NONVCOLATI LE SEM CONDUCTOR MEMORY DEVI CE BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates to a nonvol atile

sem conductor nenory device such as a flash nenory having a storage region
constructed by a plurality of electrically rewitable nonvolatile nenory
cells and a booster circuit for boosting a power source voltage to
generate a voltage necessary to rewite the storage region. The present
invention also relates to an IC nodule and an I C card each having the
nonvol ati | e nENQNVIDATE.E SEMIGOND PXETORUMEMORY ®EVIOBer consunption
adjusting function (power mnmanagenent function) of the I1C nodule and the IC
card. 2. Description of the Related Art An exanple of a nonvolatile

sem conductor nenory device having a storage region constructed by a

pl ur al IBXCHGROITND oF THE BENWENTPI@N nonvol atile nenory cells may include

a flash nenory. FIG 4 shows the structure of a typical cell in a flash
menory.1 MelEet thd Bsvedtfopnf i guration capable of storing data of one bit
(two values) or three or nore values per one cell, and is constructed by a
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Is called a floating gate-type € source 53 is
provid f f . determ ned amount (e.,0., a
bl ock) %Hi&%e%?wcgrssg? n%% %rs >P}%J§?L’I§1§$Y t%ll%é'(lz'% %hsggra%g% ﬁ%‘?ﬁr]md‘é ®ds  arranged
in an ho i n_.Fl 5. The. menor ray has "ni word |lines
c_onnecfbr <=.?Id'il }%&s‘gr%ﬁycognﬁ}?%fmagyggmtagg%ﬂoﬁv%ﬁg‘? 9}/96)%?75’ m‘i and "n" bit
lines 138 e%tc%jctfif) forr?)oo%&%'gng p{)vrs]rexe %Snrce voltage to generate a voltage

necessary to rewrite the storage region. The present invention also relates

to an IC module and an IC card each having the nonvolatile memory device

and, more particularly, to a power consumption adjusting function (power

management function) of the IC module and the IC card.

2. Description of the Related Art

An example of a nonvolatile semiconductor memory device having a
storagé region constructed by a plurality of electrically rewritable
nonvolatile memory cells may include a flash memory. FIG. 4 shows the
structure of a typical cell in a flash memory. The cell has a conﬁguration
capable of storing data qf one bit (two values) or three or more values per
one cell, and is constructed by a control gate 51, a floating gate 52, a source
53 and a drain 54. The cell is called a floating gate-type field effect
transistor. The source 53 is provided commonly for memory cells of a
predetermined amount (e.g., a block). A memory array (memory array

block) has “nxm” memory cells arranged in an array as shown in FIG. 5.
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The memory array has “m” word lines connected to “n” control gates of each




menory cell row. Next, the operation of the flash menory will be briefly
described. Data is programed to a nenory cell by applying a high voltage
(e.g., 12 V) froma selected word line to the control gate; applying a

hi gh voltage (e.g., 7 V) froma selected bit lint to the drain; applying a
| ow voltage (e.g., O V) to the source; and injecting hot electrons
generated in the vicinity of the drain junction to the floating gate. On
the other hand, data in the nenory cell is erased by applying a |ow

vol t agmemeony. celbcolpumto ahden? bt links genmectagpb yiiglraihom eath age (e.g., 0 V)
to the drain; applying a high voltage (e.g., 12 V) to the source;

gener amemowy cdll pgwel ectric field between the floating gate and the source;
and extracting electrons in the floating gate to the source side by using

the tunnel eNege€thel dhertiohl cfthe fhishy menidi§ will bs heldiyv@ddcardof the
floating gate-type field effect transistor as a conponent of the nenory

cel | cinaREes pAe&Amsined tolmcheorgillby ?Epﬁhﬁﬁtd%%%d%lté (d£0akiyyg gate in

the nenory cell. In a program State, e thres voltage is high. In an

erase flogl 8 selded WHr@INR! th YR EAR0) Sate®Wppliahs géﬁgﬁtglg%gpﬁbéﬁ%sbng t he

phenonenon. Further, data Is read Troma nenory § a high

V°|tagvggfﬁ?%seléct¥a -9115@%0%pgvg&gia;ggggﬁ(gom%ge@g{ag&g% e (e.g., 1

V) tot aln; applying a He source;

P! W0 AOASEIERGE hAUNAEILRIRLN AR AN A RgY O
anpl i fjl%cgo%n%&eé%wkg%%llt aor "0" of data (in the case of binary

data) . redson ge of the drain is set to be | ower than that

2 On the other hand, data in the memory cell is erased by applying a

low voltage (e.g., 0 V) to the control gate; applying a low voltage (e.g., 0 V) to
the drain; applying a high voltage (e.g., 12 V) to the source; generating a
high electric field between the floating gate and the source; and extracting
electrons in the floating gate to the source side by using the tunnel effect.
In the flash memory, the threshold voltage of the floating gate-type
field effect transistor as a component of the memory cell changes according
to the amount of electrons in the floating gate in the memory cell. In a
program state, the threshold voltage is high. In an erase state, the
threshold voltage is low. Data is stored by using the phenomenon.
Further, data is read from a memory cell by applying a high voltage
(e.g., 5 V) to the control gate; applying a low voltage (e.g., 1 V) to the drain;
applying a low voltage (e.g., 0 V) to the source; amplifying the difference
between memory cell currents according to different threshold voltages
flowing in the bit lines by a sense amplifier; and determining “1” or “0” of

data (in the case of binary data).

The reason why the voltage of the drain is set to be lower than that




in the control gate in progranmng is to prevent as nuch as possible a
parasitic weak programm ng voltage (soft program) frombeing applied to a
menory cell to which data is not programmed. The soft program occurs since

a plurality of nmenory cells are conmmonly connected to the same word |ine
or the same bit line. In order to programand erase data to/froma flash
menory (hereinafter, the operations will be generically sinply referred to

as "rewite") while maintaining high reliability as described above, very
conpl i datthe covitral @ate in prograremingis segueventyas mush ascpasstladct or  devi ces
i n each of which a recent flash nenory is nounted have therein a control
ci r cui tparakitbriwaak tprbgramotingeroitrager(eoftipregramd firom beimegapplied teaen  seen
fromthe user in order to inprove usability of the user. For exanple, in
fl ash rmasmiorggellitschlbishdldta id Ro8 piOSEHmMAWAO0 The Sdft p1¢hA peGS80 A, JP
2001- 357684A and the like, a control is perforned by using a control

Ci r cui tsin€ah lpddralityt e p@eRicols aré Comin Gilgvna ectudctocthe $0né vepidat i on
exanple of the flash nenory. A nenory array 24 is an array of nenory cells
havi ng lideor e samedit BRe, Shown in FIG 5. Wrd lines are connected to a
row decoder 22, and bit lines are connected to a colum decoder 23. A

booster ci r cuintor3Rr 80 §r8 N i dPERGE FHEh 8/fA0HH £Aash ReRbrydat a  and
generates a high voltage (e.g., 12 V) necessary for the operation. A

Progr anker&aga s &ﬁpﬁﬁ@%ﬂ%&?éﬁéﬁédﬁ?‘-sﬁpﬁ fefbaeliltofQr generating a

high voltage necessdry for a rewTting operation fromthe high voltage
(22 b ) Bl NG el peaTib s, o1
progr am(ja‘?e@ SBE A ?Qr&iﬁixed. Consequently, many semiconductor
devices in each of which a recent flash memory is mounted have therein a
control circuit called a state machine and realize automatic rewriting when
seen from the user in order to improve usability of the user. For example,
in flash memories disclosed in JP 8(1996)-64000 A, JP 11(1999)-86580 A, JP
2001-357684 A and the like, a control is performed by using a control circuit
called a state machine.
FIG. 7 shows a concrete configuration example of the flash memory.
A memory array 24 is an array of memory cells having the configuration
shown in FIG. 5. Word lines are connected to a row decoder 22, and bit
lines are connected to a column decoder 23.
A booster circuit 30 operates in programming and erasing of data
and generates a high voltage (e.g., 12 V) necessary for the operation. A
program/erase voltage generation circuit 21 is a circuit for generating a high
voltage necessary for a rewriting operation from the high voltage (e.g., 12 V)
boosted by the booster circuit 30. For example, a high voltage (e.g., 7 V) to

be applied to the drain of a memory cell in programming is generated by
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3 decreasing the voltage via a regulator circuit (not shown) in the
programn erase voltage generation circuit 21. Avoltage to be applied to the
control gate of the menory cell in programring is supplied via the row
decoder 22 and a word line fromthe progranf erase voltage generation
circuit2l. A voltage to be applied to the drain is supplied via the colum
cl ecoder 23andabi t hne. Avol t aget obe apphedto the source of the nenory cel
in erasing is supplied via a source voltage switching circuit (not shown)
fromt ﬂecmiglatheev&@gWatageg@am@rmtm%nbt shownPimtheVth respect to 5 V
to be applied to the control gate of the nenory cell in reading, when Vcc
i s | owprograanefadé ¥dtage g & aton Gronit & 1gedevatagk tobe tpplibdastthe circuit
30 and supplied via the row decoder (not shown). A control circuit 41

contr ob@ntrbhg@teraﬁwhietﬂlemo@?@é_ﬂtihq:rr_ogfmnﬁmsits%mﬁpﬁieaquhtthaciowt he
program erase vol tage generation circuit 2 1, the row decoder 22, the

col umddesiReea? £3d adwsRIEfRe #gthitht YrogPamaAstab8RUltaE igRHbr&d €7 27, an

address register 26, a reference voltage generation circuit 31, a read data

regi st gfredf} Zair.‘d_&thﬁgé B6TbE AP LIeARoSthe! draPn Y4 %ﬁpﬁ@&bizﬁ{hé)b'ﬁu the basis

of a predeterm ned alfgorithm A general flash nenory has two kinds of

ower 1 . Sour, le1, Qf, hQNs
p BEAREY3 A PAIRE Lin20 ngl;f‘é‘%fﬂfgé ¥ipbBked b th@lso QP& &t thR

(hereinatter, descr power source necessary only in
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the power SOWLEE rgsﬁjﬂetc@gg 5\{9%0 'b% applied to the control gate of the memory
cell in reading, when Vcc is lower than 5 V (e.g., 3.3 V), 5 Vis generated by
the booster circuit 30 and supplied via the row decoder (not shown).
A control circuit 41 controls, in a rewriting operation, the booster
circuit 30, the program/erase voltage generation circuit 21, the row decoder
22, the column decoder 23, a sense amplifier 25, an input/output buffer 27,
an address register 26, a reference voltage generation circuit 31, a read data
register 28 and a program data register 29 via a control bus on the basisof a
predetermined algorithm.
A general flash memory has two kinds of power sources: a power
- source necessary for all of operations (hereinafter, described as Vec); and a
power source necessary only in rewriting (thereinafter, described as Vpp).
In rewriting of a memory cell, the power source voltage Vpp is boosted by
the booster circuit 30. In reading, for example, when Vcc is lower than 5 V,
the power source voltage Vcc is boosted by the booster circuit 30.
A recent flash memory using only the power source voltage Vec is

also commercially available. In this case, the power source voltage Vcc is
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al so commercially available. In this case, the power source voltage Vcc is
4 supplied to the booster circuit 30 and a desired -voltage is generated
fromthe power source voltage Vcc. The flowchart of FIG 11 shows an

al gorithm (procedure) of a progranm ng operation of a flash nenory. A case
where the power source voltages Vcc and Vpp are provided wll be

descri bed. 'When the progranm ng operation starts, first, programdata as
an expectation value is input to the_programdata register 29 (#10). The
boost efuppiied e thebaester cireuisr¥handiacdesired voltageiygeneratedfron thei t 21 are
sequentially enabled (operable) (#20,#30). The flash nenory waits until

t he prpgwemsenemsevoltaget¥ge generation circuit 21 becones ready to output a
desired voltage, and a voltage detection circuit 37 checks a voltage |evel

whi ch may beThbdlgwookert of BlGCd 1 \shiokagm alurithnafpmiectdute)vdld age of the
booster circuit or an output voltage of the prograni erase voltage

gener apiregragimonyg bp@iatichdey a flaBhiiemoeas eAwase ewHdire thelgosas doaves i s | ower
than a desired reference voltage (e.g., Vpp is 2.7 V or |less and an out put

vol t ageolRhgéd Wb aAd t\ip Gid provided willSheVd@derileds S)WhenRhegr am vol tage i s not
applied to a nenory cell but a "program operation failure" state is set.

I n t hepfRSAMYAME op @i ti] §1296s, IFRYE | pRBSaRCAAAVEHaR estﬁaﬁa%nr geence

voltage, a programvoltage is appliedto the nenory ce (#50). The

progr agg Mﬂ#%ﬁ%hh%r@%%ﬁt%gegisgﬁ Qg (50 ‘T‘h@b{?& Rt ggresﬁﬁﬂgovaﬁ&' I, a

menory cell corrésp a data valu I'n program dat a.
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""" UO(gherable) #20, #30). The flash memory waits until the program/erase

voltage generation circuit 21 becomes ready to output a desired voltage, and

a voltage detection circuit 37 checks a voltage level which may be the power

source voltage (Vpp), an output voltage of the booster circuit or an output

voltage of the program/erase voltage generation circuit 21 (#40). In the

case where the voltage level is lower than a desired reference voltage (e.g.,

Vpp is 2.7 V or less and an output voltage of the booster circuit is 8.5 V or

less), a program voltage is not applied to a memory cell but a “program

operation failure” state is set.

In the case where the voltage level has achieved a desired reference
voltage, a program voltage is applied to the memory cell #50). The
program voltage is applied to, in the case of a binary memory cell, a memory
cell corresponding to a bit of a data value “0” in program data. Generally,
in the flash memory, the data value of the memory cell in an erase state is

“17, so that it is unnecessary to program the program data “1” to a

corresponding memory cell. For example, when program data length is 16

bits and program data is FFEEH (H indicates that FFEE is hexadecimal




correspondi ng nenory cell. For exanple, when programdata length is 16
bits and programdata is FFEEH (H i ndi cates that FFEE is hexadeci mal 5
data), to be specific, in the case of "1111111111101110", data is
programmed in the bit O (the least significant bit) and the bit 4 (the
fifth bit fromthe bottom). In the case where the nunber of nenory cells
to which a program voltage can be applied sinmltaneously (hereinafter,
simply referred to as the nunber, of programbits) is two bits, program
dat a i datayitede spectfieiigthe cpeobSlIdAd1 N84 HN, data igprogypymad oper ati on
Is repeated eight times (450, #60;. However, in the case where the divided
pr ogr armdhiedit 0 (theleadt signifinant bit) ahdithe kihd Ghofiftnbitdremghei s not
applied to nmenory cells corresponding to the two bits. After conpletion of

t he prdgteom)ol Inagdee cappvhert themumbee of hyémgrppeistd whidh egdoggarhor
verifying the programdata) is perforned WO). The data value of a nenory

cel | i syolgupeadanese hppHad simfiltandoudpdhebeinayter! diegneferasdlis hsehe25 and
the data is stored Into the read data register 28. The control circuit 41

conpar %ﬁb@r-ﬁf?%@r&hﬂﬁi@) [ ShRE, pbgrath 88t iedididdbinolegghtst er 28 (#80).
When a result of conparison is a msmatch, the programvoltage is applied

agai n tﬁe&%&‘éﬁﬁﬁf%#ﬁ:ﬁvoﬁag&%ﬂl?ﬁf?&ﬁ&a&% is rép@atétPlight times | N the case

where a nm S 'no alned I'n e verifying operation within the preset

MBXi MUNLBY NHES) ﬁ ?—E@v‘éﬁv%@ P]ﬁée c Ooshg?é m@di‘hha&%og{hgn Iaegg{aggsrase vol t age

generation’ circ _ ooster “circuit _di'sak (i noperabl e)
9qb! Ty P R0 A RRBRRF e BT Ayl 2 o
oper at ic%?rea%%ﬁdﬂigo & aifé F&S‘Bﬁsﬁ’%fi‘&eco?ﬁﬂ%%ﬂ the program voltage

application, a verifying operation (reading for verifying the program data) is

performed #70).

The data value of a memory cell is converted to data of “1” and “0” by

the sense amplifier 25 and the data is stored into the read data register 28.

The control circuit 41 compares the program data register 29 and the read

data register 28 #80). When a result of comparison is a mismatch, the

program voltage is applied again to the memory cell of the mismatch #90,

#40, #50 ...). In the case where a match is not obtained in the verifying

operation within the preset maximum number (e.g., 128) of application

times, the program/erase voltage generation circuit 21 and the hooster

circuit 30 are disabled (inoperable) to finish the operation, and a “program

operation failure” state is set #90 to #110). In the case where a match is

obtained in the verifying operation, the program/erase voltage generation

circuit 21 and the booster circuit 30 are disabled (inoperable) to finish the

operation, and a “program operation success” state is set (#120, #130).

FIG. 8 shows a configuration example of the booster circuit 30. The
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circuit 21 and the booster circuit 30 are disabled (inoperable) to finish
the operation, and a "program operation success" state is set W20, #130).
FIG 8 shows a configuration exanple of the booster circuit 30. The 6
booster circuit 30 in FIG 7 is the booster circuit 30 in FIG 8. The
booster «circuit 30 is constructed by an oscillation circuit 36, a drive
signal generation circuit 33, a punp cell circuit 34, a conparator 32 and
a diode chain 35. The voltage is boosted by driving the punp cell circuit
34, A hioster GirambB0RmEIG.S fotherknostenuree rinil Gi §naThe dresteri on
circuit 33 on the basis of an output signal OSC of the oscillation circuit
36. To crmuib80 is npustruetedi byahs oséillaliimnconpat 36oa ddve signal t age V12 obt ai ned
by decreasing an output V11 of the booster circuit 30 via the diode chain
35 i s igumeratidh cidchét 83,hepuimpedl] tiecwitr8d, aodontheratonBaraaida didde a vol t age
V13 generated by the reference voltage generation circuit 31 is input. The
ref er endin @5t adthe Gslbed s ivstdd bylidrivdig @lé Puinsp aell @i¥u@g84.vVOAL age wi t hout
bei ng hardly influenced by the power source voltage, tenperature and

manuf acisivé Bignal POIK 19 2enerdted by thaodrivebith DigehBLatiOh LARI\MP oh S
connected to the diode chain 35 so as to be equal to the voltage V13 when

the boqgleafastd b4 budPut & Vg]l-'US@oPﬁfé bSSNYAbA RYRUESE. + T Sn¥lof FOT

exanpl e, when the output tage of the reference voltage generation

35 and ‘BnkcemRintls of phe By Elcl 2, ol F1 oBh R By o i he
d ' Lde Q ' 1/6 of th

Vol t age R BFt FEAEbdpdthe Gxoltao U3 &RAGoNE Ehath 35UPHSEE, Pho 01U P s

Of o' 1 SR ARBE funtiPicantlo ! 3 AfleorRhPibE 53, B VbitabePR eBh&Rutb@bync) usti no

t he osci ronfrequen

the reference voltage generation circuit 31 is input. The reference voltage
generation circuit 31 outputs a constant voltage without being hardly
influenced by the power source voltage, temperature and manufacturing
variations. The voltage value of the voltage V12 is connected to the diode
chain 35 so as to be equal to the voltage V13 when the booster circuit 30
outputs a desired voltage {e.g., 12 V). For example, when the output
voltage of the reference voltage generation circuit 31 is 2 V, it is sufficient to
set six diodes in the diode change 35 and connect the voltage between the
first and second diodes from the ground (ground potential) side. The
voltage V12 is a voltage of 1/6 of the voltage V11, thatis, 2V. The
comparator 32 compares the voltage values of the voltages V12 and V13 and
outputs a bias signal BIAS for adjusting the oscillation frequency of the
oscillation circuit 36. The oscillation frequency decreases as the output
voltage V11 of the booster circuit 30 increases.

The configuration of an IC module mounted on a non-contact IC card

will now be described. The non-contact IC card is widely used for a lift




oscillation circuit 36. The oscillation frequency decreases as the out put
vol tage V11 of the booster circuit 30 increases. The configuration of an IC
nodui e nounted on a non-contact IC card wll now be described. The
non-contact IC card is widely used for a lift 7 ticket in a skiing area and
a tag for cloth and, recently, also used for a commutation ticket of a
public institution and the like. FIG 6 shows the configuration of an IC
modul e nounted on a typical non-contact |IC card, |Internal blocks of an LS

for anticRetin d skimgsaeR ansbadagdor eloth andeo necently, alrosusedfor 0 and an

antenna 15. The non-contact interface 10 is constructed by a rectification
ci r cui cothinutationdiitledti afra pibbainstitition anéthdliket | FIGi6 shows tlse a dock
separating circuit 14, and regulators 16 and 17. The CPU core 40 has a
conf i gyonfiparatédnobin TGamsdate mounbed onfa typicadrmml-contacdEOrgander and

I ncludes the control circuit 41, a ROM42, a RAM 43 and a flash macro 20.

A proglacernal blakedfian LOBFIRGM IC casddre raeCPH%dréam 2 nsipdodtace Wor ki ng
menory during arithmetic operation. The flash macro 20 is used for storing

a progiggerficeN shaandait@naRd 1asTle n6AbhEakdht&Ta@s 1689w in FIG 7. An
access fromthe outside is nade by a signal obtained by converting an

el ect  gRAIGkER HPY FoBRMAGH kREhiVI A o RBdAMEH it 1) o access Lo the

menory 1s made by a program A general LSI for an IC card has a one-chip

conflgwa#jher 3,9&113611;15[1' ega pRY SO cifbuid! 1€ Ghla f@?ﬂeiﬂ&mthe

out si de ore an | access to the nenory c controll ed by

sof twang angdl SRR APRLA §28hhRhEHoR bLBLOMIL LAY LSt ooy can be

realize
normal microcomputer and includes the control circuit 41, a ROM 42, a

RAM 43 and a flash macro 20. A program is stored in the ROM 42, and the
RAM 43 is used as a working memory during arithmetic operation. The
flash macro 20 is used for storing a program or holding data and has a
configuration as shown in FIG. 7.

An access from the outside is made by a signal cbtained by
converting an electromagnetic wave input/output via the antenna 15. An
access to the memory is made by a program. A general LSI for an IC card
has a one-chip configuration, so that the memory cannot be directly accessed
from the outside. Therefore, an illegal access to the memory can be
controlled by software and the high confidentiality of information in the
memory can be realized.

A basic operation of the IC module mounted on the non-contact IC
card will now be described. First, a control signal of the non-contact IC
card is converted by an external reader/writer (not shown) into an

electromagnetic wave and the resultant signal is supplied. When the

control signal converted to the electromagnetic wave is received by the




A basic operation of the I C nodule nmounted on the non-contact 1C card wll
now be described. First, a control signal of the non-contact IC card is
converted by an external reader/witer (not shown) into an el ectromagnetic
wave and the resultant signal is supplied. Wen the control signal
converted to the el ectromagnetic wave is received by the 8 non-contact I1C
card, electromagnetic induction occurs by the antenna 15 buried in the
non-contact 1C card A si gnal generat d by the | ect romagnetic i nduction

i s connententae Ky magn efae K ‘FQj’i‘fHﬂ ogmgrsi) tenna; thal for
operat| ng the CPU core 40. The signal generated the electromagnetic

i nduct busiedsincéhreveon-gontast ACwazi: i Vesignal &q&;ﬁi\ﬂt&dzﬁéherect ification circuit
11 and snoot hed via the regulator 16 (which generates Vpp) and the

r egul atebectiiom § giétidimbrotian Bodveytedossupgdy power, ¥ olochgegnal arslippl i ed as a
power source to the CPU core 40. The power source voltage (Vcc and Vpp) of

a generehtroCsipdl fer operativigothe3CBUVeotieai(si dhiaé sipmad gaherhtetybyt the
el ectromagnetic induction is converted to an internal dock by the dock

separ ateléwrc&nﬁ bilic Ifductvg fsr@averey tofa pbsitivetwiltigle adkei s about | Mz
to 5 . Further, the signal generated by the el ectromagnetic induction

is s umbctteﬂcé@oﬁ BRcGRNY Shd Sinoethdd ¢ila the fdpal SR WO(Whitl penerats

denodul ation circuit 13. By the signal supplied to the control circuit 41,

the ROVHA aﬂﬂ“fﬂé‘fégﬁﬂﬂt&'@s@mr@n@aﬁsw&@mTﬁb'r@é’ul%ﬂﬂt@oﬂé@@%s such as

an arithnmetic operation is perfornmed. A result of conputationin the CPU

rracr 0 %ggghba aSAYEWEE dodRedl the @PE’E’?:Ee RgVi MhePp Rk eSS R CEWARGgeLaNdw dt h

y the ulation circurt 12, and an el ectromagnetic wave is output from

t he an{ R andVpphet aeééxfér'aﬂcrlﬁeﬂﬂre/ W5 V&Jr 5.8681 VESe LigRial generated
by the electromagnetic induction is converted to an internal clock by the
clock separating circuit 14. The frequency of the internal clock is about 1
MHz to 5 MHz. Further, the signal generated by the electromagnetic
induction is supplied to the control circuit 41 in the CPU core 40 via the
demodulation circuit 13. By the signal supplied to the control circuit 41,
the ROM 42, RAM 43 and flash macro 20 are controlled and a process such
as an arithmetic operation is performed. A result of computation in the
CPU macro core is converted to an AC signal having a predetermined
bandwidth by the modulation circuit 12, and an electromagnetic wave is
output from the antenna 15. The external reader/writer receives the
electromagnetic wave, converts it to a signal via the demodulation circuit in
the reader/writer, and completes transmission/reception of information
to/from the IC card.

In the non-contact operation, however, under a condition that makes

the magnetic field intensity low such as a long distance between the IC

module and the reader/writer, the current supply capability deteriorates.




el ectromagneti c wave, converts it to a signal via the denodul ation circuit
in the reader/witer, and conpletes transm ssion/reception of information
to/fromthe I1C card. In the non-contact operation, however, under a
condition that makes the magnetic field intensity | ow such as a |ong

di stance between the I1C nodule and the reader/witer, the current supply
capability deteriorates. 9 Consequently, when an operation requiring a

| arge current cqnsunption is performed (e.g., a rewiting operation of the
flash roRseguentlycRhen aneergbapreasuins alaree uriead CRBSUBMPHOT iSed vol t age
on start of the operation, a drop in the power source is caused by the

cur r enwertommedfeidna rawriteng ppexptiomelidesflashmemnorsy, even fdhel at ors 16 and
17. There is a case where the high voltage generated by the booster

ci r cui poS@rcanne veltdgeveached asdesexkd valkagmen Istantlof thd opeeatpomgr anmi ng
operation fails. As described above, the conventional nonvolatile

semn condop intheapoory sdavics dansed gyt the drosheconsunptioh iidhea problemin
that, when the current supply capability of the power source voltage drops

in rewpirbgr@aming obevdtion 60 tlapesatlatoisi1® dsd 1SUMINGYe OF a thke WINERTI ON The
present invention has been achieved in consideration of the above-

descri khé hpgloRbRABe gefetdtedty e WHsES cikGuit SORTaAH A chiVRY Qbgitkéd €
sem conductor nenory device having a storage region constructed by a

Pl ural ivbitagh 164 Ghid G pdbgr@MThiADFera®idAadls! | AsERIbedtibode2ilh @ boost er
circuit for boosting a power source voltage to thereby generate a voltage

necessahNvd sV A bR b QR LretHRAR e vol tage
can be pr‘éventxgégrf r or?:l%glierslég degﬁtelgggd i %m)tﬁ?%ﬁggivl?ce ang\eﬁgpge"i&%gt he storage
circuit has a problem in that, when the current supply capability of the

power source voltage drops in rewriting, the rewriting operation fails.

SUMMARY OF THE INVENTION

The present invention has been achieved in consideration of the
above-described problems and its first object is to provide a nonvolatile
semiconductor memory device having a storage region constructed by a
plurality of electrically rewritable nonvolatile memory cells and a booster
circuit for boosting a power source voltage to thereby generate a voltage
necessary to rewrite the storage region, wherein the power source voltage
can be prevented from being decreased in the device and data in the storage
region can be stably rewritten.

A second object of the present invention is to provide an IC card
having the nonvolatile semiconductor memory device, wherein data can be
stably rewritten in the storage region even in the case where the power
supply capability from the outside is restricted.

A nonvolatile semiconductor memory device according to the present
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region can be stably rewitten. A second object of the present invention is
to provide an IC card having the nonvolatile sem conductor nenory devi ce,
wherein data can be stably rewitten in the storage region even in the
case where the power supply capability fromthe outside is restricted. A
nonvol ati |l e sem conductor nmenory device according to the present 10

I nvention for achieving the object includes a storage region constructed by
a plurality of electrically rew.itable nonvolatile nmenory cells, and a
boost einvenfigufar adievsgshenpiectipardes astosagoregign constrmsteshhy generat e a
voltage necessary to rewite the storage region. The nonvolatile

seni conduaxality of edensrigallpreweitiahtd noevolatie nengeryoesdls; andi smbogrier f or
determining a voltage |evel of a predeterm ned node in the sem conductor
menor y citeuitcfer bionstingmai gower sfurtbeobtage dgd¢hersdiyogenexate a vobtagiet e uni t
determ ning part for determning the nunber of bits of input data to be

rew it nepesstarpne eewiitk hhe sbasige refion.r €Bhe hontoldeille semieinduetef the vol tage
determ ning part. Further, the voltage determi ning part includes a voltage

di vi di Rgeribfiedbvick ehcldides dividtage déteimieingt pAfidopdetabhanimpad node, a
ref erence voltage generation circuit for outputting a reference voltage

whi ch iygltage d8edlafta preldeddnin®Athcile wOfiadehRbn HAELo2 GHDRbLPAetite I ef erence
vol tage output fromthe reference voltage generation circuit with an

out put i Qbfien Pbf tHIEs6PhEABEriOh VAR ROrevdi feCtthit-detBrhitif gGR&E foll he number

of bits of the Tnput data to be rewitten at once Is the predeterm ned

m Ut inidf ¥he Wi dAEs {)gl\gf%utq{at 8 hePbesdiatieh Mt tafte R d0es not

achi eve erence vo preferably,
basis of a result of determination of the voltage determining part. Further,

the voltage determining part includes a voltage dividing circuit for dividing
a voltage at the predetermined node, a reference voltage generation circuit
for outputting a reference voltage which is a constant voltage, and a
comparator for comparing the reference voltage output from the reference
voltage generation circuit with an output voltage of the voltage dividing
circuit.

In this case, the number of bits of the input data to be rewr_itten at
once is the predetermined minimum unit. When the voltage level of the
predetermined node does not achieve a desired reference voltage, preferably,
rewriting of the storage region with the data is inhibited.

An IC card according to the present invention for achieving the
object includes the nonvolatile semiconductor memory device having the
above-described characteristics. In the case where the IC card is a
non-contact IC card performing power supply and signal communication in a
non-contact manner, or in the case where the IC card is a

contact/non-contact type combination IC card capable of executing power
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rewiting of the storage region wth the data is inhibited. An IC card
according to the present invention for achieving the object includes the
nonvol ati |l e sem conductor nenory device having the above-described
characteristics. In the case where the ICcard is a non-contact |1C card
perform ng power supply and signal comunication in a non-contact manner,
or in the case Wnere the 1C card is a contact/non-contact type conbination
| C card capabl xecuting power 11 supply and signal, communication in a
non- coRYEBLY #& ﬁwn FATHRVRIFGtON 1Won neBcondach Wapnes andkawsga suppl y and
the signal communication, nore preferably, the IC card has the nonvol atile
seni coRewiach texminalyfor she pewensupRly and thbsignalasmmpaicasinay, aeexsr i sti cs.
Further, when the IC card is a conbination IC card, it is preferable to
swi t ch paefevablyptherEE lcard has rthemionivolatile aenacsm@watge meygorndevicehe

nonvol ati |l e sem conductor nmenory device in accordance with a nmethod of
execut hagirngehpabeve degribedacithrabtersstipsal conmuni cation, which is either of
t he non-contact type or the contact type. BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG | is a Puwetherivd@pnathesIOvhitisa tomdinetibodCroat, iifis preferabld atil e
sem conductor nenory device according to the present invention; FIG 2 is

a cir cyb bwilichod adh trbPitdefod iy @bwaiitn glef tHa st Age BEibnqh thBe nonvol atile
sem conduct or - nenory devi ce according to the present invention; FIG 3 is
a ci r cuichveladfle 3BhS ARG oPAnRRGeAevibs fivabcdlahbe with a method of

executing the power supply and the signal communication, which is either of

the non-contact type or the contact type.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a block diagram showing a first embodiment of a
nonvolatile semiconductor memory device according to the present
invention;

FIG. 2 is a circuit diagram showing a voltage determining part of the
nonvolatile semiconductor memory device according to the present
invention;

FIG. 3 is a circuit diagram showing a booster circuit of the
nonvolatile semiconductor memory device according to the present
Invention;

FIG. 4 is an equivalent circuit diagram illustrating the structure of a
flash memory cell;

FIG. 5 is a circuit diagram illustrating the structure of a flash
memory cell array;

FIG. 6 is a block diagram showing an example of the configuration of

12




nonvol ati |l e sem conductor nenory device according to the present

invention; FIG 4 is an equivalent circuit diagramillustrating the
structure of a flash nmenory cell; FIG 5 is a cireuit diagramillustrating
the structure of a flash nenory cell array; FIG 6 is a block diagram
showi ng an exanple of the configuration of 12 an IC nodule; FIG 7 is a

bl ock di agram showi ng an exanple of a conventional nonvolatile

sem conductor nenory device; FIG 8 is a circuit diagram show ng an exanpl e
of a bodstemedwleuit of the conventional nonvolatile sem conduct or menory
device, FIG 9 is a flowhart show ng a progranm ng operation in the first
enbodi ment of FiCheT isonblickt dikgrammihosnagaexample of asonventaeondr ding to the
present invention; FIG 10 is a flowhart showi ng a programr ng operation
in a saponndlatiesedirenductor anemoyvydaticee seni conduct or nenory devi ce
according to the present invention; FIG 11 is a flowhart show ng the
progranm ng &Ii€k.a8 isom cirouithdiagean\shuwingaln exaupleof 4 2osster cimeditadfor nenory
device; FIG 12 is a block diagram showi ng the configuration in a sixth
enbodi ribetcoaentieAEPhH@dlaR]d Seradioh duavdmmehhayrdswed;at i | e sen conduct or

menory devi ce according to the present invention; and FIG 13 is a bl ock
di agr am show Pl 9 £ 0akicherfihSRinga prégmaiiding operation in the first
embodiment of the nonvolatile semiconductor memory device according to
the present invention;

FIG. 10 is a flowchart showing a programming operation in a second
embodiment of a nonvolatile semiconductor memory device according to the
present invention;

FIG. 11is a flowchart showing !_:he programming operation in the
conventional nonvolatile semiconductor memory device;

FIG. 12 is a block diagram showing the configuration in a sixth
embodiment of a combination IC card having the nonvolatile semiconductor
memory device according to the present invention_; and

FIG. 13 is a block diagram showing the configuration in a seventh

embodiment of the combination IC card having the nonvolatile

semiconductor memory device according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of a nonvolatile semiconductor memory device
according to the present invention (hereinafter, appropriately referred to as
“the inventive device”) and an IC card according to the present invention

having the inventive device will be described below with reference to the
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enbodi ment of the conmbination IC card having the nonvol atile sem conductor
menory device according to the present invention. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Enbodi nents of a nonvol atil e sem conductor nenory device
according to the present invention (hereinafter, appropriately referred to
as "the inventive device") and an IC card according to the present

I nvention having the inventive device will be described below wth
reference to the 13 drawings. Circuits, circuit elements, signals and the
| i ke cdrapings tBbeuitsofiretis ebonents isigndls fngdstheddrpegmatmwie thesel G 7 are
gi ven common reference nunerals. First Enbodi nent As shown in FIG 1, the
i nvent iof ¢hel eviven thasaltfhesh nestonyesdroovi? On Hick. 7tdre given commomcuit 41 for
controlling programm ng and erasing of data to/fromthe flash nenory cell
array 2é4fexenée atieieagls.r egi on constructed by a plurality of nonvolatile
electrically rewitable nenory cells of the flash macro 20. The flash
macro 20 has, as shown in FIG 1, the booster circuit 30, flash nenory
cell array 24, progranierase voltage generation circuit 21, row decoder

22, colpipat PRERdaheds: Sense anplifier 25, input/output buffer 27, address
regi ster 26, read data register 28, programdata register 29, reference

vol tage generl i B0, 13thaihoRii@aeyide s the M fidcto 38 anfire 11 ash

menory cell array 24 is obtained by arranging fla menory cells shown in

< PSR RLEALATE M auPL SRR RtormaBtale TS 5

state PBERlAHIHAR HBHETY el ddtal 0SS S0 ALBYeRITH ShRAREA B £19
plurality of nonvolatile electrically rewritable memory cells of the flash
macro 20. The flash macro 20 has, as shown in FIG. 1, the booster circuit
30, flash memory cell array 24, program/erase voltage generation circuit 21,
row decoder 22, column decoder 23, sense amplifier 25, input/output buffer
27, address register 26, read data register 28, program data register 29,
reference voltage generation circuit 31 and voltage detection circuit 37.
The flash memory cell array 24 is obtained by arranging flash memory cells
shown in FIG. 4 in an array and has an array configuration as shown in FIG.
5. Concretely, the control circuit 41 is constructed in a hardware manner
by a state machine which sequentially processes programming and erasing
of data to/from the flash memory cell array 24 in accordance with a
predetermined algorithm. Alternatively, the control circuit 41 may be
constructed in a software manner by a so-called small microprocessor of a
stored program method.

The configuration and operation of the inventive device will be

described with respect to the case where the storage region of the inventive

device is constructed by the flash memory cell array 24.
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of data to/fromthe flash nenory cell array 24 in accordance wth a
predeterm ned algorithm Alternatively, the control circuit 41 may be
constructed in a software manner by a so-called snall m croprocessor of a
stored program net hod. The configuration and operation of the inventive
device will be described with respect to the case where the storage region
of the inventive device is constructed by the flash nenory cell array 24.
14 The concrete difference between the_inventive device and the.

convent i onal Thermeoicaetiel differencedtmeenrthesmyeptivedeyicestiodvbhen FIG 7 is
that a voltage determ ning part 38 constructed by the reference voltage
gener atonvertiowali norBblatite semicontinelpe memery idemice shown 18 FIGel7dsni nes t he
voltage | evel of a predeterm ned node in the inventive device in rewiting
of dathaf aonitagecletermirdaeaart 3¢ cvndtrrcisd by the réfdrencoivolthgef | ash nmenory
cell array 24. On the basis of the result of determ nation of the voltage

| evel @lnefdteory eirbaites Uehd the Roltggp detectfon irt@MWIT @eteininéetles M ni ng part
44 and a batch rewiting determning part 45 provided in the control

Ci r cui tyofthge 8¢ oI Srddage iR m e HEFAY veditive ddviddlin Fewitihig of

programed ~ sinul taneously at the tine of programm ng data and, al so,

det er Mg, (VRrERLy, drBPefinihgh efdind bASAtATRITRAY fEAH madday &l for

erasing data sinultaneously at the tine of erasing data can be erased

si mul t%ﬂf&#‘éh)’_ ®n YHlapﬁasig—% t}%’?ééxﬂ’ﬁ of Héﬂ:%nﬁﬁoh%ﬁh%%ggdﬁg%gégﬁ%ﬁ rom t hat

I n the corventiona nonvol atil e sem conduct or nenory respect

to th ' L . i ' ' t he basi
of a1 B8 Pltspe Uetehini R SePHRRHETAE Hebenbbink Barf R il e DS S
det er mb%'tagr&@{-ﬂin?ggdet-glﬂﬁjmng part 45 provided in the control circuit 41

determine the number of memory cells to which data is programmed

simultaneously at the time of programming data and, also, determine
whether a block size of the flash memory cell array 24 for erasing data
simultaneously at the time of erasing data can be erased simultaneously or
not. The booster circuit 30 is also different from that in the conventional
nonvolatile semiconductor memory device with respect to the point that the
current supply capability is variable on the basis of a result of
determination of the voltage level of the voltage determining part 38. The
case of the power source voltage for programming and the power source
voltage for erasing as an example of the voltage level of a predetermined
node will be described below.

As shown in FIG. 2, the voltage determining part 38 is constructed
by the reference voltage generation circuit 31 and the voltage detection
circuit 37. Asignal EN in FIG. 2 is a start signal of the voltage detection
circuit 37. The voltage detection circuit 37 is enabled (operable) at the high

level (such as Vece) and is disabled (inoperable) at the low level (such as
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case of the power source voltage for progranmm ng and the power source

vol tage for erasing as an exanple of the voltage | evel of a predeterm ned
node will be described below. As shown in FIG 2, the voltage determ ning
part 38 is constructed by the reference voltage generation circuit 31 and
the voltage detection <circuit 37. Asignal ENin FIG 2 is a start signal
of the voltage detection circuit 37. The voltage detection circuit 37 is
enabl ed (operable) at the high |evel (such as Vcc) and is_ disabled

(i nopergzbiie}l patential)| olhesiodtagesdathctaon tixeyitodihis emaldadimithe The vol t age
detection circuit 37 is enabled in the progranm ng and erasing operations.
Al t hougirogtammidesindétasing operxaiimes. tAlehooth diges disiwadtile omdisabtei t 37 in
the other operation for the purpose of current consunption reduction, it
i's not theroltge detectved tiageitdEt eCilioathegiopevation Tonthe parpghsealfl ed as
necessary. In the disable state, in order to reduce the current

CoNsUNThirféh todonlsiptfdrd saRuARNHE Gt iPRoCHAEIHD. Th@GoNUES detittidassi bl e,
particularly, a feed-through current is prevented fromflowing to

resi st Qifukil 37k RBe disalledak ﬂ%%_Essia’ira”IJPHﬁ@!dlsaQﬂe shae! & 8f®AGe Vol tage
generation circuit 3 1. As the signal REF, a constant voltage (e.g., 2 V)

| S out PdHutbd thé SulYeld cHHThMMARNOH thS WREIR! d8etioY BicuitS3 Pas ngii@l gener at ed

by decreasing the power source voltage Vpp for progranm ng and erasing. In

the. 11 Slp A PRl RYol laeleGi ROl £l bl SRR B E0Y he
(251 3 Jesflpl RS S BTSSR US|l e
becomes, Vo he cl&ai s £"Cks YRL Uil 19K, 4 Lofbrkh Yiidhge e 42 9:¢ Nat the

output in the programming/erasing operations. VREF is a signal generated

by decreasing the power source voltage Vpp for programming and erasing.
In the first embodiment, a voltage decreasing circuit is constructed by the
resistors R1 and R2. The resistance ratio between the resistor R1 and the
resistor R2 is determined so that, when the operation lower limit value
voltage of the power source voltage Vpp is, for example, 2.7 V, VREF
becomes 2 V. The resistance value is set to a value to a degree that the
current supply capability of the power source voltage Vpp does not decrease
(e.g., the current flowing in the resistors R1 and R2 is set to several pA). In
the first embhodiment, the voltage is divided by using resistors as a method
of decreasing the voltage. However, the voltage may be divided by another
method such as a method using a diode. The outputs REF and VREF of the
reference voltage generation circuit 31 are input to a comparator 32a.

When the power source voltage Vpp becomes 2.7 V or less, VREF becomes
smaller than REF, and the comparator 32a outputs a low-level signal

DETOUT. When the power source voltage Vpp is 2.7 V or more, VREF
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current supply capability of the power source voltage Vpp does not decrease
(e.g., the current flowng in the resistors RL and R2 is set to several
[err]A). In the first enbodinent, the voltage is divided by using
resistors as a nmethod of decreasing the voltage. However, the voltage nmay
be divided by another nethod such as a nethod using a diode. The outputs
REF and VREF of the reference voltage generation circuit 31 are input to a
conpar at or 32a. When the power source voltage Vpp becones 2.7 V or |ess,
VREF béeeenomes langer rant REF &id the cdmpragatani2a evtputs zehightlewel a | ow | evel
signal DETQUT. Wen the power source voltage Vpp is 2.7 V or nore, VREF 16
beconessipaahPETOHT. RARK ccowtptih sigroailaEROII T3f she wopiptasratorh32hid evel  si gnal
DETQUT. The out put signal DETOUT of the conparator 32a is used as a signa

for detwsed a¢ agigrhu fupdetgamintvethoioiage deladl of @l pedetadeined BdRPI#40 of
the flowhart of the progranm ng operation in FIG 9 which will Dbe

descr i hagp kaoedf. thetfldvwickdtt bf Ehéeprogranthes obbfatioirie FI1Gf opwREIhMRIPI ts by
determ ning that the power source voltage Vpp has not achieve a desired

vol t agey\edtritd 1d Ut 54 S cidde i eheck tRk ﬂﬁ}ﬁbbgwf beyEam 6&@@333 hows the

booster circuit 30 of the inventive device. The ooster circuit

oper at 6fetbPmPhRQ HEYtRE pﬁ%resr(ogﬁg@eol%g%%ﬁ Algﬁsdgﬁﬂﬁéﬁ%% Efdc;&@(ﬂh vol tage

necessary for the operations own I n t he booster

L, Lyl BB U B oIeRONE g gon iagrooe ot on oo
00 5, 342 B0, 6 S DR 0t Ml 0 ctEv s The
booster circuit 30 operates in programming and erasing of data and
generates a high voltage necessary for the operations (e.g., 12 V). As
shown in FIG. 3, the booster circuit 30 is constructed by the comparator 32,
the oscillation circuit 36, two drive signal generation circuits 33a and 33b,
two pump cell circuits 34a and 34b, the diode chain 35, and other logic
circuits.
The operation of programming data to the storage region in the
inventive device will now be described with respect to the case where the
program data length is 16 bits and the number of program bits is the power
of 2.
FIG. 9 shows a procedure of the control circuit 41 and the rewrite
unit determining part 44 in the operation of programming data to the
storage region in the inventive device. When a programming operation
starts, first, program data as an expectation value is input to the program
data register 29 #10) and an initial setting of the number of program bits to
be simultaneously programmed (in the case of a binary cell, the number of

program bits is the same as the program data length) is made #11). For
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I nventive device will now be described with respect to the case where the
programdata length is 16 bits and the nunber of programbits is the power
of 2. FIG 9 shows a procedure of the control circuit 41 and the rewite
unit determning part 44 in the operation of progranm ng data to the
storage region in the inventive device. Wen a progranm ng operation
starts, first, programdata as an expectation value is input to the program
data register 29 (#10) and an initial setting of the nunmber of programbits
to be siampleateonsmbarrafgragred Kiisnistsed toshitef Subsempentlipthe t he nunber
of programbits is the sane as the programdata |ength) is nade (#11). For
17 exaripdostert diecuit BDemdthgpagram/bidse voltaget ganeratiohntcircubtiBd @ageent |y, the
booster circuit 30 and the progranf erase voltage generation circuit 21 are

sequentdeuletidfigodiihléd 2420,430). The fldshsieffrprvait@iungiluhei | the

program erase vol tage generation circuit 21 beconmes ready to output a

desi r edy MphhR%EhasaHAlale obaklaEen eRLAR 2 Phedinifd tdadd tochetplat & he power
source vol tage Vpp (#40). Wen the voltage | evel of the power source

vol tag ' Ry ] 140 chiRaft IRLHECKSLEHE power’ solincet he
nurrbere‘%?\é@%Coérdo‘l’é(rﬁgL "bi tds S (%Eéebgeaﬂé%t%%ﬁl). When t he nurrbel?0 o‘fé %ro%?am bits

I s not Juuér%gwgm@x. %Bﬁqaé%@t@'ﬁfgge@a JrRHE SRR s REe baitagégﬁ ,heand t he

predeterm ~~operation Is perfor again fromthe start-up _
boosteishuap U 4 v 1006048 T RRABl: lyaapepted
Lo e TR B ORBBE g B ABRIERY O o0
nunber of RL29F %%gbr'atn% bieS id reduced to the half (#42), and the predetermined

dperatiOn is performed again from the start-up of the booster circuit 30 #43,

#44, #20 to #41). The operation is repeated until the number of program

bits becomes 1. For example, in the case where the initial value of the

number of program bits is 2, the number of program bits is set to 1, and the

voltage level is determined again. When the number of program bits is 1

and the voltage level is lower than the desired voltage value (2.7 V), a

“program operation failure” state is set and the program voltage is not

applied to the memory cell.

In step #42 of the flowchart of the programming operation shown in

FIG. 9, in association with the reduction of the number of program bits to

the half, the corresponding drive signal generation circuit 33b and the pump

cell circuit 34b are disabled. FIG. 3 shows a configuration example of the

case where the initial value of the number of program bits is 2 #11). When

the number of program bits becomes the half which is “1”, a signal POFF

becomes the high level, the drive signal generation circuit 33b and the pump

cell circuit 34b are disabled, and the current supply capability of the booster
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and the voltage level is lower than the desired voltage value (2.7 V), a
"program operation failure" state is set and the program voltage is not
applied to the nmenory cell. In step #42 of the flowhart of the programm ng
operation shown in FIG 9, in association with the reduction of the nunber
of programbits to the half, the corresponding drive signal generation
circuit 33b and the punp cell circuit 34b are disabled. FIG 3 shows a
configuration exanple of the case where the initial value of the nunber of
pr ogr aminsirits30 be@ni¢s the ha¥e nThelpo werdsmsuoip tpew gf thee boestebeizonits t he hal f
which is "1", a signal POFF becones the high |l evel, the drive signa

gener at3idds mosthuitadedy treldtive spgmgl genelrdtion rineuitsBBn ané 33bSebl ed, and t he
current supply capability of the booster 18 circuit 30 becones the half.

The pO\d@tviﬁ?r@ayﬁﬁtmrinqn:etﬂlﬁnbmﬂt@fcxﬁtgm and34b Gbous 80ytorssle ofy t he
drive signal generation circuits 33a and 33b for driving capacitors in the

punp cehé cGiventichisdhptRMdofithe dbauéodte vOlt8ERWYD). t MhetbforeNghecoOnsunpt i on

of the power source voltage Vpp). Therefore, the power consunption in

rew i tg’&@:lecohE@m?t%%i&ﬂ FAHYnEOMthE A Rridally RbtritaBle AbR¥AGEIL €91 On can be
reduced by about 42.5% at the maxi num . When the current consunption is

edu t Ji ) : ns on
w 'nsfgggg;f%gﬁg cﬁg@ké(du PRAPLbbhY 495 BetROWRsRMACe Vol tage Vpp

wi t hout In the “power source voltage Vpp, rewiting of the

nonvol atil e Wﬂé@gﬁe Eﬁgﬂe&ﬂgﬁﬁg%ﬁgﬁi ei.rsvaftHEgthé Euh%gzléfghhf%ent to determ ne

controls on the drive si ation <circuits 3b and the punp

e oLy 3 2 APGa RoliR Ve AROTDB! wifhl b talusiify haxBF S8 1lance W N the
power source voltage Vpp, rewriting of the nonvolatile storage region can be
performed.

It is sufficient to determine controls on the drive signal generation
circuits 33a and 33b and the pump cell circuits 34a and 34b in the booster
circuit 30 in accordance with the maximum number of program bits.
Specifically, the circuit configuration is employed such that, when the
number of program bits is four bits, the current supply capability and the
power consumption of the drive signal generation circuit 33 and the pump
cell circuit 34 in the booster circuit 30 can be set to 1/1, 1/2 and 1/4. The
basic boosting operation of the booster circuit 30 is similar to that of the
conventibnal booster circuit 30 shown in FIG. 8.

In step #40 of the flowchart of FIG. 9, when the voltage level is
higher than the desired voltage value, the program voltage is applied to the
memory cell #50). When the program data length is 16 bits and the
number of program bits is two bits, program data is divided into eight pieces

and the programming operation (application of the program voltage to the

memory cell) is executed eight times. When the number of program bits is
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Specifically, the circuit configuration is enployed such that, when the
nunber of programbits is four bits, the current supply capability and the
power consunption of the drive signal generation circuit 33 and the punp
cell circuit 34 in the booster circuit 30 can be set to 1/1, 1/2 and 1/4.
The basic boosting operation of the booster circuit 30 is simlar to that
of the conventional booster circuit 30 shown in FIG 8. In step #40 of the
flowhart of FIG 9, when the voltage |evel is higher than the desired
vol t ageoneabificthe progravydaia isalivided mdo d6mipess and @ﬁeprmmﬁl | (#50).
Wien the programdata length is 16 bits and the nunber of programbits is
two bi taperptiogriapetfarmedslttiviased The follemghe opieratéens (5 tdwl3Haapeanmi ng
operation (application of the programvoltage to the nenory cell) is
execut edmglayhtio thienmegrathennehpenativbns obthecograntidridl nonvoldtilene bit, the
programdata is divided into 16 pieces and the programm ng operation is

per f or nseehitbn flucees mehery déviowishgwepiey BIGohs (#50 to #130) are simlar to
t he progranm ng operations of the conventional nonvolatile sem conductor

nenory devi ceTlshgysonrwhy €he hhimbdiCof Rageambiys idsettdriberp@fesfonr am bits
Is set to the power of 2 (2 bits "in the first enbodinent) in step #11 is

that the ed m tienfld dibodieNS iR lih ¥td 21 P e atOhe2d4tdqBngsh & bits and 16
bits. When the nunber of programbits is reduced to the half, by repeating

the Op?g‘e%teirﬂly Phe PRRIcYoP2 ichva & BIR 4 ]Elb%ifﬁ'? MWhehi the duithber of NE

operation perforned before the nunber of programbits is reduced to the
B e T e
voltage to the memory cell twice, the operation performed before the number
of program bits is reduced to the half can be realized, so that program data
is handled very easily.

However, the present invention is not limited to the method of
setting the number of program bits to the power of 2 And reducing the
number of program bits to the half. It is also possible to prepare a plurality
of VREF voltage levels and set the predetermined number of program bits
on the basis of the plurality of results of determination.

Although the case of the power source voltage Vpp for
programming/erasing has been described as an example of the voltage level

of a predetermined node, in the case of the flash memory in which the power

source voltage is only Vce, Vee may be used.

Second Embodiment

As a second embodiment, a case of setting the number of program
bits for each application of the program voltage will be described. FIG. 10

shows the procedure of the control circuit 41 and the rewrite unit
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setting the nunber of programbits to the power of 2 and reducing the
nunber of programbits to the half. It is also possible to prepare a
plurality of VREF voltage | evels and set the predeterm ned nunber of
programbits on the basis of the plurality of results of determ nation.

Al t hough the case of the power source voltage Vpp for progranmm ng/erasing
has been descri bed as an exanple of the voltage |evel of a predeterm ned
node, in the case of the flash nenory in which the power source voltage is
only Vcdetekninimgypdre 44smdth eSeperatiobndfodogrammingalatadontestixegienent, a case
of setting the nunber of program bits for each application of the program

vol t ageragidi ihthelasentheddevitds 10 shows the procedure of the control
circuit 41 and the rewite unit 20 determning part 44 in the operation of

programm ng dafghe fcbhf exBiERRNt! FHAAN Hatdes ARYEM.| VEadlE¥int€a - I N the
second enbodi nent, programdata is divided. Each time a programvoltage is

applie lt 14} gﬁ%@ ' : t he
deter m%l](gg%% f%g%glaegﬁ fg\%ﬂ%&c‘fé@%& #gﬁ-iﬂési’ﬁ t quqééslﬁrgggﬁé%%ltnaeg\e@at%e nunber
of pro ht.S3 131%?9&9 4 [ nal el d a0k t ed in
step #g'g?l%te (liés’: E en g‘?iééé%%i)" gpggglto?; ﬁ%h%éé%% trlllg : detshxzed\r}gcfl%%eé%ﬁével is
checke Ln, l. a . St gb lied to
Che- nedbiBEEpf DRORER BK ehAf S LORDTT VRS THE SR piFisH G lete g,
per f or ned reassuccessful ly. The other erati.ons,are,sim, ar.. to those of
the fir& Stgﬁﬁ%&' ﬁ}ézhtt is, yﬁ\epcpr@%% %@tf?t st re%ams, he voltsage level is

checked again, Consequently, the program voltage can be stably applied to

the memory cell, and the following verifying operation (#70) can be

performed more successfully. The other operations are similar to those of

the first embodiment.

Third Embodiment

A third embodiment of the inventive device will now be described.
In the first and second embodiments, the voltage detection circuit 37 checks
the voltage level of the power source voltage Vpp, concretely, the voltage
level obtained by decreasing the power source voltage Vpp. In the third
embodiment, the voltage detection circuit 37 may check the voltage level of
the output voltage V11 of the booster circuit 30, concretely, the voltage level
of the output voltage obtained by decreasing the output voltage V11.

VREF in FIG. 2 is the voltage level generated by decreasing the
output voltage V11 of the booster circuit 30. The circuit configuration of
the voltage detection circuit 37 itself is the same as that in the first
embodiment. The third embodiment is different from the first embodiment

with respect to the point that the voltage to be used is changed from the
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A third enbodi nent of the inventive device will now be described. 1In the
first and second enbodi nents, the voltage detection circuit 37 checks the
vol tage | evel of the power source voltage Vpp, concretely, the voltage

| evel obtained by decreasing the power source voltage Vpp. In the third
enbodi ment, the voltage detection circuit 37 may check the voltage | evel of
t he output voltage V11 of the booster circuit 30, concretely, the voltage

| evel of the output voltage obtained by decreasing the output voltage V11.

VREF i poRteB sofirisvolbage Vppanahecustbhuyenkage a8l 1of thedsmatdmgrddie 30out put
vol tage V11 of the booster circuit 30. The circuit configuration of the

vol t agendethrcidsistanté eafié befweés €hé résistors Bloard 2 ihadjubted fie first
enbodi nent. The third enbodinment is different fromthe f| rst enbodi nent

Wi th reepadante Witk tRevaltakhabvdl W tHelok tf@uage ¥38d Fore aﬁgggszggm the

21 power source voltage Vpp to the output voltage Vi1 of t

Ci rcul itheQesidfithde t[oeéét%die% er fgsi oRERWEE {RE‘iF rd%ﬁéﬁ](ﬁ)flij{ pu%%]t}ﬂﬁd R2is

adj ust ed |n accordance W|t e VO tage | eve tage V11.

det er m EgF ech %Srﬁ@@‘gﬁﬁ%@%é"z’h@ﬁmﬁﬁ@%ﬁw PSRRI o8l o' Vol ¢ age
level L@%vol?#@%l\{g Istgg,e )ﬂlje xle 1s§ax§cei v%m% of é%%%?fogﬁﬂ al of the

resi stor are'set to values ICh

cur ot FisistgS ﬁv%%5?w£$%%ﬁ?sﬁﬁ%%&%ﬁ%w?ép&ﬁtf %@%Ewﬁtexafmi > the

the.resisto are us Ss a_nmet hod of . decreasing the

third enmbo r

vol t ag&re eﬁgw%ﬂ%t ﬂﬁ%yeﬁﬁe de@?’é%@ﬂp LR SPRE YRS ms as a net hod

USING 3o GBS R1 ana MY Bt (Revdid pk Of the

In the third embodiment, the resistors are used as a method of
decreasing the voltage. The voltage may be decreased by another method
such as a method using a diode. The outputs REF and VREF of the
reference voltage generation circuit 31 are input to the compafator 32a.
When the output voltage V11 of the booster circuit 30 becomes 8.5 V or less,
VREF becomes smaller than REF, and the comparator 32a outputs a
low-level signal DETOUT. When the output voltage V11 of the booster
circuit 30 is 8.5 V or more, VREF becomes larger than REF and the
comparator 32a outputs a high-level signal DETOUT. The output signal
DETOUT of the comparator 32a is used as a signal for determining the
voltage level of a predetermined node in step #40 of the flowchart of the
- programming operation in FIG. 9. The other operations are similar to

those of the first embodiment.

Fourth Embodiment

A fourth embodiment of the inventive device will now be described.
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ref erence voltage generation circuit 31 are input to the conparator 32a.
When t he out put voltage V11 of the booster circuit 30 becones 8.5 V or

| ess, VREF becones smaller than REF, and the conparator 32a outputs a

| ow- | evel signal DETOUT. When the output voltage V11 of the booster

circuit 30 is 8.5 V or nore, VREF becones |arger than REF and the

conparat or 32a outputs a high-level signal DETOQUT. The out put signal

DETQUT of the conparator 32a is used as a signal for determning the

vol t agdnlthedirstfanad secevd terbudieentsdhei voltigepdetéttiad civeaitf 3'Dehédist of t he
progranm ng operation in FIG 9. The other operations are simlar to those

of t he thevsltagetiedélrafinhe poawwrtdouktdoclitagnVpp, tontriebelgnfdediaieqge of t he
i nventive device will now be described. 22 In the first and second

enbodi evdl obtahirdp) Bedeaseigetie power scuirct valtaghonks Ihthe/hirilge | evel of

t he power source voltage Vpp, concretely, the voltage |evel obtained by

decr easintlthdi BRnROWR vﬁ?ﬁé&eﬁé@ﬁbﬁ%c\dﬁpm lay BRedlOtHd B‘utrﬁimig?ée{%gt , the

vol t age detection circu 37 may check the output voltage

Pr Og" aipk$R8RSoal RISSOAREA LG ibeudt 2 0B el i) Lage | evel

of an outpu tage obtain ecreasi ng the output’ voltag€. VREF in

FI G 2)Lsdrenil £9%olayelopistenalPdott don GRshiigt Relapu! Pt VOl tage of

t he programerase voltag€ generation Circuit cuit

contGur et | Rl pitels AR hERH ARty ekBUbg e o7 o5
e SO ToRhs e S oo B b b el 2TSoTRR, S, 0

circuit configuration of the voltage detection circuit 37 itself is the same as

that in the first embodiment. The fourth embodiment is different from the

first embodiment with respect to the point that :che voltage to be used is

changed from the power source voltage Vpp to the output voltage of the

programferase voltage generation circuit 21 and the resistance ratio

between the resistors R1 and R2 is adjusted in accordance with the voltage

level of the output voltage. For example, the resistance ratio between the

resistors R1 and R2 is determined so that VREF becomes 2 V when the

lower limit operation voltage level of the output voltage is 8.5 V. The

resistance values of the resistors R1 and R2 are set to values at which the

current supply capability of the booster circuit 30 does not decrease. For

example, the current flowing in the resistors R1 and R2 is set to several pA.

In the fourth embodiment, the resistors are used as a method of

decreasing the voltage. The voltage may be decreased by another method

such as a method using a dicde. The outputs REF and VREF of the

reference voltage generation circuit 31 are input to the comparator 32a.

When the output voltage of the program/erase voltage generation circuit 21
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program erase voltage generation circuit 2 1 and the resistance ratio
between the resistors RlL and-R2 is adjusted in accordance with the voltage
| evel of the output voltage. For exanple, the resistance ratio between the
resistors RL and R2 is determ ned so that VREF becones 2 V when the |ower
limt operation voltage |evel of the output voltage is 8.5 V. The

resi stance values of the resistors RL and R2 are set to values at which the
current supply capability of the booster circuit 30 does not decrease. For
exanpl ehecomes@ub Meor less OWRIEF becarhes smailer shanMEHnandRehé somparamwrsever al
[err]A. In the fourth enbodiment, the resistors are used as a nethod of

decr easi2agoutparty alloaglevellSignadb DEDO Uy Wheddabeangpdt byltagetofiche met hod
such as a nethod using a diode. The out puts REF and VREF of the reference

vol t ag%rﬁ?fﬁﬁ?érh@é‘ veithgs igenedatidie cirt@itt2 I & 8.56V epibeea VRER Bacombben t he
out put voltage of the program erase voltage generation circuit 21 23

becomeqaé%e‘} tHa® REFSgnd YiREEoR@aeaRY 3pWbhiputt hamigREevePsignhie conpar at or
32a outputs a |owlevel signal DETOQUT. When the output voltage of the

progr a@%m‘éo’gg%&tﬁﬁf‘ﬁr lll PEPOLFFbf tl?elcéxﬁpﬁrﬁtiog 3%a iQQ{s%d_ a$REF becones

| arger t e cornparator 32a outputs a h-1evel signal DETOUT.

Th t ' : : ' | f
deot or map ey R DRt RLE G Sl o e e oD o L e

A e e L g M N
' e BnePed BFF siiiafsd Mo Y el ehifiipftcr ™ " N0 part 5 provided

Fifth Embodiment

As a fifth embodiment, a case where the batch rewriting
determining part 45 provided in the control circuit 41 sets a rewriting range
of the flash memory cell array 24 as a storage region in accordance with the
power supply capability of the power source voltage Vpp will be described.
In the fifth embodiment, different from the first to fourth embodiments,
rewriting is an operation of erasing data.

As recent flash memories, not only flash memories of an uniform
block type in which all of block sizes as an erase unit are the same but also a
number of flash memories of a boot block type in which block sizes are
different from each other are produced. For example, in a boot-block type
8-megabit flash memory, the flash memory cell array 24 as a storage region
is constructed by 15 pieces of 512-kilobit blocks (hereinafter, simply referred
to as main blocks) and eight pieces of 64-kilobit blocks (hereinafter, simply
referred to as boot blocks).

In the erasing operation, a voltage is applied simultaneously to the
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of the flash nenory cell array 24 as a storage region in accordance with
the power supply capability of the power source voltage Vpp wll be
described. In the fifth enbodinment, different fromthe first to fourth
enbodi ments, rewiting is an operation of erasing data. As recent flash
menories, not only flash nmenories of an uniform block type in which all of
bl ock sizes as an erase unit are the sanme but also a nunber of flash
menories of a boot block type in which block sizes are different from each
ot her apargscdde msmorerx:aﬁp lin onierblackooTherafere, iy pbe casenofiabi t {1 ash
menory, the flash nenory cell array 24 as a storage region is constructed
by 15 ghergingdhesbRréed afbnentrirgcells ther desieeid woltags tepky 1280ethed to as
mai n bl ocks) and ei ght pieces of 64-kilobit blocks (hereinafter, sinply

r ef er r athdlterahelidotk bizedksthe lightdraherlasd igandehatsnoallerathendraget i s appl i ed
simul taneously to the 24 sources of all of nenory cells in one bl ock.

Ther ef @6 e supplied BadR Bdosteh@ir@nindst hkn ﬂwezﬁngfop@?m@ﬂ wReh$hbo a
desired voltage (e.g., 12 V), the snaller the block size is, the lighter

the | ogethst Eussmtyer @mﬂel WltdgedebfibAcirch: P sRoRR!ineRIdpy2 18t agpst er

circuit is. In the erasing operation, when the output DETOUT of th
vol t aggoWebeq! 1ta8 suitfiGeht ¢ hedlOte Vil $Bthe ddlr@bs [dlastdrR LPFR'} ' t s

sufficient to check the value of the address register 26 in 1, f he

bl ock i3S @BHORNLcP L8 o0f BIocﬁihgeth%ﬁgnngbFF) td PRe g?@hlév%Ye&sagf sabl e

drive 5| gnal generation circurt he punp c circuit fb and

ot oot 1g AfRe APFal SfraB0R frous AF ot bbb ol APl i BB Cor 20

regi st ¢h el thYbALE Tevitl Tehlh P! OCK,

When the output DETOUT of the voltage detection circuit 37 is at
the low level and the value of the address register 26 indicates a main block,
an “erasing operation failure” state is determined, and the erase voltage is
not applied to the source of the memory cell. The basic erasing operation of
the flash memory is similar to that of the conventional nonvolatile
semiconductor memory device. The basic operation of the booster circuit 30
in FIG. 11is similar to that of the conventional nonvolatile semiconductor

memory device.

Sixth Embodiment

As a sixth embodiment, an IC card according to the present
invention having the inventive device will be described with reference to
FIG. 12. Acase where the IC card is a contact/mon-contact combination IC
card capable of executing supply of power and signal communication in a
non-contact manner and having a contact terminal for the power supply and

the signal communication, and a contact operation and a non-contact
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an "erasing operation failure" state is determ ned, and the erase voltage
Is not applied to the source of the nenory cell. The basic erasing
operation of the flash nmenory is simlar to that of the conventi onal
nonvol atil e sem conductor nmenory device. The basic operation of the
booster circuit 30 in FIG 1 is simlar to that of the conventi onal

nonvol atil e sem conductor nenory device. Sixth Enbodi nent As a sixth
enbodi ment, an I C card according to the present invention having the

i nvent ioperadon age wWisdrininated dromavichi ather &h aceordance wikh Ghe 12. A case where
the IC card is a contact/non-contact conbination IC card capabl e of

execut ifreeaneyl of aoélopo WK hfiok cingaed-tygeneamimaticathon input from aant act manner
and having a contact termnal for the power supply and the signal

comuniexaérmid clavkdtedmingl GLK anértheifeeqeiityanfrocloglo RRCLKXor operati on are
di scrimnated fromeach other in accordance with the frequency of a clock

CLK1 f afoncediitact typtiemAniicattdt roitived by the eMteina eyilasNahdaheck terni nal
CLK and the frequency of a clock RFCLK for non-contact type comunication

recei vefhes bﬁpedgrsﬁﬁeits% ge&a‘éoat@%etmﬁn B aRSriRfg. program bits is

separately set will be described. e contact operation is mainly used for

a card of a WHIAGIAL: b di3biohlisixRAiY LeAToR RAR OFAl Eadid the frequency

of the clock for contact-type comuhication input to t external clock

tor m nahofehiid el a0 Wil o MiFenBchlEndl BemABe sbhe non- cont ac

operation IS use or a car ans I'on systemsuch as a train or

a bus, B EhGHLIEAERRIcHh et hK il U eakinkY BRIEQTYN cati on

is 13.

MHz or 4.9 MHz. On the other hand, the non-contact operation is used for
a card of a transportation system such as a train or a bus, and the frequency
of the clock for non-contact type communication is 13.56 MHz. Each of the
frequencies is standardized as the communication interface in IC cards and
is often used.

In the sixth embodiment, a circuit 46 for detecting the frequency of
the clock CLK1 for contact-type communication input to the external clock
terminal CLK and the frequency of the clock RFCLK for non-contact type
communication received by the antenna coil is provided to determine the
contact operation and the non-contact operation. Concretely, the clock
CLK1 for contact-type communication and the clock RFCLK for non-contact
type communication are counted by a counter 47 for contact-type
communication and a counter 48 for non-contact-type communication,
respectively. The counter which overflows first is held as switching means
by an RS flip flop 49. In such a manner, according to the frequency of the
clock CLK1 for contact-type communication and the frequency of the clock

RFCLK for non-contact communication, either the contact-type
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frequencies is standardi zed as the comunication interface in I C cards and
Is often used. In the sixth enbodinent, a circuit 46 for detecting the
frequency of the clock CLKlL for contact-type conmmunication input to the
external clock termnal CLK and the frequency of the clock RFCLK for
non-contact type comunication received by the antenna coil is provided to
determ ne the contact operation and the non-contact operation. Concretely,
the clock CLKl1 for contact-type communi cation and the clock RFCLK for

non- corfORMUNACAIOT: ¥ hRM ReRtCOBHAct t¥Pe semmBHNIRA o eambe detigxrmigred.
contact-type communication _and a counter 48 for non-contact-type

comuni Elae comtrol eizewidli caxl deteTimane shat the whidshisdherdontaet rhpdsbri s hel d as
switching neans by an RS flip flop 49. In such a manner, according to the
f r equenthe wdn-toretact hode 6l &ckof danarowithctha yaeecdthe RS ip flopattd t he
frequency of the clock RFCLK for non-contact comrunication, either the
cont act - t ype Tite namheri cfairogramibitdeambe-sepaiately sotp@ thaaontacet i on can be
determ ned. The control circuit 41 can determne that the node is the

cont actmoié andrthelith-beitacoRiciel Mudexiaiples Of gheecentict mddwe thal ue of the
RS flip flop 49. The nunber of programbits can be separately set in the

cont actstaPRASovES éwc@aﬁd%(}s apd siippiRed BYm @MAEREE all ot desiarbact node,
an

the stable powers as Vcc Vpp are supplied froman external power

sour ce tel-@iAhNAb thaf thdauniBls dTYHBBFaRihibs RISATTbhS b, S¢h the four bits.
In the non-contact node, priority 1s placed to stability and the nunber of

Pr Ogr am oxPkbiPtalc nitfele, bRiokHY 1Bl Sce SRy &AL F PP tHE Blumber of program

bits is set to two bits.

Seventh Embodiment

As a seventh embodiment, an IC card according to the present
invention having the inventive device will be described with reference to
FIG. 13. A case of detecting that the operation is the contact operation or
the non-contact operation by an external reset terminal RST and a circuit
for detecting the rising of the power source voltage in a combination IC card
and separately setting the number of program bits will be described.

In a reset state, the IC card initializes the circuit. Since there is no
input from the external terminal in the non-contact operation, the rise of the
power source voltage is detected and the circuit is initialized. When the IC
E:ard receives an electromagnetic wave, electromagnetic induction is caused
by the antenna 15 buried in the IC card. A signal generated by the
electromagnetic induction is converted to a positive voltage via the

rectification circuit 11 and smoothed via the regulators 16 and 17. The

resultant voltage is supplied as a power source to the CPU core 40. The
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As a seventh enbodinent, an I C card according to the present invention
havi ng the inventive device will be described with reference to FIG 13. A
case of detecting that the operation is the contact operation or the
non-contact operation by an external reset termnal RST and a circuit for
detecting the rising of the power source voltage in a conbination IC card
and separately setting the nunber of programbits wll be described. In a
reset state, the I1C carz initiali Ses the circuit. Since there i.s no input
from t ROVESZ ee voktage A¥ec and Map) b genarat {Capedualeisd, Viare3.8i%e of the
power source voltage is detected and the circuit is initialized. Wen the
| C car dlhetise vé thepowies sourteaypltage Vomoan beldatecteddyna configuratied on i s
caused by the antenna 15 buried in the I1C card. A signal generated by the
el ect r cvebreet the dondigrirationiof the vettaige datectdorpoixtwit\a7 iroF1@&gé. vFart he
rectification circuit 11 and snoothed via the regulators 16 and 17. The

r esul t andanyvslle! sheni thesuwdy sdhras valtpgediecanes bégher thun ZPWcthiee 40. The 27
power source voltage (Vcc and Vpp) of a general I1C nodule is 5 Vor 3.3 V.

The ri sgleizetdtefiivietire@it'aapued hadgh Veeelaign bk atldl £eéR4 sbytedis@eef i guration
such as the configuration of the voltage detection circuit 37 in FIG 1.

For  exafalfreduheminbe HeelRY inSRisp6Rsd 8 tRgeuRAROIRAaNbONRY vilbage 2.0 V, the

vol tage detection circuit outputs a high-level signal, and a reset state is

set  f QfetdctihiCERERRT 18 GhBRbhOLktioRet AEHRP elvink tRe W/ NEVelodhal of the
voltage detection circuit. In the contact operation, by giving the | ow

level thibhn) r%é%tet{e?ﬂﬁnéﬁﬁstr $Lh PR dctRR IR rilY of"ﬂ&@gbhr'éﬂ.sbﬁfcer Ise of the

power source Vvoltage Vcc, the reset state 1s obtained. Since no signal is

;)L‘F:Jte diﬂ%&{tﬁ% Yﬁ:g Bh& QA Gta R dHehfibd.  FEnEE W8 al iR96but 88 Thoal RST is
non-contact operation, the external reset terminal RST is pulled up to the
power source voltage (e.g., Vec). The reset state is canceled in the contact
operation either when the external reset terminal RST becomes the high
level or in a predetermined period after the rise of the power source voltage
Vee, whichever is later.

In the seventh embodiment, a register 60 for storing the reset state
is provided. The register 60 stores the state “1” when the voltage level of
the external reset terminal RST becomes low, and the state “0” when the
power source voltage Vcec is, for example, 2.0 V or less and the external reset
terminal RST is at the high level. When the power source voltage Vec is,
for example, 2.0 V or more, the register 60 holds the value. In other words,
even when the power source voltage Vcc rises, the external reset terminal
RST becomes the high level, and the reset state is canceled, the register 60
holds “1”. The control circuit 41 can determine either the contact mode or

the non-contact mode in accordance with the value of the register 60. The

number of program bits can be separately set in the contact mode and the
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power source voltage (e.g., Vcc). The reset state is canceled in the
contact operation either when the external reset termnal RST becones the
high level or in a predeterm ned period after the rise of the power source
vol tage Vcc, whichever is later. In the seventh enbodi nent, a register 60
for storing the reset state is provided. The register 60 stores the state
"1" when the voltage level of the external reset term nal RST becones | ow,
and the state "0" when_the power source voltage Vcc is, for exanple, 2.0 V
or | esdoarepntaet meder nHor example tiar thereontaetimiode gthe stable ppweesvas. When t he
power source voltage Vcc is, for exanple, 2.0 V or nore, the register 60
hol ds tVre aral Vep dre soppéiedfordsan exteznalhewer seuyreermgoal, se thakt age Vcc
rises, the external reset termnal RST becones the high |evel, and the
reset shatmmmberofweigeam bibeis sgitetfonr bits. hdhdhe nidh-catactaradepl circuit 41
can determ ne either the contact node or the non-contact node in

accor daatority isiplade] westadilofy, hssurange of ¢he 6Perafien commheaticationr ogram bits
can be separately set in the contact node and the 28 non-contact node. For

exanpl distaficeend eié tile, 584 ehe hitenlsdodt Erog@dey bita s séfCtd twrbivep are
supplied froman external power source termnal, so that the nunber of

program bi ts Al§o &€thé Badelsl tHY fwerl Sbuire8 vOlAZEOBRGhe PEEof tHyy 1 OTi LYy 1S
placed to stability, assurance of the operation comunication distance,

and t N obids@ondailvilREzILAPEE Rbcdtb@BYALAAguIatiGiPkinki®ad WPGRIASE Al SO Tn

the case of the power source voltage Vpp, e rise of the power source

(oL SaemeeasDst O ket Ry vppeoval on ol o Lnat ST (he cece o
using the i mﬁﬁfﬁdﬁ’g@l the inventive device and the IC card using the inventive
device have been described above, the present invention is not limited to the
first to seventh embodiments. For example, as a storage region constructed
by nonvolatile memory cells, not only the flash memory cell array but also a
storage region requiring a boosted voltage in rewriting such as an EEPROM
array may be used.
Although the case where the memory cell stores binary data, that is,
I-bit data has been described as an example in the first to seventh
embodiments, the memory cell may store multi-value data of three or more
values. In such a case, although a program algorithm different from the
algorithm shown in FIGS. 9 and 10 is used, the point in which the number
of memory cells to which data is simultaneously programmed is set to an
appropriate value in accordance with the voltage level of the power source
voltage Vpp can be similarly applied.
The IC card using the inventive device is not limited to the

combination IC card but may be a non-contact IC card capable of executing

power supply and signal communication in a non-contact manner.
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devi ce have been descri bed above, the present inventionis not limted to
the first to seventh enbodi nents. For exanple, as a storage region
constructed by nonvolatile nmenory cells, not only the flash nenory cel
array but also a storage region requiring a boosted voltage in rewiting
such as an EEPROM array nmay be used. Although the case where the nenory
cell stores binary data, that is, 1-bit data has been descri bed as an
exanple in the first to seventh _enbodinents, the nenory cell may store
nul ti-val ue @hvaoesly; thedaventivedevicedisuwd limited fotthe I€aeard. alftough a
programalgorithmdifferent fromthe algorithmshown in FIGS. 9 and 10 is
used, tpresqudtiinventionttantbe aksorapphied todhermase wheyel the duorewt supplat a i s

si mul taneously programred is set to an appropriate value in accordance
wi t h t kepubilitaghahgeebydfattdre driveforsoportabletdlepliend/pptleabikbe sinmilarly
applied. The I1C card using the inventive device is not limted to the

conbi n&thieimvielti®ardbvie and@yhdECaand mstontles inventhar deviap alvh ®eafsedxecut i ng
power supply and signal communication in a non-contact manner. 29

Cobvi ougyWwarihiesly av@lifyine tHe\irae té Sevidithl dibb@ithéitstwithbht dapartidpe present
I nvention can be also applied to the case where the current supply

capabi l-dn thB3BSAsichYidealdfahy fHesis inQendioROr t abl e tel ephone or the Iike.
The inventive device and the I'C card using the inventive device can be used

P et 20 AR Mot alteo ol P00 R Il et 10,
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storage region constructed by a plurality of electrically rewritable
nonvolatile memory cells even when the power supply capability is low or
unstable can be provided.
Further, the present invention can also provide an IC card having a
nonvolatile semiconductor memory device, in which data can be stably
rewritten in a storage region even in the case where the power supply
capabih'ty-from the outside is restricted.
Although the present invention has been described in terms of
preferred embodiments, it will be appreciated that various modifications
and alterations might be made by those skilled in the art without departing

from the spirit and scope of the invention. The invention should therefore

be measured in terms of the claims which follow.
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storage region constructed by a plurality of electrically rewitable

nonvol atile nenory cells even when the power supply capability is |ow or
unst abl e can be provided. Further, the present invention can al so provide
an I C card having a nonvolatile seni conduct or menory device, in which data
can be stably rewitten in a storage region even in the case where the
power supply capability fromthe outside is restricted. Al though the
present invention has been described in terns of preferred enbodinments, it
wil | beWhinsieelaimed ishat various nodifications and alterations might be
made by those skilled in the art without departing fromthe spirit and
scope of the lLnvAmonyolatilheseimvanductor sivonbdyy dévdcetomerishegmeasured in
terns of the clains which follow 30 What is clainmed is: 1. A nonvolatile

sem conduct ora storagy regivheensamieted by e plarality abeetaiially fwpstdlet ed by a
plurality of electrically rewitable nonvolatile nmenory cells; a booster

ci r cui tndmwvoldBhsinenthre ellser source voltage to thereby generate a voltage
necessary to rewite the storage region; a voltage determning part for

det ermi ni ng & Bedstageirt&itgbr Baomn@hwﬁﬁu@e@vmgge wtﬁé}% em conduct or
menory device in rewiting of the ~storage region; ite unit

rour] {"t%‘*ﬂﬁ‘%‘é@“@%eﬁﬁ‘égﬁ?Eag?mﬁg‘é?%raﬁ%ﬁ*‘f“m ‘n’Lt | Sﬁ“t of the vol tage
determ ni ng pAYditage determining part for determining a voltage level of a
predetermined node in the semiconductor memory device in rewriting of the
storage region; and
a rewrite unit determining part for determining the number of bits

of input data to be rewritten at once on the basis of a result of determination

of the voltage determining part.

2. The nonvolatile semiconductor memory device according to claim
1, wherein

the number of bits of the input data to be rewritten at once is the
predetermined minimum unit, and

when the voltage level of the predetermined node does not achieve a
desired reference voltage, rewriting of the storage region with the data is

inhibited.

3. The nonvolatile semiconductor memory device according to claim
1, wherein
the number of bits of the input data to be rewritten at once is a

divisor of the total number of bits of the input data.

31




2. The nonvol atil e sem conductor nmenory device according to claim 1,
wherein the nunber of bits of the input data to be rewitten at once is the
predeterm ned m ni numunit, and when the voltage | evel of the predeterm ned
node does not achieve a desired reference voltage, rewiting of the
storage region with the data is inhibited. 3. The nonvolatile

sem conduct or nenory device according to claim 1, wherein the nunber of
bits of the input data to be rewitten at once is a divisor of the total
nunber of bits of the input data. 31 4. The nonvol atil e sem conduct or
menory device according to claim 1, wherein the nunber of the nmenory cells
cor r espondi ngt.t dThéaonvoliatile sémbédraiuctér miwen dnypddvicanecordineto daimt t en at
once is the power of 2. 5. The nonvol atil e sem conductor nenory device
accordingvherethaim 1, further conprising: a batch rewiting determ ning
part for determ ning whether a range to be rewitten in the storage region

can be rew i tthemumbar bfifie flenidlly dlls doffedpdnidin®to the B Berdf bits
determ nation of the voltage determ ning part. 6. A nonvolatile

sem conguhkqhp® ARty t6BY rERrR et %h&gls &éﬂ&&&@ﬂ@f?eg' on constructed by a
plurality of electrically rewitable nonvolatile nenory cel I S; a booster

circuit for boosting a power source voltage to thereby

5. The nonvolatile semiconductor memory device according to claim
1, further comprising:

a batch rewriting determining part for determining whether a range
to be rewritten in the storage region can be rewritten in a lump or not on

the basis of a result of determination of the voltage determining part.

6. Anonvolatile semiconductor memory device comprising:

a storage region constructed by a plurality of electrically rewritable
nonvolatile memory cells;

a booster circuit for boosting a power source voltage to thereby
generate a voltage necessary to rewrite the storage region;

a voltage determining part for determining a voltage level of a
predetermined node in the semiconductor memory device in rewriting of the
storage region; and

a batch rewriting determining part for determining whether a range
to be rewritten in the storage region can be rewritten in a lump or not on

the basis of a result of determination of the voltage determining part.

7. The nonvolatile semiconductor memory device according to claim
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generate a voltage necessary to rewite the storage region; a voltage
determ ning part for determning a voltage |evel of a predeterm ned node
in the sem conductor nmenory device in rewiting of the storage region; and
a batch rewiting determining part for determ ning whether a range to be
rewitten in the storage region can be rewitten in a lunp or not on the
basis of a result of determ nation of the voltage determning part. 7. The
nonvol ati |l e sem conductor nenory device according to claim32 1 or 6,

wher ei i et whexeAge deternining part includes: a voltage dividing circuit
for dividing a voltage at the predeterm ned node; a reference voltage
gener ati on cithewdltagedetarnpmtinhg pgrhincthdesince vol tage which is a constant
vol tage; and a conparator for conparing the reference voltage output from

the ref er enaevoltdgeadiei dapeiriuipforalivitihg awdlbagenaotidpkedetbimardof the
voltage dividing circuit. 8. The nonvolatile sem conductor menory device
accordiipget o claim 7, wherein current supply capability of the booster
circuit is controlled on the basis of an output of conparison of the

conparator. §.ref&ienbOV¥Rh2E igkReSANL SREURIBE oBIRFIE YofeReRGEOr ding to
claim 1 or 6, wherein thgé\%ltage at the prgdet er m'g?\ed noee IS a power
sour cey¥Rhga8%hich is a constant voltage; and

a comparator for comparing the reference voltage output from the

reference voltage generation circuit with an output voltage of the voltage

dividing circuit.

8. The nonvolatile semiconductor memory device according to claim
7, wherein
current supply capability of the booster circuit is controlled on the

hasis of an output of comparison of the comparator.

9. The nonvolatile semiconductor memory device according to claim
1 or 6, wherein

the voltage at the predetermined node is a power source voltage.

10. The nonvolatile semiconductor memory device according to
claim 1 or 6, wherein
the voltage at the predetermined node is an output voltage of the

booster circuit.

11. The nonvolatile semiconductor memory device according to
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10. The nonvol atil e sem conductor nenory device according to claim1l or 6,
wherein the voltage at the predeterm ned node is an output voltage of the
booster circuit. 11. The nonvol atil e sem conductor nenory devi ce accordi ng
to 33 claim1l or 6, wherein the voltage at the predeterm ned node is at

| east one signal line voltage connected to the nenory cell. 12. The

nonvol atil e sem conductor nenory device according to claiml or 6, wherein
the vol tage deternining part determ nes the voltage | evel of the
predetéﬂhﬂ%édnﬁ%d@héﬁﬁh tinme a voltage necessary to rewite the storage
region is applied to the nenory cell before application of the voltage. 13.

The nonvol at ithe voltageatdbetmedetaroripedevidesisaatdeasti onp signatlinem 1 or 6,
wherein the storage region is constructed by a flash nmenory capabl e of

el ect r ivdtdge qenogrtedionthe mpmorgaed. and el ectrical ly erasing program data
inalunp in a part or all of the storage region. 14. An IC card conprising
the nonvol atil e sem conductor nenory device according to claim1l or 6. 15.
The I C card according to claim 14, wherein the IC card is a non-contact IC

card performyy PEenosvslative sawiconduttdr BRMBIY daticdacdoRdinghn- cont act
manner. 16. The I C card according to claim 14, wherein
claim 1 or 6, wherein
the voltage determining part determines the voltage level of the

predetermined node each time a voltage necessary to rewrite the storage

region is applied to the memory cell before application of the voltage.

13. The nonvolatile semiconductor memory device according to
claim 1 or 6, wherein

the storage region is constructed by a flash memory capable of
electrically programming input data and electrically erasing program data

in a lump in a part or all of the storage region.

14. An IC card comprising the nonvolatile semiconductor memory

device according to claim 1 or 6.

15. The IC card according to claim 14, wherein
the IC card is a non-contact IC card performing power supply and

signal communication in a non-contact manner.

16. The IC card according to claim 14, wherein

the IC card is a contact/mon-contact type combination IC card
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the IC card is a contact/non-contact type conbination |IC card 34 capabl e of
executing power supply and signal comrunication in a non-contact manner
and having a contact termnal for the power supply and the signal

comuni cation. 17. The IC card according to claim 16, wherein a control
method in rewiting of the storage region in the nonvolatile sem conductor
menory device is swtched according to a nethod of executing the power
supply and_t he_ signal comunication, which is either of the non-contact
type orcapableeferpcutingrowensupnly and signal semsrenicgtios iBlaai m 17, furt her
conprising: a reset termnal; and a power source voltage detection circuit
for der@rentget manngr anpbawngsaoeriac serraml fonthe pawer shpplt aed
non-contact type or the contact type is determned on the basis of a

si gnal themugnaloconmaunésatiornt.er m nal and a signal output of the power source
vol tage detection circuit. 19. The 1 C card according to claim 17, further
conprising: a dock termnal; and an antenna coil, wherein either the
non-contact type or the contact type is determned on the basis of a

frequency of 1, clTieKkIC eard Becordiifed cllayipel 6, onhtwdigat i on which is input

fromthe clock termnal and a frequency of a clock for the non- contact-

type communi Ga¢dritRol MethoEih Bywiifi oot i stofadd regdén in the nonvolatile
semiconductor memory device is switched according to a method of

executing the power supply and the signal communication, which is either of

the non-contact type or the contact type.

18. The IC card according to claim 17, further comprising:

a reset terminal; and a power source voltage detection circuit for
detecting rise of a power source voltage, wherein

either the non-contact type or the contact type is determined on the
basis of a signal input to the reset terminal and a signal output of the power

source voltage detection circuit.

19. The IC card according to claim 17, further comprising:

a clock terminal; and an antenna coil, wherein

either the non-contact type or the contact type is determined on the
basis of a frequency of a clock for the contact-type communication which is

input from the clock terminal and a frequency of a clock for the

non-contact-type communication received by the antenna coil.






