supply state notifying terminal from
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which the power supply state notifying signal is outputted
from the voltage state monitoring unit to the flash memory
controller.

[0067] Summarizing the description given so far, the
power supply circuit for nonvolatile storage system recited
in <62> includes:

[0068] a voltage generating unit for generating and out-
putting a power supply voltage for an operation of each flash
memory depending on information indicated by a power
supply control signal inputted thereto from a flash memory
controller externally provided, the voltage generating unit
further generating a power supply voltage variation signal
indicating changes of the generated power supply voltage;
and

[0069] a voltage state monitoring unit for receiving the
power supply voltage variation signal from the voltage
generating unit and generating a power supply state notify-
ing signal indicating a state of power supply (driving rate or
affordability) of the voltage generating unit based on the
received power supply voltage variation signal, the voltage
state monitoring unit further outputting the generated signal
to the flash memory controller.

[0070] The technical advantages exerted by the power
supply circuit for nonvolatile storage system according to
the invention are described below. The state of power supply
of the voltage generating unit which is driven based on the
information indicated by the power supply control signal
received from the flash memory controller is monitored by
the voltage stage monitoring unit, and a monitoring result
thereby obtained is outputted to the flash memory controller
in the form of the power supply state notifying signal
indicating the state of power supply (driving rate or afford-
ability) of the voltage generating unit. Accordingly, the flash
memory controller can accurately know the state of power
supply (driving rate or affordability) of the voltage gener-
ating unit and update the power supply control signal
depending on the state of power supply to set a renewed
instruction in the voltage generating unit.

[0071] The power supply voltage to be generated by the
power supply circuit is controlled by the flash memory
controller. The power supply circuit constantly monitors its
own internal state and sends the monitoring result to the
flash memory controller as the driving rate. Then, the flash
memory controller controls the power supply circuit based
on the driving rate or affordability. Though the state of
power supply indicated by the power supply state notifying
signal is described as the driving rate, the same technical
advantages can be obtained when the affordability relative to
the deactivating frequency or the maximum operational
capacity limit of the voltage generating unit is used in place
of the driving rate. Such a cyclic control flow, which repeats
feedback control and feedforward control in turns, is carried
out in a dynamic, realistic, and fine-tuned manner.

[0072] In the nonvolatile storage system provided with
such a power supply circuit, it is unnecessary to arrange an
overly high power supply capacity. As a result, any useless
power consumption is effectively minimized.

[0073] A flash memory according to the invention is a
flash memory operated under control by a flash memory
controller externally provided, the flash memory including:
[0074] a register for indicating a level of power used by
the flash memory in each of operation modes of the flash
memory; and
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[0075] a controller for notifying the flash memory con-
troller of the level of power indicated by the register.

[0076] The technical advantages of the flash memory
according to the invention thus characterized are described
below. An operating power (current) load of an outside
power supply is adjustable by any wanted timings, enabling
management of power transmission for a plurality of flash
memories and reduction of current consumption. The exter-
nal power supply does not need an overly high power supply
capacity (for example, high peak currents). When the level
of power is set when or before a reading or rewriting
command is inputted, a power to be supplied by the outside
power supply for executing the command can be reserved in
advance.

[0077] The controller of the flash memory according to the
invention preferably transmits and receives a command
containing a field indicating the level of power to and from
the flash memory controller. Then, the power load is known
when the command is issued by setting the power field in
any command requiring power control (readout, programs,
erasing), which facilitates the power control (in a host).
Further, a command for changing the level of power alone
can be set. These advantages make it unnecessary to directly
set the level of power in any command requiring power
control, hardly affecting a data transfer bandwidth for com-
mand input (IO in NAND flash).

[0078] The operation modes of the flash memory accord-
ing to the invention preferably include an operation pause
mode. Then, the introduction of a pause level defines a
minimum power load and ensures a large adjustable range of
the operating power (current) load of the outside power
supply. In the event of any instability of the outside power
supply, the operation of the flash memory can be paused so
that the flash memory is prevented from malfunctioning.

[0079] The flash memory according to the invention pref-
erably further includes a control terminal used to set the
level of power in the operation pause mode. Using a
dedicated pin as the control terminal used to set the level of
power, the operation of the flash memory can pause speedily
(for example, by designating levels) by timings asynchro-
nous with command accesses, and the flash memory can
speedily restart to operate.

[0080] The controller of the flash memory according to the
invention preferably allows accesses to the register while the
flash memory is operating during the operation pause mode.
Then, a level of power after the release of pause (not only
the level of power set by the register but also an arbitrary
state of the register after the pause is released) can be set
during the pause. As a result, a period of time during the pose
is effectively used, and a processing time for the setting is
thereby reduced.

[0081] The flash memory according to the invention pref-
erably further includes a first storage which is a storage for
a first information indicating an operating power value of
power consumed by the flash memory at the level of power,
wherein the controller reads the first information corre-
sponding to the level of power from the first storage and
outputs the read first information to the flash memory
controller. This enables to handle any product variability of
the flash memory operating power (manufacturing process
variability) as a simple command format irrelevant to actual
current values (common standard irrespective of product

types).
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[0082] The flash memory according to the invention pref-
erably further includes a second storage which is a storage
for a second information indicating a processing speed of the
flash memory at the level of power, wherein the controller
reads the second information corresponding to the level of
power from the second storage and outputs the read second
information to the flash memory controller. This enables to
handle any product variability of the flash memory process-
ing speed (manufacturing process variability) as a simple
command format irrelevant to actual current values (com-
mon standard irrespective of product types). When informa-
tion of the processing speed is thus involved in the power
control, the operating power (current load) of the outside
power supply can be predicted, and the power control of the
host system is more sophisticated.

[0083] The controller of the flash memory according to the
invention preferably knows the level of power by referring
to a signal inputted from outside to the flash memory in
place of the level of power indicated by the register. Accord-
ingly, the level of power is changeable by, for example
designating levels by timings asynchronous with command
accesses.

[0084] A flash memory controller according to the inven-
tion is a flash memory controller for controlling execution of
a process in each of a plurality of flash memories, wherein
the flash memory controller controls any of the plurality of
access-target flash memories based on a power supply state
information received from a power supply circuit for sup-
plying the plurality of flash memories with power. The flash
memory controller according to the invention thus charac-
terized is most suitably configured for the nonvolatile stor-
age system according to the invention described so far. The
flash memory controller accomplishes technical advantages
similar to those of the nonvolatile storage system according
to the invention.

Effect of the Invention

[0085] According to the invention, the flash memory con-
troller dynamically controls the flash memories and the
power supply circuits for process execution depending on
the internal states of the flash memories and ongoing
changes in the operation of the nonvolatile storage system.
Thus, the flash memories are controlled in a fine-tuned
manner, and power consumption is thereby reduced. As a
result, a power consumption reducing effect is remarkably
improved against a larger data capacity, a higher processing
speed, and complexity of a large-scale structure.

[0086] The technology provided by the invention more
effectively exerts the power consumption reducing effect as
the memory block has more flash memories, or more dif-
ferent types of or a larger number of power supply circuits
for process execution are provided in the flash memory
power supply circuit. The power consumption reducing
effect exerted is further improved when the invention is
applied to SSD (Solid State Drive) having a large data
capacity and capable of operating at a high speed.

[0087] According to the invention relating to the nonvola-
tile storage system, the flash memory controller controls the
flash memories based on the power supply state information
from the power supply circuit for memory system so that the
flash memories operate within the range of the rated power
supply capacity. This enables a dynamic, realistic, and
fine-tuned control flexibly responding to different processes
to be executed constantly changing, for example, data writ-
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ing and reading, individual differences of the flash memo-
ries, changing states of execution of processes, and changing
internal states of the power supply circuits. This successfully
avoids an operational instability and/or system crash due to
such problems as overload, providing a better data reliabil-
ity.

[0088] According to the invention relating to the nonvola-
tile storage system, the internal states are monitored at all
times, and the monitoring result is sent to the flash memory
controller so that the power supply voltage is controlled by
the flash memory controller. Such a cyclic control flow,
which repeats feedback control and feedforward control in
turns, is carried out in a dynamic, realistic, and fine-tuned
manner.

[0089] According to the invention relating to the flash
memory, power transmission for a plurality of flash memo-
ries is more accurately controlled.

[0090] These various technical advantages make it unnec-
essary to arrange an overly high power supply capacity to
ensure an operational stability, effectively minimizing any
useless power consumption in the system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0091] FIG. 1 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 1 of the invention.

[0092] FIG. 2 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a modified example of the working example 1.

[0093] FIG. 3A is a flash memory internal state manage-
ment table according to the working example 1.

[0094] FIG. 3B is a table of internal states and power
supplies to be used.

[0095] FIG. 4 is a flow chart illustrating a power supply
sequence for reading of the nonvolatile storage system
according to the working example 1.

[0096] FIG. 5 is a flow chart illustrating a power supply
sequence for writing/erasing of the nonvolatile storage sys-
tem according to the working example 1.

[0097] FIG. 6 is a flow chart illustrating a power supply
sequence for verifying of the nonvolatile storage system
according to the working example 1.

[0098] FIG. 7 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 2 of the invention.

[0099] FIG. 8 is a flow chart illustrating an applied voltage
control sequence of the nonvolatile storage system accord-
ing to the working example 2.

[0100] FIG. 9 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 3 of the invention.

[0101] FIG. 10 is a flow chart illustrating a flash memory
selection sequence of the nonvolatile storage system accord-
ing to the working example 2.

[0102] FIG. 11 is a flow chart illustrating a flash memory
selection sequence (for selecting a plurality of flash memo-
ries) of a nonvolatile storage system according to a working
example 4 of the invention.

[0103] FIG. 12 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 5 of the invention.

[0104] FIG. 13 is a flow chart illustrating an applied
voltage control sequence of the nonvolatile storage system
according to the working example 5.
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[0105] FIG. 14 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 6 of the invention.

[0106] FIG. 15 is a flow chart illustrating a flash memory
selection sequence of the nonvolatile storage system accord-
ing to the working example 6.

[0107] FIG. 16 is a flow chart illustrating a flash memory
selection sequence (for selecting a plurality of flash memo-
ries) of a nonvolatile storage system according to a working
example 7 of the invention.

[0108] FIG. 17 is a graphical illustration of functions of a
nonvolatile storage system (writing/erasing voltage charac-
teristic chart) according to a working example 8 of the
invention.

[0109] FIG. 18 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 9 of the invention.

[0110] FIG. 19 is a flow chart illustrating a load power
control sequence of the nonvolatile storage system accord-
ing to the working example 9.

[0111] FIG. 20 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 10 of the invention.

[0112] FIG. 21 is a flow chart illustrating a flash memory
selection sequence of the nonvolatile storage system accord-
ing to the working example 10.

[0113] FIG. 22 is a flow chart illustrating an operation of
a nonvolatile storage system according to a working
example 11 of the invention.

[0114] FIG. 23 is a flow chart illustrating an operation of
a nonvolatile storage system according to a working
example 12 of the invention.

[0115] FIG. 24 is a flow chart illustrating structural char-
acteristics of a nonvolatile storage system according to a
working example 13 of the invention.

[0116] FIG. 25 is a flow chart illustrating an operation of
the nonvolatile storage system according to the working
example 13.

[0117] FIG. 26 is a flow chart illustrating structural char-
acteristics of a nonvolatile storage system according to a
working example 14 of the invention.

[0118] FIG. 27 is a structural example of a flash memory
block according to a working example 15 of the invention.
[0119] FIG. 28 illustrates an example of information con-
tents to be stored in an information register.

[0120] FIG. 29 is a flow chart of an auto program
sequence.
[0121] FIG. 30 illustrates an example of information con-

tents to be stored in the information register during the auto
program sequence.

[0122] FIG. 31 is a specific circuit configuration of a
controller.

[0123] FIG. 32 is a table showing a list of commands.
[0124] FIG. 33 is a configuration of a flash memory block

according to a working example 16 of the invention.
[0125] FIG. 34 is a configuration of a flash memory block
according to a working example 17 of the invention.
[0126] FIG. 35 illustrates an example of information con-
tents to be stored in a power information storage region.
[0127] FIG. 36 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 18 of the invention.

May 10, 2018

[0128] FIG. 37 is a flow chart illustrating an operation of
the nonvolatile storage system according to the working
example 18.

[0129] FIG. 38 is a flow chart illustrating an operation of
a nonvolatile storage system according to a working
example 19 of the invention.

[0130] FIG. 39 is a flash memory operation management
table of the nonvolatile storage system according to the
working example 19.

[0131] FIG. 40 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 20 of the invention.

[0132] FIG. 41 is a flow chart illustrating an operation of
the nonvolatile storage system according to the working
example 20.

[0133] FIG. 42 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 21 of the invention.

[0134] FIG. 43 is a flow chart illustrating an operation of
the nonvolatile storage system according to the working
example 21.

[0135] FIG. 44 is a flash memory operation management
table of the nonvolatile storage system according to a
working example 22 of the invention.

[0136] FIG. 45 is a flow chart illustrating an operation of
the nonvolatile storage system according to the working
example 22.

[0137] FIG. 46 is a flash memory operation management
table of the nonvolatile storage system according to a
working example 23 of the invention.

[0138] FIG. 47 is a flow chart illustrating an operation of
the nonvolatile storage system according to the working
example 23.

[0139] FIG. 48 is a flash memory operation management
table of the nonvolatile storage system according to the
working example 23.

[0140] FIG. 49 is a flash memory operation management
table of the nonvolatile storage system according to the
working example 23.

[0141] FIG. 50 is a flow chart illustrating an operation of
a flash memory controller provided in a nonvolatile storage
system according to a working example 24 of the invention.
[0142] FIG. 51 is a flow chart illustrating an operation of
a flash memory controller provided in a nonvolatile storage
system according to a working example 25 of the invention.
[0143] FIG. 52 is a flow chart illustrating an operation of
a flash memory controller provided in a nonvolatile storage
system according to a working example 26 of the invention.
[0144] FIG. 53 is a flow chart illustrating an operation of
a flash memory controller provided in a nonvolatile storage
system according to a working example 27 of the invention.
[0145] FIG. 54 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 28 of the invention.

[0146] FIG. 55 is a flow chart illustrating an operation of
a flash memory controller provided in the nonvolatile stor-
age system according to the working example 28.

[0147] FIG. 56 is a block diagram illustrating structural
characteristics of a nonvolatile storage system (power sup-
ply circuit for memory system) according to a working
example 29 of the invention.

[0148] FIG. 57 is a flow chart illustrating an operation of
the power supply circuit according to the working example
29.
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[0149] FIG. 58 is a block diagram illustrating structural
characteristics of a power supply circuit for nonvolatile
storage system according to a working example 30 of the
invention.

[0150] FIG. 59 is a block diagram illustrating structural
characteristics of a power supply circuit for nonvolatile
storage system according to a working example 31 of the
invention.

[0151] FIG. 60 is a timing chart illustrating an operation of
the power supply circuit for nonvolatile storage system
according to the working example 31.

[0152] FIG. 61 is a block diagram illustrating structural
characteristics of a power supply circuit for nonvolatile
storage system according to a working example 32 of the
invention.

[0153] FIG. 62 is a timing chart illustrating an operation of
the power supply circuit for nonvolatile storage system
according to the working example 32.

[0154] FIG. 63 is a block diagram illustrating structural
characteristics of a power supply circuit for nonvolatile
storage system according to a working example 33 of the
invention.

[0155] FIG. 64 is a timing chart illustrating an operation of
the power supply circuit for nonvolatile storage system
according to the working example 33.

[0156] FIG. 65 is a block diagram illustrating structural
characteristics of a power supply circuit for nonvolatile
storage system according to a working example 34 of the
invention.

[0157] FIG. 66 is a timing chart illustrating an operation of
the power supply circuit for nonvolatile storage system
according to the working example 34.

[0158] FIG. 67 is a block diagram illustrating structural
characteristics of a power supply circuit for nonvolatile
storage system according to a working example 35 of the
invention.

[0159] FIG. 68 is a timing chart illustrating an operation of
the power supply circuit for nonvolatile storage system
according to the working example 35.

[0160] FIG. 69 is a block diagram illustrating structural
characteristics of a power supply circuit for nonvolatile
storage system according to a working example 36 of the
invention.

[0161] FIG. 70 is a timing chart illustrating an operation of
the power supply circuit for nonvolatile storage system
according to the working example 36.

[0162] FIG. 71 is a block diagram illustrating structural
characteristics of a power supply circuit for nonvolatile
storage system according to a working example 37 of the
invention.

[0163] FIG. 72 is a timing chart illustrating an operation of
the power supply circuit for nonvolatile storage system
according to the working example 37.

[0164] FIG. 73 is a block diagram illustrating structural
characteristics of a power supply circuit for nonvolatile
storage system according to a working example 38 of the
invention.

[0165] FIG. 74 is a timing chart illustrating an operation of
the power supply circuit for nonvolatile storage system
according to the working example 38.

[0166] FIG. 75 is a block diagram illustrating structural
characteristics of a voltage generating unit provided in a
power supply circuit according to a working example 39 of
the invention.
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[0167] FIG. 76 is a block diagram illustrating structural
characteristics of a voltage generating unit provided in a
power supply circuit according to a working example 40 of
the invention.

[0168] FIG. 77 is an illustration of a voltage generating
unit provided in a power supply circuit according to a
working example 41 of the invention.

[0169] FIG. 78 is an illustration of storage of power
parameters stored in a flash memory according to the
working examples of the invention.

[0170] FIG. 79 is a flow chart illustrating a power mode
change of a program sequence in the flash memory accord-
ing to the working examples of the invention.

[0171] FIG. 80 illustrates in detail power mode update in
the flash memory according to the working examples of the
invention.

[0172] FIG. 81A illustrates a first example of power level
setting for command execution in the flash memory accord-
ing to the working examples of the invention.

[0173] FIG. 81B illustrates a second example of power
level setting for command execution in the flash memory
according to the working examples of the invention.
[0174] FIG. 81C illustrates a third example of power level
setting for command execution in the flash memory accord-
ing to the working examples of the invention.

[0175] FIG. 82A illustrates a first example of power level
change during command execution in the flash memory
according to the working examples of the invention.
[0176] FIG. 82B illustrates a second example of power
level change during command execution in the flash
memory according to the working examples of the inven-
tion.

[0177] FIG. 83 is a structural example of a flash memory
according to a working example of the invention.

[0178] FIG. 84 is an illustration of a power register
according to a working example of the invention.

[0179] FIG. 85 is an illustration of a command register
according to a working example of the invention.

[0180] FIG. 86 is a structural example of a flash memory
according to another working example of the invention.
[0181] FIG. 87 is an illustration of a command register
according to another working example of the invention.
[0182] FIG. 88 is a structural example of a flash memory
according to still another working example of the invention.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

[0183] The non-volatile storage system according to the
invention recited in <1> becomes more technically advan-
tageous according the following embodiments.

[0184] <2> In the non-volatile storage system recited in
<1>, the flash memory controller preferably includes a flash
memory internal state management unit. In each of the flash
memories, an internal state information of the flash memory
is generated and stored. The flash memory internal state
management unit fetches the internal state information of
each flash memory that the flash memory controller obtains
by communicating with the flash memory and records
therein the obtained internal state information. The recorded
information is updated in accordance with changing situa-
tions.

[0185] Each of the plural flash memories outputs the
internal state thereof to the flash memory controller as the
operating state of the flash memory changes. The flash
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memory controller updates the received internal state and
records the updated internal state in the flash memory
internal state management unit.

[0186] In response to an operation command received
from a host externally provided, the flash memory controller
accesses the memory block and refers to the flash memory
internal state management unit to obtain the internal state
information of any target one of the flash memories. Based
on the obtained internal state of the flash memory, the flash
memory controller starts the operation of any target one of
the power supply circuits for process execution of the flash
memory power supply circuit in accordance with the opera-
tion command.

[0187] <3> In the non-volatile storage system recited in
<2>, the internal state information of the flash memory
includes an identification information to determine whether
the flash memory is currently in a standby state or in an
operating state and information of type of the processes to be
executed. Describing the standby state, the flash memory is
pausing with no process currently executed therein. Describ-
ing the operating state, any of the data reading, data writing,
data erasing, data-write verifying, and data-erase verifying is
currently executed in the flash memory. The type of the
processes to be executed includes any of the data reading,
data writing, data erasing, data-write verifying, and data-
erase verifying. Depending on which of the processes is
executed, which of the power supply circuit for process
execution should be driven is decided. Depending on
whether any other flash memories are already operating, the
flash memory controller differently controls the flash memo-
ries and the flash memory power supply circuit. These
informations are constantly managed by the flash memory
controller as the internal informations of the flash memories.
Based on the informations thus managed, the flash memory
controller controls the flash memories and the flash memory
power supply circuit. In this manner, the flash memories and
the flash memory power supply circuit are meticulously
controllable, and power consumption is thereby effectively
reduced.

[0188] <4> According to a mode of <3>, the information
of type of the processes to be executed includes information
of reading and writing/erasing processes. Accordingly, the
type of processes to be executed in the flash memories are
the reading and writing/erasing processes, and the flash
memory power supply circuit includes a power supply
circuit for reading and a power supply circuit for writing/
erasing.

[0189] <5> According to another mode of <3>, the infor-
mation of the type of the processes to be executed includes
information of reading, writing/erasing, and data-write/data-
erase verifying processes. Accordingly, the type of he pro-
cesses to be executed in the flash memories are the reading,
writing/erasing, and data-write/data-erase verifying pro-
cesses, and the flash memory power supply circuit includes
a power supply circuit for reading, a power supply circuit for
writing/erasing, and a power supply circuit for verifying.
[0190] The non-volatile storage systems recited in <1>-
<5> become more technically advantageous according the
following embodiments.

[0191] <6> The internal state of the flash memory is
provided in the form of a flash memory interrupt notifying
signal. The flash memory interrupt notifying signal is gen-
erated when the operating state of the flash memory changes
and transmitted to the flash memory controller.
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[0192] For example, the internal state of the flash memory
is one of a standby state, a data reading state, a data
writing/erasing state, and a data-write/data-erase verifying
state. When these states change to one another, the flash
memory generates the interrupt notifying signal indicating
the change and transmits the generated interrupt notifying
signal to the flash memory controller through, for example,
a bus line. The internal state changes in a variety of different
manners.

[0193] In a flash memory configured for the reading and
writing/erasing processes, the internal state changes as fol-
lows.

[0194] standby state—data reading state
[0195] standby state—data writing state
[0196] standby state—data erasing state
[0197] data reading state—standby state
[0198] data writing state—standby state
[0199] data erasing state—standby state
[0200] In a flash memory further configured for the veri-

fying process, the internal state changes as follows in
addition to the foregoing changes.

[0201] data writing state—data-write verifying state
[0202] data erasing state—data-crase verifying state
[0203] It accomplishes a fine-tuned control flexibly

responding to the changing internal states of the flash
memory to notify the internal state of the flash memory in
the form of the flash memory interrupt notifying signal,
more effectively reducing power consumption.

[0204] <7> The flash memory internal state management
unit was described in <2>. In <7> is described the use of the
internal state information of each flash memory updated and
recorded in the flash memory internal state management
unit. <7> is applicable to <2> to <6>.

[0205] The flash memory controller is configured for
executing a sequence of operations described below when an
operation command is received from a host externally
provided.

[0206] [1] The flash memory controller pauses the opera-
tion of a command target flash memory corresponding to a
command target in the operation command. In the case
where a command target power supply circuit for process
execution corresponding to the command target in the opera-
tion command is activated while the command target flash
memory is active, the flash memory starts to operate before
a power supply voltage originally intended is supplied
thereto, causing current inrush or resulting in failure to
correctly write or read data. The temporary suspension of the
operation prevents these unfavorable events from happen-
ing.

[0207] [2] Then, the flash memory controller refers to the
internal states of the flash memories in the flash memory
internal state management unit to determine an ongoing
status of the command target power supply circuit for
process execution corresponding to the command target in
the operation command.

[0208] [3-1] When it is determined in [2] that the com-
mand target power supply circuit for process execution is
currently inactive, the flash memory controller activates the
command target power supply circuit for process execution.
Because the operation of the command target flash memory
was paused before the command target power supply circuit
for process execution is activated, there is no concern for
current inrush to the command target flash memory.
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[0209] [4] Then, the flash memory waits for the power
supply to be stabilized and proceeds to [5].

[0210] [3-2] When it is determined in [2] that the com-
mand target power supply circuit for process execution is
currently operating to be used for the operation of any other
flash memory, the flash memory controller skips [3-1] and
[4] and then proceeds to [5].

[0211] [5] Then, the flash memory controller restarts the
operation of the command target flash memory and updates
the internal state of the command target flash memory in the
flash memory internal state management unit.

[0212] The command target power supply circuit for pro-
cess execution, as far as it is currently inactive, is activated.
Otherwise, the activation step is skipped because of no need
to activate the command target power supply circuit for
process execution already operating. Whenever the com-
mand target power supply circuit for process execution is
activated, a certain amount of time is necessary for the
startup operation to be stabilized. Skipping the activation
step, the amount of time is saved, which contributes to a
faster operation (reduction of power consumption).

[0213] <8> In <8> is similarly described the use of the
internal state information of each flash memory updated and
recorded in the flash memory internal state management
unit. <8> is applicable to <7>. The flash memory controller
is configured for executing a sequence of operations
described below when an operation command is received
from the host.

[0214] [1] The operation of the command target flash
memory which completed the process is paused. In the case
where the command target power supply circuit for process
execution currently feeding power is deactivated while the
process-completed command target flash memory is still
operating, adverse influences are generated by current varia-
tion generated at the time of deactivation. The temporary
suspension of the operation avoids such adverse influences.
[0215] [2] Then, the internal states of the flash memories
in the flash memory internal state management unit are
checked to determine a status of use of the command target
power supply circuit for process execution currently feeding
power to the process-completed command target flash
memory.

[0216] [3-1] When it is determined in [2] that the com-
mand target power supply circuit for process execution
feeding power is not currently used by any other flash
memory, the command target power supply circuit for
process execution currently feeding power is deactivated,
and the flash memory controller proceeds to [4]. No adverse
influences are generated in the process-completed command
target flash memory when the command target power supply
circuit for process execution is deactivated because the
process-completed command target flash memory is already
paused in [1].

[0217] [3-2] When it is determined in [2] that the com-
mand target power supply circuit for process execution
feeding power is currently used by any other flash memory,
the deactivation of [3-1] is skipped, and the flash memory
controller proceeds to [4].

[0218] [4] Then, the flash memory controller restarts the
operation of the process-completed command target flash
memory after deactivating the command target power sup-
ply circuit for process execution currently feeding power
and updates the internal states of the flash memories in the
flash memory internal state management unit.
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[0219] The command target power supply circuit for pro-
cess execution feeding power, unless it is currently used by
any other flash memory, is deactivated. It is unnecessary to
deactivate the command target power supply circuit for
process execution feeding power as long as it is currently
used by any other flash memory, skipping the deactivation
step. It takes a certain amount of time for any influences
caused by the deactivation to be settled. Skipping the
deactivation step, the amount of time is saved, which
contributes to a faster operation (reduction of power con-
sumption).

[0220] <9> The processes to be executed in <9> include a
verifying process. When the writing/erasing process shifts to
the verifying process, the flash memory controller deter-
mines a status of use of the command target power supply
circuit for process execution in accordance with the internal
states of the flash memories in the flash memory internal
state management unit. When the command target power
supply circuit for process execution is currently inactive, the
flash memory controller activates the inactive command
target power supply circuit for process execution and restarts
the operation of the command target flash memory after the
power supply by the command target power supply circuit
for process execution is stabilized. Further, the flash memory
controller updates the internal states of the flash memories in
the flash memory internal state management unit. On the
other hand, the flash memory controller skips the activation
step when the command target power supply circuit for
process execution is already active, and then updates the
internal states of the flash memories.

[0221] <10> This section, <10>, relates to <9>. The flash
memory controller, when notified by the flash memory of
completion of the verifying process executed in the flash
memory, pauses the operation of the verifying-completed
flash memory. Then, the flash memory controller determines
the status of use of the power supply circuit for process
execution currently feeding power for verifying to the
verifying-completed flash memory based on the internal
states of the flash memories in the flash memory internal
state management unit. When it is determined that the power
supply circuit for process execution feeding power for
verifying is currently unused by any other flash memory, the
flash memory controller deactivates the power supply circuit
for process execution currently feeding power for veritying.
When it is determined that the power supply circuit for
process execution feeding power for verifying is currently
used by any other flash memory, the flash memory controller
skips the deactivation step.

[0222] The technical characteristics of <1>-<10> are here-
inafter described in further detail as a working example 1 of
the invention.

Working Example 1

[0223] FIG. 1 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 1 of the invention. The nonvolatile
storage system according to the working example includes a
memory block 2010 having a plurality of flash memories
2012, a flash memory power supply circuit 2020, and a flash
memory controller 2030. The flash memory power supply
circuit 2020 and the flash memory controller 2030 may be
different semiconductor devices independent from each
other or may be semiconductor devices integrally mounted
on a chip.
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[0224] The flash memory controller 2030 is connected to
the flash memories 2012 by an address/control bus 2041 and
a data bus 2042. The flash memory controller 2030 is
connected to the flash memory power supply circuit 2020 by
a control bus 2043. The flash memory power supply circuit
2020 is connected to the flash memories 2012 by power
supply lines 2044.

[0225] None of the flash memories 2012 is embedded with
a power supply circuit for writing/erasing, reading, or veri-
fying, which is conventionally provided in a flash memory
per se. The flash memories 2012 are each provided with a
power supply terminal T1 for writing/erasing, a power
supply terminal T2 for reading, and a power supply terminal
T3 for verifying. The flash memory power supply circuit
2020 provided outside of the flash memories 2012 (memory
block 2010) feeds voltage supplies to these terminals.
[0226] The power supply terminal T1 for writing/erasing
may concurrently serve as the power supply terminal T3 for
verifying, in which case a voltage for writing/erasing (for
example, 20V) is lowered in the flash memory 2012 to
generate a voltage for verifying (for example, 10V). The
power supply terminal T1 for writing/erasing may concur-
rently serve as the power supply terminal T2 for reading and
the power supply terminal T3 for verifying, in which case
the voltage for writing/erasing is lowered in the flash
memory 2012 to generate the voltages for verifying and
reading. Such a shared use of the power supply terminals
structurally simplifies the nonvolatile storage system. In the
presence of a data-reading flash memory and a data-writing
flash memory at the same time, for example, the data-
reading flash memory is supplied with an overly high
voltage for data writing. This reduces an effect of power
saving originally expected from a fine-tuned power control.
[0227] The flash memory 2012 has an information register
(IR) 2014 for indicating an operating state thereof carried
out by an internal controller of the flash memory (not
illustrated in the drawing), and a terminal T4 for outputting
a flash memory internal state notifying signal A3 to notify
the other structural elements outside of the memory block of
the operating state. The flash memory internal state notifying
signal A3 is outputted to the flash memory controller 2030.
[0228] The flash memory internal state notifying signal A3
may be defined as described in A to E.

[0229] A) Anotifying method is an interrupt from the flash
memory 2012 or by polling (inquiry at regular or irregular
intervals) from the flash memory controller 2030.

[0230] B) The interrupt is generated when the operating
state of the flash memory 2012 changes so that the flash
memory controller 2030 is notified of the change of the
operating state.

[0231] C) The flash memory controller 2030 monitors by
polling the flash memory internal state notifying signal A3
at predefined time intervals to check whether the operating
state changes.

[0232] D) A data output method may be a parallel output
method or a serial output method. The data indicating the
internal state contains information of a plurality of bits. The
parallel output method uses as many buses as the number of
bits, while the serial output method uses a data line for
outputting serial data and two signals including a transfer
clock.

[0233] E) The data bus 2042 of the flash memories 2012
may be used to output the data.

May 10, 2018

[0234] The flash memory internal state notifying signal A3
is outputted to notify changes of the internal state alone. The
data indicating the internal state per se is read through the
address/control bus 2041 conventionally provided in the
flash memory 2012 when requested by a command to read
the internal state outputted from the flash memory controller
2030.

[0235] The flash memory internal state notifying signal A3
according to the working example 1 is a signal which
notifies that the internal state changed by interrupt (tflash
memory interrupt notifying signal A3,). The readout of the
internal state of the flash memory 2012 is described with
reference to an example in which the flash memory control-
ler issues an internal state reading command and the internal
state is read from the information register 2014 through the
data bus 2042 of the flash memories 2012.

[0236] In a nonvolatile storage system illustrated in FIG.
2 according to a modified example of the working example
1, the flash memory 2012 further includes a terminal T5 for
inputting a flash memory internal operation control signal
A4 that functions to pause or restart the operation of the
internal controller (not illustrated in the drawing). The
terminal T5 is connected to the flash memory controller
2030 to enable the flash memory controller 2030 to directly
control the operation of the internal controller of the flash
memory 2012.

[0237] There are two methods of use of the flash memory
internal operation control signal A4, which are described
below.

[0238] The flash memory 2012 outputs the flash memory
internal state notifying signal A3 (interrupt notifying signal),
and the flash memory controller 2030 that received the flash
memory internal state notifying signal A3 pauses the opera-
tion of the internal controller by using the flash memory
internal operation control signal A4 and restarts the opera-
tion after an intended operation is completed.

[0239] The flash memory 2012 outputs the flash memory
internal state notifying signal A3 (interrupt notifying signal)
and pauses the internal controller thereof at the same time,
and then waits for the operation thereof to be restarted by the
flash memory internal operation control signal A4.

[0240] The flash memory internal operation control signal
A4 according to the working example is described with
reference to [1]. The flash memory controller 2030 outputs
a writing, erasing, or reading command and relevant address
information to each flash memory 2012 through the address/
control bus 2041 and writes, reads, or erase data through the
data bus 2042.

[0241] The flash memory controller 2030 receives the
flash memory internal state notifying signal A3 outputted
from the flash memory 2012. The flash memory internal
state notifying signal A3 according to the working example
is an interrupt notifying signal indicating that the internal
state of the flash memory 2012 changed. Being interrupted
by the signal, the flash memory controller 2030 can know
which of the flash memories 2012 had the internal state
changed.

[0242] The flash memory controller 2030 has a flash
memory internal state management table 2032 used for the
management of the internal states of the flash memories
2012 connected thereto. The flash memory internal state
management table 2032 stores therein the internal states of
the flash memories 2012 at the time. FIGS. 3A and 3B
illustrate detailed contents of the flash memory internal state
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management table 2032 and ongoing states of power supply
corresponding thereto. The flash memory controller 2030
outputs the flash memory internal operation control signal
A4, which pauses/restarts the operation of the internal
controller provided in the flash memory 2012, to the flash
memory 2012.

[0243] The flash memory controller 2030 outputs a flash
memory power supply control signal A1 to the flash memory
power supply circuit 2020 through the control bus 2043.
[0244] The flash memory power supply control signal Al
is generated to control the operations of power supply
circuits 2021, 2022, and 2023 of the flash memory power
supply circuit 2020 independently from one another. The
flash memory power supply control signal Al can control
the operation, deactivation, generated voltage, and power
supply capacity of each power supply circuit. In response to
the outputted flash memory power supply control signal Al,
the flash memory controller 2030 makes the power supply
circuits 2021, 2022, and 2023 of the flash memory power
supply circuit 2020 respectively operate at targeted voltages
within intended power supply capacities. When the power
supply circuit 2021, 2022, 2023 is activated and ready to
feed power, a power supply readiness signal A2 is outputted
from the power supply circuit 2021, 2022, 2023 and then
received by the flash memory controller 2030 through the
control bus 2043.

[0245] The flash memory power supply circuit 2020 has a
power supply circuit 2021 for writing/erasing, a power
supply circuit 2022 for reading, and a power supply circuit
2023 for verifying, wherein these power supply circuits
include booster circuits respectively provided to generate a
voltage for writing/erasing, a voltage for reading, and a
voltage for verifying of the flash memory 2012 from a power
supply VCC to be supplied to the whole system, and output
circuits capable of changing their own power supply capaci-
ties. The voltage supplies from the power supply circuits
2021, 2022, and 2023 are connected to the power supply
terminals T1, T2, and T3 of the plural flash memories 2012
through the power supply lines.

[0246] In response to the flash memory power supply
control signal A1l outputted from the flash memory control-
ler 2030, the flash memory power supply circuit 2020
activates and deactivates the power supply circuit 2021
writing/erasing, power supply circuit 2022 reading, and
power supply circuit 2023 verifying, and switches to and
from different voltages generated by the booster circuits of
the respective power supplies and different power supply
capacities of the output circuits of the respective power
supplies.

[0247] An example of controlling the voltage generated by
the booster circuit is to provide a booster circuit that can set
a plurality of different voltages within a certain range of
voltages, for example, is used to generate a most suitable
voltage from given plural-bit information of setting volt-
ages.

[0248] To switch to and from the different power supply
capacities of the output circuits, for example, transistors in
different sizes are provided in final stages of the output
circuits, and one of the transistors most suitable for the given
plural-bit information of setting voltage.

[0249] The flash memory circuit 2020 controls the power
supply circuits 2021, 2022, and 2023 based on the flash
memory power supply control signal Al outputted from the
flash memory controller 2030. When these power supply
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circuits are ready for power supply, the flash memory circuit
2020 outputs the power supply readiness signal A2 to the
flash memory controller 2030.

[0250] In the case of the flash memory 2012 where the
power supply terminal T1 for writing/erasing concurrently
serves as the power supply terminal T3 for verifying, it is
unnecessary to provide the power supply circuit 2023 for
verifying. In the case of the flash memory 2012 where power
supply terminal T1 for writing/erasing concurrently serves
as the power supply terminal T2 for reading and the power
supply terminal T3 for verifying, neither of the power supply
circuit 2022 for reading nor the power supply circuit 2023
for verifying is necessary.

[0251]

[0252] Immediately after the system is turned on, the
power supply VCC, which is a power supply for the whole
system, is supplied to the flash memory controller 2030,
flash memory power supply circuit 2020, and VCC power
supply terminals of the flash memories 2012. The power
supply terminal VCC of the flash memory 2012 mostly feeds
power to an IO (input/output terminal) and a logic circuit
(not illustrated in the drawings) of the flash memory 2012.
The power supply terminal VCC is ready to receive com-
mands from the flash memory controller 2030. In the flash
memory power supply circuit 2020, the power supply cir-
cuits 2021, 2022, and 2023 are still inactive, and the power
supply terminal T1 for writing/erasing, power supply termi-
nal T2 for reading, and power supply terminal T3 for
verifying are yet to be supplied with power.

[0253] With reference to a flow chart illustrated in FIG. 4,
processing steps of a power supply sequence for reading are
described.

[0254] In Step S1, a command is received from the host,
and the flash memory controller 2030 starts to access the
flash memory 2012. When a data reading command is issued
from the flash memory controller 2030, the flash memory
2012 latches a reading address and starts to read data from
the target memory cell array, and then outputs the flash
memory interrupt notifying signal A3, to notify the flash
memory controller 2030 that the data reading process
started.

[0255] In Step S2, the flash memory controller 2030 that
received the flash memory interrupt notifying signal A3,
from the flash memory 2012 pauses the operation of the flash
memory 2012 based on the flash memory internal operation
control signal A4.

[0256] In Steps S2 and S3, the flash memory controller
2030 refers to the flash memory internal state management
table 2032 and determine whether the power supply circuit
2022 for reading of the flash memory power supply circuit
2020 is still inactive or already active.

[0257] When determined that the power supply circuit
2022 for reading is inactive, the flash memory controller
2030 proceeds to Step S4 to activate the power supply circuit
2022 for reading of the flash memory power supply circuit
2020 based on the flash memory power supply control signal
Al. The flash memory power supply circuit 2020 that
activated the power supply circuit 2022 waits in Step S5 for
the power supply circuit 2022 to be ready for power supply.

[0258] When the power supply circuit 2022 for reading is
ready to feed power with an enough rise of the power supply
voltage thereof, the flash memory power supply circuit 2020

<Power Supply Sequence for Reading>
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outputs in Step S6 the power supply readiness signal A2 of
the power supply circuit 2022 for reading to the flash
memory controller 2030.

[0259] In Step S7, the flash memory controller 2030 that
received the power supply readiness signal A2 for data
reading restarts the internal operation of the flash memory
2012 based on the flash memory internal operation control
signal A4. Also, the flash memory controller 2030 updates
the state of the flash memory 2012 currently accessed in the
flash memory internal state management table 2032 from
“standby” to “reading”.

[0260] On the other hand, when determined in Step S3 that
the power supply circuit 2022 for reading is already active,
the flash memory controller 2030 proceeds to Step S7 to
immediately restart the internal operation of the flash
memory 2012 based on the flash memory internal operation
control signal A4, and updates the state of the flash memory
2012 currently accessed in the flash memory internal state
management table 2032 from “standby” to “reading”.
[0261] Because the flash memory 2012 is already supplied
with power for data reading, data is read from the memory
cell array in Step S8 after the flash memory internal opera-
tion control signal A4 is received.

[0262] When the data reading process to the memory cell
array ends, in Step S9, the flash memory 2012 outputs the
flash memory interrupt notifying signal A3, to the flash
memory controller 2030 to notify that the data reading
process is completed.

[0263] In Step S10, the flash memory controller 2030 that
received the flash memory interrupt notifying signal A3,
from the flash memory 2012 pauses the operation of the flash
memory 2012 based on the flash memory internal operation
control signal A4 and refers to the flash memory internal
state management table 2032. In Step S11, the flash memory
controller 2030 determines based on information obtained
from the table whether any other flash memory 2012 is
currently executing the data reading process.

[0264] When determined that none of the other flash
memories 2012 is currently executing the data reading
process and the power supply circuit 2022 for reading can be
deactivated, the flash memory controller 2030 proceeds to
Step S12 to deactivate the power supply circuit 2022 for
reading of the flash memory power supply circuit 2020
based on the flash memory power supply control signal Al.
[0265] In Step S13, the flash memory controller 2030
restarts the internal operation of the flash memory 2012
based on the flash memory internal operation control signal
Ad, and updates the state of the flash memory 2012 currently
accessed in the flash memory internal state management
table 2032 from “reading” to “standby”.

[0266] When determined in Step S11 that any one of the
other flash memories 2012 is currently executing the data
reading process and the power supply circuit 2022 for
reading cannot be deactivated yet, the flash memory con-
troller 2030 skips Step S12 and proceeds to Step S13 to
immediately restart the internal operation of the flash
memory 2012 based on the flash memory internal operation
control signal A4. Further, the flash memory controller 2030
updates the state of the flash memory 2012 currently
accessed in the flash memory internal state management
table 2032 from “reading” to “standby”.

[0267] <Power Supply Sequence for Writing/Erasing>
[0268] With reference to a flow chart illustrated in FIG. 5,
processing steps of a power supply sequence for writing/
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erasing are described. When a data writing/erasing com-
mand is issued from the flash memory controller 2030, in
Step S21, the flash memory 2012 latches a writing/erasing
address and data to be written and then writes or erases data
in the target memory cell array. Also, the flash memory 2012
outputs the flash memory interrupt notifying signal A3,
which notifies that the data writing or erasing process
started, to the flash memory controller 2030.

[0269] In Step S22, the flash memory controller 2030 that
received the flash memory interrupt notifying signal A3,
from the flash memory 2012 pauses the operation of the flash
memory 2012 based on the flash memory internal operation
control signal A4 and refers to the flash memory internal
state management table 2032. In Step 23, the flash memory
controller 2030 determines based on information obtained
from the table whether the power supply circuit 2021 for
writing/erasing of the flash memory power supply circuit
2020 is still inactive or already active.

[0270] When determined that the power supply circuit
2021 for writing/erasing is inactive, the flash memory con-
troller proceeds to Step S24 to activate the power supply
circuit 2021 for writing/erasing of the flash memory power
supply circuit 2020 based on the flash memory power supply
control signal Al. The flash memory power supply circuit
2020 activates the power supply circuit 2021 for writing/
erasing and waits for the power supply circuit 2021 to be
ready for power supply.

[0271] When determined in Step S25 that the power
supply circuit 2021 for writing/erasing is ready to feed
power with an enough rise of the power supply voltage
thereof, the flash memory controller 2030 proceeds to Step
S26 to output the power supply readiness signal A2 of the
power supply circuit 2021 for writing/erasing to the flash
memory controller 2030.

[0272] In Step S27, the flash memory controller 2030 that
received the power supply readiness signal A2 for data
writing/erasing restarts the internal operation of the flash
memory 2012 based on the flash memory internal operation
control signal A4. Further, the flash memory controller 2030
updates the state of the flash memory 2012 currently
accessed in the flash memory internal state management
table 2032 from “standby” to “writing” or “erasing”.
[0273] On the other hand, when determined in Step S23
that the power supply circuit 2021 for writing/erasing is
already active, the flash memory controller 2030 proceeds to
Step S27 to immediately restart the internal operation of the
flash memory 2012 based on the flash memory internal
operation control signal A4, and updates the state of the flash
memory 2012 currently accessed in the flash memory inter-
nal state management table 2032 from “standby” to “writ-
ing” or “erasing”.

[0274] Because the flash memory 2012 is already supplied
with power from the power supply circuit 2021 for writing/
erasing, data is written in or erased from the memory cell
array in Step S28 after the flash memory internal operation
control signal A4 is received.

[0275] When the data writing/erasing process to the
memory cell array is over, in Step S29, the flash memory
2012 outputs the flash memory interrupt notifying signal
A3, to the flash memory controller 2030 to notify that the
data writing/erasing process is completed.

[0276] In Step S30, the flash memory controller 2030 that
received the flash memory interrupt notifying signal A3,
from the flash memory 2012 pauses the operation of the flash
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memory 2012 based on the flash memory internal operation
control signal A4 and refers to the flash memory internal
state management table 2032. In Step S31, the flash memory
controller 2030 determines based on information obtained
from the table whether any other flash memory 2012 is
executing the data writing/erasing process.

[0277] When determined that the power supply circuit
2021 for writing/erasing can be deactivated with no other
flash memory 2012 currently executing the data writing/
erasing process, the flash memory controller 2030 proceeds
to Step S32 to deactivate the power supply circuit 2021 for
writing/erasing of the flash memory power supply circuit
2020 based on the flash memory power supply control signal
Al. Then, in Step S33, the flash memory controller proceeds
to a power supply sequence for verifying.

[0278] When determined in Step S31 that the power
supply circuit 2021 for writing/erasing cannot be deactivated
in the presence of any other flash memory 2012 currently
executing the data writing/erasing process, the flash memory
controller 2030 skips Step S32 and proceeds to Step S33 to
immediately shift to the power supply sequence for verify-
ing.

[0279] After the power supply sequence for verifying is
over, in Step S34, the flash memory controller 2030 issues
the internal state reading command for the flash memory
2012 to check the internal state of the interrupted flash
memory (when the verifying process is over). When deter-
mined in Step S35 that the internal state is writing/erasing,
the flash memory controller 2030 returns to Step S22 to
execute the power supply sequence for writing/erasing
again.

[0280] When determined in Step S35 that the internal state
is standby, the flash memory controller 2030 proceeds to
Step S36 to restart the internal operation of the flash memory
2012 based on the flash memory internal operation control
signal A4. Also, the flash memory controller 2030 updates
the state of the flash memory 2012 currently accessed in the
flash memory internal state management table 2032 from

“data-write verifying” or “data-erase verifying” to
“standby”.
[0281] <Power Supply Sequence for Verifying>

[0282] With reference to a flow chart illustrated in FIG. 6,
processing steps of a power supply sequence for verifying
are described. The flow chart illustrated in FIG. 6 continues
from Step S33 of FIG. 5. After the writing/erasing process
is over, in Step S41, the flash memory controller 2030 refers
to the flash memory internal state management table 2032.
In Step S42, the flash memory controller 2030 determines
based on information obtained from the table whether the
power supply circuit 2023 for verifying of the flash memory
power supply circuit 2020 is still inactive or already active.
[0283] When determined in Step S42 that the power
supply circuit 2023 for verifying is inactive, the flash
memory controller 2030 proceeds to Step S43 to activate the
power supply circuit 2023 for verifying of the flash memory
power supply circuit 2020 based on the flash memory power
supply control signal Al. The flash memory power supply
circuit 2020 activates the power supply circuit 2023 for
verifying. In Step S44, flash memory power supply circuit
2020 waits for the power supply circuit 2023 for verifying
to be ready for power supply.

[0284] When the power supply circuit 2023 for verifying
is ready to feed power with an enough rise of the power
supply voltage thereof, in Step S45, the flash memory power

May 10, 2018

supply circuit 2020 outputs the power supply readiness
signal A2 of the power supply circuit 2023 for verifying to
the flash memory controller 2030.

[0285] In Step S46, the flash memory controller 2030 that
received the power supply readiness signal A2 for verifying
restarts the internal operation of the flash memory 2012
based on the flash memory internal operation control signal
A4. Also, the flash memory controller 2030 updates the state
of the flash memory 2012 currently accessed in the flash
memory internal state management table 2032 from “writ-
ing” or “erasing” to “data-write verifying” or “data-crase
verifying”.

[0286] Because it is determined in Step S42 that the flash
memory 2012 is already supplied with power from the
power supply circuit 2023 for verifying, the flash memory
controller 2030 receives in Step S46 the flash memory
internal operation control signal A4. Then, in Step S47, the
data writing/erasing in the memory cell array is verified.
[0287] After the data writing/erasing in the memory cell
array is verified, in Step S48, the flash memory 2012 outputs
the flash memory interrupt notifying signal A3, to the flash
memory controller 2030 to notify that the data-write/data-
erase verifying process is completed.

[0288] In Step S49, the flash memory controller 2030 that
received the flash memory interrupt notifying signal A3,
from the flash memory 2012 pauses the operation of the flash
memory 2012 based on the flash memory internal operation
control signal A4 and refers to the flash memory internal
state management table 2032. In Step S50, the flash memory
controller 2030 determines based on information obtained
from the table whether any other flash memory 2012 is
executing the data-write/data-erase verifying process.
[0289] When determined that the power supply circuit
2023 for verifying can be deactivated with no other flash
memory 2012 currently executing the data-write/data-erase
verifying, in Step S51, the flash memory controller 2030
deactivates the power supply circuit 2023 for verifying of
the flash memory power supply circuit 2020 based on the
flash memory power supply control signal Al. In Step S52,
the flash memory controller 2030 ends the power supply
sequence for veritying and returns to Step S34 of the power
supply sequence for writing/erasing.

[0290] When determined in Step S50 that any one of the
other flash memories 2012 is currently executing the data-
write/data-erase verifying process and the power supply
circuit 2023 for verifying cannot be deactivated, the flash
memory controller skips Step S51 and proceeds to Step S52
to immediately end the power supply sequence for verifying,
and then returns to Step S34 of the power supply sequence
for writing/erasing.

[0291] According to the working example, the flash
memory controller 2030 can accurately know the internal
operation of the flash memory 2012 based on the flash
memory internal state notifying signal A3, enabling to
control the outside power supply depending on the internal
operation. This efficiently feeds power required by the flash
memories 2012, thereby reducing power consumption of the
whole system.

[0292] <11> [Notifying Applied Voltage (Power Supply
Control)]
[0293] A description hereinafter given relates to <1> to

<10>. The flash memory controller hereinafter described
includes an applied voltage control circuit functionally char-
acterized as described below. The applied voltage control
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circuit obtains, as the internal state of the flash memory, an
applied voltage information of each of the plurality of types
of power supply circuits for process execution. The applied
voltage information is specific to each of the flash memories
and notified by the flash memory. The flash memory con-
troller controls the operation of any intended one of the
power supply circuits for process execution based on the
obtained applied voltage information.

[0294] There are individual differences among the flash
memories, which are generated by, for example, manufac-
turing tolerances. Each of the flash memories has an applied
voltage specific thereto depending on the plurality of types
of power supply circuits for process execution and retains
therein information of the applied voltage. The flash
memory controller accesses any intended one of the flash
memories to read and obtain the applied voltage information
from the accessed flash memory. The applied voltage infor-
mation is pertinent to the power supply circuit for process
execution for any process to be executed and specific to each
of the flash memories. The applied voltage control circuit
controls any intended one of the power supply circuits for
process execution based on the obtained applied voltage
information. Therefore, the applied voltage control circuit
controls the intended power supply circuit for process
execution so that an applied voltage adequately low is
applicable to any one of the flash memories whose applied
voltage optimally required is lower than a reference voltage
due to an individual difference thereof and an applied
voltage adequately high is applicable to any one of the flash
memories whose applied voltage optimally required is
higher than the reference voltage due to an individual
difference thereof.

[0295] Though the same power supply circuit for process
execution is shared by a plurality of flash memories respec-
tively in which the optimal applied voltages are thus differ-
ent from one another, the voltages are finely controlled
depending on the characteristics of the respective flash
memories. This more effectively reduces power consump-
tion.

[0296] <12> A description hereinafter given relates to
<11>.
[0297] The applied voltage control circuit hereinafter

described, when the applied voltage information of the same
power supply circuit for process execution is received from
the plural flash memories, controls the operation of the same
power supply circuit for process execution so that a highest
one of a plurality of applied voltages indicated by the
obtained applied voltage informations is applied.

[0298] The plurality of types of power supply circuits for
process execution loaded in the flash memory power supply
circuit are shared by the plural flash memories of the
memory block. Any of the power supply circuits for process
execution may feed power to at least two flash memories at
once as far as the same process is executed in the flash
memories. An optimal applied voltage of a flash memory
may be different to an optimal applied voltage of another
flash memory.

[0299] Such a situation raises a question; what level of
applied voltage should be supplied to the shared power
supply circuit for process execution. The applied voltage
control circuit described here employs a highest one of a
plurality of applied voltages indicated by the applied voltage
informations transmitted from at least two flash memories,
thereby preventing the plural flash memories both currently
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operating from running short of expected levels. This tech-
nical approach is based on a point of view that any adverse
influences caused by high voltages are less damaging than
any operation failures due to the shortage of applied volt-
ages. Analyzing the approach from a different angle, when
just one flash memory is to be power-supplied, the power
supply circuits for process execution employ an optimal
applied voltage to the flash memory. The applied voltage
thus decided is not an overly high applied voltage but is most
suitable for the flash memory among all of the applied
voltages that can be employed by the power supply circuits
for process execution. Such a control method is effective for
further reduction of power consumption

[0300] A specific example of <11> and <12> is hereinafter
described as a working example 2 of the invention.

Working Example 2

[0301] FIG. 7 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 2 of the invention. The information
indicated by an information register 2014 of the flash
memory 2012 includes, in addition to the operating state
(process being executed) currently executed by the internal
controller (not illustrated in the drawing) of the flash
memory 2012, information of power supply voltages for
reading, writing/erasing, and verifying. This information
indicates the power supply voltages necessary for the flash
memory 2012 to operate. The flash memories 2012 each has
an optimal power supply voltage information. There are
individual differences among the flash memories, which are
generated by, for example, manufacturing tolerances.
[0302] To notify the applied voltage information, an
applied voltage notifying signal A3,, for example, is used.
This signal may be directly connected to the flash memory
controller 2030. T6 is an output terminal of the flash memory
2012 for outputting the applied voltage notifying signal A3,.
[0303] The flash memory controller 2030 according to the
working example further includes an applied voltage control
circuit 2034. The applied voltage control circuit 2034 com-
pares the applied voltage information of the flash memory
2012 to a present applied voltage and uses one of these
applied voltages higher than the other as an applied voltage
for the power supply circuit 2021, 2022, 2023 of the flash
memory power supply circuit 2020.

[0304] With reference to a flow chart illustrated in FIG. 8,
processing steps of an applied voltage control sequence are
described. Steps S61 to S63 are similar to Steps S21 to S23
of FIG. 5 according to the working example 1. When the
power supply circuit 2021 for writing/erasing is inactive
during the writing sequence, in Step S64, the flash memory
controller 2030 issues the internal state reading command
for the flash memory 2012 to read the applied voltage
information of the power supply for writing of the inter-
rupted flash memory (when verifying is over) from the
information register 2014 of the flash memory 2012 and
transmits the read information to the applied voltage control
circuit 2034.

[0305] In Step S65, the applied voltage control circuit
2034 activates the power supply circuit 2021 for writing/
erasing based on the received applied voltage information.
Steps S70 to S73 are similar to Steps S25 to S28 of FIG. 5
according to the working example 1. When determined in
Step S63 that the power supply circuit 2021 for writing/
erasing is currently operating, in Step S66, the flash memory
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controller 2030 issues the internal state reading command
for the flash memory 2012 to read the applied voltage
information of the power supply for writing of the inter-
rupted flash memory (when verifying is over) from the
information register 2014 of the flash memory 2012 and
transmits the read information to the applied voltage control
circuit 2034.

[0306] In Step S67, the applied voltage control circuit
2034 compares the read applied voltage information to a
present applied voltage of the power supply circuit 2021 for
writing/erasing. When determined in Step S68 that the read
applied voltage information indicates a higher voltage than
the present applied voltage, in Step S69, the flash memory
controller 2030 changes the power supply voltage of the
power supply circuit 2021 for writing/erasing based on the
applied voltage information, and then proceeds to Step S70.
[0307] When the applied voltage control circuit 2034
compares the read applied voltage information to the present
applied voltage of the power supply circuit 2021 for writing/
erasing and thereby determines in Step S68 that the read
applied voltage information indicates a lower voltage than
the present applied voltage, the flash memory controller
2030 retains the power supply voltage of the power supply
circuit 2021 for writing/erasing and then proceeds to Step
S72.

[0308] According to the working example, when the plural
flash memories which respectively require different power
supply voltages are operating at the same time, the flash
memory controller 2030 can know the power supply volt-
ages of the respective flash memories, thereby controlling
the voltages of the power supply circuits externally pro-
vided. This leads to efficient supply power that requires no
voltage rises unnecessarily high, reducing power consump-
tion of the whole system.

[0309] <13> [Notifying Applied Voltage (Selection of a
Memory)]|
[0310] A description hereinafter given relates to <11>. The

flash memory controller further includes an applied voltage
information storage used as a storage unit of the applied
voltage informations received from the plural flash memo-
ries. The flash memory controller refers to the applied
voltage informations stored in the applied voltage informa-
tion storage to decide any ones of the flash memories to be
selected.

[0311] The applied voltage information storage can store
therein the applied voltage informations of all of the flash
memories. More specifically, the applied voltage informa-
tion storage can store therein the applied voltage information
of'not only the flash memory to be accessed then but also any
other flash memories, and also the past (latest) applied
voltage information of any flash memory left on standby
then. These applied voltage informations may include the
applied voltage informations regarding the plurality of types
of power supply circuits for process execution.

[0312] When the flash memory controller receives an
operation command from, for example, the host, it is nec-
essary to decide which of the flash memories should be
accessed. To select the flash memory to be accessed, the
flash memory controller refers to the applied voltage infor-
mations of all of the flash memories regarding all of the
plurality of types of power supply circuits for process
execution stored in the applied voltage information storage
to decide one flash memory to be accessed. This greatly
contributes to reduction of power consumption.
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[0313] <14> A description hereinafter given relates to
<13>.
[0314] When a plurality of ones of the flash memories to

be accessed have an enough vacant memory space, the flash
memory controller refers to the applied voltage informations
stored in the applied voltage information storage and accord-
ingly decides the flash memory having a lowest applied
voltage as the flash memory to be selected.

[0315] By thus deciding the flash memory having a lowest
applied voltage as the flash memory to be selected among
the plural flash memories to be accessed having an enough
vacant memory space, execution of a process requires less
power. The different applied voltages can be thus compared
because the applied voltage informations regarding all of the
plurality of types of power supply circuits for process
execution read from all of the flash memories are stored in
the applied voltage information storage. When the flash
memory having the lowest applied voltage is used, reduction
of power consumption becomes more effective.

[0316] A specific example of <13> and <14> is hereinafter
described as a working example 3 of the invention.

Working Example 3

[0317] FIG. 9 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 3 of the invention. The flash memory
internal state management table 2032 of the flash memory
controller 2030 is provided with an applied voltage infor-
mation storage 2033, in which the applied voltage informa-
tions of the flash memories 2012 are stored. The applied
voltage informations may be collected in the flash memory
internal state management table 2032 by issuing the internal
state reading command for all of the flash memories 2012 at
the time of startup of the system, or the voltage applied
information of each flash memory 2012 may be collected
every time when the flash memory 2012 is accessed and
stored in the flash memory internal state management table
2032.

[0318] According to the working example, all of the
applied voltage informations are read at once at the time of
startup of the system. With reference to a flow chart illus-
trated in FIG. 10, processing steps of the flash memory
selection are described.

[0319] In Step S81, the nonvolatile storage system is
turned on, and the flash memory controller 2003 is activated.
In Step S82, the flash memory controller 2030 issues the
internal state reading command for all of or a part of the flash
memories 2012 connected thereto to read the applied voltage
informations from the information registers 2014 of these
flash memories 2012.

[0320] In Step S83, the read applied voltage informations
are stored in the applied voltage information storage 2033 of
the flash memory internal state management table 2032.

[0321] When a writing request is received from the host in
Step S84, the flash memory controller 2030 selects in Step
S85 any one of the flash memory 2012 having an enough
vacant memory space for data to be written therein.

[0322] With more than one selectable flash memory 2012,
in Step S86, the flash memory controller 2030 refers to the
applied voltage information storage 2033 to read therefrom
the applied voltage informations of these flash memories
2012.
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[0323] In Step S87, the flash memory controller 2030
compares the read applied voltage informations to select one
of the flash memories 2012 having a lowest applied voltage.
[0324] In Step S88, the flash memory controller 2030
issues a process execution command to the selected flash
memory 2012.

[0325] According to the working example, the applied
voltage informations needed for the flash memories 2012 are
stored in advance in the applied voltage information storage
2033 and compared to one another to select one of the flash
memories 2012 whose applied voltage is at the lowest level
over any other flash memories. This lessens the burden of
voltage rises in the flash memory power supply circuit 2020,
thereby reducing power consumption of the whole system.
[0326] <15> A description hereinafter given to [Notifying
Applied Voltage (Selection of a Plurality of Memories)]
relates to <14>.

[0327] Assuming that the plural flash memories are
accessed at once in parallel and these flash memories are
supplied with power from one power supply circuit for
process execution, the flash memory controller refers to the
applied voltage informations stored in the applied voltage
information storage to select the flash memories having a
smaller difference between the applied voltages thereof as
the flash memories to be selected in priority to the other flash
memories.

[0328] For easier understanding of the technical charac-
teristics, a description is given below with reference to an
example. Trying to access two flash memories at the same
time with three flash memories, for example, currently
available to be accessed, an applied voltage difference
between first and second flash memories is AE12, an applied
voltage difference between second and third flash memories
is AE23, and an applied voltage difference between third and
first flash memories is AE31. When the AE12 shows a
smallest value among the three applied voltage differences
AE12, AE23, and AE31, the combination of the first and
second flash memories is selected. Likewise, the combina-
tion of the second and third flash memories is selected when
the AE23 shows a smallest value, and the combination of the
third and first flash memories is selected when the AE31
shows a smallest value.

[0329] By thus selecting the flash memories having a
smaller difference between the applied voltages thereof over
the other flash memories, any unnecessary voltage rises are
avoidable during the control, enabling efficient power sup-
ply. As a result, power consumption of the whole system can
be reduced.

[0330] A specific example of <15> is hereinafter described
as a working example 4 of the invention.

Working Example 4

[0331] FIG. 11 is a flow chart illustrating a flash memory
selection sequence (for selecting a plurality of flash memo-
ries) of a nonvolatile storage system according to a working
example 4 of the invention. Steps S91 to S96 and S98 are
similar to Steps S81 to S86 and S88 of FIG. 10. The only
difference between the flow charts of these drawings is Step
S97.

[0332] Similarly to the working example 3, the flash
memory controller 2030 selects any one of the flash memory
2012 having an enough vacant memory space when a
writing request is received from the host. In the case where
the system is configured to execute the writing/erasing
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process in the plural flash memories 2012 in parallel to
increase a processing speed, the flash memory controller
2030, similarly to the working example 3, refers to the
applied voltage information storage 2033 to read therefrom
the applied voltage informations of the flash memories 2012
to be selected.

[0333] In Step S97, the flash memory controller 2030
compares the applied voltage informations to selectively
combine the flash memories having a smaller difference
between the applied voltages thereof in priority to the other
selectable flash memories 2012.

[0334] According to the working example, the applied
voltage informations of the flash memories 2012 are stored
in advance so that the flash memories 2012 having a smaller
difference between the applied voltages thereof are selec-
tively combined. This leads to efficient supply power that
requires no voltage rises unnecessarily high, reducing power
consumption of the whole system

[0335] <16> [Notifying Applied Voltage]*[Notifying
Number of Times of Verifying (Power Supply Control)]
[0336] A description hereinafter given relates to a non-
volatile storage system including the applied voltage control
circuit in the flash memory controller recited in <11>.
[0337] The applied voltage control circuit obtains a veri-
fying number-of-times information of each flash memory
notified by the flash memory as the flash memory internal
state, and controls the operation of any intended one of the
power supply circuit for process execution taking into
account the obtained verifying number-of-times information
as additional information. The verifying relating to the
verifying number-of-times information is at least one of the
data-write verifying and the data-erase verifying. The veri-
fying number-of-times information indicates number of
times of the writing/erasing processes repeatedly executed
until data writing/erasing is completed in the flash memory.
[0338] As the number of times of verifying is larger, the
flash memory includes more cells degraded or having poor
characteristics in which the writing/erasing process is diffi-
cult to be executed. Any flash memory including such a cell
degraded or having poor characteristics has a better chance
of succeeding in the writing/erasing process when the
applied voltage for writing/erasing is increased to be larger
than a reference voltage value. Therefore, the verifying
number-of-times information is taken into account as addi-
tional information to adjust the applied voltage so that the
number of times of verifying decreases. This consequently
leads to a shorter power supply time, more effectively
reducing power consumption.

[0339] <17> A description hereinafter given relates to
<16>.
[0340] To control the operation of any intended one of the

power supply circuits for process execution based on the
obtained applied voltage information, the applied voltage
control circuit of the flash memory controller, using the
obtained applied voltage as a reference voltage, controls the
power supply circuit for process execution within the range
of a corrected applied voltage obtained by an arithmetic
operation of [reference voltage], [obtained number of times
of verifying], and [predefined correction voltage].

[0341] Accordingly, there is a better chance of succeeding
in the writing/erasing process when the adjustment range of
the applied voltage is increased depending on the number of
times of verifying. As a result, power consumption can be
more effectively reduced.
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[0342] The arithmetic operation of [reference voltage],
[obtained number of times of verifying], and [predefined
correction voltage] is a typical expression of preferable
arithmetic operations. In a broader sense, the applied voltage
is generated by a method that can be expressed by the
function of number of times of verifying.

[0343] A specific example of <16> and <17> is hereinafter
described as a working example 5 of the invention.

Working Example 5

[0344] FIG. 12 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 5 of the invention. The information
indicated by the information register 2014 of the flash
memory 2012 includes the verifying number-of-times infor-
mation in addition to the operating state (process to be
executed) currently executed by the internal controller (not
illustrated in the drawing) of the flash memory 2012 and
information of power supply voltages for reading, writing/
erasing, and verifying. The veritfying number-of-times infor-
mation indicates number of times when written data is read
to determine whether the writing/erasing process of the flash
memory 2102 succeeded. The verifying number-of-times
information relating to data-write verifying is generated by
each writing unit, while the verifying number-of-times infor-
mation relating to data-erase verifying is generated by each
erasing unit. This information is stored in the flash memory
2012 at the time of a most recent writing/erasing process.
The verifying number-of-times information may not be
written in the information register 2014 but may be written
in a redundant region of the flash memory 2012.

[0345] To notify the number of times of verifying, a
verifying number-of-times notifying signal A3; may be
generated and directly connected to the flash memory con-
troller 2030. A reference symbol T7 is an output terminal of
the flash memory 2012 for outputting the verifying number-
of-times notifying signal A3,.

[0346] With reference to a flow chart illustrated in FIG.
13, processing steps of an applied voltage control sequence
are described. Steps S101 to S103 are similar to Steps S61
to S63 of FIG. 8 according to the working example 2, and
Steps S109, S111, S112, S113, and S114 are similar to Steps
S68, S70, S71, S72, and S73 of FIG. 8.

[0347] When determined in Step S103 that the power
supply circuit 2021 for writing/erasing is inactive, in Step
S104, the flash memory controller 2030 issues the internal
state reading command for the flash memory 2012 to read
the applied voltage information of the power supply for
writing and the verifying number-of-times information per
writing unit of the interrupted flash memory 2012.

[0348] In Step S105, the applied voltage control circuit
2034, using the applied voltage information as a reference
voltage, sets [reference voltage]+[number of times of veri-
fying]x|[correction voltage] as a voltage to be generated, and
accordingly activates the power supply circuit 2021 for
writing/erasing. The correction voltage is a fixed voltage set
by the flash memory controller 2030.

[0349] The flash memory controller 2030 may retain a
specification-defined value as the correction voltage, or such
data may be set in the flash memory 2012 and read and used
by the flash memory controller 2030 at the time of startup of
the system. The method of calculating the voltage to be
generated according to the working example is just an
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example. In a broader sense, the applied voltage is generated
by a method that can be expressed by the function of number
of times of verifying.

[0350] When the power supply circuit 2021 for writing/
erasing is operating during the writing sequence, in Step
S106, the flash memory controller 2030 issues the internal
state reading command for the flash memory 2012 to read
the applied voltage information of the power supply for
writing and verifying number-of-times information per writ-
ing unit of the interrupted flash memory 2012.

[0351] In Step S107, the applied voltage control circuit
2034, using the applied voltage information as a reference
voltage, sets [reference voltage]+[number of times of veri-
fying]x[correction voltage] as a voltage to be generated.
[0352] In Step S108, the flash memory controller 2030
compares the set voltage to a present applied voltage of the
power supply circuit 2021 for writing/erasing. When deter-
mined in Step S109 that the set voltage is higher than the
other, in Step S110, the applied voltage control circuit 2034
changes the power supply voltage of the power supply
circuit 2021 for writing/erasing based on the set voltage.
[0353] When the set voltage is compared to the present
applied voltage of the power supply circuit 2021 for writing/
erasing and determined that the set voltage is lower higher
than the other, the applied voltage control circuit 2034
retains the present power supply voltage of the power supply
circuit 2021 for writing/erasing.

[0354] According to the working example, as the number
of times of verifying is larger, the flash memory includes
more cells degraded or having poor characteristics in which
the writing/erasing process is difficult to be executed. Any
flash memory including such a cell degraded or having poor
characteristics has a better chance of succeeding in the
writing/erasing process when the voltage for writing/erasing
is increased by [number of times of verifying]|x[correction
voltage] to reduce the number of times of verifying. This
leads to a shorter power supply time, thereby reducing
power consumption of the whole system.

[0355] <18> [Notifying Applied Voltage]*[Notifying
Number of Times of Verifying]*[Notifying Pulse Width/
Interval (Selection of a Memory)]

[0356] In the nonvolatile storage system recited in <16>,
the flash memory controller further includes a voltage appli-
cation time information storage as a storage unit of a voltage
application time information. The voltage application time
information is obtained as described below. The flash
memory controller receives the verifying number-of-times
information and information of pulse widths and pulse
intervals of the voltage application during the writing/
erasing process from the plural flash memories. Then, the
flash memory controller obtains the voltage application time
information by an arithmetic operation of the verifying
number-of-times informations and the information of pulse
widths and pulse intervals of the voltage application and
stores the obtained voltage application time information in
the voltage application time information storage. The flash
memory controller refers to the voltage application time
informations stored in the voltage application time informa-
tion storage to decide the flash memory to be selected.
[0357] The information of pulse widths and pulse intervals
of the voltage application is kept in the flash memory and
transmitted to the flash memory controller with the verifying
number-of-times information. The flash memory controller
calculates a voltage application time based on the received
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pulse widths and pulse intervals of the voltage application
and number of times of verifying. The pulse widths and
pulse intervals of the voltage application during the writing/
erasing process including the verifying process equals to one
cycle of the writing/erasing process. Then, the voltage
application time actually needed in the writing/erasing pro-
cess is obtained from the one cycle and number of times of
verifying. The obtained voltage application time information
is stored in the voltage application time information storage
with the number of times of verifying, pulse widths, and
pulse intervals. The voltage application time information
storage can store therein these informations of all of the flash
memories.

[0358] When the flash memory controller receives an
operation command from, for example, the host, it is nec-
essary to decide which of the flash memories should be
accessed. To select the flash memory to be accessed, the
flash memory controller refers to the voltage application
time informations of all of the flash memories stored in the
voltage application time information storage to decide one
flash memory to be accessed. This greatly contributes to
reduction of power consumption.

[0359] <19> In the nonvolatile storage system recited in
<18>, when a plurality of candidates of the flash memories
to be accessed have an enough vacant memory space exist
in the plurality of the access-target flash memories, the flash
memory controller refers to the voltage application time
informations stored in the voltage application time informa-
tion storage to select one of the flash memories having a
shortest voltage application time.

[0360] By thus selecting a flash memory having a shortest
voltage application time from the candidates of the access-
target flash memories having an enough vacant memory
space, the processes of the same type can be executed with
less power. The different voltage application times can be
thus compared because the voltage application time infor-
mations of all of the flash memories are stored in the voltage
application time information storage. Any one of the flash
memories having a short voltage application time is used to
operate the power supply circuit for process execution
within a minimum required time. As a result, reduction of
power consumption reduction can be further improved.
[0361] A specific example of <18> and <19> is hereinafter
described as a working example 6 of the invention.

Working Example 6

[0362] FIG. 14 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 6 of the invention. The information
indicated by the information register 2014 of the flash
memory 2012 includes a pulse width/interval information in
addition to the operating state currently executed by the
internal controller (not illustrated in the drawing) of the flash
memory 2012, information of the applied voltages of the
power supplies for reading, writing/erasing, and verifying,
and verifying number-of-times information. The pulse width
information indicates an interval length during which the
power supply voltage for writing is actually applied during
the writing/erasing process, and the pulse interval informa-
tion indicates an interval length before the next writing
process starts, in other words, an interval length of the
data-write or data-erase verifying.

[0363] A pulse width/interval notifying signal A3,, which
is a means for notifying the pulse width/interval informa-
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tion, may be directly connected to the flash memory con-
troller 2030. A reference symbol T8 is an output terminal of
the flash memory 2012 for outputting the pulse width/
interval notifying signal. The flash memory internal state
management table 2032 of the flash memory controller 2030
further includes a voltage application time information stor-
age 2035 used as a storage unit of the verifying number-of-
times information and the pulse width/interval information
of each flash memory 2012. The voltage application time is
calculated by [pulse width+pulse interval|x[number of times
of verifying]. The voltage application time information
relating to writing is generated by each writing unit, while
the voltage application time information relating to erasing
is generated by each erasing unit. These informations are
recorded in the flash memory 2012 at the time of a most
recent writing/erasing process.

[0364] The voltage application information may be col-
lected and stored in the flash memory internal state man-
agement table 2032 by issuing the internal state reading
command for the flash memories 2012 at the time of startup
of the system, or the voltage application time informations
of the flash memories 2012 once accessed may be stored in
the flash memory internal state management table 2032
every time when the accesses are made.

[0365] The working example 6 is described with reference
to an example where the voltage application time informa-
tions are read at once at the time of startup of the system.
With reference to a flow chart illustrated in FIG. 15, pro-
cessing steps of the flash memory selection are described. In
Step S121, the nonvolatile storage system is turned on and
the flash memory controller 2030 is activated. In Step S122,
the flash memory controller 2030 issues the internal state
reading command for all of or a part of the flash memories
2012 connected thereto to read the applied voltage informa-
tion, verifying number-of-times information, and pulse
width/interval information from the information registers
2014 of these flash memories 2012.

[0366] In Step S123, the read informations are stored in
the applied voltage information storage 2033 and the voltage
application time information storage 2035 of the flash
memory internal state management table 2032. When a
writing request is received from the host in Step S124, the
flash memory controller 2030, in Step S125, selects any of
the flash memories 2012 having an enough vacant memory
space for data to be written therein.

[0367] In the event of a plurality of ones of the flash
memories 2012 are to be selected, in Step S126, the flash
memory controller 2030 refers to the applied voltage infor-
mation storage 2033 and the voltage application time infor-
mation storage 2035 to read therefrom the applied voltage
informations and the voltage application time informations
of the flash memories 2012.

[0368] In Step S127, the flash memory controller 2030
compares the voltage application time informations of the
flash memories to select one of the flash memories to be
selected having a shortest voltage application time. In Step
S128, the flash memory controller 2030 controls the flash
memory power supply circuit 2020 based on the applied
voltage information.

[0369] The working example previously reads the number
of times of verifying and the pulse widths/intervals and
stores the voltage application time informations to select one
of the flash memories 2012 having a shortest voltage appli-
cation time over the other flash memories to minimize the
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operating time of the flash memory power supply circuit
2020. As a result, power consumption of the whole system
can be reduced.

[0370] <20> [Notifying Applied Voltage]*[Notifying
Number of Times of Verifying]*[Notifying Pulse Width/
Interval (Selection of a Plurality of Memories)]

[0371] When a plurality of ones of the flash memories are
accessed at once in parallel in the nonvolatile storage system
recited in <19>, the flash memory controller refers to the
voltage application time informations stored in the voltage
application time information storage to select the flash
memories having a smaller difference between the applied
voltage thereof in priority to the other flash memories as
flash memories to be supplied with power from same power
supply circuit for process execution.

[0372] For easier understanding of the technical charac-
teristics, a description is given with reference to an example.
Trying to access two flash memories at the same time with
three candidates of the access-target flash memories, for
example, currently available to be accessed, a voltage appli-
cation time difference between first and second flash memo-
ries is AT12, a voltage application time difference between
second and third flash memories is AT23, and a voltage
application time difference between third and first flash
memories is AT31. When the AT12 shows a smallest value
among the three voltage application time differences AT12,
AT23, and AT31, the combination of the first and second
flash memories is selected. Likewise, the combination of the
second and third flash memories is selected when the AT23
shows a smallest value, and the combination of the third and
first flash memories is selected when the AT31 shows a
smallest value.

[0373] By thus selecting the flash memories having a
smaller difference between the voltage application times
thereof over the other flash memories, the power supply can
be efficient without unnecessarily increasing the voltage
application time. As a result, power consumption of the
whole system can be reduced.

[0374] A specific example of <20> is hereinafter described
as a working example 7 of the invention.

Working Example 7

[0375] FIG. 16 is a flow chart illustrating a flash memory
selection sequence (for selecting a plurality of flash memo-
ries) of a nonvolatile storage system according to a working
example 7 of the invention. Steps S131 to S136 and S138 are
similar to Steps S121 to S126 and S128 of FIG. 15. The only
difference between the flow charts of these drawings is Step
S136.

[0376] Similarly to the working example 6, the flash
memory controller 2030 selects the flash memories 2012
having an enough vacant memory space when a writing
request is received from the host. In the case where the
system is configured to execute the writing/erasing process
in the plural flash memories 2012 in parallel to increase a
processing speed, the flash memory controller 2030, simi-
larly to the working example 6, refers to the applied voltage
information storage 2033 and the voltage application time
information storage 2035 to read therefrom the applied
voltage informations and the voltage application time infor-
mations of the flash memories 2012 to be selected.

[0377] In Step S137, the flash memory controller 2030
compares the voltage application time informations to selec-
tively combine the flash memories having a smaller differ-
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ence between the voltage application times thereof in pri-
ority to the other selectable flash memories 2012.

[0378] According to the working example, the applied
voltage informations of the flash memories 2012 are stored
in advance so that the flash memories 2012 having a smaller
difference between the voltage application times thereof are
selectively combined. As a result, the power supply can be
efficiently performed without unnecessarily increasing the
voltage application time, and power consumption of the
whole system can be reduced.

[0379] <21> [Notifying Applied Voltage]*[Notifying
Number of Times of Verifying]*[Notifying Pulse Width/
Interval (No Pulse Overlap)]

[0380] When a plurality of ones of the flash memories are
accessed at once in parallel in the nonvolatile storage system
recited in <18>, the flash memory controller refers to the
voltage application time informations stored in the voltage
application time information storage to prevent the pro-
cesses from being executed in the plural flash memories
concurrently.

[0381] When the flash memory controller accesses the
plural flash memories in parallel, the flash memory control-
ler controls the flash memories in a manner that timings are
not overlapped with each other. This prevents a peak of
power consumption of the flash memories from being overly
high, thereby enabling to feed power efficiently. As a result,
power consumption of the whole system can be reduced.

[0382] A specific example of <21> is hereinafter described
as a working example 8 of the invention.

Working Example 8

[0383] FIG. 17 is a graphical illustration of functions of a
nonvolatile storage system (writing/erasing voltage charac-
teristic chart) according to a working example 8 of the
invention. Similarly to the working example 6, the flash
memory controller 2030 selects any one of the flash memory
2012 having an enough vacant memory space when a
writing request is received from the host. In the case where
the system is configured to execute the writing/erasing
process in the plural flash memories 2012 in parallel to
increase a processing speed, the flash memory controller
2030, similarly to the working example 6, refers to the
applied voltage information storage 2033 and the voltage
application time information storage 2035 to read therefrom
the applied voltage informations and the voltage application
time informations of the flash memories 2012 to be selected.

[0384] The flash memory controller 2030 compares the
pulse widths and the pulse intervals of the voltage applica-
tion time informations and numbers of times of verifying. As
illustrated in FIG. 17, the flash memory controller 2030
selects a combination of the plural flash memories 2012
where there is no overlap of pulses during the repeated
verifying processes and makes the selected plural flash
memories execute the writing/erasing process and the data-
write/data-erase verifying process by different timings.

[0385] According to the working example, the plural flash
memories 2012 are operated with no overlap between the
writing/erasing pulses thereof so that a peak of power
consumption of the flash memories is prevented from being
overly high, thereby enabling to feed power efficiently. As a
result, power consumption of the whole system can be
reduced.
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[0386] <22> [Notitying Load Power (Power Supply Con-
trol]
[0387] In the nonvolatile storage system recited in <1>,

the plurality of types of power supply circuits for process
execution respectively having different voltage levels are
each configured to change an output electric energy. The
plural flash memories respectively notify the flash memory
controller of a load power information indicating an electric
energy needed by the power supply circuit for process
execution specific to each flash memory. The flash memory
controller further includes a power supply control circuit.
The power supply control circuit controls the output electric
energy of the power supply circuit for process execution
based on the received load power information.

[0388] The power supply circuit for process execution
relating to the load power information may be any one of the
power supply circuit for reading, power supply circuit for
writing/erasing, and power supply circuit for verifying, or
may be a combination of at least two power supply circuits
arbitrarily selected.

[0389] The power supply control circuit controls the out-
put electric energy of any intended one of the power supply
circuits for process execution based on the notified load
power, and any intended one of the flash memories is
accurately supplied with power having an optimal electric
energy requested by the flash memory. As a result, reduction
of power consumption can be further improved.

[0390] <23> In the nonvolatile storage system recited in
<22>, when the power supply control circuit obtains the load
power information of one power supply circuit for process
execution from more than one flash memory, the power
supply control circuit controls the operation of the power
supply circuit for process execution so that power equal to
or larger than a plurality of load powers in total indicated by
the obtained load power informations.

[0391] Accordingly, an enough power that allows the
plural flash memories to operate at once in parallel is
supplied by the power supply circuit for process execution
driving these flash memories. This consequently contributes
to reduction of power consumption.

[0392] A specific example of <22> and <23> is hereinafter
described as a working example 9 of the invention.

Working Example 9

[0393] FIG. 18 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 9 of the invention. The information
indicated by the information register 2014 of the flash
memory 2012 includes a load power information of the
power supply voltages for reading, writing/erasing, and
verifying in addition to the operating state currently
executed by the internal controller (not illustrated in the
drawing) of the flash memory 2012. This information indi-
cates the electric energy necessary for the flash memory
2012 to operate. The flash memories 2012 each has an
optical power supply voltage information. There are indi-
vidual differences among the flash memories, which are
generated by, for example, manufacturing tolerances.
[0394] A means for notifying the load power information
is a load power notifying signal A3,. The load power
notifying signal A3 may be directly connected to the flash
memory controller 2030. A reference symbol T9 is an output
terminal of the flash memory 2012 for outputting the load
power notifying signal A3;.
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[0395] The flash memory controller 2030 further includes
a power supply control circuit 2036. The power supply
control circuit 2036 compares the load power information of
the flash memory 2012 to a power currently supplied and
controls the power supply circuits 2021, 2022, and 2023 of
the flash memory power supply circuit 2020 so that the
power currently supplied exceeds the load power.

[0396] FIG. 19 is a flow chart illustrating a load power
control sequence of the nonvolatile storage system accord-
ing to the working example 9. Steps S141 to S143 are similar
to Steps S101 to S103 of FIG. 13 according to the working
example 5, and Steps S150 to S153 are similar to Steps S111
to S114 of FIG. 13.

[0397] When determined in Step S143 that the power
supply circuit 2021 for writing/erasing is currently inactive,
in Step S144, the flash memory controller 2030 issues the
internal state reading command for the flash memory 2012
to read the load power information of the power supply for
writing of the interrupted flash memory 2012 (when the
verifying process is over).

[0398] In Step S145, the power supply control circuit 2036
sets a power to be supplied larger than the load power
information and accordingly activates the power supply
circuit 2021 for writing/erasing.

[0399] When determined in Step S143 that the power
supply circuit 2021 for writing/erasing is currently active, in
Step S146, the flash memory controller 2030 issues the
internal state reading command for the flash memory 2012
to read the load power information of the power supply for
writing of the interrupted flash memory 2012 (when the
verifying process is over).

[0400] In Step S147, the power supply control circuit 2036
sums the read load power information and the present load
power information and compares the summed load power
information to the power currently supplied by the power
supply circuit 2021 for writing/erasing.

[0401] When determined in Step S148 that the summed
load power information is larger than the other, in Step S149,
the power supply control circuit 2036 changes the power
currently supplied by the power supply circuit 2021 for
writing/erasing to be larger than the summed load power
information.

[0402] When the power supply control circuit 2036 sums
the read load power information and the present load power
information and compares the summed load power infor-
mation to the power currently supplied by the power supply
circuit 2021 for writing/erasing and determines that the
summed load power information is smaller than the other, in
Step S152, the power supply control circuit 2036 retains the
power currently supplied by the power supply circuit 2021
for writing/erasing.

[0403] According to the working example, wherein the
load power information indicating the power consumed by
the flash memory 2012 is notified, the required power can be
exactly supplied from the power source externally provided.
This enables to efficiently feed power, thereby reducing
power consumption of the whole system.

[0404] <24> [Notifying Load Power (Selection of a
Memory)]|
[0405] In the nonvolatile storage system recited in <22>,

the flash memory controller further includes a load power
information storage as a storage unit of the load power
informations received from the plural flash memories. The
flash memory controller decides the flash memory to be
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selected by referring to the load power informations stored
in the load power information storage.

[0406] The load power information is stored in the flash
memory and transmitted to the flash memory controller. The
load power informations received by the flash memory
controller are stored in the load power information storage.
The load power information storage can store therein the
load power informations of all of the flash memories.
[0407] When the flash memory controller receives an
operation command from, for example, the host, it is nec-
essary to decide which of the flash memories should be
accessed. To select the flash memory to be accessed, the
flash memory controller refers to the load power informa-
tions of all of the flash memories stored in the load power
information storage to decide one flash memory to be
accessed. This greatly contributes to reduction of power
consumption.

[0408] <25> In the nonvolatile storage system recited in
<24> when a plurality of candidates of the flash memories
to be accessed have an enough vacant memory space exist
in the plurality of the access-target flash memories, the flash
memory controller refers to the load power informations
stored in the applied voltage information storage to select
the flash memory having a smallest load power.

[0409] When the flash memory having a smallest load
power is selected from all of the candidates of the flash
memories to be accessed having an enough vacant space,
execution of a process requires less power. The different
load powers can be thus compared because the load power
informations of all of the flash memories are stored in the
load power information storage. As a result, reduction of
power consumption is more effectively improved.

[0410] A specific example of <24> and <25> is hereinafter
described as a working example 10 of the invention.

Working Example 10

[0411] FIG. 20 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 10 of the invention. The flash memory
internal state management table 2032 of the flash memory
controller 2030 further includes a load power information
storage 2037 used as a storage unit of the load power
information of each of the flash memories 2012. The load
power information may be collected by issuing the internal
state reading command for all of the flash memories 2012 at
the time of startup of the system and registered in the load
power information storage 2037, or the load power infor-
mations of the flash memories 2012 once accessed may be
collected every time when the accesses are made and stored
in the load power information storage 2037. In the present
example hereinafter described, the load power informations
are read at once at the time of startup of the system.
[0412] With reference to a flow chart illustrated in FIG.
21, processing steps of a flash memory selection sequence
are described. In Step S161, the nonvolatile storage system
is turned on, and the flash memory controller 2030 is
activated. In Step S162, the flash memory controller 2030
issues the internal state reading command for all of or a part
of the flash memories 2012 connected thereto to read the
load power informations from the information registers 2014
of these flash memories 2012.

[0413] In Step S163, the read load power informations are
stored in the load power information storage 2037 of the
flash memory internal state management table 2032. When

May 10, 2018

a writing/erasing request is received from the host in Step
S164, the flash memory controller 2032 selects in Step S165
any one of the flash memories 2012 having an enough vacant
memory space for data to be written therein.

[0414] When a plurality of ones of the flash memories
2012 are selectable, in Step S166, the flash memory con-
troller 2030 refers to the load power information storage
2037 to read therefrom the load power informations of the
respective flash memories 2012. In Step S167, the flash
memory controller 2030 compares the load power informa-
tions to select one of the selectable flash memories having a
smallest load power. In Step S168, the flash memory con-
troller 2030 issues a process execution command to the
selected flash memory 2012.

[0415] According to the working example, the load power
informations of the flash memories 2012 are stored in the
load power information storage 2037 in advance and used to
select the flash memory having a smallest load power in
priority to the other flash memories. This effectively lowers
the power supply of the flash memory power supply circuit,
thereby reducing power consumption of the whole system.
[0416] <26> [Notifying Load Power (Selection of a Plu-
rality of Memories)]

[0417] In the nonvolatile storage system recited in <25>,
when a plurality of ones of the flash memories are accessed
at once in parallel, the flash memory controller refers to the
load power informations stored in the load power informa-
tion storage 2037 to select the flash memories having a
smaller load power in total in priority to the other flash
memories as the flash memories to be power-supplied by
same one power supply circuit for process execution.
[0418] For easier understanding of the technical charac-
teristics, a description is given with reference to an example.
Trying to access two flash memories at the same time with
three flash memories, for example, currently available to be
accessed, a summed load power of first and second flash
memories is P12, a summed load power of second and third
flash memories is P23, and a summed load power of third
and first flash memories is P31. When the P12 shows a
smallest value among the three applied voltage differences
P12, P23, and P31, the combination of the first and second
flash memories is selected. Likewise, the combination of the
second and third flash memories is selected when the P23
shows a smallest value, and the combination of the third and
first flash memories is selected when the P31 shows a
smallest value.

[0419] By thus selecting the flash memories having a
smaller load power in total over the other flash memories,
the power supply can be efficiently performed without
unnecessarily increasing the load power. As a result, power
consumption of the whole system can be reduced.

[0420] A specific example of <26> is hereinafter described
as a working example 11 of the invention.

Working Example 11

[0421] FIG. 22 is a flow chart illustrating a flash memory
selection sequence of a nonvolatile storage system according
to a working example 11 of the invention. Steps S171 to
S176 and S178 are similar to Steps S161 to S167 and S168
of FIG. 21. The only difference between the flow charts of
these drawings is Step S176.

[0422] Similarly to the working example 10, the flash
memory controller 2030 selects any ones of the flash memo-
ries 2012 having an enough vacant memory space when a
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writing request is received from the host. In the case where
the system is configured to execute the writing/erasing
process in the plural flash memories 2012 in parallel to
increase a processing speed, the flash memory controller
2030, similarly to the working example 10, refers to the load
power information storage 2037 to read therefrom the load
power informations of the flash memories 2012 to be
selected.

[0423] In Step S177, the flash memory controller 2030
compares the load power informations to selectively com-
bine the flash memories 2012 having a smallest load power
in total among the flash memories 2012 to be selected.
[0424] According to the working example, the load power
informations of the flash memories 2012 are stored in
advance to selectively combine the flash memories 2012
having a smaller load power in total. This enables to
efficiently feed power, thereby reducing power consumption
of the whole system.

[0425] <27> [Notifying Load Power (Different Timings)]
[0426] In the nonvolatile storage system recited in <25>,
when a plurality of ones of the flash memories are accessed
at once in parallel and a load power in total of these plural
flash memories exceeds a power supply capacity of the
power supply circuit for process execution, the flash
memory controller controls the plurality of ones of the flash
memories in a manner that timings of executing the pro-
cesses in the plurality of ones of the flash memories are not
overlapped with each other by referring to the load power
informations stored in the load power information storage.
[0427] When a plurality of ones of the flash memories are
accessed at once in parallel and a load power in total of these
plural flash memories exceeds the power supply capacity of
the power supply circuit for process execution, the flash
memory controller controls the plural flash memories in a
manner that timings are not overlapped with each other. This
prevents a peak of power consumption of the flash memories
from being overly high, thereby enabling to efficiently feed
power. As a result, power consumption of the whole system
can be reduced.

[0428] A specific example of <27> is hereinafter described
as a working example 12 of the invention.

Working Example 12

[0429] FIG. 23 is a flow chart illustrating a flash memory
selection sequence of a nonvolatile storage system according
to a working example 12 of the invention. Steps S181 to
S186 are similar to Steps S171 to S176 of FIG. 22. The flow
charts of these drawings are different in Steps S187 to S189.
[0430] Similarly to the working example 10, the flash
memory controller 2030 selects any ones of the flash memo-
ries 2012 having an enough vacant memory space when a
writing request is received from the host. In the case where
the system is configured to execute the writing/erasing
process in the plural flash memories 2012 in parallel to
increase a processing speed, the flash memory controller
2030, similarly to the working example 10, refers to the load
power information storage 2037 to read therefrom the load
power informations of the flash memories 2012 to be
selected.

[0431] In Step S187, the flash memory controller 2030
compares the read power load informations. When deter-
mined that the power load in total of the flash memories
2012 to be selected exceeds a largest power supply capacity
of the power supply circuit 2021 for writing/erasing, in Step

May 10, 2018

S188, the flash memory controller 2030 makes the writing/
erasing process be executed serially in the selected flash
memories 2012 in a manner that the operations of the
selected flash memories 212 are not overlapped with each
other. When determined that the power load in total of the
flash memories 2012 to be selected does not exceed the
largest power supply capacity of the power supply circuit
2021 for writing/erasing, in Step S189, the flash memory
controller makes the writing/erasing process be executed
simultaneously in the selected flash memories 2012.
[0432] According to the working example, the load power
informations of the flash memories 2012 are stored in
advance, and the flash memories 2012 are serially operated
by different timings in the case where the total load power
of these flash memories exceeds the power supply capacity.
As aresult, power consumption of the whole system can be
reduced.

[0433] <28> [Notifying Failed Bit Number]

[0434] In the nonvolatile storage system recited in <1>,
the flash memory controller receives a failed bit number
information at the time of verifying from the plural flash
memories and controls the processes executed in the flash
memories based on the received failed bit number informa-
tions.

[0435] <29> In the nonvolatile storage system recited in
<28>, the flash memory controller pauses the operations of
the flash memories as soon as the notified bit numbers are
equal to or smaller than a predefined value.

[0436] A nonvolatile storage system conventionally has an
error correcting function for any read data, which is often
exerted by the flash memory controller. Therefore, it is not
necessary to correct all of writing errors. As far as the
verifying process corrects some errors, reducing the failed
bit number to the predefined value or below, any further
verifying processes are unnecessary because the error cor-
recting function can deal with any errors left uncorrected.
Therefore, when the notified failed bit number is as small as
the predefined value or below, the operation of the flash
memory is immediately paused. As a result, data rewriting
processes, which are often unnecessary, are lessened, and
reduction of consumption reduction is more effectively
improved.

[0437] <29> A specific example of <28> is hereinafter
described as a working example 13 of the invention.

Working Example 13

[0438] FIG. 24 is a flow chart illustrating structural char-
acteristics of a nonvolatile storage system according to a
working example 13 of the invention. The information
indicated by the information register 2014 of the flash
memory 2012 includes, in addition to the operating state
currently executed by the internal controller (not illustrated
in the drawing) of the flash memory 2012, a failed bit
number information. The failed bit number information
indicates a bit number that failed to be written or erased
during the data-write verifying or data-erase verifying pro-
cess. A means for notifying the failed bit number informa-
tion is a failed bit number notifying signal A3, which may
be directly connected to the flash memory controller 2030.
A reference symbol T10 is an output terminal of the flash
memory 2012 for outputting the failed bit number notifying
signal A3,.

[0439] FIG. 25 is a flow chart illustrating an operation of
the nonvolatile storage system according to the working
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example 13. In Step S191, the power supply sequence for
verifying in the sequence of the power supply circuit 2021
for writing/erasing ends. In Step S192, the flash memory
controller issues the internal state reading command and
checks the internal state of the interrupted flash memory
2012. In Step S192, the flash memory controller 2030 refers
to the failed bit number information to check the internal
state of the interrupted flash memory 2012.

[0440] When the failed bit number is larger than a pre-
defined number N, the flash memory controller 2030 pro-
ceeds to Step S197 and then Step S198 to continue the power
supply sequence for writing/erasing. When the failed bit
number is equal to or smaller than the predefined number N,
in Step S194, the flash memory controller 2030 restarts the
internal operation of the flash memory and issues a reset
command to the flash memory to forcibly shift the internal
operation of the flash memory 2012 to standby.

[0441] In Step S195, the flash memory 2012 on standby
outputs the flash memory interrupt notifying signal A3, to
the flash memory controller 2030.

[0442] In Step S196, the flash memory controller 2030
receives the flash memory interrupt notifying signal A3,
from the flash memory 2012 and updates the state of the
flash memory 2012 currently accessed in the flash memory
internal state management table 2032 from “data-write veri-
fying” or “data-erase verifying” to “standby”.

[0443] The predefined number N of the failed bit number
is provided because the flash memory controller 2030 has a
data-read error correcting function, which helps to avoid any
reading errors when the writing process is completed as far
as any writing errors stay in a range of tolerance. As a result,
data rewriting processes, which are often unnecessary, are
lessened.

[0444] The predefined number N of the failed bit number
may be a value defined by a program of the flash memory
controller 2030 or a value preset in a redundant region of
each flash memory 2012 and read by the flash memory
controller 2030 every time on a case-by-case basis.

[0445] According to the working example, the controller
is notified of the failed bit number at the time of data-write/
erase verifying of the flash memory 2012 so that any data
rewriting processes to be desirably avoided are lessened.
This effectively reduces power consumption of the whole
system.

[0446] <30> [A Plurality of Power Supply Blocks]
[0447] In the nonvolatile storage systems recited in <1>to
<29>, the flash memory power supply circuit may be divided
in a plurality of groups, in which case the plural flash
memories are also divided in a plurality of groups. The flash
memory power supply circuit and the flash memories are
divided in an equal number of groups. An ith group of flash
memories is associated with an ith group of flash memory
power supply circuits. The respective groups of flash memo-
ries are independently associated with the different groups of
flash memory power supply circuits. This is an advantageous
structural feature in the case where a sizable number of flash
memories are provided.

[0448] <31> When a plurality of ones of the flash memo-
ries are accessed in the nonvolatile storage system recited in
<30>, the flash memory controller selects a group of flash
memories sharing the same power supply in priority to the
other flash memories.

[0449] Thus selectively using the flash memories sharing
the same power supply, any other flash memory power
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supply circuits currently unused can be deactivated. As a
result, power consumption of the whole system can be
reduced.

[0450] A specific example of <30> and <31> is hereinafter
described as a working example 14 of the invention.

Working Example 14

[0451] FIG. 26 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 14 of the invention. The nonvolatile
storage system is provided with a plurality of flash memory
power supply circuits 2020, wherein the flash memories
2012 are respectively connected to the flash memory power
supply circuits 2012 divided in different groups.

[0452] Similarly to the working example 1, the flash
memory controller 2030 controls the plural flash memories
based on the flash memory internal state notifying signal A3
transmitted from each of the flash memories 2012. The flash
memory controller 2030 knows which one of the flash
memories 2012 belongs to which one of the power supply
groups.

[0453] While one of the flash memories 2012 is currently
active when the flash memory controller 2030 is trying to
execute the writing/erasing process in another one of the
flash memories 2012, the flash memory controller 2030
selects the flash memory 2012 to be data-written or erased
from the power supply group of the flash memory 2012
currently active.

[0454] When the writing/erasing process needs to be
executed in the plural flash memories 2012 at the same time
to increase a processing speed, the flash memory controller
2030 trying to execute the writing/erasing process selects a
plurality of ones of the flash memories from the same power
supply group.

[0455] According to the working example, the different
power supply groups are formed by the plural flash memory
power supply circuits 2020, and the flash memories 2012
belonging to the same power supply group are selected over
the other flash memories. Therefore, any flash memory
power supply circuits 2020 of the power supply groups
currently unused can be deactivated. As a result, power
consumption of the whole system can be reduced.

Working Example 15

[0456] In any systems where a sizable number of flash
memory chips are used such as a flash memory storage
system, large power consumption for operating the storage
systems is a problem to be solved. Particularly, when a
program operation is executed in a plurality of plural flash
memory chips at the same time for a better program per-
formance, a large current consumption leads to cost
increases in power supply and heat release in the systems. It
is a task to be desirably achieved to reduce current con-
sumption during the operation of the flash memories.

[0457] In a booster circuit configured to generate such a
high voltage as 20V or more has a poor power efficiency,
power consumption in program and erasing operations is a
few times larger than power needed to change memory cell
thresholds. In any systems where a sizable number of flash
memory chips are used such as a flash memory storage
system where such a booster circuit is provided in each flash
memory chip, power consumption is huge when the program
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and erasing operations are carried out in the plural chips at
the same time, causing troubles in designing power supplies
of these system.

[0458] A solution for solving the problem of power con-
sumption is to provide a power supply circuit which gener-
ates a high voltage outside of the flash memory chip as
disclosed in the prior art documents. However, the program
and erasing operations in the flash memories are carried out
in response to inputted commands, and it can be known from
outside of the flash memories that the operations are com-
pleted by outputting completion-notifying signals or by way
of status registers. Therefore, it is necessary for the power
supply circuit to constantly generate the maximum voltage
of 20V from the start to finish of the program and erasing
operations.

[0459] On the contrary, a nonvolatile semiconductor stor-
age device according to the invention controls the operation
of'a power supply circuit externally provided in response to
receipt of an operation execution command in accordance
with an operation sequence of an internal controller. The
nonvolatile semiconductor storage device thus characterized
can operate with less power and brings remarkable advan-
tages to power reductions and performance improvements
when applied to, for example, any systems where a large
number of nonvolatile semiconductor storage devices are
used such as storage systems.

[0460] The working example describes a first example of
the nonvolatile semiconductor storage device according to
the invention which is illustrated in FIG. 27. A memory cell
array 1102 for data storage has memory cells arranged in an
array, wherein information is stored by changing thresholds
of the memory cells. The thresholds of the memory cells can
be increased for the program operation, while the thresholds
of the memory cells can be decreased for the erasing
operation. The memory cell array 1102 is accessed per page
for the program operation and data reading and accessed per
block for the erasing operation.

[0461] The page is specified by a specific word line
selected by a row decoder. To read data, data stored in the
memory cell on the specified page is decided by a sense
amplifier 1108 and transferred to a data register 1109. The
data transferred to the data register 1109 is read from a
predefined start point to a serial input/output circuit 1112 and
then outputted to an input/output terminal 10.

[0462] To write data, data inputted through the input/
output terminal I/O is fetched from a start point specified by
a column decoder 1106 and fetched into the data register
1109 in a serial data input mode. Then, the fetched data is
transferred to the specified page.

[0463] To erase data from the memory cell array 1102, a
voltage for erasing is applied to a block specified by a
plurality of word lines selected by a row decoder 1104 to set
the memory cells in the block to be ready for erasing.
[0464] The operations, such as program and erasing opera-
tions, are executed in a flash memory 1100 in response to
operation commands inputted through the IO terminal. FIG.
32 illustrates a list of operation commands. The flash
memory 1100 has a VCC voltage terminal for receiving the
voltage of, for example, 3V supplied to the sense amplifier
1108 and logic circuit, and also has VPP1, VPP2, and VPP3
high voltage power supply terminals for receiving higher
voltages than VCC. The VPP1, VPP2, and VPP3 power
supply terminals for receiving, for example, voltages for
program/erasing, verifying, and reading.
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[0465] An internal circuit block of the flash memory 1100
is operated by the voltages received by the VPP1, VPP2, and
VPP3 high voltage power supply terminals or a voltage
generated by a voltage generator circuit 1130 from the
voltages received by the VPP1, VPP2, and VPP3 high
voltage power supply terminals.

[0466] The flash memory 1100 receives an auto program
or auto block erasing command, and a controller 1116
executes a program sequence and an erasing sequence. An
information register 1132 is provided to store running states
of these sequences.

[0467] In the information register 1132 are set such infor-
mations as an operation mode currently in execution, num-
ber of times of voltage application when the auto program or
auto block erasing sequence is in execution (number of
times of verifying), applied voltage values, voltage applica-
tion pulse widths and intervals, and error bit numbers at the
time of verifying.

[0468] Accordingly, the internal operating state generated
by the controller (information register value) can be trans-
mitted outside in the flash memory where the operation
sequence is executed by the internal controller in response to
the receipt of the operation execution command. The tech-
nical feature enables to control the high voltage generator
circuit depending on the internal operating state of the flash
memory in the storage system provided with the flash
memory controller and the high voltage generator circuit, so
that the high voltage generator circuit necessary for the
operation of the flash memory alone is activated but any
other power supply circuits unnecessary for the internal
operation are left inactive. As a result, unnecessary current
consumption can be avoided, which enables to operate the
system with less power consumption. Further, the voltages
depending on the operation modes of the flash memory can
be generated by the high voltage generator circuits outside
of the flash memory, which enables to reduce power con-
sumption of the storage system.

[0469] FIG. 29 illustrates a sequence when the auto pro-
gram is executed. When the auto program sequence starts in
response to the receipt of an auto program command (1302),
an operation for the program starts with verifying of the
program (1314), however, any necessary settings are set
before the program verifying is executed.

[0470] In Step (1304), necessary information is set in the
information register 1132 and an information register change
notifying signal CHI is set to “H” to notify outside of the
flash memory that contents of the information register 1132
were changed. Then, a ready/busy RY/BY signal indicating
that the flash memory is currently active is set to “L.”” (1306)
and also set to a value indicating that contents of a status
register 1122 currently active (1308).

[0471] FIG. 30 illustrates contents of the information
register 1132 set in the program sequence. In Step (1304) of
the program sequence, values, which indicate that the pro-
gram verifying is scheduled to be executed, number of times
of repeating is 0, and an applied voltage to the word line is
6V, are set.

[0472] As the information register change notifying signal
CHI changed, indicating that the contents of the information
register 1132 were changed, the flash memory controller
(not illustrated in FIG. 27) which controls the flash memory
1100 in the storage system reads the contents of the infor-
mation register 1132 so as to set a voltage necessary for the
program veritying.
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[0473] Accordingly, the flash memory controller outside
of the flash memory can know an accurate timing of reading
the internal operating state (information register value),
which can be used as an interrupt signal for the flash
memory controller. This facilitates the control by the flash
memory controller.

[0474] When the voltage necessary for executing the pro-
gram verifying is generated and supplied to the high voltage
power supply terminal VPP2, the flash memory controller
sets a signal SET indicating completion of voltage setting to
“H” as the flash memory internal operation control signal
A4. The power supply voltages supplied to the other high
voltage power supply terminals VPP1 and VPP3, which are
not used in the flash memory 1100, are not necessarily so
high and may be equal to VCC. Therefore, it is unnecessary
to activate the high voltage generator circuit to supply the
voltages to VPP1 and VPP3 outside of the flash memory
1100. This enables to control the generation of high voltages
outside of the flash memory depending on the operation
sequence of the flash memory, thereby further reducing
power consumption in the storage system.

[0475] Step (1310) of the program sequence confirms
whether a signal inputted to a SET terminal is set to “H”. The
signal, if not yet set to “H”, is still at an intermediate position
on a loop via wait (1312). As soon as the SET signal is set
to “H”, the program verifying (1314) is executed, and the
information register change notifying signal CHI is set to
“L” in a following step (1316). This enables to determine a
timing of controlling the operation sequence by the control-
ler embedded in the flash memory, facilitating the control of
the system.

[0476] Step (1318) checks an error bit number of any
memory cell where the threshold has not reached a target
value and determines whether the program verifying passed
an acceptance criteria depending whether the error bit num-
ber is zero. If the program verifying failed because of any
error bit, in Step (1320), values, which indicate that the
program operation is scheduled to be executed, number of
times of repeating is 1, an applied voltage to the word line
is 10V, pulse widths are 20 us, pulse intervals are 40 us, and
an error bit number in the previous program verifying is
8,192 bits, are set in the information register 1132 to execute
the program operation, and the information register change
notifying signal CHI is set to “H”.

[0477] In response to the change of the information reg-
ister change notifying signal CHI, the flash memory con-
troller reads the contents of the information register 1132 to
perform a voltage control so that a voltage necessary for the
program operation is set. When the voltage necessary for the
program operation is generated and supplied to the high
voltage power supply terminal VPP1, the flash memory
controller sets the signal SET indicating completion of
voltage setting to “H” as the flash memory internal operation
control signal A4. The power supply voltages supplied to the
other high voltage power supply terminals VPP2 and VPP3,
which are not used in the flash memory 1100, are not
necessarily so high and may be equal to VCC. Therefore, it
is unnecessary to activate the high voltage generator circuit
to supply the voltages to VPP2 and VPP3 outside of the flash
memory 1100.

[0478] In Steps (1322, 1324) of the program sequence, it
is confirmed that the signal inputted to the SET terminal is
set to “H”, and the program operation (1326) is executed

May 10, 2018

after the setting to “H”. Then, in Step (1328), the informa-
tion register change notifying signal CHI is set to “L”.
[0479] After the execution of the program operation
(1326), the program verifying needs to be executed. In Step
(1330), values indicating that the program verifying is
scheduled to be executed, number of times of repeating is 1,
and an applied voltage to the word line is 6V are set in the
information register 1132 as illustrated in FIG. 30 (1330-1),
and the information register change notifying signal CHI is
set to “H”.

[0480] In response to the change of the information reg-
ister change notifying signal CHI indicating that the contents
of the information register 1132 changed, the flash memory
controller reads the contents of the information register 1132
to perform a voltage control so that a voltage necessary for
the program verifying is set, and then activates the circuit
which generates a voltage to be supplied to the high voltage
power supply terminal VPP2 alone.

[0481] In Step (1310), the voltage necessary for executing
the program verifying is set, and the program verifying
(1314) is executed after confirming that the signal SET
indicating completion of voltage setting is set to “H”. Until
the verifying passes an acceptance criteria in Step (1318)
which confirms a program verifying result, Steps (1310) to
(1330) are repeated.

[0482] It is known from the contents of the information
register illustrated in FI1G. 30, (1320-1) to (1330-26) that the
program operation and the program verifying were repeated
26 times. Thus, the generation of high voltages can be
controlled outside of the flash memory depending on the
voltages used in the operation sequence of the flash memory,
and power consumption of the storage system can be further
reduced.

[0483] When the verifying passes the acceptance criteria
with the verified error bit being zero in Step (1318) where
the program verifying result is confirmed, in Step (1332), a
value indicating the next operation is on standby is set in the
information register 1132 and the information register
change notifying signal CHI is set to “H” to indicate that the
contents of the information register 1132 were changed as
illustrated in FIG. 29 (1332). Then, the contents of the
information register 1122 are set to a value indicating that
the operation is completed and a command is acceptable
(1334), and the ready/busy RY/BY signal indicating that the
flash memory is ready to accept a command is set to “H”
(13306).

[0484] In Step (1338), the information register change
notifying signal CHI is set to “L”, and the auto program
operation is completed (1340). The contents of the informa-
tion register 1132 include the verified error bit so that the
flash memory controller can terminate the auto program
operation when the verified error bit number is equal to or
smaller than a predefined bit number although the program
verifying failed.

[0485] Thus, the generation of high voltages can be con-
trolled outside of the flash memory depending on the volt-
ages used in the operation sequence of the flash memory, and
power consumption of the storage system can be further
reduced.

[0486] FIG. 31 illustrates a specific example of the con-
troller 1116 to execute the sequence illustrated in FIG. 29. A
command interface 1502 receives a command signal from a
command register 1118 and a control signal from a control
logic 1114 to control operation modes of the respective
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blocks. A microcontroller 1504 receives a signal from the
command interface 1502 to execute operation commands
written in a RAM 1512 depending on the operation modes
and outputs an internal control signal and a voltage appli-
cation control signal for controlling the respective blocks in
the memory through a peripheral circuit interface 1506.
[0487] All of the commands for executing the operation
sequence illustrated in FIG. 29 are stored in the RAM 1512.
The microcontroller 1504 outputs control signals of the
respective internal blocks depending on the operation
modes. Further, the microcontroller 1504 sets such infor-
mation that is illustrated in FIG. 30 and outputs the signal
CHI to externally notify that the contents set in the infor-
mation register 1132 were changed in an information reg-
ister setting step of the operation sequence. The SET signal
transmitted from the flash memory controller externally
provided is inputted as the control signal of the microcon-
troller 1504 and used to control the step executions in the
operation sequence illustrated in FIG. 29.

[0488] A reference numeral 1508 in the illustration of FIG.
31 is a clock generator circuit which generates a clock signal
for operating the microcontroller 1504. A timer 1510 gen-
erates a timing signal necessary for the operation of the
controller 1116 using the clock signal.

[0489] In the system provided with the high voltage gen-
erator circuit outside of the memory and the flash memory
in which the operation sequence is executed by the internal
controller, the terminals for outputting the internal operating
state (information register value) generated by the controller
are provided to output the internal operating state outside.
Accordingly, the flash memory controller activates the volt-
age generator circuit needed for the internal operation alone
to supply the voltage to the flash memory to enable any
necessary operation. Therefore, the power supply circuits
unused for the internal operation are left inactive to avoid
unnecessary current consumption. This is very advantageous
for reduction of power consumption in the system.

[0490] According to the working example, the high volt-
age power supply terminals are three terminals, VPP1,
VPP2, and VPP3 for receiving the voltage for program/
erasing, voltage for verifying, and voltage for reading. The
voltage for program/erasing and the voltage for verifying
may be supplied by one power supply terminal so that two
high voltage power supply terminals in total are provided,
which, however, complicates the control of the outside
power supply and undermines the effect of reduction of
power consumption. The high voltages necessary for the
operation of the flash memory can be generated outside of
the flash memory, and reduction of power consumption can
be easily accomplished in any storage systems where a large
number of flash memories are used.

[0491] Any other voltages necessary in the internal circuit
during the program and erasing operations in the flash
memory may also be generated outside with more high
voltage power supply terminals. This further reduces power
consumption, however, increases the terminals of the flash
memory. The high voltages can be supplied from a plurality
of types of high voltage generator circuits outside of the
flash memory, and operations of the plurality of types of
high voltage generator circuits are finely controlled depend-
ing on the operating state of the flash memory. As a result,
power consumption can be further reduced.

[0492] In the flash memory block according to the work-
ing example illustrated in FIG. 27, the contents of the
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information register are read through the 10 terminal for
command/address input and data input/output, so that the
internal operating state (information register value) can be
outputted outside without any increase of the terminals. As
a result, reduction of power consumption can be accom-
plished without increasing wirings between the flash
memory controller and the flash memories in any systems
provided with a large number of flash memories. To read the
contents of the information register, an information register
reading command is prepared as illustrated in FIG. 32.

Working Example 16

[0493] A working example 16 of the invention describes a
flash memory block illustrating a second example of the
nonvolatile semiconductor storage device according to the
invention which is illustrated in FIG. 33. With reference to
FIG. 33, a dedicated reading terminal Info is provided so that
the contents of the information register 1132 are readable
without any restrictions irrespective of a status of use of the
IO terminal. Accordingly, the contents of the information
register 1132 can be read from outside irrespective of the
memory internal operation, which loosens timing restric-
tions for reading the internal operating state (information
register value) from outside of the flash memory. Therefore,
the flash memory controller outside of the flash memory can
read the contents of the information register 1312 not only
when the information register change notifying signal CHI
indicating the change of contents changed but also whenever
the flash memory controller is required to do so. Thus, it is
controllable whether the power supply circuit should be on
standby. As a result, power consumption during the opera-
tion can be further reduced.

[0494] As a result, there are no timing restrictions for the
flash memory controller to read the internal operating state
of the flash memory (information register value), thereby
increasing a degree of freedom in controlling the high
voltage generator circuit.

[0495] With reference to the illustrations of FIGS. 27 and
33, the internal operating state (information register value)
generated by the controller of the flash memory is outputted.
Accordingly, the flash memory controller controls the volt-
age generator circuit depending on the internal operation of
the flash memory, thereby enabling to reduce power con-
sumption in any storage systems provided with flash memo-
ries.

[0496] It further reduces power consumption to control the
external voltage generator circuit depending on power con-
sumption characteristics of flash memories in any storage
systems where the flash memories are provided.

[0497] It accomplishes a better program performance to
control the number of flash memories simultaneously
executing the program depending on power consumption
characteristics of the flash memories,

Working Example 17

[0498] A working example 17 of the invention describes a
flash memory illustrating a third example of the nonvolatile
semiconductor storage device according to the invention
wherein power consumption characteristics of the flash
memory can be outputted outside, which is illustrated in
FIG. 34.

[0499] With reference to FIG. 34, a flash memory 1800
includes a memory cell array 102 serving as a nonvolatile
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storage region, and a power information storage region 1802
which is chip-specific information storage. As illustrated in
FIG. 35, current consumptions in different operation modes
of the flash memory 1800 are stored in the power informa-
tion storage region 1802. The current consumption values
may be current values per se or values representing ranks of
the current values. The current consumption values are
measured and written in an inspection step of a production
process of the flash memory. In a storage system where flash
memories are used, when the system is turned on, power
consumption characteristics of the respective flash memo-
ries to be used can be read from the power information
storage region 1802 of each of the flash memories and
retained in the flash memory controller. Because the chip-
specific current consumption characteristics of the flash
memories can be thus outputted outside, the storage system
provided with the flash memory controller and the high
voltage generator circuit can be optimally controlled
depending on the current consumption characteristics of the
flash memories using the high voltage generator circuit. As
a result, power consumption is more effectively reduced.
[0500] The current consumption characteristics may be
read from the power information storage region 1802
through an 10O terminal similarly to the memory cell array
1102, or stored contents of the power information storage
region 1802 may be transferred to the information register
1132 when the flash memories are turned on and then read
from the information register 1132. This loosens timing
restrictions for reading the information stored in the non-
volatile storage region, thereby increasing a degree of free-
dom for the flash memory controller to read information
stored in the nonvolatile storage region.

[0501] The flash memory controller can control the volt-
age generator circuit in the respective operation modes
depending on the flash memories to be used, thereby achiev-
ing less power consumption in the system. Further, by
controlling the number of flash memories concurrently
executing the program depending on the current consump-
tion characteristics of the flash memories, program charac-
teristics are improved.

[0502] According to the illustration of FIG. 34, the 10
terminal is used to read the information from the power
information storage region 1802. The storage contents of the
power information storage region 1802 may be transferred
to the information register 1132 and read irrespective of the
memory internal operations through a dedicated reading
terminal (Info terminal in the example illustrated in FIG. 33)
provided similarly to the working example 16 illustrated in
FIG. 33.

[0503] Accordingly, the internal operating state of the
flash memory (information register value) can be outputted
outside without any increase of the terminals. As a result,
reduction of power consumption can be accomplished with-
out increasing wirings between the flash memory controller
and the flash memories in any systems provided with a large
number of flash memories.

[0504] This eliminates timing restrictions for the flash
memory controller to read the internal operating state of the
flash memory, thereby increasing a degree of freedom in
controlling the high voltage generator circuit depending on
the current consumption characteristics of the flash memo-
ries.

[0505] The high voltage power supply terminals are three
terminals, VPP1, VPP2, and VPP3 for receiving the voltage
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for program/erasing, voltage for verifying, and voltage for
reading. The voltage for program/erasing and the voltage for
verifying may be supplied by one power supply terminal so
that two high voltage power supply terminals in total are
provided. The high voltages necessary for the operation of
the flash memory can be generated outside of the flash
memory, and reduction of power consumption can be easily
accomplished in any storage systems where a large number
of flash memories are used.

[0506] Any other voltages necessary in the internal circuit
during the program and erasing operations in the flash
memory may also be generated outside with more high
voltage power supply terminals, in which case the opera-
tions of the power supply circuits are finely controlled, and
power consumption can be further reduced.

[0507] The high voltages can be supplied from a plurality
of types of high voltage generator circuits outside of the
flash memory, and operations of the plurality of types of
high voltage generator circuits are finely controlled depend-
ing on the operating state of the flash memory. As a result,
power consumption can be further reduced depending on the
current consumption characteristics of the flash memories.
[0508] <50> [Power Supply State Information]

[0509] A nonvolatile storage system hereinafter described
controls whether a process of an accessed flash memory
should start based on a power supply state information
received from a power supply circuit for memory system.
This is an advantageous technical feature in working
examples described below.

Working Example 18

[0510] FIG. 36 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 18 of the invention. A nonvolatile
storage system (storage device) 100 has the following struc-
tural elements; a flash memory controller (corresponding to
the external controller) 10, a power supply circuit (corre-
sponding to the power supply circuit for memory system)
20, and a memory block 25 including plural flash memories
26. A reference numeral 200 is a host. Examples of the host
200 are; personal computer, PDA (Personal Digital Assis-
tant), mobile telephone, digital camera, audio player, auto-
motive navigation device. The host 200 and the flash
memory controller 10 are connected to each other through a
device control bus 41. The flash memory controller 10 is
connected to the power supply circuit 20 by a control bus 42
on which a power supply control signal Q1 and a power
supply state notifying signal Q2 are transmitted. The flash
memory controller 10 is connected to the plural flash memo-
ries 26 by a data bus/control bus 43. Q3 is a flash memory
control signal transmitted on the control bus. The power
supply circuit 20 is connected to the flash memories 26 by
a power supply line 44.

[0511] The memory block 25 includes the plural flash
memories 26. The flash memory controller 10 has a function
to control the power supply circuit 20 and a function to
separately control operations of the flash memories 26. The
power supply circuit 20 supplies an operating power to each
of the flash memories 26 separately. The flash memories 26
may be conventional flash memories each having a pre-
defined operating current value or flash memories each
containing information indicating an operating current value
thereof.
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[0512] The power supply circuit 20 has a function to
notify the flash memory controller 10 of information of its
own power supply state (power supply state information).
The power supply state information is superimposed on the
power supply state information notifying signal Q2. An
example of the power supply state information is driving
rate.

[0513] The flash memory controller 10 controls the power
supply circuit 20 based on the power supply control signal
Q1. The control by the flash memory controller 10 includes
adjustment of a generated voltage (power supply capacity)
of the power supply circuit 20, and output of the power
supply state notifying signal Q2 by polling to the power
supply circuit 20.

[0514] The flash memory controller 10 receives an opera-
tion command from the host 200 and accesses one of or a
plurality of ones of the flash memories 26 based on the
received operation command. When the access is made, the
flash memory control signal Q3 is outputted from the flash
memory controller to the flash memory 26. When the
received operation command is a reading command, data is
read from the flash memory 26 and transferred to the host
200. When the received operation command is a writing
command, data to be written is transferred from the host 200
and written in the flash memory 26. The data writing is
conventionally followed by a data-write verifying process.
When the received operation command is an erasing com-
mand, data is erased per block in the flash memory 26. The
data erasing is conventionally followed by a data-crase
verifying process. For example, a required power supply
voltage for reading is 5V at a maximum, a required power
supply voltage for writing/erasing is 20V at a maximum, and
a required power supply voltage for verifying is 10V at a
maximum.

[0515] While any one of the flash memories 26 is currently
executing a process or on standby, the flash memory con-
troller 10 receives the power supply state notifying signal
Q2 from the power supply circuit 20 and checks a state of
power supply (driving rate) of the power supply circuit 20
based on the received power supply state information.
Further, the flash memory controller 10 determines whether
any ones of the accessed flash memories 26 fail to execute
processes to be executed within the range of a rated power
supply capacity of the power supply circuit 10. When
determined that the processes are not executable, the flash
memory controller 10 controls a part of the accessed flash
memories 26 so that the processes are executable within the
range of the rated power supply capacity of the power supply
circuit 10. A means fir controlling the flash memories 26 is
pausing or a low power mode setting.

[0516] The nonvolatile storage system 100 illustrated in
FIG. 36 has a configuration of SSD (Solid State Drive). A
flash memory operation management table illustrated with a
reference numeral 12 will be described in working examples
19 and thereafter.

[0517] An operation of the nonvolatile storage system 100
thus configured is described with reference to a flow chart
illustrated in FIG. 37. In response to a command outputted
from the host 200 externally provided, the flash memory
controller 10 starts to control the flash memories 26.

[0518] In Step S301, the flash memory controller 10
receives a command from the host 200. The command may
be an arbitrary one of a reading command, a writing com-
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mand, an erasing command, a data-write verifying com-
mand, and a data-erase verifying command.

[0519] In Step S302, the flash memory controller 10
checks the state of power supply. To check the state of power
supply, the flash memory controller receives the power
supply state notifying signal Q2 from the power supply
circuit 20 and knows the state of power supply of the power
supply circuit 20 (present driving rate) based on the power
supply state information obtained from the received signal.
[0520] In Step S303, the flash memory controller 10
estimates an operating power needed by a type of process
such as reading or writing to be executed by the accessed
flash memory 26. The processing steps are specifically as
follows.

[0521] When a data writing command indicating a process
to be executed next is outputted from the host 200 and
received by the flash memory 26, the flash memory control-
ler 10 decides that data is written in the memory array of the
flash memory 26. Depending on which one of the flash
memories 26 is selected for data writing, the flash memory
controller 10 determines an operating current generated in
the flash memory 26 based on information of a predefined
operating current value or an operating current value read
from the flash memory 26. When the operating current of the
flash memory 26 is 50 mA, for example, a current in total for
writing data in two flash memories 26 is estimated at 100
mA.

[0522] In Step S304 that follows Step S303, the flash
memory controller 10 compares the estimated operating
current to the present driving rate obtained from the power
supply state information to determine whether the present
driving rate of the power supply circuit 20 can afford the
estimated operating power. The operating power and the
driving rate thus compared and determined are respectively
converted to adjust their physical dimensions and scales so
that the converted values are properly comparable.

[0523] When determined that the present driving rate fails
to afford the estimated operating power if a process is
immediately executed in another flash memory 26 newly
accessed, the flash memory controller 10 does not proceed
to Step S305 but returns to Step S302 to repeat Steps S303
and S304. As far as Steps S302 to jS304 are repeated, the
process of the flash memory 26 newly accessed does not
start in Step S305. In the operation example described here,
data writing does not start before the power supply reaches
a sufficient level. In the background, the processes of the
other flash memories 26 are advancing, and a part of the
processes will be completed over time. Therefore, the pres-
ent driving rate will be able to afford the estimated operating
power as these steps are repeatedly carried out. Then, the
flash memory controller 10 proceeds to Step S305. In Step
S305, the flash memory controller 10 shifts to a process
execution routine to start to execute the process in the flash
memory 26, which is data writing in the operation example.
According to the operation example, the overload control is
waiting of the flash memory 26 newly accessed (pausing).
[0524] According to the working example, the power
supply capacity of the power supply circuit 20 is checked,
and the process of the flash memory 26 is left on standby
when determined as not possible to operate the flash
memory 26 within the defined range of the power supply
capacity and starts to be executed as soon as the process is
executable within the defined range of the power supply
capacity along with decrease of power usage while the
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operation of the flash memory 26 is postponed. This avoids
abnormal states such as data loss or data garbling caused by
an operational instability or system crash due to, for
example, overload of the power supply circuit 20 while the
process is being executed in the flash memory 26, thereby
ensuring a high data reliability of the system as a storage
device.

[0525] According to the working example, the power
supply circuit 20 has a dedicated terminal for the signal line
of the power supply state notifying signal Q2 to confirm the
state of power supply of the power supply circuit 20. As an
alternative means, a register provided in the power supply
circuit 20 (power supply state information) may be moni-
tored through the bus of the power supply control signal Q1
to confirm the state of power supply of the power supply
circuit 20.

[0526] Hereinafter are described working examples pre-
mised on <50>. The respective working examples use the
“power supply state information of <50>, which, however,
is not recited in titles of the working examples.

[0527] <51> [Process in Execution]*[Polling]*[Pausing]
[0528] In the nonvolatile storage system recited in <50>,
the flash memory controller is preferably configured as
described below in the case where the power usage of the
memory block causes overload relative to the power supply
capacity of the power supply circuit for memory system
while the process is being executed in the accessed flash
memory. The flash memory controller is preferably config-
ured to actively inquire the state of power supply of the
power supply circuit by polling to receive the power supply
state information from the power supply circuit.

[0529] The flash memory controller determines whether
the state of power supply of the power supply circuit
(driving rate) is above a specific level based on the power
supply state information received from the power supply
circuit. When determined that the state of power supply is
above the specific level, the flash memory controller pauses
a process executed in response to a command in a particular
flash memory of the memory block. The flash memory
controller continues to monitor the power supply state
information to determine whether the power supply circuit
can afford to supply enough power. Because the process
executed in the flash memory is paused beforehand, the
processes in the other flash memories are advancing, and
there will be an enough power supply when a part of the
ongoing processes executed in the other flash memories are
completed over time. When the flash memory controller
determines that an enough power supply is secured, the flash
memory controller restarts the operation of the paused flash
memory.

[0530] Summarizing the description given so far, the non-
volatile storage system is characterized in that the flash
memory controller of the nonvolatile storage system recited
in <50> pauses a process executed in a particular flash
memory of the memory block when determined based on the
power supply state information received from the power
supply circuit by polling that the state of power supply is
equal to or larger than a specific level, and the flash memory
controller restarts the paused process of the flash memory
when determined based on the power supply state informa-
tion that the power supply circuit can afford to supply
enough power.

[0531] While the processes are being executed in the flash
memories, the state of power supply of the power supply
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circuit is detected beforehand by polling, and the process of
a particular flash memory is dynamically paused. This
avoids an operational instability or system crash due to such
a problem as overload, thereby providing a better data
reliability in the accessed memories.

[0532] A specific example of <51> is hereinafter described
as a working example 19 of the invention.

Working Example 19

[0533] A nonvolatile storage system according to a work-
ing example 19 of the invention is configured similarly to the
illustration of FIG. 36. FIG. 38 is a flow chart illustrating an
operation of the nonvolatile storage system according to the
working example 19. According to the working example, the
flash memories are configured to pause their operations
while the processes are being executed therein when
requested from outside.

[0534] The flash memory controller 10 has a flash memory
operation management table 12. FIG. 39 illustrates an
example of the flash memory operation management table
12. The flash memory operation management table 12
contains information of operation priority order ranking,
state of flash memory, current consumption, process starting
order of each of the flash memories 26. The states of the
flash memories are writing, erasing, reading, verifying, and
pausing. The data transmitted from the host 200 and data
received from the flash memories 26 are stored in the flash
memory operation management table 12.

[0535] The priority order ranking of the operations is
decided based on the process starting order. The priority
order of a process is lower as the process starts earlier. The
priority order ranking and the process starting order are thus
in a reverse relationship. As the current consumption are
used a predefined current value or current values individu-
ally set.

[0536] The data managed by the flash memory operation
management table 12 is updated as the processes executed in
the accessed flash memories 26 are advancing. Whatever the
process, writing or erasing, currently executed is over, the
state is updated to “pausing”.

[0537] The flash memory controller 10 controls the plural
flash memories 26 so that the processes are executed at the
same time. The flash memory controller 10 has the flash
memory operation management table 12 for management of
the operating states of the plural flash memories 26. Any
other structural and technical characteristics are similar to
those of the working example 18.

[0538] An operation of the nonvolatile storage system
according to the working example thus characterized is
hereinafter described. Assuming that the processes are being
executed in some flash memories 26, in Step S311, the flash
memory controller 10 are controlling the flash memories 26
for the processes executed therein.

[0539] In Step S312, the flash memory controller 10
checks the state of power supply of the power supply circuit
20. More specifically, the flash memory controller 10 makes
an inquiry to the power supply circuit 20 by polling to
receive the driving rate from the power supply circuit 20 as
the power supply state information, thereby knowing the
driving rate. The polling is performed by using the power
supply control signal Q1, and the power supply state infor-
mation is notified by using the power supply state notifying
signal Q2.
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[0540] In Step S313, the flash memory controller 10
determines whether a present driving rate is equal to or
larger than a specific upper-limit level ;. The flash memory
controller 10 proceeds to Step S314 when determined that
the driving rate is equal to or larger than the specific
upper-limit level L, while jumping to Step S318 when
determined otherwise. By determining whether the present
driving rate is equal to or larger than the specific upper-limit
level L, the flash memory controller 10 is actually checking
whether the power supply circuit 20 is reaching the limit of
its power supply capacity, possibly causing overload. If peak
currents in the accessed flash memories are overly high,
causing overload for a certain period of time, system crash,
data loss, and/or data garbling possibly occur. The occur-
rence of any of these unfavorable events is predicted before-
hand and prevented from happening.

[0541] When determined that the present driving rate is
equal to or larger than the specific upper-limit level L, and
the flash memory controller 10 proceeds to Step S314, the
flash memory controller 10 refers to the flash memory
operation management table 12 to pause the process
executed in a particular flash memory 26 currently accessed.
The pausing avoids the overload from continuing any fur-
ther.

[0542] In Step S315, the flash memory controller 10
checks the state of power supply of the power supply circuit
20 again. More specifically, the flash memory controller 10
makes an inquiry to the power supply circuit 20 by polling
to receive the power supply state information from the
power supply circuit 20 and knows the present driving rate
from the received power supply state information.

[0543] In Step S316, the flash memory controller 10
determines whether a driving rate higher than the present
driving rate when the flash memory controller 10 decides to
restart the operation of the flash memory 26 paused in Step
S314 is equal to or smaller than a specific lower-limit level
L;. The specific lower-limit level L; is lower than the
specific upper-limit level L, in Step S313. The specific
lower-limit level [, is used as a decision criterion on
whether there is an enough power supply. The flash memory
controller 10 returns to Step S315 when determined that the
driving rate is not equal to or smaller than the specific
lower-limit level L;, while proceeding to Step S317 other-
wise.

[0544] Because the process in the flash memory 26 is
paused in Step S314, the driving rate of the power supply
circuit 20 is on the decrease over time. When determined in
Step S316 that the driving rate on the decrease is finally
equal to or smaller than the specific lower-limit level L;, the
flash memory controller 10 proceeds to Step S317 to restart
to execute the process in the flash memory 26 paused in Step
S314. In Step S318, the flash memory controller 10 deter-
mines whether the process in the flash memory 26 is
completed. The flash memory controller 10 returns to Step
S311 to continue to execute the processes if uncompleted,
while departing from the routine of FIG. 38 when deter-
mined that the process is completed.

[0545] Giving a specific example of the operation, the
specific upper-limit level L, and the specific lower-limit
level L, are tentatively set to 90% and 80%, respectively.
These numeral values are arbitrarily changeable.

[0546] The driving rate of 90% or more suggests the
possibility of an operational instability due to overload. In
the event of the driving rate equal to or larger than 90%, the
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flash memory controller 10 pauses the operation of the flash
memory 26 where the process is currently in execution
(Steps S313-S314).

[0547] For example, the power supply circuit 20 has the
driving capacity of 500 mA and the driving rate is estimated
at 90% thereof, 450 mA, or more, the operation of one of the
flash memories 26 is paused, in which case the operation of
the last flash memory 26 in the priority order ranking which
started the process earlier than any other flash memories is
paused. In the illustration of FIG. 39, the operation of a flash
memory A with “8” in the priority order ranking is paused.
[0548] After that, the power supply state is checked. When
determined that the driving capacity is equal to or lower than
a specific level (for example, 80%), creating an enough
power supply even after the paused process of the flash
memory 26 is restarted, the flash memory controller 10
restarts the paused process of the flash memory 26.

[0549] 80% of the driving capacity 500 mA of the power
supply circuit 20 is 400 mA. Supposing that the state of
power supply of the power supply circuit 20 falls to 349 mA,
the current consumption of the flash memory A is 50 mA,
and the state of power supply of the power supply circuit 20
when the operation of the flash memory A is restarted is
349+50=399 mA. This is the driving state blow 400 mA
which is 80% of the driving capacity. After confirming that
the state of power supply of the power supply circuit 20 is
below 350 mA, the operation of the flash memory A paused
so far can be restarted.

[0550] According to the working example, the likelihood
of overload of the power supply circuit 20 is detected before
the overload occurs by polling while the processes are being
executed. Whenever detected, the operation of the flash
memory 26 is paused. This effectively reduces the operating
power consumed by the flash memories 26 and accordingly
avoids any instability or abnormal states of the operations of
the flash memories 26 due to an operational instability or
system crash, thereby ensuring a better data reliability.
When the operation of the flash memory 26 is thus paused,
it takes a less waiting time for the process to be restarted in
the normal mode than continuously running the flash memo-
ries 26 in the low power mode.

[0551] <52> [Process in Execution]*|Interrupt]*[Pausing]
[0552] In the nonvolatile storage system recited in <50>,
it is preferable to configure the flash memory controller and
the power supply circuit as described below by employing
interrupt in place of polling described in <51> in the case
where the power usage of the memory block is excessively
large for the power supply capacity of the power supply
circuit, and. The flash memory controller is notified of the
power supply state information of the power supply circuit
by interrupt initiated by the power supply circuit in place of
polling by the flash memory controller described in <51>,
wherein an interrupt signal is used as the power supply state
information. A description hereinafter given describes the
interrupt-based control while the processes are being
executed in the accessed flash memories.

[0553] The power supply circuit is constantly monitoring
its own internal state. When the power usage of the accessed
flash memories is too large for the present driving rate, the
power supply circuit generates the interrupt signal as the
power supply state notifying signal and outputs the gener-
ated interrupt signal to the flash memory controller. The
interrupt signal is generated immediately after the state of
power supply of the power supply circuit changed.
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[0554] When the flash memory controller receives the
interrupt signal from the power supply circuit, the flash
memory controller pauses a process currently executed in a
particular flash memory of the memory block. The operation
of the flash memory controller after the flash memory is
paused is similarly to <51>.

[0555] The flash memory controller continues to monitor
the power supply state information (driving rate) to deter-
mine whether the power supply circuit can afford supply
enough power. Because the process executed in the flash
memory is paused beforehand, the processes in the other
flash memories are advancing, and there will be an enough
power supply when a part of the ongoing processes executed
in the other flash memories are completed over time. When
determined that an enough power supply is secured, the flash
memory controller restarts the operation of the flash memory
previously paused.

[0556] Summarizing the description given so far, the non-
volatile storage system is characterized in that the power
supply circuit of the nonvolatile storage system recited in
<50> generates the interrupt signal when the power supply
state being monitored is equal to or larger than a specific
level and outputs the generated interrupt signal to the flash
memory controller. The flash memory controller that
received the interrupt signal from the power supply circuit
pauses a process of a particular flash memory of the memory
block, and the flash memory controller that received the
power supply state information by polling restarts to execute
the process of the flash memory previously paused when
determined that the power supply circuit can afford to supply
enough power based on the received power supply state
information.

[0557] The flash memory controller uses the interrupt
signal associated with the changing state of power supply of
the power supply circuit to detect the likelihood of overload
of the power supply circuit. This makes it unnecessary for
the flash memory controller to monitor the power supply
circuit by polling, thereby alleviating a processing load.
Further, the receipt of the interrupt signal immediately leads
to the detection of overload with no time lag, enabling a fast
response.

[0558] A specific example of <52> is hereinafter described
as a working example 20 of the invention.

Working Example 20

[0559] FIG. 40 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 20 of the invention. This illustration is
different to FIG. 36 in that the power supply state notifying
signal Q2 of FIG. 36 is replaced with an interrupt signal Q2.
The power supply circuit 20 is constantly monitoring its own
internal state while the processes are being executed in the
flash memories 26. Then, when the power usage of the
accessed flash memories 26 is excessively large for the
present state of power supply (driving rate) and the driving
rate finally exceeds a predefined value, the power supply
circuit 20 generates the interrupt signal Q2 indicating that
the state of power supply changed and outputs the generated
interrupt signal Q2 to the flash memory controller 10. The
flash memory controller 10 that received the interrupt signal
Q2 pauses the operation of a particular flash memory 26
currently executing a process. Any other structural and
technical characteristics are similar to those of FIGS. 36 and
39.
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[0560] Next, an operation of the nonvolatile storage sys-
tem according to the working example thus characterized is
described below. The flash memory controller 10 sets a
power supply condition for pausing the process of the
accessed flash memory 26 (for example, driving rate 90%)
in the power supply circuit 20 as an interrupt condition
before the process of the accessed flash memory 26 starts.
The interrupt condition may be fixedly set. When the state of
power supply reaches the interrupt condition, (driving rate
90%), the power supply circuit 20 outputs the interrupt
signal Q2 indicating that the state of the power supply circuit
20 changed to the flash memory controller 10.

[0561] Hereinafter, the operation of the nonvolatile stor-
age system according to the working example 20 is
described with reference to a flow chart illustrated in FIG.
41. Supposing that processes are currently executed in some
flash memories 26, the flash memory controller 10, in Step
S321, confirms that the interrupt signal Q2 indicating that
the state of the power supply circuit 20 changed was
outputted from the power supply circuit 20 to the flash
memory controller 10.

[0562] In Step S322, the flash memory controller 10 refers
to the flash memory operation management table 12 to pause
the operation of the flash memory 26 currently executing the
process. More specifically, the operation of the flash
memory 26 ranked lowest in the priority order is paused.
Steps S323, S324, and S325 are similar to Steps S315, S316,
and S317 illustrated in FIG. 38. In Step S323, the flash
memory controller 10 checks the state of power supply of
the power supply circuit 20 again. More specifically, the
flash memory controller 10 makes an inquiry to the power
supply circuit 20 by polling to receive the power supply state
information from the power supply circuit 20 in the form of
the power supply state notifying signal Q2. Then, the flash
memory controller 10 knows the present driving rate of the
power supply circuit 20 from the received power supply
state information.

[0563] In Step S324, the flash memory controller 10
determines whether a driving rate higher than the present
driving rate when the flash memory controller 10 decides to
restart the operation of the flash memory 26 paused in Step
S322 is equal to or smaller than a specific lower-limit level
L;. The flash memory controller 10 returns to Step S323
when determined that the driving rate is not equal to or
smaller than the specific lower-limit level L;, while pro-
ceeding to Step S325 otherwise. Because the process of a
flash memory 26 is already paused in Step S322, the driving
rate of the power supply circuit 20 is on the decrease over
time.

[0564] When determined in Step S324 that the driving rate
on the decrease is finally equal to or smaller than the specific
lower-limit level L;, the flash memory controller 10 pro-
ceeds to Step S325 to restart to execute the process in the
flash memory 26 paused in Step S322. According to the
working example characterized by the interrupt-based con-
trol, the flash memory controller 10 departs from the routine
after S325.

[0565] According to the working example, Steps S312 and
S313 illustrated in FIG. 38 according to the working
example 1, which are the processes for checking whether the
driving rate of the power supply circuit 20 is equal to or
larger than 90% by polling by the flash memory controller
10, are unnecessary. The working example makes it unnec-
essary for the flash memory controller 10 to check the
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voltage level as described in the working example, thereby
alleviating a processing load. Further, a there is little time lag
between the receipt of the interrupt signal Q2 and pausing,
enabling a fast response.

[0566] <53> [Process in Execution]: [Data Controller and
Power Supply Controller]|

[0567] In the nonvolatile storage system recited in <50>,
the flash memory controller may be divided in two structural
elements, a data controller and a power supply controller.
The data controller is in charge of controlling data processes
in the flash memories, wherein the processes executed in the
flash memories are separately controlled. The power supply
controller is in charge of controlling power supply by the
power supply circuit. When determined based on the power
supply state information received from the power supply
circuit that processes are not properly executable in the
accessed flash memories within the range of a rated power
supply capacity of the power supply circuit, the power
supply controller controls a part of the accessed flash
memories to reduce power usage so that the processes are
properly executable within the range of the rated power
supply capacity. The power supply circuit notifies the power
supply controller of its own state of power supply. The
power supply state information may be notified by polling
by the power supply controller or interrupt initiated by the
power supply circuit.

[0568] Summarizing the description given so far, the non-
volatile storage system is characterized in that the flash
memory controller of the nonvolatile storage system recited
in <50> includes a data controller in charge of separately
controlling processes executed in the flash memories and a
power supply controller in charge of controlling power
supply by the power supply circuit, wherein the power
supply controller, the power supply controller controls a part
of'the accessed flash memories to reduce power usage so that
the processes are properly executable within the range of a
rated power supply capacity of the power supply circuit
when determined based on the power supply state informa-
tion received from the power supply circuit that processes
are not properly executable in the accessed flash memories
within the range of the rated power supply capacity.
[0569] According to the nonvolatile storage system thus
characterized, in contrast to any conventional systems
wherein the flash memory controller is irrelevant to the
power supply control but is solely responsible for data
control in the flash memories, the flash memory controller
including the power supply controller is able to control the
power supply. By thus using the existing structural element
for another purpose (structurally unchanged), the power
supply can be easily and effectively controlled without
structurally complicating the whole storage system. The
nonvolatile storage system, which utilizes the existing pro-
cessing function for data control, is further provided with a
function for power supply alone. Therefore, conventional
systems are usable to accomplish such a nonvolatile storage
system.

[0570] A specific example of <53> is hereinafter described
as a working example 21 of the invention.

Working Example 21

[0571] FIG. 42 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 21 of the invention. The working
example divides the flash memory controller into a data
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controller 14 and a power supply controller 16. The data
controller 14 of the flash memory controller is similar to the
flash memory controller of conventional systems which is
only responsible for data control in flash memories but is
irrelevant to the power supply control.

[0572] The data controller 14 of the flash memory con-
troller is connected to the host 200 by a device control bus
41. The data controller 14 is connected to a plurality of flash
memories 26 by a data bus/control bus 43. A reference
symbol Q3 is a flash memory control signal transmitted on
the control bus.

[0573] The power supply controller 16 of the flash
memory controller is connected to the power supply circuit
20 by a control bus 42 on which the power supply control
signal Q1 and the power supply state notifying signal Q2 are
transmitted. The power supply controller 16 is connected to
the respective flash memories 26 by signal lines 45 for a
flash memory pause signal Q4. The flash memories 26 each
has an input terminal for the flash memory pause signal Q4.
The data controller 14 and the power supply controller 16
constitute the flash memory controller 36 illustrated in FIG.
36. Any other structural characteristics, which are similar to
those of the illustration of FIG. 36, will not be described
again.

[0574] Next, an operation of the nonvolatile storage sys-
tem according to the working example thus characterized is
described below. FIG. 43 is a flow chart illustrating pro-
cessing steps of the power supply controller 16 of the flash
memory controller. Some of the flash memories 26 are
currently executing processes, which is not illustrated in
FIG. 43 because the data process control is carried out
between the data controller 14 and the flash memories 26.

[0575] In Step S331, the power supply controller 16
checks the state of power supply of the power supply circuit
20. More specifically, the power supply controller 16 makes
an inquiry to the power supply circuit 20 by polling to
receive the power supply state information (driving rate)
from the power supply circuit 20 and knows the present
driving rate of the power supply circuit 20 from the received
information.

[0576] In Step S332, the power supply controller 16
determines whether the present driving rate is equal to or
larger than the specific upper-limit level L,. The power
supply controller 16 proceeds to Step S333 when determined
that the present driving rate is equal to or larger than the
specific upper-limit level L, while jumping to Step S336
otherwise. By determining whether the present driving rate
is equal to or larger than the specific upper-limit level L.,
whether the power supply circuit 20 is reaching the limit of
its power supply capacity, inviting the likelihood of over-
load.

[0577] When determined that the present driving rate is
equal to or larger than the specific upper-limit level L, and
the power supply controller 16 proceeds to Step S333, the
power supply controller 16 pauses the process currently
executed in a flash memory 26 currently accessed. This
pausing avoids the likelihood of overload.

[0578] In Step S334, the power supply controller 16
checks again the state of power supply of the power supply
circuit 20. The power supply controller 16 makes an inquiry
to the power supply circuit 20 by polling to receive the
power supply state information from the power supply
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circuit 20 and knows the present driving rate of the power
supply circuit 20 from the received power supply state
information.

[0579] In Step S335, the power supply controller 16
determines whether a driving rate higher than the present
driving rate when the power supply controller 16 decides to
restart the operation of the flash memory 26 paused in Step
S333 is equal to or smaller than the specific lower-limit level
L;. The power supply controller 16 returns to Step S334
when determined that the driving rate is not equal to or
smaller than the specific lower-limit level L;, while pro-
ceeding to Step S336 otherwise. Because the process in the
flash memory 26 is paused in Step S333, the driving rate of
the power supply circuit 20 is on the decrease over time.

[0580] When determined in Step S335 that the driving rate
on the decrease is finally equal to or smaller than the specific
lower-limit level L;, the power supply controller 16 pro-
ceeds to Step S336 to restart to execute the process in the
flash memory 26 paused in Step S333. Then, the power
supply controller 16 returns to Step S331. The power supply
controller 16 operating independently from the data control-
ler 14 cyclically performs loop processes from Steps S331 to
Steps S336.

[0581] The processing steps are more specifically
described. Supposing that the driving rate of 90% or more
involves the possibility of an operational instability, the
power supply controller 16 asserts the flash memory pause
signal Q4 (becomes effective) when the driving rate is equal
to or higher than 90% and pauses the flash memory 26
currently executing the process (Steps S332-S333).

[0582] After that, the power supply controller 16 checks
the state of power supply. When determined that the driving
capacity is equal to or smaller than a specific level (for
example, 80%) after the process of the flash memory 26
currently paused is restarted, the power supply controller 16
clears the flash memory pause signal Q4 to restart the
operation of the flash memory 26 currently paused.

[0583] These control steps are carried out by the power
supply controller 16 of the flash memory controller alone,
and the data controller 14 is irrelevant to the processing steps
according to the working example. As compared to the
conventional nonvolatile storage systems, the power supply
controller 16 is additionally provided and connected to the
power supply circuit 20 and the flash memories 26. There-
fore, any other structural elements of the conventional
systems are usable to accomplish such a nonvolatile storage
system.

[0584] The working example can control the power supply
without affecting the data controller 14 of the flash memory
controller. The working example thus advantageous can
easily control the power supply as compared to the conven-
tional systems focusing on the data control alone without
controlling the power supply. As a result, introductory costs
can be reduced. The working example is applicable to a
system wherein the interrupt signal is used in place of the
power supply state notifying signal.

[0585] <54> [Prior to Process Start]*[Low Power Shift]

[0586] It was so far was described to control the power
supply while the processes are being executed in the
accessed flash memories. Whenever the likelihood of over-
load is increasing, probably causing system crash due to
imbalance between the power usage of the accessed flash
memories and the power supply capacity of the power
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supply circuit for memory system, the process to be
executed in a flash memory is paused.

[0587] Ina description hereinafter given, the power supply
is controlled before a process starts in a newly accessed flash
memory to continue the process of the flash memory with
reduced power usage (operating current) of a particular flash
memory whenever the likelihood of system crash increases.
This is a low power shift.

[0588] In the nonvolatile storage system recited in <50>,
the flash memories have a low power mode, meaning that
the flash memories are configured to dynamically change
their operating currents. The operations of the flash memo-
ries slow down in the low power mode as compared to the
normal mode.

[0589] When the power supply circuit for memory system
cannot afford to supply enough power, the flash memory
controller makes a particular one of the process-executing
flash memories operate in the low power mode. Failing to
secure an enough power supply after one flash memory is
shifted to the low power mode, the operation of another flash
memory is shifted to the low power mode. Until an enough
power supply is secured, the operations of the flash memo-
ries are shifted to the low power mode. Based on this
technical concept, the process executed in a particular one of
the process-executing flash memories may be paused in an
early stage when the power supply shortage is predicted.
[0590] Summarizing the description given so far, the non-
volatile storage system is characterized in that the flash
memories of the nonvolatile storage system recited in <50>
are configured to dynamically change operating currents
thereof, and when determined that a process is not execut-
able in a newly accessed flash memory within the range of
a rated power supply capacity of the power supply circuit,
the flash memory controller continues to execute a process
in a particular one of the process-executing flash memories
with reduced power usage or pauses the process, and restarts
to execute the process in the newly accessed flash memory
when the reduction of power usage enables to execute the
process within the range of the rated power supply capacity.
[0591] By thus controlling the power usage of the flash
memory in response to the power supply capacity of the
power supply circuit in the system, an operational instability
or system crash due to such problems as overload of the
power supply circuit is prevented from happening, which
ensures an improved data reliability. Because the process
currently executed in the flash memory is continued on
principle at a lower processing speed, a processing capacity
of the system is not overly degraded. In other words, the
operation of the system can be more finely controlled.
[0592] A specific example of <54> is hereinafter described
as a working example 22 of the invention.

Working Example 22

[0593] Any of the block diagrams of FIGS. 36, 40, and 42
may be quoted as an illustration of structural characteristics
of a nonvolatile storage system according to a working
example 20 of the invention. According to the working
example, the flash memories 26 can change power levels by
dynamically changing operating currents thereof. The flash
memory controller 10 has a flash memory operation man-
agement table 12 for managing operating states of the flash
memories 26.

[0594] FIG. 44 illustrates an example of the flash memory
operation management table 12. The flash memory opera-
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tion management table 12 contains information of process
priority order, state of flash memory, current consumption,
process starting order of each of the flash memories 26. The
current consumption illustrated in FIG. 39 is replaced with
the power level. Though the current consumptions of the
flash memories 26 are all equal in the illustration of FIG. 39,
there are different current consumptions in the illustration of
FIG. 44 for different processes and flash memories, resulting
in different power levels. The power levels do not have
binary values of “0” and “1” but have at least ternary values.
Therefore, the flash memories 26 can change their driving
levels to operate at optimum driving levels depending on
different situations.

[0595] The states of the flash memories are writing pro-
cess in execution, erasing process in execution, pausing,
reading process in execution, and verifying process in
execution. The operating currents of the flash memories can
be calculated based on the states and the power levels of the
flash memories.

[0596] In each of writing or erasing process, the power
level is changeable depending on contents of the processes
(by each flash memory executing the process). The operating
current values of the flash memories change at all times. The
process starting order starts with the flash memory 26 which
executed the process first, followed by the other flash
memories 26 in the descending order. “0” is pausing.

[0597] The flash memory operation management table 12
is updated when the operation of the flash memory 26 starts
and pauses and the operation mode such as power level
change is carried out.

[0598] The flash memory 26 has a function to convert the
power supply state notifying signal Q2 from the power
supply circuit 20 into the power level. In the case of the
operating power of 20 mA for the power level of “17, a
conversion value of the power level is “30” at a maximum
in the power supply circuit 20 having the current capacity of
600 mA (60 divided by 20 equals 30). Therefore, the power
levels are very finely set from “0” to “30”. Any other
structural and technical characteristics are similar to those of
nonvolatile storage system according to the working
example 1.

[0599] According to the working example 19 described
with reference to FIGS. 38 and 39, wherein all of the flash
memories 26 have an equal current consumption, 50 mA, it
is not possible to finely adjust the power usage. The only
option at the time of overload is to pause the operation of any
accessed flash memory. According to the working example
wherein four power levels, “0”, “1”, “2”, and “3”, are set as
illustrated in FIG. 44, the likelihood of overload is not
necessarily dealt with by pausing the operation of the
accessed flash memory but by adjusting the power level in
a phased manner. The power level reduction is an effective
means for avoiding the likelihood of overload.

[0600] Next, an operation of the nonvolatile storage sys-
tem according to the working example is hereinafter
described. FIG. 45 is a flow chart illustrating an operation of
the flash memory controller 10. The processing details
illustrated in the flow chart are applicable to all of the flash
memories 26 but are separately applied to each of the flash
memories 26. In Step S347 subsequent to Steps S341 to
S346, an intended one of the flash memories 26 starts to
execute a process, however, a different flash memory 26
already started to execute a process before that.
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[0601] In response to a command from the host 200
outside, the flash memory controller 10 stats to control the
flash memory 26 to be accessed. To start with, the flash
memory controller 10 receives in Step S341 a command
from the host 200. The command in this description is not
necessarily limited.

[0602] In Step S342, the flash memory controller 10
receives the power supply state notifying signal Q2 from the
power supply circuit 20 to check the state of power supply
of the power supply circuit 20. The state of power supply,
when converted to the power level, is capable of, for
example, “25”, and the processes at the power level of “19”
in total are currently handled.

[0603] In Step S343, the flash memory controller 10
estimates an operating power used in a process requested by
the command and executed in the accessed flash memory 26
based on the type of the process. FIG. 44 illustrates an
example of the flash memory operation management table
12 in the flash memory controller 10 when the command is
received from the host. According to the table, a flash
memory A has the power level of “1”, flash memories B, C,
D have the power level of “2”, flash memories E, F, G, and
H have the power level of “3”, and flash memories I and J
are currently paused. A total value of the power levels of the
process-executing flash memories 26 is “19”. When the
processing power is estimated based on the operating states
and independent characteristics of the flash memories 26
instead of simply summing the power levels, the estimated
power level can be more accurate. The processes with
younger numbers in the process starting order are more
recently executed. According to the working example,
younger numbers in the process starting order have lower
priority.

[0604] In Step S344 that follows Step S343, the flash
memory controller 10 compares the estimated operating
power to the present driving rate obtained from the power
supply state information to determine whether the present
driving rate of the power supply circuit 20 can afford to
supply the estimated operating power. When determined that
the present driving rate is inadequate for the estimated
operating power, the flash memory controller 10 proceeds to
Step S345, while proceeding to Step S346 otherwise.

[0605] Below is described an example when a writing
command outputted from the host 200 is received for a flash
memory . To execute a process in the flash memory I using
the power level “3”, the power level in total is “22” (=19+3),
exceeding the level “20” which is a level that ensures a
stable operation of the power supply circuit 20 (80% of level
“25”). It possibly leads to a poor data reliability to start the
operation of the flash memory 26 under the circumstances
illustrated in FIG. 44. Therefore, the power level of the flash
memory 26 needs to be changed.

[0606] In Step S345, the power level of the flash memory
26 is lowered. In the operation example, the power level of
the flash memory I ranked lowest in the priority order (set to
“9” in the priority order ranking because the operation starts
first) is changed to from “3” to “1”. As a result, the power
level in total is “20” (=19+1), allowing the processes to be
executed within an operational stability level of the power
supply circuit 20. This means that Step S344 determines that
the present driving rate can afford to supply the estimated
operating power. Then, the flash memory controller 10
proceeds to Step S346.
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[0607] In Step S346, the flash memory controller 10
updates the flash memory operation management table 12.
In Step S347, the flash memory controller 10 starts to
execute the processes in the flash memories 26.

[0608] According to the working example the processes
continue to be executed in the flash memories on principle
at a lower processing speed whenever the power supply
circuit 20 is possibly undergoing overload. As a result, a
processing capacity of the system is not overly degraded.

[0609] <55> [Prior to Process Start]*[Low Power Shift]*
[Priority Order]

[0610] In a description hereinafter given are discussed
improvements in shifting the flash memory to the low power
mode in the nonvolatile storage system recited in <54>
characterized by the low power shift. The flash memories in
the description given below are capable of dynamically
changing their operating currents.

[0611] When the flash memory controller monitors the
operating states of the plural flash memories in the flash
memory operation management table, the flash memory
controller predefines the priority order ranking among the
flash memories and manages the flash memories using the
predefined priority order ranking as a monitoring item. The
priority order ranking changes as the processes executed in
the flash memories are advancing. The flash memory con-
troller updates the priority order, every time when it
changes, in the flash memory operation management table.

[0612] In the event of possible system crash because of
failure to solve the problem of overload due to imbalance
between the power usage of the process-executing flash
memories and the power supply capacity of the power
supply circuit for memory system, in other words, when the
flash memory controller determines that the processes are
not properly executable in the accessed flash memories
within the range of the rated power supply capacity of the
power supply circuit for memory system, the flash memory
controller refers to the flash memory operation management
table to reduce the power usage of the flash memory ranked
lowest in the priority order. According to the low power
shift, the processes currently executed may continue with
less power or paused.

[0613] Summarizing the description given so far, the non-
volatile storage system is characterized in that the plural
flash memories of the nonvolatile storage system recited in
<54> that described the low power shift are managed based
on the predefined priority order ranking, wherein continua-
tion or pausing of the processes to be executed with reduced
power usage starts with the flash memory ranked lowest in
the priority order among the process-executing flash memo-
ries.

[0614] This working example exerts operational advan-
tages similar to those recited in <54>. Further, this working
example, wherein the flash memory ranked lowest in the
priority order is selected over the other flash memories as the
flash memory in which the process to be executed continues
with reduced power usage when such problems as overload
occurs due to an insufficient power supply from the power
supply circuit for memory system, can minimize adverse
influences resulting from reduction of the processing speed.

[0615] A specific example of <55> is hereinafter described
as a working example 23 of the invention.
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Working Example 23

[0616] Any ofthe block diagrams of FIGS. 36, 40, and 42
may be quoted as an illustration of structural characteristics
of a nonvolatile storage system according to a working
example 20 of the invention. According to this working
example, the flash memories 26 can change power levels by
dynamically changing operating currents thereof. The flash
memory controller 10 has a flash memory operation man-
agement table 12 for managing operating states of the flash
memories 26. FIG. 46 illustrates an example of the flash
memory operation management table 12.

[0617] FIG. 46 illustrates a flash memory operation man-
agement table 12 of the flash memory controller 10 accord-
ing to the working example 23. The flash memory operation
management table 12 contains information of operation
priority order ranking, operation priority level, state of flash
memory, power level, and process starting order of each of
the flash memories 26.

[0618] The operation priority level is expressed in four
stages from, for example, “0” to “3”. “0” represents inactive,
and “3” represents a process of the highest priority. The flash
memory controller 10 puts larger priority levels to the flash
memories more affected by reduction of the processing
speed. In other words, the flash memories less affected by
reduction of the processing speed are selectively shifted to
the low power mode, while all of the flash memories largely
affected are desirably operated in the normal mode. The
flash memories to be switched to the low power mode are
arranged reverse to the priority levels recited in the flash
memory operation management table 12. The priority order
ranking represents a degree of priority in selecting the flash
memories to be shifted to the low power mode. In the
illustration of FIG. 46, the flash memories positionally
higher than the others are selectively shifted to the low
power mode. As a result, the ranking of the process starting
order is randomly arranged.

[0619] The processes with the priority level of “3” are
processes relating to data reading/writing directly requested
by the host 200, which are regarded by the host 200 as
processes directly affecting the processing speed.

[0620] The processes with the priority level of “2” are post
processes of the processes requested by the host 200, which
are regarded by the host 200 as processes desirably executed
faster though not directly affecting the processing speed.
[0621] The processes with the priority level of “1” are
processes regarded by the host 200 as processes not affecting
the processing speed such as transferring any failed sector to
a different sector.

[0622] The state of the flash memory state indicates writ-
ing process in execution or erasing process in execution. The
operating current value of the flash memory 26 can be
calculated based on the state and the power level of the flash
memory.

[0623] The process starting order starts with the flash
memory 26 which executed the process first, followed by the
other flash memories 26 in the descending order. “0” is
pausing. The illustration of FIG. 46 does not follow the
process starting order but follows the priority order ranking.
Though the same priority levels are redundantly recited, the
priority order numbers are serial numbers with no overlap.
[0624] The flash memory operation management table 12
is updated when the operation of the flash memory 26 starts
and pauses and the operation mode such as power level
change is carried out. Any other structural and technical
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characteristics are similar to those of nonvolatile storage
system according to the working example 5.

[0625] An operation of the nonvolatile storage system thus
configured is hereinafter described. FIG. 47 is a flow chart
illustrating processing steps of the flash memory controller
10.

[0626] Of Steps S351 to S357, Step S355 is different to
Step S345 of FIG. 45, and the rest of the processing steps are
similar to those illustrated in FIG. 45. In Step S357 subse-
quent to Steps S351 to S356, the flash memory 26 starts to
execute a process, however, a different flash memory 26
already started to execute a process before that.

[0627] In response to a command transmitted from the
host 200 externally provided, the flash memory controller 10
starts to control the flash memories 26 to be accessed. In
Step S351, the flash memory controller 10 controls the flash
memories 26 to be accessed in response to a command
transmitted from the host 200. In Step S352, the flash
memory controller 10 checks the state of power supply of
the power supply circuit 20 based on the power supply state
notifying signal Q2 received from the power supply circuit

[0628] The state of power supply described here has the
capacity of “30” when converted to the power level, the
processes are currently executed at the power level of “22”.
The power level equivalent to the operational stability level
of the power supply circuit 20 is “24” which is 80% of the
level “30”.

[0629] In Step S353, the flash memory controller 10
estimates processes to be executed in the flash memories 26
and operating powers needed for the processes. For
example, FIG. 46 illustrates the flash memory operation
management table 12 of the flash memory controller 10
when the command is received from the host. According to
the table, flash memories A to J are currently executing
processes, while a flash memory 1 is currently paused.

[0630] The flash memories D, H, and I are at the highest
priority level “3”, the flash memories C and G are at the
intermediate priority level “2”, and the flash memories A, B,
E, and F are at the lowest priority level “1”. The flash
memory A is operated at the power level of “1”, the flash
memories B, E, and F are operated at the power level of “2”,
and the flash memories C, G, D, H, and J are operated at the
power level of “3”.

[0631] Therefore, the power level in total of the process-
executing flash memories 26 is “22”. When the processing
power is estimated based on the operating states and inde-
pendent characteristics of the flash memories 26 instead of
simply summing the power levels, the estimated power level
can be more accurate.

[0632] By not setting the power level of the flash memory
26 to any power levels below the priority level, reduction of
a processing performance of the system can be controlled. In
a process with the priority level of “1”, any of the power
levels “17, “2”, and “3” can be selected. In a process at the
priority level of “3”, the power levels “1” and “2” are not
selectable but the power level “3” is the only option.

[0633] As the numbers in the process starting order are
younger, the processes are more recently executed. Accord-
ing to this working example, the processes with younger
numbers in the process starting order have lower priority
among the same priority levels. Though the same priority
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levels are redundantly recited, the priority order numbers are
serial numbers with no overlap based on the process starting
order.

[0634] As to Steps S355 and S356, a description is given
to a method of updating the flash memory operation man-
agement table 12 when data writing with the priority level of
“3” is requested in the flash memory I in response to a
command from the host 200.

[0635] FIG. 48 is a table further reciting an operation of
the flash memory 1.

[0636] Because the flash memory I has the priority level of
“3”, the priority order number 4, which is the lowest rank in
the priority order among the processes having the priority
level of “3”, is given to the flash memory 1. The flash
memory | at the bottom of FIG. 46 is recited in FIG. 48 in
the fourth column from the bottom. The process starting
order then is “0”, meaning interim registration in the flash
memory operation management table 12. The power level of
the flash memory I is “3”.

[0637] Then, the power level in total is “25” (22+3),
exceeding the operational stability level of the power supply
circuit 20, “24” (80% of level “30”). It possibly undermines
the data reliability to start the operation of the flash memory
26 at the power level. To avoid the risk, the power level of
the flash memory 26 needs to be changed. More specifically
describing the power level change, Step S354 is negative,
and the flash memory controller 10 proceeds to Step S355.
[0638] The flash memory A ranked lowest with the priority
order “10” is unable to lower the power level which is
currently “1” because the lowered power level would be “0”,
stopping the process to be executed in the flash memory.
This is contradictory to the purpose to be desirably achieved
by this working example. Then, focusing on the flash
memory B ranked lowest next to the flash memory A with
“9” in the priority order ranking, the power level of “2” of
the flash memory B with the priority level of “1” can be
reduced.

[0639] When the power level of the flash memory B
currently “2” is reduced to “1”, the power level in total is
“24” (=25-1), allowing the processes to be executed within
the operational stability level of the power supply circuit 20
(“24” which is 80% of level “30”). FIG. 49 illustrates a
result after the power level is changed. Referring to FIG. 48,
the power level of the flash memory B, which is “2” in FIG.
48, is changed to the lower power level “1”. Thus, the power
levels were checked and corrected to decide the final power
level. Then, the flash memory controller 26 updates the flash
memory operation management table 12 and starts to
execute the processes in the flash memories 26.

[0640] In the operation according to the working example
5 described referring to FIGS. 44 and 45, the power level of
the flash memory I newly introduced currently “3” is low-
ered to “1”. According to this working example, the power
level of the flash memory I newly introduced stays at “3”,
and the power level of the flash memory B where the process
is already advancing is lowered.

[0641] This working example arranges the the flash
memories 26 according to the priority order ranking for low
power shift to execute the processes, thereby minimizing
adverse influences on the processes executed in the system.

[0642] <56> [Process in Execution]*[Poling]*[Low
Power Shift]
[0643] A nonvolatile storage system hereinafter described

and the nonvolatile storage system recited in <54> are
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different in that the processing timing is [Prior to Process
Start] in the latter bus during [Process in Execution] in the
former. Further, the nonvolatile storage system hereinafter
described and the nonvolatile storage system recited in <51>
are different in that the processing method is [Pausing] in the
latter but [Low Power Shift] in the former. <54> described
the control when and after a command transmitted from the
host is received by the flash memory controller, more
specifically the control before a process starts to be executed
in a new accessed flash memory. Hereinafter is described a
control in the case where the operating currents of the flash
memories exceed a predefined reference level while the
processes are being executed in the plural flash memories
and the power supply circuit for memory system accordingly
can no longer to afford to supply enough power, inviting
such problems as overload.

[0644] According to the nonvolatile storage system, the
flash memories of the nonvolatile storage system recited in
<50> have a low power mode as a power consumption mode
to dynamically change the operating currents, and the flash
memory controller has the flash memory operation manage-
ment table for management of different operating states of
the flash memories.

[0645] The flash memory controller receives by polling
the power supply state information from the power supply
circuit for memory system and refers to the flash memory
operation management table to compare the received power
supply state information to a specific level. When deter-
mined that the received power supply state information is
equal to or above the specific level, indicating the power
supply circuit for memory system is becoming short of an
enough power, the flash memory controller lowers the power
level of a particular flash memory. When determined that the
power supply circuit for memory system can afford to supply
an enough power, the flash memory controller updates the
flash memory operation management table.

[0646] Summarizing the description given so far, the non-
volatile storage system is characterized in that the flash
memories of the nonvolatile storage system recited in <50>
is configured to dynamically change the operating currents,
and the flash memory controller receives by polling the
power supply state information from the power supply
circuit for memory system and lowers the power level of a
particular flash memory when determined that the received
power supply state information is equal to or above the
specific level, so that the power supply circuit for memory
system can afford to supply an enough power for the
processes to be continuously executed.

[0647] Whenever the power supply circuit for memory
system can no longer afford to supply an enough power for
the processes to be executed in the flash memories, involv-
ing the risk of such an unfavorable event as overload, such
an unfavorable event is detected beforehand by polling to
lower the power level of a particular process-executing flash
memory. Accordingly, an operational instability and system
crash resulting from overload of the power supply circuit for
memory system are prevented from happening, and reduc-
tion of an overall processing performance of the system can
be minimized. Further, it becomes unnecessary to equip the
power supply circuit with an overly high power supply
capacity to ensure an operational stability.

[0648] A specific example of <56> is hereinafter described
as a working example 24 of the invention.
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Working Example 24

[0649] Either of the block diagrams of FIGS. 36 and 42
may be quoted as an illustration of structural characteristics
of a nonvolatile storage system according to a working
example 24 of the invention. Hereinafter, an operation of the
nonvolatile storage system according to this working
example is hereinafter described. FIG. 50 is a flow chart
illustrating processing steps of the flash memory controller

[0650] Supposing that some of the flash memories 26 are
currently executing the processes, in Step S361, the flash
memory controller 10 is controlling the processes currently
executed in the flash memories 26. In Step S362, the flash
memory controller 10 checks the state of power supply of
the power supply circuit 20. More specifically, the flash
memory controller 10 makes an inquiry by polling to the
power supply circuit 20 and accordingly receives and checks
the driving rate as the power supply state information from
the power supply circuit 20.

[0651] In Step S363, the flash memory controller 10
determines whether the present driving rate is equal to or
larger than a specific upper-limit level L. The flash memory
controller 10 proceeds to Step S364 when determined that
the driving rate is equal to or larger than the specific
upper-limit level L, while proceeding to Step S365 when
determined otherwise. By determining whether the present
driving rate is equal to or larger than the specific upper-limit
level L, the flash memory controller 10 is actually checking
whether the power supply circuit 20 is reaching the limit of
its power supply capacity, possibly causing overload.

[0652] When determined in S363 that the present driving
rate is equal to or larger than the specific upper-limit level
L, involving the risk of overload, the flash memory con-
troller 10 proceeds to Step S364 to lower the power level of
a process-executing flash memory 26 (low power shift) by
changing the power mode of the flash memory 26 to the low
power mode. The flash memories whose power levels are to
be lowered are set in accordance with the process starting
order. Of the access-target flash memories 26, the flash
memories which started processes relatively early in
response to the command from the host 200 are subjected to
the low power shift.

[0653] After Step S364, the flash memory controller 10
returns to Step S362. While Steps
S362—-S363—>S364—58362 are cyclically carried out, the
power levels of the flash memories are gradually lower,
leading the present driving rate used to determine the risk of
overload to fall under the specific upper-limit level L.
Then, the power supply circuit 20 can afford to supply power
necessary for the processes to be executed in all of the flash
memories 26 to be accessed at the present driving rate. When
the power supply circuit 20 is capable of an enough power
supply, the flash memory controller 10 proceeds to Step
S365.

[0654] In Step S365, the flash memory controller 10
updates the flash memory operation management table 12.
When the flash memory controller 10 proceeds from Step
S364 to S365, the flash memory controller 10 sets the
lowered power levels. The reduction of power levels avoids
the occurrence of overload. In Step S304, the flash memory
operation management table 12 contains therein data tenta-
tively registered. In Step S365, the data is really registered
in the table.
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[0655] In Step S366, the flash memory controller 10
determines whether the processes executed in the flash
memories 26 are completed. When determined that the
processes are still uncompleted, the flash memory controller
10 returns to Step S361 to continue to execute the processes.
Steps S362, S363, S364, and S365 are repeatedly carried out
to continue the uncompleted processes. When the processes
are completed, the flash memory controller 10 departs from
the routine of FIG. 50. The pausing of a part of the flash
memories 26 is a part of the low power shift.

[0656] According to this working example, the power
usage of the flash memories 26 is realistically and dynami-
cally controlled with the state of power supply of the power
supply circuit 20 (driving rate) being constantly monitored.
Therefore, an operational instability and system crash result-
ing from overload of the power supply circuit 20 are
prevented from happening, and reduction of an overall
processing performance of the system can be minimized.
Further, it becomes unnecessary to equip the power supply
circuit with an overly high power supply capacity to ensure
an operational stability.

[0657] <57> [Process in Execution]*[Interrupt]*[Low
Power Shift]
[0658] In a description hereinafter given, the function

exerted by <54> is accomplished by interrupt initiated by the
power supply circuit for memory system in place of polling.
According to a nonvolatile storage system hereinafter
described, the nonvolatile storage system recited in <50> is
configured to constantly monitor the state of power supply
of the power supply circuit and generates an interrupt signal
whenever the state of power supply is equal to or larger than
a specific level and outputs the generated interrupt signal to
notify the flash memory controller. When the flash memory
controller receives the interrupt signal from the power
supply circuit for memory system, the flash memory con-
troller lowers the power level of a particular flash memory
in which a process is currently executed to create an enough
power supply in the power supply circuit for memory
system, thereby continuing to execute the processes.
[0659] The flash memory controller uses the interrupt
signal generated in response to changes of the state of power
supply of the power supply circuit for memory system to
know such problems as overload of the power supply circuit
for memory system. This makes it unnecessary for the flash
memory controller to monitor the power supply circuit for
memory system by polling, thereby alleviating a processing
load. Further, the receipt of the interrupt signal immediately
leads to the detection of overload with no time lag, enabling
a fast response.

[0660] A specific example of <57> is hereinafter described
as a working example 25 of the invention.

Working Example 25

[0661] Either one of the block diagrams of FIGS. 40 and
42 may be quoted as an illustration of structural character-
istics of a nonvolatile storage system according to a working
example 25 of the invention. The power supply circuit 20
constantly monitors its own internal state while the pro-
cesses are being executed in the flash memories 26. The
power supply circuit 20 generates an interrupt signal Q2
indicating that the state of power supply changed when the
power usage of the accessed flash memories 26 is overly
high relative to the present driving rate of the power supply
circuit 20 and the driving rate finally exceeds a predefined
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value, and then outputs the generated interrupt signal Q2 to
the flash memory controller 10. The flash memory controller
10 that received the interrupt signal Q2 lowers the power
level of a particular process-executing flash memory 26.
Any other structural and technical characteristics are similar
to those of the nonvolatile storage system according to the
working example 22.

[0662] Next, an operation of the nonvolatile storage sys-
tem according to this working example thus characterized is
described. FIG. 51 is a flow chart illustrating processing
steps of the flash memory controller 10. In Step S371, the
flash memory controller 10 recognizes the receipt of the
interrupt signal Q2 indicating that the state of power supply
of the power supply circuit 20 changed from the power
supply circuit 20. In Step S372, the flash memory controller
10 lowers the power level of the process-executing flash
memory 26, meaning that the flash memory 26 is shifted to
the low power mode. According to this example, the flash
memory subjected to the lower power shift is set based on
the process starting order. More specifically, the flash
memory 26 selected by the flash memory controller 10 to
lower the power level is one of the flash memories 26
currently accessed which started to execute the process
earlier than the others in response to the command from the
host 200.

[0663] In Step S373, the flash memory controller 10
checks the state of power supply of the power supply circuit
20. More specifically, the flash memory controller 10 makes
an inquiry by polling to the power supply circuit 20 to
receive the power supply state notifying signal Q2 from the
power supply circuit 20, and then fetches the power supply
state information from the received power supply state
notifying signal Q2 to know the present driving rate of the
power supply circuit 20 from the fetched power supply state
information.

[0664] In Step S374, the flash memory controller 10
determines whether the present driving rate is equal to or
larger than a specific upper-limit level L. The flash memory
controller 10 returns to Step S372 when determined that the
driving rate is equal to or larger than the specific upper-limit
level 1, while proceeding to Step S375 when determined
otherwise. By determining whether the present driving rate
is equal to or larger than the specific upper-limit level L.,
the flash memory controller 10 is actually checking whether
the power supply circuit 20 is reaching the limit of its power
supply capacity, possibly causing overload.

[0665] When the present driving rate is equal to or larger
than the specific upper-limit level L, involving the risk of
overload, and the flash memory controller 10 accordingly
returns to Step S372, the flash memory controller 10 further
lowers the power level of the flash memory 26 or shifts
another flash memory 26 to the low power mode.

[0666] As Steps S372—+S373—-S374—=S8372 are cycli-
cally repeated, the present driving rate used as an indicator
for determining the risk of overload start to fall below the
specific upper-limit level L;; because the power level of the
flash memory is lowered in a phased manner. When the
present driving rate falls below the specific upper-limit level
L, power in total needed to execute the processes in all of
the accessed flash memories 26 can be safely covered by the
present driving rate of the power supply circuit 20. Then, the
flash memory controller 10 proceeds to Step S375.

[0667] In Step S375, the flash memory controller 10
updates the flash memory operation management table 12.
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After the foregoing steps are cyclically repeated, the lowered
power level is set in the table. The reduction of the power
level avoids the occurrence of overload. According to this
working example wherein the interrupt is employed, the
flash memory controller 10 departs from the routine of FIG.
151 when Step S375 is over.

[0668] This working example can dispense with the pro-
cesses of Steps S362 and S363 according to the working
example 7 illustrated in FIG. 50, more specifically, it is
unnecessary for the flash memory controller 10 to check by
polling whether the driving rate of the power supply circuit
20 exceeds 90%. Thus, the flash memory controller 10 can
alleviate its own processing load by omitting the voltage
level check described in the working example 7.

[0669] <58> [Process in Execution]|*[Polling]*[Low
Power Shift]*[Priority Order]

[0670] A description hereinafter given discusses improve-
ments in shifting the flash memory to the low power mode
in <56> that described the low power shift. The flash
memories are capable of dynamically changing their oper-
ating currents. The state of power supply of the power
supply circuit 20 is checked by polling by the flash memory
controller 10. A difference between <55> and <58> is that
the processing timing is [Prior to Process Start] in the former
but during [Process in Execution] in the latter.

[0671] The flash memory controller monitors the operat-
ing states of the plural flash memories in the flash memory
operation management table. To monitor the operating
states, the flash memory controller defines a priority order
ranking of the plural flash memories and accordingly man-
ages the flash memories. The priority order ranking changes
as the processes of the flash memories are advancing, and
the flash memory controller updates the priority order rank-
ing in the flash memory operation management table when-
ever it changed.

[0672] When the flash memory controller determines that
the likelihood of overload increases due to imbalance
between the power usage of the process-executing flash
memories and the power supply capacity of the power
supply circuit for memory system. In other words, the flash
memory controller refers to the flash memory operation
management table whenever the accessed flash memories
are unable to execute the processes within the range of the
rated power supply capacity of the power supply circuit for
memory system to selectively lower the power usage of the
flash memory ranked lowest in the priority order. This low
power shift allows the processes to be executed with less
power.

[0673] Summarizing the description given so far, the non-
volatile storage system is characterized in that the flash
memory controller of the nonvolatile storage system in <56>
that described the low power shift predefines the priority
order ranking of the plural flash memories and accordingly
manage the flash memories, wherein the process continua-
tion with reduced power starts with one of the flash memo-
ries ranked lowest in the priority order.

[0674] In addition to the operational advantages exerted
by <56>, the flash memory ranked lowest in the priority
order is selected over the other flash memories for the
process continuation with reduced power in the case where
the power supply circuit for memory system can no longer
afford to supply an enough power, involving the risk of
overload. This minimizes reduction of the processing speed.
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[0675] A specific example of <58> is hereinafter described
as a working example 26 of the invention.

Working Example 26

[0676] Either one of the block diagrams of FIGS. 36 and
42 may be quoted as an illustration of structural character-
istics of a nonvolatile storage system according to a working
example 26 of the invention. An operation of the nonvolatile
storage system according to this working example thus
characterized is described. FIG. 52 is a flow chart illustrating
processing steps of the flash memory controller 10. Of Steps
S381 to S386, Step S384 is different to Step S364 of FIG. 50
with any other steps exactly the same as FIG. 50.

[0677] Supposing that some of the flash memories 26 are
currently executing the processes, in Step S381, the flash
memory controller 10 is controlling the processes currently
executed in the flash memories 26. In Step S382, the flash
memory controller 10 makes an inquiry by polling to the
power supply circuit 20 and accordingly receives the power
supply state information from the power supply circuit 20 to
know the driving rate of the power supply circuit 20 based
on the received power supply state information.

[0678] In Step S383, the flash memory controller 10
determines whether the present driving rate is equal to or
larger than a specific upper-limit level ;. The flash memory
controller 10 proceeds to Step S384 when determined that
the driving rate is equal to or larger than the specific
upper-limit level L, while proceeding to Step S385 when
determined otherwise. By determining whether the present
driving rate is equal to or larger than the specific upper-limit
level L, the flash memory controller 10 is actually checking
whether the power supply circuit 20 is reaching the limit of
its power supply capacity, possibly causing overload.
[0679] When determined in S383 that the present driving
rate is equal to or larger than the specific upper-limit level
L, involving the risk of overload, the flash memory con-
troller 10 proceeds to Step S384, in which the flash memory
controller 10 refers to the flash memory operation manage-
ment table 12 to select the flash memory ranked low in the
priority order and lowers the power level of the selected
process-executing flash memory 26 by shifting the power
consumption mode of the selected flash memory to the low
power mode.

[0680] After Step S384 is over, the flash memory control-
ler 10 returns to Step S382. As  Steps
S382—-S383—>S384—+S8382 are cyclically repeated, the
power level of the flash memory is lowered in a phased
manner, and the present driving rate used as an indicator for
determining the risk of overload falls below the specific
upper-limit level L. When the present driving rate falls
below the specific upper-limit level L, power in total
needed to execute the processes in all of the accessed
memories 26 can be safely covered by the present driving
rate of the power supply circuit 20. Then, the flash memory
controller 10 proceeds to Step S385.

[0681] In Step S385, the flash memory controller 10
updates the flash memory operation management table 12.
The flash memory controller 10 proceeds from Step S384 to
Step S385 to set the lowered power level in the table. The
reduction of the power level avoids the occurrence of
overload.

[0682] In Step S386, the flash memory controller 10
determines whether the processes of the flash memories 26
are completed, and returns to Step S381 to continue to
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execute the processes when determined that the processes
are still uncompleted. To continue to execute the processes,
Steps S382, S383, S384, and S385 are repeatedly carried
out. When the processes are completed, the flash memory
controller 10 departs from the routine of FIG. 52. The
pausing of the flash memory 26 is a part of the low power
shift.

[0683] This working example, in addition to the opera-
tional advantages exerted by the working example 24, can
minimize adverse influences on the processes executed in
the system by prioritizing the flash memories 26.

[0684] <59> [Process in Execution]*[Interrupt]*[Low
Power Shift]*[Priority Order]

[0685] A description hereinafter given discusses accom-
plishing the function of <58> not by polling but by interrupt
initiated by the power supply circuit for memory system.
[0686] In a nonvolatile storage system hereinafter
described, the power supply circuit recited in <56> that
described the low power shift constantly monitors the state
of power supply and generates an interrupt signal when the
state of power supply is equal to or larger than a specific
level and then outputs the generated interrupt signal to the
flash memory controller. The flash memory that received the
interrupt signal lowers the power level of a particular
process-executing flash memory to create an enough power
supply in the power supply circuit for memory system,
thereby continuing to execute the processes.

[0687] The flash memory controller uses the interrupt
signal generated when the state of power supply of the
power supply circuit for memory system changed to know
such problems as overload of the power supply circuit for
memory system. This makes it unnecessary for the flash
memory controller to monitor the power supply circuit for
memory system by polling, alleviating the processing load.
Further, the receipt of the interrupt signal immediately leads
to the detection of overload with no time lag, enabling a fast
response.

[0688] A specific example of <59> is hereinafter described
as a working example 27 of the invention.

Working Example 27

[0689] Either one of the block diagrams of FIGS. 40 and
42 may be quoted as an illustration of structural character-
istics of a nonvolatile storage system according to a working
example 27 of the invention. In the nonvolatile storage
system according to this working example, the flash memory
controller 10 has a flash memory operation management
table 12 for priority level management similar to that of FIG.
46.

[0690] The power supply circuit 20 constantly monitors its
own internal state while the processes are being executed in
the flash memories 26. The power supply circuit 20 gener-
ates an interrupt signal Q2 indicating that the state of power
supply changed when the power usage of the accessed flash
memories 26 is overly high relative to the present driving
rate of the power supply circuit 20 and the driving rate
finally exceeds a predefined value. The power supply circuit
20 then outputs the generated interrupt signal Q2 to the flash
memory controller 10. The flash memory controller 10 that
received the interrupt signal Q2 lowers the power level of a
particular process-executing flash memory 26. Any other
structural and technical characteristics are similar to those of
the nonvolatile storage system according to the working
example 22.
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[0691] Next, an operation of the nonvolatile storage sys-
tem according to this working example thus characterized is
described. FIG. 53 is a flow chart illustrating processing
steps of the flash memory controller 10. In Step S391, the
flash memory controller 10 recognizes the receipt of the
interrupt signal Q2 indicating that the state of power supply
of the power supply circuit 20 changed from the power
supply circuit 20.

[0692] In Step S392, the flash memory controller 10 refers
to the flash memory operation management table 12 to select
the flash memory ranked low in the priority order and lowers
the power level of the selected process-executing flash
memory 26, meaning that the flash memory 26 is shifted to
the low power mode.

[0693] In Step S393, the flash memory controller 10
makes an inquiry by polling again to the power supply
circuit 20 and accordingly receives the power supply state
information (power supply state notifying signal Q2) from
the power supply circuit 20 to know the driving rate of the
power supply circuit based on the received power supply
state information.

[0694] In Step S394, the flash memory controller 10
determines whether the present driving rate is equal to or
larger than a specific upper-limit level ;. The flash memory
controller 10 returns to Step S392 when determined that the
driving rate is equal to or larger than the specific upper-limit
level L, while proceeding to Step S395 when determined
otherwise. By determining whether the present driving rate
is equal to or larger than the specific upper-limit level L,
the flash memory controller 10 is actually checking whether
the power supply circuit 20 is reaching the limit of its power
supply capacity, possibly causing overload.

[0695] When determined that the present driving rate is
equal to or larger than the specific upper-limit level L,
involving the risk of overload, and the flash memory con-
troller 10 returns to Step S392, the flash memory controller
10 further lowers the power level of the selected flash
memory 26 or shifts another flash memory 26 to the low
power mode.

[0696] As Steps S392—+S393—-S394—-S392 are cycli-
cally repeated, the power level of the flash memory is
lowered in a phased manner, and the present driving rate
used as an indicator for determining the risk of overload falls
below the specific upper-limit level L., When the present
driving rate falls below the specific upper-limit level L,
power in total needed to execute the processes in all of the
accessed memories 26 can be safely covered by the present
driving rate of the power supply circuit 20. Then, the flash
memory controller 10 proceeds to Step S395.

[0697] In Step S395, the flash memory controller 10
updates the flash memory operation management table 12.
After the cyclically repeated steps, the flash memory con-
troller 10 sets the lowered power level in the table. The
reduction of the power level avoids the occurrence of
overload. In this working example in which the interrupt is
employed, the flash memory controller 10 departs from the
routine of FIG. 53 after Step S395 is over.

[0698] This working example can dispense with the pro-
cesses of Steps S382 and S383 according to the working
example 26 illustrated in FIG. 52, more specifically, it is
unnecessary for the flash memory controller 10 to check by
polling whether the driving rate of the power supply circuit
20 exceeds 90%. Thus, the flash memory controller 10 can
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alleviate its own processing load by omitting the voltage
level check described in the working example 26.

[0699] <60> [Checking Occurrence of Overload or Other
Problem]
[0700] In a description hereinafter given, it is checked

whether there is any data abnormality when the process
executed in the flash memory is completed, and a checking
result thereby obtained is transmitted to the host.

[0701] A nonvolatile storage system hereinafter described
is characterized in that the flash memory controller in the
nonvolatile storage systems recited in <50> to <59> checks
whether overload occurred in the power supply circuit for
memory system when the process executed in the flash
memory is completed and performs a verifying process of
the flash memory when the occurrence of overload was
confirmed. When the flash memory controller determines
during the verifying process any data abnormality of the
flash memory, the flash memory controller notifies the host
of a checking result thereby obtained.

[0702] The system confirms the occurrence of overload to
determine whether the process executed at the time of the
occurrence of overload succeeded or failed and notifies the
host of a result thereby obtained, thereby improving the data
reliability.

[0703] A specific example of <60> is hereinafter described
as a working example 28 of the invention.

Working Example 28

[0704] FIG. 54 is a block diagram illustrating structural
characteristics of a nonvolatile storage system according to
a working example 28 of the invention. The power supply
circuit 20 is provided with an overload register 24 to set an
overload flag indicating whether the power supply circuit 20
is undergoing overload. When the flash memory controller
10 learns by polling to the overload register 24 that the
power supply circuit 20 is undergoing overload, the flash
memory controller 10 continues to operate the flash memory
26 for a verifying process. Any other structural and technical
characteristics are similar to those of the working example
20 (nonvolatile storage system illustrated in FIG. 40).
[0705] An operation of the nonvolatile storage system
according to this working example thus characterized is
described. FIG. 55 is a flow chart illustrating processing
steps of the flash memory controller 10. In Step S401, the
flash memory controller 10 recognizes completion of a
process executed in the flash memory 26. In Step S402, the
flash memory controller 10 checks an overload flag of the
power supply circuit 20. The flash memory controller 10
checks the overload flag by polling to the overload resister
24 provided in the power supply circuit 20. In Step S403, the
flash memory controller 10 clears the overload register 24 of
the power supply circuit 20.

[0706] In Step S404, the flash memory controller 10
determines whether overload is occurring based on a result
of Step S402. The flash memory controller 10 proceeds to
Step S405 when the occurrence of overload is confirmed,
while processing to Step S407 otherwise.

[0707] In Step S405, the flash memory controller 10
verifies the process executed in the flash memory 26. More
specifically, the flash memory controller 10 reads data from
a region of the flash memory 26 where data was written or
erased (processed data) to check whether the data is normal.
In Step S406, the flash memory controller 10 determines
whether the data of the flash memories 26 is normal
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(whether all of data in the flash memory is normal). The flash
memory controller 10 proceeds to Step S407 when deter-
mined that the data is normal, while proceeding to Step S408
otherwise.

[0708] When the occurrence of overload in the power
supply circuit 20 is denied or the processing result of the
flash memory 26 is normal, the flash memory controller 10
proceeds to Step S407 to notify the host 200 of “normal
ending”. When the processing result of the flash memory 26
is abnormal, the flash memory controller 10 proceeds to Step
S408 to notify the host 200 of “abnormal ending”.

[0709] According to the working example, the system
confirms the occurrence of overload and determines whether
the processing result at the time of the occurrence of
overload was successful or failed to notify the host 200 of
the result, thereby improving the data reliability.

[0710] <61> In the nonvolatile storage system recited in
<50>, the flash memory controller preferably includes a first
power supply terminal to which a first power supply voltage
applied to an input/output circuit etc is applied and a second
power supply terminal to which a second power supply
voltage lower than the first power supply voltage, which is
applied to a signal processing circuit etc is applied, wherein
the power supply circuit includes a circuit for generating the
second power supply voltage to be applied to the second
power supply terminal of the flash memory controller.
[0711] <62> [Basic Structure: Voltage Generating Unit
and Voltage State Monitoring Unit]

[0712] A power supply circuit for memory system here-
inafter described is controlled by the flash memory control-
ler in relation to a power supply voltage to be generated,
monitors its own internal state as controlled by the flash
memory controller, and transmits a monitoring result (state
of power supply (driving rate)) to the flash memory con-
troller. The flash memory controller uses the received moni-
toring result (state of power supply (driving rate)) to control
the power supply voltage. Such a constantly performed
feedback and feedforward enable to control the power
supply voltage in a realistic, dynamic, and a fine-tuned
manner. This technical feature is advantageously used in
working examples hereinafter described.

Working Example 29

[0713] FIG. 56 is a block diagram illustrating structural
characteristics of a nonvolatile storage system (power sup-
ply circuit for memory system) according to a working
example 29 of the invention. Referring to reference numer-
als illustrated in FIG. 56, 10 is a flash memory controller, 20
is a power supply circuit for memory system, and 25 is a
memory block including a plurality of flash memories 26.
The flash memory controller 10 controls a data reading
process and a data writing/erasing process to be executed in
one or more flash memories 26. Further, flash memory
controller 10 generates a power supply control signal Q1
depending on a voltage/current capacity required for each
process to be executed in the flash memories 26 and supplies
the generated signal to the power supply circuit 20.

[0714] The structural elements of the power supply circuit
20 are a parameter setting unit 40, a voltage generating unit
50, and a voltage state monitoring unit 60. A reference
numeral 1 is a power supply. The system power supply 1
supplies the flash memory controller 10 and the power
supply circuit 20 with a power supply voltage VDD which
is a primary power supply. The flash memory controller 10
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is connected to the power supply circuit 20 by a control bus
42. A power supply control signal Q1 and a power supply
state notifying signal Q2 are transmitted on the control bus
42. The flash memory controller 10 is connected to the plural
flash memories 26 by a bus 43. Q3 is a flash memory control
signal transmitted on the control bus 42. The power supply
circuit 20 is connected to the respective flash memories 26
by a power supply line 44.

[0715] The power supply circuit 20 has a power supply
control terminal T1 for inputting the power supply control
signal Q1 transmitted from the flash memory controller 10,
a power supply state notifying terminal T2 for outputting the
power supply state notifying signal Q2 from the power
supply state monitoring unit 60 to the flash memory con-
troller 10, and a power supply output terminal T3 for
outputting the power supply voltage from the voltage gen-
erating unit 50 to the flash memories 26.

[0716] The parameter setting unit 40 has a function to set
variously different control parameters such as current capac-
ity, number of rows of boosters, number of boosters per row,
and oscillation frequency based on the power supply control
signal Q1. The power supply control signal Q1 is inputted
from the flash memory controller 10 to the parameter setting
unit 40 through the power supply control terminal T1. An
output side of the parameter setting unit 40 is connected to
the voltage generating unit 50.

[0717] The parameters are set in the voltage generating
unit 50 by the parameter setting unit 40. The voltage
generating unit 50 has a function to generate and output a
power supply voltage for the flash memories to operate
depending on the parameters set therein. The power supply
voltage generated by the voltage generating unit 50 is
supplied to the flash memories 26 through the power supply
output terminal T3. The voltage generating unit 50 generates
a power supply voltage variation signal N10 indicating a
variation of the generated power supply voltage and outputs
the generated power supply voltage variation signal N10 to
the voltage state monitoring unit 60.

[0718] The voltage state monitoring unit 60 receives the
power supply voltage variation signal N10 outputted from
the voltage generating unit 50. Then, the voltage state
monitoring unit 60 generates the power supply state notify-
ing signal Q2 indicating a driving rate of the voltage
generating unit 50 based on the received power supply
voltage variation signal N10 and outputs the generated
power supply state notifying signal Q2 to the flash memory
controller 10 through the power supply state notifying
terminal T2. FIG. 57 is a flow chart illustrating an operation
of the power supply circuit 20.

[0719] The working example exerts the following opera-
tional advantages. The power supply voltage to be generated
by the power supply circuit 20 is controlled by the flash
memory controller 10 externally provided, and the power
supply circuit 20 constantly monitors its own internal state
and outputs the power supply state notifying signal Q2
indicating a monitoring result (driving rate) to the flash
memory controller 10. The flash memory controller 10
controls the power supply circuit 20 based on the received
power supply state notifying signal Q2 (driving rate). Such
a constantly performed feedback and feedforward enables to
control the power supply voltage in a realistic, dynamic, and
a fine-tuned manner. This makes it unnecessary to arrange an
overly high power supply capacity. As a result, any useless
power consumption is effectively controlled.
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[0720] <63> [A Plurality of Types of Power Supply Cir-
cuits for Process Execution]

[0721] Conventionally, a plurality of combinations (pairs)
of voltage generating units and voltage state monitoring
units are provided in the power supply circuit for memory
system recited in <62>. A conventional power supply circuit
for memory system has a power supply circuit for reading
and a power supply circuit for writing/erasing. Most typi-
cally, the power supply circuit for memory system has a
power supply circuit for reading, a power supply circuit for
writing/erasing, and a power supply circuit for verifying.
These power supply circuits are called a plurality of types of
power supply circuits for process execution.

[0722] The voltage generating unit for reading and the
voltage state monitoring unit for reading are associated with
each other, the voltage generating unit for writing/erasing
and the voltage state monitoring unit for writing/erasing are
associated with each other, and the voltage generating unit
for verifying and the voltage state monitoring unit for
verifying are associated with each other. These voltage
generating units respectively have different reference volt-
ages. The plurality of types of power supply circuits for
process execution are independently controlled and operated
by the flash memory controller.

[0723] The flash memory controller controls a power
supply of the voltage generating unit for reading of the
power supply circuit for reading, and the voltage state
monitoring unit for reading monitors a state of power supply
of the voltage generating unit for reading. The voltage state
monitoring unit for reading outputs a power supply state
notifying signal for reading to the flash memory controller as
a monitoring result. The flash memory controller resets the
voltage generating unit for reading based on the received
power supply state notifying signal.

[0724] The flash memory controller controls a power
supply of the voltage generating unit for writing/erasing of
the power supply circuit for writing/erasing, and the voltage
state monitoring unit for writing/erasing monitors a state of
power supply of the voltage generating unit for writing/
erasing. The voltage state monitoring unit for writing/eras-
ing outputs a power supply state notifying signal for writing/
erasing to the flash memory controller as a monitoring result.
The flash memory controller resets the voltage generating
unit for writing/erasing based on the received power supply
state notifying signal.

[0725] The flash memory controller controls a power
supply of the voltage generating unit for verifying of the
power supply circuit for verifying, and the voltage state
monitoring unit for verifying monitors a state of power
supply of the voltage generating unit for verifying. The
voltage state monitoring unit for verifying outputs a power
supply state notifying signal for verifying to the flash
memory controller as a monitoring result. The flash memory
controller resets the voltage generating unit for verifying
based on the received power supply state notifying signal.

[0726] Summarizing the description given so far, the
power supply circuit for memory system is characterized in
that a plurality of voltage generating units and a plurality of
voltage state monitoring are provided as a plurality of types
of power supply circuits for process execution in the power
supply circuit for memory system recited in <61>, wherein
the plurality of types of power supply circuits for process
execution are independently controlled and operated.
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[0727] When the plural flash memories respectively need
different voltages to execute different processes (writing,
reading), the power supply circuit for memory system can
generate and supply any power supply voltages respectively
suitable for the different processes. Further, the voltage
generating units can be optimally driven in the system
because the state of power supply (driving rate or afford-
ability) monitoring result of each power supply circuit is
outputted. As a result, any useless power consumption is
effectively controlled.

[0728] A specific example of <63> is hereinafter described
as a working example 30 of the invention.

Working Example 30

[0729] FIG. 58 is a block diagram illustrating structural
characteristics of a power supply circuit for memory system
used in a nonvolatile storage system according to a working
example 30 of the invention. The power supply circuit 20 is
provided with three different power supply circuits for
process execution. One of them is a power supply circuit for
logic, which is a combination of a voltage generating unit 51
for logic and a voltage state monitoring unit 61 for logic. The
others are a combination of a voltage generating unit 52 for
reading and a voltage state monitoring unit 62 for reading,
and a combination of a voltage generating unit 53 for
writing/erasing and a voltage state monitoring unit for
writing/erasing 63. A power supply voltage necessary for a
logic operation is, for example, 1.8V at a maximum, a power
supply voltage necessary for a reading operation is, for
example, 5V at a maximum, and a power supply voltage
necessary for a writing/erasing operation is, for example,
20V at a maximum.

[0730] A parameter setting unit 40 is shared by three
voltage generating units 51 to 53. T21, T22, and T23 are
power supply state notifying terminals, which are provided
respectively for three voltage state monitoring units 61, 62,
and 63. T31, T32, and T33 are power supply output termi-
nals leading to the flash memories 26, which are respectively
for three voltage state monitoring units 61, 62, and 63. Any
other structural elements are similar to those illustrated in
FIG. 56 according to the working example 12. The similar
structural elements are simply illustrated with the same
reference symbols to omit redundant description.

[0731] An operation of the power supply circuit for
memory system according to the working example thus
characterized is hereinafter described. In the power supply
circuit for reading, the flash memory controller 10 controls
a power supply of the voltage generating unit 52 for reading.
A driving state of the voltage generating unit 52 for reading
is monitored by the voltage state monitoring unit 62 for
reading, and a power supply state notifying signal Q2 for
reading is outputted to the flash memory controller 10. The
flash memory controller 10 resets the voltage generating unit
52 for reading based on the received power supply state
notifying signal Q2.

[0732] In the power supply circuit for writing/verifying,
the flash memory controller 10 controls a power supply of
the voltage generating unit for writing/verifying 53. A
driving state of the voltage generating unit for writing/
verifying 53 is monitored by the voltage state monitoring
unit 63 for writing/verifying, and a power supply state
notifying signal Q2 for writing/verifying is outputted to the
flash memory controller 10. The flash memory controller 10
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resets the voltage generating unit for writing/verifying 53
based on the received power supply state notifying signal
Q2.

[0733] In the power supply circuit for logic, the flash
memory controller 10 controls a power supply of the voltage
generating unit 51 for logic. A driving state of the voltage
generating unit 51 for logic is monitored by the voltage state
monitoring unit 61 for logic, and a power supply state
notifying signal Q2 for logic is outputted to the flash
memory controller 10. The flash memory controller 10 resets
the voltage generating unit 51 for logic based on the received
power supply state notifying signal Q2.

[0734] According to this working example, operational
effects similar to those of the working example 12 (FIG. 56)
are obtained from the power supply circuits for process
execution including the voltage generating units 51 to 53
and the voltage state monitoring units 61 to 63.

[0735] In order to reduce the power supply state notifying
terminals T21, T22, and T23, the power supply state noti-
fying signal Q2 may be outputted as a bus. For example, the
power supply state notifying signal of [1:0] can reduce the
number of terminals by one.

[0736] <64> In the power supply circuit for memory
system recited in <62>, the voltage generating unit prefer-
ably includes an increased voltage generator for generating
a voltage higher than the inputted power supply voltage, and
a decreased voltage generator for generating a voltage lower
than the inputted power supply voltage.

[0737] <65> [Integrator circuit, Comparator Circuit, Sta-
tus Register|
[0738] In the power supply circuits for memory system

recited in <62> and <63>, the voltage state monitoring unit
may be configured as described below.

[0739] The voltage generating unit generates a power
supply voltage variation signal of a pulse signal indicating
the state of power supply with an on-duty ratio and outputs
the generated power supply voltage variation signal to the
voltage state monitoring unit.

[0740] The voltage state monitoring unit includes an inte-
grator circuit, a comparator circuit, and a status register. The
integrator circuit integrates the power supply voltage varia-
tion signals outputted from the voltage generating unit
during an inactive period. The comparator circuit compares
an integration signal generated by the integrator circuit to a
reference voltage and outputs a comparison result thereby
obtained in the form of a power supply state information
signal. The status register latches the power supply state
information signal outputted from the comparator circuit. A
timing of latching the power supply state information signal
is coincident with a timing of the power supply voltage
variation signal to become active.

[0741] The state of power supply of the voltage generating
unit is inputted to the integrator circuit in the form of a pulse
signal indicating an on-duty driving rate. The integrator
circuit integrates the power supply voltage variation signals
during the inactive period. An integration value is larger as
the inactive period of the power supply voltage variation
signal is longer. The comparator circuit compares the inte-
gration signal to the reference voltage. When the compared
integration signal is larger than the reference voltage, the
output of the comparator circuit is logically inverted. The
output of the comparator circuit is latched by the status
register when an access period ends.
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[0742] When the state of power supply (driving rate or
affordability) of the voltage generating unit is larger than a
predefined value, increasing the likelihood of overload, the
status register is set to an asserted state. When the state of
power supply is lower than the predefined value, the status
register is set to a negated state.

[0743] When the information of the power supply state
notifying signal (driving rate) is thus set in the status
register, the flash memory controller can suitably obtain by
polling (inquiry at regular or irregular intervals) the power
supply state information of the power supply circuit for
memory system.

[0744] Though not illustrated in the drawings because
examples of the state of power supply are be easily antici-
pated by the ordinarily skilled in the art, a pulse signal
indicating not the drivability but the affordability of the
voltage generating unit with an on-duty ratio can be output-
ted by additionally providing a node N10 with an inverter
circuit. The integration of the pulse signal indicating the
affordability enables to monitor the operational affordability
of the voltage generating unit. The affordability is higher as
a signal integration value of the node N10 has a larger value.
On the other hand, the voltage generating unit is more
actively operating as the integration value is lower, suggest-
ing that the affordability is lower. This means that overload
is more likely to occur as the affordability is lower. The
drivability is mostly used in the description of the power
supply circuit, however, the affordability may also be used
as an indicator.

[0745] A specific example of <65> is hereinafter described
as a working example 31 of the invention.

Working Example 31

[0746] FIG. 59 is a block diagram illustrating detailed
structural characteristics of the power supply circuit 20. The
parameter setting unit 40 is configured to set in the voltage
generating unit 50 the various parameters necessary for the
voltage generating unit 50. The parameter setting unit 40 has
four setting items. When the power supply control signal Q
is “17, for example, the current capacity is set to “0.5”, the
number of rows of boosters is set to “4”, the number of
boosters per row is set to “8”, and the oscillation frequency
is set to “25”. When the power supply control signal Q is
“3”, for example, the current capacity is set to “1”, the
number of rows of boosters is set to “8”, the number of
boosters per row is set to “8”, and the oscillation frequency
is set to “25”.

[0747] The voltage generating unit 50 includes an oscil-
lator circuit 54, a plurality of booster circuits 55, a voltage
detector 56, and a comparator circuit 57 having a differential
amplifier. An output terminal of the oscillator circuit 54 is
connected to input terminals of the booster circuits 55, and
output terminals of the booster circuits 55 are connected to
a power supply output terminal T3 and an input terminal of
the voltage detector 56. An output terminal of the voltage
detector 56 is connected to a non-inversion input terminal
(=) of the comparator circuit 57. An output terminal of the
comparator circuit 57 is connected to a frequency control
terminal of the oscillator circuit 54 and an input terminal of
the voltage state monitoring unit 60.

[0748] The parameters set by the parameter setting unit 40
are used to decide the frequency of the oscillator circuit 54,
the number of rows of booster circuits 55, and the number
of booster circuits 55 per row. The booster circuits 55 are
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driven by the output of the oscillator circuit 54, and the
reference power supply voltage VDD is boosted to a higher
voltage level to generate an increased voltage VHH. The
increased voltage VHH is supplied to the flash memories 26
through the power supply output terminal T3. The increased
voltage VHH changes depending on loads connected to the
output terminals of the booster circuits 55.

[0749] The generated power supply voltage is detected by
the voltage detector 56 having a voltage dividing function.
The voltage detector 56 outputs a detection result thereby
obtained to the comparator circuit 57. The detection result is
inputted to the comparator circuit 57 in the form of a voltage
signal, which is a pulsating current. The comparator circuit
57 compares the detection result (voltage signal) to a voltage
to be referenced VREEF_V and outputs a comparison result
thereby obtained as a power supply voltage variation signal
N10. The power supply voltage variation signal N10 is a
pulse signal having an on/off duty ratio.

[0750] A further detailed description is given below. When
the increased voltage VHH falls below a target voltage level,
a voltage divided by a resistor R falls below the voltage to
be referenced VREEF_V, and the comparator 57 outputs
“H” level as the power supply voltage variation signal N10.
The comparator circuit 57 outputs the generated power
supply voltage variation signal N10 to the voltage state
monitoring unit 60 in a subsequent stage. The comparator
circuit 57 transmits a feedback of the power supply voltage
variation signal N10 to the oscillator circuit 54 to convert an
oscillation output into a pulsating current based on the on/off
control of the power supply voltage variation signal N10.
The voltages generated and outputted by the booster circuits
55 in the voltage generating unit 50 are controlled by the
parameters 40 set based on the parameter setting unit 40.
[0751] When the comparator circuit 57 is outputting “H”
level, the oscillator circuit 54 is active, and the voltage
increase continues. When the increased voltage VHH
exceeds the target voltage level, the voltage divided by the
resistor R of the voltage detecting unit 56 exceeds the
voltage to be referenced VREEF_V, and the comparator
circuit 57 outputs “L.” level. When the comparator circuit 57
is outputting “L.” level, the oscillator circuit 54 is inactive,
and the voltage increase is suspended. This means that the
interval of “H” level of the power supply voltage variation
signal N10 outputted from the comparator circuit 57 can be
converted to the driving rate of the booster circuit 55, and the
interval of “L” level of the power supply voltage variation
signal N10 can defined as an operating surplus ratio.
[0752] The voltage state monitoring unit 60 includes a
transfer ate 64, an inverter 65, a delay circuit 66, an
integrator circuit 67, a comparator circuit 68, and a status
register 69 (including flip-flops). In the voltage generating
unit 50, the output terminal of the comparator circuit 57
from which the power supply voltage variation signal N10
is outputted is connected to an input terminal of the inte-
grator circuit 67 through the transfer gate 64. The output
terminal of the comparator circuit 57 is connected to a
control terminal of the transfer gate 64 and an input terminal
of the inverter 65. An output terminal of the inverter 65 is
connected to an input terminal of the delay circuit 66. An
output terminal of the delay circuit 65 is connected to a
control terminal of the integrator circuit 67. An output
terminal of the integrator circuit 67 is connected to a
non-inversion input terminal (+) of the comparator circuit
68. An output terminal of the comparator circuit 68 is
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connected to a data input terminal of the status register 69.
The output terminal of the inverter 65 is connected to a clock
input terminal of the status register 69. A data output
terminal of the status register 69 is connected to the power
supply state notifying terminal T2.

[0753] An operation of the voltage state monitoring unit
60 is described referring to a timing chart illustrated in FIG.
60. The power supply voltage variation signal N10 indicat-
ing the driving rate of the voltage generating unit 50 is
inputted to the input terminal and the control terminal of the
transfer gate 64. The transfer gate 64 is opened when the
control input is at “H” level but is closed when the control
input is at “L” level. An integrated signal N14 that passed
through the transfer gate 64 is at “H” level when the gate is
opened and has high impedance (Hiz) when the gate is
closed.

[0754] The inverter 65 logically inverts the power supply
voltage variation signal N10 and outputs an inversion signal
N12 thereby obtained to the delay circuit 66 and the clock
input terminal of the status register 66. An integration
control signal N13 outputted from the delay circuit 66 rises
by a delayed timing. The integration control signal N13 is
used to operate the integrator circuit 67. During a period
when the integration control signal N13 is at “L.” level, the
integrator circuit 67 performs an integrating operation dur-
ing the “H” level period of the integration target signal N14
that passed through the transfer gate 64 over time to generate
an integration signal N15. The integration result signal N15
is inputted to the analog comparator circuit 68 to be com-
pared to a period-defining voltage to be referenced VREF_
Duty and outputted as a power supply state information
signal N16.

[0755] When the integration result signal N15 has a higher
level over time and finally reaches the voltage to be refer-
enced VREF_Duty, the power supply stat information signal
N16 outputted from the comparator circuit 68 currently at
“L” level is inverted to “H” level. In the case where the
integration control signal N13 fails to reach the voltage to be
referenced VREF_Duty during the period of “L” level
regardless of the higher level of the integration result signal
N15, the voltage level of the power supply state information
signal N16 outputted from the comparator circuit 68 stays at
“L” level. At the time, the driving rate of the voltage
generating unit 50 still fails to meet a desirably expected
level. The voltage generating unit 50 has a desirably
expected driving rate as far as the voltage level of the power
supply state information signal N16 is at “H” level. The
desirably expected driving rate is obtainable through adjust-
ment of the voltage to be referenced VREF_Duty of the
comparator circuit 68.

[0756] The power supply state information signal N16 is
thus outputted from the comparator circuit 68, and then
applied to the data input terminal of the status register 69.
The logical state of the power supply state information
signal N16 is fetched by the status register 69 including
flip-flops by a clock rising timing of the inversion result
signal N12 from the inverter 65 and outputted as the power
supply state notifying signal Q2 to the flash memory con-
troller 10 through the power supply state notifying terminal
T2.

[0757] The operation of the voltage state monitoring unit
60 is characterized by integration and comparison. As the
driving rate of the voltage generating unit 50 is higher, the
period of “H” level of the power supply voltage variation
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signal N10 is longer, and the period of integration is also
longer. As a result, it is more likely that the power supply
state information signal N16 outputted from the comparator
circuit 68 is logically inverted to become active. As the
driving rate of the voltage generating unit 50 is lower, the
period of “H” level of the power supply voltage variation
signal N10 is shorter, and the period of integration is also
shorter. As a result, it is more likely that the power supply
state information signal N16 outputted from the comparator
circuit 68 is not logically inverted and remains inactive.
Thus, the voltage state monitoring unit 60 is monitoring
whether the driving rate of the voltage generating unit 50
exceeds a certain threshold. Whenever the driving rate
exceeds the threshold, the voltage generating unit 50 of the
power supply circuit 20 is beyond the boundary defining the
occurrence of overload. The driving rate of the voltage
generating unit 50 induced by the voltage state monitoring
unit 60 is outputted as the power supply state notifying
signal Q2 through the power supply state notifying terminal
T2. Thus, “beyond the boundary defining the occurrence of
overload” is defined because the status register 69 is a 1-bit
register. If the status register 69 is a multi-bit register, the
driving rate is compared to an arbitrary threshold level.
[0758] The power supply state notifying signal Q2 shifts
to “H” level when a ratio of the period of “H” level of the
power supply voltage variation signal N10 to a cycle of the
oscillator circuit 54 exceeds a predefined value. Otherwise,
the power supply state notifying signal Q2 stays at “L” level.
This is useful for determining whether the driving rate of the
voltage generating unit is over or below the threshold
because the on/off duty ratio of the power supply voltage
variation signal N10 is substantially equivalent to the driv-
ing rate of the voltage generating unit 50.

[0759] The flash memory controller 10 that received the
power supply state notifying signal Q2 updates the power
supply control signal Q1 and supplies the updated power
supply control signal Q1 to the parameter setting unit 40.
Then, the current capacity of the power supply circuit 20 is
reset to a lower current value. Accordingly, the on/duty ratio
of the power supply voltage variation signal N10 is reduced,
the period of “H” level of the integration target signal N14
is shorter, and the integration result signal N15 is not
logically inverted and stays at “L” level. As a result, the
power supply state information signal N16 stays at “L.”
level, and the power supply state notifying signal Q2 is
inverted to “L” level by a rising timing of the inversion
result signal N12.

[0760] According to the working example wherein the
information of the power supply state notifying signal N16
(driving rate) is previously set in the status register 69, the
flash memory controller 10 can suitably obtain by polling
the power supply state information of the power supply
circuit 20.

[0761] <66> [Counter Circuit]

[0762] The power supply circuit for memory system
recited in <65> characterized by the integrator circuit,
comparator circuit, and status register can employ the fol-
lowing technology for ensuring an operational stability
against high frequencies. In the voltage state monitoring
unit, a counter circuit is preferably interposed between an
input unit of the power supply voltage variation signal and
the integrator circuit.

[0763] The level of the integration signal is elevated over
time. The integrator circuit integrates the power supply
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voltage variation signals. As an operation clock frequency is
higher in the voltage generating unit, the power supply
voltage variation signal has a shorter cycle, often lacking in
enough time for the integration result signal to reach the
voltage to be referenced in the comparator circuit. To avoid
the problem, the power supply voltage variation signals of a
few cycles are integrated in place of the power supply
voltage variation signals of one cycle. Supposing that the
number of cycles is m, the counter circuit counts the power
supply voltage variation signals of the m number of cycles.
When a count value starting at 0 equals to (m-1), the count
value is reset at the next count to 0. Because the power
supply voltage variation signals are integrated over a period
equivalent to the m number of cycles, the integration signal
level is accurate enough for comparison to the voltage to be
referenced.

[0764] Summarizing the description given so far, the
power supply circuit for memory system is characterized in
that the voltage state monitoring unit of the power supply
circuit for memory system recited in <65> including the
integrator circuit, comparator circuit, and status register
includes a counter circuit for counting cycles of the power
supply voltage variation signal provided between the input
unit of the power supply voltage variation signal outputted
from the voltage generating unit and the integrator circuit,
wherein a count value of the counter circuit is reset after the
power supply voltage variation signals are counted for a
plurality of cycles.

[0765] Because the period of integration of the power
supply voltage variation signals by the integrator circuit is
extended as long as the count-up cycles of the counter
circuit, the power supply state information (driving rate) can
be very accurately known even when the voltage generating
unit is operating at high frequencies. This actually provides
the temporally averaged state of power supply of the voltage
generating unit. In other words, the state transition is given
temporal hysteresis to prevent the system condition being
destabilized.

[0766] A specific example of <66> is hereinafter described
as a working example 32 of the invention.

Working Example 32

[0767] FIG. 61 is a block diagram illustrating structural
characteristics of a power supply circuit for memory system
according to a working example 32 of the invention. Accord-
ing to this working example, the voltage state monitoring
unit 60 illustrated in FIG. 59 according to the working
example 31 is provided with a counter circuit 70 and an
AND gate element 71. This technical feature is provided to
deal with high oscillation frequencies of the oscillator circuit
54.

[0768] An input terminal of the counter circuit 70 is
connected to the output terminal of the comparator circuit 57
of the voltage generating unit 50, and an output terminal of
the counter circuit 70 is connected to the inverter 65. The
input and output terminals of the counter circuit 70 are
connected to an input terminal of the AND gate element 71,
and an output terminal of the AND gate element 71 is
connected to the control terminal of the transfer gate 64.
When a count value of the counter circuit 70 starting at O
equals to a predefined count value, the count value of the
counter circuit 70 is reset at the next count to 0. The
predefined count value is changeable by trimming. Any
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other structural elements, which are similar to those illus-
trated in FIG. 59 according to the working example 14, are
not described again.

[0769] This working example, wherein the counter circuit
70 is provided, is suitable for high frequencies of the
oscillator circuit described later (see FIGS. 75 and 76). The
working example described later uses an embedded capaci-
tance element wherein boosting capacities of the booster
circuits 55 are provided in the power supply circuit 20
(power supply chip).

[0770] FIG. 62 is a timing chart illustrating an operation of
the power supply circuit 20 according to the working
example 32 thus characterized. The operation is described
referring to the timing chart. The counter circuit 70 of the
voltage state monitoring unit 60 counts number of transi-
tions of the power supply voltage variation signal N10 from
“L” level to “H” level. A count value signal N11 outputted
from the counter circuit 70 stays at “H” level until the count
value reaches a count-up number. When the count value
equal to the count-up number, the count value signal N11 is
logically inverted and reset to “L” level. The count-up
number is set to “4”. When the count value starting at O
equals to (m-1)=3, the count value is reset at the next count
to 0. The count value signal N11 stays at “H” level for a
period of time equivalent to three cycles. A reset timing of
the count value signal N11 is coincident with a fetch timing
of the logical state of the power supply state information
signal N16 from the comparator circuit 68 into the status
register 69.

[0771] The AND gate element 71 takes a logic product of
the power supply voltage variation signal N10 and the count
value signal N11 and opens the transfer fate 64 based on a
result thereby obtained. Further, the AND gate element 71
inputs the power supply voltage variation signal N10 to the
integrator circuit 67 as the integration target signal N14. The
integrator circuit 67 performs an integrating operation dur-
ing the period of “H” level of the integration target signal
N14 and accumulates the obtained results for three cycles in
total.

[0772] This actually provides the time of integration
extended to three cycles, or an average result for three cycles
when viewed from another perspective. Putting averaging
differently, it is leveling off. When the oscillation frequency
of the oscillator circuit 54 is high, the power supply voltage
variation signal N10 often logically shifts, likely to disturb-
ing the integrating operation. Any adverse influences from
this disadvantage are averaged to be lessened. In other
words, the state transition is given temporal hysteresis to
prevent the system condition from being destabilized. How
far the time of integration should be extended is adjustable
by differently setting the count-up value of the counter
circuit 70.

[0773] The status register 69 updates the logical state of
the power supply state information signal N16 outputted
from the comparator circuit 68 by a rising timing of the
inversion result signal N12 from the inverter 65. The rising
timing is equal to a timing by which the count value of the
counter circuit 70 shifts to “0 h”. Every time when the count
value is “0 h”, the state of power supply of the voltage
generating unit 50 (driving rate or affordability) is updated
in the status register 69. A cycle of the count value shifting
to “0 h” is adjustable as described earlier.

[0774] According to the working example wherein the
counter circuit 70 is further provided, the period of integrat-
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ing the power supply voltage variation signal N10 (integra-
tion target signal N14) is extended to the count-up cycles of
the counter circuit 70. This consequently enables to accu-
rately know the driving rate of the voltage generating unit 50
even when the voltage generating unit 50 is operating at high
frequencies. Further, such a feedback control based on the
driving rate makes it easy to optimize power consumption of
the system.

[0775] <67> [Multi-Bit Outputs]

[0776] In the power supply circuits for memory system
recited in <65> and <66> characterized by the integrator
circuit, comparator circuit, and status register, the voltage
state monitoring unit may be configured as described below.
The comparator circuits and the status registers are provided
in a plurality of stages for multi-bit outputs of the power
supply state notifying signal. More specifically, the com-
parator circuits respectively having different voltages to be
referenced are provided in a plurality of stages, and the
status registers are provided in a plurality of stages respec-
tively corresponding to the comparator circuits in the plu-
rality of stages.

[0777] The power supply state notifying signal indicating
the state of power supply of the voltage generating unit
(driving rate or affordability) are supplied in the form of
multi-bit outputs. As a result, the state of power supply of the
voltage generating unit is specifically known in different
stages, and power optimization of the system is further
improved because the power supply state notifying signal
has a better resolving power.

[0778] <68> [Multi-Bit Outputs]*[Table Conversion]
[0779] In the power supply circuit for memory system
recited in <67> characterized by the status resisters in plural
stages, the voltage state monitoring unit is preferably pro-
vided with a table converter circuit for reducing a necessary
bit number is provided on an output side of the comparator
circuits in plural stages or an output side of the status
registers in plural stages.

[0780] The integration result simply increases, making it
impossible that the bits are inverted to decrease during the
operation. Accordingly, a bit number of the power supply
state notifying signal can be reduced. This is the purpose of
providing the table converter circuit.

[0781] The table convertor circuit serves to successfully
reduce a necessary bit number. This simplifies the buses and
terminals connecting the power supply circuit for memory
system to the flash memory controller.

[0782] A specific example of <67> and <68> is hereinafter
described as a working example 33 of the invention.

Working Example 33

[0783] FIG. 63 a block diagram illustrating structural
characteristics of a power supply circuit for memory system
according to a working example 33 of the invention. Accord-
ing to this working example, there are comparator circuits 68
in a plurality of stages on an output side of the integrator
circuit 67. The comparator circuits 68 in plural stages
respectively use different voltages to be referenced, which
are VREF_Duty2>VREF_Duty1>VREF_Duty0. The inte-
gration result signal N15 outputted from the integrator
circuit 67 is inputted to all of the comparator circuits 68 in
plural stages, meaning that the integration result signal N15
is supplied in the form of multi-bit outputs.

[0784] Similarly, there are status registers 69 in plural
stages on an output side of the comparator circuits 68 in
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plural stages. To data input terminals of the status registers
69 in plural stages are inputted power supply state informa-
tion signals N16, N17, and N18 which are outputted from
the comparator circuits 68 through a wire connection pro-
vided therein. To clock input terminals of the status registers
69 in plural stages is inputted the inversion result signal N12
from the inverter 65 through a wire connection provided
therein. Further, data output terminals of the status registers
69 in plural stages are connected to an input terminal of the
table converter circuit 72, and an output terminal of the table
converter circuit 72 is connected to the power supply state
notifying terminal T2. From the table converter circuit 72
are supplied multi-bit outputs of the power supply state
notifying signal Q2, which are inputted to the flash memory
controller 10.
[0785] The integration result signal N15 is divided into the
following four different signal levels to more finely detect
the driving rate of the voltage generating unit 50 in different
stages.

[0786] equal to or lower than VREF_Duty0

[0787] higher than VREF_Duty0 and equal to or lower

than VREF_Dutyl
[0788] higher than VREF_Duty1 and equal to or lower
than VREF_Duty2

[0789] higher than VREF_Duty2
[0790] The power supply state information signals N16,
N17, and N18 outputted from the comparator circuits 68 in
plural stages are either “0” or “1”, and sequences of these
signals are [0,0,0], [0,0,1], [0,1,0], [0,1,1], [1,0,0], [1,0,1],
[1,1,0], and [1,1,1]. Any one of these data sequences is set
in the status registers 69 in plural stages.
[0791] In none of these data sequences, there is no inver-
sion/decrease of the bits from the preceding data sequences.
Focusing on [0,1,0], for example, the preceding sequence is
[0,0,1]. The least significant bit of [0,1,0] is 0, while the least
significant bit of [0,0,1] is 1. Thus, the bit is inverted and
decreased. An integration result is supposed to simply
increase with no possibility of such a decrease during the
operation. Therefore, [0,1,0], [1,0,0], [1,0,1], and [1,1,0] of
eight data sequences are impossible. When these data
sequences are decimally represented, they are respectively
“27,“4”, 57 and “6”. Deducting the four impossible ones
from the eight data sequences leaves the other four data
sequences, which are [0,0,0], [0,0,1], [0,1,1], and [1,1,1]
(“07, “17, “3”, and “7” when decimally represented). These
decimal numbers are inconsecutive, which are difficult to
use on the system side, and the output bit number can be
reduced from 3 bits to 2 bits. The table converter circuit 72
is provided for this purpose.
[0792] [0,0,0], [0,0,1], [0,1,1], and [1,1,1] (*0”, “17, “3”,
and “7” when decimally represented) are respectively con-
verted to [0,0], [0, 1], [1, 0], and [1,1] (0™, “1”, “2”, and “3”
when decimally represented). As a result of the table con-
version, consecutive bit values can be outputted.
[0793] Different numeral values of the driving rate are
associated with “0”, “1”, “2”, and “3” of the power supply
state notifying signal Q2. This description sets an example;
less than 25%, equal to or lager than 25% and less than 50%,
equal to or larger than 50% and less than 75%, and equal to
or larger than 75% and less than 100%.
[0794] Referring to the illustration of FIG. 63, the table
converter circuit 72 is provided on the output side of the
status registers 69 in plural stages. In consideration of the
function thereby exerted, the table converter circuit 72 may
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be provided on the input side of the status registers 69 in
plural stages. The driving rate of the voltage generating unit,
given examples of which are at most 25%, at most 50%, at
most 75%, and at most 100%, may be arbitrarily decided in
accordance with any driving rate necessary in the system
when the voltages to be referenced VREF_Duty0O-VREF_
Duty are set. For example, at most 50%, at most 60%, at
most 80%, and at most 90%. Any other structural elements,
which are similar to those illustrated in FIG. 61 according to
the working example 15, are not described again.

[0795] FIG. 64 is a timing chart illustrating an operation of
the power supply circuit 20 according to the working
example 33 thus characterized. Describing the operation in
contrast to the illustration of FIG. 62 according to the
working example 32, three voltages to be referenced are set;
VREF_Duty2, VREF_Dutyl, and VREF_Duty0, and three
power supply state information signals N16, N17, and N18
are obtained. The power supply state notifying signal Q2 is
binary bit data.

[0796] According to the working example wherein multi-
bit outputs of the driving rate of the voltage generating unit
50 is supplied, the state of power supply of the voltage
generating unit 50 is specifically known in different stages,
and power optimization of the system can be further
improved.

[0797] The necessary bit number is decreased by provid-
ing the table converter circuit 72. This simplifies the busses
and terminals connecting the power supply circuit 20 to the
flash memory controller 10.

[0798] <69> [State Transition Detector]

[0799] In the power supply circuits for memory system
recited in <65> and <66> characterized by the status regis-
ter, the power supply state notifying signal may be an
interrupt signal. To set the power supply state information in
the status register, the flash memory controller checks the
state of power supply of the power supply circuit for
memory system by polling performed at regular or irregular
intervals. When the state of power supply is thus checked by
polling, there is conventionally generated a delay from the
transition timing of the state of power supply. An interrupt
technique hereinafter described solves the problem of such
a delay.

[0800] In <65> and <66>, the voltage state monitoring
unit includes a state transition detector on the output side of
the status register, wherein the state transition detector
generates and outputs an interrupt signal when contents of
the status register change.

[0801] The technical feature is applicable to the power
supply circuit for memory system provided with one status
register and also applicable to the power supply circuit for
memory system provided with two status registers or more.
[0802] Forany change of the contents of at least one status
register, the state transition detector detects the change and
outputs the interrupt signal to the flash memory controller.
The flash memory that received the interrupt signal imme-
diately accesses the status register to obtain the power
supply state information at the time when the state of power
supply changed.

[0803] This technical feature avoids any possible delay in
obtaining the power supply state information, improving
responsiveness when the flash memory controller controls
the voltage generating unit to adjust the state of power

supply.
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[0804] By using the interrupt signal as a power supply
state transition notifying signal, the system is required to
check the power supply state notifying signal only when the
power supply state transition notifying signal changed. As a
result, the system configuration can be simplified. It is
unnecessary for the flash memory controller to repeatedly
check the power supply state notifying signal at regular
intervals by polling, making the system so simple and easy
to use.

[0805] A specific example of <69> is hereinafter described
as a working example 34 of the invention.

Working Example 34

[0806] FIG. 65 a block diagram illustrating structural
characteristics of a power supply circuit for memory system
according to a working example 34 of the invention. Accord-
ing to this working example, a state transition detector 73 is
further provided in the power supply circuit for memory
system according to the working example 33 illustrated in
FIG. 63 to generate an interrupt signal when contents of the
status register 69 change and outputs the generated interrupt
signal to the flash memory controller 10. The state transition
detector 73 includes registers 74 in plural stages, EXCLU-
SIVE-OR gates 75 in plural stages, and an OR gate 76. The
registers 74 and the EXCLUSIVE-OR gates 75 are provided
in the number of stages equal to the stages of the status
registers 69. Data input terminals of the registers 74 are
connected to data output terminals of the status registers 69,
and clock input terminals of the registers 74 are connected
to the output terminal of the counter circuit 70. Data output
terminals of the registers 74 and the data output terminals of
the status registers 69 are connected to input terminals of the
EXCLUSIVE-OR gates 75. Output terminals of the
EXCLUSIVE-OR gates 75 are connected to an input termi-
nal of the OR gate 76, and an output terminal of the OR gate
76 is connected to a power supply state transition notifying
terminal T4. The power supply state transition notifying
terminal T4 is connected to the flash memory controller 10.
[0807] The state transition detector 73 compares present
data to earlier data of the status registers 69 to detect whether
there is any transition therebetween and outputs a detected
result in the form of a power supply state transition notifying
signal Q2'. Any other structural and technical characteristics,
which are similar to those of FIG. 63 according to the
working example 16, are not described again.

[0808] FIG. 66 is a timing chart illustrating an operation of
the power supply circuit 20 according to the working
example 34 thus characterized. A second one of three status
registers 69 is used to describe the operation. The voltage to
be referenced of the second comparator circuit 68 is VREF_
Dutyl. When the integration result signal N15 exceeds the
level of VREF_Duty1, the power supply state information
signal N17 becomes active, and “H” level is set in the second
status register 69 by a rising timing of the inversion result
signal N12 of the inverter 65. In response to that, Siginfo[1]
outputted from the status register 69 shifts from “L.” level to
“H” level. By a timing by which Siginfo[1] at “H” level is
inputted to the EXCLUSIVE OR gate 75, the level of an
output signal N20 of the register 74 to be inputted to the
EXCLUSIVE OR gate 75 is checked. At the time, the count
value signal N11 from the counter circuit 70 is at “L” level,
therefore, “H” level of Siginfo[1] is not fetched by the
register 74, and the output signal N20 stays at “L.”" level. One
of the inputs to the EXCLUSIVE OR gate 75 is “H” level of
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Siginfo[1], while the other input to the EXCLUSIVE OR
gate 75 is “L” level of the output signal N20. Therefore, an
output signal SC[1] of the EXCLUSIVE OR gate 75 shifts
from “L” level to “H” level. As a result, the power supply
state transition notifying signal (interrupt signal) Q2' out-
putted from the OR gate 76 shifts from “L.” level to “H”
level.

[0809] Summarizing the description given so far, when the
integration result signal N15 exceeds the voltage to be
referenced VREF_Dutyl, the power supply state transition
notifying signal Q2' becomes active as soon as the count
value signal N11 rises. The active power supply state
transition notifying signal Q2' is reset to “L” level by a
timing by which the count value signal N11 rises again.
[0810] The description given so far with reference to the
second status register 69 is also applicable to the other first
and third status registers 69. Similarly, when the integration
result signal N15 exceeds the voltage to be referenced
VREF_Duty0, the power supply state transition notifying
signal Q2' becomes active as soon as the count value signal
N11 rises. When the integration result signal N15 exceeds
the voltage to be referenced VREF_Duty2, the power supply
state transition notifying signal Q2' becomes active as soon
as the count value signal N11 rises.

[0811] According to the working example, when the logi-
cal value of the 1-bit or multi-bit power supply state tran-
sition notifying signal Q2' changes, the power supply state
transition notifying signal Q2' (interrupt signal) is shifted to
“H” level and the system is notified of the changed logical
value. It is unnecessary for the system to check the power
supply state transition notifying signal Q2' as far as the
system is notified of the interrupt signal, thereby simplifying
the system configuration.

[0812] <70> [Overload Detector]

[0813] The power supply circuits for memory system
recited in <67> characterized by the plural status registers
may be equipped with an overload detecting function. More
specifically, an overload detector for detecting the likelihood
of overload of the voltage generating unit is provided as an
additional structural element of the voltage state monitoring
unit. The overload detector receives the power supply volt-
age variation signal from the voltage generating unit to
detect the likelihood of overload of the voltage generating
unit based on the received power supply voltage variation
signal. Then, the overload detector outputs an overload
detection signal to the flash memory controller. This tech-
nical feature is aimed at dealing with forthcoming overload
in the case where the state of power supply of the voltage
generating unit is likely to undergo overload.

[0814] When the system is thus notified of the likelihood
of overload, the system can know that the applied voltage to
the flash memory is not a desirably expected voltage level.
This prevents the system from being destabilized by any
unwanted voltage, thereby avoiding an operational instabil-
ity and system crash caused by overload. As a result, the data
reliability is improved.

[0815] A specific example of <70> is hereinafter described
as a working example 35 of the invention.

Working Example 35

[0816] FIG. 67 a block diagram illustrating structural
characteristics of a power supply circuit for memory system
according to a working example 35 of the invention. Accord-
ing to this working example, the voltage state monitoring
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unit 60 is further provided with an overload detector 77 on
the output side of the integrator circuit 67 in the illustration
of FIG. 65 according to the working example 34. The
overload detector 77 includes a comparator circuit 78 for
overload detection which compares the integration result
signal N15 outputted from the integrator circuit 67 to a
voltage to be referenced VREF_Over, and a status register
79 for overload detection. An output terminal of the com-
parator circuit 78 for overload detection is connected to a
data input terminal of the status register 79 for overload
detection. The output terminal of the inverter 65 is con-
nected to a clock input terminal of the status register 79 for
overload detection. A data output terminal of the status
register 79 for overload detection is connected to the input
terminal of the table converter circuit 72. The output termi-
nal of the comparator circuit 78 for overload detection is
connected to a reset terminal of the counter circuit 70.
[0817] The voltage to be referenced VREF_Over of the
comparator circuit 78 for overload detection has a voltage
level higher than the voltage level of VREF_Duty2 which is
the highest level in the illustration of FIG. 65 (see FIG. 68).
A counter reset signal N19 outputted from the comparator
circuit 78 for overload detection as a result of overload
detection is supplied to the counter circuit 70 to reset the
counter circuit 70. An output of the status register 79
corresponding to the comparator circuit 78 for overload
detection is allocated as the most significant bit “Fh” of
Siginfo[3:0].

[0818] An operation of the power supply circuit for
memory system according to the working example 33 thus
characterized is hereinafter described. FIG. 68 is a timing
chart illustrating the operation of the power supply circuit
20. When the voltage generating unit 50 is ready to con-
secutively operate, the power supply voltage variation signal
N10 outputted from the comparator circuit 57 of the voltage
generating unit 50 is always at “H” level. The counter circuit
70, in which the count-up operation is inactive, retains the
same condition. The power supply voltage variation signals
N10 is continuously integrated by the integrator circuit 67.
Then, the integration result signal N15 obtained by the
integrator circuit 67 is compared to the voltage to be
referenced VREF_Over in the comparator circuit 78 for
overload detection, and the counter reset signal N19 is
shifted from “L” level to “H” level. The counter reset signal
N19 at “H” level resets the counter circuit 70. By a timing
by which the inversion result signal N12 obtained by the
inverter 65 in the next stage of the counter circuit 70 shifts
from “L” level to “H” level, the output signals of the
comparator circuits 68 in plural stages and the comparator
circuit 78 for overload detection are stored in the status
registers 69 and the status register 79 for overload detection.
Concurrently, an overload detection signal Q5 outputted
from the status register 79 for overload detection shifts from
“L” level to “H” level.

[0819] According to the working example wherein the
counter reset signal N19 is additionally used, the system is
immediately notified that the voltage outputted from the
voltage generating unit 50 does not have a desirably
expected voltage level. This avoids the system from being
destabilized by any unwanted voltage in an early stage.

[0820] <71>, <72> [Setting Register, Logic Comparator
Circuit]
[0821] In the power supply circuit for memory system

recited in <67> characterized by the status registers provided
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in plural stages, the voltage state monitoring unit may be
configured as described below. The voltage state monitoring
unit is further provided with a setting register for retaining
a comparative value of the state of power supply (driving
rate) of the voltage generating unit (power supply state
comparative value) inputted from outside to be set, and a
logic comparator circuit for comparing the contents of the
status registers provided in plural stages to contents of the
setting register to activate the power supply state notifying
signal when the former is equal to or larger than the latter
and outputs the activated power supply state notifying signal
to the flash memory controller.

[0822] In the power supply circuit for memory system
recited in <68> characterized by the status registers provided
in plural stages and the table converter circuit, the voltage
state monitoring unit may be configured as described below.
The voltage state monitoring unit is further provided with a
setting register for retaining a comparative value of the state
of power supply (driving rate) of the voltage generating unit
(power supply state comparative value) inputted from out-
side to be set, and a logic comparator circuit for comparing
the contents converted by the table converter circuit to
contents of the setting register to activate the power supply
state notifying signal when the former is equal to or larger
than the latter and outputs the activated power supply state
notifying signal to the flash memory controller.

[0823] In these power supply circuits, the power supply
state comparative value is arbitrarily set in the setting
register by a user’s manual operation, or an arbitrary one of
a plurality of power supply state comparative values is
selected and set by the user.

[0824] The power supply state comparative value is thus
set in the setting register in advance to know from outside of
the power supply circuit whether the state of power supply
of the voltage generating unit is equal to or larger or smaller
than a desirably expected value. This helps to know whether
the state of power supply of the voltage generating unit
meets a value desirably expected by the system.

[0825] A specific example of <71> and <72> is hereinafter
described as a working example 36 of the invention.

Working Example 36

[0826] FIG. 69 a block diagram illustrating structural
characteristics of a power supply circuit for memory system
according to a working example 36 of the invention. Accord-
ing to this working example, a rewritable setting register 80
and a logic comparator circuit 81 are further provided in the
illustration of FIG. 63 according to the working example 33
recited in <68>.

[0827] The setting register 80 is provided so that a user
sets therein a desirably expected power supply state com-
parative value (target driving rate) for the state of power
supply of the voltage generating unit 50. The contents of the
setting register 80 can be arbitrarily changed by the user. A
reference symbol T5 is a driving state setting terminal for
transmitting the target driving rate from the flash memory
controller 10 to the setting register 80 in the form of a
driving state setting signal Q6.

[0828] The logic comparator circuit 81 compares the con-
tents of the table convertor circuit 72 to contents of the
setting register 80 to generate the power supply state noti-
fying signal Q2 when the former is equal to or larger than the
latter and outputs the generated power supply state notifying
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signal Q2 to the flash memory controller 10 through the
power supply state notifying terminal T2.

[0829] The driving rate of the voltage generating unit 50
set in the status registers 69 in plural stages is converted into
a data format with reduced bit number by the table converter
circuit 72. In the setting register 80 is set the power supply
state comparative value (target driving rate) corresponding
to the data format of the table converter circuit 72. Any other
structural elements are similar to those illustrated in FIG. 63.
The similar structural elements are simply illustrated with
the same reference symbols to omit redundant description.

[0830] An operation of the power supply circuit for
memory system according to the working example thus
characterized is hereinafter described. In the logic compara-
tor circuit 81, the logic value set in the status registers 69 in
plural stages and bit-converted by the table converter circuit
72 is compared to the power supply state comparative value
set in the setting register 80. When the bit-converted logic
value is smaller than the power supply state comparative
value, the logic comparator circuit 81 outputs the power
supply state notifying signal Q2 at “L” level. When the
bit-converted logic value is equal to or larger than the power
supply state comparative value, the logic comparator circuit
81 outputs the power supply state notifying signal Q2 at “H”
level. The power supply state notifying signal Q2 uses
binary values (0 or 1) to indicate whether the present driving
rate of the voltage generating unit meets a desirable value
expected by the system. The logic comparator circuit 81
outputs the power supply state notitying signal Q2 with such
information superimposed thereon to the flash memory
controller 10. By thus setting the expectation value of the
system (power supply state comparative value), the driving
rate of the voltage generating unit 50 can be confirmed in
details based on the two-bit power supply state notifying
signal Q2.

[0831] FIG. 70 is a timing chart illustrating the operation
of the power supply circuit 20. Supposing that “2 h” is set
beforehand as setting of the state of power supply in the
setting register 80, the set value is equivalent to 75% of the
driving rate. The integration result signal N15 outputted
from the integrator circuit 67 is moderately elevated in a
phased manner over time. When the level of the integration
result signal N15 is equal to or larger than the voltage to be
referenced VREF_Duty0 of the comparator circuits 68, the
power supply state information signal N18 is logically
inverted to “H” level. At the time, the power supply state
information signals N16, N17, and N18 outputted from the
comparator circuits 68 in plural stages shift from [0,0,0] to
[0,0,1]. However, Siginfo[2:0] outputted from the status
registers 69 in plural stages, which is changed by a reset
timing from “3 h” to “0 h” of the count value signal N11, still
remains unchanged, and Siginfo[2:0] is still “0 h”. “0 h”
remains unchanged in the table converter circuit 72 as well.
Because the driving state set in the setting register 80 is “2
h”, it is determined by the logic comparator circuit 81 that
they are inconsistent, and the power supply state notifying
signal Q2 stays at “L” level.

[0832] When the level of the integration result signal N15
is equal to or larger than the voltage to be referenced
VREF_Dutyl, the power supply state information signal
N17 is logically inverted to “H” level. At the time, the power
supply state information signals N16, N17, and N18 shift
from [0,0,1] to [0,1,1]. Because the reset timing of the count
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value signal N11 has not arrived yet, Siginfo[2:0] outputted
from the status registers 69 in plural stages remains
unchanged

[0833] When the reset timing arrives, Siginfo[2:0]
changes from “0 h” to “3 h” (. [N16, N17, N18]=[0,1,1]).
This change leads to the change from “O h” to “2 h” in the
table converter circuit 72 (see the table conversion chart).
The driving state set in the setting register 80 is “2 h”,
therefore, it is determined by the logic comparator circuit 81
that they are consistent, and the power supply state notifying
signal Q2 shifts from “L” level to “H” level. Because the
power supply state notifying signal Q2 is already received
by the flash memory controller 10, the flash memory con-
troller 10 that detected such a change of the power supply
state notifying signal Q2 recognizes that the driving rate of
the power supply circuit 20 has reached 75% previously set.
[0834] According to the working example, the ongoing
status of the voltage generating unit 50 relative to the power
supply state comparative value (expectation value) of the
system can be easily known. The voltage generating unit 50
notifies the system in the form of the binarized value
whether the voltage generating unit 50 is operating as
desirably expected by the system. The system can easily
detect the ongoing status of the voltage generating unit 50 by
arbitrarily rewriting the setting register 80 and optimize the
power supply control signal Q1 or the load of the voltage
generating unit 50 depending on the detection result.
[0835] The interrupt signal illustrated in FIG. 65 accord-
ing to the working example 34 or the overload signal
illustrated in FIG. 67 according to the working example 35
may be combined with this working example. If omitting the
table converter circuit 72, the data format to be set in the
setting register 80 complies with the data format of the status
registers 69 in plural stages.

[0836] <73> [Overload Detector]

[0837] The power supply circuits for memory system
recited in <67> and <68> characterized by the status regis-
ters provided in plural stages may be equipped with an
overload detecting function. More specifically, an overload
detector for detecting the likelihood of overload of the
voltage generating unit is provided as an additional struc-
tural element of the voltage state monitoring unit. The
overload detector receives the power supply voltage varia-
tion signal from the voltage generating unit to detect the
likelihood of overload of the voltage generating unit based
on the received power supply voltage variation signal, and
then outputs an overload detection signal to the flash
memory controller. This technical feature is aimed at dealing
with forthcoming overload in the case where the state of
power supply (driving rate or affordability) of the voltage
generating unit is likely to undergo overload.

[0838] When the system is notified of the likelihood of
overload, the system can know that the applied voltage to the
flash memory is not a desirably expected voltage level. This
prevents an operational instability or system crash due to
overload from happening. As a result, the data reliability is
improved.

[0839] A specific example of <73> is hereinafter described
as a working example 37 of the invention.

Working Example 37

[0840] FIG. 71 a block diagram illustrating structural
characteristics of a power supply circuit for memory system
according to a working example 37 of the invention. Accord-
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ing to this working example, an overload signal is further
used in the illustration of FIG. 69 according to the working
example 36.

[0841] According to this working example, the voltage
state monitoring unit 60 is further provided with an overload
detector on the output side of the integrator circuit 67. The
overload detector 77 includes a comparator circuit 78 for
overload detection which compares the integration result
signal N15 outputted from the integrator circuit 67 to a
voltage to be referenced VREF_Over, and a status register
79. An output terminal of the comparator circuit 78 for
overload detection is connected to a data input terminal of
the status register 79. The output terminal of the inverter 65
is connected to a clock input terminal of the status register
79. A data output terminal of the status register 79 is
connected to the input terminal of the table converter circuit
72. The output terminal of the comparator circuit 78 for
overload detection is connected to a reset terminal of the
counter circuit 70.

[0842] The voltage to be referenced VREF_Over of the
comparator circuit 78 for overload detection has a voltage
level higher than that of VREF_Duty2 which is the highest
level in the illustration of FIG. 65. The counter reset signal
N19 outputted from the comparator circuit 78 for overload
detection as a result of overload detection is supplied to the
counter circuit 70 to reset the counter circuit 70. An output
of the status register 79 corresponding to the comparator
circuit 78 for overload detection is allocated as the most
significant bit of the power supply state notifying signal Q2.

[0843] An operation of the power supply circuit for
memory system according to the working example thus
characterized is hereinafter described. FIG. 72 is a timing
chart illustrating the operation of the power supply circuit
20. When the voltage generating unit 50 is ready to con-
secutively operate, the power supply voltage variation signal
N10 outputted from the comparator circuit 57 of the voltage
generating unit 50 is constantly at “H” level. The counter
circuit 70, in which the count-up operation is inactive,
retains the same condition. The power supply voltage varia-
tion signals N10 is continuously integrated by the integrator
circuit 67. Then, the integration result signal N15 obtained
by the integrator circuit 67 is compared to the voltage to be
referenced VREF_Over in the comparator circuit 78 for
overload detection, and the counter reset signal N19 shifts
from “L” level to “H” level. The counter reset signal N19 at
“H” level resets the counter circuit 70. By a timing by which
the inversion result signal N12 obtained by the inverter 65
in the next stage of the counter circuit 70 shifts from “L”
level to “H” level, the output signals of the comparator
circuits 68 in plural stages and the comparator circuit 78 for
overload detection are stored in the status registers 69 and
the status register 79 for overload detection. At the time, the
ongoing statuses of the four status registers 69 and 79 are
[1,1,1,1,] and “Fh”. The overload detection signal Q5 is
outputted from the table converter circuit 72 to the flash
memory controller 10 through the terminal T6.

[0844] According to the working example, in addition to
the operational advantages according to the working
example 19, the system is notified whether there is the
likelihood of overload so that the system can know whether
the voltage generating unit 50 is stably operating.
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[0845] <74> [Multi-Bit Detection of Power Supply State
(Driving Rate or Affordability)]

[0846] In a description given below, the power supply
circuit for memory system recited in <62> employs a
different configuration for storing a multi-bit signal in status
registers of the voltage state monitoring unit as the power
supply state information signals. In place of providing the
integrator circuit, delay circuit, and the plural comparator
circuits in the voltage state monitoring unit, a plurality of
comparator circuits are provided in the voltage generating
unit, wherein the integrator circuit and the delay circuit
become necessary.

[0847] Further, a power supply voltage variation signal for
feedback-controlling the oscillation frequency of an oscil-
lator circuit is used as a signal transmitted from the voltage
generating unit to the voltage state monitoring unit to know
the state of power supply of the voltage generating unit. The
power supply voltage variation signal may be a 1-bit signal
or multi-bit signal. Hereinafter is described a technical
feature wherein a multi-bit power supply voltage variation
signal is generated.

[0848] To generate the multi-bit power supply voltage
variation signal in the voltage generating unit, a plurality of
comparator circuits are provided. An output voltage of the
voltage generating unit or a voltage used to detect the output
voltage is inputted to all of these comparator circuits, while
voltages to be referenced respectively having different volt-
age levels are applied to these comparator circuits. The
outputs of the comparator circuits control the oscillation
frequency of the oscillator circuit, and these outputs are
transmitted to the voltage state monitoring unit in the next
stage as the power supply voltage variation signal. The
voltage state monitoring unit has status registers provided in
plural stages for retaining any changes of the power supply
voltage variation signal. Output terminals of the comparator
circuits of the voltage generating unit are connected to input
terminals of the status registers in plural stages.

[0849] Summarizing the description given so far, the
power supply circuit for memory system is characterized in
that the voltage generating unit in <62> further includes a
plurality of comparator circuits for generating multi-bit
signals as the power supply state notifying signal, wherein
the voltage generating unit includes status registers provided
in plural stages for latching the multi-bit power supply state
notifying signals.

[0850] A multi-bit signal for setting the frequency of an
oscillator circuit, for example, is used as the multi-bit power
supply state notifying signal. The multi-bit signal is equiva-
lent to the state of power supply. Therefore, the multi-bit
power supply state notifying signal is stored in the status
register and read therefrom to be outputted outside of the
power supply circuit by way of the voltage state monitoring
unit. To use the existing multi-bit signal makes it unneces-
sary to provide the integrator circuit, leading to a smaller
area dimension and less current consumption.

[0851] A specific example of <74> is hereinafter described
as a working example 38 of the invention.

Working Example 38

[0852] FIG. 73 a block diagram illustrating structural
characteristics of a power supply circuit for memory system
according to a working example 38 of the invention. The
voltage generating unit 50 includes an oscillator circuit 54,
a plurality of booster circuits 55, a voltage detector 56, and
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a plurality of comparator circuits 57 including differential
amplifiers. This working example is different to the other
working examples in that the comparator circuits 57 are
provided in plural stages. An output terminal of the voltage
detector 56 is connected to inversion input terminals (=) of
the comparator circuits 57. Voltages to be referenced,
VREF_Duty2, VREF_Dutyl, VREF_Duty0, and VREF_
Over, are applied to non-inversion input terminals (+) of the
comparator circuits 57. The voltage levels of these voltages
to be referenced are; VREF_Duty2<VREF_Dutyl<VREF_
DutyO<VREF_Over. As is known from the comparison to
the illustration of FIG. 72, this relationship among the
voltages is reverse to that of the working example 20
because a negative feedback control is employed to control
the oscillator circuit 54. The negative feedback control is to
lower the oscillation frequency as the output voltage is
elevated. A signal Fosc indicating the oscillation frequency
of the oscillator circuit 54 is inputted to the counter circuit
70. Output terminals of the comparator circuits 57 are
connected to a frequency control terminal of the oscillator
circuit 54 and further connected to an input terminal of the
voltage state monitoring unit 60. The output terminals of the
comparator circuits 57 provided in the voltage generating
unit 50 are connected to data input terminals of the status
registers 69 provide in plural stages in the voltage state
monitoring unit 60.

[0853] This working example does not use the integrator
circuit 67, delay circuit 66, transfer gate 64, and AND gate
element 71 illustrated in FIG. 71. Any other structural
elements are similar to those illustrated in FIG. 71 according
to the working example 20. The similar structural elements
are simply illustrated with the same reference symbols to
omit redundant description.

[0854] The working example is different to the illustration
of FIG. 71 in that the voltage state monitoring unit 60 fetches
a discrete value retained in the voltage generating unit 50
(corresponding to the driving rate of the voltage generating
unit 50) and calculates the driving rate of the voltage
generating unit 50 based on the fetched discrete value, and
then outputs a calculation result in the form of the power
supply state notifying signal Q2.

[0855] When, for example, the frequency Fosc of the
oscillator circuit 54 of the voltage generating unit 50 is
changed discretely in a phased manner, a discrete value
corresponding to the frequency Fosc is a discrete value
corresponding to the driving rate of the voltage generating
unit 50. When the frequency of the oscillator circuit 54 is
changed from 5 MHz to 20 MHz in the steps of 5 MHz
depending on Trm[2:0]=7 to O h, Trm[2:0] is equivalent to
the discrete value. Therefore, the driving rate of the voltage
generating unit 50 is known by converting Trm[2:0].
[0856] An operation of the power supply circuit 20
according to the working example thus characterized is
hereinafter described. FIG. 74 is a flow chart illustrating the
operation of the power supply circuit 20. In the description
hereinafter given, the output voltage of the voltage gener-
ating unit 50 is lowering along a time axis, in which case a
resistor-divided voltage Vr is also lowering. As a result of
the lowering resistor-divided voltage Vr, (Trm_over+Trm[2:
0]) is outputted as comparison results of the comparator
circuits 57.

[0857] When the count value of the counter circuit 70, to
which the frequency signal Fosc of the oscillator circuit 54
is inputted, shows the value of “0”, the count value signal
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N11 and the inversion result signal N12 obtained by the
inverter 65 are logically inverted, and (Trm_over+Trm[2:0])
is concurrently stored in the status registers 69 in plural
stages. When the divided voltage falls to a certain voltage
level or below, the overload notifying signal is outputted.
The rest of the operation, which is similar to that of the
working example 20, is no described again.

[0858] According to the working example wherein the
discrete value which enables to simply increase or decrease
the output voltage current capacity provided in the voltage
generating unit 50 is supplied to the voltage state monitoring
unit, the voltage state monitoring unit is reduced in circuit
area dimension.

[0859] As described in the working examples 31 to 36, the
power supply state notifying signal Q2 may be outputted as
a 1-bit or a multi-bit signal, or the power supply state
transition notifying signal Q2' may be outputted as the
interrupt signal. In the case where the oscillation frequency
of the oscillator circuit 54 is adequately low, the counter
circuit 70 is not a necessary structural element.

[0860] A DC-DC converter circuit may constitute the
voltage generating unit. Hereinafter is described a working
example 39 of the invention wherein a DC-DC converter
circuit constitutes the voltage generating unit.

Working Example 39

[0861] FIG. 75 a block diagram illustrating structural
characteristics of a power generating unit in a power supply
circuit for memory system according to a working example
39 of the invention. A DC-DC converter constitutes a
voltage generating unit 50 illustrated in the drawing. A
switching element 92 is controlled to be ON and OFF by the
power supply voltage variation signal N10 which is a PWM
(pulse width modulation) signal from the comparator circuit
57. When the switching element 92 is switched on, a direct
current by a direct-current power supply voltage VDD flows
through a choke coil 91 and the switching element 92, and
an electric energy is stored in the choke coil 91. When the
switching element 92 is switched off, the electric energy
stored in the choke coil 91 is released at once, and the
released electric energy is charged in a smoothening capaci-
tor 94 through a backflow preventing diode 93. The ON/OFF
control of the switching element 92 generates an increased
power supply voltage at a positive electrode terminal of the
smoothening capacitor 94, and the generated power supply
voltage is supplied to the flash memories 26 through the
terminal T3. The backflow preventing diode 93 prevents
backflow of the electric energy from the smoothening
capacitor 94 when the switching element 92 is switched on.

[0862] The power supply voltage is detected by the volt-
age detector 56, and the detected power supply voltage is
compared to a voltage to be referenced VREF_V in the
comparator circuit 57. An output from the comparator circuit
57 having a PWM (pulse width modulation) waveform is
used to switch on and off the switching element 92 and also
transmitted to the voltage state monitoring unit in the next
stage as the power supply state variation signal N10.

Working Example 40

[0863] A multi-bit DC-DC converter circuit may consti-
tute the voltage generating unit as illustrated in FIG. 76. This
working example uses a plurality of comparator circuits 57.
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This technical feature is applicable to the illustration of FIG.
73 according to the working example 38.

Working Example 41

[0864] The voltage generating unit may be configured as
illustrated in FIG. 77. An output of an operational amplifier
95 is used to switch on and off the switching element 96. A
signal outputted from the voltage detector 56 is applied to an
input terminal of the operational amplifier 95, and the output
of the operational amplifier 95 shifts to and from “H” and
“L” for voltage increases.

[0865] Hereinafter, flash memories according to a working
example of the invention are described. The flash memories
26 according to the working example contain some infor-
mation to be transmitted to the flash memory controller 10
when an inquiry is received from the flash memory control-
ler 10. The information is, for example, power level, voltage
value, pulse width, failed bit number, and processing time,
which is, on principle, chip-specific information.

[0866] FIG. 78 is an illustration of storage of power
parameters in the flash memories 26. Before the storage of
power parameters in the flash memories 26 is described,
technical disadvantages of conventional flash memories are
discussed again. In any storage system wherein a large
number of flash memory chips are used, power consumption
when the storage system is operating is a huge issue.
Particularly when a program operation is executed simulta-
neously in the plural flash memories for a better program
performance, a large amount of current used then results in
large cost increase for power supply and heat release in the
system. Therefore, it is desirable to reduce current consump-
tion when the flash memories are operating.

[0867] A booster circuit which generates high voltages of
20V or more has a poor power efficiency and uses a large
amount of power a few times larger than power required to
change thresholds of the memory cells in the program and
erasing operations. In any systems such as storage systems
provided with a large number of flash memories wherein a
booster circuit is provided in each of the flash memory chips,
it needs an enormous amount of power when the program
and erasing operations are running in the plural flash memo-
ries, which is a bottleneck in designing power supply of such
a system.

[0868] In some conventional systems, a power supply
circuit which generates high voltages is provided outside of
the flash memory chips. However, the program operation
and erasing operations are carried out in the flash memories
in response to input of commands and these operations can
only be notified outside by outputting signals indicating
completion of the operations or by a status register. During
the program operation and erasing operation, therefore, it is
necessary for the power supply circuit to keep generating the
maximum voltage 20V or to wait on standby with its full
current drive capacity from start to finish of the operations.
[0869] The flash memories 26 each includes a register 34
indicating a power level consumed by each of the flash
memories in different operation modes (indicating whether
the operation is a program executing operation or a data
erasing operation in flash memories). Accordingly, a power
supply circuit provided outside of the flash memories 26
(power supply circuit 20) is controllable depending on the
power level indicated by the register 34. As a result, the flash
memories 26 can be operated with less power consumption.
When the flash memories 26 thus technically advantageous
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are applied to any system provided with a large number of
flash memories such as storage systems, lower power con-
sumption and a better performance of the system can be
effectively achieved. Further, the flash memory controller 10
can adjust an operating power (current) load of the power
supply circuit 20 by any suitable timing based on the power
levels notified by the flash memories 26. As a result, power
transmission of the flash memories 26 can be accurately
managed (for example, current to be used is lessened).
Further, the power supply circuit 20 does not need an overly
high power supply capacity (for example, high peak cur-
rents), and power supplied by the power supply circuit 20
necessary for a process requested by a command such as
reading or rewriting data in the memory can be reserved in
advance when the required power level is set at the time of
or before the command is inputted.

[0870] As illustrated in FIG. 78, the flash memories 26
each has an internal controller 33, a command register 34,
and a nonvolatile memory area 36. In the command register
are set commands transmitted and received to and from the
flash memory controller 10. The command register 34 has a
plurality of fields set therein, the fields including an opera-
tion mode setting bit, a power level setting bit, and other bits,
and the commands are set in these fields. The commands set
in the command register 34 respectively have fields where
an operation mode P1 and a power level P2 are set, so that
fields relating to the power levels are set in the commands
that need to be power-controlled (for example, reading,
program and erasing). This enables to set definite power
loads when these commands are issued, facilitating man-
agement of the power information by the flash memory
controller 10. When a command for changing the power
level alone, for example, is set, the power level can be
defined beforehand by the command to be power-controlled,
which makes it unnecessary to directly set the power level.
This controls reduction of a data transfer bandwidth for
command input (IO terminal and control signal in NAND
flash).

[0871] The nonvolatile memory area 26 (NV: nonvolatile
area) has first and second storages units. In the nonvolatile
memory area 26 are stored power information such as
current consumptions at the respective power levels (first
information) and execution time information (second infor-
mation, indicating a processing speed of the flash memory
26 at each power level). The first and second informations
reflect individual differences of the flash memories 26. The
storage of the first information enables to handle any product
variability of the operating power and speed (due to manu-
facturing specs and production processes) as a simple com-
mand format with no actual current values (common stan-
dard irrespective of product types). The storage of the
second information enables to use the processing speed in
power control. As a result, the operating power (current
load) of the external power supply can be predicted in a
time-related manner, and power control in the memory
system is thereby more accurate and sophisticated.

[0872] There are various operation modes; reading mode,
writing mode, date-write verifying mode, erasing mode,
data-erase veritying mode, and operation pause mode. The
respective modes have parameters of power information
such as current consumption and operating time (processing
time). These parameters are outputted through dedicated
terminals of the flash memories 26 and transferred to the
flash memory controller 10.
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[0873] By providing the operation pause mode, a smallest
power load can be defined. As a result, an adjustable range
of the operating power (current) load of the power supply
circuit 20 is increased. Another advantage is that the opera-
tions of the flash memories can be paused whenever the state
of power supply of the power supply circuit 20 is destabi-
lized, thereby preventing any of the flash memories 26 from
malfunctioning.

[0874] To set the operation pause mode, a control terminal
is further provided to designate the power level during the
operation pause mode in each of the flash memories 26
(corresponding to the flash memory pause signal or pause
control input illustrated in FIG. 83, 86). Then, the operation
of the flash memory 26 can be speedily paused based on the
designated power level by timings asynchronous with com-
mand accesses by using the control terminal for designating
the power level of the operation pause mode as a dedicated
pin, in which case the operation of the flash memory can be
speedily restarted as well. When the operation pause mode
is set, the internal controller 33 allows accesses to a power
register 1133 and an internal operating state register 1132 of
the currently pausing flash memory 26 during the operation
pause mode. To allow the accesses, structural element such
as control logic 1114, internal controller 33, command
register 34, status register 1122, address register 1120,
input/output circuit 1112, and data register 1109 are operable
during the operation pause mode. When the operation of the
flash memory 26 is paused, therefore, not only the power
level after the pause is released (set by the power register
1133) but also arbitrary states of the registers after the pause
is released can be set. As a result, a period of time during the
pause can be efficiently used, and a processing time neces-
sary for the settings can be reduced.

[0875] The internal controller 33 is a controller in charge
of controlling the internal operations of the flash memories
and transmitting and receiving various signals to and from
the flash memory controller 10. The internal controller 33 is
provided with an internal operating state register and a
power register (register according to the invention). In the
internal operating state register are stored operating states
during the operation modes such as data writing and reading
associated with commands from the flash memory controller
10. In the power register are stored the power levels con-
sumed by the flash memories 26 during the operation modes.
The internal controller 33 transfers the parameters read from
the nonvolatile memory area 36 to the internal operating
state register and the power register to be stored therein. In
the internal operating stage register are further stored infor-
mation related to actual operations such as the power level,
number of times of writing, and pulse widths of an ongoing
operation, predicted values of the power level, number of
times of writing, and pulse widths of operations thereafter,
and also number of times of retrying and failed bit number.

[0876] The internal controller 33 notifies the flash memory
controller 10 of such information as a bias-related voltage
level and voltage application time of the flash memory 26 to
control any required voltage and current of the power supply
circuit 20. Such relevant power-related information such as
current consumption and operation time are read from the
nonvolatile memory area 36 of the flash memory 26 and
stored in the internal operating state register and also trans-
ferred to the flash memory controller 10. Alternatively, the
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internal operating state register may be accessed through the
10 terminal to fetch information of the internal operation
and information of changes.

[0877] The operation of a flash memory is divided in mode
operations distinguished by user commands, and micro
sequences constituting the mode operations. The micro
sequences are hierarchically defined. During the data writ-
ing/erasing and data-write/erase verifying executed in the
flash memory, a sequence of processes are executed by each
of micro sequences based on operation clocks under the
control by the internal controller 33; micro sequences such
as command input, setup of internal power supply, program
verifying, program pulse application, data-erase verifying,
and erasing pulse application.

[0878] FIG. 79 is an illustration of an example in which a
micro sequence of power mode change is inserted in a
program sequence to control power of a program operation.
The micro sequence of power mode change is inserted at
three positions; program (writing), before verifying (be-
tween command input and program verifying, and between
program counter incrementing and program verifying), and
before program pulse application (between program counter
resetting and program pulse application for writing).
[0879] The program verifying includes setup PV (Program
Veritying) including circuit configuration changes and
preparation of internal potentials necessary for the program
verifying and micro sequences hierarchically lower than
actual program verifying (Vt margin read). The program
pulse application includes setup PU (PULse) including
circuit configuration changes and preparation of internal
potentials necessary for the program pulse application and
micro sequences of the actual program pulse application.
[0880] Each step illustrated in FIG. 79 corresponds to a
micro sequence. It is the technical feature to be emphasized
to update the power mode per micro sequence. FIG. 80 is an
illustration of a detailed power mode update sequence.
When the power mode update sequence is invoked, power
level setting bits are read. In the case of any change of the
read power level setting bits, power parameters prepared in
advance for each micro sequence for power control are
adjusted and set in accordance with the changed power level
setting bits. In the illustration of FIG. 79, three power
parameters are adjusted; control sequence clock change,
power supply capacity, power supply setup time. An opera-
tion for reducing power, for example, is discussed below.
When a clock frequency of the control sequence is lowered,
an operation per unit time lessens, reducing current con-
sumption. When booster circuits, such as charging pumps,
are used to supply power, number of rows of booster circuits
and a clock frequency for boosting are reduced to lower a
current driving capacity. As a result, power consumption is
reduced. The lower current driving capacity makes it nec-
essary to lengthen charging and setup times in internal
power supply nodes. Generally, it needs a longer processing
time to operate a circuit with low power.

[0881] The power parameters are not necessarily limited
as far as they are power-changeable parameters, for
example, bit number processable at once by a program, bit
number readable at once by a program, programs executable
in parallel by a process or an apparatus, and bit number
readable in parallel by a process or an apparatus. The
technical feature of control discussed here is to prepare
power parameters in advance for each micro sequence for
power control in response to power level setting bits. When
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these parameters, though settable by a control logic circuit,
are stored in the nonvolatile memory area, such a compli-
cated power control can be accomplished in a smaller circuit
area. In the case of a reading speed not fast enough in the
nonvolatile memory area, the power parameters are stored in
a nonvolatile memory such as RAM when the power supply
starts, so that the insertion of the power mode update
sequence does not slow down the processing speed.
[0882] Referring to FIGS. 81A to 81C is described an
example in which the power level is set when a command-
requested process is executed. In the example, the power
level is handled as current consumption Ipp of Vpp. FIGS.
81A to 81C are current consumption profiles schematically
illustrating changes with time of the current consumption
Ipp when program commands are executed with particular
power levels differently set (in data-erase command, pro-
gram pulse is erasing pulse, and program verifying is
data-erase verifying). Cmd is a command input, SetUp is a
setup operation of a power supply set in the program mode,
Pulse is program pulse application, VerifyRD is program
verifying, and RDSTBY is standby for reading. In the
current consumption profiles illustrated in FIGS. 81A, 81B,
and 81C, the program commands are executed with larger
power in the mentioned order, wherein larger values of the
power level represent larger current consumption. However,
the larger power levels may represent smaller current con-
sumption or values of the current level may be simply used
as indices of a range of current consumption. The operation
clock frequency in the memory is lengthened, and execution
of the command needs more time as the command consumes
less current, however, the driving capacity needed for power
supply is controlled.

[0883] Referring to FIGS. 82A and 82B is described an
example in which the power level is changed while a
command-requested process is in execution, wherein arrows
directed upward denote timings of updating the power
parameters. FIG. 82A is a current consumption profile when
high power consumption focusing on higher processing
speeds is shifted to low power consumption focusing on
power reduction. FIG. 82B is a current consumption profile
when low power consumption focusing on power reduction
is shifted back to high power consumption focusing on
higher processing speeds.

[0884] In any of the illustrations of FIGS. 81A to 81C,
82A, and 82B, the power level is changed per micro
sequence. By properly subdividing the micro sequences for
adequate power control, power-saving control is accom-
plished in a manner suitable for circuit characteristics and
variability of the characteristics of the flash memories to be
accessed.

[0885] Referring to FIG. 83 is described a specific
example of the flash memory 26. The flash memory 26 has
a memory cell array 1102 as a data storage. The memory cell
array 1102 has nonvolatile memory cells aligned in an array
and stores therein information by changing threshold values
of the memory cells. The threshold values of the memory
cells may be set to larger values during the program opera-
tion and set to smaller values during the erasing operation.
During the reading and program operations for the memory
cell array 1102, accesses are made per page. During the
erasing operation, accesses are made per block.

[0886] A page is specified by a particular word line
selected by the row decoder 1104. Describing the reading
operation, data stored in the memory cells on the specified
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page is determined by the sense amplifier 1108 and trans-
ferred to the data register 1109. The data transferred to the
data register 1109 is read at a start point specified by the
column decoder 1106 into the input/output circuit 1112, and
then outputted to the IO terminal which is an input/output
terminal.

[0887] Describing the writing operation, the data inputted
through the IO terminal is fetched by a serial data input
mode from a start point specified by the column decoder
1106 into the data register 1109 and transferred to a specified
page by an auto program mode.

[0888] To erase data in the memory cell array 1102, an
erasing voltage is applied to a block specified by a plurality
of word lines selected by the row decoder 1104 to set the
memory cells in the block as a data-erase target.

[0889] The operations in the flash memories 26 such as the
program operation and erasing operation are set by operation
commands inputted through the IO terminal. The flash
memory 26 has a VCC voltage terminal of, for example, 3V
supplied to the logic circuit and sense amplifier 1108 and
high voltage power supply terminals of VPP1, VPP2, and
VPP3 (VPP[1:3]) for receiving voltages higher than VCC.
To the high voltage power supply terminals VPP1, VPP2,
and VPP3 are applied, for example, a voltage for program/
erasing, a voltage for verifying, and a voltage for reading.
[0890] The circuit blocks of the flash memory 26 are
operated by voltages supplied to the high voltage power
supply terminals VPP1, VPP2, and VPP3 or operated by
voltages generated by a voltage generator circuit 1130 based
on the voltages supplied to high voltage power supply
terminals VPP1, VPP2, and VPP3.

[0891] An internal state operation register 1132 retains
operating states in the operation modes such as writing and
reading associated with commands from the flash memory
controller 10. The operating state indicates a current status
of sequence execution when the controller 1116 executes a
program or erasing sequence in the flash memory 26 in
response to an auto program or an auto block erasing
command.

[0892] In the internal operating state register 1132 is set
information such as an operation mode currently in execu-
tion, number of times of voltage application when the auto
program or the auto block erasing sequence is executed
(number of times of verifying), applied voltage value, volt-
age application pulse widths and intervals, and error bit
number during veritying.

[0893] As illustrated in FIG. 84, the power register 1133
includes digital bits for designating the power levels. The
power level means a level of power consumed by the flash
memory 26 in each operation mode. Describing an example
of the power level illustrated in FIG. 84, set bits (00, 01, 10,
11) associated with the power levels (0, 1, 2, 3) are further
associated with maximum current consumptions (0 mA, 30
mA, 60 mA, 120 mA), which respectively correspond to the
micro sequences. Any micro sequence currently in execution
may be set in the internal operating state register 1132.
[0894] In response to an operation execution command,
the internal controller 33 can generate the internal operating
state and power level (values of the internal operating state
register 1132 and power register 1133) in the flash memory
26 in which the operation sequence is executed by the
internal controller 33 and notify the devices outside of the
flash memory of the internal operating state and power level.
Accordingly, in the storage system provided with the flash
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memory controller 10 and the power supply circuit (high
voltage generator circuit) 20, the power supply circuit (high
voltage generator circuit) can be controlled depending on the
internal operating state of the flash memory. By activating
the voltage generator circuit needed for the internal opera-
tion of the flash memory alone (any other power supply
circuits unnecessary for the internal operation remain inac-
tive, any useless current consumption is reduced to lessen
power consumption of the system. Further, the voltages
generated by the high voltage generator circuit outside of the
flash memory can be controlled depending on the operation
mode of the flash memory 26, and power consumption of the
storage system can thereby reduced.

[0895] In the example of the flash memory 26 illustrated
in FIG. 83, the internal operating state register 1132 and the
power register 1133 may be provided with 1O terminals to
input therethrough commands and addresses and input/
output data, so that the internal operating state (information
register value) and power level can be outputted outside of
the flash memory without increasing the terminals. In any
storage systems provided with a large number of flash
memories, low power consumption can be accomplished
without increasing wirings between the flash memory con-
troller and the flash memories.

[0896] As illustrated in FIG. 86, the flash memory 26 may
be provided with a dedicated readout terminal Info so that
contents of the internal operating state register 1132 and the
power register 1133 can be read regardless of the status of
use of the IO terminal. Then, the contents of the internal
operating state register 1132 and the power register 1133 can
be read from outside of the flash memory irrespective of the
internal operation of the flash memory. This loosens timing
restrictions for reading the internal operating state (values of
the internal operating state register 1132 and the power
register 1133) from outside of the flash memory. The flash
memory controller outside of the flash memory 10 can read
the contents of the internal operating state register 1132 and
the power register 1133 not only when the information
register variation notifying signal CHI, which indicates any
change of contents, changed (similar to the power supply
interrupt output illustrated in FIGS. 83 and 86) but also
whenever the flash memory controller 10 is required to read
the contents for controlling the standby state of the power
supply circuit. This enables to reduce power consumption
during the operation.

[0897] Because of that, there are no timing restrictions for
the internal operating state of the flash memory (information
register value) to be read from the internal operating state
register 1132 or the power level to be read from the power
register 1133, thereby increasing a degree of freedom in
controlling the high voltage generator circuit.

[0898] The flash memory controller 10 can control the
voltage generator circuit in the respective operation modes
depending on the flash memory 26 to be used, making the
system operable with less power consumption. Further,
program characteristics are improved by controlling the
number of flash memories 26 in which the program is
concurrently run depending on power consumption charac-
teristics of the flash memories 26.

[0899] Though the internal controller 33 checks the power
level indicated by the power register 1133 in the working
example, the internal controller 33 may check a signal
inputted to the flash memory 26 from outside of the flash



US 2018/0129601 Al

memory. Then, the power level is changeable by timings
asynchronous with command accesses (for example, by
level designation).

[0900] According to the working examples of the inven-
tion described so far, the processes of the flash memories can
be properly executed based on the power supply state
information that the flash memory controller receives from
the power supply circuit. Therefore, an operational instabil-
ity and/or system crash is prevented from happening in the
nonvolatile storage system, and the data reliability is thereby
improved. Further, any useless power consumption in the
system can be avoided because no overly high power supply
is necessary to ensure an operational stability.

[0901] The principal structural element of the flash
memory controller produced by a miniaturized technology
of' semiconductor production is a large-scale logic integrated
circuit. To ensure a good reliability of transistors constitut-
ing the logic circuit, a low operating voltage is employed, for
example, the operating voltage is set to 1.2V in the case
where a minimum pattern dimension in the production is 45
nanometers.

[0902] The nonvolatile memory is a part used in a wide
variety of systems. To take the advantage of the versatility
of the nonvolatile memory, relatively high voltages, such as
3V or 5V, are used for input/output signal amplitudes.
Therefore, a circuit which generates 3V or 5V is used as a
system power supply.

[0903] Therefore, the flash memory controller is provided
with an input/output circuit that uses a relatively high VDD
voltage such as 3V or 5V for amplitudes of signals inputted
thereto from outside and outputted therefrom, and a
decreased voltage generator circuit that generates an internal
operating voltage VDDI relatively low, such as 1.2V, sup-
plied to a signal processing block having a logic circuit as a
principal structural element.

[0904] A conventional example of the decreased voltage
generator circuit formed on the same silicon as the large
scale logic integrated circuit is a regulator that can be easily
produced. Because the regulator releases the voltage to be
decreased as Joule heat, a relatively low operating voltage is
usable to operate the signal processing block which con-
sumes a large amount of operating current when operating at
a high speed. However, the flash memory controller still
consumes a larger amount of power on the whole.

[0905] FIG. 87 is a block diagram illustrating structural
characteristics of a nonvolatile storage system 100 according
to another working example of the invention. Similarly to
the working example 1 illustrated in FIG. 1, the nonvolatile
storage system 100 has a flash memory controller 10, a
power supply circuit 20, and a memory block 25 including
a plurality of flash memories 26.

[0906] The flash memory controller 10 has an input/output
circuit 12 for inputting and outputting signals in VDD
voltage amplitudes to and from outside, and a signal pro-
cessing block circuit 11 for processing the signals at an
internal voltage VDDI.

[0907] The power supply circuit 20 has an increased
voltage generator for generating VHH used in the flash
memory 26 from the inputted VDD voltage, and a high
voltage generator for generating VDDI used in the signal
processing block of the flash memory controller 10. The
power supply circuit 20 is connected to the flash memories
32 by a power supply line 44 and also connected to the flash
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memory controller 10 by a power supply line 45 to feed the
signal processing block 11 with the VDDI power supply.
[0908] To feed power to the signal processing block 11 of
the flash memory controller 10, a device most suitable for
voltage decrease may constitute the decreased voltage gen-
erator provided in the power supply circuit 20. Accordingly,
it is unnecessary that the decreased voltage generator of the
power supply circuit 20 be mounted mixedly with the
large-scale logic integrated circuit. The decreased voltage
generator thus configured achieves a high efficiency.
[0909] The working example illustrated in FIG. 87 makes
it unnecessary to generate Joule heat to generate the VDDI
voltage for the signal processing block 11, thereby reducing
power consumption of the nonvolatile storage system.
[0910] FIG. 88 is a block diagram illustrating structural
characteristics of a voltage generator of a power supply
circuit used in a nonvolatile storage system according to still
another working example of the invention. A voltage gen-
erating unit 50 has an increased voltage generator 100 which
is identical to the voltage generator illustrated in FIG. 57 and
a decreased voltage generator 102. DC-DC converters con-
stitute the increased voltage generator 100 and the decreased
voltage generator 102.

[0911] A switching element 106 is switched on and off
based on a power supply voltage variation signal N20 which
is a PWM (pulse width modulation) signal from a compara-
tor circuit 114. While the switching element 106 is ON, a
direct-current power supply voltage VDD is outputted to an
output terminal VDDI, however, the power supply voltage
VDD is decreased by self-induction of a choke coil 104, and
the decreased voltage is outputted as VDDI. While the
switching element 106 is OFF, the VDDI voltage is retained
by reduction current of a capacitor 110 and a diode 108.
[0912] As described earlier, the comparator circuit 114
compares an outputted resistor-divided voltage 112 to a
reference voltage VREF_V and outputs a comparison result
as the power supply voltage variation signal N20. The
switching element 106 is switched on and off based on the
comparison result (power supply voltage variation signal
N20) of the comparator circuit 114. Accordingly, the VDDI
output voltage is controlled and decided by a feedback loop
driven by the power supply voltage variation signal N20.
According to the working example wherein the VDDI is thus
set, the VDDI output voltage is reliably set.

[0913] The working example, wherein the voltage is con-
verted by switching the electric current flowing through the
choke coil, can reduce any power loss, thereby achieving a
higher power efficiency than the regulator from which the
voltage to be decreased is released as Joule heat.

[0914] By supplying the output of the decreased voltage
generator 102 of the voltage generating unit 50 as the VDDI
power supply of the flash memory controller 10 illustrated in
FIG. 87, the nonvolatile storage system can succeed in
reducing power consumption.

INDUSTRIAL APPLICABILITY

[0915] The nonvolatile storage system according to the
invention provides a very advantageous technology for
effectuating a large reduction of power consumption in any
nonvolatile storage systems having a large storage capacity
and capable of a high processing speed, such as SSD (Solid
State Drive), used in an operating environment where run-
ning states of processes in a plurality of flash memories are
dynamically changing.
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[0916] According to the technology provided by the
invention, a power supply can be realistically and dynami-
cally controlled in a fine-tuned manner by a feedback/
feedforward performed repeatedly irrespective of types of
operations constantly changing, changing running states of
processes requested by commands, changing internal state
of'a power supply circuit, and individual differences among
flash memories in a nonvolatile storage system where a
plurality of flash memories, such as SSD (Solid State Drive),
are used. As a result, an operational instability and/or system
crash resulting from such problems as overload is prevented
from happening. The technology thus advantageous can
minimize any useless power consumption in the system (an
overly high power supply capacity is unnecessary to ensure
an operational stability), while accomplishing an improved
data reliability.

DESCRIPTION OF REFERENCE SYMBOLS

[0917] 2010 memory block

[0918] 2012 flash memory

[0919] 2014 information register

[0920] 2020 flash memory power supply circuit

[0921] 2021 power supply circuit for writing/erasing

[0922] 2022 power supply circuit for reading

[0923] 2023 power supply circuit for verifying

[0924] 2030 flash memory controller

[0925] 2032 flash memory internal state management
table

[0926] 2033 applied voltage information storage

[0927] 2034 applied voltage control circuit

[0928] 2035 voltage application time information storage

[0929] 2036 power supply control circuit

[0930] 1100, 1700, 1800 flash memory

[0931] 1102 memory cell array

[0932] 1104 row decoder

[0933] 1106 column decoder

[0934] 1108 sense amplifier

[0935] 1109 data register

[0936] 1110 column selector circuit

[0937] 1112 input/output circuit

[0938] 1114 control logic

[0939] 1116 controller

[0940] 1118 command register

[0941] 1120 address register

[0942] 1122 status register

[0943] 1130 voltage generator circuit

[0944] 1132 information register

[0945] 1802 power information storage region

[0946] 10 flash memory controller

[0947] 12 flash memory operation management table

[0948] 14 data controller

[0949] 16 power supply controller

[0950] 20 power supply circuit for memory system

[0951] 24 overload register

[0952] 25 memory block

[0953] 26 flash memory

[0954] 27 internal controller

[0955] 40 parameter setting unit

[0956] 50 voltage generating unit

[0957] 51 voltage generating unit for logic

[0958] 52 voltage generating unit for reading

[0959] 53 voltage generating unit for writing/erasing

[0960] 54 oscillator circuit

[0961] 55 booster circuit
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[0962] 56 voltage detector

[0963] 57 comparator circuit

[0964] 60 voltage state monitoring unit

[0965] 61 voltage state monitoring unit for logic

[0966] 62 voltage state monitoring unit for reading

[0967] 63 voltage state monitoring unit for writing/erasing

[0968] 66 delay circuit

[0969] 67 integrator circuit

[0970] 68 comparator circuit

[0971] 69 status register

[0972] 70 counter circuit

[0973] 72 table converter circuit

[0974] 73 state transition detector circuit

[0975] 77 overload detector

[0976] 80 setting register

[0977] 81 logic comparator circuit

[0978] 100 nonvolatile storage system (storage device)

[0979] T1 terminal for writing/erasing

[0980] T2 terminal for reading

[0981] T3 terminal for verifying

[0982] T4 output terminal for internal state notifying sig-
nal

[0983] TS5 input terminal for flash memory internal opera-

tion control signal

[0984] T6 output terminal for applied voltage notifying
signal
[0985] T7 output terminal for verifying number-of-times

notifying signal

[0986] T8 output terminal for pulse width/interval notify-
ing signal

[0987] T9 output terminal for load power notifying signal

[0988] T10 output terminal for failed bit number signal

1. A non-volatile semiconductor storage device, compris-
ing:

a memory cell array having a plurality of flash memories;

a first terminal for inputting data to be written in the
plurality of memory cells and outputting data read from
the plurality of memory cells;

a command register that receives a command for desig-
nating an operating state of the memory;

a controller configured to control an internal operational
sequence based on a value of the command register;
and

a second terminal for outputting a signal indicating an
internal operating state generated by the controller.

2. The non-volatile semiconductor storage device as
claimed in claim 1, further comprising a register that stores
the internal operating state generated by the controller,
wherein

the second terminal is a terminal for outputting data stored
by the register.

3. The non-volatile semiconductor storage device as
claimed in claim 1, further comprising a terminal for out-
putting a signal that broadcasts any change of the internal
operating state generated by the controller.

4. The non-volatile semiconductor storage device as
claimed in claim 1, further comprising a terminal for receiv-
ing a signal that controls progression of the internal opera-
tional sequence.

5. The non-volatile semiconductor storage device as
claimed in claim 1, further comprising:

a first power supply terminal to which a first power supply

voltage to be applied to a logic circuit is applied; and



US 2018/0129601 Al

a second power supply terminal to which a second power
supply voltage higher than the first power supply
voltage is applied.

6. The non-volatile semiconductor storage device as
claimed in claim 5, further comprising a third power supply
terminal to which a third power supply voltage higher than
the second power supply voltage is applied.

7. The non-volatile semiconductor storage device as
claimed in claim 1, wherein the second terminal and the first
terminal are a common terminal.

8. The non-volatile semiconductor storage device as
claimed in claim 1, wherein the second terminal is a terminal
that is distinct from the first terminal.

9. The non-volatile semiconductor storage device as
claimed in claim 1, wherein the signal indicating the internal
operating state comprises at least information indicating data
reading, programs, and status of erasure.

10. The non-volatile semiconductor storage device as
claimed in claim 1, wherein the signal indicating the internal
operating state comprises a least information indicating data
reading, programs, program verification, erasure, and status
of erasure verification.

11. The non-volatile semiconductor storage device as
claimed in claim 9, wherein the signal indicating the internal
operating state comprises operation parameters associated
with programs and operations.

12. The non-volatile semiconductor storage device as
claimed in claim 11, wherein the operation parameters
comprise number of verifications, an operation voltage level,
and an applied voltage pulse width.

13. A non-volatile semiconductor storage device, com-
prising:

a memory cell array having a plurality of flash memories;

a first terminal for inputting data to be written in the
plurality of memory cells and for outputting data read
from the plurality of memory cells;

a non-volatile storage region that stores chip-specific
information; and a second terminal for outputting the
chip-specific information stored in the non-volatile
storage region.

14. The non-volatile semiconductor storage device as

claimed in claim 13, further comprising:

a command register that receives a command for desig-
nating an operating state of the memory cell array;

a controller configured to control an internal operational
sequence in accordance with a value of the command
register;

a register that stores a signal indicating an internal oper-
ating state generated by the controller and that transfers
the chip-specific information stored in the non-volatile
storage region.

15. The non-volatile semiconductor storage device as

claimed in claim 13, further comprising:

a first power supply terminal to which a first power supply
voltage to be applied to a logic circuit is applied; and

a second power supply terminal to which a second power
supply voltage higher than the first power supply
voltage is applied.
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16. The non-volatile semiconductor storage device as
claimed in claim 15, further comprising a third power supply
terminal to which a third power supply voltage higher than
the second power supply voltage is applied.

17. The non-volatile semiconductor storage device as
claimed in claim 13, wherein the second terminal and the
first terminal are a common terminal.

18. The non-volatile semiconductor storage device as
claimed in claim 13, wherein the second terminal is a
terminal that is distinct from the first terminal.

19. A flash memory controlled to operate by a flash
memory controller externally provided, the flash memory
comprising:

a register that indicates a level of power consumed by the
flash memory in a respective one of operation modes of
the flash memory; and

a controller configured to broadcasts the level of power
indicated by the register to the flash memory controller.

20. The flash memory as claimed in claim 19, wherein the
controller transmits and receives a command that includes a
field indicating the level of power to and from the flash
memory controller.

21. The flash memory as claimed in claim 19, wherein the
operation modes include an operation stoppage mode.

22. The flash memory as claimed in claim 21, further
comprising a control terminal for designating a level of
power during the operation stoppage mode.

23. The flash memory as claimed in claim 21, wherein the
controller allows an access to the register when the flash
memory is operating during the operation stoppage mode.

24. The flash memory as claimed in claim 19, further
comprising a first storage that stores a first piece of infor-
mation indicating a value of operating power consumed by
the flash memory at a respective one of the level of power,
wherein

the controller reads the first piece of information corre-
sponding to the level of power from the first storage and
supplies the flash memory controller with the first piece
of information.

25. The flash memory as claimed in claim 19, further
comprising a second storage that stores a second piece of
information indicating a processing speed of the flash
memory at a respective one of the level of power, wherein

the controller reads the second piece of information
corresponding to the level of power from the second
storage and supplies the flash memory controller with
the second piece of information.

26. The flash memory as claimed in claim 19, wherein the
controller relies on a signal inputted from outside to the flash
memory, instead of the level of power indicated by the
register, to grasp the level of power.

27. The flash memory as claimed in claim 19, wherein
electric current consumed by the flash memory changes
when the register indicating the level of power is overwritten
by the flash memory controller.
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