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PFO4N920 1 DESCRI PTION SEM CONDUCTOR MEMORY DEVI CE

PFEAHPE00f Technol ogy The present invention relates to
sem conductor nmenory 5 devices accessed sequentially,
and to address control nethods in sem conductor
menory devices that are accessed sequentially.

Background Art EEPROMs sem conduct or
menory devi ces wherein S ceIIs in the
menory array can_onl g be accessed uentially.
Because this typetdf 9%9?%%9%u%@%@R%E Y{CHevice is

.relatively inexpensive, it is used as a nenory device
Flesd o5 be¢BOHAIA pertaining to the quantity of
remai ni ng consunmable nmaterials or the quantity of
consiifrebt eseat et peest iskdre 1St a4 reovesnicordectre memrorY
sem conduct or nenory devi ces that have been produced
devheds haveepird i peuelat ba bt vr aged ateasddfess exanpbk,methods
EEPROM ar eas and nmasked ROM areas. In sem conduct or
in nsgrotgomdvites ndéradrhakerindd i phaet data storaged aseqasentially.
the use of masked ROM area has the benefit of
elimnating the need for 20 witing read-only data to
t he sem conductor menory device. However, sequentia

Bad@opesmdeamtconduct or devi ces, when provided with a
single data storage area that has an area that can be

W iHHEROM &l rd ScridVB |8 ddigint driveu FeRd i O Ar 8y L8 Qfherein
return to the starting address of the witeable area

thaMdhQHtce25 £ OUNtHHY i 'a{rﬂaﬂﬁ Jarn%nm%ee%ﬁcégsé&?

read-only area first. The result is a problemin that

& 1T, | SdRAMd edhild Lhe é&atﬁﬂd&ﬂcﬁg:iﬂf@%ﬁory device

han i n readi ng out data.
is relatively inexpensive, it is used as a memory device for

storing data pertaining to the quantity of remaining consumable
materials or the guantity of consumable materials used.
Moreover, there are alsc semiconductor memory devices that have
been produced that have multiple data storage areas, for
example, EEPROM areas and masked ROM areas. Iﬁ semlconductor
memory devices that have multiple data storage areas, the use
of masked ROM area has the benefit of eliminating the need for
writing read-only data to the semiconductor memory device.
However, sequential access semiconductor devices, when
provided with a single data storage area that has an area that

can be written that is smaller than the read-only area cannot

return to the starting address of the writeable area without

counting up until the final address of the read-only area first.
The result is a problem in that more time is reguired in the

data writing process than in reading out data.
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PFO4N920 2 Moreover, because in a sen conductor
PFAENBEY device the address at which access is started
is typically specified using an address code, and
sem conductor menory devices that are provided with a
plurality of data storage areas, address codes 5 nust
@rOV|ded for each of the data storage areas, which
ten Or?@V?ﬁcr%9§éu€ﬁel§c@p%e@ﬁc@lh‘éu@t@’éuIiﬂlfm@Iqu@@m@e the

DI SCLOSURE OF THE | NVENTI ON The present invention is
addpeaddrbskhine hesoes desstabedd 16 appieslhndspaeified using
object thereof is to achieve a reduction in the tine
anredaresd €odew dndngenatandnc o senkcongudt o cernoinyt are
device, and to achieve a reduction in the circuit

pretidet unethegupbledalfoy spedafyi oigo pdek essess, Aadldrsts codes
aspect of the present invention in order to 15 address

mufhebé sstesidescrobesa ahoye ProOViges @ SLyE0nENEE Pruhich tend
menory devi ce. The sem conductor nenory device

to abEOr & 59 10 theopd i s8traspect c@ft therpresent
i nvention conprises an address counter that counts

counter values to specify a target address to be
accessed, wherein the maxi mum counter values are 20

dlfferent at the pidm fpgeadt ngidah @ diPrp@t the tine
MW|t|ng dat a -ﬁIﬂﬂmTﬁn§;n1¢1rTmﬂﬁwwhana that is

Spg@fg %ﬂl&%{f%ﬂg |- hesgarget, @d{dsess%ﬁ described

Fess counter IS reac
ot 28 i %Iezc?né AU B Bt B gy 10 the
A A R A S U S e
and to achieve a reduction in the circuit structure required
for specifying addresses.

A first aspect of the present invention in order to
address the issues described above provides a semiconductor
memory device. The semiconductor memory device according to the
firsﬁ aspect of the present invention comprises an address
counter that counts counter values to specify a target address
to be accessed, wherein the maximum counter values are
different at the time of reading data from at the time of
writing data, a non-volatile memory array fhat is accessed
sequentially until the targef address specified by the address
counter is reached, data writing module that writes data, by a
specific address unit, from said target address of said memory

array, and data reading module for reads out data from a target

address of said memory array.
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3 Gven the sem conductor nenory device according to
PFPORE320i rst aspect of the present invention, an address
counter having different maxi mum counter val ues at
the time of reading data than at the tinme of witing
data is used to specify the 53target address that is
to be accessed, thus making it possible to both
achFéyenathedaeri6ANPACERE HararyeddviFreacantding to the
achieve a reduction in the circuit structure required
firsk aspeetf gFnghehpragenessnventihe, seni sdddassocounter
menory device as set forth in the 10 first aspect of
havhegpdeféarenhveakionn thenbddr estuesuatethenyime of reading
specify the starting address of the nmenory array after
datauhbangatt hkecoimteof vatlesnygpdanti Lseasbdotot Bgecify the
maxi mum counter values. In this case, it is possible
tat@etebdtdnet® thetsiartbnge agddressedpf thie MBRRDAY BF r@Yssible
after the counter value has reached the 15 maxi num

to CIosh e cNpdie. a | Redher 561 CONEHET QA+ SEABLY €8Yd C€and to
according to the first aspect of the present

achi@@@téOﬂedﬁﬁﬁléﬁd{§5§héO&ﬂﬁéﬁlﬂagtFQHﬂﬁreeféfﬁf@@d for
cl ock signals, synchronized with said extern cl ock

spSt OAR S thal ajgrépputted fromthe outside of the
sentconductor 20 nenory device. In the sem conductor

menpy ytﬁeeVé&m&&@t &g rtéﬁméty\? ddsle ASPELL dftgr&b? n the

present 1 nvention, e nenor array 1S prow
fl&’gle{%ﬁe 'I?fytﬁ"é Vllhtngl avelzcrllt'[fcgnen GC? ]’_derSeS?iFOLlanger may
avi ng a secon i Ny~ addr ess
df25cfollovmn the I rst ry area V\,here
AP i -
Spenax.ynum%osu U R S B 11T |k counting
count r val ue Correiﬁﬁ&ﬁ;g%&ﬂ{ flrst endi n 1
ad:darué% er yalugs yn euénad}flmum counter values.
In this case, it is possible to return to the starting address
of the memory array after the counter value has reached the
maximum counter value.

In the semiconductor memory device according to the first
aspect of the present invention, the address counter may count
external clock signals, synchronized with said external clock
signals that are inputted from the outside of the semiconductor
memory device.

In the semiconductor memory device according to the first
aspect of the present invention, the memory array is provided
with a first memory area having a first ending address, and a
second memory area, having a second ending address, and
following the first memory area, where the maximum counter
value at the time of writing is a counter value corresponding

to the first ending address, and the maximum counter wvalue at
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PFO4N920 4 the tine of reading nmay be a val ue wherein
pradygpedi fic value is added to the counter val ue
corresponding to the second ending address. In this
case, because the address specification process is not
performed for the second storgge area when 5 writing
data, it is possible to reduce the tine required for
ther tinagodaraadéngheayi bet asvalugevwheeainla shecific value is
sem conductor nmenory devi ce according to the first
addspett bthet heupresendliuavenrirenponhdéngddeeskecsantrd ending
may specify the starting address of the first storage
addreasi nIthehif aesefybatsayecather addvassngpaoificeatdn
of the maxi num counter values. In this case, the
prooust ef s vabtiepsRyorwedr fot othbesesbadt s 0grager 68a ofihen
the first storage area after arriving at the maxi num
wrEOUR§edaval Uet 18 bHHesseNt CORdUEOFe MENBS ¥ifeVi&Quired for
according to the first 15 aspect of the present

wriPVepthoPa thechirsirstosage.86ea-bs. @ storage area
to ich data is witable, and the second storage

areq, | f [ | ;
Mot 8 SLALANCRLES: TAGII G0v T8l SabCo g o the rirst

asé{]ﬁt a0dr g5s p§@§§ri1€ifr%érgigi% ?C@ﬁ%o?&%@ég% i néérfl{?éy

first st orage area, en rea

t e | SS S ificatio rocess _is_perforned.
sod B8, P S ER%, RELLE UL oD BIPELRE oL 8RR EEERUn cne
di.n o the first

sem conduct or, nenory devi ce accor

merfEy ATV (e T GO I TR b ST S 4 rehe Qhprigan counter
ar ea e _a 128-hit storage arep wherein data my

va S L s o ot S ATt T T 4 he
storage area wherein data my be stored, and the ,

St%@é%ﬁ%roweoeﬁa?ﬁ%-%?r%%r%%a dhifterarriving at

the maximum counter value.

In the semiconductor memory device according to the first
aspect of the present invention, the first storage area is a
storage area to whiéh data is writable, and the second storage
area is a storage area from which data is only readable. In
this case, when writing data not only is the address
specification process performed only for the first storage area,
but also, when reading data, the address specification process
ls performed for both the first and second storage areas.

In the semiconductor memory device éccording to the first
aspect of the present invention, the first storage area may be
a 128-bit storage area wherein data may be stored, the second
storage area may be a 64-bit storage area wherein data may be
stored, and the address counter may be an 8-bit address counter,

wherein, when writing, the starting address for the first
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wherein, when witing, the starting address for the
PEPANSZOPFO4N920 5 storage area nmay be specified after

the value of the MSB bit takes a "I," and when
readi ng, the starting address of the first storage
area may be specified after tfie values of all eight

bits take "1." In this case, after the counter val ue ,
STHRITE FEARHERY 25% TWRp F el pftemattahe ofakiie v f tHee MSB bit
counter value has reached 128 bits when witing data,
takee adileSsandurher readinet urhe totaelng arddrgss of the
address of the first storage area. A second aspect of
firse preszyr Arsemapropranedesienh afddr edse contued of all
met hod in a sem conductor nenory device 10 provi ded _
eigint hoatmoreml 8l i1 eimenoly easay dfadr ithaocomssest value has
sequentially, until a target address that is specified

redyhead 2pelditess ooty ddwed, e SteswWithranimedr walue has
an external <clock, is reached. The address control

redEAdWA 2 qOIrcH NghdrD vidier : i civh aspecta frddie asent may
i nvention conprises determning 15 whether an access

ret @HIESS {1y the ABIRY aRIFes IF &M i st eRUaSlgOrarea .
read request, and iT the access request is a wite

requestooPeGidad G 4 NG St adAfERS dil 4R MR,

array when the external c¢lock has been counted until

. . " | i .
adddls 'J&{trd;iaiﬁlggg{gfg%ﬁ aerse‘frﬁé%:%duac?z%f metrﬂ)g:ygt%;e(r?\fiﬁ:neg

request I's request, specifying t

pr ISR LS I S el Mg Pl S0 e
oS, U L 3 S IS L B S & an
ad r%\%%:]?c%ogﬁlt%l%o&?%g t%%él%g%ggdséz&%%%te%e “ﬁrt%s %Q‘lt external
clock, is reached. The address contrcl method according to the
second aspect of the present invention comprises'determining
whether an access request to the memory array is a write
request or a read request, and if the access request is a write
request, specifying the starting address in the memory array
when the external clock has been counted until the first
maximum counter value, and if the access request is a read
request, specifying the starting address of the memory array
when the external clock has been counted until the second
maximum counter value, which is larger than the first maximum
counter value.

Not only can the address control method according to the
second form of the present invention provide the same operating
effects as in the semiconductor memory device according to the

first form of the present invention, but also the address
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reco
a

effects as in the sem conductor nenory device
praggording to the first formof the present invention,
but al so the address PFO4N920 6 control nethod
according to the second formof the present invention
can be enbodied in a variety of fornms, in the sane
manner as the sem conduct or nory device according to
cotheol feshoflontrotdihe poeseatséoyedt ionAn &F Thge NBtdoght
according to the second formof the present invention

incant Bbsoche eahetbedies anCOMPHELELPrOIr AMIRE, &in the same
conput er -readabl e nenory nedi um on which a conputer

maPiegram {tﬁe $ &6 0F 8881 4O BRUEF 8&'5&\5&&&5 to the
DRAW NGS Fig. 1 shows a block diagramillustrating the

fifsinctd onal e {ﬁ@eﬁf@%eﬁiriﬁ%éﬁ . 9f a sem conduct or

menory device according to the present enbodi nent.

Fi opn S d ﬂp'%t /Lol il rati
schemati ca yaé]a%&%(%tier a?gs%%%%é n%a%ﬁéfg% neré%esent

‘ Y.~ PLAVI [ em conduct or _nenory devi ce
infedSon M R 0 R AR TP R o B4 or 2

[T e} hart illustrating the tenporal ,
ot R SIS Pt Tl Sl RePraier program is
exgpr al clock 20 signal SCK, the data signal SDA

Ste address counter val ue during the execution of
a read operation. Fig. 4 is a flowchart illustrating
the processing routine for a data read process that

is executed by a host cquuter and a semni conduct or
menory devic o SR IS TRk Ofr 84 (DR 18{@50di ment .

Fig. 1 shows a block diagram illustrating the functional
internal structure of a semiconductor memcry device according
to the present embodiment.

Fig. 2 shows an explanatory diagram illustrating
schematically an internal structural map of a memory array
provided in a semiconductor memory device according to the
present embodiment.

Fig. 3 is a timing flow chart illustrating the temporal
relationships between the reset signal RST, the external clock
signal SCK, the data signal SDA, and the address counter value
during the execution of a read operation.

Fig. 4 is a flow chart illustrating the processing routine
for a data read process that 1s executed by a host computer and
& semiconductor memory device according to the present
embodiment .

Fig. 5 is a flow chart illustrating the temporal

relationships between the reset signal RST, the external clock
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Fig. 5is aflowchart illustrating the tenpora
PFPéN82Donshi ps between the reset signal RST, the
external clock PFO4N920 7 signal SCK, the data signa
SDA, and the address counter value during the
execution of a wite operatiop. Fig. 6 is a flow chart
illustrating the processing routine for a data wite
sigpatedsKt hbliei dabxesigedl b§PA, hord b@ﬂp@@@re%Saﬁﬂum¢ﬁ¢ value
sem conduct or menory device according to the present
dupipadirentzefigion shonswahtexppanatoey- di agr am
illustrating an exanple of application of a
senttondect ora nbhov ycidevi cel Lagtoadimg tioe theopeesing routine
enbodi nent. 10 BEST MODES OF CARRYI NG OQUT THE
fot NVENTE ONviThiee send cansluchof e nexyculeyd cey ag dos st ngoriputer
the present invention, and the address control nethod
and Ntlides @1t CoMatied O rmem@Ipr Je geyd Cecciddinder exphaipiessent
bel ow based on exanpl e of 15 enbodi nent, while
emeiafenci ng the figures. Structure of the
Sem conduct or Menory Device The structure of the

S e LPN AU CE 18 STRLVDT s SEME 565 fly@&@gamh 1.0sdNeing
present exanpl e of enbodi ment be 20 descrlbe

exdifRI R LD L acnﬁ a{:'&mn?cor{:dl.lgctc}r'n?‘en?? O&éﬂflce

dlagran1lllustrat|ng e function I nter structure

ot B B R 62 s A

expl anat ory dlagran1illustrating schematical ly an
internal structural map of a nenory array 25 provi ded

'n the segh CONGUEELT oFPERENy IRY' 6603668 PhDBukPok®

The semiconductor memory device according to the present

invention, and the address control method in the semiconductor

memory device, will be explained below based oﬁ example of

embodiment, while referencing the figures.

Structure of the Semiconductor Memory Device

The structure of the semiconductor memory device 4
according to the present example of embodiment will be
described in reference to Fig. 1 and Fig. 2. Fig. 1 is a block
diagram illustrating the functional internal structure of a
semiconductor memory device according to the present example of
embodiment. Fig. 2 is an explanatory diagram illustrating
SChematically an internal structural map of a memory array
provided in the semiconductor memory device according to the

present example of embodiment.
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present exanpl e of enbodi nent. PFO4N920 8 In the
PEphasSent exanpl e of enbodi nent, a sem conductor nenory
device 10 is a sequential access-type nenory device
that does not require the inputting of address data
fromthe outside to specify ghe address for starting
the access. The 5 sem conductor nenory device 10
conphi 8§ RrREADBEYCEPINAYe100, emhodanenessaceani epndagtor
an in/out controller 120, an ID conparator 130, a
memptVeﬁﬁﬁééecéﬁtialBesequentaaliacceHEﬁtypenmemthrdevice that
150, a charge punp circuit 160, and an 8-bit |atch

~doeeghsterediiire Ehehinputhése ofredidrssksdevanéedmdthe outside

t hrough bus-type signal 10 Iines. The nenory array 100
tocepptisesthe EERREMsarsays18itand ahenaskeds ROdharray
102. The EEPROM array 101 is a nenory area that has

sehbeoheattbesmehoap EEPREM nhecehpriata sanehErgrasesly 100, an
and witten electrically. The masked ROM array 102 is

ad@r8BE0EYuABe Al €801 Nat Dagotbe-bgptyies 0128, Masked RMarator
wherein the data that is witten in the nanufacturlng

13@fOgeﬁﬁlgéﬁﬂgédbéoﬁ{ﬁéfﬁer0I4@VG£MWiﬁ&?QmeJPec5£¥¥%%der 150,
array 101 and the nasked ROM array 102 of the nenory

a éﬁéﬁeﬁ%ﬁ f&;’i’# dfé’o""'ér?daaxﬁf %r@itti’a%hd@éﬁlﬁéisﬂo.

or storlng it data, as sho

Eaé§h§ﬁaéﬂ§?% %kf@uf 13 céﬁhégﬁ r@%@&& §X§@$l ?%.sagnal

enbodi men nenory  arr
is. provided with ei ght addresses (addresses for 8

%I%S worth of data) in one rOM/as the specific

B 5 T A e KA T e ol s beny o Qhend
mag%gékaoﬁ”§}§g§gﬂ%§dThe EEPRCM array 101 is a memory area
that has the features of an EEPROM wherein data can be erased
and written electrically. The masked ROM array 102 is a memory
area that has the features of a masked RCOM wherein the data
that is written in the manufacturing process cannot be erased
or overwritten.

The EEPROM array 101 and the masked ROM array 102 of the
memory array 100 are provided with a plurality of data cells
(memory cells) for storing 1l-bit data, as shown schematically
in Fig. 2. In the present example of embodiment, the memory
array 100, as shown in Fig. 2, is provided with eight addresses
(addresses for 8 bits worth of data) in one row as the specific
address units, where, for example, 8 data cells (8 bits) are
arrayed in one row, and 16 data cells (16 words) are arranged
in one column, and s8¢ can store 16 words x 8 bits (128 bits) of

data. The masked ROM array 102 has 8 data cells (8 bits) in one
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in one colum, and so can store 16 words x 8 bits (128
proidiepoof data. The masked ROM array 102 has 8 data

cells (8 bits) in one PFO4N920 9 row, with 8 data

cells (8 words) in one colum, and so is able to

store 8 words x 8 bits (64 bIbS) of data. The address

map of the nmenory array 100 will be expl ai ned
rowef gieéhciBngaErgce2lsTHe wemndsy anr ayel®6limnt hend so is able

present exanple 5 of enbodinment is provided with an
toEEPRON ar wayd:0% andiasmaskedi+tROVbEr gdayal02, as

descri bed above. The identification information (ID

i nf oheebdaRkskonapdent thyi Remeaghaetayyhe00 will be explained

sem conductor nmenory devices is stored in the first

retBEefcipgdregses. (TheShenoWy §0FHIMS0ACIE NERNOPr&2enB example
bits) in the 10 EEPROM array 101. Witing is

ofpéﬂﬁbghﬁggttQStﬁﬁo@iﬁéﬁ %QEthQtEEPﬁ@MUQ§§a§thi'5§5 a masked
hree addresses, and so, for exanp e, this “row cannot

Ro@ea9¥ Qttgg géééﬁlﬁQap %dresstgﬁ%iﬁf%ﬁéatlﬁ the

exarrp e ni nt

infﬁfrg%gwehg%e@ffsfﬁ fgg@&%@a%&@%m

16

e P Bl 8 AT PR
the ro the ninth

ad%a%%”%%% P Sy ﬂé%ldm%& Bhlin‘F e%sbmbubrh the

h addres re known an the wite-control rows, and
EE sa%asé ss%%lﬁwq heS GRFP R ead ¥ hridight et 18P that
. address and the 8 addresses in the 17th address _
InG R hl Htfdridyearrddiiie s 2 i1 cotl rofample, this
st or age addresses for specific address units.

rowsrEsvEr Pe Hesr speiditfert alvri t5lohepare fmn cigdse factor.
wherein, for exanple, the stored information is
|lﬁ}ﬂrﬁhQ(ﬁK%ﬂﬁkQuqﬂrﬁ}q{)2 the ninth address (08H) through

the lé6th address (0FH) and the 17th address (10H) through the
24th address (OTH) of the EEPROM array 101 can store 16-bits of
data that can be overwritten under specific conditions. Note
that in the present example of embodiment, the rows comprising
the ninth address through 16th address and 17th address through

24th address are known an the write-control rows, and the 8

- addresses in the 9th address through the 16th address and the 8

addresses in the 17th address through 24th address are known as

write control storage addresses for specific address units.

Moreover, these specific conditions are the case wherein, for

example, the stored information is information pertaining to
the amount of ink that has been consumed, and the wvalue cf the
data to be written is larger than the value of the existing

data, or the case wherein the stored information is information
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25 the anmount of ink that has been consuned, and the
PFQ4NBelof the data to be witten is larger than the
val ue of the existing data, or the case wherein the
stored information is informati on PFO4N920 10
regardi ng the anount of ink ngnmaining, and the val ue
of the data to be witten is |less than the val ue of
regaed bRy sttt Al dkRS sTmA B heydd the thel BERROM he
array 101 is a read- only area wherein witing is
daf ofe bPe et 1 ke cemnbess foha’ exanpt bye bef over wxiteing data.
after shipnent fromthe factory. Note that each of
t hekddoelely 635 gopestimes {1 hilse REPRYS ampy ar®l is a read-
nmerely exanples, and the various address properties
onhpayatben wetsrin neditsing hiad ,pioh Belididd ommitd ddrthot, for
wite-controlled area, there is also a wite-enabled
exangbe f dse Whiteedw it et am i 4 F g | $n N@kentl O contard |RbtdFy. Note
the masked ROM array 102, the information (data) is

that idd@&n sheathddie JMMIYs a5 Fde S IRNURE WRbe ANGhap) are
after the nenory array manufacturing witing cannot

me el Pyl HIIRE t &ridlithe B8 0BV UL JOJALYUY may be
shipment. Note that the masked ROM 15 array 102 is a

el a i re t L MUl ‘
ST RS AN I I BRI arce,

i.cal ' . (BEH)., t Ly .ahr 100Q..i,s .
endS0Il e 5 A2l e O B4 09 s ot

for exanple "0") until the 256th address (FFH)
con@%&ﬁj%¥ﬁthe maxi mum val ue 20 for the masked ROM array

e_nenory

1067 SEREREY SISy TR 05 i dan ey (R s
e e R AR verd o 428t ot el TR s e
mem%ggogkg%gtmanufacturing writing cannot be performed to this
area, even prior to factory shipment. Note that the masked ROM
array 102 is a 64-bit data storage area, where the maximum
address of the masked ROM array 102 that can be specified
logically is 192 (BFH); but the memory array 100 is provided
with a circuit structure that outputs dummy data (for example
*0”) until the 256th address {FFH) even if the maximum value
for the masked ROM array. 102 is exceeded. The result is that
the memory array 100 is a memory array that can be used easily,
provided with a 128-word x 128-bit virtual memory area.

The memory array 100 in the present example of embodiment

is provided with a plurality of rows, which are 8~bit units, as

described above, where the data cell columns are not

independent for each row, but rather are produced in what is

termed as one data cell column folding back in 8-bit units.
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is provided with a plurality of rows, which are 8-bit
PF@@*§§@ as 25 described above, where the data cel

colums are not independent for each row, but rather

are produced in what is ternmed as one data cel

colum fol ding back in 8-bit1#nits. PFO4N920 11 That

is, for convenience, the row'that includes the 9th bit
Thids 1i¥N0¥®Ir aSoriVen 5eeehd Byd eronghdthe: oW ddatthe 9th bit is

contains the 17th bit is known as the third byte, the
kné@sUhd £15e tdddond 9FEer 40y AeCess, thexdesd et addness 7tn

in the nenory array 100, it is 5 necessary to access

piSepsemdah | ys faam ﬂmcpe&'(tfw,' Nghe thaly18, 15 NBEESSAl Yorder to
call ed

to access using the so- sequential ‘access

acdBag,e Jm&cgiic?ﬂé%’%aﬁ?%é ggerﬁé‘?y daed%]!régdl@é’,dr@ésis

Ichis possi e 1'n e case a ran ccess

j ible . inth i.al ‘
nedBHT 4D Rt TR b O D IR that s,

e O0, WHEE dard SR (11 e 1 R O] e

el ecti (applying a selection voltage to e , )
me@’rﬂ@ﬁe;s '%gﬁv@%fot%i FEGETHGArd S Sy%?gg é‘(%/é]ﬁetsesf which is
voltage to the corresponding bit line. The data (a ,
possiblsy in the) e I 5 PR E9CqsS meddiasin 5y not possible
. selecting the corresponding word line (row) and
1n &t eaausg tiltd csraesspadintgi-bit line to the | N OUT
controller 120, and then detecting whether or not
t héy eroirsl d ineuanghta. iyst el dadtat) ilinehe nsr esemteaheahplce each of
of enbodi ment the specific address unit can be
thet kegghtcedfl sag nt dren meberr yofar2@ vaddle s sdne rienuleier iof written
data cells) that can be witten by applying a wite
to woldbdage ced labyi mgllecnind |(apelvine eolserecdalectvoltage to)
circuit 103 sequentially selects the
the corresponding word line (row) and applying a write voltage

to the corresponding bit line. The data (a “1” or a “0”) of the

data cell is read out by selecting the corresponding word line

. (row) and connecting the corresponding bit line to the IN/QOUT

controller 120, and then detecting whether or not there is a
current. Note that in the present example of embodiment the
specific address unit can be thought of as the number of
addresses (number of data cells) that can be written by
applying a write voltage to a single word line.

The column select circuit 103 sequentially selects the
columns (bit iines) to the IN/OUT controller 120 in accordance
with the extérnal clock pulses that are counted by the address
counter 110. For example, the column select circuit 103

connects the bit lines in accordance with the wvalues of the

least significant four bits of the values of the eight bits
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colums (bit lines) to the INQUT controller 120 in
Pra@dd¥6Edance with the external clock pul ses that are

counted by the address 25 counter 110. For exanple,

the columm select circuit 103 connects the bit |ines

i n accordance with the val uespof the |east

significant four bits of the values of the eight bits
thpEoing2o2le theapurhar caf ectpek npwbees ofoenbe® byl ke address

counted by the address counter 110. The row sel ect
cophteni 11904 applies a select circuit to the row (word

line) sequentially according to the nunber of 5

ext 8haatroel aekepul sésceduni @dl dyplhes asdsessccountenit to the

110. For exanple, the row select circuit 104 selects
rowofwotdnesne acsogdéngi 4 bl ¢ hecyat dien®f td heh@ostmber of

significant four bits of the values of the eight bits
extdatal ndicak eptihesnuabent o 16 ottke HLSESs cOMhESr bY10. For

t he address counter 110. As descri bed above, 10 the
exSeP1 €O NEE t BFw NBADE Yt devi &€ 401 @ cos i s totd€l ines

present exanple of enbodi nent perforns access to the

ac@@ﬁd{ﬁ@'@ﬁdﬂﬂ§5véFUea9§QﬂQ§m%%ﬂ‘%f%ﬁ? PuElPLKs of the

pul ses that have been counted by t address counter

valhdds W hout @fgﬁtoraw ﬁ}ﬁéé@séqdéfcéﬁbe tﬂ@%%%f ray 0k

usi ng addr ess dat a. ess counter
pul el et do r@g%aéalﬁé@ ol nal) G5 & %P@%%d above,
Sl gna term n col um selec Clrcul
ct d} 4, a mwlt / r ead
thécgs(ra] C?lgi %ﬁ %.lx]enmor e(e{]ssceccr)hﬂjnt er Cfe)L rese}%e present
8 dnit aIu ége reset si his
exatf@pu%t Gl g e oG Al P e Hspy address in
0i "0" .(or i ng | nd then unts th
et c|t6‘&< BN oy WO R e 3 (1 Hizve een counted
by the address counter 110 without performing access to the
memory array 100 using address data.
The address counter 110 is connected to a reset signal
terminal RSTT, a clock signal terminal SCKT, the column select
circuit 103, the row select circuit 104, and a write/read

contrecller 140. The address counter 110 is reset to the initial

value by the reset signal, which is inputted through the reset

_'signal terminal RSTT, going to “0” (or going low), and then

counts the number of clock pulses, synchronized with the
falling edge of the clock pulses, that are inputted through the
external clock signal terminal SCKT after the reset signal has
been set to ™1.7

The address counter 110 used in the present example of
embodiment is an 8-bit address counter that stores the clock

pulse counts corresponding to the number of data cells (number
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falling edge of the clock pul ses, that are inputted
PFPANBAGh the external clock signal term nal SCKT after

the reset signal has been set to "1." 25 The address

counter 110 used in the present exanple of enbodi nment

is an 8-bit address counter tjsat stores the clock

pul se counts corresponding to the nunber of data cells

Of(ﬁ&ﬁﬁérlpFGEﬁﬁﬁewlén BRepPERPrynagrayr 640 nNehe Hedbrjhe

array 100. Note that the initial value nmay be a val ue

inghéplivatuehepg bs a veluei enshi phathi therheistarr¢hgtionship

position of the nenory array 100, and typically "O0O"
with teedsasrthagi pptiaiovabfieths Whwoaddsessycoldt eand
110 is provided with a carry-up unit 111 for setting
typheabbxi Mafh teunted #al tikef dbnithel nuabee.of clock
pul ses that should be counted. In the address counter
110Thewhédréhe cboskepulse touptoaidédesiah shearry-up unit
maxi num counter value, the address counter 110

117 ef ol NSet hen§otiNg Ehaxahte EOukber 1Pai bt Fal ¥ad UGumber of
whi ch corresponds to the starting position in the

clEBOsY] 9§ ayhdO0shd M OtHET NPk €lsd . t e PElEr 88§ress counter 110,
specified by the address counter 110. The address

wh&PUWREr 1Ok Usetsd Nedhe PSRl s exanph e 19£x1r%59?%£@@ér value,

uses a maxi mum counter value when data is being

thé’wédcﬁﬁbé Occh'{}‘?té@ o4 %E@/d&from uhtSe Al Hfﬁ&r‘éof{r?é“

en data is elng rea e nenory array

ln]i‘lt(e%gaeji \?éé?g#’]%tﬁ@{)ca I on romc%‘l%d%wrl? read{ %:é) %lon in
Ehey L}no mo% a raaeﬁ(: en : naton%r%(ern&? ?J’nt q? (i?frsessl’%ss}geo?r%fl ed by
thﬁuﬁ%g %%lgg&nggg. ﬁ3§et to 128 bits. Ch t he ot her

The address ccunter 110 used in the present example of
embodiment uses a maximum counter value when data is being
written to the memory array 100 that is different from that
when data 1is being read from the memory array 100. Specifically,
when the address counter 110 receives notification, from the
write/read controller 140, to the extent that the reguested
access 1is for wfiting data, then the maximum counter value in
the carry-up unit 111 is set to 128 bits. On the other hand,
when the address ccunter 110 receives notification, from the
write/read controller 140, that the requested access is for
reading data, then the maximum counter value in the carry-up
unit 111 is set to 256 bits.

In the present example of embodiment, a memory array 100

" comprising an EEPROM array 101 and a masked ROM array 102, is

used, as described above. The EEPROM array 101 is provided with
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when the address counter 110 receives notification,
PFOANAROhe wite/read controller 140, that the
requested access is for reading data, then the
maxi mum counter value in the carry-up unit 111 is set
to 256 bits. 25 In the preseny exanpl e of enbodi ment,
a menory array 100 conprising an EEPROM array 101 and
128 addkeds®moM aremytiofirst adddesas(@eskribethabbi@th
The EEPROM array 101 is provided with PFO4N920 14 128
addudsessesl) fvivare hehd imst keddr@SsatOO) 10D i1heod@Bided with
address (7FH) where the masked ROM array 102 is
64 paddteesesy t iroi:aedl 28isiesaddross t h@0HPR ot hr aulglt eslse 192nd
(80H) through the 192nd address (BFH). Because it is
addod s POSBIM) £ Bocavwsd eitdaia Ao thesSipnskes ROMardaya to the
102, when data is being witten the nmaxi num counter

ma ¥y dierdrora  hey atslr essh&owWM©f 14 O0pe W Glir i Stdethe maximum
maxi num address for the menory array 100 that can be

cospest fyetidyrdhe naddesss SN S e 41010 SyiSeln 105 e maximum
128th address. The resuit is that it is possible to

ad&}égﬁ ned.L dde pddses s Count 5od 0. eor r&%@%@' loflt&? by the

masked ROM array 102 mhereln dat a cannot

f
add‘%éqg:d\} t%:lssléad e tsosr l? % ac%{%ﬁ!élsgsd.beﬁe result ig

|ng at a 'tHe oth
co er vaI fo he addre
th%%SL %ﬁg t%?%nt éﬁg?19%5ﬁtﬁhn %éa&sréﬁyln t he
nenDr prra that .c speci t he, addr.ess
Corcroeus 20 00, el can e spect  Lefb b L address. nor

S|ble to acces

th t th dd
atets%n&}aﬁ@% L g oM 1y 402, S R red for

p033|3Je to readout that data that is stored in the
array 102. Note that the

On the other hand, when data is being read, the maximum

wWIr

counter value for the address counter 110, that is, the maximum
address in the memory array 100 that can be specified by the
address counter 110, set to the 256th address. The result is
that it is possible to access the addresses corresponding to
the masked ROM array 102, making'it possible to readout that
data that is stored in the masked ROM array 102. Note that the

masked ROM array 102 is a 64-bit data storage area, and

~although the maximum address of the masked ROM array 102 that

can be specified logically is 192, as-already stated above,
after the maximum address of the masked ROM array 102 is
exceeded, dummy data is outputted until the address 256 (FFH)
is reached.

‘The IN/OUT controller 120 is a circuit that either sends

the write data (which has been inputted into the data signal
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20 masked ROM array 102 is a 64-bit data storage area,
prando2gl t hough the maxi num address of the nmasked ROM
array 102 that can be specified logically is 192, as
al ready stated above, after the maxi mum address of
the masked ROM array 102 is 2lgxceeded, dummy data is
outputted until the address 6 (FFH) 25 is reached.
teFhénh N EDATLondr okt ened@Oyi sraagi 1) tot hatceitlerdata that
- sends the wite data (which has been inputted into
ist headatat sfgtal tPEOANRZDy 18rréer M MaknSDAIYptiOst beis data to
menory array 100, or receives data that is read out

théragtihei §RADI Ye ahiay1 190aBNdTOUt PUFSUT hbsndpbR1IéP 120 is
the data signal term nal SDAT. The I N OUT controller

coRRBct &d §@nﬂ§§t§Qt£OsiﬁﬁagaiéiﬁiﬂﬁﬁlSﬁ@fn1@ﬁé 2B signal
the reset signal 5 termnal RSTT, the nenory array

teﬂ&gmafnﬁsfﬁe Mﬁétﬁ%ﬁ %ﬂ ﬁPQﬁrPééera&éot?@ngrpgéﬁPégﬁ

control so as to SW T di rettion dat a

col P82 PRLLRR LA NS ORIE TR oA
le_Léc‘ctLFr? gcﬁlf'&alﬁ e%%%].?tb&:rﬁeecr? deefrtugd tvt?%:gz{l]% t%%amemory

term na I N aCCordanc
mthe witelr ad ontroJIer 140. An 8-Dbi
armgﬁ&@ - eejrn%ﬁ"flc? %aﬂp%w%mwmamfe@ (that
ta th; t df th dat J
L5 A S GARE (PR Al o he ‘o Syanal

dat a SI aI termnal SDAT fromthe | N QUT 15
tedyifig ol 126‘aﬂﬂ??ﬁ%ﬂqelﬁﬂﬁﬂ1WQ&NQQQ%G%ETf%R%WEQF

t he data col um (NBHQ @Eytted t hrough the i nput
wridigyigiad GRS Eldmn Nt Gathn S gnidt lateihirra IS LR ithat

8-bits worth are stored, and when 8 bits
stores temporarily the write data that is inputted from the

data signal terminal S$SDAT is connected to the input signal
lines from the data signal terminal SDAT from the IN/QUT
controller 120.

The 8-bit latch registér 170 stores the data column (M3B)
inputted through the input signal lines from the data signal
terminal SDAT until 8-bits worth are stored, and when 8§ bits
worth are in place, the 8 bits of data that are held in the 8-~

bit latch register 170 are written to the EEPROM array 101. The

8-bit latch register 170 is a shift register of the so-called

FIFO type (first in/first out type), and so when the 9th bit of
input data is latched, the first bit of data that had already
been latched is eliminated.

When the power supply is turned ON, or when there is a
reset, the IN/OUT controller 120 sets the direction of data

transfer relative to the memory array 110 to the readout
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worth are in place, the 8 bits of data that are held

PFOANERE 8 20 bit latch register 170 are witten to the
EEPROM array 101. The 8-bit latch register 170 is a
shift register of the so-called FIFO type (first
in/first out type), and so whgn the 9th bit of input
data is latched, the first bit of data that had

digeebady, Beénpkahéhédsi thel inpnhtedy o5 Wea thecpowerdata
supply is turned ON, or when there is a reset, the

signNaOUTecohnadl FBAT1R0 skasingetlereopionl pfiedapatween the 8-
transfer relative to the nenory array 110 to the

biteagouh PEQUSOEO 160 shdethe ony/and poobrdlisrth20 into a
inputting of data into the data signal term nal SDAT

hidy- phpedages hetabput Thipesthbet weemihet BindbdtuhetTha write
regi ster 170 and the IN OQUT controller 120 into a

prétghs | Ppedeseei st ahgut dbd St 56t €hé SwiABt Of BéA@dedhit+dl Ber 140.
wite 5 process request is inputted fromthe

CoNkéddneéheng, C@Wér@étgrféﬁotheCpfﬁ@ﬂ“ﬁﬂ&folE§eoﬂa%ﬁbf&ﬁta

the first four bits of the data stream i nputted

stidURUAN e dat ey sbehal cheram nal s SHiy t‘.érrﬁ‘ﬂ‘ial YWEbAF e s not

to the nenDry array 100 after a reset signal has beeh
wrjfl rst our g\? ?ht%edfpeﬁogr%% :r%y é1%%@dsvdlhcgehgieft 6 been
iS40 Bl &3{%% il 0! L‘Z%)%ﬁnsr%ﬁi Py ElR cour
blf%'f X %fc%ﬂnﬁean}%%”y%%%vr ﬁ%“@i Sd'fo TRE T g iﬁf"g‘%ra%of is
rodht B e AT RLE LN 0k
the  identification data included in

thqthé: hqi[ﬁfrr%?%% rkélﬁrﬁ tHatthg memory array end up in a read-

only state.

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 input data stream that is

inputted through the data signal terminal SDAT matches the
identification data stored in the memory array 100 (the EEPROM
array 101). More specifically, the ID comparator 130 receives
the first three bits of data of the operatiocn code that is
inputted after the reset signal RST is inputted, or in other
words, receives the identification data. The ID comparator 130
has a 3-bit register (not shown) fer storing the identification
data that is included in the input data stream, and a 3-bit
register (not shown) for storing the identification data in the

most significant three bits that are obtained from the memory
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i nputted through the data signal term nal SDAT matches
PFORE920dent i fi cation data stored in the nenory array
100 (the EEPROM 20 array 101). More specifically, the
| D conparator 130 receives the first three bits of
data of the operation code thgt is inputted after the
reset signal RST is inputted, or in other words, .
arra¥ei Q8sthhauplenbef FEAPVBnCEREROLFRE FBP conpdr@ebprmines
130 has a 3-bit register (not shown) for storing the
whegRAF| Prcaft okhosIBagiate aat¢kes ney udetierminheg i wpether or
data stream and a 3-bit register (not shown) for
nokt brengaihesi denbdthcaegbntens aare iflentimat. The ID
significant three bits that are obtained fromthe
compapd yoPFDANO26ndT amraaye490ethiip baighi hel | B LT the
controller 120, and determ nes whether or not the ID
wr thad ar ead chest byl det et 60 Nl fgostiet herdeta msetch heTwval Ies
of both registers are identical. The ID conparator 130
comeancst @ BETesSBe £n@btiee signad £N tget i S i hiedk etk reset
controller 140 is both ID data match. The ID
sigQPaRst ofs 184t ©ad S(dher vad Ueylidh tRer regi et efr Wien oy) .
the reset signal RST is inputted (that is, when RST =

"0'THY WiSidOMead Thewd T s epsh conti b d &8+ d40.d Sche 1N/OUT
connected to the INOQUT controller 120, the ID

coﬂ%¥8¥ﬂé¥‘¥2@¥¥%hé?¥biégﬂﬁaﬁég% 8€ido!éﬁg ﬂé%ﬁé%%n%tg%ntroller

charge punp circuit 160, 'signal” term na
t ' | [T T, t he S .
1S R TR A W PP TS Ynina

SCIERSRS L, et W shrsad contol, dplg, (e deta dr
cofflppHonie 312 Lane) Lo ol 15 SOYT, SXIChron 69

~ . ' [ [ [ switches the
wrfggy¥é£§ %%%tgg-ndéygjﬂf%éidggg”yﬁ gﬁgnfourth bit ggllOWing

the 3-bit ID data), inputted through the data signal terminal
SDAT, synchronized with the fourth clock signal after the input
of the reset signal RST, and is a circuit that switches the
internal operation of the semiconductor memory device 10
betweén either a writing operation or a reading operation. More
specifically, when an access enabie signal AEN is inputted from

the ID comparator 130, or a write enable signal WEN1 is

received from the increment controller WEN1l, the write/read

controller 140 decodes the write/read command that has been
received. If the command is a write command, then the

write/read controller 140 switches the data transfer direction

‘of the bus signal lines for the IN/OUT controller 120 to the

‘write direction, and sends a write enable signal WEN2, which
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i nternal operation of the sem conductor nenory device
PFO@NSBEt ween either a witing operation or a reading
operation. Mdre specifically, when an access enable
signal AEN is inputted from20 the ID conparator 130,
or a wite enable signal VENLgs received fromthe
i ncrement controller WENL, the wite/read controller
enahbegersdésnohetar the/ chadgeornandcihatihas6Beenoc request
received. If the command is a wite conmmand, then the
thaki therwadteompiohberb¢4@esmirathds the data transfer
direction 25 of the bus signal lines for the N OQUT
confnotherpi26etho thempiwi bvé dinbediment, abhd skadsrate data DI
wite enable signal VWEN2, which PF0O4N920 18 enabl es
thatiisngritoehheochangerpUOPnELHTUEH 260, i§0d8EHUEBAL has a
that the wite voltage be generated. In the present .

chexaspbei of i enbpgt et rebbesheiMerbfefatp Bhe {ABbe] Sa
witten to a wite-controlled rowis data that has a 5

de&N 3Gt £E1 REHE Lbato i MCLERSEScLI AGF ePROtSYitheqypb UBT is a
a decision is made as to whether or not the wite

I 85 @ tyql h h | Sti
ve g e o 1AL hntek, LoLoetod kAN L 119 aireoay

wrf%ﬁéﬁ'i@nE%@|&fﬁk%ﬁ%ﬁnfgﬁhi%dt Sy?”'ﬁé P?F@hémwriéé data DI
data that .as a characteristic o ecreas!ng .
1o RCLARIL OO0 JO Ao AL oD S LELER, | EyBBnering)

W |
that.is s han the existing data

| I er that is
the | Yasddy SR I IEIRh | T AN o | vfg%h% oT not the
therehy r ce or eljmnate the coryuption of data,. or.
wrigle b IFMES A T it gl O et ek Sting
DI. This 15 function is provided by an increnent

date R diltadr i aHSIBr mrcrehsy Wil bl e geterhted row, to

controller in the |ater case. In the
thereby reduce or eliminate the corruption of data, or the

inputting of incorrect data, by the write data DI. This
function is provided by an increment controller in the former
case, and by a decrement controller in the later case. In the
present example of embodiment, the former case will be used as
an exémple in the explanation below.

The increment controller 150 is connected through the
signal lines to the charge pump circuit 160, the reset signal

terminal RSTT, and the write/read controller 140. The increment

controller 150 has an internal 4-bit counter 151 and 8-bit

internal registers 152 and 153. The increment controller 150
determines whether or not the write data DI that is to be
written to a write-controlled row is a value that is larger
than the existing data DE ﬁhat is already stored in the write-

controlled row, to further determine whether the daté to be
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present exanple of enbodinent, the former case will be
PFO48828s an exanple in the explanation bel ow. The
increnment controller. 150 i s connected through the 20
signal lines to the charge punp circuit 160, the reset
signal termnal RSTT, and thg wite/read controller
140. The increnment controller 150 has an interna
Wwratppp teuhher EEBROMnarsapi 101 heerhagnrepgistenscaspectly
and 153. The increnment controller 150 determ nes
(thvabt her perfotmthe weitéydand Dhlitiatics poobes2b.
witten to a wite-controlled rowis a value that is
| ar gee itbasmeéhe exnstohbedal 80 DEetbatths akteailyg data DE
stored in the wite- controlled row, to further
froet ehal nei nbetbet ré hee dat awt Of benPFAOANIR0 dBrawridlenith the
to the EEPROM array 101 has been witten correctly
tifiRgtwith PeLéRrobe avvetdfyadndpyal s dpdtONedr DLesSe - 8-bit
The increnment controller 150 reads the existing data

labEn FeOmide Wi ess@nit ot erefove of st ey ERRROMAT{RYthe 8-
101 with the 5 timng with which the wite data D is

bit a;_l@@@%p ﬁé&&@f t1dat ohy 1891 51 &5 I/ e aNg S OF EShe

the existing data DE in the 8 bit internal register
el PR D TR g oo
e&f%‘%‘}e GO e aer i Sy 2 aREm;L‘%een een read
oo e s R Ut BB i, e soone

a value t hat | arger. than that qf the exi st dat a
Lad RS T, O S 0T O e THF dfid e data

DT (rfgs?g:fq@ tfsterﬂ?g?agf%{ talt]q?elcs;,vré%url(_:}éry’thtahne ghnathtgfedtmg Ietxelstlng
data DE. Note that in order to accelerate processing and reduce
the scope of the circuitry, the inputted write data is
preferably the MSB.

When the write data DI is data of a value that is greater
than that of the existing data DE, the increment controller 150
outputs a write enable signal WEN1 to the write/read controller

140. Note that when the write-controlled rows span multiple

rows, then the increment controller 150 outputs the write

.enable sigral WEN only when the write data DI is data of a

value greater than that of the existing data DE in all of the
write-controlled rows.

After the write data has been written, the increment
controller 150 inspects whether or not the writing has been
performed correctly, and if the write data is not written

correctly, then the existing data DE, which 1s stored in the 8-
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When the wite data DI is data of a value that is
pPrgagaber than that of the existing data DE, the
i ncrenment controller 150 outputs a wite enable
signal VN1 to the wite/read controller 140. Note
that when the wite-controll rows span nultiple 20
rows, then the increnment conttoller 150 outputs the
bitr intereadbregssgnal 1YEN pnbyldbénwiheimw the tataedint
is data of a value greater than that of the existing
codatal DEri h5a} | isfwthetemr bhekcoat tod | gemesoWwsar Ay er00. When
the wite data has been witten, the increnent 25
theontioél @atd50si nspestseuhether 40pi Aototee W 151 NOwhBSh 1is
been perfornmed correctly, and if the wite data is
pr&@id¥ai 1 ethe CORELERENE EBRAr&NELXISh] NGadalR PEit delay,
which is stored in the 8 PFO4N920 20 bit interna

rel 8Ol ot efo102: PrONIQed M AEDL NI HR{ NCEEIRM he write standby
controller 150, is witten back™to the nenory array

sté@@-b&*@%b $$§%#%%ﬂ? 5@Gﬁ%i§%Lg§@efﬁﬁgrn$fecf6§%tsignals from

counter 151, S provi In the increne

t1'1é:oflrti11:é)z_L £ J‘é ilfe?tc‘ofnl(%rgﬁ%g?ﬁeigypzfcgv%c?%%ybryet S?oac%}{e]aerge pump

external ¢l ock ‘signal, e Wi
. befar giqani ng counting the .internal clock signal .
et <:reuol‘r)nt %t e ifrheer(%oa nQCoesrci‘f Hor B2 1hatoV L 5 o 3@8 éhe 4-bit
the ¢ ge. pu, circuit 16Q. The counter val ue that
cofile P g DBy e dtid Thadrer st 1edt ipuiady 103 ang
into the colunn select circuit 103 and 10 the row

Lhes e S Tui T I8 & o Hedddicadrt exing i ety peta DE that

that has just, been witten. The charge punp circuit
has) sty LefEs et ifd®above, is a circuit for providing

to the EEPROM array 101 the wite voltage necessary

f orl N idhady sd dEn Krigisgh t He bolamissstddredtighania, is a

circuit for providing to the EEPROM array 101 the write voltage
necessary for writing data through the column select circuit
103 to the selected bit lines based on the reguest signal from

the write/read controller 140. The charge pump circuit 160 is

provided with an internal oscillator that generates the

operating freguency when stepping up the voltage, and produces
the voltage required for writing by stepping up the voltage

obtained through the positive power supply terminal VDDT.

Readout Process

The readout operation in the semiconductor memory device
10 according to the present example of embodiment will be
explained below referencing Fig. 3 and Fig. 4. Fig. 3 is a
timing chart illustrating the temporal relationships between

the values of the reset signal RST, the external clock signal
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15 103 to the selected bit |ines based on the request
Prgaghad from the wite/read controller 140. The charge

punp circuit 160 is provided with an interna

oscillator that generates the operating frequency

when stepping up the vol tageyjand produces the

voltage required for witing by stepping up the
SCRol tagedabz obt @nabdS P cugh tihe pddress cpaniesr suppt ythe

term nal VDDT. Readout Process The readout operation
reggoghecsent tboucs ave neporgd delVige 4 10s axcbiel nghaot

the present exanple of enbodinent wll be 25 expl ai ned
iibetovatrefigrencipgodegsiBg anchifige for Rlge &tis meadout
timng chart illustrating the tenporal relationships

proe¢swerhat hies viad tiesrmodd tihe tleseiost gnahp RSy 4@ the
external clock signal PFO4N920 21 SCK, the data

sei ghedudify mdth #hed@eitk €SB0 Catd el i v e tiee Feasdod example
operation is perfornmed. Fig. 4 is a flow chart

of ldrhsdimdAg the processing routine for the data
readout process that is perforned by the host

COMHE &5 Uh NS 5 semranduyct od'hérej_"ﬁgﬂtﬁ@i\/dé;@lélrp J.hnformatlon

according to the present exanple of enbodiment.

anP QeI LS, f r%r fheckNg eté d@&&ﬁéﬂ&@t' : d0FQ8 NBid Qs g

and for che ng the read/wite comrand prior to the

el S Ay 6%11&18“%00?‘?4% ”3@1%52?%%?%%%%% (RST =
0 BRI Ll L e
hoé%e ns %Qg nennr C§|%§ re proces The host . ctor

oSIRAC S ItS. o oty STt R, T it AR
mem%ﬁ%—td@r qRer %t | %negcl%dse thentm%rgol}%’ dsaitd% garéf‘lprtoecrergsna The host
computer inputs a data signal SDA, which includes a 4-bit
cperation code, into the data signal terminal SDAT of the
semiconductor memory device 10, synchronized with the external
clock signal. More specifically, the host computer first sends
the 3-bit identification data to the semiconductor memory
device 10 (Step Sf102). As is shown in Fig. 3, the memory array
lQO storés, in the first three bits, identification data IDO,
ID1, and ID2, and in the fourth bit from the beginning, stores
a command bit that determines either wﬁiting or reading. The
comparison of the identification data is performed as described
below,

The ID comparator 130 of the semiconductor memory device
10 performs an ID retrieval process that determines whether or

not the inputted identification data matches the identification

data that is stored in the memory array 100 {Sml100).



15 sem conductor menory device 10, synchronized wth
PFPAB98Qternal clock signal. Mre specifically, the
host conputer first sends the 3-bit identification
data to the sem conductor nmenory device 10 (Step
Sf102). As is shown in Fig. 32 the nenory array 100
stores,_ jn the first three bits, identification_ data ,
SPEBO l%ﬂrm, LR gt P ppompRER FoF the? eRFEH ST tLhe o thethat is
~, beginning, stores a command bit that determ nes
ingpthed WeteiFee ofateadiivigel ThernimbatPADrrnfthderising edges
identification data is perforned as descri bed bel ow
of Thie | theempaketors 130 bf S¢hea Slegw comluct oet nehanagl RST has
device 25 10 perforns an ID retrieval process that
sw Hetlegdr freem what Hee lorgh notr tive dtripant teardslentédeiced s arhe
data matches the identification data that is stored
three tihet srembriyden it B dO0L (1S, RFEONG2EPL2Xhis data in a
Specifically, the I D conparator 130 receives the data
fitdhat34sit irgppidted- i Mo the daia signal cherim nadmSE¥skor
on the rising edges of the three clock signal SCK

re@di®ss the rkse! SMgnalhfRSHdas s itrc et fkampwitsy 100
high, or in other words, receives the 5 three bits of

spadientdd ipatdman dalise @t 181 e ,t s dafd dh & dHd Hddress
3-bit register. At the sane tine, the | D conparator

colral vieg t he dat & fHamiheaddresses. d RN JBIOIY: cation
array 100 specified by the counter val ues 00, 01, and

dat%z t‘?{att r1‘;‘5 %q:q{ 1 C% %{engc;fr% 5la raiy.n lgdleran"&)rsdr%&:eisn this

receives the identification tathat is store

t I r .QO, tores this data in a
datahe_L n%_e%:lo?ld' G%L.b Q:err.e%[ﬂ%t T

second regi's e 1D conparator 130

e AL SIS ST AP IS ST SR 2 9 cne
identification data stored in the first and second registers
are identical, and if the identification data does not match
(Step Sml00: No match), the input signal lines between the 8-
bit latch register 170 and the IN/OUT controller 120 will be
held in a high impedance state by the IN/OUT controller 120.
The result is that access to the memcry array 100 is not
permitted, and the data read process is terminated. On the
other hand, if the identification data in the first and second
registers are identical (Step Smi00: match), the ID comparator
130 outputs an access enables signal AEN to the write/read
controller 140.

The host computer inputs the command bit (the read command,

for example, a “0” bit) into the data signal terminal SDAT
synchronized with the rising edge of the fourth clock signal

SCK after the reset signal RST switches from lcw to high (Step
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are identical, and if the identification data does not
PFAANGB01S5 (Step Snl00: No match), the input signa

lines between the 8- bit latch register 170 and the

I NV QUT controller 120 will be held in a high

i npedance state by the I N QUhscontroller 120. The

result is that access to the nmenory array 100 is not
ShpBAn t Tea, rand/vhétadaranteadlprotdls hsviegnraaeeded Ghhe

the 20 other hand, if the identification data in the
aCﬁEESteaﬁblsecégdalrégNsteeseaVeSidbattommanstbptSnnEDch has

match), the I D conparator 130 outputs an access
beenabkes Sbghak BEMN tbdghhe Wintetheadghcohérdktersidial

The host conputer inputs the command bit (the read
teeimabdSDAZS &ad exasaphened wREthét) obnhott beedad@mand is a

signal term nal SDAT synchronized with the rising

wretdgecommbhe. f o8r thectoekashopat +BEK Rhtehebheré€seled is a
signal RST switches fromlowto high (Step PF0O4N920 23

wr Db 043mmdRE, r@@@ﬁwehé%ﬁ%&?%é@rcéﬂ@mb%mwe@@%;yﬁﬁis a

the access enable signal AEN, receives the coman

reQditcoﬁMéﬁJi‘ Jaésth@eﬁ@/é@ﬁt céﬁtwfl@ysléo gnahe | t@eouT
hrough the data signal term nal SDAT, and determ nes

cot el 0126‘°th£9ﬁ%§°.ﬁ@a§&gv g & ?eé(‘é'é&mﬁé’&'ﬁranghaﬂées the

e conmand bit t een received 1S a

el nkhe eSSl UL, r?%%tt’s'é'r%ﬁ#"olr@it%%ﬁ
. 2 Vi
as R B ey | R €l e (o o el iata

arr 0to the read 10 dlre on (the out put state)
er g B Ry U ekt L0 ans er f o the. ooty

array 100. Nbreover the wite/read command. controll er
14@4 P Ses T write/read command controller 140 provides

notification to the address counter 110 that the requested
access 1s a data read. Having received this notification, the
count-up unit 111 of the address counter 110 sets the maximum
counter value to 256 bits.

The host computer outputs, to the clock signal terminal
SCKT of the semiconductor memory device 10, a number of clock
signal SCK pulses corresponding to the address for which the
access 1s desired, or in other words, corresponding to the
address wherein the data to be read out is stored. (Step Shl0e)

The address couﬂter 110 of the semiconductor memory device
10 counts up the clock signals SCK, synchronized with the
falling edges therecf, to count the number of inputted clock
pulses (Sml04). Note that because the counter value of the
address counter 110 after the operation code is inputted is

“04,” the existing data DE that is stored at 04H of the memory
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notification to the address counter 110 that the
PEPEYGESt ed access is a data read. Having received this

notification, the 15 count-up unit 111 of the address

counter 110 sets the maxi num counter value to 256

bits. The host conputer outpulgs, to the clock signa

termnal SCKT of the sem conductor nenory device 10,
argafuhBBr 16f repdcRutsi HRENOSTR phEsesSmesy respandl g ¢6 the

the address for which the 20 access is desired, or in
septhendwotds, meperegspentdiaglboatherdaddr bestieprepenheexample

data to be read out is stored. (Step Sh106) The
ofaddbedsmentinbes ddOrefséhefsem 80HdOCt BFH petbe yaddveéss

10 counts up the clock signals SCK, synchronized with
cottheetallOngasdgesctibigr @ofcribegosnbve hecounberupfto the 256

inputted clock 25 pulses (Snl04). Note that because
bithe (sogntes vahyecwitthe saddigssheouatey-JddOuafteril.

the operation code is inputted is "04," the existing

Ad@@é@s@g that ¢ hBoSsRr Bek ad r H44 Qhmbher 8BBR Yy PIOANIZH

array 100 is read out. Although the nenory array

coﬁ-@e@s bnd heg §§&E&9M§C&@rné@”@£¥sge¥hC@hé—%é&ﬁ&f’ydélf‘ﬁay 100,
to the present exanple of enbodi nent has addresses

r FH, .t coun | weo
put Pﬂl&?—l 15 the dg%rg?}gdf§§§on 4 z%%%e% &gci at?tz%d%%%g% 0" is

descr ove up'to t e

ou%ﬁiﬁ% @aéohﬁﬁgﬁﬁaﬁf § §fr{grﬁ$h¥f|§ W?éﬁdﬁ%§3§§mber of

roug are a unny r'egion,

pulcsésre c‘ijg%dslgp%lc?ddr Ssetsh #’tese%“?g“H }hlen rrc‘;:‘ts LY words, 256,

array " dunmy’ regi oh

accesse | ue out put t to_.t he

is SGIRET wi i e digas ‘f%%nﬁg ﬁofoft% %?%%%S in the
corres ond| the add ss FF n 0 er Wor

memy b e S L T Gfgter 110

address |n t he
returns to address 00H (Step Sm106). In other words, at the

point wherein the values (bits) in the B8-bit register of the
address counter 110 have all gone toc “1,” the starting address
00H of the EEPROM 101 in the memory array 100 is specified as
the next access address.

The existing data DE that is stored in the memory array is
outputted seguentially to the data signal terminal SDAT through
the IN/OUT controller 120, synchronized with the falling edge
of the clock signal SCK (Step Sml08), where the outputted
existing data DE is held until the next falling edge of the
clock signal SCK. With the falling edge of the clock signal SCK,
the counter value in the address counter 110 is incremented by
one, and the result is that the.existing data DE that is stored
in the next address (data cell) of the memory array 100 is

outputted to the data signal terminal SDAT. This operation is
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menory array 100 that is indicated by the address
PFEANAEEr 110 returns to address OOH (Step Sml06). In
ot her words, at the point wherein the values (bits)
in the 8-bit register of the 15 address counter 110
have all gone to "1," the starting address OOH of the
EEPROM 101 in the nenn[g array 100 is specified as
repRatadxt SHeeksenhaade¥sthThke egigekngiameh BEXt haptil the
stored in the menory array is outputted sequentially
desprefieaddrassi gpareaenaflnal hSDATs t hpetghse 20he heemiconductor
I NV QUT controller 120, synchronized with the falling

mepdye d¢vihe L0 ozkcsighay BSCKL(StppeSelO8¢xambbe eof hembodiment

outputted existing data DE is held until the next
isfal $eagerdiel ofctdes—tlpeknshgnal dSCKee Wihe thest computer
falling edge of the clock signal SCK, the counter

muyal Uesha & heumiselr eS8 €Dk €53 dAH] | Sul Hes eneni€eodyd2Dg to the
one, and the result is that the existing data DE that

addBe st Of@tbe | Feddeonexs wBadiesscddatangethd Obuther value of
menory array 100 is outputted to the data signal

thd efddnad s LRI Jhi 51 ERAESE 1100 15 FEMNGLY 2911 the counter

repeat ed, synchronized with the clock signal SCK,

valid 1do R desif @A Add £S5 d Brd fachiBfh s Jhabnd Sresult is that

because the semconductor nenory device 10 according-

thé %)Eil'lseci St?ama eljiarﬁém)e\%ég%cil e%[?gd%%@{gntﬂasl S mr'}%%ﬂesses

access-type menory conputer

IR BRI S S DS T Y 1,

e read or en;
caount er. val ue of ,the addr.e counter 110 st. he
Wh%éhn%ﬁnﬁﬂﬁﬁfqﬁﬁﬁﬁdtﬁﬁgQﬁﬁhﬁéiiyﬁﬁf O dﬁﬁ%ﬁde%CiOCk

i‘th%_%%égred address. The result is that the existing-
S a ‘iI's read out sequentially from addresses 10

speﬁgfied by the counter val ue of the address counter
11&le host ‘computer receives the data that is outputted

sequentially from the semiconductor memory device 10 (Step
5h108). As described above, because the memory array 100 in the
present example of embodiment is a sequential access memory,
the data that is stored in the memory array 100 is read out
sequentially until the desired address is reached. By
controlling the correlation between the data to be outputted by
the semiconductor storage device 10 and the number of clock
pulses to be outputted to the semiconducter memory device 10,
the host computer specifies, and receives, the data for the
desired address (Shl1Q).

After the read operation has been completed, a “0” or low

reset signal RST is inputted from the host computer, causing a

state wherein the semiconductor memory device 10 awaits the

reception of an operation code. When the reset signal RST (= 0
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which is incremented sequentially synchronized with
PFOBRBS2Dock signal SCK. The host conputer receives the
data that is outputted sequentially fromthe
sem conductor nmenory device 10 (Step 15 Shl08). As
descri bed above, because thejgenory array 100 in the
present exanpl e of enbodi ment is a sequential access
OrmbfBlyis ineutbed. t e #ddsess ecoumtehel hbnotlye alN AHUT
100 is read out sequentially until the desired -
coptdpbssri 20 eathedI D Byormpataiobt i hg0 t hieheorr &t af Tend
between the data to be outputted by 20 the
cosemtbaduti ©0r storibge deviasedO and:tdelswnbed ofe
clock pulses to be outputted to the sem conduct or
inhehor yzeevi ce 10, the host conputer specifies, and
receives, the data for the desired address (ShilO.
After the read operation has been conpleted, a "0" or
low 25 reset signal RST is inputted fromthe host
ThEPLIpr&adisd Ng a state wherein the sem conduct or
menory device 10 awaits the reception of an operation

Co\%@)@qe When d he,deseiosi ghaln RSk r&zc&cﬁf&%%ﬁer&ﬁl\)& Yevice 10

|s |nputted the address counter 110

GO, wri.tel read
ac contro Ier % f&%dﬁe |n§reme conotdrlo %t V& bea

exp!er:L 8] 1zed. f5edret}} Wﬂc} eFlg{/ gfngssn Tr]Ee Vwi'ﬁ:ioE?cﬂerng 'tlosn a timing

the seni con vi'ce
t _ I
C:hart{ere er ep{:caé:%;(ngq ngjﬁd:ag] d.° qbat ngghlég i X%etae%rﬂ] reset

signal RST, the extermnal clock signal SCK, the data signal SDA,

and the address counter value at the time that a write
operation is executed. Fig. 6 is a flow chart illustrating the
processing routine for the data write process that is executed
by the host computer and thé semiconductor memcry device 10
according to the present example of embodiment. In the
semiconductor memcry device 10 according to the present example
of embodiment, the writing is performed by the row unit (the 8-

bit unit), or in other words, performed by a specific address

unit (an 8 address unit).

After the reset state {(RST = 0 or low) is cleared (RST = 1
or high) by the host computer (shown in, for example, Fig. 8)
(Step Sh200), the semiconductor memory device 10 launches the
memory-side write process. Note that, strictly speaking, during

the process of decoding the operation code it has not been

determined whether the process will be a write process or a

read process, for convenience in the explanation, this will be
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10 chart illustrating the tenporal relationship
PFYANAE8n the reset signal RST, the external clock
signal SCK, the data signal SDA, and the address
counter value at the tine that a wite operation is
executed. Fig. 6 is a flowclhart illustrating the
rocessing.routine for the data ite, process that is
teg%‘gu?ed“’g%‘g‘i)ypjfﬂ‘ée%étl%oﬁlb%t%?%‘ﬁd Pﬁ%fggh’il%oﬁa%c%?cess of
menpry device 10  according to the present exanple of
de%ﬂ%@@%n@??.O?%r%ﬁéons%ﬁ¢%onductor nenmory device 10
according to the present exanple of enbodinent, the
wr i TRAGRPSE pefhpt kil byPeher ronientke (¢dea ssignal terminal
unit), or in other words, perforned by a specific
SDRHd?eskhe 20emheendant O ankeinesy devige Wi e ddfen resgnal SDA,
state (RST = 0 or low) is cleared (RST = 1 or high)
whigh thiec Hode s conptiter ¢sdowniom, cdade, exanpheonFied B)th the
(Step Sh200), the sem conductor nenory device 10
exteawmchesl ddie s igEnmr y-Mode swddef prarkss. tiNotldthatqgmputer
strictly speaking, during 25 the process of decodi ng
fitdte opeiatilon Tade: i iddrasi Niotathiean dHed erdntted sdetdheiductor
the process will be a wite process or a read
meri € &5S; i dOr1 Commeni enced)n, the explanation, this will
be PFO4N920 27 terned a "wite process" in the bel ow,
| nalnedi?g ddigan0e0ssI 7f odaapdi g AR IO RIevice
The host conputer inputs, into the data signa

10 RN AT Pfrdthe Sem canducl or IR M AV Wether or
a data signal SDA, 5 which includes a 4-bit operation

notCQdg isl’ﬁﬁﬁ&rﬂ’e(&pii% .ftil'balﬂ%ne)gaegan%atq#%‘é( tSHegr}. entthiefication

More specifically, the host conputer rst sends
e i 3 .
dat e\h}:h%léa' %%”t(é tdé:%%fs'fl%f)%_%t F NG S8 CUE g TETOr Y

Specifically, the ID comparator 130 obtains the data that is
inputted into the data signal terminal SDAT, synchronized with
the rising edges of the three clock signals SCK after the reset
signal RST has switched from low to high, or in other words,
receives the 3-bit identification data, and stores this three-
bit identification data in a first three-bit register. At the
same time, the ID comparator 130 obtains data from the
addresses in the memory array 100 specified by the counter
values 00, 01, and 02 .of the address counter 110. In other
words, the ID comparator 130 obtains the identification data
that 1s stored in the memory array 100, and stores this data in
a second 3-bit register.

The ID comparator 130 determines whether or not the
identification data stored in the first and second registers

are identical, and if the identification data are not identical
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The 1D conparator 130 of the sem conductor nenory
PFdVi¢€ 10 10 performs the ID retrieval process that
deternines whether or not the inputted identification
data matches the identification data that is stored
in the nenory array 100 (Sn20f9. Specifically, the ID
conparator 130 obtains the data that is inputted into
(SthE d8r8Ysi JRamaterir nhheBpAlre §yABhEBRPEEACRI Ehats of the
the rising edges of the three clock signals SCK after
inpré Aésee bstirar RBF Rabiswilechadreedptrswl?® Rhghthe IN/OUT
or in other words, receives the 3-bit identification
cogara)land 180oiesmahnsai hedebybihe dNHOUT cantonldaral20. The
inafirst three-bit register. At the sane tinme, the
regDltonpakhbbr at86sebtai hbedatmotyodDOhés2f8oaddrebied, and the
in the nmenory array 100 specified by the counter
datval uesd0probdssand 028rminbhedaddnesiecounter hidf, £f the
other words, the ID conparator 130 obtains the
idedentitheabhonadat atotbat ihstBkoFedstNahBesaBIBAYregisters
array 100, and stores this data in a second 3-bit
aréegiisheicalS (Fhepl Ehzoopanaten) 130ndat enai nescwhgibgtor 130
or not the |dent|f|cat|on data stored in the first

ou PG $e£ONY-£88E SELLS1 e AL Egh ENAERAL» BRY h£1£@¢read
identification data are not i dentical PF04N920

Coﬁ@ggplgyﬁp@@ No match), then the high |npedance state
o t he |nput i nes between the 8-bit latch register

Or dr&#@ é?ﬂ%r ﬂ% oL er, 420§ FRL Nt 2l ned; by 1
he }?%V cont ? ‘% ‘Then resu%t I S t% ?ﬁacceeérmlna
SDif’tEH%'EE Ynd 09 i 899%ﬁ§¥ﬁ9é $% Qﬁdthﬁo? g¥%§ [&ad, wyw
pr'océss s ternina ahd
|dent|f|cat|on ? red in the first con
oif ol b B R T S (e B ot Ve iy SEe e fkock
81gnafx§3§”§¥ter]§%e reset signal RST switched from low to high
(Step ShZ04). Having received the access enable signal REN, the
write/read contrcller 140 receives the command bit that was
sent to the bus signal line through the data signal terminal
SDAT, and determines whether or not this is a write command. If
the command bit that has been received is a write command, and

if a write enable signal WEN]1 has been received from the

increment controller 150, then the write/read controller 140

outputs a write enable signal WENZ2 to the IN/OUT controller 120.

The IN/OUT controller 120, having received the write enable
signal WEN2, changes the direction of data transfer with the
memory array 100 to the write direction {input mode) (Step
Sm202) to enable data transfer with the memory array 100.
Furthermore, the write/read controller 140 provides

notification to the address counter 110 to the effect that the
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out puts an access enable signal AEN to the wite/read
PE@&@%@@IIer 140. 10 The host conputer inputs, into the

data signal termnal SDAT, the command bit (the wite

conmand, for exanple, a "1" bit), synchronized with

the rising edge of t he fourt Rl ock signal SCK after
rebll set SI RST SMAt hed frg M/tO hi $ ep, .

ghfalff RS ERS FacarbeliEe énacéa et 8o o e Vg AN

% 15 mwlte/Lead controller ? recelves t he comma
no FElFﬁ5€ORas SehPURb HReUBhE S gnaf Fhﬁeaeﬁreaahceﬂeter 110

data_signal term nal SDAT and det er m nes whet her or
seh§t thRi BagdmanywplEe cbRAmhAB. PEES-the command bit t hat
has been received is a wite command, and if a wite
enablé BPghaFoMEMichagubeehsy etei Ved tioakthdgnal terminal
i ncrement controller 150, then the wite/read
SCEBnPEorher sempcondepurs memeredemébéelﬁigﬂamuME$@ ¢b clock
the | NNOQUT controller 120. The IN QUT controller 120
sipnglngCKepelved theraspoedenabte thégaddirdEd2fochahpels access
the direction of data transfer wwth the nenory array
is108sioetheow it eodheectdoods { | Opute spoefifptep 2ve address for
Snm202) to enable data transfer with the nmenory array
whi€B. th&uddher®res hherawdt e(seasd Siond ol iesn 140 number of
provides notification to the address counter 110 to

clébe ghfest ddatedhenPROINOZORY adEiest Belf ACELSHn | Sther

for witing data. Having received this not'i fication,

woidle, Coud» upsdibderd Ido @it dden@ddr esse count &t s 1dQns&t s110,

t he maxi num val ue to 128 bits. e host conputer

thOW Rt Ss s t 0y tih‘?e %é?l%‘r '%%tﬁdn%t & ?%Sn@é t@(? by the

sem conduct or nmenory device 10, a nunber I oc

adﬂ&%lcégiwl 55 LM r&sPanding 4 o § hey Addr &Ssod O (step
whi ch access
Sm206) That is, at the point wherein the value of the eighth
bit (the most significant bit) in the 8-bit register in the
address counter 110 goes to "1," the next access address
specified will be the starting address 00H in the EEPRCM 101 in
the memory array 100.

After the operation code has been inputted, then, as shown

in Fig. 5, 4 clock signals are inputted as dummy write clocks

‘into the clock signal SCKT, and a write standby state is

established. The host computer sends the write data to the.data
signal terminal SDAT of the semiconductor memory device 10. The
address counter 110, synchronized with the falling edge of the
clock signal SCK, and thus the counter value of the address
counter 100 end will be 08 after the write standby state.
Consequently, the data that is received through the data signal

terminal SDAT will be written in 8-bit units beginning at
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is desired, or in other words, corresponding to the

PFO#l§Pe8s for which the data is to be read. (Step
Sh206) When the nunber of clock pul ses correspondi ng
to the address 7FH, or in other 10 words, "128" has
been counted up by the addregs counter 110, the

ddress_in the nenory array 100 that is pointed to by .
adgpess a@%‘? ess %%H?%‘Pgﬁboa%%%y i 590G etur FPRfeRIresd this
OOH. FStep Sn206) That is, at the point wherein the
coyrpt uel BFeR heneight h  bit (the nost significant bit) in
the 8-bit register in the 15 address counter 110 goes
t o In the Herewsat seewmsladel eyrbodiperiiti atriige |daje tife bits
starting address OOH in the EEPROM 101 in the nenory
lorgy rigy OO teAf tler the operay i orea od®) hathbderhdshpitghed bits in
then, as shown in Fig. 5 4 clock signals are
a rowputAtedles tdummofvtiie o dokpr&Edat ahdefitockight bits
signal SCKT, and a wite standby state is established.
of e ahasigiconpig eritdendse tes wwrd g idataarito dies daiss) of the
signal term nal SDAT of the sem conductor nenory

wrideVideralhr Hhe Ssfiass gountiertdhildd st enigzes svltdtch
the falling edge of the clock signal SCK, and thus

redifR@ GOUMEr Maldie A A vaddl 8% 39 GONIRIgL A alt clock

wll be 08 after the wite standby state.

sidransegdentohe e datid thatsdis,d eaeivedddy qugh d:ihgen

data signal termnal SDAT will be witten in 8-bit

addf@§%siae@ﬂgﬂﬂ¥ﬁd¥y %EQ%@?ggwggﬁdﬁﬁﬁq ; égﬂgé éﬁ§%§%§¥ on

menory array 100 i'n acc I's count.

theSH208) gh{)&ﬁ;'s%e sflg;ﬁu;aellngli%a”@h% ggtt%h”%%g@%? Loe fMiinta%o §DAT)

data 1 witten y area
s yn%:rt%gl i%;%%lc gilslgf'lt tt%iéet %airlgti n?g Sal%goeb\évi'oté tt ht eh ¢ ltoi JE solfg ntatle SCK
until the write enable signail WENZ2 is outputted to the IN/OUT
controller 120. The existing data DE that is outputted onto the
data output signal line is inputted into the increment
controller 150, and is uéed, together with the write data DI
that has been latched in the eighth-bit latch register 170, in
determining whether or nct the write data DI in the increment
controller 150 is a value that is greater than the existing
data DE. This determination process is performed after the
rising edge of the clock signal-SCK in the eighth cycle after
the write standby state.

The IN/QUT ceontroller 120, having'received the write

enable signal WENZ, changes the data transfer direction for the

memory array 100 to the write direction, and releases the high

impedance setting for the signal lines between the eighth-bit

latch register 170 and the IN/OUT controcller 120 to enable data
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of data beginning with the nost significant bits (MSB)
rProfinthe wite data DI are sequentially latched into

the 8-bit latch register 170, synchronized with the

ri sing edge of the clock signal SCK Moreover, the

exi sting data after the eightq 10 address in the

menory array 100 is outputteg sequentially on the
trdasleout poeé segnat fsnehg{t hehdataisegnat teenminate data DI

SDAT) synchronized with the falling edge of the clock
("8 goal "SCK avat gént heowatle enabhe 5L gnal nMENZF i She memory

outputted to the INOUT controller 120. The existing

arggyal OF. thatelstRat pusieg Onge therdd dabakosidsl SCK in the
signal line is inputted into the increnent controller

e1d®bn 8pdirésapeed, thO0et hes g\ﬁérﬁ‘d}:g)?esﬂ‘é{ée galay P re/read
that has been latched in the eighth-bit {atch register

cott/ o118y 84 ef%cifuﬁ‘ééllgs V\@r‘?% P@?afi%%%m%hg%ﬂﬁf@ 188 iat-écplproduce

in the increne contro ['ue that
thgrﬁf"{@é &&@E'aé@,e S SEH@%%Q%Q%&%? Tgll%h has .been produced
determ nat1on” process i s perforned after e Ti'sing
) of . the ock. .signal _ SCK i %iﬁbei ht h cycle after
b2 L S B SR TR VP Lot or L g1 Seror
. havi.n cei,ved the ite enable signal hQ,(%$an es
o1 kTt e o R (R T (HATEE P Sy s
100_t tgf,mwile direction, and rel eases the hjgh
aly rﬂjfeotg'f?c Wethi1f5 £ o thhe G greda i i beidi Te bits of
eighth-bit latch register 170 and the | N OUT
dat@pnt rlol 19 "0 - WitbIié! ddica SPROUNIFD- F1 radlaiisterl70 are
The result is that the values of the wite data DI
Wity &l et ongiSe tefthe o rdd@Er wm el Ind 1dvhes of the
menory array 100. After the rising edge of the clock
si gl SaRtiar twed ueeicghttihec peldr eafs erourHe itk is
standby state, the wite/read
incremented by 1 with the falling edge of the clock signal SCK
in the eighth cycle, and the write data DI to be written to the
next addresses (8 addresses worth) {(the second byte of déta) is
acquired. Moreover, while the clock is low after the falling
edge of the clock signal SCK in the eighth cycle, a verify
process 1is performed to verify whether or not the existing data
DE that has just been written matches the write data DI used in
the writing. That is, while the clock is low, the counter value
for specifying the address of the eight bits of existing data
DE that have just been written is inputted into the column

selector circuit 103 and the row selector circuit 104 by the

four-bit counter 151 provided in the increment controller 150.

- The result is that the eight bits of existing data DE that have

just been written are outputted from the IN/OUT controller 120,

and are stored in the 8-bit internal register 153, provided in
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f8duce the wite vol tage, and the wite voltage
that has been produced is applied to the bit l|ines
sel ected by the colum selector circuit 103, which,
in the present exanpl e of em3&di ment, is all of the

bit_Line W th th res t th 0
tnd, LatpRfRng b0 G LESLSD  REUEE, EhentNPOVT Phpgrorier 120.
170 are itten ce to the wite-contro
The ohncyfgeg uﬁ?’é?r?/yrﬁjé ?3 tﬂ%r AHFes? Eohh Je?"’“iﬁ%“ughat the
ncremented by, 1 with the falllng edge of the cl ock
el%ﬂbnﬁFtéckf ?ﬁl§ﬁén%lﬁ%F% @?c?%a a%@v?h%eﬂﬁl%%oﬁ%?a?@mthe 8-
to be witten to the 15 next addresses (8 addresses
bipotRh§rieher Setoner by e bitedatbeisiohkdei fedof write data DI
Moreover, while the clock is low after the fallin
thaggeref stpeed| bekthe ghadhigerkoih taecki ghhstegel B/
verify process is perfornmed to verify whether or not
t helexike i presanta eDiEp hatohasmpodimbeen wWie twente data DI is
mat ches the wite data DI used in 20 the witing. That
datas, tiwhi | st he leltockliarsy ) owd tihecoosmt eteval aree 2 ovrite-
speci fying the address of the eight bits of existing
cortiat @l 10 tdhad Maveddresdsdeen 2 ) téiedh i tshe nwddess iddocribed
the colum selector circuit 103 and the row sel ector
ab®id Cil tpdOfbhyed heridourciy twetii@rod dhprovi tledddta DI to
the increnent controller 150. 25 The result is that

the Rer ol ot 0fd exdvdd | 1) datgn d¥ed hatrdavernd Ustiting of

been witten are outputted fromthe IN QUT controller

thel 20 i tangh & st Ldddh tJ&nZ&&aédl ntespal f@sgétgtﬁ nal RST
153, provided in PFO4N920 3 the i ncrenent control

= 0 tlfHuﬂugﬁs 4 "fg:dé\'!e%rp&ﬂt&fé 'reéselr?osgt%nme %Mﬁ{?ﬂtasw by

controller 150 forne a verification at t

theg'_htcrc.‘stOfco%L?ttéﬂg e%acta%lqgﬁln?gt ahasvteagée%esfeoirr?dcﬂ@ fg@eptlon

of an operation code is awaited, and completing the write

ntroller 140 requests the charge punp circuit 160
prp4Ng

procedure.

Note that the write data that is sent from the host

computer, except for the data corresponding to the addresses to

be changed, has the same values ("1" or "0") as the data that

is already stored in the memory array 100. In other words, the
address data that is not to be changed is overwritten with the
same values.

When the reset signal RST (= 0 or low) is inputfed, the
address counter 1106, the IN/OUT controller 120, the ID
comparator 130,'the write/read controller 140, and the
increment controller 150 are initialized.

An example of application of the semiconductor memory

device and according to the present example of embodiment will
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bit internal register 153 match the eight bits of
PF@¥NPE0data DI 5 that are stored in the eighth-bit
| atch register 170. In the present exanpl e of
enbodi nent, the wite data DI is data that is 16 bits
| ong, and because there are Z3wite- controlled rows
(8 addresses x 2), when the process descri bed above
bej deperibefednt iEEererre Wi Fing of Fhe.wiite eatexplanatory
to 10 the wite-controlled rows is conpleted. After
dipfigamr iiingtoftinteawr exembheacDl ahpsibeehowompl eled,
then a reset signal RST (= 0 or low) is inputted into
serheordgetosi gambryedaihat KSIdrdyngthe hiostprosput eexample of
establishing a state wherein the reception of an
embpeiatndn Thdeseni avadtedor andmesopplietiag 1heawmdt@idd to the
procedure. Note that the wite data that is sent from
préfenboskampDapof eembeACepht f 0 phevidata TOr4esponsimgr for
to the addresses to be changed, has the sanme val ues

coktdinOfig 8" doRSuhdnel datarthatl, | SudhrL£adyn SiQF esohainers 310,
the nmenory array 100. In other words, the 20 address

31datand hatoi &ﬁ%ﬁ@ﬂ&&@amsdaé Sa og/@{mf I fé@&amw M@erlal
same val ues. \Wen the reset signal T (= 0 or

wheMR £ieds n h@on@é’ﬂ{@??f@unﬁﬂ 1104 ﬁf@ i.ﬁvggtal ed 1dn a

controller 120 conparator 130, wite/rea

pr:ﬁgf‘fﬂ'(%lch&; &0, % &?n éhf 0003“110'%{?& 3P0 are
are 1hitialized exanp of dppl1cation
corﬁleégtc c?qint oF ML Ynd e%’l‘&‘? @nd? %cb%oﬁﬁg%ﬂﬁ%%é h%DO that is
presen exanple of “Enbod! ment -~ Wit |
des bed .i.n referencet$ Fi g. 7 |s an
o3 ey il Teteds Ty Wiofthe data
. li [
%P JPat %ﬂ) clock signal line SCK, the reset signal
line RST, the positive power supply line VDD, and the negative
power supply line Vss of the host computer 300 are connected to

the semiconductor memory device 10 that is provided in each of

the individual ink containers 310, 311, and 312. In the present

example of application, information pertaining to the quantity
of ink, that is, the remaining ink guantity or the consumed ink
gquantity, is stored in the semiconductor memory device 10.

As described above, given ﬁhe semiconductor memory device
10 according to the present example of embodiment, the maximum
counter value of the address counter 110 will be different when
data is'written‘from one data 1s read, and so even when a

plurality of different data storage areas are provided in the

‘semiconductor memory device 10, the scope of the circuit

structure required for specifying the address can be reduced,

making it possible to reduce the size of the semiconductor
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sem conduct or nmenory device according to the present
PFéXaapbe of enbodi nent. The sem conductor nenory
device 10 according to the 5 present exanple of
enbodi nent is provided in a container for containing
a consumabl e material, such ag in ink containers 310,
311, and 312 for containing ink as a print recording
memargr fariceviheén &achthek condai neredl@®atd1is entitBaR, setting
is installed in a printing device, each ink container
th8l0alBdl¢omnesBd2dang 10 cloarestbduniaddrdss to which data
connection to a host conputer 300 that is provided in
catheeprritiag tevilce. ELPROYW herrawr i8] ddetldatmaxshgnatounter
line SDA, the clock signal line SCK, the reset signa
valiap RS, whde PoshtiyerpQuersstipphy thaendPumndddiess of
negati ve power supply line Vss of the host conputer
th80Ra ak&d comnest £sh, t 0045 the ﬁ&ﬂﬂ)@ﬁr@ﬂcl@%ié@méd’dresses plus
device 10 that is provided in each of the individua

thé NkuRodt b Aef 531901 Adre 8 P12 dHk thSx PheReMunter value

exanpl e of application, information pertaining to the

aantd ty s ofy 1 ok, o thati d syadhe: emérﬁé%a'nﬁ‘k Guantidy ang
maorthe%%%&ﬂmdﬁ%k cwam?ty,és store ?n?he an
. ] Vi 0 .
re2fMAONHGR B VR df dofa Dog w8 S SRk B rvay
h r esent_.ex | e, of enbodi nent,. .the X1 muy .
lo%’oﬁ‘h Y valile’ ajfrréot‘ihdeé)raed'S r e%%m%:toeur ntlelrdq‘l I\}\?cf‘fer%e setting the
data is witten fromaone data is read

di fferent whe X
ma st R e St TRTHTSY | S3PF K Frbrai Rt Lerae 100 T
, areas ar rovided in_the 25 seniconductor nenor
2", JEGRRS HHat RBLYCOHE Of TR 20 COAL. ety betueen the address
required for_ specifying the address can be reduced,
COWP&%%QTW L HhA AP ficet NP & A2 oMmg ndt possible to
. sem conduct or PF0O4N920 34 nenory device 10. In other
simpridy thferrigarel G ok ida@fingptitiyhgddress. In contrast,

typically the EEPROM array 101 and the masked ROM array 102
would each require the provision of a circuit structure for
decoding the address, which has presented to the problem of
increasing the scope of the circuitry in the semiconductor
memory device. Moreover, when the maximum value of the memory

capacity in the memory array is not 2%, then 3 or more control

lines would be required between the address counter and the

memory array, causing the scope of circuitry to be larger.
Moreover, because the maximum counter value when data is

written i1s less than the maximum counter value when data is

read, it is possible to achieve an increase in the processing

speed in writing data in the semiconductor memory device 10.
That is, when writing data requires a longer time relative to

reading data, when writing data, the address specification
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t he val ue corresponding to the maxi num address to
PERNEROdata can be witten in the EEPROM array 101 as

t he maxi num counter value, and when data is read,

setting the maxi nrum address of 5 the nmasked ROM array

102 (the nunber of |ogical adiresses plus the nunber
m.cqount er val

of virtual addresses) .as the nmaxi "y
oriards o BOESPRFECLULH FPE LAFanBiEHoRbRPRENFSr L0g: to which
101 and read data fromthe EEPROM array 101 and the ,
dafaskeBnREMPEr Fay Lt 202, LhstAgPas§i RgFetadarigveoantefuction
. 110. Moreover, setting the 10 maxi mum val ue of the
innkhsr jLR8paBAEYTRA £RE WehbE)Yadehy iDothe semicapdnstor
that only two lines are required between the address
meRenyt @¢vViee aAd Phethendehenrhaydiovhenakeaging data, the
possible to sinplify the circuit for decoding the
adduesesspethicoatiast protyps chs | yer herBEPROM athaymd§ied ROM
and the masked ROM array 102 15 woul d each require the
arpepviB? prmakingcitcudssshiectureeddrthdedodingdtieta from the
address, which has presented to the probl em of
EEPR@Y eastang 108 scopehofmidie=di ROMi 4ryaynidhe
sem conductor nenory device. Mreover, when the
maxi mum val ue of the nenory capacity in the nenory
array is not 2n, then 3 or nore control 20 |ines would

other regidagbes ween the address counter and the
menory array, causing the scope of circuitry to be

larger .1n Mrgover, Decauss g nBxldum £0MALSLs YAl deshen

when data is witten is |l ess than the nmaxi mum count er

wr MAHE e datdhd SsedRahaddedsS M%ﬁf' Fed Lo ACT) EVE, @N

increase I n the processing 25 spee n witing data
Prd e e TP PL TEIPL S S0y |23 IS0 che mose
si%néﬁ%%ctgfifrghtr&%hﬁ%%&atﬁpﬁ&? A4dress) . in the zEPROM
area 101, temporary identification data, for example, "111," is
written to the first three bits in the EEPROM area 101 prior to
writing the data and the identification data. The host computer
sends "111" as the operation code identification data to the
semiconductor memory device 10, to start the writing of the
data to the EEPROM array 10l1. The writing of the data proceeds
through the 2nd through 16th rows of the EEPROM array 101, and
is completed by writing the identification data to the first
Tow.

In other words, when data is written to addresses starting

with 08H by 8-bit units, and is completed by writing data to

_ address 7FH (the 1l6th row), the address will be 7FH (where the

number of clock cycles inputted is 128}, so the address that is

specified by the address counter 110 with the input of the next



10

15

20

25

process is not perfornmed for the masked ROM array 102,
PFP4N®RIOch data cannot be witten, it is possible to

achieve a reduction in the tine required for witing

data in the sem conductor nenory device 10. On the

.ot her hand, when reading datag the 5 address
s is perforned for the nasked

specification._proc i , ROV
c13RKap 165, “ihki R§ PPlipotPbfareh Redacehe Hetlt ol HRPY array
- fromthe EEPROM array 101 and the nasked ROM array
10492Thex ReptERBBANRBAL ghqn PUFPRRSor Her the FeBieardueher

speed of processing when witing data in the
megery c8AdlEeol Crebeyddeni e o, wrheteprbeetkenfitsherow, for
for witing the identification data is the nost
exginpghef i eaabti hitheofadat & ot nthed BEPROM: ai@antiDiicanion
the EEPROM area 101, tenporary identification data,
informeraopl pertdddifigi so 1bhewihkenclort hedfinlkttyiw eeThe
bits in the EEPROM area 101 prior to witing the data

reantt t he tdentthée cads dredal denthei bosiosodPdid ers wehgsen to
"111" as the operation code identification data to the

theefid £onduet 0 £ MERDT BE PR £ € APay t D0 B! atit ey Wi Nghe
of the data to the EEPROM array 101. The witing of

iddei fat@: PrRceeds 29 Rdroughed hen 206k t by pugh-Jbthr s EEPROM
of the EEPROM array 101, and 1is conpleted by witing

ardig identdfdcaid g datidd o dhesd i99d ndAM1 1A derogic for

words, when data’is witten to addresses starting
OB At MR A P
ox b AR e SRPL 81 ) B 6 Bl sy 101,

LE%&%%@OIC&U nv}heern :krleori .3}ihr19t' hweheitqpeult oor]c I%Oqie t eetirogranuning
of the EEPROM array 101 and of the masked ROM array 102 were
performed correctly, the maximum counter value for the address
counter 101 is set to the maximum address of the masked ROM
array 102 (the number of logical addresses plus the number of
virtual addresses), making it possible to read out the data up
to the address BFH of the masked ROM array.

(2) While in the example of embodiment described above, an
ink cartridge was used as an example of application, the
present invention may provide the same effects for a toner
cartridge instead. Moreover, the same effects can be obtained
when applied to a medium that stores currency-equivalent
information, such as a pre-paid card.

(3) The verify process in the aforementioned example of

embodiment may use a 4-bit counter 151 and an internal

oscillator 168, and may use the existing data DE1 latched in an
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clock pulse will be OOH, the first address in the
PFEEPROM array 101. The host conputer then outputs, to
the sem conductor nenory device 10, the data to be
witten to the first row, for exanple, eight bits of
data including the identification 5 information
pertaining to the ink color and ink type. The result
8-bitt haternel desyieter dbh? i dndatheorwdbia datawdil elnttghed in
the first row of the EEPROM array 101. Witing | ast

‘ant frebif dent¢l i cegioredal 80 too heestorredeian tdel ficastigrowrocess

of the EEPROM array 101 nekes it possible to use the

by nonered -lattt essit ogianfars4 Dy t hel istema tc qrechrcit dirn grerhor y2-bit
device 10 when performng the programming (witing

coteer Ni31 adndlatiey Dfpithei HEPROM ard@ystldd. 153, the first bit
Furt hernore, when verifying whether or not the

of piogfanadyy mf1 tires EFERROM afiayedd 1 angh f Ahen naskedlbit
ROM array 102 were perforned correctly, the maxi mum

latCOntayi madpe Torad ke, 24 H8Ss i b LN, 401 4:%5 sete

to the maxi num address of the nmasked ROM array 102

exz(éﬂ%gm&g{ed i1 la@icals addressigs kﬁt}\'»rcisteheatn%rl\%(g fhrom a

virtual addresses), making it possible to read out the

wrl‘(:%% recIlQLetch%cﬁqufie 1< ﬁn?cfn@} Zé%:fﬁﬁﬁlﬁgﬁsw aH(g %}’erformed

I n the exanp
IS dg sed as an.exa
th%%?". bithe b LA AR B S TG P frlent

amy ef f S for tone cartridge inst ead. Mor eover ,
co 54:he slaerjr:eelg’ ects can éIOth ained when applied to a

t stor currenye | ent i.nformation
sucﬁHa 13 ool el SGHSE b o lane) ibede oove,
afor%ggntl oned exan‘pl e of enbodi nent nmay use

ulzflylre Sodie&e s fodAd SIP HadCe ATARS §8EA IUSEST Sfedn mmple

may use _the existing data DE1l |atched in an _PF04N920
in the explanation, it is also possible to apply the present

invention to a case wherein only the EEPROM array 101 is
provided. In other words, in a case wherein writing is

prohibited after a specific row in the EEPROM array 101, and

_wherein data can be overwritten up until that specific row,

setting the final address of that specific row as the maximum
counter value makes it possible not only to prohibit writing to

the EEPROM array 101 beyond that specific row, but also makes

it possible to increase the speed of processing in overwriting

up until that specific row.

{(5) While write data that is 16-bits long was used as an
example 1n explaining the present example of embodiment, it is
possible instead to apply the present invention similarly to

data having a data length that is a multiple of the length of
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37 8-bit internal register 153 and the wite data D1
PHOANGE®d in an 8-bit latch register 170 to performthe

verification process by the 8-bit unit. Conversely,

wi t hout providing the 4-bit counter 151 and the 8-bit

internal register 153, the fiqgt bit 5 of wite data

D11 that is elimnated bitwise fromthe 8-bit [|atch
onfedPyt é the BEMPRE ABSEYSLEA; f Puaht abi 24-hhbist heng or 32-

existing data DELl that is read out bitw se at the MSB
bifsokrag, wrpkéngontrpbbedbiewtof obheinenbeysameagff60ts.

may be perfornmed through bitw se conparisons. |In such

a cHbelet hesemtrendntt®® vembryl Herids) asdnet aeddeds

(4) Wiile, in the exanple of enbodi nent descri bed
coabow@, metthbtli pheadséhecentiudaba stnoagedareas, Wet€ording to

used as an exanple in the explanation, it is also
thpopsebeett Onagpt Yoh hewpreserblai N¥@NEHONe t Bad8e8aSE several

wherein only the EEPROM array 101 is 15 provided. In
ex@&ﬁ@ésW@fdémbéﬂlﬁeﬁﬂsetMQefgtﬁsWéftéﬁﬁoﬁ§meﬂfngbtﬁ§dpresent

after a specific rowin the EEPROM array 101, and

inWORF £HR, d@é@cﬁﬁﬂe@ea@é(@éwéfée@oUf’aé'{‘ii‘&a’&@@ﬁnéé’?gt%glng of
r ow, settlng the final address of that specific row

ehSSpL bR i ko gt s, TPRES L oo 1080
inPSYONh t hifle %ﬁ?&ééﬂr?d{x{’x‘fl\én@%n al o “@:!‘eéoufée,p%é A%c?lfied or

to |ncrease t'he spee roceSS|ng inh overwriting
e wwtechtathm

: t
il I el ke iy S e &a%%v%owf&p%ﬁ%tt@%ﬂamg
t I f_enb t I
e RS Ap Ty AN pres S ST SISty to
data having a data length that is a nultiple of the
| ength of PFO04N920
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38 one rowin the nenory array 100, such as 24-bits
PFO4NG28r 32- bits long, making it possible to obtain

the sane effects. While a senm conductor nmenory devi ce,

and an address control nmethod in a sem conductor

menory device, according to 39 the present invention,

wer e expl ai ned above based on several exanples of

enmbodi ment, the forms of eldddt¥ent of the pr esent

i nvention, described above, are to facilitate

under standing of the present invention, and in no

wse limt the present invention. The present

i nvént i BnsenkrcoBAuEbor seempryY ndely I ¢edcorP1Ds i et ove,

or can include equi pnent conponents, w thout deviating

froamtdddspssi coontennyks of cpatent colmies vhenesfto specify a

PFO4N920 39 CLAIMS 1. A sem conductor nenory device
tacoapradidngss aho ader esse st erhéhatn clountsaxouwt ecounter

values to specify a 5 target address to be accessed,
va lies eh e t diief fxé fiina € ot ef ime/ ab flese ad engli ddes entomtat the

the tinme of reading data fromat the tinme of witing

tifates wrioinyalata) e menory array that is accessed
sequentially wuntil the target address specified by

t hey adef 6551 £OUN efiehSry 10 Fopchet datAMdddd0sequentially
nodul e that wites data, by a specific address unit,

unt 1 0M 3 0 A A 0ela RAM 5501 SAld YEMHY MdAss @thter is

data readi ng nodul e for reads out ‘data from a target
reachafdress of said nmenory array.

data writing module that writes data, by a specific
address unit, from said target address of said memory array;
and

data reading module for reads out data from a target

address of said memory array.

2. A semiconductor memory device as set forth in Claim 1,

wherein said address counter specifies the starting address of

- said memory array after the counter value has counted either of

said maximum counter wvalues.

3. A semiconductor memory device as set forth in Claim 2,
wherein said address counter counts an external clock signal,
synchronized with said external clock signal, inputted from the

outside of said semiconductor memory device.
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2. A sem conductor nenory device as set forth in Caim
PFQ4NS%hAer ei n sai d address counter specifies the

starting address of said nenory array after the

counter value has counted either of 20 said maxi mum

counter values. 3. A sem condgctor nmenory device as

set forth in Qaim2, wherein said address counter

coutht s AnsenieppdicEpbckeBPyatieviegnehr ont zBarwithn Claim 1,

said external clock signal, inputted fromthe 25
whepesideabf Bamdrsgearcandoetprisesos yf devi cetoPFO4NO2ER having

40 4. A sem conductor nenory device as set forth in
a Ciagm linahhaederassai endeavsycand ayt coape | sesa ahdvisg a

storage area having a first final address, and a

sesecdnfli 54 br ager as € aahavi 0yl éw 56 osh d | hid sadgt @ssc@ndlrea,
followng said first storage area, 5 said maxi mum

Cousd Bl vk Ugut cd e &+ Mea Die Wit HBh@ ¢6 wRiting data is
counter value corresponding to said first fina

a GSHESS, vaNte S& Fo HBN ALY COUN 814 VAl Mg at i A dddBess, and

of reading data is a value wherein a specific value is

added d nd:nenGO W &« @l He Sy esRoNdi g 10 S& Fing data is

second final address. 10 5. A sem conductor nenory

a FeM{Leps S8l Joését i damés & nqrc?'aél'ge g,'d?qi[r?c:etsr value

count er speC|f| e e starting address o sal

cor AR AL d 1L 5A1 LIRIDS Ve AL AL, AlIEL, counting

unt i er of 'sal d maxi mum counter Vval ues.
sem conductor nmenory device as set forth in Caimb5,
wherein said first storage area is a storage area to

which data .is i table, and . . .
5% %.semlcon uctor memory device as set forth in Claim 4,

wherein said address counter specifies the starting address of
said first storage area in said memory array after counting

until either of said maximum counter values.

6. A semiconductor memory device as set feorth in Claim 5,
wherein said first storage area is a storage area to which data

is writable, and

said second storage area 1s a storage area from which data

is only readable.

7. A semiconductor memory device as set forth in Claim 6,
wherein sald first storage area is a storage area in which 128

bits of data is storable;

said second storage area is a storage area in which 64

bits of data is storable, and
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ﬁgig %econd storage area is a storage area from which
PEGANZ2020 i s only readable. 7. A sem conductor nenory

device as set forth in Claim®6, wherein said first
storage area is a storage area in which 128 bits of

data is storable; 25 said secdnd storage area is a
i s storabl e,

stor area in which 64. bits_of  dat .
ona PRga0eRT Y0flentinoet ot ardnkian SOBRISE, wherein,
ddress counter erein fter the value of the ,
215 rgnERSoT T HESOEe%ﬂﬁeelaﬁt%?b%ﬁeh@?n%EB@mem;'Fiﬁa the time of
dat a, égecifies the starting address of said first
WILtbPAgEihfeaSPantt1af the tFaetbRareddrags daf asaaftirst
the 5 values of all eight bits have becone "1,"
StQpRerfRE32t hedst aF t Py ablieest vtadbng datst asfoengehe
area. 8. A print recording material container attached
vatepdvabl §1i ccholpki it nghaiesikecand tbn! aspeayf beprime
recording 10 material, said printer recording
stavplt B g adddoeps i of nepid Consai siesrame tafex. cont ai ni ng
said print recording material; and a sem conductor
menory device as set forth in any of Cains 1 through
7. 15 9. A printing systemconprising a printing
dewvi ce Aangkimt prdddrd @t g it efdrad 2 TNt ad el ciasd
set forth in daim@8, attached renovably to said

renidailng dleyigeln ihef eldy i Sl thPrddiid Nh deyi £k st recording
provided with a host conputer that 20 is _
ma iS00 N RGP ¢ H10: 1R 1S &N LORHULS By deyicasfhpt s
a container unit for containing said print recording
material; and

a semiconductor memory device as set forth in any of

Claims 1 through 7.

9. A printing system comprising a printing device and a
print recording material container as set forth in Claim 8,
attached removably to said printing device, wherein:

said printing device is provided with a host computer that
is bus-connected to a semiconductor memory device that is
equipped in_said print recording material container through a
data signal line, a clock signal line, a reset signal line, a
positife power supply line, and a negative power supply line,
and that sends, to said semiconductor memory device, quantity
data relating to the print recording material consumed in the

printing device; and wherein
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equi pped in said print recording material container
PF@%N@@Bh a data signal line, a clock signal line, a
reset signal line, a positive power supply |ine, and
a negative power supply line, and that sends, to said
sem conductor nmenory device, 4LQuantity 25 data rel ating

to the .print recording material consunmed (n {he ] ,
or i AEEHG BB PeRIGRA WHEFETH PEOURBZEhAS 134igstalled in said

sem conductor nenory device that is installed in said
perFnFeFQE AP g2 hRF et afOLbRt AP RePt QT RT esini d BERRRDBrrray,
array, quantity data received relating to said print
un@Eélgﬂi fAgtanpeeriupd celpting bedrakd RoHhEE ofenpetdbuy
In a sem conductor nenory device provided with a
magpAigbl atile nenory that is accessed sequentially by
an address counter the counts synchronized with an
external clock until a specified target address is
reached, 10 said nethod conprising: determ ning
“whether mm addesss reguesdl toetSaddl TfenDryemd ¢ @&ydudScB memory
wite request or a read request: specifying the
desiae tp gyt asst0fa sad o VTt V1 @rmiayo mhethatsai §l accessed
access request is a wite request and said externa
seqbackia 1By has heetddoiny esbiitdd ©hd IdSint X WA ronized with
counter value; and specifying the first address in _
an S@tch ARIDIY) GHIE A WIeh  Hfl & AGEESS FRAUERIGASs & {€atkhached,
request and said external clock has been counted

saiitid t b B Al impx{yum counter value that is larger
than said first maxi num counter value. 20
determining whether an access request to said memory array
is a write request or a read request:
specifying the starting address of said memory array when
said access request i1s a write request and said external clock
has been counted until a first maximum counter value; and
specifying the first address in said memory array when
said access request is a read request and said external clock

has been counted until a second maximum counter wvalue that is

larger than said first maximum counter value.



