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PFO4N960 1 DESCRI PTI ON SEM CONDUCTOR MEMORY DEVI CE
PFF4EPE0 of Technol ogy 5 The present invention relates to
a sem conductor nenory device that is accessed
sequentially, as well as to an access control nethod
for a sem conductor menory deyice that is accessed
sequentially. Background Art 10 A sem conductor nenory
devi ce that pernmits onl YEXgHuEhtGNl access to the
data cells of a nenory array, such as an EEPROM is
known. This typesMIEHNRESHIUMEMCRERITYL device is
used as a nenory device for storing data pertaining to
the anount of consumabl es remai ning or the anpount
consuned because 15 it is relatively inexpensive.
Fidiut tdierfmriejolacdyechnol ogy is  known wherein a
prescribed data storage area is nmade wite- prohibited
(I . Fhe udersd eavehtimde redatt-aonlty) Dysatiddidmy memory
information for the wite-prohibited area in a
dePr@sctded Arftedded Rk 1Ay, a% Ofwdine as to an access
sem conduct or nenory device after 20 initial data is

coid 1t ety d e P Sl ket ARl S hRhRGE d8a f trschs
menory array. However, in the conventiona

acMddLr IRhiRIHtiian (f echnol ogy, the problem exists that
errors occurring during witing of the initial data

Baggbgdyﬁd3@§§pribed data storage area of the 25
—senrconductor nenory device cannot be prevented. In a

s pa es'aé@&?;'o'n%%et%ﬁc ?n%‘iﬁo%g)s‘e GLYe TRIR %ggﬂ?%it%egngyause

th ess to be acce I'S specifi ase t he
sedH@H%Télo%c%%%%N%%othe data cells of a memory array, such as

an EEPROM, is known. This type of semiconductocr memory device
is used as a memcory device for storing data pertaining to the
amount of consumables remaining or the amount consumed because
it is relatively inexpensive. Furthermore, a technology is
known wherein a prescribed data storage area is made write-
prohibited (i.e., such area is made read-only) by storing map
information for the write-prohibited area in a prescribed area
in the memory array of the semiconductor memory device after

initial data is written to the prescribed data storage area of

such memory array.

However, in the conventional write-prohibition technoloegy,
the problem exists that errors occcurring during writing of the
initial data to the prescribed data storage area of the
semiconductor memory device cannot be prevented. In a
sequential-access semiconductor memory device, because the

address to be accessed is specified based on the number of
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2 input external clock signal pul ses, when the clock
PFEiyRal advances due to noise, there is a danger that
the address to be accessed can be easily
m sidentified. For exanple, where a sem conductor
menory device includes a presgribed data storage 5
. area that will_ becone a wite-prohibited area and that
inpyt @rEpHI2 HEPOW Bl 9wt i REabies arden he nelock signal
conventional art, there is a risk that data that
adeaped Bee storedlsar tHeeroriesct i bumbeiatidhat orgeaddresss to
may be witten to the rewitable area. 10 D SCLOSURE
be GFCq$iEs ¢ AVENT | ICN Thel by esehtdéemvientsdn Weis eteaiskes, ivhere a
order to address this problem and an object of the
sempt esedtciow emenony | detice rieteioeles preventritel data storage
erroneous witing of data to a 15 rewitable area in a
arsant ltan dac brhamsms ya dewvi ce-prahdsiderd taraddimesscidte is
above problem a first aspect of the present
disprvesd i 1oal F avi tesr Bc Se CorgICTiof drRioh e Gshal B,
sem conduct or nenory device of the first aspect of the

th@resanta inuantd it CRY i19Rs SHRIM Yboard@rddatn ithe20
sequentially accessed starting with the top address

preédieh s KONtEH NS A ded tARl L meadsed din torage Qfuritable
rewitable data and a wite-prohibited area that is

ardised for storage of read- only data and follows the
rewitable area, an access request receiving unit
that receives access requests for access of a 25
desired address in said nenory array, a flag setting

uni £ that —sets g ddiafhdis O WHEN S@idron
wite-prohibite —and a menory

COR 0 lplr s etn'%ati n%%%t&%l o w%%c %.SeS{r i%fe ali nd OB:IEQEA'I‘NQI:%O address
this problem, and an object of the present invention is to
reduce or prevent the erroneous writing of data to a
rewritable area in a semiconductor memory device.

In order to address the above problem, a first aspect of
the present invention provides a semiconductor memory device.
The semiconductor memory device of the first aspect of the
present invention comprises a memcry array that is
sequentially accessed starting with the top address and
contains a rewritable area used for storage of rewritable data
and a write-prohibited area that is used for storage of read-
only data and follows the rewritable area, an access request
receiving unit that receives access requests for access of a
desired address in said memory array, a flag setting unit that
sets a flag to ON when said write-prohibited area has been

accessed, and a memory controller that controls access of said
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3 nenory array and does not wite data to said
PrgéspPred address if said desired address is included
in said rewitable area and said flag is set to ON
According to the sem conductor nenory device of the
first 5 aspect of the preseni invention has a nenory
controller that does not wite data to the desired
NeHREY 357 3Y AW dedpeedioddfEiss data red weiedd idegheed address
__rewitable area with reference to information
1f spred fyengretheadwrees prohiitetedriea $aid heewpinprhle area
array and the flag is set to ON. Therefore, erroneous
angws$aichgf 10y of s destta t® Qe rewitable area may be
reduced or prevented. In the sem conductor menory
devioceowdindetd i rlsd sspooindictdhengr@sentevineenifi dme first
the nmenory controller may execute read- only access of
aspatta §ff arhs gtk gesi ravaddi@sshdd saidgh@ccaesstroller that
control l er determ nes said desired address is included
dodd s dvrdiScewdd e prohiti teds iareen aMdiedefier encrdided
informati on specifying the wite-prohibited area in
add@d <l MOIMeAld&Y - id RHD SwatANge B, Hata derdi@tice to
witten to the wite-prohibited area and only reading
infQfrr@alid iTap e BXeCHIeL i U] SeMmienduchaly BN memory
device of the first aspect of 20 the present
ardd)V eiid Ahe 1€ JTBMDIYCQRY IR | err By Mid € A3 R d Qs writing
said desired address If said access controller -
r iy sal : j{re d .S [ j
o B S Tt a a0 sy Ao i Beateted-
wi t-h refer i nf iQn eci fyi t he .
mwﬁ?%ﬁg$%ﬁ¥%ﬁ$§%%%¥ggg{%%%5%' ﬁ%ﬁ%?? %F?%ﬁ? %&Ifg figpsct of
arrangenent ata be witten to the rewmitable
they é&.S%HFn lt“r‘{’eemgC "o cf“&?“oﬁé(nr‘f@“&&%ﬂ@éf §FY & SFEg Tead-

aspect of ent inveg%ion, sai d i nfor,

_onlgpggFFﬁﬁngfi%%d%% Qmpﬁéiﬂg 31lred address 1 %g%% access

controller determines said_desired address is included in said
write-prohibited area with reference to information specifying
the write-prohibited area in said memory array. In this
arrangement, data is not written to the write-prohibited area
and only reading of data may be executed.

In the semiconductor memory device of the first aspect of
the present invention, the memory controller may write data to

said desired address if said access controller determines said

_ desired address is included in said rewritable area but that

said flag is not set to ON with reference to information

specifying the write-prohibited area in said memory array. In

this arrangement , data may be written to the rewritable area.
In the semiconductor memory device of the first aspect of

the present invention, said information specifying the write-
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4 prohibited area may be witten in the area
PFegNending fromsaid top address to said rewitable
area. In this arrangenent, the wite-prohibited area
may be specified in the initial stage of access of
the menory array. 5 In the seqi conductor nenory device
of the first aspect of _the present invention, '
proféhtFed carpanmeyifoe mer i bher hbt theledrsd i exterqing from said
sem conductor nmenory device may be also witten in
top haddreas eke epdli Agrévbht dale 2092 addiesshi® awrangement, the
rewitable area. In this arrangenent, it may be
wrietep ndmbldi ted 1@r¢hendnilbé adpst Ayeedf imctessinft idke stage of
menory array whether a sem conductor nenory device is
acthes sefn clonduehory nrenoay. device to be accessed. In
t he sem conduct or nenory device of the first aspect of
t heIprigsentemiwendiois r thendtagiset 44 ngf urhid fiysiseispect of
the flag 15 to OFF when a reset signal is received.
theé nptddsniarimngetedt, identwfidngi @f daterdo ide that
rewitable area may be executed via the input of a
ideesetisd gnld ddinidieh SR GO Of dBMFY ey ine Ofso
the first aspect of the present invention, the flag
wriNat il athOR aptd:iing &G d ,medd Q) By PRt ed idhid

the nmenory controller. Inthis arrangenent, flag

re NV 1Gh Stats mnageent, may, ReRE! f oriBd PYe I8 ermined in

menory control l'er. 1'n the sem conduct or nory device

théf)riﬁihﬁafli .réctagaesg%taccgesg %ﬁqgﬁ%sgz{é&ndé?’%@f ’w}}é{%er a

ag setting unit may set to F upon
o SERAAG P S e S A R AP B, govice
ro Y sd Ut pf a reset signal. PFO4N960

In the semiconductor memory device of the first aspect of
the present invention, the flag setting unit may set the flag
to OFF when a reset signal is received. In this arrangement,
the writing of data to the rewritable area may be executed via
the input of a reset signal.

In the semiconductor memory device of the first aspect of
the present iﬁvention, the flag ON or flag OFF setting
information may be stored in the memory controller. In this
arrangement, flag ON/OFF state management may be performed by
the memory controller.

In the semiconductor memory device éf the first aspect of
the present invention, the flag setting unit may set the flag.
to OFF upon receiving of a reset signal. In this arrangement,

writing of data to the rewritable area may be executed via

input of a reset signal.
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5 In the sem conductor nenory device of the first

Praghee? of the present invention, the nenory
controller may further conprise a wite-prohibition
controller that issues a wite- prohibit signal that
prohibits witing of data to said desired 5 address if
said desired address is included in said rewitable
ar ed W h FEREFRERCER iTA atdOn Spert gt i aspect of
wite- prohibited area in said nenory array and said

the | REEFNGelnTONTIN, artE dWSRIEY repredaeckkd ortaihi futthgr
does not wite data to said nenory array where a

CORpF 12 pr o b @~ 1T gindlp 1§ son evwi tveall 1@r floan skdslies a write-
wite-prohibition controller. In this arrangenent,

prolinved &y rotpous Wradt igigplofbidat avitic itrhe ofewtattalie swieh desired
may be reduced or prevented by the wite-prohibition

addiord s ol f evaahdded iwedwdddregsunid ik lsetahd raspeict wfwritable

“the present invention provides a 15 control apparatus

ardrwi s ers Gorsied dfo Maniy snde\rc e ddwats yime | gHkesasi te-
menory array that is accessed sequentially starting

profibl dde d:0m addresisd anghdNata GoNRt Aidts b IEWIdAblL set to
area used for storage of rewitable data and a

ON Wdre-Prohiithidedal@a i drhatn iftoldrews dhes W ilallee qata to
area and is used for storage of 20 read-only data. The

sa PR r e GR, fffedde SETCONAVG!Q; + NBRPIY devite Ofved
the second aspect of the present invention conprises

£rdf! s%%ﬁ%ﬁut%%ﬁ%hfb%%%‘o‘ﬂ ritHd o]rlt U eGeES &%%%%%n%nt,

-requests for access of esire dress In Ssal

f. dyct
thd TR o U %J&L[n%‘gg%t %E{E' C QI L&% or, aé% mer;e% m%g be

fllag setting uni sets fIa

as heen ac ess d and N,
el P B gn e o ansssaed ot Ry

array .of saL% sem conduct or nenory deV|ce, and
theP %& unit.

A second aspect of the present invention provides a
control apparatus for a semiconductor memory device that
includes a memory array that is accessed sequentially starting
with the top address and that contains a rewritable area used
for storage of rewritable data and a write-prohibited area
that follows the rewritable area and is used for storage of
read-only data. The control device for the semiconductor
memory device of the second aspect of the present invention
comprises an access request receiving unit that receives
access requests for access of a desired address in said memory
array of said semiconductor memory device, a flag setting unit
that sets a flag to ON when said write-prohibited area has
been accessed, and an access controller that controls access

of said memory array of said semiconductor memory device, and
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6 that does not wite data to said desired address if
PFP#R@9@¢cess controller deternines said desired address
is included in said rewitable area with reference to
i nformati on specifying the wite-prohibited area in
said menory array and that sagd flag 5 is set to ON
According to the sem conductor menory device of the
thale e dsplectr bie t¥rtpriesetiid mantich Fidresaddeddie access
controller that does not wite data to the desired
Conlefeit 53T | de e Hei e alkilidiesired dabramted d nindaided in said
rewitable area with reference to 10 i nformation
rewihideidhe ngreheriviph tee frohids tted larfearnat idre apEvorfying the
array and the flag is set to ON. Therefore, erroneous
wrifrg-thmghiloftethtardod trhesaiswmidrabte ares g behateduded flag
or prevented. A third aspect of the present invention
is ppagvitdesDln access control nethod for a sem conduct or
menory device that 15 conprises a nenory array that
i s Zecessiedy seue isdnliesiaidiclg nwinidy t hisdieR address
and that contains a rewitable area used for storage

sedaind ewdd@bler date R e tWildem filehinid ed area st Rattroller
follows the rewitable area and is used for storage

thadf deadr Yrrdata.dathe 132 HneoREAUGHQY MRS 29 rdeviel ired
access control nethod of the third aspect of the

addRieRsenls IMNEaMJRN iCOMRE SR i8C8I1W NG-3N 1 AGGE$2 ference to
request for access of a desired address in sa

in FORARAY o Ve iEGTQT 1RG %Qlt %Q%ﬁq 100 4 Rak Eﬁckkgeﬁemory

the wite-prohibited area nmenory arra

arrggiaW%FE' dresbal%oS%%l%gegﬁlre%h%%%%%§% N %%n%%hg writing

i red is inclu i'n sai Fewi tabl
f f| ON., wh
of 3fla to rb 3 NTaLIE 28ka) BT DRI SRAREE or, preyested-

PFQ4N%1rd aspect of the present invention provides an
access control methoed for a semiconductor memory device that
comprises a memory array that is accessed sequentially
starting with the top address and that contains a rewritable
area used for storage of rewritable data and a write-
prohibited area that follows the rewritable area and is used
for storage of read-only data. The semiconductor memory
deﬁice access control method of the third aspect of the
present invention comprises receiving an access request for
access of a desired address in said memory array, referring to
information that specifies the write-prohibited area in said
memory array, and not writing data to said desired address if
said desired address is included in said rewritable area and
if a flag that is set to ON when said write-prohibited area

has been accessed is set to ON.
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According to the sem conductor nenory device access

PF@éH?ﬁ@I met hod of the third aspect of the present

i nvention, the sane operation and effect achieved

with the sem conductor nenory device of the first

aspect of the present inventipn may 5 be achi eved, and

t he_sem ¢onduct or nenory devi ce access control nethod

of %ﬁ%@%ﬁ%% BSpklt BFtFRNPresentMRvENt AOn CHred eSS

npl emented in various ways in the same manner as the

CO%EW%dH%%%rO%e%? yt ekl c@spﬁmf hef fFretPEeyREt Wivemelon,

present invention. 10 The nethod of the third aspect
thefsihe ppesehion nyeht¢biecheyclhal e esdhari Vel fhdesemiconductor

i npl enented as a programor as a conputer-readable
nepeedréniceredf unhont Wwsthspeprogantis presordedhvarfion may

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a block
be diclyramedhomwma gt hdesdrunotridnat onr mansay deinst ramotd som

of a sem conductor nenory device of the enbodinent;
comrignl Znetshah ek pllanatiornd drgyedty shovapidsent invention

sinplified 20 fashion the internal construction nmap
mawfba imigyerdtddyin iCOIQoY ategs | 1h titee Semde antiitdOras the

menory device of the enbodinent; Fig. 3 is an

serexpiranattaiy nHn@dnHSHOM e adheexﬂ,rﬂg@ Mpext MWD the present
conprising wite lock area information stored in the

inZhtm®ypry array of the sem conductor nmenory device of
the enbodi ment. PFO4N960 8 Fig. 4 is a flow chart

shoWdgd S AUENLE 19fi OPYRd AN f the present invention
may alternatively be implemented as a program or as a
computer-readable recording medium on which a program is

recorded.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the functional internal
construction of a semiconductor memory device of the
embodiment;

Fig. 2 is an explanatory drawing showing in a simplified
fashion the internal construction map of a memory array
incorporated in the semiconductor memory device of the
embodiment;

Fig. 3 is an explanatory drawing showing an example of a
map comprising write lock area information stored in the

memory array of the semiconductor memory device of the

- embodiment.
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of the menory internal processing executed by the
PFGéNPEBnduct or menory device of the embodiment. Fig. 5
is atimng chart showing the tenporal 5 relationships
anong the reset signal RST, the external clock signa
SCK, the data signal SDA and g he address counter val ue
durpng executiop of a read operation. Figli 6 is aflow

chaf t9showt g t hkO etfithe STV bR rit s otRIUice d WiRaations

process executed by the sem conductor menory 10 device
of ofRe WS BB ot MR NA FiRE O §BI R0 t$FR A ehdrt ~ EHowi ng

the tenporal relationships anmong the reset signa
semgrongpet e teemRl Y ciotkee stigndie Smbodeerdat a si gnall

SDA and the address counter value during execution of

a Wide ope? & itoming dHigrt Shewing |tdve dhergoshlow ng

t he sequence of operations of a verification process
rebariéreshins aregay dihg tdweet seindreon AT ort renmetye eadi gelock

at the tinme of factory shipnent. Fig. 9 is an

signepl B oryhalrdmviiangs ishovil rRprararexartpl edafreass counter value
application of the sem conductor nenory device of the

duZthe ot uneinin BEST MAEDS & FARRYI NG QUT THE
I NVENTI ON The sem conductor nenory devi ce and

SerficpndictOra NRIMA \ehadeV i GRwAGHRE Sh e FHduRndBtddRfrations
the present invention will be 25 described bel ow

of kasedyon eHbdmNtcand o 1) neferente didN®r memory

draw ngs. Construction of sem conductor menory device
deRRQANIOQ 12 Hre Gaasiruction of the sem conductor

menory device of the enbodi nent is described bel ow

m‘@ﬂ@ﬁeﬁeﬁﬁﬁ%etﬁ%i%bg%ha%%sshowing the temporal
relationships among the reset signal RST, the external clock
signal SCK, the data signal SDA and the address counter value
during execution of a write coperation.

Fig. 8 is a flow chart showing the segquence of operétions
of a verification process carried out regarding the
semiconductor memory device at the time of factory shipment.

Fig. 9 is an explanatory drawing showing an example of an

application of the semiconductor memory device of the

embodiment.

BEST MODES OF CARRYING QUT THE INVENTION

The semiconductor memory device and semiconductor memory
device access control method of the present invention will be
described below based on embodiments and with reference to the -

drawings.

Construction of semiconductor memory device
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Fig. 1 is a block diagramshow ng the functiona
PFpANEBPAal construction of the seniconductor nmenory

device of the 5 enbodinent. Fig. 2 is an explanatory

drawi ng showing in a sinplified fashion the interna

construction map of a nenory garray incorporated in

the sem conductor nmenory device of the enbodinent..

Fi gTh% Fen&hT&Xpt @t br yheir 3 hePatevi i ROk AR kce of

p conmprising wite |lock area information stored

thﬁoeWO@Hée%nﬁ ylerealoed hakowen dontritaangrenor yFigs. 1-3.

devi ce of the enbodinent. The sem conductor nenory
Flgevi cks 10 lofothed erportt netmwing athe ejuertialaacoessrnal

menory devi ce that does not require the external
consipueciof oradul edse degral ¢andipeod f ymdner adthreiss: taf behd 5

accessed. The sem conductor nenory device 10 incl udes
emizodramarly. g ay? 1090, araregadirestso oo witari rid Ghan AdVioUE

controller 120, an ID conparator 130, a wite/read
simmht fiodd efadhihn athe iincierdll GEd0ldEonl 2o afhamgeory

punp circuit 160, an 8-bit latch register 170, and a

arsy tindgkoaidd ald ethel 8bmithese: AQ €iMeadtys e ce of the
connected via signal |lines using a two-way bus

emiEiRGid OFid N AdY tHrox@tad fasty thediNOdhowing an

controller 120, |ID conparator 130, wité/read

exHYItd Qi &f ,cdngﬁtr %‘1}3{% wrGd neldiers k30 1%%Mattl%n stored

| ock controller col lectively terned

in '@f@rﬁénﬁﬁ@t =l 1 ? ofzihgh% u%rtro%y m]egwgzrly_?_?eequ% the

EEPROM array 10 and a array
e 01 is a menory area havi ng the characteristics
© of '3 data-writabl e EEPROMin whi ch PFO4N9GO 10

o, 2957 S SELELLaD, A L 1924 S8 Becppent s »
seq% ntqglt%%c%%%r%%terlS%E%%ce that does not require the
external input of address data to specify the address to be
accessed. The semiconductor memory device 10 includes a memory
array 100, an address‘counter 110, an IN/QUT controller 120,
an ID comparator 130, a write/read controller 140, an
increment contrecller 150, a charge pump circuit 160, an 8-bit
latch register 170, and a write lock controller 180. These
circuits are connected via signal lines using a two-way bus
connection. In addition, at least the IN/CUT controller 120,
ID comparator 130, write/read controller 140, increment
controller 150 and write lock controller 180 may Ee
collectively termed a memory controller.

The memory array 100 includes an EEPROM array 101 and a

mask ROM array 102. The EEPROM array 101 is a memory area

having the characteristics of a data-writable EEPROM in which
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of a mask ROM to which data is witten during the
PEFG#N@6Qct uri ng process and in which data del etion and
rewiting 5 are disabled. The EEPROM array 101 and

mask ROM array 102 of the menory array 100 contain a

plurality of data cells (nmemppy cells) that store
one-pit_itens information and are shown in Fig. 2 in
electihml rieetidhi e Th tHY enbdif ermian thie oRgigigned. The
array 10 100 includes one row of eight addresses
magk ROM apepeskes Fora nghty iren dfaddtc)thes characteristics
prescri bed address units, as showmn in -Fig. 2. For
of exdfpptle, RAMA Ha edpedt dak-a hies BFEPROMrarduesi o theone
row contains eight data cells (eight bits) and one
margofafirir igohtraane sl afad al reettissh 1B tworddse t isucantchatewriting
16 words x 8 bits 15 (= 128 bits) of data can be
arstdiresthlalth respect to the mask ROM array 102, one
row contains eight data cells (eight bits) and one
collthren BHAROM nerr&ydattl eeld snds&k wanMlS)rrasudinz ket the memory
words x 8 bits (= 64 bits) of data can be stored. An
armddriegs dmpagh the Inemarit ardayak0 willls newne 2@ells)
described wth reference to Fig. 2. The nmenory array
thak0G tefre the-eythodivm iintewdes dherEERRMhay iH0Fiqg. 2
and mask ROM array 102 as descri bed above. The top

in thisaepAddriesses sofi dhe 1 FERROMANelR] thie e} ¥ MSirray
AO A2 of the first row, conprising thrée bits) store

100! Rricnfgeabhan 4 iodentihy the 23 particul ar jaqresses for
addr ess Fthe

sem conduct or nenory device. The fourth S

eig%%l%EQSA%foﬁfggﬁ)ggagke%% ) oeP L8 g%it%nﬁ%%kggg shown in

I nformation t ndi cat es er or
Figlh 2891 0,8 FRONAR L esct D6 Aatel gL ay 101, one
rowPBNLRE hede i IRE HLELN 2795164 ndd 83588 L RE SIS
contains{16 data cells (16 words), such that 16 words x 8 bits
(= 128 bits) of data can be stored. With respect to the mask
ROM array 102, one row contains eight data cells (eight bits)
and one column contains 8 data cells (8 words), such that 8
words x 8 bits (= 64 bits) of data can be stored.

An address map of the memory array 100 will now be
described with reference to Fig. 2. The memory array 100 of
the embodiment includes the EEPROM array 101 and mask ROM
array 102 as described above. The top three addresses of the

EEPROM array 101 (the Columns AQ-A2 of the first row,

comprising three bits) store ID information to identify the

“particular semiconductor memory device. The fourth address

(the column A4 of the first row) stores write protect

information (W/L) that indicates whether or not writing to a
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A5, A6 of the first row store wite |ock area
PEDARBPPati on W.D that specifies the prescribed area to
which witing is 5 prohibited. Because the witing of
data to the EEPROM nenory array 101 is carried out
after the IDinformation andywite protect
information (WL) is read out fromthe first row
PLeRcF AP TR (P38 KCARFessed?) i ddte BafRPe memory array
witten to the first row after factory shipment. 10
107 ni ¢ ner el eRbnt Thew Tt e spedts i h mddwe azepr Gihectcolumns
information (WL), a value of '"1'" in the fourth
A5 qRfp €35 thandicesestahiats g g ttep ok e i e etz WLD
is prohibited, for exanple, while a value of '0" in
thathesamel sridss priewlicidtes artet tw ivhingh tvritthieng is
prescribed area is permtted. 15 For exanple, as shown
promilfHtged 3, Badmi s itthes lwacke iarcean f iddter nat itdre \WERPRMAImemory
specifies the prescribed area is used to specify the
arpresorl hied armea ddraigh fcomtiaatl om ff ritdtel orvalridesirite
stored in the fourth and fifth addresses. In the
o r &AM ig et idh F(ivg/.L)&isi rdhe BASEIm aHoMimnat i
of a 20 value of "X (null value)' in the fourth

incAddriess ad tob difk thRirddddd) address ctah'?}f'érﬁﬁclftrt%m to the

t he thlrd byt e onward excludlng the first row (i.

fiddre wea flomdhe SHQUIdi e onward if counted from
the beginning) is déened the prescribed area In

Ot ReY LR dSu i@ it %ﬂtt'ho '}e%gaf dFSRN dc% he TRIRLY-+
map 25 shomn in Fig. 2. case of a co tion
- f f aur ddress a it f
infmatidd (%) .2 f"sﬁ%%t%é—‘e ﬁevéi%t ey f%ué%%a s
- I [ h flr t I|n i.e ar ea PFQ4N960
lnd?é%r#?hﬁ%ﬁ%%th P sk pEeseribed Bl R Anthi ted,
forL%%Fﬁgﬁ QQS %ﬁg%ﬁ%ge%fth% pres%%Eb%%ﬁ@'éﬁdress

indicates that writing to the prescribed area is permitted.
For example, as shown in Fig. 3, the write lock area
information WLD that specifies the preécribed area is used to
specify the prescribed area through a combination of the
values stored in the fourth and fifth addresses. In the
example shown in Fig. 3, in the case of a combination of a
value of 'X (null walue)' in the fourth address and '1l' in the
fifth address; the area from the third byte onward excluding
the first row (i.e., the area from the fourth byte onward if
counted from the beginning)} is deemed the prescribed area. In
other words, this situation corresponds to the memory map
shown in Fig. 2. In the case of a combination of 'l' in the
feurth address and '"0' in the fifth address,‘the area from the‘

seventh byte onward excluding the first line (i.e., the area
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case of a conbination of '1' in the fourth address and
PFO4N9PA the fifth address, the area fromthe eighth

byte onward 5 excluding the first line (i.e., the area
fromthe fromthe ninth byte onward if counted from

the beginning) is deenmed thejgprescri bed area. The
exanple_of Fig. 2 will now be specifically described.
£ 6oL BF hT B BLg ¢ b D (e PR w e 16F He e s {FHyhe
and the 10 17th address (10H) through the 24th address
PegITIINGF el EHPROMDarpEss A0Pb TG utRIE ek tcabl o the
area_in which 16-bit rewitable information is stored
cagmder @erembymalolel tobnsl’ 1in the fowodi metdreshendwsl' in
conprising the 9th through 16th and 17th through 24th
theyddh s exddrpys e thes metkawitaen ridst réiotheth rovss dibvard
alternatively, each group of eight addresses in the
ex@tudidy ough fil6dth lainck 17t .fe thridughs 244 hf mddrigss e amythe
be termed wite- restricted storage addresses
nipdl dngiengprivriad presenited atiresshe WHdinnBhes)card aidemed the
condi tions include, for exanple, cases in which (1)

praderidbddiersdpored information is information relating
20 to ink consunption, the value of the data to be

W itHee e sdainp leargrerrithan tha valdde 1f dhe i@x%icstiiing described.
data, or (2) where the stored information is

The 1YCOr @4+ 08s I eh@j Ngh £ Qudher v e rpgmi aadrlegg PNt anahﬁhe
val ue of the data to be witten is smaller than t

t@ d 2 t ar r
1 2)5(%%&%%% ess@-(laf ?}1 EP%ia%t?aéaf%%ggnV\g?g 8@ EHS EEPROM

s SRS Lol PSS Legm Sie BB RS

onward, 1s prohibite
rewti Qﬁgﬁ% I%h &ggkg%grééykrea %CE %%?ggstﬁ%rn%%n itions. In
thesg%%odl%% ty’ %%l%%w%ocomprlslng the 9" through 16" and
17t throughl24”‘addresses may be termed write-restricted rows;
alternatively, each group of eight addresses in the 9 through
16" and 17" through 24 addresses may be termed write-
restricted storage addresses belonging to a prescribed address
unit. The certain conditions include, for example, cases in
which (1) where the stored information is information relating
to ink consumption, the value of the data to be written is
larger than the value of the existing data, or (2) where the
stored information is information relating to the remaining
ink amount, the value of the data to be written is smaller
than the existing data.

Where writing to the area from the 25 address of the

'EEPROM array 101 onward, i.e., the area from the fourth byte

from the beginning onward, is prohibited based on the write
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factory shipnent, the wite-protect information (WL)
PFP4N9G0, and by witing initial data and setting the
wite-protect 5 information (WL) to '1" at the tine
of factory shipnent, the rewiting or witing of data
to the 25th address onward begones prohibited. The
attributes of each of these addresses (i.e., the
PraharbssMABpT2 R @ nof/ 1 ni seeh tarehoke deEReq bedir bRkl
may . be determ ned such that the address map incl udes
Prohildbedi rcaol Ferdhen v i 4eeabsiiA ct Bk e Bkcalfy a prior to
witable area in which there is no restriction on the
faqkp¥y nghbpmefat a. tiIRIrt histermpegteoheref e hreatarea (WOm tie '0',
7th byte onward excluding the first row is deened the
angwhy ewprohidi et bakadatRA andesaremd rom thel t squorntkct
row to the seventh rowis deened the wite-restricted
infi&ree eBoMRA]/Tandcwwher e dthetlas e dig anf thectBddy Himent, the
onward excluding the first rowis deened the
rewritea@rahihttethared RA thecharest"f sanrébe se6oAE becomes
row to the eighth rowis deened the wite-restricted
pratias MRA Tihe eskiROMardRkdd? d5 ehdRMIguRIds 0 ...,
which 20 information (data) is witten during the
thdTRIE e ¢ mp)S arBHFRClW e Wo afHie MNEAHLY e Bfd may
the nmenory array, even prior to factory shipnent,
be Wdtld i 1) ARH ANGRT bR GAIdad -in-g'l%d(?%sﬁﬁﬁ%dition
array 102 is a 64-bit data storage area, and the
i | raddress-thaty b cifli. t S
ko ?ﬂ?‘?&y 105 e 13T Bl e A ﬁjefler%}?f&%; aaljré%ayq%lgr&w
j,ncls ircyi.t. constructj J ' u t
Sl o T et phE T s Rk cve Pitpre.

(such as i's ou
R L D eSS0 e ULRBRAL HIE cizor o
is %%%n%%”%r AL %~%9%hg%i%%dggseét%@%ﬁet%%n%E%aa%E% the
second row to the seventh row is deemed the write-restricted
area WRA, and where the area from the 8% byte onward excluding
the first row is deemed the write-prohibited area WPA, the
area from the second row to the eighth row is deemed the
write-restricted area WRA.

The mask ROM array 102 is a memory array to which
information (data) is written during the memory array's

manufacture, but after manufacture of the memory array, even

‘prior to factory shipment, writing can no longer be carried

out. The mask ROM array 102 is a 64-bit data storage area, and
the highest address that can be specified for the mask ROM
array 102 is 192 (BFH), but the memory array 100 includes a
circuit construction in which dummy data (such as '0') is

output up to the 256™ address (FFH) even after the highest
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that includes, in a virtual fashion, two 128-word x
PEFR2B9BPt sStorage areas. 5 The nenory array 100 of the
enbodi ment includes a plurality of rows conprising

ei ght bits as descri bed above, but each rowis not an

i ndependent data cell array, 1and rather is
| emented by folding a SI2?|€ data cell array back

[
ad%ﬁgS%t%%thwatwpe%%Y Unitas dtest ghtcandad. 4

to. speak. In 10 other words, the row that includes the
regyht bi {N¢ SR HEREIRY L& oYl HY 18RS Xohi 4 &I Seh SIGTRRT i FEET2Y

includes the 17th bit is ternmed the third byte for
thahelsakedsf, convenijenosl AAashiesulitwe iTP8-oraer X d28 bit

access a desired address in the nenory array 100,
staexEssarest- be carried out sequentially fromthe

begi nni ng. 15 Access nust be inplenented using the

so-T& Iresnesm|q uenta sal 1-0 (Gacefe ssharetrtiod] 1neerdt dirrcdatdesc zess

of a desired address, which is possible using the

pluaandiongy acft essy aretdrqd; i ciannati e s erareths A iwerdd above,
line and a bit (data) |line are connected to each 20

butdatactceldw i the mmndaddralentOMatandedat & dris W idierather
to a data cell by selecting the correspondi ng word

is line dfeded ibye.foldihd PP IRY R tseleatll e rel! tRAE%) on

and inpressing a witing voltage to the correspondi ng

itltf hhneidir addidd am Gatd Gl'eio@t H'tks,i SJ ¢ad Pak. 1In
froma data cel|l by selecting the 25 corrésponding

orH G dridie (tmw)mwcc&m%ctfn%qut&é% ¢ @sPandi NG, flined the
line to the INOUT controller 120, and det ecti ng

sedMﬁﬁz%%%e,o%hﬁq 4%&%6%%% %ﬁﬁgtgncﬁg%e%r%%%r'geeneggr%§stermed

unit irn the PF I ment may be

cr e ohsodiessos Guiber S G0 3L Lo,
order to access a desired address in the memory array 100,
access must be carried out sequentially from the begihning.
Access must be implemented using the sc-called sequential-
access method, and direct access of a desired addfess, which
is possible using the random-access method, cannot be
performed.

A word line and a bit (data) line are connected to each
data cell in the memory array 100, and data is written to a
data cell by selecting the corresponding word line (row) (i.e.,
by impressing a selection voltage) and impressing a writing
voltage to the corresponding bit line. In addition, data ('1°
or '0') is read out from a data cell by selecting the
corresponding word line (row), connecting the corresponding

bit line to the IN/OUT controller 120, and detecting whether

or not current exists. The prescribed address unit in the



10

15

20

25

a witing voltage to one word |ine. The col umm
PF8&N8ePion circuit 103 connects colums (bit 5 |ines)
to the INNQUT controller 120 in a sequential fashion
based on the nunber of external clock pul ses counted
by the address counter 110. jEor exanple, the colum
sel ection circuit 103 selects a bit |line based on the
SMBAALBEN b ME RePF oRPIEDuE e prambeF PheaddEmEsHF t (Ruambes of
i ndi cati ng the nunber of clock 10 pul ses counted by
datpecabibif bsC chlvhelervaipingHeay dee sedeeiedrowet riewi imgoyssing
i npresses a selection voltage to rows (word lines) in
a wrsehu@ntdhiadeashe orndaserd ohing he number of external
cl ock pul ses counted by the address counter 110. For
exahpt ecolren rowl set et | ohrciTtul @3 Idehridsisel @stguas  (bit
word |ine based on the values of the upper four bits
limés) heo eflght I AUV ateesro ik catd gir he srobett 0f 1 cfaxtkion
pul ses counted by the address counter 110. In this
basay,on nthdenurstent cofdisclt nd e nroc demilce sl @afntd® by the
enbodi nent, the nenory array 100 is not accessed
addisé g @ddress dal a,Fdwtetaigier, a0 desinedaddiess iSircuit
accessed based on the nunber of clock pulses counted

10Dysdhe-add osis ClOHY &3 sklD.onTheraddess cuntry 1M 4 Sour
connected to a reset signal termnal RSTT, a clock

pitd WRltHerdlighal p3eKTa thes Goldmat i$]) 8¢Hd Mu@ldC WA c1ock
103, the row selection circuit 104 and the 25

pul¥dd gdcf&?c%ocwr. d Hachdlls Theraddr 95 counter 110 E

reset to the’initial value through the setting of the
{38, Sl R KBNS el e o DS

o ISR SRS O MBS 7)., (1B yiBbccca o
the number of external clock pulses counted by the address
counter 110. For example, the row selection circuit 104
selects a word line based on the values of the upper four bits
of the eight bit values indicating the number of clock pulses
counted by the address counter 110. In this way, in the
semiconductor memory device 10 of the embodiment, the memory
array 100 is not accessed using address data, but rather a
desired address is accessed based on the number of clock
pulses counted by the address counter 110.

The address counter 110 is connected to a reset signal
terminal RSTT, a clock signal terminal SCKT, the column
selection circuit 103, the row selection circuit 104 and the
write/read controller 140. The address counter 110 is reset to

the initial value through the setting of the reset signal

input via the reset signal terminal RSTT to '0' {or 'Low'),
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ul ses input via the external clock signal term na
PF&@N?6@fter the reset signal is set to 111. 5 The

address counter 110 used in the enmbodi ment is an

ei ght-bit address counter that stores eight nunbers of

cl ock pul ses correspondi ng t@ t he nunber of data
nunper of bits) in one row of the nenory

ells (i.e,,
an r?%@n‘(ﬂ)o ‘1 7fer | ARETHICVET Uee nelibe LS Ptk ftlrﬁatnu@er of
associated with the initial position 10 of the nmenory
clark puhpes andchroyenekalvith fhe uSeHl o the thaitiedk
val ue. The address counter 110 includes a carry-up
Pulpes ANEUE hata e sertrrivaki ¢lork ovmnak| trrtiorat HCKT after
nunber of clock pulses to be counted. The address
theoweelr 91@nzktis nset heo coult value to 15 the initia
val ue corresponding to the top position of the nenory
ar r'aye 1dinden ¢denmaunblerC ofsexd aick tthe sesbabimdred is an
reaches the maxi num count value. In other words, the
elgdditess adpeed § | @shirtye t hehaddtesSe cainjter nkidbdeca®slock
the top address of the nenory array 100. 20 In the

pulEndwdiomidspasdidescid et aboesr MMy @ray H0Q., number
that includes an EEPROM array 101 and a mask ROM array

of ¥iZd)s idlsath die HFERRAVInamayy Ht-dyhalgdesrHhe nkiz8 a1 value
addresses fromthe top address ( to the 128th

may2tdr ess, (veilde MY & 4 he SRSk + ROV aH %elqgu'trl%llu%%%ltlon
the 64 addresses fromthe 129th address 25 (80H) to

of e 1R2nd addness 1(0%F"')andﬂ1% R BOMgrray 1024 $ @ the

storage area for 64 bits of data, and the highest

inidddnress, 19fc  the nask ROM array 102 that cal be
ogically speC|f|ed is 192, PFO4N960 17 but as

deatiy BEELAANE RS, L0 LANGRL ACULgSS o, LIRS o
set%h%he maximum count value for the number of clock pulses to
be counted. The address counter 110 returns the count value to
the initial value corresponding to the top position of the
memory array 100 when the number of clock pulses counted
reaches the maximum count value. In other words, the address
specified by the address counter 110 becomes the top address
of the memory array 100.

In the embodiment, as described above, a memory array 100
that includes an EEPROM array 101 and a mask ROM array 102 is
used. The EEPROM array 101 includes the 128 addresses from the
top address (00H) to the 128" address (7FH), while the mask
ROM array 102 includes the 64 addresses from the 129*® address
(80H) to the 192" address (BFH). The mask ROM array 102 is a

storage area for 64 bits of data, and the highest address of

the mask ROM array 102 that cal be logically specified is 192,
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address reaches 256 (FFH). The I N OQUT controller 120
PFP4NG68ircuit that transfers to 5 the nmenory array 100
wite data input to a data signal term nal SDAT, or
receives data read out fromthe nenory array 100 and
out puts such data to the data7signal term nal SDAT.
The N OUT controller 120 is connected to the data
bugj ghafestet e RatLeraT, ather rdzethsvlymal addrgaloRSEe mask
the menory 10 array 100 and the wite/read controller
RO“i@?I%Mdl%%nw oF5Ceereed s VIWIERY nde bt Wb el et dittall the
transfer direction for data transferred to the nenory

ad@reay HoORchesetdon(BFitlequest from the wite/read
controller 140 and the data transfer direction for
datBhe rEMSPET rechtolher ded® 53 gnatiterit ndlatSDABnsfers to
(i.e., 15 to the signal line connected to the data
theirgrabry exrdaral L BDAM)1 tdadseth amput eguestddtreomitdranl
wite/read controller 140. An eight-bit latch
termeigisl SDAT0 dhatedeeinyey atdlsy Sd0f esutMiddn Wt andnit array
fromthe data signal term nal SDAT is connected to

100 hend npuipwi gnalct idie £xdentn G40 tdies dated rsirgnalspaT .
i ne SDAT 20 connected to the IN OQUT controller 120.

Thd NN e @itk t1datich riegicimledidl ddha iatd t8f g1
(MsSB) input fromthe data signal term nal SDAT via the

terniidl piAnaltdd ne e SQldacteduntdil K@y t¥@hemory
eight bits, and when eight bits' worth of data is

I t 1 ' ' t
2 e TS T By b Ve nCh TSR e ohe

AL 805 | SLRED S TR0 A
cod B0 U AL LIS 8 SRRSO S eron
thet%%Q%%g&ead controller 140 and the data transfer direction
for data transferred to the data signal terminal SDAT (i.e.,
to the signal line connected to the data signal terminal SDAT)
based on a request from the write/read controller 140. An
eight-bit latch register 170 that temporarily stores write
data input from the data signal terminal SDAT is connected to
the input signal line extending from the data signal line SDAT
connected to the IN/OUT contrcller 120.

In the eight-bit latch register 170, the data strings
(MSB) input from the data signal terminal SDAT via the input
signal line are collected until they total eight bits, and
when eight bits' worth of data is collected, the collected

eight bits of data are written to the EEPROM array 101. The

eight-bit latch register 170 is a so-called FIFO shift
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direction for the menory array 100 to the read-out
PFEANEEPi on 5 on power ON or reset and prohibits data

frombeing input to the data signal term nal SDAT by

setting the input signal Iine between the eight-bit

| atch register 170 and the | NgOUT controller 120 to

hi gh i npedance. This state is maintained until a
rewr??%rr R steR Fhprinthhiheo ity edafka ot rtered, the

10 140. Therefore, the 4-bit data at the begi nning of
datpelerat Be st H9RAY nbitiched fhestEarit sigmalaased nal

SDAT after the reset signal is input is not witten

to The BRIy eante oy Y $ots s etatsdmansighe

I D conparator 130. As a result, the top four bits of
dixeet hehofyr arlrayna g shecorsy redd-onlthe edtheudtDdirection

conparator 130 is connected to the clock signa
on teewg nadN SCKTeddte adat pilgrialt 4 efadsnal r SDAE and it to

reset signal termnal RSTT, and determ nes whether or
thenaiattdhes igroenttdrnciata 105 0t ayi nedtidetly ithd heydad &ignal line

string input via the data signal term nal SDAT
betdarheshd kel groemiitf ilcatdron-«dptsa 30 1stored ivhd hey/ouT

menory array 100 (i.e., the EEPROM array 101). To
corftesgrlidie 1A & PHaesSrigtdR@ detgid stdt@ iR maintained

conparator 130 obtains the first three bits of data,

untile.s wWrdeRt iddgrldon s datRt fiQm the Renati QR £ode troller
i nput follow ng input of the reset signal RST. The ID

rel3 _a.th -bi [ :
140CoMaRIAtYre13Q has - ithree-bist: ﬁte;%%:gﬁgﬁ%&gg%%}fnstﬁ%\g@ata

that stores the identification

raeTaresih Sk e t
sceppptioke iy e ot e s, oSO R0 ARG, reser

11
shown)

- 1.Sis he _first bi.t bt ai ned f th .
< PSSR et MRS S RS LA g ona 16

nMenory array T contr !
sn§3E MRS I EHACEpPLon AL A0S LT SO Bhe cop
four bits of the memory array 100 become read-only.

The ID comparator 130 is connected to the clock signal
terminal SCKT, the data signal terminal SDAT and the reset
signal terminal RSTT, and determines whether or not the
identification data included in the data string input via the
data signal terminal SDAT matches the identification data
stored in the memory array 100 (i.e., the EEPROM array 101).
To describe this process in more detail, the ID comparator 130
obtains the first three bits of data, i.e., identification
data, from the operation code input following input of the
reset signal RST. The ID comparator 130 has a three-bit
register (not shown) that stores the identification data

included in the input data string and a three-bit register

(also not shown) that stores the identification data
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not the values for the two registers match. The ID
PFeéNpaPat or 5 130 out puts an access enable signal EN to
the wite/read controller 140 if the two
identification data strings match. The | D conpar at or
130 clears the registers whenoa reset signal RST (RST
="'0" . or "Low) is input. The wite/read controller
COI’i%l?%,n%o%%ciﬁeamf ot R FRe | INEUTOD 1l Rt F e ephe Zuema e array
I D conparator 130, the increnent controller 150, the
L0@ hgt et hrinpN QY E Fenasol lehel 20 ockndi dpize rminesiwagther or
SCKT, the data signal term nal SDAT and the reset
nOEl@@%Il@Qﬁtﬁf%ﬂa¢§ﬂﬁ'th@ 1 ied s ewt dortasdd evn MG tilser or
a circuit that verifies the wite/read contro
nof nfloe mealwes 1501 ncheided i ned et aied anesttali ndrhienpl? adngparator
the data signal term nal SDAT synchronously with the
13§ ourttpuicd ook sstqpmd drodb o iggnd In@N wof dHe weset/read
signal RST (i.e., the information in the fourth bit
cortofdloMe ngl 4thel B3-dHd dubd i indfearmipti )i andM taheisigd heatch.
i nternal operation of the sem conductor nenory device
Thel 01D 24brips rd tNer1 30 ididig DreHea ik SREGIHdICa |dbset signal
when a wite enable signal AEN is input fromthe 1D

RSTOMar at orp 130 anghwar yWiid & gnabl e signal VENL is
i nput fromthe increnent controller 150, the

wWr iR Read e UL Q!drﬁcfro]i‘h%ﬂ ntgy Flrsetcgmn'%%t%@ Z%'J‘ea‘ihe IN/OUT

wite/read command. |If the command is a wit

corf@umaRd, MREN e 'cto?[{g %%09:0 Ryl el 1120 g;%chet' ves

i nput of the nunber pulseé corresponding to

coﬂ%ﬂ%ﬂh%gbﬁ %re%%_ Hé %T o %%hl%t%%oar%%ém%&od§ signal

PFO4N9 smntc tatransfer directio

el e 184 geses

iTection, 1sSués
sig%gat %%%ghgﬁ ﬁ%&%ﬁn%h%n%rﬁ read con%roller 140 is a

circuit that verifies the write/read control information
included in the data string input via the data signal terminal

SDAT synchronously with the fourth clock signal following

~input of the reset signal RST (i.e., the information in the

fourth bit following the 3-bit ID informaticn) and switches
the internal operatiqn of the semiconductor memory device 10
to either writing or reading.

Specifically, when a write enable signal AEN is input

from the ID comparator 130 and a write enable signal WEN1 is

input from the increment controller 150, the write/read

controller 140 interprets the obtained write/read command. If
the command is a write command, when the write/read controller
140 receives input of the number of clock pulses corresponding

to the top address of the write-restricted area WRA, it
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vol t age generation request to the charge punp circuit
PFA&9966 When the number of cl ock pul ses correspondi ng
to the end address of the wite-restricted area WRA
is received, the wite/read controller 140 sw tches
the data transfer direction 2qf the bus signal |ine of
the INNQUT controller 120 to the read direction, ends
SWH%%%%%? SRt PRI E it ghahe N tgptroller
rmts witing, and issues a wite voltage

12(5)6% rﬁ%t#l&ﬂ%q@e@e @ & veHdry < plRRE @t cuitsuesD.a Mrite
the command is a read conmand, when the nunber of
engl e ks N ale SN ridepormk Myl to wihie trop adbiresglofa thte
wite- prohibited area is received, the wite/read
vodorg gldrerra4ioor reawasthes ttie datargde ansfercidiawedt ildid .
of the bus signal line of the INQUT controller 120
Whero tthe medkdigectiork dul ddwe enediprerdinover echar icrel
data DI witten to one or nore wite-restricted rows
addr=ghatal conp s - sestadidtdaltared WA 1iRCreasas dd) the
value (an increnent characteristic), it is 20

wridet/afaddesbirieilierr ardnodyitdih e ithe daitds BDirdrs e @llrection
than the existing data DE already stored in the

of Whd enisesfilgreiied inwsf tard 1N/ dute awrthe 1data 1Dl k% the
data conprising an attribute that decreases in value

red® Ao @R, EhfAatRlSHiseh ordDlHg ofi + & ke et %1gnal
data DI and erroneous input of data are reduced or

WEN@r%%%%t%%Igﬁtgﬁkﬁgﬂﬂﬂﬂgngawge ReNLQ 4 n%&a&%@v@ﬁ'%gédata

conpri ses a val ue smal | er than the existi ng

S e R

function is supp ied

%%%&mmmﬁﬁﬁﬁwwh% e, og
clo%nbggﬁg%gtc%%%%%b%%%lbel get%%rn%dr%%%eoEsthe write-
prohibited area is received, the write/read controller 140
switches the data transfer direction of the bus signal line of
the IN/OUT controller 120 to the read direction.

In the embodiment, where write data DI written to one or
more write-restricted rows is data comprising an attribute
that increases in value (an increment characteristic), it is
determined whether or not the write data DI is larger than the
existing data DE already stored in the write-restricted rows,
and if the write data DI is data comprising an attribute that
decreases in value (a decrement characteristic), garbling of
the write data DI and erroneous input of data are reduced or
prevented by determining whether or not the write data DI

comprises a value smaller than the existing data DE already

stored in the write-restricted rows. This function is supplied
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The increment controller 150 is connected to the reset
PFg4¥PgRal terminal RSTT, the wite/read controller 140,
the charge punp circuit 160 and the wite | ock
controller 180 via signal lines. The increnent
controller 150 has an internaly 4- bit counter 151 and
internal 8-bit counters 152, 153. The i ncrenent
by c3nt BFF #Ren 50ceet &P h fesl mhgthefoore notasw i awd dait & 10
DI witten in the wite-restricted rows conprises a
degatment | apgyerotham ihetlexi k2t Ry dease DE al tleadyxatwred £
in the wite- restricted rows, and determ nes whet her
thie empodheeniatdeswribedrbelow het EEPROVI@r reysd Oils jassumed.
correctly witten (i.e., perforns verification). 15
TheThaciemeenterontomt 1@l 1450l FRads ouindde=@xistiing reset
data DE fromthe wite-restricted rows at the nonent
sigtawhietmimel RETTe tded avltd Srdad chedk tol tdhe Brdi tthe
register 170 and stores it in the 8-bit interna
chaeg shwip 162 duicorpay afredl dhengiite ek idstemEter 180 via
controller 150 carries out a bit-by-bit 20 conpari son

si@fal heinead mxd stid@ndata ke tdhe wi e datd Pleernal 4-
input to the 8-bit latch register 170, and determ nes

biwhehliefer arsnaind hg trida datd Dl fomudsesdatds . The
having a value larger than that of the exi st'ing data

inddemddt AHRrJ10 SPaesh YR QG éﬂﬁ%ﬁy%QQQQJ NEite data
erre

size of the circuit, it Is pre that t

DT WHRWe W iite Grd %11‘51 'err'e%etr#?gedqfro%e é’g 118 dat % Qa1ue

conpri ses a val ue arger t of t e exlisting

_lar%%tra ', tl:l'lllee ! %T%%t r%i%]%%tl@%l at%rret]ehcp sl’Eltotq: ) ea d%‘ﬁg @J(;I):‘lte

a wite enabl e sig
re%ﬁﬁ%ﬁé%%?%?&%?éﬁlréﬁ%%%%ﬁg%%ﬁ ﬁgﬁgﬁ%‘%bﬁiroﬁqg'Qﬁﬁﬁ
wri%%%%u%% %%% %EP%%M?%%QE% ﬁlqnls corré%gfgldzltten (i.e.,
performs verification).

The increment controller 150 reads out the existing data
DE from the write-restricted rows at the moment at which the
write data DI is latched to the 8-bit register 170 and stores
it in the 8-bit internal register 152 incorporated therein.
The increment controller 150 carries out a bit-by-bit
comparison of the read existing data DE and the write data DI
input to the 8-bit latch register 170, and determines whether
or not the write data DI comprises data having a value larger
than that of the existing data DE. In order to speed up
processing and reduce the size of the circuit, it is preferred
that the input write data comprise MSB.

If the write data DI comprises a value larger than that

of the existing data DE, the increment controller 150 outputs
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the wite data DI conprises data having a | arger val ue
PEFQARANCS t hat of the existing data DE for al
wite-restricted rows. In addition, as descri bed
below, if a notification has been received fromthe
wite |ock controller 180 indpcating that a wite
enabl e S|gfal VWENL shoul d not be issued, the increnent

a Woht? gPele 5ot drrels THEEL i3 dehe e Axe ashasn g e 140.

VENT. 10 After the wite data is witten, the

IT | e erente dobk gl er T 150 1A i el dhreior tove rigtcnament
data was witten correctly, and if it is determ ned

contheplitie WrQ teutdattes wdse notiter iantanle corgredt [WENY menly if
exi sting data DE stored in the internal 8-bit

the Mertraldateyit eroniB2 sess rdsrtvr itaeimd @ tlkegmenoralue than
array 100. 15 Wihen the wite data is verified, the

thaf: i tdourders tlisly ideter por diced 4111 e denafegmaniticted rows. In
control |l er 150 begins counting up upon receivVving

addintiermala<c|desdcsitgnblblrcam art ianteriai caeseid hationheks?
bel onging to the charge punp circuit 160 at an 8-bit

redifilvd rdaat itte e itthe 1edkeguwlt riaral 189t anldirg tiMthat a
the 20 wite standby state. The count val ue counted up

writye thRA-Didi greauiten Eabudls indRUbel Q SSh@ Lo increment

selection circuit 103 and the row sel ection circuit

conkt@4b1 0henewpeR cshe Jrusissiel then wr@P&' StihRgdaia gQ%l' $ENI.
read out. The charge punp circuit 160 is a circu

th%&t%%pQ%%e%rﬁQe Zatbhe s g%%%%%% b%%elEﬁ%r%h%n&h%ontroller

columm selection circuit a wite vo

1501922953k LRt e data.t geﬁlteh%a%'épﬁgg g&&%¥eﬁo%or%%%qy,

request si naI from ontrolTér

and%% l@F%N%%Qe%ﬁW;ép tﬁh&g%epunpégnfggg'f;e 1200 lydeten

nternaL 0SC
ﬁtiéf'é"%hsr Saierahas Sra FESLERRY Tp RbSaPReghar s-pie

internal register 152 is re-written tec the memory array 100.
When the write data is verified, the 4-bit counter 151
incorporated in the increment controller 150 begins counting
up upon receiving internal clock signal from an internal
oscillator 162 belonging to the charge pump circuit 160 at an
8-bit delay relative to the external signal, starting from the
write standby state. The count value counted up by the 4-bit
counter 151 is input to the column selection circuit 103 and
the row selection circuit 104, whereupon the just-written
existing data DE is read out.

Thé charge pump circuit 160 is a circuit that supplies to
the selected bit line via the column seiection circuit 103 a
write voltage necessary to write data to the EEPROM array 101

baéed on a request signal from the write/read controller 140.
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y stepping up the voltage obtained via the positive
PF@ﬂE%@@ode 5 power terminal VDDT. The wite | ock
controller 180 is connected to the clock signa
term nal SCKT, the data signal term nal SDAT, the
reset signal termnal RSTT and the increnent
co troller 150. The, wite lock controller 180 refers
The oCRMEISU PR bttt 1069 nkefriudg oy Wiheknmh gscillator
stored in the fourth bit of the nenory array 100 and
167 stk piRNe R the FatPeTYnon tereaurdicy spaPihed thiring a
I NV QUT controller 120 when access to the nenory array
steROihegt N L W4as eanthegae tat g dilex tngadoramt ivori (vl tage
_ 1, the wite lock controller 180 determ nes that
by wiekmignd o Fhehevakrtiags privid dviadd i eda\NRS oft ittee electrode
EEPROM array 101 is prohibited and notifies the
pove riermeminaloMil | er 150 that a wite enable signa
VENL should not be issued in response to a request to
perfror mmirtid ilng-¥ acdrite-otrlidre-Immhididetharea WeA.thdhen ock
the top address of the wite-prohibited area WPA i s
sighlpassedndlhesonT,t e Hods codir@ldierc k8 refl 9T, the reset
enbodi nrent further also sets a pass-through flag to
sigrfdN HdrmBnall RSTH Jand ML AHNErRR dR@ roller 150. The
write-prohibited area WPA has been passed.

wr i3ReaiddiC &ldnt.rdihe rrigioe deGele Conrt el 641180 dete/dn nes
whet her or not the top address of the

i n A¥rd-8- RO i et%h%rteas\ﬂps%o%% ZE) t&%%n f%%%%s ed thy ¢ the

counting up the nunmber of clock signal pulses 1 nput

oGk -Si I nal T e I
o S AR A

SDA&QVQE t&gf%NMﬁ%glkoﬁ%Q%ﬁngc%P§{Q%thB#%F%;t%82%?%Iﬁfmory
arrwy #goﬁggﬁlcgntro%%gﬁg%% rlte %ro%ec%t n%ormht&%% (W/L) =
1, the write lock controller 180 determines that writing to
the write-prohibited area WPA of the EEPROM array 101 is
prohibited and notifies the increment controller 150 that a
write enable signal WEN1 should not be issued in response to a
request to perform writing to the write-prohibited area WPA.
When the top address of the write-prohibited area WPA is

passed, the write lock contreller 180 of the embodiment

further also sets a pass-through flag to 'ON' (i.e., to "1")

- indicating that the write-prohibited area WPA has been passed.

Specifically, the write lock controller 180 determines whether
or not the top address of the write-prohibited area WPA has
been accessed by counting up the number of clock signal pulses

input from the clock signal terminal SCKT. The write lock
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5 instructs the increment controller 150 not to issue
PFRINPPEe enabl e signal VWENL even if a request to wite

data to the wite-restricted area WRA is received. As

aresult, where the wite-restricted area WRA is to

be accessed after passing thyough the term na

address of the EEPROM array 101, a wite 10 enable
coRbHralt S NEN | 3ehidt The seses by ¥ Pieo i § 13 riead?donti ot 4er'0')

140 and witing of data to the wite-restricted area
UPYRAT$ G 1 WY pkR Wk el 2 | Feadie skdnal Pk ect

information (WL) ="'1" and the pass-through flag is

notWhksite toh@ON & bire tiveo ot dier L hzomdya t lostalidel W= t iIng drad the

the wite-restricted area WRA of the EEPROM 15 array
pad@ithsoypsr nftaed] s tdet wro t@&N | ddke conttreol lerk IBhtdeesler 180

not send a notification instructing the increnent
insonictod |tgre 150 rdneerpr alotidtolilsstiarioe roft the Wdde a write

enabl e signal WENl1. The internal processing executed
endbnld hel gerll gENUcin e mededica dlGraftd heata to the

enbodi nrent will now be described with 20 reference to
writiggsce dbrictiid.arkd WRR filowharie Show ng AR 1960UARGR the

of operations of the menory internal processing
wrieecund it ddhe seniganductey geenpidsdey e k) ¢fadNeg

enbodinment. Fig. 5is atimng chart show ng the
thdRIGIORRe te@hBlian AT e T, i

t he ext ernal clockég%ﬁgignal tﬂé H da?gggﬁgggﬁ SI%Awrlte

enéﬁm% %q%n%qd%ﬁ§@ 99#@&%?1@@&&% q%J h%gwﬁﬁ %Wyé§% %on%roller

read operation. Fig har t OMAn

14c§%%%¢%%%tQ%g°%%r t%n%cpahth%rWE%t%e% %%% dP%Q% O%&@

execut e e “sem conduct or menory ev ce
t [ [ is._a t|n1n chart .sho the, .,
not 2’% SEIRRS oT R Ko M€ RS e PLoeRdiidha 1

SEC AN RGO G- S
because writing to the write-restricted area WRA of the EEPROM
array 101 is permitted, the write lock controller 180 does not
send a notification instructing the increment controller 150
to prohibit issuance of the write enable signal WENL.

The internal processing executed in the semiconductor
memory device 10 of the embodiment will now be described with
reference to Figs. 4-7. Fig. 4 is a flow chart showing the
sequence of operations of the memory internal processing
executed by the semiconductor memory device 10 of the
embodiment. Fig. 5 is a timing chart showing the temporal
relationships among the reset signal RST, the external clock
signal SCK, the data signal SDA and the address counter value

during execution of a read operation. Fig. 6 is a flow chart

showing the sequence of operations of the write process
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5 during execution of a wite operation. In the nenory
PFPANEPRAal processing, first, processing to verify the

identification information and the read/wite conmmand

is perforned based on an operation code, as shown in

Fig. 5. Wen a reset state (RST = 'O' or 'Low) is

cl eared 10 (such that RST = '"1' or 'Hi gh') by the host
CXREHPET e?Y(Elé% PP CORdUGRT aReIMRF ) de Y Hee skin @bridtRet or

menory device 10 executes an internal reset (step
emgagpyeahd begi nd ihed neHdbiyI arlraygt 1900w e e prevuesea

Specifically, the INOUT controller 120, the ID
re bafipan sl bps 130019 highewie 29T enidyrooht RYT | erhd 4 tatre 15 lock

i ncrenment controller 150 and the wite | ock controller
sidiBgl a3EK, i nhe¢iddizesidiyet DA et Ndle resttesTheoder value

conparator 130 of the sem conductor nenory device 10
dunbt@iersetibei @ bdf 4 denttid igatdoni omf or mati on i nput

fromthe host conputer (step S102) and executes ID

verlid itded imsma0y pirocessi N Ad-«ataldy e whst iefodsdiolg to

the obtained identification information natches the
verentidd caddroi i afrordratinm siareth idhd hehdrenmyy)/ Ay

100 (step S104). Specifically, the ID conparator 130

cordfird Niss ther At d Miled & hey R el cdr, M Blshown in
SDAT synchronously with the | eading 25 edges of the

rid.hree wtlack signal SEKd sgiad £ oldvoveagng ﬂdap vg tccl@a%d

of the reset signal RST from' Low

d:(ﬁ]-ﬁ t?habd thllde,ntrllfrl It nf (0] | ) d t :
sthe R A Tl bgguttsterhoas% t@uet%f (9 Fig.

't ntﬁ%ﬂﬁe dﬁq?%$g%%§tl%%%lﬁgglﬁg%l D%%ﬂ%%%t%%aexecutes

f|r bi_t dr ses f the ne arr. 100
s.l“&é% %eld rbeS% unt 004/ Gag 3@% ot MeMofy array 100
e IN/QUT controller 120, the

address count d stor s
aCCcess proce_ss. pECl 1ca l

ID comparator 130, the write/read controller 140, the
increment controller 150 and the write lock controller 18C are
initialized by the internal reset.

The ID comparator 130 of the semiconductor memory device
10 obtains the 3-bit identification information input from the
host computer (step S102) and executes ID verification
processing to determine whether or not the obtained
identification information matches the identification

information stored in the memory array 100 (step S104).

Specifically, the ID comparator 130 cbtains the data input to

the data signal terminal SDAT synchroncusly with the leading
edges of the three clock signal SCK issued following the
switching of the reset signal RST from 'Low' to 'High', i.e.,

the 3-bit identification information, and stores it in the
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5 themin the second 3-bit register. The |ID conparator
PFQ4@9e@t er mi nes whether or not the ‘identification
information stored in the first and second registers
mat ch, and if they do not match (step 5104: No
mat ch), sets the two-way bus2sgignal |ine connected to
the data 10 sjgnal term nal SDAT to the input state,
TigtldsS Treblei TRIGTEeT ddt | T atatm §ifcor g drb ImRaaor 130
S106), and ends this routine. Because the | N QUT
obtet ofheri A Weli Grtaians @ ia gt o eddhc d My atld% drom the
the input signal line between the 8-bit |atch
fipsdlyi Sthekt T zrRbahed NRUMseNty dliray 120, seevddsest by the
15 the nenory array 100 is not permtted. If the
courderitd fueatiln 01 ,nfQdF nat itdre stdstmhs eaurd o4 rldt0 amdl stores
second registers do match, on the other hand (step
thélOidn Vet clhgorah Faddessegnatileer .si gnal  AEN i s out put
to the wite/read controller 140. The wite/read
cortren| Ilercchd vaatr risdeideas: rinlier «aC %S he20 cenallte the
signal AEN obtains fromthe host conputer the command
idevitti firpiti dro TR fies ising o dAddne rvitduet e r@at ansi @Radond
term nal SDAT synchronously with the | eadi ng edge of
redife At nlQeK =5igna +Bek fd’éJ I ?rﬁiattdhe %We}ac@lfmgzoﬁwo
the reset signal RST from'Low to 'Hi gh' (step

maﬂ@%QS)seEﬁﬁtﬂkJ&%hL%%@ eRRt algren %@n%4%o%%b%&%bn%% the data
whet her or not the obtained conmand bit is a wite

519%%qn%%gﬂﬁ§%qps%%&oko %ﬂ% 1%theSQQE%'n%%d%oqg%QQpQ'%f

not a wite command (stéep 5110:" No),

;de‘?ﬁ:' 158880 CARLLOIARL oRFAANIAR 27 5 148 I,IO%BU‘eid% tpad

connan to the controlle execut es

rouQQB% r%%%a% %g%iﬁa?%(B%E?80%%}%@1;%232bN59935alﬁ§na high-

controller ecei ves comman
impb gpggtggggfa%%&eahd'a%ghkogig%gltH%ngegg%&egaf%%elgqbit
latch register 170 and the IN/OUT contreller 120, access of
the memory array 100 is not permitted. If the identification
information stored in the first and second registers do match,
on the other hand (step $104: Match), an access enable signal
AEN is output to the write/read contreller 140,

The write/read controller 140 that receives the access

enable signal AEN obtains from the host computer the command

- bit input to the bus signal line via the data signal terminal

SDAT synchronously with the leading edge of the 4™ clock

signal SCK following the switching of the reset signal RST
from 'Low' to 'High' (step S108). The write/read controller
140 determines whether or not the obtained command bit is a
write command {step $110), and if the obtained command bit is

not a write command {(step $110: No), the write/read controller
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5 direction (output state) and permts data transfer
PFPABAPPhe menory array 100. The address counter 110 of

t he sem conductor nmenory device 10 counts up

synchronously with the trailing edges of the clock

signal SCK and counts the number of input clock 10

ul ses. Because the counter value of the address
14&%@@9%1@ redq eFOEpErGAL F ot o dBY 4 ¢iputcqrt rater 120 and

readi ng _begins fromthe existing data DE stored in
exgeEdres sAdUH BFad Heroramms inGr e 00l 12 ) Th& e Bt ACER r ay

100 of the sem conductor nenory device 10 of the
corpiobl ¢rent 2 Grile thase erldres sdwe | reacheconamrgel @OHIBRY the data

but 15 the address counter 110 counts up to 256 bits
trimgtkessl fog)ion Ther addr essesr CGHRREH IEpres drite aread

virtual area, i.e., the correspondi ng addresses do

dinett i stoutrputhes teenor yarad rayrrd 0y dzared thtarigfet erom the
period that this virtual area is being accessed, the

memnvatwearfHy i190M@uUt put to the data signal term nal SDAT.
VWhen 20 the address counter 110 counts the nunber of

cl oe plddesss cUrRsRONdiNG # aH & AAHLRSH:dtE ren®ny
256, the address in the nenory array 100 specified by

dettie addresm GOy &kl oINS it e addressOddges of

In other words, at the nonent that all of the val ues

the Rtk i frhe &M e Pcilfs Ahd Renpddr ess i%%ucto%rlto%rk
110 becone '1', the top address OOH of the EEPROM

puldday pkOL Qe tttpl% %mﬁ:%rar\;agﬁeé %% 4 @58 %?grfeiﬁﬁg c%%ntt%q: 110

next address to be accessed.

o SIS UL SRSUTEL L L TR BB OO e
ex T RIS, A2 DTSR S NG AR 100,y 200
Thep%%%%%ysggygyiqo%i%f %he semiconductor memory device 10 of
the embodiment only has addresses in the range 00H-BFH, but

the address counter 110 counts up to 256 bits {(address FFH).

The addresses COH-FFH represent a virtual area, i.e., the
corresponding addresses do not exist in the memory array 100,
and during the period that this virtual area is being accessed,
the value '0' is output to the data signal terminal SDAT. When
the address counter 110 counts the number of clock pulses
corresponding to the address FFH, i.e., 256, the address in

the memory‘array 100 specified by the address‘counter 110
returns to the address 00H. In other words, at the moment that
all of the values (bits) in the 8-bit register of the address
counter 110 become '1l', the top address O00H of the EEPROM

array 101 of the memory array 100 is specified as the next

address to be accessed.
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5 and the output existing data DE is retained until
PFOH@S€0ailing edge of the next clock signal SCK. Wen

a clock signal SCK falls, the count value of the

address counter 110 is increnmented by 1, and as a

result, the existing data DEpgtored in the next

address (data cell) in the menory array 100 is 10

out Pt ot IhedalalaiPfnattaegdi HaltIsDATNOH earray 1s output

operation is repeated synchronously with the clock
seqyefial 2 90K fumttie tdvta deisinald wridress! | PAkdachredha FN/OUT

ot her words, because the sem conductor nenory device
conigr@flehel Ehbodichenmndss iy widdueits dlradiciciess-adges of the

storage device, the host conmputer nust 15 issue the
clowimbergrofl @ kdwiignal tipulrsesl corales pendicy tteowrhein Fig. 5,

address to which reading or witing is desired to
and ndreenerttputt hexicaintg vl tue of - ishereaddress oot etheliGailing

up to the count value corresponding to the desired

edgddreSshe Asa ESIH) sildin]l St mrgrdat &1zl Sirgrd  SCK
out sequentially fromthe addresses 20 specified via

falllhe antRunmaluasiofboft headdiass CovtRler 1100 tikat is
sequentially incremented synchronously wi th clock

inc iRt 2CHy The HRpla LURULT tSPRGI i83 ANGPRIAINDE stored
desired address data by associating the data output

in HHRMIAE s endUcien 22 1MBMLY (feVinthold Wit Reo is
nunber of clock pulses output to the semconductor
ouﬂﬂﬂgmﬁb Q%%!%%t%osiggggN%ggné%alA% %.t%%i%e% eration is
ted, a or ow

operation is conpl reset signa

) ) . h ‘
rep%§¥eﬁ§sk&%%%nggggﬁy%&Q%§Eh%ggﬁgkﬁys%%gﬁg?thgg§ll the

sem con evi ce nters
te. t receive an.operation,code. en.a reset
desFritl aec B9l FIMnIRE] T BUnER BorfiS R RS spe

sem%%%%%%%t%%OMengy de%g%%rqblg% the embodiment is a

sequential access-type storage device, the host computer must
issue the number of clock signal pulses corresponding to the
address to which reading or writing is desired to increment
the count value of the address counter 110 up to the count
value corresponding to the desired address. As a result, tﬁe
existing data DE is read out sequential;y from the addresses
specified via the counter values of the address counter 110
that is sequentially incremented synchroncusliy with clock
signal SCK.

The host computer specifies and cbtains desired address
data by associating the data output from the semiconductor
memory device 10 with the number of clock pulses output to the

semiconductor memory device 10.
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120, 1D conparator 130, wite/read controller 140,
PFpA¥P6Aent control ler 150 and write | ock control | er
180 are initialized. The wite/read controller 140
determ nes whet her or not the obtained command bit is
a wite command (step silo). 2isf 10 the wite/read
cont roller 140 determ nes that the obtained command
bi t215%h Whet BerOntRAER 5 pl 5199 P hek3d, tdhe' Qg 'Low'
| ock controller 180 obtains the wite protect
reFaf of HaRF bnRST W) 10 em FHen fiohe t e Sl dr@srueir taed the
EEPROM array 101 (O3H). The wite lock controller 180
SCHEERIAL AT ikeprey devier 1ASnkere thrlkeiandet s@ENto
i.e., whether or not the wite protect infornation
re¢g¥y an'drelastepn 5add) . WHen ta isesaetergialeRPy the' 0" or
wite lock controller 180 that wite lock is not ON
'L¢wt epl S1outiNo) thawaddr ey Domssitagr | Bl Gxebt@Ed (streproller
S118). The wite process executed here is a process
12@ haiD 2onpectades 13, wit ttiayaafd dadrac il Idre 140, increment
write-prohibited area WPA of the EEPROM array 101,
comtnth X ri BB sared pFoCes sl dak Wdrlteroread-1097 yadatimittG alized.
the EEPROM array 101. Because the wite protect
| nfrHarald ok (W) dents®1td QMO ideBartiesl whet tdie not
initial data is witten, after factory shipnent, the

thaMdpte i3 Prineednd rqu;rmaglaomr(lWé)cdmarﬂd (B theo) . 1f
wite process executed here is not performsd If the

théMNﬂf%d%fgéancoﬂﬂyayﬁgy'ﬂ@b @y nli$ 0t AN thhe M ti8ied

data i ncrenent PFO4N960 30 determ nation process

conﬁr?é%(&]tbqq: k?Lys tep(%v i an%on(tgt\%ﬂ %’11]050 Yés% n%thga write

performed. In other words, the t|n of "Wwr'i't

loctko cotntfq:oq%%]rr ei% Ola%qgrt%%%s' Sth(‘éarx/\irfﬁ}eche va t\@ctth%%tfol%’matlon

e relative slzes o ues O
/‘fiz. po tt%ae?aofurft{fﬁé”dé’%ﬁﬁawo?st%v R 305,161 coam)
The write lock controller 180 determines whether or not

write lock is set to ON, i.e., whether or not the write
protect information (W/L) = '1' (step S116). If it is
determined by the write lock controller 180 that write lock is
not ON (step S116: No), write processing is executed (step
S118). The write process executed here is a process that

includes the writing of data to the write-prohibited area WPA

- of the EEPROM array 101, and comprises a process to write

read-only data to the EEPROM array 101. Because the write

- protect information (W/L) is set to ON, i.e.,.to 'l', when the

initial data is written, after factory shipment, the write
protect information (W/L) is 'l', and the write process
executed here is not performed. If the write protect

information (W/L) is not ON, the write data increment
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The wite process executed in step 5118 wll now be
Proéseedbed with reference to Fig. 6. Cock signal SCK
of the nunber corresponding to the address sought to
be accessed, i.e., the address to which data witing
Is desired, are input 10 to ghe clock signal term na
SCKT, of the sem conductor nenory device 10 fromthe
de sl rarbi I eeRP Y Hxited Phethi i inerergnt igantizgller 150
~data is input to the data signal term nal SDAT
1s gygie eonbusisd wi Ith aterlweidsi dgriad vand istorald Wil ttehglata to
8-bit latch register 170. In the enbodi nent, the
thewdesl gl saddrdss wrd tdsernciad tdiet 8+ioitioygercdnipss: imgmorhe
array 100 in units of 8 bits. The wite |ock
relcontvel 4 iered 8 ddtervalness whettler writwtdattdhesaaddrassn the
to which witing is requested conprises an address
hodthctamed-d:n drive oird teezirsasittg el arrea NARARER®P a32G0) ,101.
and if 20 it determnes that the address is not
Wi tTHen e avid dc- g RS tihiadariena A (ssitiep 3200 ndMo)be
it does not issue a wite-prohibit signal to the
deddIGNRIERMI AP USRIl QD FAY .2 6. e8lWdk A gH0C88K WF the
wite data in 8-bit units to the requested addresses,

nurdd I SRRAJIGAIHY the bheLea dIhath 22 Mdd accessed,
subsequentl'y conprise a wite-prohibited area, is
; xe ihel e ont. r:ql:l 14 S y
R R Y N a0, P00 o
t t, . Lved i te-prohibit Si I
to ?c?‘%m i ‘fi’)ec]{;w %isitggl%]l G h\Le gﬁﬂg{ 'o%g 6:%ter %Ieml'CO%ld%%\%roirt énemory

ocC contr ansmts a

de Q%ph% %&%ﬂ@%h@Eﬂ%sEoc%% utg&i%?k{%%% %%@%r%gl%%1%%Qtten as

descri bed above,” the it el read controlTer
. _.h i_ved I [ | _AEN fr, | D
inid g B ] O RR® 1B Bre PaGRR oL SRy BOAT

synchronocusly with the clock signal and stored in‘the 8-bit
latch register 170. In the embodiment, the write data is
written to the 8-bit per line memory array 100 in units of 8
bits.

The write.lock controller 180 determines whether or not
the address to which writing is requested comprises an address
included in the write-restricted area WRA (step $200), and if
it determines that the address is not within the write-
restricted area WRA (step S$200: No), it does not issue a
write-prohibit signal to the increment controller 150. As a
result, a process to write data in 8-bit units to the
requested addresses, and more specifically to the area that
will subsequently comprise a write-prohibited area, is

executed by the write/read controller 140 (step S202}.
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enabl e signal WEN1 fromthe increnment controller 150.
PEGABO6Gri te/ read -control l er 140 that received both the
access enabl e signal AEN and the wite enable signa
VENL outputs a wite 10 enable signal VWEN2 to the
I NN QUT controller 120. The IAOUT controller 120 that
recei ved_t he Mﬁlte enabl e signal VWEN2 . changes the
dat 3P T asf 2t i rfefbwdwf%ve%eC%W&l%ﬂaﬁ) foRt thps not
the wite direction (i.e., to the input state),
re¢feyebyd WHEH TGP RIETE (5 bovst briren tiHe mendry adlay
100._ 15 Consequently, the values of the wite data DI
coptpelpr 180 )trgnesnitmst errid: tonadalkch iandl WENF tthehe
menory array 100. Specifically, the wite/read
wr gl rend eroritao i ssuekt & rlsgudsticried b ahar ghgunpite/read
circuit 160 to generate a wite voltage after the
conishhipnfliher 8t hrayei e dfart heead o lersilgeal s i@ 2REN from
following the wite standby state is entered, as shown
the nl Figpmpdkatihe MQ tendvalrt ageligener ateethibye 4 hthecharige:
punp circuit 160 is inpressed to the bit Iines
enselectiethdly Wihg cddimiselediaeniCidatine 1183, 1@ iThe
this enbodinment, to all bit lines. As a result, the
writad/araed uemtrbliland 140 e the 8 Rid Hotonel 4222 s enable
the 8-bit latch register 170 are witten at the sane

sidrdie ARN &ndMdHe WraSl 168 o Qg rPROMNRE0 34 p AS %h%&‘lte
in Fig. 7, during the clock Iom1per|od follomnng t he

endﬁﬂé'éﬂbn%ﬁ b 28th exnel endbuiihe 5lrack 18,913l S@%e &N/OUT

verification process Is executed to verify mhet er or

coﬂ%ybﬂﬂ@% 19@'%%5%9 %%EQV§ED%@@: %é %%%bﬁ%'%&%ﬁal WENZ

mat ches the wit use for Wi n ot her

chawgr% th%uﬁb%g EQ%R% %k h%gcta%rlthe Eg% %% eX|stFr%y 100

to specify dresses of'
o} % w@%t%hélrec b%StiW%tEt%% Q%etq%pﬁ stgkg) thereby

enabling data transfer to the memory array 100.

Consequently, the values of the write data DI ('0' or
'1l') are transferred to each bit line of the memory array 100.
Specifically, the write/read controller 140 issues a request
to the charge pump circuit 160 to generate a write voltage
after the rising of the 8™ cycle of the clock signal SCK
following the write standby state is entered, as shown in Fig.
7. The write voltage generated by the charge pump circuit 160
is impressed to the bit lines selected by the column selection

circuit 103, and in this embodiment, to all bit lines. As a

‘result, the data values '1' and '0' for the 8 bits stored in

the 8-bit latch register 170 are written at the same time to a

write-restricted row.
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counter 151 included in the increment controller 150
PFP4NPRPuUt to the columm selection circuit 103 and the
row selection 10 circuit 104. Consequently, the
just-written 8-bit existing data DE is output from
the INNQUT controller 120 andois stored in the 8-bit
internal register 153 incorporated in the increnent
conff of PRYN 150 Vi%- t he POl omtebrelerlapmenhed following
i ncrenent controller 150 verifies whether or not the
theg Hriling exf sthaigt daciche sfotbd rhockes8gnal BRKeraal
regi ster 153 matches the 8-bit wite data D stored
verhligrt Bomiproegeh 15 egistiered 700 VRhel fiy inkeetlozk or not the
controller 180 determ nes whether or not the wite
exisrey calth B8 dort esponissit ovthiec et andt ddey edse ofrit20 data
the wite-prohibited area (step 5204). If it matches
DI theedtfot vaddriess. afn tdehar ivesdy,ohibtref Wea(stleflow
S204: Yes), the pass-through flag is set to ON (step
pelS26,) .tHhd ddentwidBud acked contgpddiery 1 deidfdd@s of the
that the wite target address does not correspond to
g-phe etiafdiaddiass of dhe wdd ergutohididied, 25 afrea four-bit
(step S204: No), the current value of the pass-through
codr®g 15 IMBidd@aied. i R fialdnont RichGQINeSPOrs {10 input
a PFO4N960 33 situation in which the wite target

to a0 €8S dnth Ak 1addriess cisuhsequent Lo the star tseaide%ft%%

of the wite-prohibited area. After witing o

czr\Mdftgrlq}alt adelné t}ﬁt Q:qil’e usef \«Jrrqﬁct%tens%g- t %%E. (tJ.Ing

Low ) |s I nput to th reset signal

daﬂggBE 210 e %tp%ﬁ%np%ﬂgy%%ﬁCbﬁt%% g%%%l ¥€§b3 %,1s stored

various con I'ers are ini'tializé escrlbe
o 30, Sy 0 SRS YOl e o,
increment controller 150 via the IN/QUT controller 120. The
increment controller 150 verifies whether or not the 8-bit
existing data DE stored in the 8-bit internal register 153
matches the 8-bit write data DI stored in the 8-bit latch
register 170.

The write lock controller 180 determines whether or not
the write target address corresponds tc the start address of
the write-prchibited area (step S204). If it matches the start
address of the write-prohibited area (step S204: Yes), the
pass-through flag is set to ON (step $206). If the write lock
controller 180 determines that the write target address does

not correspond to the start address of the write-prohibited

area (step S204: No), the current value of the pass-through

‘flag is maintained. Specifically, this corresponds to a
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On the other hand, if clock signal SCK are
PFE&RPPAUOUsly 10 input to the clock signal term na

SCKT of the semiconductor nenory device 10 fromthe

host conputer without a reset signal RST (= "'0" or

"Low ) being input to the resgt signal termnal RSTT

ste S212: No), the count value of the address
si 6% l&l‘ﬂh%§h| He? eehtedtdyoat | 3deRdy dohcE) viddress

the falling of the 15 8th-cycle clock signal SCK (see
sulppEuent (5 ephs2agrt |addtdRs ofwokls, Wi Hee trrgetbited area.

address is increnented to the top address of the next

byt&Etesy i t ahedust ythe her ke tdatatal Dis (eexeldyad 1if a

data) to be witten to the next addresses (data
reggiousitdmgl tRST e(ght0 adur eSlsms) ks i npatt tto tie datset signal

signal term nal SDAT. 20 When the address counter 110
tegourdls RPTT of tdre trhuertiers tofconghiocke pudtsgs $OIT espondi e

to the address 7FH, i.e., to 128, the address in the
vaeny yearttayl 1k speci friad dy dde addiess-iaunervel hd set

returns to the address OOH. In other words, at the

to nmnErEndhats e vad ugniaf tde Bdeipd it o géraafidrh%ode,
8-bit 25 register of the address counter 110 becones

wherbupdrh&:ﬂ@ﬁvrﬂﬂﬂfﬁﬁﬁ:e%" afad.he EEPROM array 101 of
the nmenory array 100 specified as the next address

t o e Becessrd: nHRL, IS cqléfdkn%u{ ANIGQ 34 ¢ té?:)%tlnuously

process of writing t'o 't he prescri’bed area of the

ingddEPROMe rr ray, 401 ithat “M(Elrlml%léqs%%@ntd {SYSe SRt or

write- prohlblted area, 1 n principle, e process o
Iy t at n th d f
menffry! |3 4 alfbfaﬂyfﬁ“gf% hOSt Bz rstttl%?’#e 93" signal

RSTSthe%'tQS'd%f%fBoQEST th the ?%Fra n COdg)termlnal

t he final roces ecause
gt S LA 6ot 'g?a&“gz%tgaﬁn R rese counter
110Iq%n352&%%%5 ed %foﬁnﬁklggc%?danc% with the falling of the
Bm—cycle clock signal SCK (see Fig. 7) {(step S$S214). In other
words, the target address is incremented to the top address of
the next byte. Simultaneously, the write data DI (next-byte
data) to be written to the next addresses (data amounting to
eight addresses) is input to the data signal terminal SDAT.

When the address counter 110 counts up to the number of

clock pulses corresponding to the address 7FH, i.e., to 128,

the address in the memory array 100 specified by the address

counter 110 returns to the address 00H. In other words, at the

moment that the value of the 8™ bit (top bit) of the 8-bit
register of the address counter 110 becomes 'l', the top
address 00H of the EEPROM array 101 of the memory array 100 is

specified as the next address to be accessed. That is, during
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because the wite protect information (WL) can be
PFEdypPed 10 later, the witing of data to the prescribed
area of the EEPROM array 101 that w Il subsequently
conprise the wite- prohibited area can be carried out
in a snooth and flexible nmamer. Wiere it is
determ ned that the address for which witing 15 is
the cBteseed P5 VRETLRRAEY nthderuperihed 12723 o dilen BABROM
(ste S200: Yes), the wite |ock controller 180 .
ariey ob i At M%@uwewntm PRmERr i $¢ ottt 1 e trrohibited
set to ON (step S208). In other words, it determnes
argmet Herebinedrle hete iReocespiest weht Bid stacddessliofe that
the wite-restricted area WRA that cones 20 after the
in¢bpdesidilesstaf adereaws tef privhi BERROM areeey 1¥0T t(ise., the
determ ned that the pass-through flag is set to ON
fifst epii820Bhatyes)orahechvr idetd acdmsordd ordter 8O drsstesion
a. wite-prohibit signal to the increnment controller
codd0.1Astlee Fisall tyrisavwpdeced@abl o signalwAENbd s use the
i ssued fromthe 25 increnent controller 150 to the
inwride/i¢ad coindd ol dreri ildmaanicbn W tgy fUOGRSSEMd st ion can
wite to the wite-restricted area WRA is not

. be exBettad st afs 192 QomnfeRN SQAUERN # Voa W 3HEJ$d¥Blon 1D, and

PFO4N960 35 perforned to the wite-restricted area

bedMRA ARl Wiidd R Hecd eﬁﬁh&%atsicﬁ%eﬁqu A e AHRA
of EEPROM array 101 that wll becone t

latiid t ec‘H?er Qi ikiited A ea +ioldd O‘th{égylléesd’i‘ﬂbtéég%r%f tot}e the

|n|t|a data ecause the nmenory array of th

21 S TRARNY %ﬁ;rs%&é%@l a&gﬂ@&%ﬂm rite-

_seque IIy starting Wi th I N order
ite-r rea WRA after th
prothggr :t%?(?flj%%h\e@a\ﬂlﬁ %tee-%%rthl%b u% are |S§100t%]cg§seglefﬁgle

man %&qlnal addr ess of the wite-prohibited area

Where it is determined that the address for which writing
is requested is included in the write-restricted area WRA
(step S200: Yes), the write lock controller 180 determines
whether or not the pass-~through flag is set to ON (step $208).
In other words, it determines whether or not the write request
entails access of the write-restricted area WRA that comes
after the top address of the write-prohibited area.

If it is determined that the pass-through flag is set to
ON (step S208: Yes), the write lock controller 180 issues a
write-prohibit signal to the increment controller 150. As a
result, a write enable signal WEN1 is not issued from the
increment controller 150 to the write/read controller 140, and

write processing to write to the write-restricted area WRA is

- not executed (step 3210). Consequently, writing is not
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nmust be passed through. Therefore, where noise is
PERAB8EAt in 10 the clock signal and the count nunber

has progressed, there is a danger that data may be

witten to an address different from the address in

the wite-restricted area WRAsconprising the wite
target address or that data that should be witten to

PerhRIRrd t 2 pileshi B ek 18 Bar Ml e hea ¥fa t1ih a3l ahe ity or
15 restricted area WRA. In particular, witing to the

regfing-1% 219G Ried W RN DT ohiEERRMbdI e j&L that will
al ways controlled by the increnent controller 150

begefeh hratwion g reotuest ted garea heml lawen oy dihee wfittineg of the
exi sting data are witten, as described above and

inblel o datrer dara)sd here m@ncarsdamgay tIHEt e rigmisousnbodiment
witing 20 in the wite-restricted area WRA nay hi nder

is thenemerenentat that tingdaeddel wdduenrtest rlictsath itrigsy with
WRA. However, In this enbodinment, where witing is to

thdec@xenidmwts 4,0 frhemtdd eco residi aited wvariaa WA @fiteded area
the wite-prohibited area is passed through, such

WRAVE #1eng tile nolp RRIGMaehhf aHdk theref-gneditg 2 area is
i kel i hood of erroneous witing in the

acoMddert,r esld iteled rafiead MRA LY hed educed Piohibited area
prevented PFO4N960 36 \Where it is determ ned that

mugl\ﬂk;ead%%%sfe'a{ Quah A g TH Ao reS el ON iSkeR sS2sent in

. the wite lock controller '180 does not issSue a

théMaﬂG%H“§¥§ﬂ§ﬂ éﬂdg%%l Qe e SRl %Q%b%%gs%ﬁ_ there is

aresult, the |ncrenent control i ssue

ért%h%te?%gl m bg%@ ﬁ@ﬁ@% %Q d“&&&?és%a% ffereﬁt from

troIIer wite proceSS|ng °Socarri ed out

{mne ity e T R
e R i s e LU, <.
the write-prohibited area may be written to the write-
restricted area WRA. In particular, writing to the write-
restricted area WRA of this embodiment is always controlled by
the increment centrecller 150 such that only values larger than
the vaiue of the existing data are written, as described above
and below. Therefore, there is a danger that erroneous writing
in the write-restricted area WRA may hinder the incremental

writing to the write-restricted area WRA. However, In this

embodiment, where writing is to be executed to the write-

- restricted area WRA after the write-prohibited area is passed

through, such writing is not performed, and therefore the
likelihood of erroneocus writing in the write-restricted area

WRA can be reduced or prevented.
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10 wite processing is therefore executed. During this
PFUENPE0 processing, witing is executed to the
upper nost address of the wite-restricted area WRA,
for exanple, and hindrance to incremental witing
after factory shipnent is prefgibited. In other words,
t he upper . one or two bits of the eight bits of 15 the
fir€eeFowttar &S udRbeFBENOR | tloat 52¢ nepsamichtdech flag is not
remaining 6 or 7 bits are used for storage of rewite
SeHat Q. Ol\?\hgﬁ”éemﬁ@%g ¥o) t heheuwikte estehk cteut zobke MRBO does
is not executed (step S210) or after witing is
noexeet@c (Wt epeIU ibinheihgra t esett s gnadr&BM i cdtroller
or '"Low ) is input fromthe 20 host conputer to the
150 esks aigrablt ermimal n®RSer(tstemtSAPler YEH) ,iddhees a write
various controllers are initialized as descri bed
englbby esiqrieel peEs! tiy otigh Wi g isesetcdrc KPR et BI0 and write
standby state to receive an operation code is
precdesiaty Bndariiel phocessiiig WS endett 2% (@Y thea Wra
ot her hand, where cl ock signal SCK are continuously
(stigpui2 farjomathe: Hostingomput et he ek Siading must be
term nal SCKT of the sem conductor nenory device 10

ca IO WL FRFAANMIBQ That 3els SiAnalnREE (he YriYe-
"Low ) being input fromthe host conputer to the

redtasiette WRls tRMNA HRSTL ASeP 3120 Neh1 A ,te gaqbcf/ %Tﬂts

val ue of the address counter 110 is increne

writh FRCRIAance wid Qﬁé&g@@é ie@;%c%g;ft 4;9_%11@;4@950'#%%@

signal 5 SCK(see (step
oot MRS SRR PSS ) Shreos o
end WAk LB AR AL S | S L2080 P e <o
iné%gﬂ%%t%%z%%iting after factory shipment is prohibited. In
other words, the upper one or two bits of the eight bits of
the first row are used for write testing, and the remaining 6
or 7 bits are used for storage of rewrite data.

Where writing to the write-restricted area WRA is not
executed (step S210) or after writing is executed (step S212),
when a reset signal.RST (= "0'" or 'Low') is input from the
host computer to the reset signal terminal RSTT (step S212:
Yes), the various controllers are initialized as described
above, the pass-through flag is set to OFF, the standby state
to receive an_operation code is entered, and write processing
is ended.

On the other hand, where clock signal SCK are

continuously input from the host computer to the clock signal

terminal SCKT of the semiconductor memory device 10 without a
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10 For exanple, a situation wll be described in which
PEPA¥S6Orite data DI is data having a length of 16 bits,
and there are two wite-restricted rows (8 addresses
X 2). In this case, wite data having a |l ength of 16
bits is witten to the nenory; array 100 conpri si ng
8-bit rows. During wite processing, 15 first, the 8
regft sSpInht BSbefT nnb ngP¥ r o?¥ hle PSRy simpit i team thy thost
(MBB) of the wite data DI are sequentially latched to
coppiateB-HP tthat epselegi 5yl 17O miiehrbFBUS| St e tH kdve No) ,
rising edges of the clock signal SCK. In addition,
the heowxt sta Hee daf atlad taddrese Stuntaidries? iof ireremsnoregd by 1
array 100 is sequentially output 20 to the data output
in shepratdaner b atls gfeal L irer mhatheSMA)-cgyhe he bookiséygnal
with the falling edges of the clock signal SCK until
SCH (weée eFianable sitgnal SAMEN2. is output to the | N OUT
controller 120. The existing data DE output to the
datRetoutrping o gfiad . |4 nevHesrd nputi 4 aldthenitdEemntthe write
controller 150 and is 25 used together with the wite
lodat@ridrd dataheb d aHdte Brdivdri e Pt A d@mation (W/L)
det erm ne whether or not the wite data in the
is JnCrRMeM Gordrolider 1150 ity Ipnger walue fhanddec the
exi sting PFO4N960 38 data DE. This determ nation
wr iIHe0GRSS AL GHLd 1Al 8l the o NG o the Bt h-cycle
clock signal (= "1" or "H') following 'the
W igte- St state. u rnh ef Y I
Ul S e sordi g o 8 tha 18 Fed Sdarenant open the
.aCC dn e, .addr.e t i d.ting i
R R (R SRS Rodt Eoiper &t & thhe i bapere
si_gnal t.erm nal _SCKT of the sem conductor nmor ,
ared&%?cgrfggffﬁgtFﬁFé@? E8WFrd%l§pdf§§sFﬁaﬁ ce?éeahﬂﬁecase'
wri PLé%%ﬁgﬁ%%#%gﬁégqgggﬁﬁN%fcq%n %%stq% %%E t%%a%%f%%e memory

array 100 comprising 8-bit rows. During write processing,
first, the 8 bits of data beginning from the most significant
bit (MSB) of the write data DI are sequentially latched to the
8-bit latch register 170 synchronously with the rising edges
of the clock signal SCK. In addition, the existing data after
the 8™ address of the memory array 100 is sequentially cutput
to the data cutput signal line (data signal terminal SDA)
synchronously with the falling edges of the clock signal SCK
until a write enable signal WENZ2 is output to the IN/QUT
controller 120. The existing data DE output to the data output
signal line is input to the increment controller 150 and is
used together with the write data DI latched to the 8-bit

register 170 to determine whether or not the write data in the

. increment controller 150 is a larger value than the existing
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10 menory array 100 to the wite direction and clears
PEFOHBS AP gh- i npedance setting of the signal |ine between

the 8-bit latch register 170 and the I N OQUT

controller 120, thereby permtting data transfer. As

a result, the value of the wiigte data DI or '1")
i S transferred to each bit line of the nennr 15 array
dagRoPE af tlets t Fet i HRf BN tIHP SRS i ¢ Y Sigren the
SCK the following the wite standby state, the
rigenq ¥ e oncreleerlaah réguest =t hal ehe' Bhhl giollowing
punp circuit 160 generate wite voltage, the
theyener g ettt sl agetdts i npressed to the bit lines
sel ected by the colum selection circuit 103, 20 i.e.,
t o B4 mwinbdr nel dlpakisi arblodiGientyl seal ddreresiggintding to
bits of data conposed of the values '1' and '0'
thetdredréa ddrEsdhitto Heaatasdrvaegidst ar. €170 @y echwr idddaresat to
the same tinme to one of the wite restricted rows.
whiWfernwtine: 18t hi-cyeheyhed,ocks sirgnad 1SGEh ftald hodtheddpuiter to
value 25 of the address counter 110 is increnented by

thel,clantk tigynali tterndaisa BICKT .oF tHh & sEcondudte efemory
data) to be witten to the next addresses (i.e., to

detife: next miqghty/atdr esses 1% PRA4NIGN 3% e deltd e @@ write
In addition, during the clock | ow period follow ng

enéHBéféﬁdﬁ&M'MINﬂ e oRBtsh %kch%t%lQ&@n%f%&abl§@%tlon of the
verification processing is perforned to verif

herQr 19t he Hust it t‘@r Idtltl%% tq_)Sé‘IS ta'nQig cq%ta% SD% h & h i gh-

natches the wite data used for ting. In

1mﬁ@a %%e %%E%QQ_t%% %h%ggl ggipﬁrk%dbe%%%enp%ﬁgtBV%EQE%FtCh

used to specr the a ust-written

reg%%%%&'ﬂgOd%%% Qg '%N/Be%t t&%%1%0|%5% S% %6& gypﬁﬁgitting

circult the row se ectron CII‘CUI

dat%ogl%gglgpteéélslreln?g;g%%at%%éh% %Qe %C%%q%gtdata DI
('"0'" or '1l') is transferred to each bit line of the memory
array 100. After the rising of the 8"-cycle clock signal SCK
the fellowing the write standby state, the write/read
controller 140 requests that the charge pump circuit 160
generate write voltage, the generated voitage is impressed to
the bit lines selected by the column selection circuit 103,
i.e., to all bit lines in this embodiment, and the eight bits
of data composed of the values 'l' and '0' stored in the 8-bit
latch register 170 are written at the same time to one of the
write restricted rows.

When the 8m—cycle clock signal SCK falls, the count value
of the address counter 110 is incremented by 1, and the write

data DI (i.e., the second byte of data) to be written to the

next addresses (i.e., to the next eight addresses) is



10

15

20

25

just-witten 8-bit existing data DE is output from
PFpﬁE9§N/OUT controller 120 and is stored in the 8-bit
internal register 153 incorporated in the increnent
controller 150 via the INQUT controller 120. The
increnent controll er 150 verizfi es whether or not the
bit existing data DE stored in the 8-bit 15 interna
reFE@?E? 1832%%t BheR tFer 826 Ehwsiecater mested eipllowing
in_the 8 bit [atch register 170. In this enbodi nent,
theefableing oF i te bt acprleorppriesivdal aSGhyi igrafication
l ength of 16 bits and the wite-restricted row
Pr%%%%?%%@sl$wkﬁ¥fﬁﬁm%®'@@dv%%séﬁ whehemhmn ndte Hbpviaist-
processing 20 is executed twice, witing of the wite
wrdhten Drxistithe datia &E mestehies ethe owslties domgplt edsed nfor
ot her words, the wite/read controller 140 executes
wriking. pfocets ngrafds hedwrine et aciDick tlow heeriod, the
wite-restricted area WRA until the top address of the
coumt teajpuohidrd e arpesc MRA tise spebiddedb P Hhe Extwritten §-
access 25 target address (step S122: No). Wien the top
biaddressiof ddten DR iite-iproehi kid etharea JAPA 48 especid |c§idrcu1t
as the next access target address (step S122: Yes),
103 hndwtitee/FRaG Qi &1 40 PRANIRO +He: seguesichinter 151
that the charge punp circuit 160 stop generating
inoWdge-atdd age that ep 2kdbnt Wielevpan £ he,dr 9cessiGuit, the
routine ends. Because data cannot be witten to

justsharied dis e %%E@@%nga%kﬁk.%&ﬂl%”b%% ke € %%e IN/OUT
vol tage generated by the charge 5 punp Circuit 1

r‘Hﬁ%ﬁ 1M ' }.tZ% RHC (':‘L%S 'srft% Ije %_fno Q@l%d B\M%qul tll?ﬁ: e n%% € .rr%tgl iQer

wite voltage b € punp Circuit

B L a Y RN
IN/O%%Wd%ﬁ% %qheqe15%StThe increment controller 150 verifies
whether or not the 8-bit existing data DE stored in the 8-bit
internal register 153 matches the 8-bit write data DI stored
in the 8-bit latch register 170.

In this embodiment, because the write data DI comprises
data having a length of 16 bits and the write-restricted row
comprises two rows (8 addresses x 2), when the above processing
is executed twice, writing of the write data DI to the write-
restricted rows is completed. In other words, the write/read
controller 140 executes write processing of the write data DI
to the write-restricted area WRA until the top address of the

write~prohibited area WPA is specified as the next access

target address (step S122: No). When the top address of the

write-prohibited area WPA is specified as the next access

target address (step S122: Yes), the write/read controller 140
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10 conputer to the reset signal term nal RSTT causes
PE§HES&@m conduct or nenory device 10 to enter a standby
state to wait for receipt of an operation code,
wher eupon wite processing ends. The wite data
transmtted fromthe host cogputer has the 15 sane
value ("0' or '1') as the data currently stored in the
reqery dtdaytioochasgs wiy Thewidt o Corstexparmdiaig tieg
the addresses sought to be rewitten. In other words,
write gattadeor (stere St les sdwiqundre trfeerm?rlgﬂcwraselylglc;@utlne
that are not to be rewitten is overwitten with the
engairg3 e wies . A2 Thenar iHe catditorerexec utssdb ratd tig thihse EEPROM
of factory shipnment wll now be described with
arraf erlEnos tas Fitghe 8iriRig. v iyyea gdreow tedthidy strewiahgirge
the processing routine for the verification executed
puniregarcinig: thed siemeonilu Gt dTeiide A8\t 8 Ats Hdpdd Mhen the
of factory shipnment. 25 The host conputer outputs a
gerfeasali & PRlwtiad R lresp! bysitgnralcHeigd RIMRSEFAng 160 is
the sem conductor nenory device 10 is internally
stdsef. (step S300). As described above, an internal
PFO4N960 41 reset of the sem conductor nenory device

10 7is Gakyried Ul DY hd Midii@l IR0 e PIes1IReA, the
controll ers upon the receipt of the reset signal RST.

mpme Jrost r%%ggutsqr Ut RS uﬂe@t" frcation, igdgr %te' st

Dand are nd to the data S|gnal ternlna

corr? L %eQ 39%)seac”%lg%%‘§ls t%%%ldtn%% %’é‘@3 8%)% sdat %thhe

ored MeENory “array

nor vi.ce .10, fter t he oce g
Sem'ggéﬁg g %89§?.sd§§%§§e&%o§% e %efhe Fﬁan wﬁéFa % to
te/read controller

nd th
wai g o e L o A e 0 b8 cPE b P BGE SLBOT R 44 Fa
processing ends.

The write data transmitted from the host computer has the
same value ('0' or 'l") as the data currently stored in the
memory array 100, excluding the data corresponding to the
addresses sought to be rewritten. In other words, the data for
the addresses in the memory array 100 that are not to be
rewritten is overwritten with the same values.

The verification executed at the time of factory shipment
will now be described with reference to Fig. 8. Fig. 8 is a
flow chart showing the processing routine for the verification
executed regarding the semiconductor memory device at the time
of factory shipment.

The host computer outputs a reset signal to the reset
signal terminal RSTT and the semiconductor memory device 10 is

internally reset (step S300). As described above, an internal
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10 signal term nal SDAT. The values identification
PEPAN®PHation ID _ (1,1,1) and wite protect
information (WL) = 0, for exanple are stored in the
sem conductor nenory device 10 as default values. In
this case, the host conputer gqutputs identification
inforpation ID = (1,1,1) to the sem conduct or

nor

redebick e %@“%@%%%’%O%dh%ﬁﬁ@f IHetrddet &rid rfe%rrl 3/ out by

. Whether or not the data that should be stored as

inghiatinbRdathe (PR TaibAt N e biess uprn esdistigrpipt of
data (step S306), and if the data does not match

the s¥eye5305InaD)RSH. D ryo B rermp et ¢ cotidetk { stdgntification
S304) and the processing routine ends. If the data

ingoesa e hlD ond he P dtdmmarahd:q stlep $306:sps)] ttmminal
host conputer outputs the identification information

SDAD &b Wil)e mohmeratld couthetldatexi siignalddter Miated in the
SDAT (step S308). The host conputer outputs wite data

memarcy Lok ey tHE) Widttegp SiEI4) t orrbechwr i ddreincdradidier memory
write-prohibited area WPA to the 25 data signa

detiranig! SRAT syne e ihaMddsdiiedd edowd gnalcarGéd out
step S310). The -host conputer then determ nes whet her

by Whe N i Mg HeeID Wrid ek La itthe wdd e-draihided 40,
area WPA, PFO4N960 42 i.e., whether or not the wite

thd ofded Sodd (Ste fFkDny aday fidd 1 SAekeimedhe data
that the wite lock is valld (step 5312: Yés), the

519Qfaqcezﬁ'nﬁg}arlo@]jme s vaifudde RO GURULES 1nfto|}]:matlon ID

determ nes that the wite lock is not valid, on

(qt rlerl h%@l@i wzﬁ_ I’Otle\%A ntf'or}_gnattq trp /L) d— (O§t for example

w'i't'e- prohlblte rea "has been execute

are %Jc%relép m GBI SR S?Th%ga%rj ddre(?ﬁ.h %% a(sStd%%ault

d"t he proceSS|ng rout ine e

va (él ter Tnn%thllon J-& q“él%g \é/:ilgllﬁgl:tt %félé:t h%g &l'cli{en&é_tfé_catlon

ck i's' carri ed out

1nf%rmat&%% ID = (1,1,1) to the semiconductor memory device 10.

The host computer then determines whether or not the data
that sheuld be stored as existing data {initial data) matches
the existing data (step S$306), and if the data does not match
(step S306: No), a memory error is recorded (step S$S304) and
the processing routine ends. If the data does match, on the
other hand (step S306: Yes), the host computer outputs the
identification information ID and a write command to the data
slignal terminal SDAT (step S308).

The host computer outputs write data including the write
data to be written to the write-prohibited area WPA to the
data signal terminal SDAT synchronously with the clock signal
SCK step S5310). The host computer then determines whether oxr

not data has been written to the write-prohibited area WPA,
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10 menory array 100 after the wite data is input and
PFEoNBaPing it with the initial data used in step S304.
In other words, if the two itens of data match, this
means that the witing of data to the
write-prohibited area WPA wagonot perfornmed, and
. accordingl it can be determ ned that the wite | ock
1'?s'v‘é]il?5.eglsoﬁ'h%OVaW%li‘Wl‘béf torek wk s et otk (P af 31?) » and
. _be determ ned by determ ning whether or not witing
1Tt ptthe dRTeeniedd rikdfedthareal WRALPSK bis rivp kd r{ Hee312:
normal ly. In this enbodi ment, because only data
Yephvi Hlee abvetees ey gerut em ade . of f ttee Reodtstdamputea
can be witten to the wite-restricted area WRA, 20
depenines t thdt deka vsitei lveh te nbé weiltie, poohithia edther hand,
area WPA, i.e., where the wite protect infornmation
i.€ WL iwrONg .80 ,the Wi teerportelonist o | dievg WHR tthes been
wite-restricted area WRA is prevented by prohibiting
exerutedg(dthear 332 Ther)ef of egemvhef eer o tidisdde tihe recorded
wite-restricted area WRA can be perforned, it 25 can
(sthep dexi dedaridiathd herowd 48 iy t@adidfeargmtion (WL) is
val i d. PFO4N960 43 Application exanples of the
S e MO Lk 10 1 BRI Y ARG ngl Gk 1 e arodimee Wiilte
now be described with reference to Fig. 9. Fig. 9is

Lo @XRIANALQ Yot 3 NG ShWiRg 1N Xl Hur & a from the
application of the sem conductor nmenory device of the

memMRAASEN0 T 5 PrHeONdYGOTy /My i%?ﬁ'tc & i) cl%fmpa ring

the enbodinent is incorporated in each of severa

it 3&@ NGe ci%ttéﬂaqerd%t%g@tsfgg%g f;egg%%wb'ﬁ 180, SNs, if

s I1nk containers 3 at  ‘house in
theS VIR LIUAG BAGAL LREMN BYTALRLL A - MR HNG I g of

cont ai ners 0, 1, are 10 1Tnstalled in a
dat%rk%tk%% %@g%%@%%%hi%q%%daa%e%a AF%%%e%%%dﬁ%E%ormed, and
accordingly it can be determined that the write lock is valid.

The validity of the write lock can also be determined by

determining whether or not writing to the write-restricted
area WRA is being carried out normally. In this embodiment,
because only data having a value larger than that of the
existing data can be written to the write-restricted area WRA,
when initial data is written to the write-prohibited area WPA,
i.e., where the write protect information (W/L) is ON (i.e.,
'l'), erroneous writing to the write-restricted area WRA is
prevented by prohibiting writing thereto. Therefore, where
writing to the write-restricted area WRA can be performed, it

can be decided that the write protect information (W/L) is

valid.
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bus connection to the host conputer 300 incorporated
PEFpANEHRE printing apparatus. In other words, a data
signal line SDA, clock signal line SCK, reset signha
i ne RST, positive electrode power |ine VDD and
negati ve el ectrode power |ing3VSS 15 are connected
fromthe host conputer 300 to the sem conductor .
nmendPEL Hedt b R leheof nkhe offiel ¢rerdsair Jemory) Adevice
In this application exanple, ink anount information
10 refarlelr rerlerd Hegnt twiel larumntbofde sk iearhivhi tly mrfatrnce to
amount of ink consuned is stored in each
Figen? contictdrisrermrexpleviaieo 1. d 2w Ay desorirbedmalmnaple of
according to the sem conductor nmenory device 10 of
the hpp ehbodi orentf thee seniidagloftdateeroryt kevice of the
wite-restricted area WRA after a prescri bed area of
eniidrdi mEPROMargeay: dfididiadr widniobectseice 10 of the
write-prohibited area WPA has been accessed can be
emiprdindrid ek tivougvmeaibinaidan of 25,amd 1t euratrect
information (WL) and a pass-through flag. As a
corteiildrs et Whele targetsaddiess @eesudSss ink
progressed beyond the original access target address

corftgi -4 he r eslence10f EAANIRL A4 n NQics 1Mk itre C?Clpﬁqlﬁt

signal, the occurrence of a situation in  which data

reddt 36 Ml ettt 10 le%nwﬂﬁeefi%@gﬂ'o@ltta%e%fse%1\6'?_A3i1%, 312 are

witten to the wite-restricted area WRA, or 'in whic
indiA R i ALY, MLLD HIE P G DB via
oGRS SLEL A SRR R 0 XM 9 e
or iy YIS IE04, WNGRY F oA e Mgy sine s,
cr B SIS LRI A AT OF e
electrode power line VDD and negative electrode power line VSS
are connected from the host computer 300 to the semiconductor
memory devices 10 of the ink container 310, 311, 312. In this
application example, ink amount information regarding either
the amount of ink remaining or the amount of ink consumed is
stored in each semiconductor memory device 10.

As described above, according to the semiconductor memory
device 10 of this embodiment, the writing of data to the
write-restricted area WRA after a prescribed area of the
EEPROM array 101 that will become a write-prohibited area WPA
has been accessed can be prohibited through a gombination of

write protect information (W/L) and a pass-through flag. As a

result, even where target address access has progressed beyond

the original access target address due to the presence of
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restricted area WRA, if the value corresponding to a
PFBOYPSP emai ni ng amount (or consumed amount) is

erroneously witten at the tinme of factory shipnent,

a remai ni ng anount of 100% 50% (i.e., a consunption

amount of 0% 50% cannot be gacorded. 15 This probl em

can pe elimnpnated through the use of the , ] ]
NOLFi tondiet ot O Hendt g dtbvi Ided 19- T 1< b gl fiertation in

Moreover, according to the sem conductor nmenory device
whygh Rt He ot Hert) thethe i 5 hge vIrdutil tefl sarea WPA is

prescribed area in the EEPROM array 101 can be .
wrhkeentedtie v Heewedler prirecarem Wi oramtiorivlfiwi)data is

The prescribed area that will conprise the
erypie@ipHiohibitteeh dred WPAT St spesi tfi stk dyhsetkaWRA, can be

information stored in the EEPROM array 101 as
requwie@-dogkrewrssaedf ormati on W.D, for exanple. 25

O her enbodi nents: (1) In the above enbodi nent, a

W i ies 1 aifidoivir st eghiad s 0l ctsicd mtde WS yanae tof driley the

wite enable signal VWENL is output PFO4N960 45 from
writhengwd i eldtockoontd o el d8Q dydheHaicrgentof existing

controller 150, but it is acceptable if the
dat, terdpreiddidosd gnaltirgy dSssirt did egld Y fiemAde ricted

wite |lock controller 180 to the wite/read
ar&dMEPlilera QG eRar ateldt Haromdhes WiiHes LRl 6 fx remaining

signal VEN1. In this case, when the wite-prohibit
anciriNlor TorfLERIMeH fhmdde W ite J0gky aontud Lefite-

180, the wite/read controller 140 cannot issue a

rediil& gnable gjmgnal; MENE o the C\R'gﬁ%s%ggltd'it & 12Gs

even If the wite enable signal e access

rerr%]'}"ﬁqln %'n%%%lt ACFol}l %ro%bsréﬁnce% \é?h%un%r & léq:‘cf:tor}e%%ts ltw %ar]iq,ten
charge punp circuit generaté ite voltage. ((2) I'n
at ttlill% %l?_ L& o%n%%%ltrcrﬁrq/t ’sh%p?n%ﬁ)’l%r,atae rvé/rmlati%iln%c kau'noum: of 100%-
50% (i.e., a consumption amount of 0%-50%) cannot be recorded.
This prcblem can be eliminated through the use of the
semiconductor memory device 10 of this embodiment.

Moreover, according to the semiconductor memory device 10

cf the embodiment, the writing of data to a prescribed area in

the EEPROM array 101 can be prevented via the write protect

_information (W/L) . The prescribed area that will comprise the

write-prohibited area WPA is specified based on information

stored in the EEPRCM array 101 as write-lock area information

WLD, for example.

Other embodiments:

(1) In the above embodiment, a write-prohibit signal tc

stop the issuance of the write enable signal WEN1 is output
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controller 180 was included and processing to read and
PFAANGGE the wite protect information (WL) and the
pass-through flag was executed by the wite | ock
controller 180, but a separate 15 wite |ock
controller 180 need not be enpl oyed. In this case,
t he above functions of the wite |lock controller 180
framyche wekee ut @8k byOR HEC ¥ ek 8 akl coe r brFesmanp, cqmrroller
exanple, (3) In the above enbodinent, when data is
150w iBeenit ol t heccppealels bell HhedibiteHer BERROM 2yl is
. 101 that will becone the 20 wite-prohibited area
isgwrd dheeqklyi hyomstiperdorted éok Seditrahies, 1HUutcaathe
may be witten in 1-bit units or units of sone other
writebredd)comt thbl abol4) evdpali ety findrorthet ivonite enable
specifying the wite-prohibited area WPA in units of
sidpyd BSTRNEL. uBedtiabs tdeese 25vhven tiehd ook as-earomflortmedigml is
WLD, but information specifying the wite-prohibited
reas eae I\ dm Edelress:ainidsk myhthe Used 1dmstigad.write/read
PFO4N960 46 (5) In the above enbodi nent, ink

coc@ard rislgess ovetenused ddue therappd iGald on XAl eENUtto the
the sane effect may be achieved wth toner

I/cafddd fgeser AUrd herdyries dre sane effaete Byl 1SHENE and
achi eved where the above enbodinent is applied in a

thdTBHJHE S dal] STOrEs 1 ey Matd g RAWMR! It ARy &ASN that the

such as a prepaid card. (6) The verification

R R T P e R TR e

. - uni t g existing data DEl

|20 SO 0 0 B4 SR o0 S B SR
cor%téc%lli%ir?gr@aﬁa%elti )}1’%‘1%@%{ a%rc]id ptr%%és%ti%rgnaéo orsecaid Iaarllt rrn::mage
the write protect information (W/L) and the pass-through flag
was executed by the write lock controller 180, but a separate
write lock controller 180 need not be employed. In this case,
the above functions of the write lock controller 180 may be
executed by the write/read controller 140, for example.

(3) In the above embodiment, when data is written to the
prescribed area of the EEPROM array 101 that will become the
write-prohibited area WPA, the writing is performed in 8-bit
units, but data may be written in 1l-bit units or units of some
other size.

{4) In the above embodiment, info;mation specifying the
write-prohibited area WPA in units of bytes was used as the

write~lock area information WLD, but information specifying

the write-prohibited area WPA in address units may be used

instead.
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it may be carried out through a bit-by-bit conparison
PFQENPRY the first byte of the wite data DI
di scharged in one-bit units fromthe 8-bit latch
regi ster 170 beginning with the MSB 15 and (ii) the
exi sting data DEl read out ingone-bit units from the
first wite-restricted row of the nenory array 100 .
begi Ml NGRWFER apeveapsEb i imeut, usihgcaHer ddRg were used in
counter 151 and the 8-bit internal register 153. In
the rRPEhgel iemesxamelemdtt com rothereA68ct snaiotbe achieved
needed. 20 (7) Wiile the above enbodi nent was
vwidestenbedoast ngdars . exanphernfrey itlee detree iiank anay also
| ength of 16 bits, the above enbodi ment may be
be apphieded ovitkata tayialgpee datleod engtith thappisiednyn a medium
multiple of the bit Iength of one row of the nenory
thatr rayordOH0infomadobid@i B2 dnitt st@rcddre, ldkagy @and theepaid
same effect 25 may be achieved. Wiile the
ca’em conduct or nenory device and sem conductor nenory
devi ce access control nethod of the present invention

PFOANDGOr e vaver i dasicdr had hasecth Preaausial examR! evove
t he enbodi nent provi ded above were provided sol ely

emddiinkase ofy wdenstandingn @nd d heresantd %%@L@ﬂig{@ data

is not limted thereby. The present inventiion may be€

DElvaFZLtCHﬁJérféii Oy IR QMeA o st} 1S Lee%ﬁeolgeirglnlg% NafnG 3

hin the scope of the O ainms herein,-
in U LR L G360 AN e AU 70 uoing
a iﬁﬂﬂéx%gkﬁ%ég §§£D£Med?ML&En&?”B%E%HTgfor 162. Alternatively,
it may be carried out through a bit-by-bit comparison of (i)
the first byte of the write data DI1 discharged in one-bit
units from the 8-bit latch register 170 beginning with the MSB
and (ii) the existing data DEl read out in one-bit units from
the first write-restricted row of the memory array 100
beginning with the MSBE, without using the 4-bit counter 151
and the 8-bit internal register 153. In this case, the.
increment controllier 150 is not needed.

(7) While the above embodiment was described using an
example of write data having & length of 16 bits, the above
embodiment may bé applied to data having a data length that is
any multiple of the bit length of one row of the memory array
100, i.e. 24 bits, 32 bits or the like, and the same effect
may be.achieved.

While the semiconductor memory device and semiconductor

memory device access control method of the present invention



a menory array that is sequentially accessed starting
PFGAWPEeH the top address and contains a rewitable area
used for storage of rewitable data and a
wite-prohibited area that is used for storage of
read-only data and follows the rewitable area; an
access request receiving unit that receives access 10
Welf%q%%%‘f%ﬂ?%f PRI LHIc W Hest rwtRidies Shoh aggiqiiment
mepory array; a flag setting unit that sets a flag to .
Prm%irﬁ%%‘red WEG tREDHEH Bi TRP B P hae e atdgsdgnding,
and a menory controller that controls access of said
angrelt YT eRgHy dHETHoes nigt it tlelmidies tth eyl -dS8ie exfesent
. address if said 15 desired address is included in
1NEA g arevikd it dist encatidal exhdb s alimprdvent Wighslet itte @¥sentisl
sem conduct or nenory device according to Claiml,
natwher el gditthimerdreyy scoms alf ethadatlerimanésnmith and
reference to 20 information specifying the
egquwvdlesrproohiditthed rareesgeritn isaiah thienDray eamaay naldivhemcluded
said desired address is included in said
thamdire- pr ohi bited area. 3. A sem conductor nenory _
devi ce according to Claim2, 25 wherein said nenory
controll er executes read-only access of data from
said desired address if said access controller
determ nes said desired address is included in said
wite PFO4N960 49 prohibited area with reference to
information specifying the wite-prohibited area in
said nenory array. 4. A sem conductor nenory device
according to Caim2, 5 wherein said nenory
controller wites data to said desired address if
sai d access controller determ nes said desired
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address is included in said rewitable area but that
PFaN86flag is not set to ONwith reference to
i nformati on specifying the wite-prohibited area in
said menory array. 10 5. A sem conductor nenory device
according to any of Cains 2gt hrough 4, wherein said
information specifying the wite-prohibited area is
witten in the area extendtAgififom said top address
to said rewitable area. 15 6. A sem conductor nenory
device according to Caimb5, wherein identification
information that identifies said sem conductor nenory
device iB WRECoRIETer Merndiey ateal cexaeml hgligom
said top address to said rewitable area. 20 7. A
seni ety orr naenotlya tdevd cee @uooorth higy ta-cGisen Sstarting
Claim6, wherein said flag setting unit sets said flag
witly tIGFR eapoaddeses véamd doypidinod @ reesttsgnadre25i8:d for
A sem conduct or nmenory devi ce according to any of
st@tagersofl tdwougib ¥ ddter eind saivwk fdagp O iori fdagFF that is
setting information is stored in said nenory
us@bnidolderra FFOANIER BDn 19 IR SLHED FTHICIGIs M@ IMewritable
devi ce according to Claim8, wherein said flag
arégetting unit sets said flag to OFF upon receiving
i nput of a reset signal. 5 10. A sem conductor nenory
devdrt & AGeW didihdd Faidfding WheheivhSaid JTBRIY access
controller further conprises:” a wite-prohibition

refRIEHOIARN dhAlsd $3UeS R MWdLauddress in said memory array;
a flag setting unit that sets a flag to ON when said

write-prohibited area has been accessed; and

a memory controller that controls access of said memory

-array and does not write data to said desired address if said

desired address is included in said rewritable area and said

~flag is set to ON.

2. A semiconductor memory device according to Claim 1,

wherein said memory controller determines with reference to

~information specifying the write-prohibited arez in said

memory array whether said desired address is included in said

write-prohibited area.

3. A semiconductor memory device according to Claim 2,

wherein said memory controller executes read-only access of

‘data from said desired address if said access controller

determines said desired address is included in said write-
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prohi bit signal that prohibits witing of data to said
PFEéNPped 10 address if said desired address is
included in said rewitable area with reference to
i nformati on specifying the wite prohibited area in
said menory array and said flg@ag is set to ON, and a
iting execution unit that does not wite data to .
Pré\gﬂrlalt%% AERDr YL 5P r B SRR € at r R ECHRDRI O tSREGHEY1ng the
received from said wite-prohibition controller. 11.
wWALBTPRPN Hetbrdi dEeaterald der@iner TNt ai ni ng  pri nt
recording material and detachably nounted to a
printing 20 apparatus, said print recording materi al
contai ner conprising: a containing chanmber that
cont ai nsA s peigicreEconeiay dmtierd Agecantingeo Claim 2,
sem conduct or nenory devi ce according to any of
wh@taimesdid meughy 10ont25 1k r Avpirtiad | dur syisd emaidatesired
conprises a printing apparatus and the print
addseos di Hgsard efd@d s € ardra fel 1 eac o ol Mg RO ANDIGD Bels 1 el
Claim 1l detachably nounted to the printing apparatus,
addrhesei i siai ¢l ydd ditimgsapp afaitis 401 udes: »wsthat said flag
conmputer that has bus connections to the
is ge5 eenducd N MR YrdRmGRd NS ald Rbmax i0h A<k ity the
recording material container via a data signal line, a
wr 1Okt itialed i¥@a & 88ty $lanaly 1dMey a positive
el ectrode power |ine and a negati've el ectrode power
line, and that transmts to the sem conductor nenory
device information regarding the anpbunt of print

re@ﬂrd'@Q:ﬁgﬂfgdﬁﬁué¥UFNHgﬁéffwdevice according to any of
Claims 2 through 4, wherein said information specifying the
write-prohibited area is written in the area extending from

said top address to said rewritable area.

6. A semiconductor memory device according to Claim 5,
wherein identification information that identifies said
semiconductor memory device is also written in the area

extending from said top address to said rewritable area.

7. A semiconductor memory device according to Claim 5
or Claim 6, wherein said flag setting unit sets said flag to

OFF upon receiving input of a reset signal.

8. A semiconductor memory device according to any of
Claims 1 through 4, wherein said flag ON or flag OFF setting

information is stored in said memory controller.
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10 said printing apparatus, and the sem conduct or
PFOERPPY device stores in said nenory array the
received informati on regardi ng the anount of print
recording material. 15 13. A control apparatus for a
sem conductor nenory devi cesghat includes a nenory
array that is accessed sequentially starting with the
top address and that contains a rewitable area used
for storage of rewitable data and a wite-prohibited
ared that THM GBI HePT Ut ab| &Gt en 2rPIEID isddain 8,
for storage of read-only data, said control apparatus
WhRit | %ﬁﬁg: L0 aTRESN T dijtidstsetet efadchgf 1A tEq KEE upon
recei ves access requests for access of a desired
reqridi @ss imPwhidf renorsetarsisgnalf sai d sem conduct or
menory device; 25 a flag setting unit that sets a flag
to ON when said wite-prohibited area has been
accessed; and PFO4N960 52 . an access controller that
contt ol A apgessorofuctaid mennry deriay afcaaiithg te Claim 1,
sem conduct or nenory device, and that does not wite
whedatin taeishintbnoest reethtaddriess fidrtite acoess seentrol | er
determ nes said desired address is included in said
rewr ivireiltlee-rhr cafigd tWdh defteranes: tthdfigrdmld BN write-
specifying the wite- prohibited area in said nenory

pro¥itat angidhatersal bfdradits satitity OF dkta AR aCGeSSlesired

control nmethod for a sem conductor nmenory 10 device

addrls GO ISP SR TR IR ithat, d1$RLCEeS584id rewritable
sequentially starting with the top address and t hat

areCONLAINS e HBIM ttgyb[ai%f%rrﬁgt%%d FU-15ARIR Y write-

rewitable data an
prohibited area in said memory array and said flag is set to

ON, and
a writing execution unit that does not write data to said
memory array where a write-prohibit signal is received from

said write-prohibition controller.

11. A print recording material container containing
print recording material and defachably mounted toc a printing
apparatus, said print recording material container comprising:

a containing chamber that contains said print recording
material; and

the semiconductor memory device according to any of

Claims 1 through 10.

12. A printing system that comprises a printing

apparatus and the print recording material container according
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wite-prohibited area that follows the rewitable area

PFQAHSPE  used for storage of read-only data, the nethod
conprising: 15 receiving an access request for access
of a desired address in said nenory array; referring
to information that specifie$lthe wite- prohibited

.1 n,sai,d nenory array, and not witing data to
to:%?%l%e%ir%%tﬁﬁgggi% T?u%%?%'B%s??%dprﬁﬁF%ﬁﬁh%ﬁﬁ??%ﬁus'
included in said rewitable area and if a flag that

WAELSLRt to ON when said write-prohibited area has been

accessgd |s set to ON )
sala printing apparatus includes a host computer that has

bus connections to the semiconductor memory device installed
on said print recording material container via a data signal
line, a clock signal line, a reset signal line, a positive
electrode power line and a negative electrode power line, and
that transmits to the semiconductor memory device information
regarding the émount of print reccrding material consumed in
saild printing apparatus, and

the semiconductor memory device stores in said memory
array the received information regarding the amount of print

recording material.

13. A control apparatus for a semiconductor memory

device that includes a memory array that is accessed

- sequentially starting with the top address and that contains a

rewritable area used for storage of rewritable data and a
write-prohibited area that follows the rewritable area and is
used for storage of read-only data, said control apparatus
comprising:

an access request receiving unit that receives access
requests for access of a desired address in said memory array
of said semiconductor memory device;

a flag setting unit that sets a flag to ON when said

write-prohibited area has been accessed; and
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an access controller that controls access of said memory
array of said semiconductor memory device, and that does not
write data to said desired address if the access controller
determines said desired address is included in said rewritable
area with reference to information specifying the write-
prohibited area in said memory array and that said flag is set

to ON.

14. An access control method for a semiconductor memory
device that comprises a memory array that is accessed
sequentially starting with the top address and that contains a
rewritable area used for storage of rewritable data and a
write-prohibited area that follows the rewritable area and is
used for storage of read-only data, the method comprising:

receiving an access request for access of a desired
address in said memory array;

referring to information that specifies the write-
prohibited area in said memory array; and

not writing data to said desired address if said desired
address is included in said rewritable area and if a flag that

is set to ON when said write-prohibited area has been accessed

is set to ON.



