; e3e$p, H6~T4F TI TLE OF THE | NVENTI ON SEM CONDUCTOR | NTEGRATED_CI RCUI T
DEVI CE BACKGROUND OF THE | NVENTI ON  The present invention relak #Rt 082
sem conductor integrated circuit device, and principally to a technique
effective for use in a RAM (Random Access Menory) nmounted so as to mx with
logic circuits. Wth advances in sem cbnduct or technol ogy, mm
integrated circuit is proceedi ng toward—an approach or netho mmmmﬂmm
conbi nati ons of |arge-scaled macros (cores) in a manner simlar 4Q,k.he
design of a printed circuit boaﬂﬁE@iﬂﬁggghm?tions of parts. A nennr S
essential to digital signal processing. icularly since a dﬂmmmmﬂmmmwwm
has a feature that |arge sﬁgﬂggggﬁgﬂgﬁ%5%3¥ﬁﬁggﬁ@|ned It play
i nportant role as for the above-descri be arge scal e integrated Cigoggdst -

The dynani ¢ RAM i sslib@iesubtoR BypkaratkbycekchanksmyRead or write
operation is perforned on each sel ected bank. Such a nmethod of selecting a

bank or a specific region or the |Iike has been described in Japanese Patent
Appl i cation Laid-Open Nos. Fbl 9- 245474 2- 83895 4-313886 and 9-106684.
The inventors or the |ikg .G T RPROE

The present invention relates to a semiconductor
integrated circuit device, and principally to a technique
effective for use in a RAM (Random Access Memory) mounted
$0 as to mix with logic circuits.

With advances in semiconductor technology, a large
scale integrated circuit is proceeding toward an approach
or method for making combinations of large-scaled macros
(cores) in a manner similar to the design of a printed
circuit board by combinations of parts. A memory is
essential to digital signal processing. Particularly
since a dynamic RAM has a feature that large storage
capacity is obtained, it plays an important role as for
V. the above-described large scale integrated circuit.

The dynamic RAM is divided into a plurality of
banks. Read or write operation is performed on each
selected bank. Such a method of selecting a bank or a
specific region or the like has been described in
Japanese Patent Application Laid-Open Nos. Hel 9-245474,

2-83895, 4-313886 and 9-106684.

SUMMARY OF THE INVENTION

The inventors or the like of the present



-2 application has contenpl ated the standardization of a RAMcore in
consideration of the fact that when many kinds of RAM cores are prepaf&dPRL00?
t he RAM pl aced or nounted in the above-described | arge scale integrated
circuit according to individual requests, their devel opnment and managenent
will result in trouble and conpl exity.They have thought of a novel

operation control nethod which has taken-into consideration ease of use as
for a RAM' nounted in a sem conductor integrated circuit device. An object
ofthisia{m i.on: | j ' d |3t d,ei LCHihjs device
equi pped w't niéaé)%bél\ﬁ?p%%sv%%&%ﬁp%?/ﬁns%?‘%oﬁﬁgﬁ?gﬁgggg\gf)\ﬁi Pg |éts esi gn and

managenments &t & el dyk Sidii ¢ {420 £ ANQL hed - obfeet @ﬁeﬁhﬂnén%n)@ﬂaisoafi s to
provi de a sem conductor integrated circuit device which has inproved ease

of use aRAMWrcdr AMINGHAAEEth herei iy THEadbaVeranduatbar igbj ects, and
novel features of the present invention will becone apparent fromthe
descri ptite ofbd-he-ds aseibe §PELE e Catd DO Bidedheragcempanytng draw ngs. A
summary of a typical one of the 1 nventions disclosed in the present

appl i cat izmeodinderslesedibeghdn tednedses, f ohé Dnsdede RAMNERLUNEARE SO as to
mx wth logic circuits has a configuration wherein one control circuit is
commonl y maradehesh orilbl ptesal ttin of rawdnis yam@t somptbéxi ngl. udringy a menory
array in which a plurality of nmenory cells are respectively placed at

poi nts wiere alppughal idf odfneweld dpemsst bowl @optuodl meghofl Whi.chi nes

i ntersect, and 01 APR 2002 -3 an address selection circuit for performng
sel ect i ndiasheratsonsnton adres idexbtiorscase oheubet aki hes. aFBAMher, the
nunber of mermory mats is determ ned according to the required storage
capaci t y "% I @ 9LF PRIYBFOF eSPRITFEFY PLFFOLAiI AEVITECOr -1
arithmetic operation are respectivel rovided in the penory mats and
connected in ca?&h&é’%%%ﬁnd:hlr?cl%mérgtijq stS SHAFRFAFHERnRtic circuit

havi i nput i nal | | ith add -setting ' .add i I
For mog 2@ TP P0G 0 | e & GHeY oo S BB EBoRo e R Ar 1 t et
[ it ' | t ted theref . def i .add [ I
assi gned LI ded SR IO TR Bl IR 1 BER BB R R O e ence

bet ween %gg%&[agg;%%&@@éé ]@é‘ﬂac}‘dﬂﬁfiﬂ&&?" | S e(?n%’&f' JeEMory

access, menory mat activates an address selecting operation

accor di ngHias tHe,&ol Gl dences shand de i d&nidénaneshti Qﬁ&éﬁ?aﬁ@ﬁ?' udes with
clainms particularly pointing out and distinctly claimng the subject matter

which is diegaitdediasiddeshiveidonmptovsed behseved tibat akheokndention, the
objects and features of the invention and further objects, features and
advant ageAM herenfpard tedecloet ¢ o . urmther sthaod farodn dtiesf obbpeeing, descri ption
taken in connection with the acconpanying drawings in which: Fig. 1is a

bl ock di &ramateifrptomeendbdimemrefent invention will become

) apparent from the description of the present
specification and the accompanying drawings.

A summary of a typical one of the inventions
disclosed in the present application will be described in
brief as follows: A RAM mounted so as to mix with logic
circuits has a configuration wherein one control circuit
is commonly provided for a plurality of memory mats each
including a memory array in which a plurality of memory

cells are respectively placed at points where a plurality

of word lines and a plurality of bit lines intersect, and



~ 1 APR Z00? -4 a RAM nodul e according to the present invention; Fig. 2 is

a schematic bl ock diagramfor describing a bank address setting systﬁg1

enpl oyed in the RAM nodul e according to the present invention; Figs. A@Pkﬂwz
and 3C are respectively schematic bl ock diagrans for describing anot her
enbodi mrent of bank address setting cirguits each enployed in the RAM nodul e
according to the present invention; —Figs. 4A, 4B and 4C are respectively
schematic bl ock diagramnms illustrating another enbodi mrent of the RAM nodul e

accor di ngirt Qddiee 4y esandcd ibtentienii tFi for gaéﬁf@nﬁiﬁ@uéélé&egﬁgm showi ng one
enbodi mrent of a bank address generator and bank address coi nci dence
operations on the word lines and the bit lines. Further,
the number of memory mats is determined according to the
required storage capacity, arithmetic circuits for
respectively performing +1 or -1 arithmetic operation are
respectively provided in the memory mats and connected in
cascade form and include a first-stage arithmetic circuit
having an input terminal supplied with address-setting
address signals formed as fixed or programmable, input
signals supplied to the arithmetic circuits or signals
outputted therefrom are defined as address signals
assigned thereto, and each of comparators makes
comparisons for coincidence between the address signals
and address signals inputted upon memory access, whereby
each memory mat activates an address selecting operation

according to the coincidence signal.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims
particularly pointing out and distinctly claiming the
subject matter which is regarded as the invention, it is
believed that the invention, the objects and features of
the invention and further objects, features and
advantages thereof will be better understood from the
following description taken in connection with the
accompanying drawings in which:

Fig. 1 is a block diagram showing one embodiment of



conparators according to the present invention; Fig. 6 is a circuit diagram
depi cti ng one enbodi nent of a nenory array and a word |ine select@r
enployed in a menory mat of the RAM nodule; Fig. 7 is a specific i“éﬂﬁ?@gz
di agram showi ng one enbodi nent of a row decoder of the RAM nodul e and a
word driver connected thereto; Fig. 84s a block diagramillustrating one
enbodi nent of a power circuit showmmnin Fig. 3; Fig. 9 is a circuit diagram
depi cting one enbodi rent of a VDH (boosted voltage) generator. Fig. 10 is a
timng charRAM afodleseradiswdnne exathpd epiodséie opesation; of t he RAM nodul e
according to the present invention; 01 APR 200z
Fig. 2 is a schematic block diagram for describing
a bank address setting system employed in the RAM module
according to the present invention;
Figs. 3A, 3B and 3C are respectively schematic
block diagrams for describing another embodiment of bank
address setting circuits each employed in the RAM module
according to the present invention;
Figs. 4A, 4B and 4C are respectively schematic
block diagrams illustrating another embodiment of the RAM
module according to the present invention;
Fig. 5 is a circuit diagram showing one embodiment
of a bank address generator and bank address coincidence
comparators according to the present invention;
Fig. 6 is a circuit diagram depicting one
embodiment of a memory array and a word line selector
employed in a memory mat of the RAM module;
Fig. 7 is a specific circuit diagram showing one
embodiment of a row decoder of the RAM module and a word
driver connected thereto;
Fig. 8 is a block diagram illustrating one
embodiment of a power circuit shown in Fig. 3;
Fig. 9 is a circuit diagram depicting one
embodiment of a VDH (boosted voltage) generator.
Fig. 10 is a timing chart for describing one

example of the operation of the RAM module according to

the present invention;



-s Fig. 11 is atimng chart for describing another exanple of the 01 AfRZUZ
operation of the RAM nodul e according to the present invention; Fig. 1 ig
a timng chart for describing a further exanple of the operation of the RAM
nodul e according to the present invention; Fig. 13 is a timng chart for
describing a still further exanple of-3he operation of the RAM nodul e '
according to the present invention; and-Fig. 14 is a bl ock di agram show ng
one enbodi nent of a sem conductor integrated circuit device equipped with a
RAM nodul e accordigng 1110 ikhe priedemrt chaventican.ddaciAldikly REGEHRIPI ON OF THE
PREFERRED EMBCODI MENTS Preferred enbodi ments of the present invention wll
her ei naf teedantpd el esfc roHee pwirtat reef erferude: tRAM heo ACTo ngadyt Aonglr e ngs.
the present invention;
Fig. 12 is a timing chart for describing a further
example of the operation of the RAM module according to
the present invention;
Fig. 13 is a timing chart for describing a still
further example of the operation of the RAM module
’ according to the present invention; and
Fig. 14 is a block diagram showing one embodiment

of a semiconductor integrated circuit device equipped

with a RAM module according to the present invention.

DETAILED DESCRIPION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
hereinafter be described with reference to the
accompanying drawings.

Fig. 1 is a block diagram of one embodiment of a
RAM module according to the present invention. The RAM
module according to the present invention is provided
within one semiconductor integrated circuit device
together with a digital processing circuit for performing
writing and reading on the RMA module. The RAM module and
the digital processing circuit are formed on a single
semiconductor substrate like monocrystalline silicon by
the known semiconductor integrated circuit manufacturing

technique.



Fig..1 is a block diagram of one enbodi nent of a RAM nodul e acco:ﬂ%ng to
the present invention. The RAM nodul e according to the present i A Ra2i s
provi ded within one sem conductor integrated circuit device together with a
digital processing circuit for performng witing and readi ng on the RVA
nodul e. The RAM nodul e and the digitalgprocessing circuit are forned on a
singl e sem conductor substrate |ike monocrystalline silicon by the known
sem conductor integrated circuit manufacturing technique. ~ 1 APR 2002 -6
In the present eafbediempiiesecd tCefidodintddCuid @itk 8o PONEFCcG € Cahd are
provided in the sane circuit area and commonly used for a plurality of
menory malcverThe eanitt dr&ipreittiidednt i des samonzbndudecadesn €D, a bus
driver BDV for form ng address signals and various control signals, and a
read/ w i tcemmoplliyf iveve dRMATD .2 TlereoMiery o f auerho ME & bduc eshorc ot 1dl
operating vol tages necessary for the operations of internal circuits, in

r esponse diorca iowempatipasy avadragend/dit@nika ¢dMDNda potientiraire¥ss. A
plurality of menory nats are provided for the control circuit and the power
ci rcuit. BDe fgrurfdxdntijmonfadierasry srairss kg eeredjuakriousondbnguoadti on to one
anot her and each conprise a nenory array MARY, a sense anplifier SA, a row
decoder RDEG2IS.cEngh® swacwiGly anhanki et dRWARD gerfratewdAG, a bank
address conparator BACP for making a decision as to a conparison and

coi nci defa& Aiitth V& fy@duqesd Barfio HEfdrasr anind Y? hFAagegeReFassrrYG, and a
colum sel ector CSEL. In each nenory array MARY, word lines are 256 in
nunber ad®¥c SRSTEAPTS ©F idEe ISt YH1 99241 PaF EPOFRBsEOt Re entire
menory array has a .storage ca 'gy(ff about 256K bits._ The columm switch
CSW connEEHWETt R R S 19 eSO RO a2 0VE58 i rs of

| obal bit, Li @B d b .. Th i ] I bit 1i f
g obal D o8 Gl Ml AL ooy s BB EDASEBET L e o

| ecti ; ati . ~ .2 L | Ci i 128 i
ool oc LN SREAL 000 sy poh PR A0 1 NS PONER A Ulagl e 120 pal s

i nputs apg +QUERY %ojualglriqweﬁnﬁfigqﬂﬁatﬂit&l J&L@netmoeregyghd%aemt I's

caused to have a partial colum selecting function and nay be utilized so

as to al kewpiried PWendid, Uty frata dendd-Dhp1{ 816yt €A, Ui t8w IN this
case, the read anplifiers RA are commonly provided for the two sets of
di vi ded dlee@erDiRDHJ, Nna&s (Bhinas vk idh raBWwera hédek eaddtbeswite anplifiers
WA are provided as 128 in nunber so as to correspond to the 128 pairs of
gl obal bigeneraesrGBRG, The baumib erddxfetshecampa ea taop| BACEr SovWAmakipgovi ded

a decision as to a comparison and coincidence with a

specified bank address and a timing generator TG, and a

column selector CSEL.

In each memory array MARY, word lines are 256 in

number and complementary bit lines consist of 1024 pairs.

Thus, the entire memory array has a storage capacity of

about 256K bits. The column switch CSW connects the

complementary bit lines of 1024 pairs to 128 pairs of

global bit lines GBD (data bus). That is, the

complementary bit lines of each memory array MARY are

divided into eight sets so as to perform 1/8 selecting

operations.



as 16 pairs or sets defined as one pair eight by eight. A mask can be set
for each pair. Wen a wite operation is done in 64-bit units, f&mApEﬁﬂ?Ie,
the sixty-four or 64 wite anplifiers WA placed in a selected state
rendered active and the remai ning non-sel ected wite anplifiers WA
corresponding to 64 bits are brought i1p-an output high i npedance state.
Thus, a wite signal is transmtted tothe 64 pairs of global bit |Iines GBD
selected by the control circuit, of the 128 pairs of global bit |ines GBD,

so that the wikg QRerabheRohscReEletTeeneN 1R elds plasdTigat |y
connected to the half 64 pairs of conplenentary bit |lines corresponding to

the gl obal; faist dEP1@S Ry iR et Ry PLdtd NSy fa Pobed Hbtatipgs GBD
corresponding to the remaining half are brought to a high inpedance state,

a signal angaty Ayngutes amd buAPRt2002 growsnses awlniter Shuwpnnacded to the
conplenmentary bit |ines connected through the colum switch CSWsinply

appears, ceatiddat gieduiitt iiRg dahiseld et ethven d hea el yesRbhus el ectrically
connected to such conplenentary bit |ines. The operational control of each
wite anpldlidcerindA faare dierappld edyveten g theddeded-b6datovechapl i fiers.
That is, specific bytes of the 64 bits (8 bytes) can be set so as not to be
subj ect ed npatweairtd gty thoifngiang tie 6dutpiut  F-paod) wniesanmdln fier WA to

t he hi gh-i npedance state. Thus, the wite operation can be done by a

conbi nat itdd sofcagrebi tthar yelayt esnpdiitfhiiar sa Rrarsgee feomaney yrevadedi ni numto
ei ght bytes at maxi num Wen, for exanple, an external logic circuit for
each RAMEggdihe rremdsedst #8 dligddad alsikas! dnd- el ees i €8P | §S ppdcéBses t he
data to thereby vary or change data corresponding to specific bytes al one,

t he | ogi &VEREEUi WHEEERST Fdea WirldCe S 10rE I5TUtWA RFDPYPEHER  chinged dat a

and speci fying bytes correspondi ng thereto, thereb | | om ng_renewal or
reprogra&@indngXﬂﬁﬁg.ﬁﬂ I%&i9?|%ESRﬂﬂ§3§? gﬁ?c%%?ﬁ%ﬂl¥% 2hange only
specific e f..the 64-hjt data, data corresponding to the specific bytes
may be ggﬁéﬁogie%la?ngﬁq?ﬁut?{la d without tenporarily reading the 64-bit data.
Such data procesging ghll £esibb iii2cf unehion Sanveni anip Loy gugh | mage
processing as to Create data by paying a ention o on y pi Xxel s at points

to be drawun 1\M1iﬂfa%.ztsj1%rb%ii%r A e e Gne “paﬂirAP&g%ﬂngb%?leﬁéhtt ig. Such a

mask function of each wite anplifier WA can exhibi g about even
the ef f egla sikhalard Qe ls HOFDHRIHN Al bewheducedhacauseidei id wite

anplifiers WA are not activated at all tines as descri bed above.
done in 64-bit units, for example, the sixty-four or 64
write amplifiers WA placed in a selected state are
rendered active and the remaining non-selected write
amplifiers WA corresponding to 64 bits are brought to an
output high impedance state. Thus, a write signal is
transmitted to the 64 pairs of global bit lines GBD
selected by the control circuit, of the 128 pairs of
global bit lines GBD, so that the write operation is
performed on memory cells electrically connected to the
half 64 pairs of complementary bit lines corresponding to
the global bit lines GBD. Since the 64 pairs of global

bit lines GBD corresponding to the remaining half are

brought to a high impedance state, a signal read by the



A mask function may be provided wherein 128 read anplifiers RA are provided
and the read/wite operation is perforned in 128-bit units, and {he

read/ wite operation in the 128-bit units is allowed as a basic &dﬂﬁﬂMpn,
whereas upon the wite operation, the wite anplifiers WA are divided into
a plurality of sets or pairs so that -they can be activated every respective
sets. When the 128 read anplifiers RA-are provided as descri bed above, a
process for DQ on an input/output line, which is supplied to the control
circuit, 4i er.far i he 28k i .provided in

t he cont F%ﬁsgi rafr:ng)ilg%gglrgsstp‘t% per mtte&sjvryl(% %qésgéﬁkﬁée@%ng%% 2}21?0 t he RAM

i 5. THE B oSor SHes M LE ooy el (T LRE 1 TRt T B F s tohi ng

units. e preset enbodi ment I's prov switching the

nunber of pRARLY MR $r3dMHd REUS]y SelatLddd @FSOLLahbRY W th a bank
COI’]fIgUI’aFI on. fthat is, if the nunber of a plurality of nmountéd menory nats

is defined u,lfetcf&eﬂctahgw@erm&m Qfcib i&méstaty Hiand the

1as
m ni mum nunber of banks is set to 2. In this condition, the nunber of
menory matigeger bank is determned in inverse proportion to the nunber of
the 01 APR 2002 banks within an arbitrary range corresponding to the
square power. Wraa bberatdiberloicohamed iof Madtorwexesdegel 1 htenumber of
menory mats per bank beconmes 1. Wen the nunber of banks is 2, the nunber
of menor yambe peplhiadk avesultdes the NledMwh §hevnimbdeampl ibheks.i s 2n
(where n is an integer greater than 1), the nunber of nmenory mats becones
N 2n. Th&heét tisng sgfedcsifcle oviask corifigurdathiors i 68 peyfes hredabyba bank
address setting circuit BAG and a coi ncidence determ nation circuit BACP. A
bank adds€ss sBABS( ot B 1 fsulde@atiad =t iven) ting dpyrelpr &nYing &bBei gned to
each nmenory mat by the bank address setting circuit, Ldhen one nmenory bank
i s conpr PY¥ERUSS Oziyﬁ%lwaﬁ%fa“mlécfé@rofwﬁmﬁﬁ)r%}“@ra}ﬁ‘sglaslfﬂﬁgéﬁﬂﬁéd above, a

comon bank address is set e plurality of nmenory mats. In order to

tQ th
sel ect t F&36npl ERBAt aFPSbIVE LHERPNERSFATERE £28 hg SO Rhid s as descri bed
above fraom an f. the plurality of nor V. ts and connect the sanme to the
correspoﬁ&f‘%d%&%&ﬁéll 'taqq%gfyr@ﬁyrgescﬁm%ﬁt%%%%l tPTng Gperation is
nmade to Ly fo NI r J ing to one bank referred
to abovegg}‘éaeg%@m%&%tt%&sﬂ%h J%éaslsragtoggae%lo um gWI tches and is

cor respondi ngl yyREAVi ded whiha Lobwm,decodar gy decoding: the three

rightnost bits of colum addresses to thereby sel'ect one (128 bits) of the
ei ght  paiekehoRAGO médm 1M RS .dAMe N O 1B n bedikahg made up of the N

menory mats, the columm decoder for one of the N nenory mats is sel ected by
t he corregpefdiikg 10l WAbERIRH athe data to thereby vary or change
data corresponding to specific bytes alone, the logic
circuit performs a process for inputting only such
changed data and specifying bytes corresponding thereto,
thereby allowing renewal or reprogramming of data.
Alternatively, when it is desired to change only specific
bytes of the 64-bit data, data corresponding to the
specific bytes may be generated and inputted without
temporarily reading the 64-bit data. Such data processing
will result in a function convenient for such image

processing as to create data by paying attention to only

pixels at points to be drawn while the background is held



01 APR 2002 -11 CSEL. The maxi mum nunber of nenory mats nountable o one
RAM nodul e is determ ned. Thus, the above-described col um sel ect 1¢$EQmps
caused to have or hold decode functions having sel ecting functions
corresponding to the nunber of the nountable nenory mats. In regard to each
col um-system sel ecti ng operation, thegcolum selector selects a colum
switch for one nenory mat without regard-to the bank configuration. Wen
for exanple, the maxi num nunber of RAM nodules is set to 16, the col umm

sel ector dss jGaused bacpekl arEkl & unHRa®nOT £Slare Wil tapendd 1 PSetISfANg 4- bi t
col um addresses. Accordingly, the substantial bank configuration can be

real i zed dapdesxHing o i S Sian Sl ect fage opieaatpowsrt o be next
descri bed. Wien the nunmber of banks is 2 where there are provided the 16

menory nmaichsuaptadwsy sigied naddiced setacded{acdd vat et for nmenory mats
set eight by eight. One of the selected eight nenory mats is sel ected by
t he corr espdndiirg scolrumY s elcectaart iIGGHednt ed Ectrimas | s cdasecieddt o t he
correspondi ng global bit lines GBD. Only the nost significant bit of
bank- speeidopeng row address signals conposed of 4 bits is nade valid and
the three rightnost bits are nade invalid. In this condition, the
correspondi ng rdwrgpst Erncitdiom mays selrertedamiidre el rad set by
ei ght. Wen the nunber of banks is regarded as 4 and the nunber of nenory
01 APR 2@oplifiers RA are provided and the read/write operation

is performed in 128-bit units, and the read/write

operation in the 128-bit units is allowed as a basic

operation, whereas upon the write operation, the write

amplifiers WA are divided into a plurality of sets or

pairs so that they can be activated every respective sets.

When the 128 read amplifiers RA are provided as described

above, a process for DQ on an input/output line, which is

supplied to the control circuit, is performed in the 128-

bit units. A selector may be provided in the control

circuit so as to permit switching between access to the

RAM modules in the 128-bit units and access to the RAM

modules in the 64-bit units.

The preset embodiment is provided with the function

of switching the number of memory mats simultaneously

selected in association with a bank configuration. That

is, if the number of a plurality of mounted memory mats

is defined as N, then the maximum number of banks is set

to N and the minimum number of banks is set to 2. In this

condition, the number of memory mats per bank is

determined in inverse proportion to the number of the



-12 mats per bank is set to 4, the two rightnost bits of the 4-bit ?S@Riﬁ@
signals are rendered invalid to thereby specify four nenory mat gr%u

sel ect the sane in the sane manner as descri bed above. Thereafter, one
menory mat thereof is selected by the correspondi ng col um sel ector CSEL.
When t he nunmber of banks is defined ad08 and the nunber of nenory nmats per
bank is set to 2, the one rightnost brt—of the four bits is made invalid to
" thereby specify or designate two nmenory nmat groups and sel ect the sanme in
the same pEKielviahideser ibed above. rahies eaftedsponeinignes ythat thereof is
sel ected by the correspondi ng colum selector CSEL. In order to define the
number ofsqaks pawekd andegsethehaunlaeo fobammEoriys Mt Sqerehankido 1, a
row system sel ecting operation is effected on one nenory nat by use of the
4-bit addhessesisy tdfamenieeyeata s pondisahkresargmae@t 1| S Wedreciled by t he
columm sel ector CSEL. As described above, each individual nmenory mats can
be basi calimpesepdr ataelks s et ethe Thewedoref restdressmstgnaés Badkand a
command Com for specifying or designating an operation node are transmtted
to each imeginlitgudn ¥eZor ywWhets thier ouglvesr odmipemksddress' dmthearecammand bus.
That is, signal buses Add and Com for transferring addresses and conmmands
are ext edde@sdrdseger @eedsporidian he Heoryerr so howemedyi pathe sane
manner as the global bit lines GD. The tim ng generator TG provided for
each nmembggomes N/ZPR 7B seBthag §Enérahes géﬂ}(o(ﬁ@ntfilﬁluﬁ@tép@néss such as
timng for selecting each word_line in each nmenory, array MARY, an

activat i FYHGHRD B e demks SFE ipIT95 e Bl F nBMg 3Rgndl s for

prechargi ng caonplenentary hit I|ines,, and the like. In the nam ¢ RAM the
Pora 1 a6 aaE HHar it 1T SoTaE GAReT | o dRY ASHEST i ng ar e

tiygl t . th i red.tinme until d. si gnal f
conpl ereftRlyf Bi 1 (16 TS BHA et P10t & HHOIS £etl BEcOrarag Fo ¢ he
b ot . a : . ok
Cor respondl 6 Lo B ban a1 TP B ys When The SRErat fon of
anpl i T CRieoN e GRADSLEREIATR Iddigir i Se £ WP £L18ard i P pr esent

enbodi nent, the plurality of nenory mats are divided into the plural pairs

or sets A eRSiHUelend?s Rlabaldd Yadchiagds aso@escs i bsamaRoBenkWien one
bank is constructed of N nenory mats where the total nunber of nmenory mats
is M foadexasy ds it morhere oflhakiscy oS ateric@r Wbt dow, the banks
referred to above indicate the magnitudes or sizes of nenories
readabl e/ wit ablle ordepende sl cac cdvadicogntlemere: amndrit attess. ihn t he case
of the above-described enbodi ment, the m ni num bank conpri ses one mat and
t he nunbé&heofl2fames rat athiwitisey Flexar iked mPoexi Huem| aR¥ MF Chet he ot her
hand, the_m ni_mum nunber of banks is_set to 2 and the nunber of nenory mats
per bank PAUTEHiiEM iofe MAMATY @@t G MINEGE | S ees@PfagFessR8r usel ess to
const ruct
C

)

orresponding global bit lines GBD, a column-system
selecting operation is made to one memory mat of N memory
mats corresponding to one bank referred to above. Each
memory mat has eight pairs of column switches and is
correspondingly provided with a column decoder for
decoding the three rightmost bits of column addresses to
thereby select one (128 bits) of the eight pairs of
column switches. When one memory bank i1s made up of the N
memory mats, the column decoder for one of the N memory

mats is selected by the corresponding column selector



01 APR 2002 -14 one bank fromthe Mmats. That is, this is because
particular neaning is given to the fact that the plurality of baq%g $g?
respectively performread/ wite separately with the plurality of Ak @%
the prem se as descri bed above. An advantage is brought about that an
increase in the nunber of nmenory mats jper bank allows an increase in the
nunber of data readabl e/witable accordi-ng to one nenory access. On the

ot her hand, an increase in the nunber of nenory banks permts a pipeline
operatio §§I|I zing the ability to obtain nenory access to the respective
banks in ependently As a result, high-speed read/wite can be executed. In

a dynani c_memor y, SXAPUE .0 A el Velok AR 18 el s

spent until an electrlca charge stored Iin“each snmall capacitor Is sensed

to therebypiRi & Fead & 9@eq Thehelor end heRiPridNe-apeggation for
accessing a plurallty of banks sequentially can be perfornmed so that read

data can Qe aefurntdaldy @haineddiaidn the v abk tNo P Bark§ei n or der
except for a few cycles up to the output of the first data. Even in the

case of Fgiatichd®EBfheEdldaimy Ahamdid Véogréspehdongi teethe MOSFETs
constituting nenory cells are taken |ow in conductance for the formation of

mass st orageerapatithe atodrdadligdmdgrmdion. Itherefard,t@ sd@nal read
into a bit line or a data line to which each nenory cell is electrically
connect edo liwurbrapugtdm taeleqr ihgARRM2ion, the column selector

selects a column switch for one memory mat without regard

to the bank configuration. When, for example, the maximum

number of RAM modules is set to 16, the column selector

is caused to perform 16 types of selecting operations

using 4-bit column addresses.

Accordingly, the substantial bank configuration can
be realized under the control of row-system selecting
operations to be next described. When the number of banks
is 2 where there are provided the 16 memory mats, a row-
system circuit is selected (activated) for memory mats
set eight by eight. One of the selected eight memory mats
is selected by the corresponding column selector CSEL and
electrically connected to the corresponding global bit
lines GBD.

Only the most significant bit of bank-specifying
row address signals composed of 4 bits is made valid and
the three rightmost bits are made invalid. In this
condition, the corresponding row-system circuit is
selected for the memory mats set by eight. When the

number of banks is regarded as 4 and the number of memory



-15 a relatively small signal level. It is also necessary to provide a
sense anplifier the signal level. Thus, even when such a static gﬁngpwﬂmpll
is used although there is a difference in degree, high-speed reading can be
expected to a sufficient degree by providing a plurality of banks as

descri bed above and perform ng a pipeligne operation for allow ng access to
t he banks sequentially. In the present enbodi nent, the maxi num storage
capacity of the R AM nodul e used as the nmenory circuit is determ ned

accor di nghAte the dafrik PrOGRSSITY LOpedrad i of i dienseri sopgdugtornknt egr at ed
circuit device upon its design. That is, the nunber of menory mats NMAT

nount ed t0 yile fRMIBdW igyri=s Sleires ridietbrddei B4l ad £y PeBesEbpank
configurations are prepared using such menory mats MAT according to the

cl assifi caidArEOff ARt dndicRGLe IR NG1BIPH die $@ISEY €héClhke Lnethethe wite
and read operations for the nmenory circuit. Switching between such bank
confi gur &amNsnarmed lapvetbdayr itdee] cdve)] ahexwdftdm, tdiee aragonf a

sem conductor integrated circuit device battery-driven as in the case of a
port abl e matf arhretdadn idededeeared ey |itee dor @b dnding ocd hemabove, the

sem conductor integrated circuit device may be used in such a manner that
when it iss=lsatttoer \GSHL veivhen the wolnbege odf bairliat tiey \deSineaderedd t he
nunber of the banks are set in |arge nunbers and the nunber of nmenory nats
act i vat edrak ddradimgntiay mfe massy REce el Pawt 19 $@t hOn2nubfhki ke 1 so as
to reduce the peak current, whereb U1l APR 2002 -16 it can be

batt er y- di&/ i P-nasta l?ld'w-q,folql'@eglqlégik?ﬂrﬁs The B¢l EBY2Eb8f EQuration is
one wherein a_control, circuit is supplied with a stationary or _fixed signal
| evel in BEERVARREH h O ARTENETS &S YRIBMWY o2 hePEBYPEe®Bhe nunber of
banks to the R AM nodul e., Owi.ng to such a configuration xampl e, N

for e
mats are ¥ ¢ pane 4% ¥ 3 ST 45 Rt hatPad 6§P¥eci rcuit |ying
out si de e modul e i s Vi de i egj s t he nber of banks
is set tE)Ir}i%reRe%r'\éetgeirs’t ere RS "ioa]i\é}en,adtt we%g%%%f b’génké%%%?%ﬂrgﬁ gﬁ% can be set
one by o i %ﬁﬁﬂﬁi i i cess| raf i usi ng the
sane R Alr\él%r%lo%u e. rltag;oug \Hﬁ%%lgeﬁct ro accg!’h:ﬁ(é'ui t%%er}(%ocﬁe&; %%n&r;{fe%%pre or
less, a qopf igmnald U ke daken pherein Maepn¥erabs AERodi,vi ded into
two sets or pairs of M2 and the nunber of banks is set every Sets. Even in

this casenadhedwieik afo banks wi- dedh YséTed hiengboperdeseni bed manner or
t he nunber of banks set each tinme using the register or the |like nay be

adopt ed. Al fiduegh drhiche ordniaityr add orby ugwtof eslie | ¢+oiti adpaesisell ar, the
operation of witing/reading of data requiring high-speed access during

dat a procesdileg e utddriesp onbrgetménpmhindt the pahbetedf bpabhks is set in
| ar ge nunbers, whereas the operation of collective witing and readi ng of

| ar ge ansigitBvbisel@ctamyciHe the other set in which the nunber of banks is

reduced and the nunber of menpry mats per, bank is increased. 01 APR 2002
As described above, each individual memory mats can

be basically separately selected. Therefore, address
signals Add and a command Com for specifying or
designating an operation mode are transmitted to each
individual memory mats through a common address and a
command bus. That is, signal buses Add and Com for
transferring addresses and commands are extended so as to
correspond to the memory mats mounted in the same manner

as the global bit lines GBD.

The timing generator TG provided for each memory



-17 Fig. 2 is a schematic block diagram for describing one enbodi nent of
t he bank address setting circuit enployed in the RAM nodul e according to
the present invention. Wen the register is used for the setting OfUZ@@%
bank address, ones identical in configuration to each other can be u 2807
the respective nenory mats. However, -tiBe bank address nust be conversely
set each tine power is turned on. Wien a-ROMto be witten in accordance
with the master slice systemis used, it is unnecessary to set the bank
conf i gur afdtorRfertne s ner eAedh tifEndoyedna Bs t SR da ONt i MOWEVeERhy it 1S
necessary that such a ROMis formed so as to vary in ROMs nesh or lattice
accor di ngdledtiedatdcic @ uriaié os. eddhismerhidity sthyresnlkt kA conplexity
of circuit design. That is, when only the bank-address set potions cannot
be commorlat insed drors iegedll | fult wakial ssres®ramped 5i @ndshhengexi muagnount abl e
nunber is defined as 16 as descri bed above, it is necessary to create
Si xt een toyipemlef frrempnedtetsyiset donmpl emetioane) | bfor binesnaaddl kjpeset mat
addresses in accordance with a master slice. In the present enbodi nent, the
sane bank ikddr eds séet dygagiicc ®AMs dabe mespedtiinee|se loont inyedisings to be
able to automatically set different bank addresses while being used in the
r espect i @&dndis SN s .amil afyeracueriv tiond tsingim@ranent circuits) are
provided as the bank address setting circuits BAG provided in the
respect i Ve SRSV et SetWnetth-a frREDFSe et k¢ dinhyl bankeaddrégsad 01 APR
2002 -18 (BK-add) conprised of O thrqugh n are placed, for exanple, the
nmemory nEESSTSHY IR0 RATBARREE ATY dhiged! HHRE t hei PreRderdcfrel fs are
connected to each ather in tandemform ég initial_address |ike 0000 is
suppl i ed "EROFY SfdreSEGMSIRY SR Fhe ¢y ¢ SRRLBFEABits for the
| eadi ng nenory. .nat . hnﬁgoLn ircuit i.n the |l.eading nmenory

[

sQ, the_adder
mat per f 6FiTe @ 1 "ad T8h&r 95 grngge %ﬂﬂﬁﬁf&ﬁﬁ&ﬁn??ﬁ 0001 and
transf er 3 orly e dhl %O%lrﬁ@ré(ui h C%V@Cf"s ?&rﬁggeénfi/rv% Ie%lstbn the_
y nats are connected in tandemtormin order, T addi ng

respective nenor

oper at i 0R%,ALE RGY T MR, SUBSREAUSH 'b&zeéééhtééj?sé @mﬁﬁﬁffgf kQput passes
ddr esse

t hrough the adder circuits, so that binary a s are torned |like 0010,
0011, 01@@mpleted.

In the present embodiment, the plurality of memory
mats are divided into the plural pairs or sets to
construct the plurality of banks as described above. When
one bank is constructed of N memory mats where the total
number of memory mats is M, for example, the number of
banks is set to M/N. Now, the banks referred to above
indicate the magnitudes or sizes of memories
readable/writable independently according to one memory
access. In the case of the above-described embodiment,
the minimum bank comprises one mat and the number of
banks at this time is set to the maximum like M. On the
other hand, the minimum number of banks is set to 2 and
the number of memory mats per bank at this time will

result in M/2. It is meaningless or useless to construct



OnM ng to such a construction, a bank address given as 0000 is set to the

| eading nmenory mat. Further, an address of 0001 forned by the adder circuit
in the leading menory mat is assigned to the second nenmory mat, an a@itirdPR900
of 0010 formed by the adder circuit in the second nmenory mat is assigned to
the third menory mat, and an address foqned by the adder circuit in the
n-1th nmenory mat in accordance with a decinmal systemis assigned to the nth
menory mat. Since the address setting circuits of the respective nenory

t [ h dd [ its.in thi ' tion, diff t
bank addr S080EeBln JBETSEECo] SRRBry SOFBnGf no The SAnESRENOFy mats. The
bank add tivel ' d A, PR 200Z -19 ti
momory mbStSABCLAD. BARK o B<gedchnbit tER ERFbUGH-ChE Bont rol i foui t are

compar ed By s, bonk caddress cqol neLdence CoUPALItALS BAGR . Sice  he

di fferent C rgurations can using the Tixe

and o ool SeREg Rl RERE SN BTPRLAP B RERETES IR B RS Caen

bank addrgss.¢ r [,cBACP conprises two pairs of coincidence conparators
and produgegco?gggr%EBCgfncidence conparison signals CIC and CIR to be

obt ai ned from a gﬂngg&megg@ew@sfo&eﬁt bapkugdehgssagenarabadebyrt he
correspondi ng bank address  setting circuit BAG and the two types of

r ow syst eghandusgb¥nBrsishem,/banksaddressas ARNBws3 an QncanGACNB <3 . 0>,
When the result of determnation as to the least significant bit is nmade

inval i d i ahehguhBersyst aateoirsebideneewedfpdl at akcotrld@ ngoitrRcicarNce
conparison signal i CIRis formed sinultaneously for the two banks. On the
ot her hanglembhe atowkbanemustlsel echeonhamdi hencbharéanesynt eheas descri bed
above will cause a problemthat conplenentary bit lines of a plurality of
menory nanembenubtanenasyybsskecpedmdnst RepgbebanebioperiatdorGBL ar e

si mul taneously selected. Therefore, the col um-system coi nci dence

conpar i sontsigrangctiei sbldir¥dtasobhaiporeBaEl Baskesg&ddoesfassi gned to

each nmenory mat as descri bed _above. On the other hand, the row system
sel ecti ngtBPRREELYA RARKSNORIBRPPAERELY - noPPrdbFefttit, high-speed

read/write can be executed. In a dynamic memory cell, for
example, a relatively long time interval is spent until
an electrical charge stored in each small capacitor is
sensed to thereby obtain a read signal. Therefore, the
pipeline operation for accessing a plurality of banks

| sequentially can be performed so that read data can be
sequentially obtained form the plurality of banks in
order except for a few cycles up to the output of the
first data.

Even in the case of a static memory cell having an
amplifying function itself, MOSFETs constituting memory
cells are taken low in conductance for the formation of
mass storage capacity or for high integration. Therefore,
a signal read into a bit line or a data line to which

each memory cell is electrically connected, is brought to



0 ~ a PR zooz -20 because the word lines are sinply selected in the[H PR 7002
plurality of nmenory mats, but also allows the input/output of |arge an% r&s
of data at high speed in serial formby the sinple switching of the

col um-system sel ecti ng operation because the word |ines are sinmultaneously
selected in the plurality of nenory pdats and the information stored in each
menory cell is anplified by the correspondi ng sense anplifier SA That

is, when a storage capacity of 1024 bits at maximumis read from each
menory nat ey dthieralpdatmaigl of igach botaelm dddries salew e sssmyr yedank i s
made up of N nenory mats, |arge anounts of data corresponding to N x 1024
bits at mmdvide carsdiese rpupl ahiceoutipitsidgmal hee®AM mithulse, aven nunber of
menory mats to be nounted thereto is arbitrary. Therefore, no probl em shows
wher e t hevheenmuchret s worire spoming-e bl 165 atsedxd htlhowgle bbeneedsbased on
the 4-bit bank addresses as descri bed above, for exanple. However, there is
a possi bid idif fidrende viterdesree- dxd ghisrpdankeadingssain sber r oneousl y

speci fied where, for exanple, only the nunber of nenory nats smaller than
16 i s no@rmsEted foh-axdsii g sRhoISoTRE W IProeldpesidirHurabitrat the
global bit lines GBL remain held at the_sanme_precharge signal, whereby a
needl ess X Rees §5 eifridRd \@dRIve 137 tRRBLYR AP eadP aRBL 1 RRer RA t hat
recei ves the precharge signal] and neanin Iggs data will be trfgted as

ef fecti vERGTAIIGT it £ OPHIRE BRI STUL AL FEsTPEICRFFBI sYsuch as a

~ 1 APR 2002 - 2JIn %'i—x%grparne1srelf'ﬂ:aVe\kfin?ﬁodeltmce'ntn,1 ng'Ee C%r(\:a%lcjz{mum storage
) capacity of the RAM module used as the memory circuit is

determined according to the data processing operation of
the semiconductor integrated circuit device upon its
design. That is, the number of memory mats MAT mounted to
the RAM module is determined. The plural types of bank
configurations are prepared using such memory mats MAT
according to the classification of data processing using
the memory circuit, i.e., the write and read operations
for the memory circuit. Switching between such bank
configurations is allowed by the control circuit. In the
case of a semiconductor integrated circuit device
battery-driven as in the case of a portable information
device or the like in addition to the above, the
semiconductor integrated circuit device may be used in
such a manner that when it is battery-driven or the
voltage of a battery is lowered, the number of the banks
are set in large numbers and the number of memory mats
activated according to one memory access 1s set to the

minimum like 1 so as to reduce the peak current, whereby



When the bank addresses formed by the adder circuit in the final-stage
menory mat are supplied to an overflow check circuit, where access 0
non- exi sting bank addresses is detected by conparing the nagnitudeél1 APR 2002
thereof, the control circuit prohibits the operation of the read anplifier
wi thin the RAM nodul e and the logic eilbcuit for providing read and wite
instructions for the RAM nodul e is added with such a function so as to
notify a bankdesi gnation error through the control circuit. Figs. 3A 3B
and 3C are respéeet baelty rychienmterc ud ack adilagr-ansl fage desgiomi ng anot her
enbodi nrent of bank address setting circuits each enployed in the RAM nodul e
accordi ng to t hEhpr esepf estivertifaguraiie oRANsnod edidrddiusta atettral Fi gs. 3A
t hrough 3C are configured in the same manner as the RAM nodul e shown in
Fig. 1 ocixcsidtt Ast sewptlicld eiltduia s t@te qreew dud bikedesigngt si des and
menory mats identical in configuration to each other are placed side by
side in pleved] iroemcordanise et guIRSTET sHovde i FYFieln BA therehyi ti al
bank address can be set to an arbitrary value k as fixed or progranmmabl e by
t he corr &spordlienguaberr of danks tto e R modike neddiiypngrdo is1det to a
(mat address) k and a k+1th bank address is generated fromthe adder
circuit & SOREIGHAaFREry ffdt S Le adl MRS T %9 elee TRRY ot at ed
address i_s supplied as ,a bank address far a 1st, nenpry npt. Bank addresses

are sequédrht Sy as SO FIKE T TR P02 T M ¥ 9p to a k+nth

t [ h f k+2, k+3, .... A S | AC i t | bank
Bl 4 CHARES] TSR oY e s 7 T A8 Eomit (O L TOreT | T0et rat d in |
Fig. 3B 3 bankaddiess.cot e N, LA WAL POt et gl G i s set to
a art rom ro

n n-1t h menory mat est he con circuit, i.e.; an address of

0000 is t here r ci.fl b he. 4 bits as
Faphise Bt SRS IR T 2P S LI I i

descri bed abo esses i ncrease y +1 1n the

directi on QRRASILLSH FikthaltHd de SRR STRPUIB t 862 BPludPrgheir
corresponding nenory mats. In this configuration, the maxi num bank address

(mat address)kans ¢eM gidta@é to a Oth nmenory mat | ocated adj acent to the
control circuit, and the overflow check circuit OVFC can be placed in the
control circuitaAlEbbubar theheonhatbilng iafcwiitr &% cmd snteimainneaidns f or
transmtting an overfl ow detection signal becones unnecessary and a circuit
| ayout car Bessat isoranfji guerftdrorediay e Heksonfwhpredn o sénenyin Fig. 3C,
a bank address corresponding to a ground potential GNDis set to an n-1th
menory R YSaefe st ideR tiidcdma GletE raduiRaiys of MA2 aaad esBeof 0000 is
set thereto_when the nenory mats are specified by the 4 bits as descri bed
above. FIFREE, ofh@amdd mfmIievaiar S maEvaddrids His Pl gridt®d to a
ui t

0L oL 4 RoRed Al acenl b, Ui onoh Sl5eUL hDtle s e
control oer%éA%%n%%gzof banks set each time using the register
% or the like may be adopted. Although this configuration
is not restricted in particular, the operation of
writing/reading of data requiring high-speed access
during data processing may utilize one set in which the
number of banks is set in large numbers, whereas the
operation of collective writing and reading of large
amounts of data may use the other set in which the number

of banks is reduced and the number of memory mats per

bank is increased.



- 23 circuit. Although not restricted in particular, the bank addr@%SFWQNM
designated to the respective nenory mats are inverted by inverters, after
whi ch they are conpared with an external bank address AC. Thus, although a
bank address given as 0000 is assigned to a 16th nenory mat in the
above-descri bed bank address setting-qgizrcuit when, for exanple, 16 nenory
mats are nounted, an address given as 1111 is assigned thereto by
perform ng a conparison with its inverted signal. Al though 0001 is inputted

to a 1sth ”E”Dr¥i§gt2_?sCQHE@BQﬁQEiEOEQBEﬁSd&é&@éﬁtﬂ&ﬂ1&e§d¥ﬂﬂ¥i§”h memory

mat achi eved by reducing the bank addresses to"be conpared by the
conpar at tehgsgg&%a%&n\é%'ty oY thk wntm%d%%%srr%@wmﬁb dessriped above |ater
ed ad]

and | oca acent to the control circuit, each bank address conpared by

the conpapahek elss 1oMPRr dMindiudR iavrHEahSittNalndGenl111l. Thus, this
becomes i equivalent to the assignnent of substantial bank addresses to

their coRreependnNy WRER' ¥hBBtSgh¥rbheidegksal foysied agttinghecase of 0

t hrough n-1. However, when the nunber of nenory mats is, for exanple, eight
smal | er thapn thekmaxdredsnurbers (Hentdsadeser ideek ahoves ian wesui val ent bank
address of a nenory mat di sposed adjacent to the control circuit will not
result i ea@hbutth@tltan’ bg vwered rsdeticalespesitadnge mdmomddeat<i rcuit used as
t he bank address generator provided in each nmenory mat may be replaced by a
subt r act Howewer ,~ theABRNR0@ddrd4 ssubtstadte @omiamigly Sitatedad) since the
bank addresses or nmat addresses may be set so as not to include the sanme
ones, théibankowgdr éssésirdielt erent WheonfeBOM sohde may tienasisi gned to their
corresponding nenory mats so that they are increased or_decreased by 1
every neABEPIRANSe Wigs the mesterd ACcH sYisdhiects WIS schenstic bi ock

di agrans of anot her enbodi ment of the RAM nodul e according to the present

i nvent i oHNIERESRAMYMEQUISES 'thee &l FPTt FHE rdte RO ™Ment s are

respectivggg set so as tq differ jn the _nunber o mat s from each
0

f.
other in® EEEE SRWETt 1S SqUTTSEd %St or gﬁgegﬁﬁacilttingg)r SSEY since a
trol i it i | diff , Of ts,
oads as FUREWEHTT Bmhe "Comr gt B B Soan b iy § " EFE 8% or age
capaci ty -1a'€<e;ic%X%%%'o%i% kel gl %ﬂ%ﬁﬁd@i’oﬁ@ﬂ“&@l&é tqfrd vers or

'é§3 ' .
menory mats for supplying address signals and conmands is subjected to a

heavy | 0gd13s e 1runber ot BaRLY JRiS ddiceasasigh\ siapal itd,ansfer speed
or rate varies according to whether the load is light or heavy, so that

time intgheal SnIPerhe0baBRIGAraee e diddteiody aamash 10é hesmmdhlys thus
necessary to set many tine margins for timng adjustnments. In each of bank

address sektd f@rcidach tisdifvitdua labererde sert hechdretrioe ymamatisumn t he present
enbodi nent, the nunber of nounted nenory mats can be recogni zed by decodi ng
a si gnal mouryaitled numdraran saddiingd as tl e ebgporndilped tabeve. final st age,

in other words, bank .
is necessary to create sixteen types of memory mats set

in macrocell form or manually set mat addresses in
accordance with a master slice.

In the present embodiment, the same bank address
setting circuits are respectively contrived so as to be
able to automatically set different bank addresses while
being used in the respective memory mats. Binary adder
circuits (Increment circuits) are provided as the bank

address setting circuits BAG provided in the respective

memory mats. When n+l memory mats having bank addresses



0 ~ a PR zoo2 -25 addresses inputted to the overflow check circuit qwggf 2000
The control circuit is caused to hold | oad driving power correspondi B
menory mats equi val ent to the maxi mum nount abl e nunber by using this, and
various timng adjustnents are set under the conditions of the nenory mats
correspondi ng to the maxi num nount abl-ggnunber to thereby create circuits,
wher eby standardi zati on on the control circuit side is achieved.. Dumy

| oad circuits are placed in the control circuit or each nenory mat.

Al t hough (BX- &S}t rd il 448 P t0 cthddugleachatnpyatead €bkcuikbmpQBpPri ses a
| oad circuit conprised of a MOS gate capacity or the |ike. The dummy | oad
circuit ithemheai®d, aladfalyi cad echedggipl ¢ eg- S e BBah§ebeanal eakiivel y
connectabl e to the address bus, the conmand bus or a signal transm ssion
pat h for adierclaioke sl ghadrdkbrted thed |t &eed dit avigie sWihchaWOSRETs rar. t he

i ke. When the nunber of actually nmounted nenory mats is two: BAK#0 and
BAK#1 as Ashadwri tialFiapdss € gtd @iddnyid omdbrliedi 4s pnosddedssn t he
control circuit are connected to each other and in this condition, the
entire | daguas (MGlevied f>amdadmprisadrobfs tihietsoftvr othei Lteadings adj usted so
as to take 10. In Fig. 4B on the other hand, the dummy load circuits are
provi ded Me0xy tiRthe dinstdoilbgt ¢ . ovére Eifdlarespertiite enthy hatdindhus,
when the nunber of actually nounted nenory mats is two: BAK#O and BAK#1 in
t he sameMAEIRFer M- REIRY bol SRR PRI EPR clPt Sophodnded for the

i mpl ement ed BAK#0 and 01 APR 2002 -26 BAK#1 are connected to each ot her
and in tROSSSomMATEYN, O % IO Gy | CTRE @S vifevke® 3 rBRFORE TBERPEYI circuit

is adjusted so_as to %gke 0. In thi,s canfiquration, when the nunber of
memory mIPE moantES ESSsREWET F1ECY HEC i FESRF S T9YHE case of

BAK#O t hr qugh BAK#3, d . i ¢ cui i ded for_the.BAK#O through
BAKH2. ar BLeCT b BH S Bhrde A 5" e otk 4Rt | At RFELE8ndi 11 on. ¢ he

overal | |0adas s Lued YRR S Wi daledi{fWlchse 8L $ReAS 1O take 10

in the sa manner as
address input passes through the adder circuits, so that

binary addresses are formed like 0010, 0011, 0100

Owing to such a construction, a bank address given
as 0000 is set to the leading memory mat. Further, an
address of 0001 formed by the adder circuit in the
leading memory mat is assigned to the second memory mat,
an address of 0010 formed by the adder circuit in the
second memory mat 1s assigned to the third memory mat,
and an address formed by the adder circuit in the n-~1th
memory mat in accordance with a decimal system is
assigned to the nth memory mat. Since the address setting
circuits of the respective memory mats can comprise the
same adder circuits in this configuration, different bank
addresses can be set by simply arranging the same memory
mats.

The bank addresses respectively assigned to the



descri bed above. Although omtted in the sane drawi ng, the dumy | oad
circuits are not connected to the control circuit in the enbodi mentl1 Aﬂ?mm
illustrated in Fig. 4A in the maxi num nounted state up to BAK#n, whereas in
the enmbodinent illustrated in Fig. 4B, they are not connected even to any
of BAK#0 t hrough BAK#n. Each | oad as-vigewed fromthe control citcuit side
is adjusted so as to take 10 which isthe sane as above. In regard to clock
signals, clock signals CLKC and CLKM used in each control circuit based on

an ext er paldnk YRR inReh IS WP LK HIMNCdG F & $&4  Sp@sc 89t to produce

phase shiftsS according to the |ightness or heaviness of a |oad and so that

the | oad thakeghl QHd doh AR ITRANG A% dasgidhed Bpoves ibakhe same cl ock
drivers are used. Correspondingly, a clock signal KR supplied fromthe

control eidaedists 1@ itrte JeeaRe dmt iiiBY Yy BMiS. | Sivged e adjfesdrdhe | oad to
10 in the sane manner as descri bed above according to the selective

connect i @ank conFi ARPR AN cdh e siphi badicidguiis. £ Sued BghKst nent s
provi de synchroni zation of the clock signals and the setting of timng

mar gi ns takireg siedt dreads dareaidmn sk iofereacha ot @eksss geral baak be nmade to
the mninmnumrequired. As a result, the operating frequency can be speeded
up. I n thedreese ARNATEGI M antdche Wi lituoin gy dstmesamit haddaeks
configurations is allowed as described above. That is, there are two cases
upon t he ACHE- sst:ed>s elrec timpyp toyest.at That dise ieackhitemkomddrsmss menory mat
is activated upon the row system sel ecting operation and another in which
two or NMECEPRERHIOY RGP HAEPHILAAS oAy acf verErcident®ads as vi ewed
fromthe control circuit differ fromeach other and the signal transfer
rate i s SPFOSEEFOMFeraly RILUCEs &ulfodW P - 19R1PSE nePPladedBSToper at i on

f th I | it f ts. i hi s, - th th it chi bet

durmy | OSGSBRIEUTS R 5 Riario Hoh HIH i TRAIG? SOTRRELITBed above based
t he bank i i i,nf ti that.t i |1 f t

i ust cdPBSHEREnC A ERB TUGRr LSRG BahE v t e e - EnF5 & o rouit

di agr am sAQW %NS LT IRNL (Pofile Hinle RIAIES SASNAFALOroANd The bank

addr ess coOinci dence conpar ators. e bank address generdator conprises a +1

adder ci t- wé%\%gra% akes dd1 - 2D Wadanks addiegs ess CARg0>, CAR<1>,

CAR<2> an 3> conprised of bits as self bank addresses. Further, the
bank addpess agemerat or (perforns a +1 addi ng operation on 01 APR 2002 - 28
themto thereby generate bank addresses CAR<0>, CAR<1>, CAR<2> and CAR<3>
conpri sed of 4 fhks, thid eesane vsedeherriiatfiddd e e silpgeleddre adder

circuit conprises the follow ng

significant bit is made invalid in the row-system
coincidence comparator, the coincidence comparison signal
CIR is formed simultaneously for the two banks. On the
other hand, the simultaneous selection in the column
system as described above will cause a problem that
complementary bit lines of a plurality of memory mats
simultaneously selected on the global bit lines GBL are
simultaneously selected. Therefore, the column-system
coincidence comparison signal CIC is formed as one for
each bank address assigned to each memory mat as

described above. On the other hand, the row-system

selecting operation will not only cause no problem



respective circuits. The output signal CAR<O> corresponding to thegl7ew
significant bit is fornmed by inverting the input signal CAR<O> 2007
corresponding to the |least significant bit by an inverter. The out put
signal CAR<1> corresponding to a second bit is fornmed by an exclusive OR
circuit which receives therein the inpgt- | east significant bit CAR<O> and
the second bit CAR<1>. The output signal CAR<2> corresponding to a third
bit is formed by an exclusive OR circuit which receives therein the output
of NAND Mdeddifsd i wRasStl signidfcanimbly £ARsOPedntint Bresecond bit CAR<1>
and a signal obtained by inverting the third bit CAR<2>. Further, the

out put siginata IGAR<If cosmicxspandli 19 bt tdaksoostilswgnthecant bit is fornmed by
form ng the output of NOR of the output of NAND of the input |east

si gni fi cantpui touGARD > fanh #de asoands bof CARx1et aAndht hpekedvént ed si gnal

of the third bit CAR<2>, and supplying it and the input signal CAR<3>

corr esporgimiggt of drve b sthesi Himpleaswihchingwot cohenmeland-speteyst ens are
provi ded as the bank address coi nci dence conparators. That is, the

col umm- syastlen thiark eeizhrasior dhenddencehe onpad at bnedet&eni nes correspondi ng
bits of the input bank addresses CAR<O>, CAR<1>, CAR<2> and CAR<3>

conpri sedgiultimngoigly ol eEre@oD? the blysabhey cof URRMey Yt BALBank

addr esses ACNB<0>, ACNB<1>, ACNB<2> and ACNB<3> designated or specified
upon nenciif ddtesNEEH Gk cFRTSR TR RRFR UPEBOY¥ofF At défice/ noncoi nci dence
circuits), and thereby takes out a ¢oincidence signal for_all bits by NAND
and NOR @‘é‘lgaehcﬁlr%ik%.t}@ rﬁcl”?ff?%ﬁ?o@%%ng ﬁ?%@%t%‘ﬁ?gégkeﬁdﬁf*essm&%}:nci dence

conpar at or_ makes a decision as to, corres ing, bits of ' the.input bank
S0 65aed TARKER TOARATTARPATHT CARLBAE BRI SEPBITHE AUl bi te and
FOW Syst errgabcfmé(ro%jderag@ns%eﬁ%ﬁ?:ggbﬁ%é? %é‘ Cngrﬁ%z? ngac B<.3L> desi gnat ed

. CO .
upon nenory access, exc e I rcul encé/ non-"coinci dence

c1rSUl 1 Stk d NETEd 3R St 001 1) 4800, S 80T nlflbcFLAGDELS DY 2

NAND gate circult. nt enbodi nent he out put of an éexclusive OR

circuit qcé[f{é%&girﬂ% tor (e d EaStr Ss9MAL LGNt o Dt 2 @?\B&OBi%Bda%RNB<O> I's

provided with its corresponding NOR gate circuit to allow switching to the

r ow syst eqa-siehestddig wwenahhonsdchugsut © provide or formthe plurality of
menory mats per bank. In order to forcefully set a signal outputted from

such a NOR gat e Ioi rotid RAM rodidiencitdenosushanadf hdreornpostof tbheeexcl usi ve
OR circuit is supplied with a control signal RFTN. Thus, if the control
si gnal RETNIiteddtheret |ogiarii tdey coilicimsihwe sighabr ¢lsl éwr sedwen t he
row systemeven if the |east significant _bit of the bank addresses 01 APR
200Z - 30 where the memory mats corresponding to 16 at maximum are

mounted based on the 4-bit bank addresses as described

above, for example. However, there is a possibility that

when a non-existing bank address is erroneously specified

where, for example, only the number of memory mats

smaller than 16 is mounted, a non-existing memory mat

will be specified, so that the global bit lines GBL

remain held at the same precharge signal, whereby a

needless or excessive current will flow through a read

amplifier RA that receives the precharge signal and

meaningless data will be treated as effective or valid

data on the system side. As a result, errors such as a



is 0 or 1, so that substantially the same bank address can be set to two
menory mats. |f such a function as to formor construct four nend}yAp@Zmz
per bank is al so added, then a signal RFTNL is provided as the control
signal RFTN in association with the |least significant bits CAR<O> and
ARNB<0O> and a signal RFTN2 is providegias the control signal RFTN in
association with the | ow order second bits CAR<1> and ARNB<1>. \Wen the two
menory mats are formed per bank, the signal RFTNL may be set to the logic

1. Wen the &0 ABIDLK, MBS angi JoF nedoper bank, the signals RFTNL and
RFTN2 may be set to the logic 1. The bank address generator and bank

address coi nCi d&fe8, GUE A0 H &AM d ' dihfkd Tof athdeadddr constiyet ed of
the sane circuits with respect to all the nenory mats of #0 through #n

shown in fhgehe. £ IeT s dde Mditoe MYy 4Bé Sseapl coanes! ¥nuseecetieolwype of
menory mat configured in macrocell form The above type of nenory nmat

confi gur eghédk neLroOcet | Wisme cadedies usethdnreri ptngl beykof types of RAM
nodul es different fromone another in the nunber of menory nmats and bank
conf i gur adddes sder ebydeiacind sestgmpaning aybat sagantbhdegr eaklrygof,
sinmplified. The bank address generator and bank address coinci dence
conpar at orlse comprrsk ¢iwecwsi tpbech iyl ts galhe cpecatisnshéwahenrehée dr awi ng.
Since the adder circuit used as the bank address generator sinply perforns
a so OlamPR 2002 wiBthiraiheRAY arddule ghad thansbegicoperauisn fakone in
particular, its driving power may be extrenely small. Thus, since elenents,
whi ch corgteviding raspartite orsrpesioranies FhenBAMomodld lext renel y
smal | scal e, they can be fabricated on a sem conductor substrate bel ow
Wiring chehradeed orith sfaderd i HiPeheon e3perti @ BPHREYS2CRRRES t hr ough
CAR<3> used for the generation of the bank_ addresses., For exanple, the

respect i VPSR O - PHHUEIRYN-RARRSIEE]N BEFFBrfred by a netal wired

| i.ng t third i . i ti f
Connect i ng. batwedER he el & o ins Cerat Tr P e iy T RRSHRREE o oui ¢ can
be f | i I t d
Cayer and RETREHAPRART Bl WAL LAY SAURAS: “OREESRARELIBE BaliCoCP e

bank addr i NGl Of 4 b, ar ove.
£3E- £04 %‘?}%t%ﬁ% Lall SnPBHPEE Shtihar rRher hbenak

El enent s, nk address coi nci dence conparator, can be

fabri cat e&c@drdﬂﬁ? P e 3 BEsBL0NTHEsF 1 SHbStTat erbrel ¥awiesng channels in
whi ch t he bank addresses ARNB<O>, ARNB<1>, ARNB<2>, ARNB<3> and ACNB<0>,

ACNB<1>) ACNBsZratedl ACNB<GS. 3% tlespeshi Vel yréocondigndedeliowthze wiri ng
channel s in which the abovedescri bed signals CAR<O> through CAR<3> are
forned. Asare resuier ddetlmerdy medsleashdenf bonnBdgi. nflooki ghsiont egr ati on.
In the present enbodi nent, each bank address has two nmeani ngs as descri bed
above. Thatat scontmobapkrcuits are provided on the right sides and

‘ memory mats identical in configuration to each other are
placed side by side in plural form.

In the configuration shown in Fig. 3A, the initial
bank address can be set to an arbitrary value k as fixed
or programmable by the corresponding control circuit.
That is, a Oth memory mat is set to a (mat address) k and
a k+1lth bank address is generated from the adder circuit
of the Oth memory mat with k as the reference. The

generated address is supplied as a bank address for a lst

memory mat. Bank addresses are sequentially set to the



01 APR 2002 -32 addresses are placed in a one-to-one correspondence with
the mat addresses as viewed in the colum system On the other thgﬂkaﬁ%
are not associated with the mat addresses in the row system and ar

i ncreased and decreased in proportion to the nunber of banks in a word.
That is, when the nunber of banks is_egual to the nunber of mats, the bank
addresses are placed in the one-to-one-€orrespondence as descri bed above.
However, when the ' number of banks reaches half the nunber of mats, the

bank addrzﬁérﬁg%arg%t%glggcgg éokl'l{lﬁhcﬂéﬁl :?POfﬂ?E”SEyinD%ﬁ%r Lhed gpecifically,

when the nu s 16, e nunber of mat addresses reaches 16 types

or ki nds.;crpengs, when the, iheraof; dankSerk e £:981 08k 02 ghplksequal to

one-hal f the' nu "of mats as viewed in the row system the one right nost

bit of thenfoufeli tSohSméRpLIGr gdcboy¥alid upon the row system bank address
coi nci dence conpari'son operation as descri bed above, so that the row system

bank addresses afg fieducsdr 19,0 @dn ki N$stdtsa thHeregl unss- sysharaksi gnal
transm ssion paths of the nenory mats are connected in paraflel, and the
bank addr£ssessano féspaa esgeso as egpban@dpbBehigadneo- age seer respondence
Wi th each other in the colum systemto avoid overlap selection. Further,

t he word &hneslflorméherpl maal faychesor yromt shar eoskrvllt adeeudlty selected in
association with the bank configuration in . the row system As a result,

t he readinge andanvradldngss nofathobaink san tpdateor ohesyshenmatdrgss signal s
and allow 01 APR 2002 -33 the input/output of data at high speed

accor di ngna os sexeespeal Lhedelsy bthsed bhtsobandesaktibhidngboFieg. 6 is a
circuit di agram show ng one enbodi ment of a nmenory array MARY and a word

| i ne sel etwprhenployrld addeasheseimEyeaaedr BVertednt §hgbevaeckdom of
equal i ze and precharge circuits for bit lines, which are included in the
nemory arPRBOS}ke drawrbabgbt herei petpRd saRbodiAfRRg2renESbai® #) of the
above-descripbed banks #0_through #n is_illustratijvel hown as a typical
one i n t NPT ST HETP SRS | RETPGY SBRES dr abft ngs O O BT Q&R F£§Pof

I bi [ i d I [ i L i i.ded . wi thi h
complerenal b Ll nSs R LU RELLYCSh poL T | Lnas o ded i the
one bit 140 Rl aNgla 901 0oL L 085, MMM Wtk oaRd Wk cate, il ust rati vel y

shown as typi _ ~A nenory provid at a poi nt ere the word
line WO and the Hrd-ting Biorkntersgset) ovktl chg sxphakoed 9¥ Wy, of

illustrative exanple. The gate of an address selection MOSFET Qnis

el ectricaddyr£onnect@di ¢ 0 irh s (Y SN G g Wof Go f i PEreNgrsource and drain
of the MOSFET Qmnare electrically connected to the bit Iine BLm The other

sour ce anthtkmrddnmdc t hendSFET £amaneteiegt ahcalvky ftenndetedttiora St or age
node Ns used as one el ectrode of a storage capacitor Cs. The ot her

el ect r odes igfna hebat omeg eunagaes sary G3ndsausedciptcdamontwiceln tdee ot her

el ectrodes of storage capacitors of other nmenory cells. A plate voltage VPL
i's applieRErnhkblytprrformed.

In the configuration shown in Fig. 3C, a bank
address corresponding to a ground potential GND is set to
an n-1lth memory mat farthest from the control circuit,
i.e., an address of 0000 is set thereto when the memory
mats are specified by the 4 bits as described above.
Further, the maximum bank address (mat address) is
designated to a Oth memory mat disposed adjacent to the
control circuit in the same manner as described above and

the overflow check circuit OVFC is placed in the control



01 A PR 2002 -34 electrode of the storage capacitor Cs. The above-descri bed
menory cells are placed in matrix format points where the word |ingg

ones of the conplenmentary bit lines intersect, respectively. In the wor 002
line Wem and the word |ine W.mtl adj acent thereto, for exanple, a nenory
cell is provided at a point where the-jsord |ine W.m and one bit |ine BLm of
the conplenentary bit lines intersect, -and a nenory cell is provided at a
poi nt where the word line W.mtl and the other bit line /BLm of the
conpleneQ$%%ﬁf§t lines intersect. In addition to the case in which the
menory cell's are alternately placed at ones of the conplenentary bit lines

and t he ot hers thereof ever rq sl r I[ls in
H_%h‘}:cw%gh Yoy Rdd Land evan, \ r%ldlﬂeasr, D08

groups of two, &%lc re respectively provided every two wor ines with

the two widddngs cﬁéﬁiﬁﬁfﬁ]{eé Q£ UdGleaSi b RibforTBYabE ALLernately
e conp

pl aced at ones of t enentary bit lTines and the others thereof. N

channel - tiyRe MEFES Qb Adiough (6, Wiah &wtéf@t@oxﬁggbe&qw%hze and

precharge circuit, "are provided for the conplenentary bit |ines BLm and

I BLm The MRk &Y Haniseladess at - pelent izalt Hiyagghar tdeui ting high and
| ow I evel s (or I ow and high I evels) of the conplenentary bit |ines BLm and

/ BLm The sl iidn and (Ol are diseidriad prevent 6 tiendabfyvpadenihal based
on the short-circuit of the conplenentary bit |lines BLmand /BLm from

varyi ng dhe tabdweskbgeciba®@dardt ddirddkesetting aPRuboZwhedd Furt her)
the MOSFETs QL5 and QL6 supply a half precharge voltage VMP to the

conpl enerficar yexa@nple ness Blamand naBlanarkhengatesd of an hedér MSFETsel4
through QL6 are electrically comonly connected to one another so as to be
suppl i ed asi i 1d precagignethdhanella 2y S rmBUEY a qemparssonfter the
corresponding word line is reset. froma selection |evel to a_non-selection
| evel , tRMeY difd BIRYLeS iiged #3d LAONIEh 00ielis samueied He® MOSFETs QL4
t hr ough 6_are brought to an on state to perform precharge and equalize
oper at i ori® FoMSNREFYE MRt e rfe AARATR 1O | Hi§A alnjdf? BYRFRALPHurEity of

dli dri WO t h h _W\Dn tivel i ded t
cor resporf O ThdFIURAITRYy TV 1TheT WO GUOHTER. A speci f ¢
i it qf | i ' ' ' Wn of
These worliney o4 i Rad . Al AR Do et RS A%

i nverter composed afe a R hannel - L ISR L Mbos e SOUE C8niS

electrically
located adjacent to the control circuit, each bank

address compared by the comparator is compared with an
inverted signal 0000 of 1111. Thus, this becomes
equivalent to the assignment of substantial bank
addresses to their corresponding memory mats by the
decimal system as in the case of 0 through n-1.
However, when the number of memory mats is, for
example, eight smaller than the maximum number (16) as
described above, an equivalent bank address of a memory
mat disposed adjacent to the control circuit will not
result in 0 but 0111 (7 given in decimal system). The
adder circuit used as the bank address generator provided

in each memory mat may be replaced by a subtractor or



r connected to a set-up or boost source VDH, and an N channel -type MOSFET
Q7 whose source is electrically connected to a circuit ground potentg | ynr | S
used for the word line driver Wbom The drains of the MOSFETs Q6 and CEA§RQMZ
commonly connected to each other and constitute output term nals. Further,
the drains thereof are electrically cofanected to the word Iine Wem The
gates of the MOSFETs B and Q7 are cefmonly connected to each other and
constitute input termnals. Further, the gates 0 ~ aPR zoo02 -36 thereof
are suppl. i I d.0on si.gnal .pr d.tro oder RDEC.
sh%%lg‘éﬂctt*lo% 29 el W@E@‘E oS éng‘i&&%% £ ;Bat%ﬁ %"éé}cg@csns‘%ﬁ e

t
A precharge channel -type a nonsel ection

channel - fype MEGEET (B 03 SOl e LANALN RALA% AL T especkhuel Y

connecte one anot her,” are provi ded bet ween e Input termnal of the

OM3S i HV%&te%r, 58 33 Qaard dhe poost,y SauUreeyRELih paknall gl fREm The

gate of the non-selection latch P channel-type MOSFET B 1s electrically

connect ed g0 ohle QYW Rife ierdfri@l siindihgy MR HAURIE£rsd QLnapde(X). The gate
of the precharge P channel -type MOSFET @ is supplied with a precharge

si gnal WBHe An%ir@Raledeie’@idedg figf m ngrd-he sRehargeesi gnal WH
produces or fornms a signal WPH having a high | evel corresponding to the

sel ection | evel ragseaah , wand andna carg ea dedpdvigte Iy kacHdigat€id cuit ground
potential with the boost source VDH as an operating voltage. The

above- de®dpiche d iMdSinE Q4 drs thdOSmbbdisethtf a5 f acheveAM | modthee. Wien an
unillustrated sense anplifier is activated by a source voltage Vdd, a high
| evel of atclerngdinentticalthet drescconplrererttiany. bitthd R3¢ Biodwlred BLm
corresponds to the source voltage Vdd. The potential of the boosted voltage
VDH i s f eceedddagada dhisequasartie estadianaryls aaes iokispedt hveWiesiethe sense
anplifier is activated by a step-downed or deboosted internal voltage VDL,
t he boos#e€d afoltCagd MHH i1 Brivughimieyr £ f/memony Hiater Broyt @2fAdi cat es t he
t hreshol d voltage of the address 01 Apgggooz -37 selection MOSFET Qm and
serves sOESL 31t PHTIERE G it AN & 1F Pr 3R eFaPE ket +RE - sour ce

vol t age d.or, VDL .applied tq the conplementary bit.line BLm or_/BLm which
s ol | FPEE B 1 RETRRbIA FTT o TR o (RS TEsPeRal P sBnse
anpl i fiely; A0 b GRLARIPUWING GAPIELLT (Sadd thOW; LEYE! £L03SERe
control cilrcuit vary according to the storage capacity.
For example, a clock signal CKR supplied commonly to
drivers or memory mats for supplying address signals and
commands is subjected to a heavy load as the number of
memory mats increases.

A signal transfer speed or rate varies according to
whether the load is light or heavy, so that time
intervals spent on memory access differ from each other.
It is thus necessary to set many time margins for timing
adjustments. In each of bank address setting cilrcuits of
the above-described memory mats in the present embodiment,
the number of mounted memory mats can be recognized by
decoding a signal outputted from an adder circuit

corresponding to the final stage, in other words, bank



Fig. 7 is a specific circuit diagram show ng one enbodi nent of the rzé;)(v
decoder RDEC and a word driver ' connected thereto. AX20 through AX APRzmn
correspond to signals forned by predecoding row (X) address signals A2

t hrough A4 conprised of 3 bits by a predecode circuit or predecoder. AX50

t hrough AX57 correspond to signals fomnged by predecoding row (X) address
signals A5 through A7 conprised of 3 -bits by the predecoder. A MOSFET B
whose gate is supplied with one of the predecode signals AX20 through AX27,

and a MOSEET, Q4 ahogs, gal | 5 Suppl 60 Wi anecf cLhe, p edseade si anal s

AX50 t hrou connec o each othér in diréct formto formthe
q . X ) ¥ : D X |

s Thathe Hten M Fut e Ll chdSeB P Rt bl Ban e el bbERd

NOT- AND i gqurat i j i i it - el -type

T b SRR RS Syred | AR WLELL | SoProni defl Wi bn Robggel -t yp

| nvert er fQin eSO AGeL NSy | & £y Ofn & NOULgeheriLeg Leyehg and a P

channel -type MOSFET (2. A sel ection/ non-sel ection decode signal is forned

dependi ng @, yiEEHES 2 H08le: 1 e ARR200a 38; Prechar gad hamd. i gh | evel by
t he precharge MOSFET QL is discharged according to a | ow | evel "of the

timng sigied cdXFedpvrnunty the tAShRDsifdn ancuiMabPet AoKBBrNeL restricted

in particular, the timng signal XDGB is generated according to the result
of deci sithebyby herdd tstc ted el té narharelsy rethtdardtes et shnahoehel N addi ti on
to this, the generation of the predecode signals or word line select timng
si gnal s XGvBitdil cuighcu@ives 1de bies deslcrevwsdl. | ater may be rendered
valid/invalid according to the result of decision by the first determ nator
so as to controlDunmy rlmed ysitramidel eotd gl agsst dtn ovhefceachohenory mat. The
P channel -t ype MOSFET is provided which feeds back a signal on the high
| evel sideli@lit sof rgagh imeReE) ot t & lithousht puat sieffafieoted heni nverter
The MOSFET 2, serves so as_to bring_a decode output for bringing the MOSFET
QB or 4 RIF G OFFT steRE LW IRFE & Pretet ottt pas %Xépagr AXSl to a

hi gh | evel, precharged b he_precharge MOSFET QL. Since the MOSFET QL is
t ur ned of(fl]%‘b’rﬁt?fg“%h%?%t?%rﬁ arox ﬁeﬁ%ﬁ%%e??o'&hﬁnﬁl%‘ﬁe MEBEET QB or
A is tLH%g%% f{ con?'n to_ the predecode .ouf put AX2i .or.AXSi,, this high
evel |5 BESROMORE TR | By el T FRh et e G aoRLARER b that the
hi gh Tevels widlpbe vl Yodiled il SR LUALNNBYEL | BdLCahYe Of a [ow
I evel by coupling or Teakage current. erefore) the feedback
channel - tygign BRI &r 15 dignel GhddhiSSPONSeaER £he LQW Leyek of the
i nverter 01 APR 2002 r IV1 to maintain the 1nput |evel of the inverter
at the s@i@E@aVaArRYE: Mdtk 1ike through switch MOSFETs or the like.
When the number of actually mounted memory mats is

two: BAK#0 and BAK#1l as shown in Fig. 4A, eight dummy

load circuits provided in the control circuit are

connected to each other and in this condition, the entire

load as viewed from the driver of the control circuit is

adjusted so as to take 10. In Fig. 4B on the other hand,

the dummy load circuits are provided so as to be

distributed over the respective memory mats. Thus, when

the number of actually mounted memory mats is two: BAK#O0

and BAK#1 in the same manner as described above, dummy

load circuits provided for the implemented BAK#0 and



Al t hough not restricted in particular, the output signal of the inverter
serves as a selection signal corresponding to four word |ines WO Hh ﬂfﬂﬁ
W.3. One word line specified by four kinds of word |ine sel ect ti#iné I
signal s XOVB t hrough X3MB obt ai ned by decodi ng row (X) address signals AO
and Al of |ow order bits and adding ng,§elect timng signal to the decoded
signals is selected fromthe four woerd | ines WL.O t hrough W.3. Wen the

out put signal of the inverter is of a selection level indicative of a high

level i h ., Furth . d i
ol oot {PRERG. Setnal AR TR Ldr AP O ARV EThATGd: 11 WO RT AR T evel o
| ow I evel i npyt, si gnal_ i ndicat | | ljed to it
cor oepoitiong O oA URT 20N B 1ok B ARG 1 P WERER Gb and an N
channel 'Bﬁ%s’@%‘z@ @ 3| ‘é@cteecloacc%dlt@@ t 2ok Vol tt?l.g)%,Ofwﬁ boost

% e W3 cred

source VDH-sG as to raise thée word |i conné 0 an output term nal

of the ward il [JONA ML AIAN difyel GOrFespoRding to the

vol tage © 00St soUrce-V e out put si gnal e inverter is

of the selectland G‘c\é_e'zlhia%dii%aw%‘ée A e A d evelou i NeLx MISFETs are

Sé Fi - .
turned on together wth the FET . However, the word line select timng

si gnal s ¥(MB.t Rl RMB dLemBidy idfed Mo il IBMalo and-&iben N\sgkgpnel - type
01 APR 2002 -40 MOSFET of each word driver is turned on to allow the word

l'i nes W.@rtthaudh Wt 0y @Rine e tiONet8] enlied: dad eihnehcat i ve of a |ow
| evel . Each of P channel -type MOSFETs B is a MOSFET for latching of a

non- sel eebnan thiexg! .théhevdha Wardhd iae Msiwdd fednd tie acdvedbevel
indi cative of non-selection, the P channel-type MOSFET B is turned on to
set the icipatiterig st @fo talse twortchkdy iMerirnt dclidhesdmoo stauheol 4age VDH,
t hereby tuning off the P channel type MOSFET 6. Each of P channel -type
MOSFETs @esicg idped above. Although omitted in the same drawing,
the dummy load circuits are not connected to the control
circuit in the embodiment illustrated in Fig. 4A in the
maximum-mounted state up to BAK#n, whereas in the
embodiment illustrated in Fig. 4B, they are not connected
even to any of BAK#0 through BAK#n. Each load as viewed
from the control circuit side is adjusted so as to take
10 which is the same as above.

In regard to clock signals, clock signals CLKC and
CLKM used in each control circuit based on an externally
supplied system clock signal CLK are set so as not to
produce phase shifts according to the lightness or
heaviness of a load and so that the load takes 10 in the
same manner as described above if the same clock drivers
are used. Correspondingly, a clock signal CLKR supplied
from the control circuit to the respective memory mats is

used to adjust the load to 10 in the same manner as

described above according to the selective connection of



precharge MOSFET and is turned on in response to the low |level of the
precharge signal WPH so that the input termnal of the word driver is
precharged to the voltage of the sub power |ine SVCW When the out®utAPR 2002
signal of the inverter is of the non-selection |level indicative of the | ow
| evel , MOSFETs shown with the MOSFET-Q8 -as a typical one, are turned off.
Thus, even if any of the above-described word select timng signals XOVB

t hrough X3MB changes froma high level to a low |l evel, the P channel -type

MOSFET Q\,lﬁé e%\%{gﬂgdlé’af& a&%ﬁ!ﬂ{@ t @ ihe o deasls PYrdhggaord Iines WO

t hr ough orresponding to the precharge |level wthout a response to

150 thatndlieod 2l Sl LR 1l @YBln o 2890 NGt 01 bfeobo0St Sour e

VDH is fe ack to the 1nput termnal of the word driver, is nade, whereby

the word { imasy W ¢ IHOUHK MB 01t d heodd Keerd €1 diel géh @£ neacrel ect ed
state. A word driver, a latch MOSFET and a precharge 01 APR 2002 -41

MOSFET sidndas é%]ﬁm&%rdwrﬂé&i @DOME: af £n PfaY i feguervea. f ols a redundant
word |ine RALO e redundant word line RALO is selected in synchronism

with a redimdent e chddhe: ise) ebtdQrersdnedn XK Bspocaed by.a redundant
circuit conprised of an unillustrated fuse circuit used for storage of each
defective or fauld thadgresernndrisodddress denpariataridieorbeompai ng t he
defective address with each input X address. Since, at this tine, the

pr edecode:ls? dralls ot gurratuign sAXZY aalnicbwadb (a ¢ hilesghipé87abouen t he
predecoders used as normal circuits or the word line select timng signals
XOVB t hr gt X3\B threr g espedive edgsds olrin e areonsyetest i on | evel
according to a coincidence signal obtained fromconparison with the

def ect i veSkRitteisng RPNt i MOt HH o | IR peroee mpeMeRYeBeh d&fective
word line. The sense anplifiers SA (precharge, circuits PC) are provided on
bot h si d&Sofval®h W%r%}‘%r?%‘wrﬁniﬁ%?‘gﬁm% PRRTPEeSBnE Enbodi nent as

I

shown in Figs. 3A through 3C. The sense a ifiers corresponding to
odd- nunb %'ted?rdrbﬁ@ﬁt‘%i’ VS 107 B DRV ALHORT 8d conpl enentary bi t
lines are distributed to the left a [ si des. t h the pitch of
each of ts‘rf‘én@b % yarathle‘fatlelénés&%I al&% %6 Sagﬁlteovpelégﬁéef%néc&? he word

i nes WQ&JHP&E@[E_%% ddfedd ke thudie PiLeha0h eachssense anplifier or

precharge circul 0 such ‘provision each sense a ifier SA, one

sense amlidi&fecamde N acebNddithdheopideh tyi seshibat opingach

conpl enentary bit |ine.
the simultaneous operation of the plurality of memory
mats in this way, then the switching between dummy load
circuits may be done in the same manner as described
above based on the bank specifying information so that
the signal transfer rate is adjusted constant without
regard to the bank switching.

Fig. 5 is a circuit diagram showing one embodiment
of the bank address generator and the bank address
coincidence comparators. The bank address generator
comprises a +1 adder circuit and takes in or captures
input bank addresses CAR<0>, CAR<1>, CAR<2> and CAR<3>

comprised of 4 bits as self bank addresses. Further, the

bank address generator performs a +1 adding operation on



01 APR 2002 -42 Fig. 8 is a block diagram showi ng one enbodi nent of, t ﬁ
power circuit VCillustrated in Fig. 1. The power circuit VC accor(wng R %02
t hi s enbodi ment produces or forms a boosted voltage VDH corresponding to
the selection |level of each word line referred to above, a substrate

vol tage VBB corresponding to a negatLyg .voltage, to be supplied to a P-type
well region in which nenory cells arefornmed, a plate voltage VBMPC (above
VPL) to be supplied to the common el ectrode for the storage capacitors of

t he menoroghaaelds, trabsy atharge baolit agiMveM eisedake0>eachreospl enent ary
bit line. The boosted voltage VDH and the substrate voltage VBB are

pr oduced aar<42er el faxma \Dhhmenssdtof 4anst s VBhjjieheaatonseacioeonpri sed
of a charge punp circuit. The plate voltage VBMPC and the precharge voltage
VBM ar e frargreib Iioval NBMABMPC generator for substantially dividing the
source voltage Vdd into 1/2. Wien an internal circuit is set to a voltage
obt ai ned by redTtiengddeer sduwrme tvaldage svdd, tHorf @Xbogplegy when the source
voltage Vdd is brought to 3.3V and an operating voltage for a peripheral
circuit siedpenst ivesenissowring i f iToe, cartpaddsesmasel @R<4bn circuit or the like
is set to a voltage VDL reduced |like 2.2V, the plate voltage VBMPC and the
pr echar gearstasyandiBl dre Fespeaadvedyoisiicanta Dott agefprredt he i nt er nal
voltage VDL/2 - 1.1V. The power circuit VCis provided one for the
abovedes Rk RV FRRIVRUY B 1dR bR e st T rReP AR RBdiPethe ~ ~ 4 PR
2002 - 4~ the nenory mats sel ected according to _the bank configurations
are provi%%@%‘%%‘%rftf L% P A STIVEHHERE eadh oM FRUSeF EFR@Y from t he

ti ts, th di d. li t i ch mb f
renbry. COMR T TS T S (5 br bhgHe =628 KoB8t ed vol { age
Thus, wh he. . f : ; | d K.i , d
(e ari PRI e th i Bh T OB hgr ret Yoy a4 FRETEo A8 BEE o T evel Tor

c e 1 O7br . sel'eeti on | t
Pty G 1Ty e R 1Ty (s T Ry o chehoiey Ao GARSEET oyed i Che

maxi Mum Ryber éﬁu%r}’almépﬁapﬁi é@ﬂ!‘eéﬁoﬁ@iné‘st‘_éhg payes phkcyit VC

(o1 3 ' >
However, the boost age circuit 1s used to Tormor produce a voltage

obt ai ned fRQPSE} Neh tdiee BoH-€ ol & agey Mddubychisec8Ei B8 €hargenpunp
circuit, and uses up or consumes current to formthe boosted vol tage. Thus,

when the g dipes ¢ ONANTE Bxiiemmpnberedt nebony firebatabetdri ven,

needl ess current consunption wll increase when the nunber of nenory nats
per bank ¢AR4@ssandarhersarprad it tCAR0EX| amdh ausbgnadf obheimedoby mats. I n
the present enbodi nent, when the nunber of nmenory mats per bank is sw tched
to 1 or 2Zn¥eyivinhetkerbonirdnels oM<, FiFpr Hiexorike porddbngl y, the
current supply capability of the_VDH generator is changed over according to
t he bank %’cﬁ‘ﬁ@gtﬁ&?%s‘:%r????%%%s%o othq mesh, Sméﬁgwapés@lﬁower

consunption is achieved. In th
P is ormeglby orm{hg éhe output of NOR of the output of

]

NAND of the input least significant bit CAR<0> and the
second bit CAR<1l>, and the inverted signal of the third
bit CAR<2>, and supplying it and the input signal CAR<3>
corresponding to the most significant bit.

Two column- and row-systems are provided as the
bank address coincidence comparators. That is, the
column-system bank address coincidence comparator

determines corresponding bits of the input bank addresses

CAR<(0>, CAR<1l>, CAR<2> and CAR<3> comprised of the four



01 APR 2002 -44 present enbodi nent, the frequency of a pul se CLKPS PR%HZ
to the VDH generator conprised of the charge punp circuit is varled upo
switching of the current supply capability referred to above. The
above-descri bed frequency switching is inplenmented by clock generators 1
and 2. That is, the clock generator 13%.a 1/2 frequency divider and
divides the frequency of a clock signat-~CLKRB into 1/2 to thereby generate
a 1/ 2-divided frequency signal CLKF. The clock generator 2 is a selector

and sel eql s &1 48T ONGnl s dHerh n@a&&kcé@%e&g@akc@mB ohckiBe1di vi ded clock
signal CLKF in response to the control signal RFTN for ' performng swtching

to the b@NWBiﬁﬁ'éh@ﬁﬂ¢ﬁ§¥8i(HéiﬁﬁﬁEWé@eaﬁr§b§c§ﬂléatﬁﬁbnch8ﬁ6r§'gn@
CLKPS. The cl ock signal CLKPS outputted fromthe clock generator 2 is

transferregtdds t hes MY Gerpist ws @nde1new VBM VEYPE-9gBakayabn-The VBB
generator is steadily supplied with the divided clock CLKF of the clock I

gener at orcdindittertd @ cki shgingd ) CLIMB tisefeloy OEKkEEgpat supplied fromthe
out side of the RAM nodul e and nakes use of a system cl ock enployed in a

digital iddiicedérnde pgnessi figr CATTubitegoy ppaddbwehd Kbr BAWenodul e. The
RAM nodul e according to the present enbodi nent inputs and outputs data in
synchronisimauitist he cl ock signal CLKRB as in the case of the conventiona
synchronous DRAM or a DRAM pl aced under LAN-bus specifications. Therefore,
t he updating of SHacihadlyumthe CoWRRA09R barsk syddeas addeessidsnper f or ned
in synchronismwth the clock

comparator makes a decision as to corresponding bits of

j the input bank addresses CAR<(0>, CAR<l>, CAR<2> and

CAR<3> comprised of the four bits and row-system bank

addresses ARNB<(0>, ARNB<1l>, ARNB<2> and ARNB<3>

designated upon memory access, by exclusive OR circuits

(coincidence/non-coincidence circuits), and thereby takes

out a coincidence signal for all bits by a NAND gate

circuit.

In the present embodiment, the output of an

exclusive OR circuit corresponding to the least

significant bits CAR<0> and ARNB<0> is provided with its

corresponding NOR gate circuit to allow switching to the

row-system selecting operation such as to provide or form

the plurality of memory mats per bank. In order to

forcefully set a signal outputted from such a NOR gate

circuit to a coincidence signal, the input of the

exclusive OR circuit is supplied with a control signal

RFTN. Thus, if the control signal RFTN is set to a logic

1, the coincidence signal is formed in the row system

even if the least significant bit of the bank addresses



signal CLKRB. Such synchronous operation based on the clock signal CLKRB
allows sinple inplementation of read/wite based on the above-desgni 07
pi pel i ne operation using the plurality of banks. \Wen the control S|gnap
RFTN for designating each bank configuration is a low level (logic 0), one
bank conprises one nenory mat. Since-t3d0e- corresponding word ' line is

sel ected for one nenory mat al one during one cycle of the clock signal
CLKRB upon such a bank configuration, the clock signal CLKF

f requencyrdiyidied byed ha il aloenaratory 1tm§ sghechedibyalipgse! ock

gener at or out putted therefrom™ Thus e VDH generator perfornms a

charge puygh operadd o, iy sy Qnige M th the clock signal CLKF set to the
| ow frequency and is hence set so as to have current supply capability

consi stent ther ew tshlchWéerfuthe: %antarsolt@]g{ﬁ{ SFINASE rsPECESYENY each bank
configuration is a high level (logic 1), one bank conprises two nmenory

mats. Si REdndRe nfdd §sROMHNEg MOl 4o nesad@r ¢hent Mos BARIYREBNS are
si mul t aneously sel ected during one cycle of the clock signal CLKRB upon

such a bank gx@fidud ald athe tdnimputs drock mrowaln GhikBBecistsehected by the
cl ock generator 2 and outputted therefrom Thus, the VDH generator perforns
a char ge wiwp wperiadd o digrayhictaronilsin sv ¢AR¢ e £hAQCckrRNBg0al aGEKRB set to a
hi gh frequency corresponding to twi ce the above frequency and ~ APB zooz
-46 i s henigmasletREIN2asi € pravigdesUraenthe upphyrchpabghal yREONr @apondi ng to
twice the current supply capability referred to above. Since the current
suppl y camasidiatiaf wite Ve daverander i sectrddett oveérRateorddng to such a
bank configuration, in other words, in accordance with the nunber of nenory
mats in GHNET¥Phe Whea [theeswar aegiom] @t e fpmediteel P#ekcurrent to
be used up or ' consuned by the VDH generator can be controlled to the

mi ni mum refuisiemnal RERE W RYUFASRE T orief njgo‘ibct?ﬂe d’l’l'é%‘én‘f enbddr ment as

descri bed above aloads ch a acloc SI R]l the like for driving
each G REE Iithe AT FRer SCBFENL 8581 o owi t chod
accordin he b k canfi rat| on. ther such consideration as to
provi de %Fég\{%lnéac ere‘ssq-‘o tci’gn 3 |1n° so fation with the nunber of nenory

mat s rount ed whighg %aa%u'aha%e%%d@reﬁ&%teoqn dri BSIA0 JBdPesks given in the

coincidence comparators shown in Fig. 5 can be all
constructed of the same circuits with respect to all the
memory mats of #0 through #n shown in Fig. 2. Therefore,
the memory mats can commonly use one type of memory mat
configured in macrocell form. The above type of memory
mat configured in macrocell form can be used for a
plurality of types of RAM modules different from one
another in the number of memory mats and bank
configuration, whereby circuit design and layouts can be
greatly simplified.

The bank address generator and bank address
coincidence comparators comprise the simple logic gate
circuits shown in the drawing. Since the adder circuit

used as the bank address generator simply performs a so-



when the digital information processing system equi pped with the RAM nodul e
is brought to a nonoperating state itself, the clock signal CLKRB is caused
to stop. Therefore, the VDH generator and the VBB generator are (5 46R 2007
deactivated so that the RAM nodule will not substantially consume current.
In this case, since the circuit for dividing the source voltage Vdd into
1/2 or the circuit for formng the deboosted voltage VDL) and the circuit
for dividing it into 1/2 have do 0 ~ aPR Zoo2 current paths respectively,

of f by a contdPlssdgnals ML NoN- OpeF &t i e sd@ion0h16Ae systemitsel f
equi pped wth VBM VBMPC generator is also state. -47 the do current paths

are cut ganerahedhAccordidg §ond hsowdd Bihal haf oxrBLheNyPEREESSI NY the RAM
nodul e, so that the brought to a deactivated Fig. 9 is a circuit diagram

showi ng oneienhndidend] afedte, R @eneséoicutd thessapesgeawifng, Circuit
synbols given to respective circuit elenents partially overlap with those

gi ven t o dHrucanddhend | kerhed nek ean teetsyme Dy SeRal hesdrawi, nghekiowever,
it should be understood that they have different circuit functions
respect i wedry .bd-utdtheirca R & hannel séypeoMiSHEds sulestdrstenpailstred from N
channel -type MOSFETs by putting indicative of low |evels being active

| evel s t witielg detrenglos tianstrafhs fert heg NclchanaspetypeeMOBER#d scan be
formed in the same P-type well region in a CMOS circuit, N channel-type
MOSFETs ridfdkdth viittouigh HPARgh> CGised t fer sihe denaekragianeofespecbiwndl y
electrically isolated fromeach other by being formed in another P-type
wel | regiafiirSHRRsS - aFor gangdld, dhaudapReqdsi e Aagrall snetRi$>an Nt ype
well region DWLL is formed at a far depth on a F%%Ee substrate, and a

P-type WeHITG4Hh SRPELICES B r Famsd thY P t ARt D V1 fHet8BFTt he N
embod: merRO RN R rha |4 S 6 (1A Tt CPREFEvaFLage | © o
ge
interconnections for connecting between the respective
gates constituting the adder circuit can be formed by
making use of metal wired layers corresponding to a
second layer and a first layer placed therebelow.

This can be applied even to each bank address
coincidence comparator in a manner similar to the above.
Elements, which constitute the bank address coincidence
comparator, can be fabricated or made up on a
semiconductor substrate below wiring channels in which
the bank addresses ARNB<«<(0>, ARNB<1>, ARNB<2Z2>, ARNB<3> and
ACNB<0>, ACNB<1l>, ACNB<2> and ACNB<3> are respectively
formed and below the wiring channels in which the above-
described signals CAR<0> through CAR<3> are formed. As a
result, the memory mats can be formed into high
integration.

In the present embodiment, each bank address has

two meanings as described above. That 1s, the bank



~ ~ A PR ?00? -48 does not reach greater than or equal to 2vdd in
consi deration of a |ow withstand voltage of each m crofabricated MPSFEPR R
addition to such a contrivance as to formthe boosted voltage VDH under a
| ow source voltage vdd with efficiency. In the present enbodi nent, a
booster circuit conprises a conbinatiop of two circuits. Acircuit LCL is a
circuit for producing or formng a boosted voltage by a capacitor Cl
utilizing the gate capacitance of a P channel -type MOSFET and an inverter
NL const i ik dd S flf L YRIe Gl T 4 GhoOEbVERe MED re
provi ded as a prechar géy%{crcuit at a enode %rrllet e gg%é?gélegggo%ttﬁe
capaci t ore 1 ., ey esg%lbal ch, outpytied fLomihe,i By r copstituting
3 c?row eveef, tﬁ i Bin QXEEEﬁ d'%%y&?

the driver 1s of a _ e capacitor Cl 1s precharge e MOSFETs
QL and Qbrpthermdhe, audpta sl ggd &@s&@fgﬁ?%hJJl{eH\ }:Hls_ gw level to a high

| evel , a precharge voltage is added to a eve i ke a source vol tage

Vdd out pid@bddom e vl &y et ahdCapaPAgELORsES hRgf orm a boosted
vol tage. The MOSFET QL is an N 'channel -type MOSFET. However, the use

thereof igedhd{es@ntn fgspdhel for @l csenimoahi 68 bABKEOWRCE WBkhage Vdd
and its gate are electrically connected to its channel region (P-type

wel ). Wmat hies outtpatt tignadmisdr i Sf | loamk s 1eveduatl heoMOBEERubelrs suppl i ed
with a precharge current due to a PN junction between the channel region
and its soumeets Hovey dranla d@edss@ssane | bléeedr bduckd bhertbhendMOSFET QL
by a 01 APR 2002 -49 forward voltage at the PN junction, thus causing
poor ef f icdmresporkwred crse,deser NRSFEb@Me | s Howdveed. widh hdugh t he MOSFET
A is also basically simlar to the MOSFET QL, a boosted voltage set to
great er tTharPer @fdeanks neachamirkal ¥ othageuneer f of nedtby &heapavktor C2 is
applied to_the gate thereof. As a result, it serves as a MOSFET and is

br ought tRFWEHTESaHL. YRS tHe LourervtReeingdycarPeecsipedantial |y

transferred to the capacitor Cl. A circuit LC2 |s a_boost voltage circuit
Conprisefpec1f1cally})¢£en the number o% mats is 16, the n e%

of mat addresses reaches 16 types or kinds. However, when
the number of banks is reduced to eight equal to one-half
the number of mats as viewed in the row system, the one
rightmost bit of the four bits 1is rendered invalid upon
the row-system bank address coincidence comparison
operation as described above, so that the row-system bank
addresses are reduced to eight kinds.

Thus, the column-system signal transmission paths
of the memory mats are connected in parallel, and the
bank addresses and mat addresses are placed in the one-
to-one correspondence with each other in the column
system to avoid overlap selection. Further, the word
lines for the plurality memory mats are simultaneously
selected in association with the bank configuration in
the row system. As a result, the reading and writing in

each bank can update row-system address signals and allow



of a conbi nation of two charge punp circuits and is used for driving of the
MOSFET Q4. The two capacitors C2 and C3 thereof are supplied \/\It@t1 A
non-overl ap conpl enentary pul ses by a NAND gate circuit, a NOR gat'e Eﬁnmbit
and an inverter, and a delay circuit D2. N channel-type MOSFETs @ and @3
connected in latch formare provi ded-ag .nodes on the boost sides of the
capacitors C2 and C3. Wen the input=side node of the capacitor C2 is | ow
in level, a boosted voltage is formed or produced by the capacitor C3 to

t her eby tten igmddyeudgSRED fQlSe as o gupleed hecsotd O vebt age Vdd to the
capacitor C2. At this tinme, the boosted voltage is applied even to the gate
of the MsBkimen@4 aAnd drarsee b g admrapel wperstitochisg perf ormed on the
capacitor Cl. After the input node of the capacitor C3 is rendered |low in

| evel , the inpufigodé dfk theicapaci BoagCam shonvdughtorted emtbvdimérevel , so
that a boosted voltage is fornmed at the output side of the 01 A PR 2002 J
capaci t oofC2. mEmegy tehrer ayOSARY @hd & twoanted iore t9ebdoroci enpioydét ween t he
gate and source of the MOSFET 2, whereby the MOSFET @ is turned off to
prevent time eaeds tmethoryt tmege xoff antred dpncihare C2 Baodmods capiaigi et o t he
source voltage Vdd side and to performthe prechagre operation on the
capaci t oen@B PRI lands cirs3iiits d@at iU ol s ordi bas | *%¢ | yn¢Hededcal to the
circuit LC2. A MOSFET b controlled thereby is used to output the boosted
vol t age proddCedsdomoridd@ by theEaPadieIrther wit ek $80%ng to perform

the precharge operation o he capacitor C2 as in. the circuij LC2. Thus,
t he circﬁq%§ aR#eL ngr JdP'vEﬁeb? HE &5 Svets IP%ﬁm%ﬁg%entary

I . t 1S, J ndi.cat ed A f di . I i I d
P et onal otsmah At S R AR 18 A heeRS b 007 ol ages
f th F - j i i1-h h oth
agrind?ca edﬁgémﬁﬁ%%&gbggg?ﬁ{3f23$§%¥£%%§t (S %@%??gﬁfg$%géﬁ%¢%a gos?eder

vol t age f : : i be. troll ed
ge g iy ;@ésngegftgéeﬂ{/ Oqﬁe 193080 4 & Ghd Y ough %exlfjg?d £1500¢

lowto twce t t age at the maxi mum ore, t circuit

can be cgﬂrﬂiwi%@da Qf droW WH Baand- viriaxge MBFETS, underpseyvi ge

mcro-fa cation. Since circuits LC4 and LC5 are additionally provided in
t he presedmparheditant Bia Horad anordgi neLheosd eshy obi ageinkneohher

wor ds, because only the booster circuit like the circuit LC3 encounters
di ffi cul tairgs wordltiaiesd mg.0g SOif,i Gilemtl oS tWich vat¢ agklustaat dwelegi on of
01 APR 2002 - sl

shown as typical ones.

A memory cell provided at a point where the word

line WLO and the bit line BLm intersect, will be

explained by way of illustrative example. The gate of an

address selection MOSFET QOm is electrically connected to

its corresponding word line. One source and drain of the

MOSFET Qm are electrically connected to the bit line BLmn.

The other source and drain of the MOSFET Qm are

electrically connected to a storage node Ns used as one

electrode of a storage capacitor Cs. The other electrode

of the storage capacitor Cs is used in common with the

other electrodes of storage capacitors of other memory

cells. A plate voltage VPL is applied to the other



the source voltage Vdd. The circuit LC4 is a |l evel converter for

| evel -converting a pul se signal fornmed based on the source vol tageU‘I/cM’Rizmo
a voltage corresponding to each of the boosted voltages fornmed by the
circuits LClL through LC3. That is, the circuit LC5 perfornms a charge punp
operation utilizing the boosted voltagg forned by the circuit LC3 w thout
bei ng activated by such a source voltage Vdd as enployed in the circuit LC3
. As a result, the levels of pulse signals at inputside nodes of capacitors
C6 and Célaie rogeped it s tsitaded ddimdiaast etk vol tage forned by the booster
circuit LC3 in the circuit LCS. Therefore, a gate voltage of a MOSFET (6
can be raised. That absvesidese rtibedVaBREE Yz qirieduces pldeaelid oss by its
threshold voltage, it is hard to obtain a sufficient boosted voltage as
descri bethaaliawe f ddawene po isitc aveedd ghey watd algened i dand i drges het boost ed
voltage VDH is applied to the gate of the MOSFET (B, the voltage fornmed by
t he capacineorcofd leaenve rgutpit tlechess iart emgqut, boosped odIvage WDH wit h
efficiency. The circuits LC3 and LC5 are sinultaneously activated. However,
the circuhte WE3d dime &lboestdedheivcage NMD¢ iWhredl aa@facerit er power-on and
the circuit LC5 becones dom nant over its boosting operation when the
boost ed blerage VDL mereeuslas teo MM Ye)asant isimrey1@e® 4% ao reach up to
an intended or target boosted voltage. Al though omtted in the sane

dr awi ng, PeHathybsred the magel lige M%F?‘ 2002 QB NOH 159 R edif okheleboost ed
by a suitable level converter. If it is determned that the boosted voltage

has r eacRO8Pa SPERERENe @ ifol i dAYTESHGTdi RPY & NURUTY &P Vbl 8ige, t hen
the supply of a clock signal i s stopped, When, for_exapple, the source
vol t age ‘Pé' videdept & B taﬁgétrﬁe r‘“g}’?qwgh\fb? VRt &ngfptl?%e i nt er nal
circuit is.redyced.t.o 2. as cribed .abov the high.level on the
correspoﬁ |hﬁ"§ g)llt% Ililﬁlee i Yﬂ(ﬁfgh G ocoﬁn.pj\?m etie‘_’lrre\‘f ngnet:, g{]lr&%sl‘respondi ngly,

t he boost. I e i : (o] d |t age [ whi ch the
effecti véﬁqﬁﬁf’%?tﬁ%?d_ 8] ?§§ért§f>ﬁe§§h§§ aFsts 3R, %&é@\é‘é}) added.

Oni ng 01 of Bl Bclebly Aes RbcDla CALLIY I U] dihiarpferred Lo

above, the boosted voltage VDHis controlled so as to reach a high voltage
correspording ihest B%&@@U%ﬂﬁﬂer@oﬁ@&éﬁé‘@%ﬁd | 483 des&H 1 heey above.
Further, a capacitor 8 is a capacitor for holding the boosted voltage VDH

t her ei n. IAnMSFmENQEy T ed IMOSHEBdcuipsperf arwe novicie gexy on t he capaci tor
C8 through a PN junction between its substrate and the source and drain

t her eof upepeptvismelon prive MESKEErQ7 two twomiedl oids wheth t tiee atyove- descri bed
boosting operation is started. Referring to Fig. 1, an input/output

i nt er f acwoudi t iwelsl alds aepitaitirectaad) fallleswas An raidr es®2Y eperi nal Add i s
constructed so as to transmt | ow address signals conprised of AXO through

AX7 used?atsesBréelYndldasthes i SFarids thfe RsiP Mt} kivh bieess

signals conprised of AYO.t hrough AY2 used for colum sel ection, bank
addr ess a“(rﬁi? tkePo %%6’2 t-h%eoufq

N channel-type MOSFETs Q14 through Q16, which
constitute each equalize and precharge circuit, are
provided for the complementary bit lines BLm and /BLm.
The MOSFET Q14 is set to a half potential by short-
circuiting high and low levels (or low and high levels)
of the complementary bit lines BLm and /BLm. The MOSFETSs
Q15 and Q16 are used to prevent the half potential based
on the short-circuit of the complementary bit lines BLm

and /BLm from varying due to leakage current or the like.



signals conprised of ARO through AR3, for specifying rowsystem bank
addresses, and bank address signals conprised of ACO through AC3, for

speci fyi ng col um-syst em bank addresses. A command terminal Comis 01 APR2002
constructed so as to transfer a clock signal CLK for inputting mask cl ocks,
a control signal CR indicating that tI8 corresponding cycle is a row system
command i nput, a control signal BA for “~providing instructions as to

whet her the correspondi ng bank shoul d be activated or deactivated, a

control s gnale,CC o tdwad 4.0 P@rwié‘ghéll?'?rééhar&@' urmsyst em

command i nput, and a control signal for providing instructions as to

readi ng Qo Wddd Nep RY RS confidtidida sy dppt Ma&orsshoppingsthe operation
of a RAM nodul'e internal circuit and a control signal RES for initializing

an internale RS &F aR Y dtathasgspechddbugond16l askgnal s. 1 n addition
to these, there are also provided control signals MEO t hrough ME7 for

nmaski ng tdied i 104t emnidh By teontbd Se@sc lesee | Bedrnbeveo apdrbesting
control term nals. Row system conmands are as follows: (1) No Operation

(NOP) Thirse crampmnced NORh i wesdignadehnd spegl{zedsbynall spebgvel (_ "0")
of the signal CR on the | eading edge of the clock signal CLK. Although the
comand iThattisn eieoution aomesphndin@weydt kimenf er nakeopérati on i s
cont i nued. 01 APR 2002 -54 (2) Bank Active (BA) This command (BA) is
speci fi ech pelediiigh |leradl (to "d'Howmfsehectigmal eGrRl antha highalevel (_ "1")
of the signal BA on the |eading edge of the clock signal CLK X address

si gnal s AXGQhricughamge e ra)\%lkﬁhkl%‘d%ﬂf essestiRD EheolgRFARS Q74

desi gnated by the command. A correspondi ng bank (nennr¥ mat) specified by
such row BBy Rl se ity FiHdfertetl 2et9W SR heAcReRIEERr espondi ng word
i ne specified by the X address signals AXO.t hrough AX7_is brought to a
sel ect ed Bt and GBI LRf i IS SRS %%?i%%geSQm?HF@eEB nd (BA) is

equi val ent, or. .corresponds. tq the rising edge of a RAS (Row Address Strobe)
at a hi gPYevenst §qﬂ3%§ﬁWrAddress Strobe) signal in a general purpose

DRt That o, 8 Elarstomesel sold 10, 00SLAAN, Iinderlarred pad the

speci fi ed bank pertormnms a-refr opérati on on each nenor connect ed
to the selected ywond JdNf provided so as to correspond to the

plurality of word lines WLO through WLn. A specific
circuit of the word line driver WDm corresponding to the
word line Wm of these word lines is illustratively shown
in the same drawing 6. A CMOS inverter composed of a P
channel-type MOSFET Q6 whose source is electrically
connected to a set-up or boost source VDH, and an N
channel-type MOSFET Q7 whose source is electrically
connected to a circuit ground potential, is used for the
word line driver WDm. The drains of the MOSFETs Q6 and Q7
are commonly connected to each other and constitute
output terminals. Further, the drains thereof are
electrically connected to the word line WLm. The gates of
the MOSFETs Q6 and Q7 are commonly connected to each

other and constitute input terminals. Further, the gates



(3) Bank active Close (BC) This command (BC) is designated by the high
level (_ "1") of the signal CR and a low level (_ "0") of the si g@)a}l MOn
the rising edge of the clock signal CLK. The X address signals AX®'t Mrolldh
AX7 are ignored by this command and the correspondi ng bank specified by the
row bank addresses ARO through AR3 is jgrecharged. That is, each sel ected
word line is brought to a non-selected-state and the sense anplifier SAis
deactivat ed, whereby each conplenentary bit |line and a comon source |ine

for * 01.AFR2002; 58,1tiie, 36nse ABlidderor of; bhe, | Lkgsargabrought to a

hal f precharge p urm-syst em conmands ows: (4) No

eratio hi S GO is specified by a | ow | evel "0") of
Cper ali 0 (NOB) Tl SyG0ENkLNGR)ed s S y (o)

t he signa on g edge of the clock signal CLK. Al though the
present conmmand ,i (N X CHLIQR 1CQ dio I Sy S4 e nt er nal
»ratha2de %. (§§ﬁ%ea§§2%gd@“h .

operation is continuously perforne _ ) This comand (RD) is
speci 1 eddiec i:0h Jieelp (cnairkior alyddaicd mal ofGyaode asblgbel eyel (_ "1)

of the signal RWon the |eading edge of the clock signal CLK Y address
signal s AYQibhioudy AYd and ol e Banoraddi ess ego ASKL t BhoERBr AC3 are

specified by the present command. A bank (nmenory mat) specified by such row

bank addeessesds dRNIIRkactiine ispdhateacin Tob amheweod specified by
the Y address signals AYO through AY3 is turned on. Thus, the

above- deserichadr1 2@ aind o) conplereniaryt ascucoarnebetint pathelel
correspondi ng global bit lines GBD, and a read anplifier RA and an out put
buf f er arferacti Tatedat&hios chemaond-cRDecits caquiatalet drammorY-egponds to a
hi gh | evel of /WE (Wite Enable) signal upon a low level of a /RAS (Row
Addr ess BOSEES) Qfi grsale laut wircaliley fedrnanfedigeo ofha ¢@ASut Col utm Addr ess
Strobe) signal in the general purpose DRAM If a signal CME is of a high
| evel (_terminalhef tihe SHPUILTHIETET | QbraugR7t o dhe PR Q2

the precharge P channel-type MOSFET Q9 is supplied with a

precharge signal WPH. A signal generator for forming the

precharge signal WPH produces or forms a signal WPH

having a high level corresponding to the selection level

of each word line and a low level like the circuit ground

potential with the boost source VDH as an operating

voltage.

The above-described MOSFET Ql4 is a MOSFET used for

a level limiter. When an unillustrated sense amplifier is

activated by a source voltage Vdd, a high level of the

potential at the complementary bit line BLm or /BLm

corresponds to the source voltage Vdd. The potential of

the boosted voltage VDH is formed so as to become the

source voltage vdd + Vth. When the sense amplifier is

activated by a step-downed or deboosted internal voltage

VDL, the boosted voltage VDH is brought to a VDL + Vth.

Here, Vth indicates the threshold voltage of the address



-56 high inpedance state after the conpletion of reading. If the sb?nal CVE
is of alowlevel (_"0"), then the output buffer is brought to anUT APR 200
operating state and hence continues the above-described out put operation
until the next read signal is outputted. (6) Wite (W) This command (W)
is specified by the high level (_ "1.)370f the signal CR and a |ow level (_
"0") of the signal RWon the | eadi ng—edge of the clock signal CLK Y
address signals AYO t hrough AY3 and col um bank addresses ACO t hrough AC3

are specidd gs-tbyot heopreseanh SmMBatyef Hanks (IBMREYNERE}Y 8P8GLHHed by such

row bank address signals AYO through AY3 is rendered active so that a

col um svideinglesi wigh efelyl t hexd aller £59r & ghal 62 HXO/EAr euglypAY3 is turned
on. Thus, the above-described 128 pairs of conplenentary bit |lines are

el ectri caﬂﬁmmn@t@ﬁb t@ompBéMe el ¥ SiPPNdL e gbRabr by LA, N&s 1 GBD.

Further, an input buffer is activated to take in or capture wite data, and
a wite anpldripeifisd asyined eshp 0l Peid@rsparsk idhngfopreati on. This conmand
(WI) corresponds to a low level of the /VWE (Wite Enable) signal upon the

| ow | evelcafrddmoddiAsy (Rave Adehielst Sir pbeg sStgnabraadpondtihe fal ling edge
of the /CAS (Col um Address Strobe) signal. In the read or wite conmand,

i nput / outqapadidt@r can wecmmskebewsl npssgwal s BEO t hrough BE15. That i s,
128 bits are divided into 16 bytes according to the signals 01 APR 2002
-57 BEO t hr ough FBRLS5 % dsald apamiskinEircwit ediagran sthhewmingspgral BE
(where i =0 to 15) is brought to a high Ievel%é “1") _upon read, the output
results|ﬁ@hQﬂ#m$ﬁﬁuﬁﬁuﬁﬁQ(fQWI@ﬁFQ%%rd%@%@ta @h@oégrﬁééﬁéﬁdlng byt e

Wien the signal BE (where i - to 15) .is broucght to a low level (_ "0")
the out plﬁor}%ecbtr%gqfhe’{%t% g%%?pé&%r%’@bsﬂ%at PHELIRAPAL LB t he

correspond aa byt Lo s ”ﬁ%%&;eq,vo“scsmtv?ﬁvz' O 585 eEEtE g, 000,19 19
o1 onal S ol ot Bdfol S AU, {8 Eheglatblereloley ), data 13
menory Celleadddhed? 2%sd tt'HPo’&%h“?@(SW fc%rf&%i%ﬂc?'@& 9nails

formed by predecoding row (X) address signals A5 through

A7 comprised of 3 bits by the predecoder. A MOSFET Q3

whose gate i1s supplied with one of the predecode signals

AX20 through AX27, and a MOSFET Q4 whose gate is supplied

with one of the predecode signals AX50 through AX57, are

connected to each other in direct form to form the row

decoder {(RDEC), which in turn is supplied with a select

timing signal XDGB.

The row decoder (RDEC) comprises a dynamic logic

circuit formed in NOT-AND (NAND) configurations, which is

provided with a P channel-type precharge MOSFET Q1

switch-controlled by a precharge signal XDP, an inverter

for performing the latch of a non-selection level, and a

P channel-type MOSFET Q2. A selection/non-selection

decode signal is formed depending on whether a node



exanpl e of the operation of the RAM nodul e according to the present

i nvention. A RAS down node (page read) is illustrated in the sanme draw ng
by way of exanple. The bank active command (BA) is executed in anim
cycle of the clock CLK. The rasdown (Ras down) node indicates an Jp redlilon
in which the bank active close (BC) i-s3ghot executed before its execution.
In the specified bank (nmenory mat), thecorresponding word line is selected
and the correspondi ng sense anplifier remains at an activated state.

Ther ef or &, d 16, RANK @ctd vey %@véﬁqzyi@q@%%_@haf@élMosw@ug@digor the
correspondi ng bank in the S down node. Two first and second cycles are

spent to exeadeddesdakinsdive £10s¢ (Bfe1 dJhusnet hembagksaghkye command
(BA) is executed froma third cycle. ~ 1 APR ?00T -sg That is, a

wor d- | i nexsied e G ropeiatiesransg @3 senseaapl il wiowdwlndtyi ng operation are
executed using three cycles (3 to 5) of the clock signal CLK at the

cor r esponei gy e YinBba Bl cbyat herlgest fnaheds bankl addcesses. I n order to
ensure the above-descri bed operating tinme, the second to fifth cycles of

t he cl oclgaigededldcasediied i hedtlas tdeuho-ofedatishoftNSP) themmand. In a
sixth cycle of the clock signal CLK, a read command (RD) is inputted to
speci fy a frgtstdemdnmimatdtoessi #duiTher edéternpinatead slgnadid#iion
corresponding to the first colum address #1 is outputted with a del ay of
two cl ockse thig hetlsy radmenpusoDRAM tloe apvedgeodet hagpaésent wobddi nent
CAS latency is set to 2. That is, tw clocks are sgent between the input of
a col umm laid essslegid tieingt pignats dEPME corredpbndsiB £ Pe. In the page
mode, the_signal CCis maintained at a high_ level. Further, the follow ng

col unn ad ISR A BRI Ateree | FpRAeeed i TR SYALRREA! 3th RFERTEABICI ock

signal CLK and the sw tchi bet ween the colum switches is perforned
oo o R e | e S e e P LT L PR Rt Pe” SR o
synchroni nal ntiall

zed with t clock si can_be sequ y read. The sane
dr awi ng s%oov%orétrfoejxgﬁb? e ?‘ﬁ—ﬁ%?%%mt%\%i(%l%eﬁn%r %pggagéﬁfli SF §a§:§ad_ Si nce,
however, the Im switches are provided as eight sets or pairs described
above when one nenory mat is taken per bank, sequential read is allowed

over eight cycl@s,Atp MR - AR NOWF RS Vi SBbSo R §e@Sh98Rd per bank,
feeds back a signal on the high level side to its input
in response to the output signal of the inverter. The
MOSFET Q2 serves so as to bring a decode output for
bringing the MOSFET Q3 or Q4 to an off state according to
predecode output AX2I or AX5I to a high level precharged
by the precharge MOSFET Ql. Since the MOSFET Ql is turned
off from the completion of the precharge period and the
MOSFET Q3 or 04 is turned off according to the predecode
output AX2i or AX5i, this high level is brought to a
floating state. Thus, there is a possibility that the
high level will be undesiredly set to a selection level
indicative of a low level by coupling or leakage current.
Therefore, the feedback P channel-type MOSFET Q2 is

turned on in response to the low level of the inverter



~ 1 APR 200Z - s9 sequential read is permtted over sixteen cycles at

maxi mum In a ninth cycle, the second data #2 is outputted and a qpm?ﬁqﬂ
for a bank active (BA) simlar to above is issued sinultaneously wth %
after which the following row address is selected. Fig. 11 is a timng
chart for describing another exanpl e -ofy t he operation of the RAM nodul e
according to the present invention. The sane drawi ng shows an exanple of a
fast node (page read). This fast (Fast) node is based on the prem se that

the bank ggfive g 0se: {BQndashaem execubedeRef ot herpresept nmode. A
bank active (BA) command specified in a first cycle of a clock CLK is

executed Jaore@ $obI1SigEVEIL, i.e., a word-line selecting operation and a
senseanplifier anplifying operation are executed using three cycles (1 to

3) of the clock zsiwaalgHClHs ratr dote- idasd Bniad esh MEImI Ya MRt thasedr pac t he bank
addresses. In order to ensure the above-described operating tine, the

second t Gidndd sycties tvdhes€l ook ss onal a Gl et eidef snghaas the
no-operation (NOP) command. In a fourth cycle of the clock signal CLK, a

read conmeoxkdSEYnddndg puticds word hi sSneommdhdthaohgh SWLB 0l ubme addr ess #1
is specified in the same manner as descri bed above, and a read signal #1
correspondingy Ting hepda i &ted dywniowadde Esds #4£ | woodit pihéedeeth a del ay of
two clocks. In the page node in the same nmanner as described above, the

si gnal CCiimsinmisicnalks ¥IMB hsnddugh [ 63MB . ofuzihed , by G¢caARPRNg002w- 60 t he
foll ow ng col um addresses AY and AC are inputted in synchronismwth the
cl ock sighidl acidkeess 3¥mahg tAhiang et vekbnl eWiecrdennhisai 88fles is perforned
according to the input colunn addresses AY and AC. Therefore, data

synchr oniZEH I tHe e ke kK nigithl s ge tarP beh'e edeepeedl Fy9read. 1Fhe sane

figure 11 shows an_exanple in which tw data are sequentially read. Since,
however , St%%‘iﬁ%ﬂ%w U YOV RS a‘@L@i Wog%@swﬁs'pai rs descri bed

b wh t i.s tak b tial, ' | d
over el ght oycl St R M YRe T Portls TS GrE 17 hred per bank,
ti L | 1t ed ! i I ] f ast
mode, t he B W1 e oS TyS e E8eL TR MESERR B The
second data yia, ch OUPU & as SNOWN Ft dilts- SaifRedran ngr%r@nﬂi bereafter

two cycles are spent to execute a precharge operation. us, the input of a

bank act isea etk {Prs fhe nexdne easdt oerés t3keBolv8 andhgkh ¢yehe. In the
R AS down node, bank active close (BC) commands are not issued successively

and banks inigdildvaeac datlowXisaiel Moyn bensu ops ygapecihedaaibet rarily.
Therefore, it provides easy-to-use. Conversely, however, a tine interval
LAl bet wedn a Heow npitelofid heudyankedict e vet § BA)r aasipdhéingt purdof data is
spent by 6 cycles. On the other hand, the fast node brings about an
advant agériiveghatorniardyof ta FRascharne hceywenl@BEeT 0@6savdessi Vel y

' channel-type MOSFET Q7 activated according to the voltage
of the boost source VDH so as to raise the word line WL3
connected to an output terminal of the word driver from a
low level to a high level corresponding to the voltage of
the boost source VDH.

When the output signal of the inverter is of the
selection level indicative of the high level, other
MOSFETs are turned on together with the MOSFET Q5.

However, the word line select timing signals XOMB through

X2MB remain at the high level and the N channel-type



01 AP R 7002 -61 issuing the bank active close (BC) conmmands to the
correspondi ng banks after the conpletion of required reading (or “qié? 0
of data, a tinme interval LA2 between the input of each bank active ( Aymand
the output of data can be nade faster like four cycles. Thus) either one of
t he nodes to be used can be nost suitaddly selected according to the type of
data or the procedure for processing-data. ' Fig. 12 is atimng chart for
describing a further exanple of the operation of the RVA nodul e accordi ng
to the pnesemT idwedddwvoddedsar®r diawtmensoys ap exaswl enef warBas down
node (page wite). The page wite is basically simlar to the page read
shown in Hrks L0 Howeymesh Wihe operahd DN 40 &dhGopagelweté@ ksasenply
changed to the operation that a conmand inputted in a sixth cycle is set as
a wite camatedek {W)of na pl@&cel&fel he Fead comrasithr{rRD) - aase wmdoseETata D i s
inputted correspondingly and witten into its corresponding nenory cell by
a wite aplid ierMOSTEr 8 | Batechimgy ngf chandnfeeldestonbilagead.still further
exanpl e of the operation of the RAM nodul e according to the present

i nvent i orwheheclsamodt alvimeg WIL1 ubs riaeébd Bm &xbopl tevél aifdstanbde (page
wite). The page wite is basically simlar to the page read shown in Fig.
11. Howevef namesebectatéon tme t heclpagee W tyrei OSFEPI @8 changedned t he
operation that a command inputted in a fourth cycle is set as a wite
comand (AAN)to AL Alre RpooR temirabl aketle voedréngvesniandheRD) and
wite data Dis_inputted correspondingly and witten into its_correspondi ng
nmemory ce?IOHERD Vi1 ErIAnRHE £ | Brerepystinngnat §3thesBechrpBRY ~show
exanpl es in which two gata are se%aentially witte However, since the

col um sWiRGFLIFEL Rovi FaFhad e ;W%@'&é’%%&% SovES vihen one
td t ak k tial ite | it i ght
Oyl ey aBTASHAT MREETM Torpr ed iaih seSpBREd harShEngeSeduent al
ite i i t i h aae]] ti f th
o gnal 5 BRIV St SR LS PR L e (EnCORLRRT 00 Dt e

signal s Bc'-:éﬁrﬁﬁuéi‘eoﬁatf@ﬁ%evy@fhi&ix?@rrfé%:?@&'ﬁaf&é_&”&@dthe 9B9YEgel N the

bank control system respective banks are acCtivated separat gley from
each othess oyl Aeh iyabdLon deacsyaati on and reading/witing are perforned

every banks. In order to continuously issue the bank active commands (BA)
to the sanme bankihdnivxhd @tkcput signal of the inverter is of the
non-selection level indicative of the low level, MOSFETs
shown with the MOSFET Q5 as a typical one, are turned off.
Thus, even if any of the above-described word select
timing signals XOMB through X3MB changes from a high

level to a low level, the P channel-type MOSFET Q8 is
turned on according to the low levels of the word lines
WLO through WL3 each corresponding to the precharge level
without a response to it, so that the latch that the high
level corresponding to the boost source VDH is fed back
to the input terminal of the word driver, is made,

whereby the word lines WLO through WL3 or the like are

held in a non-selected state.

A word driver, a latch MOSFET and a precharge



intervals are needed even at optimumto performthe Ras down rmde.nlm h@
the previous BA command is rendered invalid by a Ras down function J n
t he subsequent BA command. Due to the constraints of bus conflicts,

read/ wite commands nust not be issued sinultaneously to a plurality of
banks. Under such conditions, a plural4ity of banks are successively

desi gnated and the input/output of continuous data by the pipeline
operation is allowed. The control system of such a type that control on the
01 APR 2QIBFET3 iniEsgredio vehdman kde s ar ieed caloede basedpooavifiedbanknacti ve
commands (BA) and the bank active close command (BC), is deened to becone
conpl i catfedt at medundeew bwdrdvlineXxBiWlo t tThe greditreEntefyacd bind¢ he

i nput/output of data with arbitrary necessary timng. That is, so long as

t he bank Radil vies corinmrited BA) syndlssueidsm thietlooar esgendang wank mai nt ai ns
that condition. Further, if the read (RD) or wite (W) command referred to
above i s lismuetkatioecesyal XRM ntprné@ oy he Fegundantpairotidat a can be
i medi atel y executed. Therefore, this will be useful for the pipeline

oper at i ofaraTigadhe hlar antidl wit k@ . fuse takr presensednbodi ment, a
plurality of cycles are needed according to the_data processing tine or

pr echar g 1a5ag o & rRaqh e Lo ror t iyl Y 244585 ¢ e@RE02Pr ovi de a

hi gh- speed. operation. The nupber of the cycl es if not limted to this upon
a | ow sp@EfGi AIRRTAMIhorifh THP T oot §CLeVe £99688E in the

present enbaqdi nent,. it has no.refresh-dedi cated,.command and does not have
even a r &fresiF tﬁiiﬂu%ifﬁfﬁlfesl*ﬁi s%"@éfs%n afto&}flrﬁattji%et hat€ consi der ati on
has been _given to the case e .the nu of ts. i RAM
nodul e i tpgﬁqeeﬁos£%§l% cf%%dttoh%%%g s{gé‘rg%zjea%ggggf’%{yggﬁaugﬂp%%ggl ity of

R AM nod t epgglv IOVl i S,.:this. LS. he S en refresh
control ::Elr(r%%nui"}ths reecge'rsco@clfe}e% \g%éf&i:gspl%-ra ?%yc%%gﬁkﬂgn%guﬁgg,%? ey are

provi ded jijh & seoondyctor 4 georateshsi figtbigdext@g §peas to overlap upon
nmounting of the R AM nodul'es, thus 01 APR 20%2 -64 causing the risk of
produci ngasdc: i Jdly - fiasentoc enhosh nedtect henr eéveshageptaghgci rcuit is
configured so as to be provided outside the RAM nodule. OMng to this

confi gur ald an,cdite Idfries s LAY ddbtaited t fxan dempapndohywliisRd tBeen upon
nmounting of a plurality of RAM nodul es. Since the row system sel ecting

oper at i odledredt ttihee crldmessy siesskictinggoppezat ooniar per fidepeddent | y
performed in the RAM nodul e as descri bed above, the refresh control circuit
may perf @aaha defecsivopwnd i bimngo as to i ssue a refresh address, a bank
active command (BA) and a bank active close command (BC)., If _the

seni conduct or | FENEE ATl iTe RUAPHEE R ¢ hr ERat RARF hodltiee

according to the present enbodinment is brought to a state of havi been
suppl i ed RETH eﬁjep%i?cbtéqvﬂ Sy anftPE STER 3t aEé %?"Rﬂaﬂ“ﬁ OPngg

operation, then_ it has a full. standb [ er ndb e in i.ch all
tﬁe ci redit & peerpdﬁsoeﬁé tennél?oe%fm%l?te S o%?)%%gﬁﬁ%l %%?\S/é %%\"?E%opgp \r,\,ggh
operatio if e of i _ 1 ilized to set
sEch a mb;‘él:é1 cegnecﬁn{ gfglnéaﬁoél\sl\if%gg%ﬁc%%?éed?b?ﬁghl?%%“%égfie is set so that

no do curdaaii dlien 8y &8k ¢ T Quah 48 Shék 08uRYEP8! E6HbE ch@ABEIFLULI NG the

power circui't VC and the divider for formng the half precharge voltage or
pl ate voldiage indWsard fasdorgshelad acd oche herd sxastsghthengasstatic RAMis

nount ed and thereafter the data stored in the dynam ¢ RAM may be saved into
t he statmatfAMthe pitch of each of the complementary bit lines

placed so as to intersect the word lines WLO through WL3

or the like with the pitch of each sense amplifier or

precharge circuit. Owing to such provision of each sense

amplifier SA, one sense amplifier can be placed within

the pitch twice that of each complementary bit line.



U1l APR 2002 -65 imredi ately before the full standby or super s;andby node.
In the RMA nodul e according to the present enbodi nent, the colu -hﬂﬂ&%ﬂp
and row system sel ecting operations are separately perfornmed every banks as
descri bed above. That is, the corresponding nenory bank is held in the
active state unless the bank active clgpse (BC) is issued as descri bed
above. Therefore, a reset function is additionally provided because the
checki ng of whether each nenory bank is in the active state and the

desi gnation of tgwgy bankss one, Ry-10N8 4 frdd Ssieoh 116y benk agbb¥emehese £( BO)
becone troubl esone. That is, a function is additionally provided in which
when the goantgolesi @by RESytsi1endergdeacihveiga 1e9i sherpbpkd in an
operating state is reset, in other words, the selecting operations are
reset in epehui oy doabr ABABT Yo Meth $s SembBAimbReYpabtiaraki eal Ifprae into a
precharge operation and are thereafter brought to the close state. Fig. 14
is a bl ock sbagtem cHOvaHE PPE esbedspBniing eoseRbceaduetabn Nt egrated
circuit device equipped with the RAM nodul e according to the present

i nventi oneREBpPeLt éa€hCwd£di 1 ihd oekSettbdstoatbdven aheubameadicaw ng are
formed on a single sem conductor substrate |ike nonocrystalline silicon by
t he knowmvsermgendBBt oorratpgndied corsunéghabrecubiloageechni dpee. The

sem conductor integrated circuit device according to the present enbodi nent
i s intendedbpbiedata prbeegsengell kee@boyr aphwbiphowesoirygcaddscan be used
as 01 A PR 2002 -66 a graphic rendering LSI enployed in a hone gane

machi ne. e fresedt @nbbateevielcaapr VBMEC SORARES( BPRehEOn®E@s Dynami ¢ RAMD)
conprised of 8Mbits in total, which are made up of 4Mbits used for a
conmand aFHPRL 59tr ke Fh@g@o%mﬁnZe%eQRI%@?sfPésEQEtFgéFﬁgﬁsed for display

and i mage draw ng, an_i mage-draw n ocessqQr _conprjsed of about 50
t housandsC¥agatess %fDR?gc%ﬁT?EYIg?fiﬁ'b%%gcﬁnngFh@Fgﬁnﬁo &Sl ay

i it. he  SDRAM i i nat| f h RAM nodul
11 st r at i | TRt &F o BnBric T ORLT GHBBEY rBALs BBl oxanpl 6. o ght memory

mats each conpr intsr?éj é’éof@g&tvﬁﬁg&ég;&% e Pid i &?Qs%?ag%&bg%%b%” as

descri bed above 10 construct i mage- dr aw ng and 3 each

conpri Se%éé a@ébfa%éduggﬁ SEXESER=@SBKa R & %@?&n@?&%o&e%‘i@ &d gy above
are mounted to confrgure an SDRAM 1 conprised of about 4Mbits and used for
t he comegkh &gl SPUELENT BBESrised of a charge pump circuit. The

plate voltage VBMPC and the precharge voltage VBM are

formed by a VBM/VBMPC generator for substantially

dividing the source voltage Vdd into 1/2. When an

internal circuit is set to a voltage obtained by reducing

the source voltage Vdd, for example, when the source

voltage Vdd is brought to 3.3V and an operating voltage

for a peripheral circuit such as a sense amplifier, an

address selection circuit or the like is set to a voltage

VDL reduced like 2.2V, the plate voltage VBMPC and the

precharge voltage VBM are respectively set to a voltage

like the internal voltage VDL/2 = 1.1V.

The power circuit VC is provided one for the above-

described RAM module. In the above-described RAM module,



The two SDRAMs 1 and 2 are alternately switched over for the inage draw ng
and display on a tine basis. Wen imge data is read from one SD@%N%é%ff
the two SDRAMs in the case of an even frane = 0, for exanple, and'd 082y
data synchronized with raster scan timng of a display unit such as a CRT
or the like is outputted through an exgBernal display processor by way of
the bus controllers and the display Citcuit, the other SDRAM 2 is used as
for the image drawing and wites inmage data to be updated therein. Wen the
i mage datehStismelry md e Sdhetted accdr®@002 thd SBRAM 2 of the two
SDRAMs to the contrary to above is read in the case of an odd frame = 1,
and di spl@yn tHiag@r SyNehe o @ eshr v idled heorast es &Lansrngnt haimbgrof the

di splay unit such as the CRT or the |ike is outputted through the display
pr ocessorwhian veyclof oidel busetonted| feoms aind thspdesplraymempeyi thiatishe above
one SDRAM 1 is used as for the inage drawing and wites image data to be
updat ed tties edorr&worgding therdl 1 tna@ate skl tlohanguibbeweeli tkmodiyspl ay
operation and the imge-draw ng operation as descri bed above, a short tine
i nterval ocoriespondebectolchklyicphagededr ahe baaupgbtefbest beelsyedtilized
to draw and di splay 3D graphic inmages. Since it is necessary to read |arge
quant i t i escbfagat a Baguentiedl |jhavmamigie SDRMAGEY UBRES adS$ sgnefeto
above-descri bed di splay, the nunber of nenory mats per bank is set to 2 and
t he nunbedn®fbarak al Rerep Sefueht VaT ¢ y1 bye oREL HBnBRY X 8BEe¥SAd T66 tion | ar ge
nunbers. On the other hand, when the. SDRAMis used _as for the inmage

dr awi ng, RHEQUABR IO baHRR FQ RetetRCiPQel R¥Rbef STt §2FENBR™GFYr epr ogr am
a portion to be changed during the display operation period at high speed,
and t her et &M oPRSPRed wite operation based on pipeline processing is

al l owed. Since the swtching between. th .configuration an be
performed by the Dt rol 8§ éﬁﬂ§E¥NJ%§%%%§%$}%édl%b%%gﬁi%u?ﬁen M nodul e
accordin e di n fEl€l opgrat i on
correspoﬁsdélﬁ%h?f%g%%g%g?%% tlﬁ%rggebf%‘gr tré%% %%%{,gﬂglggg%%go%%_ 8 be carried
out. This {5 Sérﬁg)i@{;e&@r@ 19 thex SREAMImYE 8do E OhehB8yCRBIARNG AN sOur ce

image. In order to capture program conmands and source imgesS read froma

CD with gk PIHOEAFBa ST chdepdiike sipeedrtver eimowdeér £XeRBl Bookhe number
of menory mats per bank is increased so as to wite |arge anmounts of data

t herei n atoidhe speecui tpdd tded i tageethavt ngropecat aorpltheenunber of
banks is increased and only the required data is changed by the pipeline
oper at i omktaingh spdedos wiey etlye hs ghr speedl BBogr Hphi bydasae odn the cr eat ed.

charge pump circuit, and uses up or consumes current to

form the boosted voltage. Thus, when the word lines for

the maximum number of memory mats are driven, needless

current consumption will increase when the number of

memory mats per bank is less than or equal to the maximum

number of the memory mats.

In the present embodiment, when the number of

memory mats per bank is switched to 1 or 2 as in the

embodiment shown in Fig. 5, correspondingly, the current

supply capability of the VDH generator is changed over

according to the bank configurations as in the case of 1

or 2, whereby less power consumption is achieved. 1In the



The bank address generators provided for the respective nenory mats of the
RAM nodul e are respectively enployed in self-identification circuits |IDG of
the bus controllers for controlling access to the SDR AM 1 throu@h AMRRY 3.
That is, adder circuits of the selfidentification circuits IDG are
electrically connected to each other .iga series formin a manner simlar to
t he assignnent of the bank addresses—to the above-described nenory mats and
their corresponding self-identification addresses are assigned thereto. The
correspondin S roller [Ls_.s ceardi onpari son and
coincidehgﬁegfgﬁ ?@ﬁ?ﬁfﬁéﬁgti%ﬁef?%%ﬁ%%gc?n%gegdgg%%%g%g%ggéssor. That is,

e el oblySy IEEOLY PACCSBY | 8ohDPe PORABAGRRS0E GRNLEA Lo L Quan 1he bus

control |l efs onée-c m croconputer systemor the din the

sem cond ‘5@? iéglré?@i@t ed GLreust HQSW E@ik@h&ﬁgso‘ﬁ%gé R&yredl APR 2002 -69

assi gnne dresses to peripheral circuits can be used In

sel -1 dentith egt 100 61§ 6t 3kDL3 gachoUskBgean adder ci rouit or a

subtraction CIrCUI? simlar to the above. Operations and effects obtained

from the af or enomté ongsh,erdosl FERLS BF €q@8ntol LavezniAy A8 advant ageous

effect can be obtained in that a RAM nounted so as to mx with logic
circuits basiamenpbigyyatieskWgeneratene coahaok .citedtt ik$ €mamonly
provided for a plurality of nmenory mats each including a nmenory array in
whi ch a ptuseki ggnefavepoLyisekl $/2ar éregapacti déky delraced &ivicigyd s where a
plurality of word lines and a plurality of bit lines intersect, and an
addr ess sehecfreguencguof &oclpekf siphad SBKESt ingoofigrRatticonhexreiiyne word
lines and the bit |lines, and adopts a configuration wherein the nunber of
menory nmegenésatet ar i RediwtdeddiEingquentciiesignailr €8Xst.or e capakity,
arithmetic circuits for respectively performng -~1 or -1 i arithnetic
oper at i ondereraespedt i fepysplegrdsdant sréertfpey thes oamrd cforfdect ed in
cascade formand_include a_first-stage_ arithnetic circuit having _an input
terninal SEPRE| 84OGkt A1gBALeSEKBEBt PEngh8ddr-ddses GrRck sdared 4455 xed or
progranmmabpl e, i nput sign S sugglifd to tge ? itgnetic circuits or signals
out put t ed*EhEFEPPBRfalFE BEFi HRE“58-afdPRe g'éﬁalgra§§r Ted '¥fer et 0, each
of conparators, makes c arisons faor Lpeiden t n the address

. 1
signal s andg | 8% fipt upon- mefory =50 access,

so that each y agt| e address sel ecting operation according
to the co?%c? eﬁgé g?gﬁgl%Egﬁgéeé§§g§éndardized ones of the respective

menory mats can ﬁ?e%?@c}@ngiﬁlﬁéig&ﬁﬁﬁagﬁﬁ?m:teﬁ tbemRANMemRdYl R can be
simplified. (2) Another advantageous effect can be obtained in that

flexible §egataenits2CoEr espAREERGeBOtPUERGSYDHC @RnRe altdkernryy tditrarily
setting the nunber of the nenory mats according to the required storage
capacity uBedvEHMPCt jenBAdtopdul Bhe VBB generator is steadily
supplied with the divided clock CLKF of the clock
generator 1. The clock signal CLKRB is a clock signal
supplied from the outside of the RAM module and makes use
of a system clock employed in a digital information
processing circult equipped with the RAM module.

The RAM module according to the present embodiment
inputs and outputs data in synchronism with the clock
signal CLKRB as in the case of the conventional

synchronous DRAM or a DRAM placed under LAN-bus

specifications. Therefore, the updating of each column-



(3) A further advantageous effect can be brought about in that high
integration and the formation into mass storage capacity can be achleved by
utilizing as the nmenory array, a DRAM circuit conprising dynamc dﬁRQWZ
cells placed in matrix form sense anplifiers each of which reads and
anplifies information stored in a nenofyy-cell to be read into a bit line
connected to the nenory cells, a precharge circuit which precharges the
potential on the bit line, and a colum swi tch which connects the

cor r esponglsigeti 4dditr @est Os apglk obaheli Lnl Epachroni ded wdatmanley fleck he
plurality of nmenory mats. (4) A still further advantageous effect can be
obt ai ned sighdat CRERB. nedwrly swichsdesuedparatbbye baspdowvnhdedewi th first
and second determ nation circuits for respectively nmaking conpari sons for
coi nci denckodlet suegma baOkkREdatssws nEdmphei omptempnicsed oaf ofi nary

i nformation assigned to each nenory mat and i nput bank address 01 A PR
?00~ -71 readlownitée opasaddonathdasbevX-dgstenbaddpepeldiingnal s used for a
sel ecting operation of each word line or a result of decoding thereof,
based on eprerdtiern deimgnihatbbnraéstyt odnbdankki-dates Y-system address
signals used for a selecting operation of each bit Iine or a result of
decodi ng t her eofWhéyaseie croReck et bdiae HeR BTN Har i 8AsigBakingardchits for
address information, which correspond_to the_nunber of nmenory nats

si mul t andeRidf yCRRE 1 Ga¥aBIGNt hSr 8spevt LeBeL hé1POREt Odet &R MEEYON circuit,

are forcefull% brought to a coi nci dence st te mherebé éhe swi t chi ng
bet ween BEMRPTHRHFT g %t?‘%‘ﬂ@r}’smﬁﬁov@dm? 55 A SPTFPSPOREABE WAYSnt ageous

ef fect c be broug&% ab& % rn t hat an_x- s%g eg1addr%$s sel ection circuit
for selec %%@ BACREWOT B°Fi hat r 8Fer el F% RB5vELBfp A EéE 9 Sfedecode

[ it d t t d
S:;gggpdggygﬁe %?Lgﬁed p %ga Qéﬁggrgﬁ gﬁﬁk&égﬁ ?Sﬁ%% Q%oadecgger y
oD 1 NCCHEPGBELL £8A COPRECE chfgxglfetxpefg uaadine iiedecade signals

t herein Word driver se ects t he correspon i'ng i'ne 1 n-response

to a wordethd Ne1 56k §EAOPa €68N8I 1 §0EERACBYEAl BY EAW dacRiCerdiG ddie
operation of the predecode circuit or row decoder is controlled based on

the resuli oigdeteput vadi eReteraed. byriie, finstvorRt geAkpatben circuit so
that the corresponding word |ine selecting operation is perforned by a
sel ect ed penfoymead change whmpebperheionwinysterhsendct ng dpertat i on of
each nenory mat in accordance with the first 01 APR ?007 -72

det er m natloek resghal cahkBesebnteokhedlop6fragsenkly faudt Her hehcant ageous
effect can be obtained in that an overflow check circuit is further

provi ded St cH caFpEP B2V ReCHEEANEUEBBPSY SAPRRPLE LY GOMSiSlEb ed to the
arithnetic circuit corresponding to the final-stage nenory mat of the
plurality CRET y mats connected in cascade form or an output signal

produced therefrgm and each address si nputted upan.the nmenory access,
and the operati rgbﬁeﬁgp%_ |§+% a?n€£Tﬁ PSL SpGCE%Ylng eac%p

bank configuration is a high level (logic 1), one bank
comprises two memory mats. Since the corresponding word
lines for the two memory mats are simultaneously selected
during one cycle of the clock signal CLKRB upon such a
bank configuration, the input clock signal CLKRB is
selected by the clock generator 2 and outputted therefrom.
Thus, the VDH generator performs a charge pump operation
in synchronism with the clock signal CLKRB set to a high

frequency corresponding to twice the above frequency and



anplifying a read signal outputted fromthe corresponding menory mat is
forcefully stopped according to an overfl ow detection signal detected by
the overflow check circuit, and the overflow detection signal is 01
transmtted to the outside of the RAM nodul e, whereby needl ess curreAfRﬂmz
consunption produced in the read anpl-i4§ er can be cut down and errors of
operation can be previously prevented fTom occurring. (7) A still further
advant ageous effect can be i brought about in that the control circuit is

provi ded yitho.a-detect or ybich detectsrtbarnynpglyobapryYnt ¢ menory mats in

response to a S|gna? outputted fromthe flnal-s?age nmenory mat of the
plurali tk&?r@?ﬁ@ﬁéﬁﬁt €0 CORNEET el Buggéﬁedga%mgl capdpihegontrol circuit
IC

adj usts or controls e load on each driver, forms a control signa

or a timpgrsiebal t608HBRLY supplied to the menory mats, so as to becone
substantially constant regardl ess of the nunber of the nmenory mats, whereby
01 APR 200 -73 tgiAdy drd GisSr&ah Heopereasgrdil{8y AHcsthel vburther

advant ageous effect can be obtained In that each nenory mat referred to
above i ncemiesa domys | Opsnged corés peovrdetgi Boaspahhaf Bankransmitting the
control signal or the timng signal, and the control circuit designates the
nunber ofcdéheigunrayidowadici s chiet swopdat edint acthedapspewtiithe timenory mats)

whi ch are connected to the respective nenory mats, to thereby control the
whol e | oadumipet hef dnénery swatas to wWetohetbabwbadt Lahkyg ewoest ant regardl ess
of the nunmber of the nenory mats, whereby timng margins can be enl arged

W th a sisphel cantdgalvntionivetadsethBecdanapt] 6adbei nealt palcd di spersedly
placed in the respective mats. (9) A still further advantageous effect can
be obt ai meRR$WNeH Py t Hee CORE r 9ener2Eart CaRdPe pPBEAPLLfdotONERSTy mats are
arranged sjde by side in_a straight_line to forma R AM nodul e, the

ari t hmet iBLRHPER; ¥Rl ¥ ¢ nefbriP et Al Rt el 2FCAE PP t Fonth&rt hest from

the control circuit, is, connected so agﬁéo Be an initial-stage circuit,

wher eas (RESSFRT RTRPCETITAT TRSCREORENBP) Y Rat 2df SPasE R Scént (o the
G o q b - . . dth

over {1 ow SHEk o FaffTCRR onuPadan Hhe Ro? BrEFsnS . BRER Feglrn B cont ol

ciroui t spdeoyand g feadali Lher chAt,BIPL;LXag, acead sy gnal from each

rrermry_ mat _e erred to above an a CI!‘CUIt or tranfsmttl ng an overflow_
detecti Onsviitgcfﬁ’édté’c@é‘r&i(ﬁ%rf@' tk&rBathk abArpbacadibn.t heugenkeol circuit,

0 ? APR T~'d -74 whereby the placenent of circuits along the flow of

signal s isudt | @wvesh ddreh 81 sreasoned| previaei E1bayble csraebpevnddnce
in association with the number of memory mats mounted
while circuit standardization is being made, is given in
the RAM module.

When the digital information processing system
equipped with the RAM module is brought to a non-
operating state itself, the clock signal CLKRB is caused
to stop. Therefore, the VDH generator and the VBB
generator are also deactivated so that the RAM module
will not substantially consume current. In this case,
since the circuit for dividing the source voltage Vvdd

into 1/2 or the circuit for forming the deboosted voltage

VDL, and the circuit for dividing it into 1/2 have dc



(10) A still further advantageous effect can be obtained in that a control
circuit and a plurality of nenory nmats are arranged side by side ”plﬁPRZMH
straight line to construct a RAM nodul e, the arithnmetic circuit in the
menory mat provided at a position farthest fromthe control circuit is

pl aced so as to be an initial-stage cigycuit, whereas the arithnmetic circuit
in the nenory mat di sposed adj acent +e—+the control circuit is placed so as
to be a final-stage circuit, and the nunber-of-nmenory nats detector

provi ded dpr-tber COMERO! r8bpEYLLvESYSUPREI 88 WukhemtSigRals @uputied from
the final-stage arithnmetic circuit, whereby the placenent of circuits al ong
the flow of £ shgnal soherper si§Hed RO gehezserabkecoiriGWigt tiayed can be
achieved. (11) A still further advantageous effect can be obtained in that
the contr@bncbperatihg Stapki 66 whbhdigiwaystafoane tdehnumrosysitmaddr ess
signals separately and all ows each nenory mat to performrow system and

col um- sysyetemel estl Poe@pEppLoRs thnt AecBRBanoeulet, h siche hsgpathat el y- i nput
row system and col um-system address signals, whereby a flexible nmenory

sel ecti ngvBPEAVBNPONgEenerasponisnglso bheusghitt thi Bg deelcwe e tagnk
configuration is allowed. (12) A still further advantageous effect can be
01 APR 2092at&5 obtained in that the row system and col um-system address
signals are synchronized with a clock signal supplied fromthe outside of

t he RAM nodul e &y ar® isputcercebyed hagraint Ahowangobnei gnibdineinch provi de
instructions for the operations of row system and col uim-systemcircuits,
the addre®E &hgn¥PE gaeerdboBddrEsstRe gvrine QRRYANgpe€if§Udfie to pl ural
menory mats to be sel ected by the corresponding word |ine, and the

i nst ruct | D8RP bF Qh’ée%p‘é?aF?BHeSFlYﬁe°F6ﬁPé§s€gﬁFﬁnrtéuiptaritﬁr?lldd’e two types

of a start of_the row system sel ecting.operatiqn_and_an operation end for
providingoY%§}?%cY?Bﬁgt¥8?eang§EhgbgglggePa?h%nt%@t&Fkﬁh CbSﬁ%?%tion of

4 | . . etarion after . o
ar bi rary €1 TG CanoB AR SRERCBH- AcIC TR chBo 0P ACpPRGI | ne oper ali on
using a plysal éécéc?f tHEEDEMegaHE% E%f%ﬁéﬂﬂ ir(c%ﬁ_)t Asiddslodur ther

&
advant ageous € can bé obtained in that when the immediately preceding

state of ££'§%é8¥‘5§¥§§/.emz€df%£,_ 5 éﬁ&&@efst%?@ n8¥rEYSt gResel ecting
operation, the rowsystemcircuit conpletes e previous operation and

perforns @i Pf echal §8cQPeFahi ANchandel heypal Mesramisomt raldimgpenf orms a
row system sel ecti ng operation corresponding to the input address signals,

wher eas wheditdeivenefi adel Yepetsedenggstatevehareefl si s ogittari@as t he
operation end state, the rowsystemcircuit perforns a row system sel ecting
oper at i ongzberespohdnag tWhilhe thpuf cluaness-sygeaaMeSFifier ebyp basy 01 APR
?QQ? to-use nenory access is all owed. . _

formed in the same P-type well region in a CMOS circuit,

N channel-type MOSFETs marked with A through C in the

same drawing are respectively electrically isolated from

each other by being formed in another P-type well region.

Thus, a triple well structure is provided wherein an N-

type well region DWLL is formed at a far depth on a P-

type substrate, and a P-type well region PWELL is formed

within the DWLL, whereby the N channel-type MOSFETs are

formed.

The VDH generator according to the present

embodiment has been contrived so that an internal voltage



(14) A still further advantageous effect can be obtained in that the RAM
nodul e is provided with a reset input termnal and additionally p ?VAPﬂ%jg
with the function of forcefully term nating the row system and /
col um-system sel ecti ng operati ons when a predeterm ned reset signal is
inputted to the reset input term nal - 48hereby bringing the sel ection
circuit in each nenory mat ' to a precharge state, whereby ease of
operation under the bank control system can be inproved. (15) A stil

further agyantageorsaehf@etacan bBambbRi Bedal NtbhayaihenRAM modul e is
constructed such that in a state in which the sem conductor integrated

circuit deyh&fiésabebidosupplbRwithBrangoubteayel bEgeachhaiepey-ation of
each circuit is provided with the function of bringing it to a full standby
state in pdbENcAr€arMESFENOMNT LWL Bgost abesushhal doatenvancengst itee
exceeding at least an information holding tinme of each nmenory cell, whereby
r easonabl eorenohy coosted cobsagéevDHWihlietrhe dper abuareofvotltage

sem conductor integrated circuit device is permtted and hence | ess power
consunpt i vid cantbheef fipt bapoy ed. I 1ff)e Aosesdnt fembbéimaduzantabeosseef f ect
can be obtained in that one sem conductor integrated circuit device is

equi pped @itduat ptomprisgsod comblnatbbockE &wohchawiwigsa specific circuit
function, the respective circuit blocks are respectively provided with
arithmetic U AAXRRRDOZLECE riwia sciwneeht peef oprPdecangi oo osming
subtraction operation on address-setting input signals conprised of a
plurality2oPodsted H“RHCRGAPAY a® 0F3PRAHERYT B pBELilvELRIdEInEdtFout signal s
supplied to the arithnetic_circuits or output signals pr.oduced therefrom as
own- assi grRIPGHERRSS %Fgﬁa?sC%ﬁHn?é§5¥E?iV@F?Egegéﬁnﬁﬁe166Wﬁ§?F58H5 f or

coi nci dence between the input signals supplied.to_the Lthmetic circuits
or the outPuttsrghaid bFﬁdaféﬁthgFﬁFP6ﬁ1§ﬁdg§%¥8FnalM§ghﬁg§sbgiSﬁgls, and
the arithgetic circuits.in_the_pl ity i,rcyit _bl s are.connected in
cascade f rn?r%npfﬂﬁﬁ%e e?ﬁi%a?gggﬂskégafg%ﬁ%%%i%tcﬁrg% i%%t Q?

nitial- shagee CLigH! bebLACK-hSaSyRBL! €4 WHikheh! xedigadicss signals, and the
corresponding circuit block rh the respective circurt blocks is activated
accor di ngo&Q%él'aﬁeaowsfnd%se_iﬁ{zg%ler wheeshy th ke rasyl GHE My ilfeaddy esses to
the circuit blocks provided in the sem conductor integrated circuit device
y can be simdl yorcheeued. cthbechpyentbenciwiisCbreahahera mdeHy the present
i nventors as descri bed above, has been described specifically by the

i |l ustratredseprbsdoheand. Qloweniesn the ocuveuti shgnélt he phesegets dmplim cati on
is not necessarily limted to the aforenmentioned enbodi nents. It is

needl ess tlhesagwt havelatboashtthngevedanabprestergeervstld-add Hish t he scope
not departing fromthe substance of the invention. For exanple, the storage
capaci ty afdaednbfppyhaghayeprbvidks RnSEHECReYORFaTR Vth THRRI%R] ous
forns. 01 APR 2002 78 The nenory array . may be one which adopts a shared
sense anpFFPRefhey SPERT WREr Hin2keh88 SAPRFAEEFsClat @ e circuit and a
colum switch_are disposed in the center thereof and nenory cells are
providedm%ﬂoﬁﬁ?ﬂ ¥Péggg?hereof. A circuit ground potential other than the
apovedescr! hed. SpstiaLesk ot agg YBONTBYaRAeYSeYpeM RSt CORdHELeL T eal on

in which dynam c menory cel s are
the use thereof is different from the normal use in which
the source voltage Vdd and its gate are electrically
connected to its channel region (P-type well). When the
output signal c¢b is low in level, the MOSFET Q1 is
supplied with a precharge current due to a PN junction

between the channel region and its source. However, a

level loss will be produced from the MOSFET Ql by a



" In this case, a so-called BSG (Boosted Sense G ound) systemthat a | ow

| evel potential at each bit line is set higher than a circuit groHid
potential, nmay be adopted to reduce | eakage currents devel oped in AfR8H
sel ection MOSFETs at dynamic nmenory cells, in other words, to maintain an
information hol ding characteristic of geach nmenory cell. In place of this, a
system nmay be used wherein a booster—eireuit is omtted by using the
potential at each bit Iine as a voltage reduced by the threshold voltage of
each address sel ection MOSFET from a source voltage and utilizing the

sour ce vdlorage dayod teeleectt dind APeljUrsrt iqrh Wty ¢aweling Pefnatively, a
conbi nation of the two referred to above nmay be adopted. In doing so, the
conpat i bielfifi¢ iency .deVheseppsees §neeMRSERTa QRANM ST 1e 2858 each

external | yprovided CMOS | ogic circuit is inproved and its sinplification is
al | oned. PE&SRUGENSNE MASTRIUR%ed S @16 RAG Tothl & nadm bbbt t@ EBAfi gurati on
whi ch uses static nenpry cells other than o ~aPR ~ -79 the

above- de¥OSFEEd Ay n@mitCAfBst W 1age SR TN HATARISE B nay Bduadopt ed
which utilizes cells such as nonvolﬁ'%ti | e nories, efc. This,invention can
be wi del FOusd@ iSPUE SeiTdid@ifcteld ifTREHRRE Ti TERATLHRYi ce ®fui pped with a
RAM nodul e. Effects g}%’ttai ned ?—f’ a tf\épi al _one of theti nventions di scl osed
in the pPEReRSahdl it&&t % Sni TSR Tres &% Bed S5 &f° a8FHT G%:2 A RAM
nmount ed tQ mx With logic circuits a ¢enfjguration wherein one
control @F?%Tt a4 &5m%r(ﬁu>9 prgtvol Jeu C?nors%a%? ur gﬁnlutéy 0 6érr\e\s"r%urlglcernatts each

i ncludin r | i ; r.ald ry-c S are

respecti 8’8?& §| aéﬁéﬂgaac{a?%éileﬂts‘gﬂ errgclgglgjllﬁrﬂa %?%E% %r%ollélrllées and a

pl'urali F%a%facliitsz ines intersect, and an address selection circuit for

perform ng sel ecting operations on the word Iines and the bit |ines, and

adopts a confi gur atienivhere A st ke prdEre R QAft SRR I dBLS dSmshet £84n ned
according to the required storage capacity, arithnetic circuits for

respecti wel w ponianaitien b Orewol cidriduraiump operaii s ane ifespesdi vely
provided in the nenory mats and connected in cascade formand include a
first-stdge aritiinet iof ahrec MASHEIVIQYY) amhienpmo tospadisiorsupidl ieadiwi t h
address-setting address signals fornmed as fixed or programabl e, input

si gnal s $€dpphiegdafo aiee sarpiptlhrest iwi @i moyiteverlap gremsleneptatred t heref rom
are defined as address signals assigned thereto, each of conparators nakes
conpar i s®hd seEr tyoian 1AREH @& tse tieeit itthe adirRes32 62 grdf SuahdaBddress signal s
i nputted upon nenory 01 APR 2002 -so access, .so that each nmeno mat

act i vat edPHRTEEdr e S35 A S&liayy T HtS dir acCordiaiyiels BRe SRS : nce
and desi A RERLGETERP RS S AR UL b DaPRTTHTer | e, Aoasscan e used
on the boost sides of the capacitors C2 and C3.

i When the input-side node of the capacitor C2 is low
in level, a boosted voltage is formed or produced by the
capacitor C3 to thereby turn on the MOSFET Q2 so as to
supply the source voltage vdd to the capacitor C2. At
this time, the boosted voltage is applied even to the
gate of the MOSFET Q4 and hence a precharge operation is
performed on the capacitor Cl. After the input node of
the capacitor C3 is rendered low in level, the input node
of the capacitor C2 is brought to a high level, so that a

boosted voltage is formed at the output side of the



~ 1 APR 2002 -81 WE CLAIM 1. A sem conductor integrated circuit device
conprising: a plurality of mats; and a control circuit which is thhdﬁRﬂmz
provided for said plurality of mats; said plurality of mats each incl uding,
a nmenory array; an arithnmetic circuit which adds a predeterm ned value to
an input address signal or subtracts.tpe. sane therefromto form an out put
address signal; and a conparator whi-eh-determ nes coi nci dence or

capacitor C2. Thus, the MOSFET Q3 is turned on to short-
circuit between the gate and source of the MOSFET Q2,
whereby the MOSFET Q2 is turned off to prevent the
boosted voltage of the capacitor C2 from escaping into
the source voltage Vdd side and to perform the prechagre
operation on the capacitor C3.

A circuit LC3 is configured as one basically
identical to the circuit LC2. A MOSFET Q5 controlled
thereby is used to output the boosted voltage produced or
formed by the capacitor Cl without having to perform the
precharge operation on the capacitor C2 as in the circuit
LC2. Thus, the circuits LC2 and LC3 are driven by the
non-overlap complementary pulses. That is, as indicated
by a waveform diagram, a pulse signal pc and a signal g
on the input sides, which are used to form the boosted
voltages for the MOSFETs Q4 and @5, are non-overlapped in
antiphase with each other as indicated by the waveform
diagram. In this configuration, the boosted voltage
formed by each of the capacitors Cl through C3 can be
controlled low to twice the source voltage Vdd at the
maximum. Therefore, the circuit can be comprised of low
withstand-voltage MOSFETs under device micro-fabrication.

Since circuits LC4 and LC5 are additionally
provided in the present embodiment to form the original
boosted voltage, in other words, because only the booster
circuit like the circuit LC3 encounters difficulties in

obtaining a sufficient boosted voltage in a low region of



non- coi nci dence between either one of the input address signal or b €Ap
out put address signal and a nmat selection signal commonly supplied to gz}p[g
plurality of mats; and wherein a plurality of said arithmetic circuits
corresponding to said plurality of mats are connected in cascade form and
the corresponding menmory array lying_wthin the mat corresponding to said
conpar at or havi ng determ ned the coi nci dence or non-coi ncidence is
activated when the result of determ nation by said conparator shows the

coi nci denge. 2. The semcon or jntegrated circuit device, ~ 1 A PR 2002
-82 accordthg o<t a‘l"ﬁﬂf}g? tc}?ﬁwer p 'rﬁlﬂg: ‘;‘nggnﬁmﬁ br€VFtne which is
comonly provided for slai d pluralit iof et s ang.vxlne ei.n saidd nmenory
arrays edch ' conpri sg T AP a?‘?li"{/e%‘? Vord PLhes: égBFEJrQPanﬁ of bit Iines;
a plural ikga}/seocg cgiﬁlnt%n% Cs R %S tlalzgsé \?cri]c? into a voltage

corresponding to each of the boosted voltages formed by

the circuits LCl through LC3. That is, the circuit LCS

performs a charge pump operation utilizing the boosted

voltage formed by the circuit LC3 without being activated

by such a source voltage vdd as employed in the circuit

‘ LC3.
As a result, the levels of pulse signals at input-

side nodes of capacitors C6 and C7 are respectively set

to the boosted voltage formed by the booster circuit LC3

in the circuit LC5. Therefore, a gate voltage of a MOSFET

Q6 can be raised. That is, since the MOSFET Q5 produces a

level loss by its threshold voltage, it is hard to obtain

a sufficient boosted voltage as described above. However,

since a higher voltage utilizing the boosted voltage VDH

is applied to the gate of the MOSFET Q6, the voltage

formed by the capacitor Cl can be outputted as an output

boosted voltage VDH with efficiency.

The circuits LC3 and LC5 are simultaneously

activated. However, the circuit LC3 forms a boosted

voltage VDH immediately after power-on and the circuit

LC5 becomes dominant over its boosting operation when the

boosted voltage VDH increases to some extent, and allows

it to reach up to an intended or target boosted voltage.

Although omitted in the same drawing, the boosted voltage



a switch circuit which is provided between said bit |lines and said conmon
bit line. 3. The sem conductor integrated circuit device according ﬂbAPRaﬂﬂyn
1, wherein the nunber of said mats selected at one tine by said nat

sel ection signal is changeable by said control circuit and the menory
arrays lying within said sel ected mat gpare acti vat ed.
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constructed so as to transmit low address signals
comprised of AX0 through AX7 used to select word lines in

banks (memory mats), column address signals comprised of

AY0 through AY2 used for column selection, bank address
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signals comprised of ARO through AR3, for specifying row-
system bank addresses, and bank address signals comprised
of ACO through AC3, for specifying column-system bank
addresses.

A command terminal Com is constructed so as to
transfer a clock signal CLK for inputting mask clocks, a
control signal CR indicating that the corresponding cycle
is a row-system command input, a control signal BA for
providing instructions as to whether the corresponding
bank should be activated or deactivated, a control signal
CC indicating that the corresponding cycle is a column-
system command input, and a control signal RW for
providing instructions as to reading or writing. Further,
a control signal MQ for stopping the operation of a RAM
module internal circuit and a control signal RES for
initializing an internal register are provided as special
control signals. In addition to these, there are also
provided control signals MEO through ME7 for masking the
input/output in byte units as described above, and
testing control terminals.

Row-system commands are as follows:

(1) No Operation (NOP)

This command (NOP) is designated or specified by a
low level (= “0”) of the signal CR on the leading edge of
the clock signal CLK. Although the command is not an

execution command, a row-system internal operation is

continued.
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(2) Bank Active (BA)

This command (BA) is specified by a high level (=
*1”) of the signal CR and a high level (= “1”) of the
signal BA on the leading edge of the clock signal CLK. X
address signals AX0 through AX7 and row bank addresses
ARO through AR3 are designated by the command. A
corresponding bank (memory mat) specified by such row
bank addresses is rendered active and hence a
corresponding word line specified by the X address
signals AX0 through AX7 is brought to a selected state
and a sense amplifier SA is activated. This command (BA)
is equivalent or corresponds to the rising edge of a RAS
(Row Address Strobe) at a high level of /CAS (Column
Address Strobe) signal in a general purpose DRAM. That 1is,
a row-system selecting operation is performed and the
specified bank performs a refresh operation on each
memory cell connected to the selected word line.

) {(3) Bank active Close (BC)

This command (BC) is designated by the high level
(= “1”) of the signal CR and a low level (= “0”) of the
signal BA on the rising edge of the clock signal CLK. The
X address signals AX0 through AX7 are ignored by this
command and the corresponding bank specified by the row
bank addresses ARO through AR3 is precharged. That is,
each selected word line is brought to a non-selected
state and the sense amplifier SA is deactivated, whereby

each complementary bit line and a common source line for
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the sense amplifier, or the like are brought to a half
precharge potential.
Column-system commands are as follows:
(4) No Operation (NOP)
This command (NOP) is specified by a low level (=
“"0”) of the signal CC on the leading edge of the clock
signal CLK. Although the present command is not an
execution command, a column-system internal operation is
continuously performed.
(5) Read (RD)
This command (RD) is specified by a high level (=
*1”) of the signal CC and a high level (= “1”) of the
signal RW on the leading edge of the clock signal CLK. Y
address signals AY0 through AY3 and column bank addresses
ACO through AC3 are specified by the present command. A
bank (memory mat) specified by such row bank addresses is
rendered active so that each column switch specified by
) the Y address signals AY0 through AY3 is turned on. Thus,
the above-described 128 pairs of complementary are
connected to their corresponding global bit lines GBD,
and a read amplifier RA and an output buffer are
activated. This command (RD) is equivalent or corresponds
to a high level of /WE (Write Enable) signal upon a low
level of a /RAS (Row Address Strobe) signal and on the
falling edge of a /CAS (Column Address Strobe) signal in

the general purpose DRAM. If a signal CME is of a high

level (= *“1”), then the output buffer is brought to a
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high impedance state after the completion of reading. If
the signal CME is of a low level (= “0"), then the output
buffer is brought to an operating state and hence
continues the above-described output operation until the
next read signal is outputted.

(6) Write (WT)

This command (WT) is specified by the high level (=
*1”) of the signal CR and a low level (= “0”) of the
signal RW on the leading edge of the clock signal CLK. Y
address signals AY0 through AY3 and column bank addresses
ACO through AC3 are specified by the present command. A
bank (memory mat) specified by such row bank address
signals AYO through AY3 is rendered active so that a
column switch designated by the Y address signals AYO0
through AY3 is turned on. Thus, the above-described 128
pairs of complementary bit lines are electrically
connected to their corresponding global bit lines GRD.

| Further, an input buffer is activated to take in or

capture write data, and a write amplifier is activated to
perform a writing operation. This command (WT)
corresponds to a low level of the /WE (Write Enable)
signal upon the low level of the /RAS (Row Address
Strobe) signal and on the falling edge of the /CAS
(Column Address Strobe) signal.

In the read or write command, input/output data can
be masked using signals BEO through BE15. That is, 128

bits are divided into 16 bytes according to the signals
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BEO through BE15 to allow masking in byte units. When a
signal BEi (where i =0 to 15) is brought to a high level
(= “1”) upon read, the output results in low impedance to
allow the output of the corresponding byte i. When the
signal BEi (where i1 = 0 to 15) is brought to a low level
(= "0”), the output is brought to high impedance so that
the output of the corresponding byte i is masked. When
the signal BEi1 (where i = 0 to 15) is set to the high
level (= “1”) upon write, data is written. When the
signal BEi (where i = 0 to 15) is brought to the low
level (= "0”), data is not written and the previous data
is held (refreshed) in the selected memory cell.

Fig. 10 is a timing chart for describing one
example of the operation of the RAM module according to
the present invention. A RAS down mode (page read) is
illustrated in the same drawing by way of example.

The bank active command (BA) is executed in a first
cycle of the clock CLK. The rasdown (Ras down) mode
indicates an operation in which the bank active close
(BC) is not executed before its execution. In the
specified bank (memory mat), the corresponding word line
is selected and the corresponding sense amplifier remains
at an activated state. Therefore, the bank active close
(BC) is automatically executed for the corresponding bank
in the RAS down mode. Two first and second cycles are
spent to execute the bank active close (BC). Thus, the

bank active command (BA) is executed from a third cycle.
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cycles (3 to 5) of the clock signal CLK at the
corresponding memory mat set by the designated bank
addresses. In order to ensure the above-described
operating time, the second to fifth cycles of the clock
signal CLK are defined as the no-operation (NOP) command.
In a sixth cycle of the clock signal CLK, a read
command (RD) is inputted to specify a first column
address #1. Thereafter, a read signal #1 corresponding to
the first column address #1 is outputted with a delay of
two clocks. In the synchronous DRAM according to the
present embodiment, CAS latency is set to 2. That is, two
clocks are spent between the input of a column address
and the output of data corresponding to it.
In the page mode, the signal CC is maintained at a
high level. Further, the following column addresses AY
) and AC are inputted in synchronism with the clock signal
CLK and the switching between the column switches is
performed according to the input column addresses AY and
AC. Therefore, data synchronized with the clock signal
CLX can be sequentially read. The same drawing shows an
example in which two data are sequentially read. Since,
however, the column switches are provided as eight sets
or pairs described above when one memory mat is taken per

bank, sequential read is allowed over eight cycles at

maximum. When two memory mats are assigned per bank,
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sequential read is permitted over sixteen cycles at

maximum. In a ninth cycle, the second data #2 is

outputted and a command for a bank active (BA) similar to

above is issued simultaneously with this, after which the

following row address is selected.

Fig. 11 is a timing chart for describing another
example of the operation of the RAM module according to
the present invention. The same drawing shows an example
of a fast mode (page read).

This fast (Fast) mode is based on the premise that
the bank active close (BC) has been executed before the
present mode. A bank active (BA) command specified in a
first cycle of a clock CLK is executed from a first cycle,
i.e., a word-line selecting operation and a sense-
amplifier amplifying operation are executed using three
cycles (1 to 3) of the clock signal CLK at the designated
memory mat based on the bank addresses. In orxrder to

) ensure the above-described operating time, the second to
third cycles of the clock signal CLK are defined as the
no-operation (NOP) command.

In a fourth cycle of the clock signal CLK, a read
command (RD) is inputted. In this command, a first column
address #1 is specified in the same manner as described
above, and a read signal #1 corresponding to the first
column address #1 is outputted with a delay of two clocks.

In the page mode in the same manner as described above,

the signal CC is maintained at the high level. Further,
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synchronism with the clock signal CLK and the switching
between the column switches is performed according to the
input column addresses AY and AC. Therefore, data
synchronized with the clock signal CLK can be
sequentially read.

The same figure 11 shows an example in which two
data are sequentially read. Since, however, the column
switches are provided as eight sets or pairs described
above when one memory mat is taken per bank, sequential
read is allowed over eight cycles at maximum. When two
memory mats are assigned per bank, secquential read is
permitted over sixteen cycles at maximum. In the fast
mode, the bank active close (BC) is inputted in a seventh
cycle when the second data #2 is outputted as shown in
the same drawing, and thereafter two cycles are spent to
execute a precharge operation. Thus, the input of a bank

i active command for the next reading is taken in a ninth
cycle.

In the RAS down mode, bank active close (BC)
commands are not issued successively and banks in which
read data exist, may be simply specified arbitrarily.
Therefore, it provides easy-to-use. Conversely, however,
a time interval LAl between the input of the bank active
(BA) and the output of data is spent by 6 cycles. On the
other hand, the fast mode brings about an advantage in

that although it has the inconvenience of successively
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$109&8{()défﬂesponding banks after the completion of required
reading (or writing) of data, a time interval LA2 between
the input of each bank active (BA) and the output of data
can be made faster like four cycles. Thus, either one of
the modes to be used can be most suitably selected
according to the type of data or the procedure for
processing data.

: Fig. 12 is a timing chart for describing a further
example of the operation of the RMA module according to
the present invention. The same drawing shows an example
of a Ras down mode (page write).

The page write is basically similar to the page
read shown in Fig. 10. However, the operation in the page
write is simply changed to the operation that a command
inputted in a sixth cycle is set as a write command (WT)
in place of the read command (RD) and write data D is
inputted correspondingly and written into its
corresponding memory cell by a write amplifier.

Fig. 13 is a timing chart for describing a still
further example of the operation of the RAM module
according to the present invention. The same drawing
illustrates an example of a Fast mode (page write).

The page write is basically similar to the page
read shown in Fig. 11. However, the operation in the page
write is simply changed to the operation that a command

inputted in a fourth cycle is set as a write command (WT)
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in place of the read command (RD) and write data D is
inputted correspondingly and written into its
corresponding memory cell by a write amplifier.

Figs. 12 and 13 respectively show examples in which
two data are sequentially written. However, since the
column switches are provided as eight sets as described
above when one memory mat is taken per bank, sequential
write is permitted over eight cycles at maximum. When two
memory mats are assigned per bank, sequential write is
allowed over sixteen cycles at maximum. The combination
of the signals BEi allows masking in byte units. A mask
function using such signals BEi is the same even in the
read mode referred to above.

In the bank control system, the respective banks
are activated separately from each other, and
activation/deactivation and reading/writing are performed
every banks. In order to continuously issue the bank

) active commands (BA) to the same bank, two clock
intervals are needed even at optimum to perform the Ras
down mode. That is, the previous BA command is rendered
invalid by a Ras down function based on the subsequent BA
command. Due to the constraints of bus conflicts,
read/write commands must not be issued simultaneously to
a plurality of banks. Under such conditions, a plurality
of banks are successively designated and the input/output
of continuous data by the pipeline operation is allowed.

The control system of such a type that control on the
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bank active

commands (BA) and the bank active close command (BC), is

deemed to become complicated at one view but will exhibit

the greatest effect on the input/output of data with

arbitrary necessary timing. That is, so long as

active command (BA) is issued, the corresponding

the bank

bank

maintains that condition. Further, if the read (RD) or

write (WT) command referred to above is issued with

necessary timing, then the input/output of data can be

immediately executed. Therefore, this will be us

eful for

the pipeline operation using the plurality of banks. In

the present embodiment, a plurality of cycles are needed

according to the data processing time or precharge time

or the like. However, they are required to provi
high-speed operation. The number of the cycles i

limited to this upon a low-speed operation.

de a

S not

Although the dynamic memory cell is used in the

J present embodiment, it has no refresh-dedicated command

and does not have even a refresh control circuit.

This

reason for that is that consideration has been given to
the case where the number of memory mats in the RAM
module itself is set according to the storage capacity
and a plurality of RAM modules themselves are provided.
That is, this is because when refresh control circuits
are provided for a plurality of RAM modules, they are
provided in a semiconductor integrated circuit device so

as to overlap upon mounting of the RAM modules, thus
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causing the risk of producing waste.

In the present embodiment, the refresh control
circuit is configured so as to be provided outside the
RAM module. Owing to this configuration, the refresh
control circuit can be commonly used even upon mounting
of a plurality of RAM modules. Since the row-system
selecting operation and the column-system selecting
operation are independently performed in the RAM module
as described above, the refresh control circuit may
perform a refresh operation so as to issue a refresh
address, a bank active command (BA) and a bank active
close command (BC).

If the semiconductor integrated circuit device
equipped with the RAM module according to the present
embodiment is brought to a state of having been supplied
with the source voltage and a standby state of having no
operation, then it has a full standby or super standby
mode in which all the circuit operations thereof are
stopped inclusive of the refresh operation and no current
flows. The control signal MQ is utilized to set such a
mode. When the signal MQ is activated, the RAM module is
set so that no dc current flows even through the charge
pump circuit constituting the power circuit VC and the
divider for forming the half precharge voltage or plate
voltage. Thus, if stored data to be held exists, then a

static RAM is mounted and thereafter the data stored in

the dynamic RAM may be saved into the static RAM
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immediately before the full standby or super standby mode.
In the RMA module according to the present
embodiment, the column-system and row-system selecting
operations are separately performed every banks as
described above. That is, the corresponding memory bank
is held in the active state unless the bank active close
(BC) i1s issued as described above. Therefore, a reset
function is additionally provided because the checking of
' whether each memory bank is in the active state and the
designation of the banks one by one to issue the bank
active close (BC) become troublesome. That is, a function
is additionally provided in which when the control signal
RES is rendered active, a register held in an operating
state 1s reset, in other words, the selecting operations
are reset in each individual memory mats so that they
automatically go into a precharge operation and are
thereafter brought to the close state.
Fig. 14 is a block diagram showing one embodiment
of a semiconductor integrated circuit device equipped
with the RAM module according to the present invention.
Respective circuit blocks illustrated in the same drawing
are formed on a single semiconductor substrate like
monocrystalline silicon by the known semiconductor
integrated circuit fabrication technique.
The semiconductor integrated circuit device

according to the present embodiment is intended for data

processing like 3D graphic processing and can be used as
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a graphic rendering LSI employed in a home game machine.
The present embodiment comprises SDRAMs (Synchronous
Dynamic RAMs) comprised of 8M bits in total, which are
made up of 4M bits used for a command and a source image
and 2 x 2M bits respectively used for display and image
drawing, an image-drawing processor comprised of about 50
thousands of gates, a DMA controller, a bus controller
and a display circuit.

The SDRAM comprises a combination of such RAM
modules as illustrated in the aforementioned embodiments.
For example, eight memory mats each comprised of about
256K bits are provided in combination as described above
to construct display and image-drawing SDRAMs 2 and 3
each comprised of 2M bits. The sixteen 256K-bit memory
mats referred to above are mounted to configure an SDRAM
1l comprised of about 4M bits and used for the command and
source image.

) The two SDRAMs 1 and 2 are alternately switched
over for the image drawing and display on a time basis.
When image data is read from one SDRAM 1 of the two
SDRAMs in the case of an even frame = 0, for example, and
display data synchronized with raster scan timing of a
display unit such as a CRT or the like is outputted
through an external display processor by way of the bus
controllers and the display circuit, the other SDRAM 2 is
used as for the image drawing and writes image data to be

updated therein. When the image data stored in the other
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SDRAM 2 of the two SDRAMs to the contrary to above is
read in the case of an odd frame = 1, and display data
synchronized with the raster scanning timing of the
display unit such as the CRT or the like is outputted
through the display processor by way of the bus
controllers and the display circuit, the above one SDRAM
1 is used as for the image drawing and writes image data
to be updated therein.

Owing to the alternate switching between the
display operation and the image-drawing operation as
described above, a short time interval corresponding to
the displayed frame can be effectively utilized to draw
and display 3D graphic images. Since it is necessary to
read large quantities of data sequentially when the SDRAM
is used as for the above-described display, the number of
memory mats per bank is set to 2 and the number of data
read sequentially by one memory access is set in large
numbers. On the other hand, when the SDRAM is used as for
the image drawing, the number of banks is set in large
numbers to renew or reprogram a portion to be changed
during the display operation period at high speed, and
thereby a high-speed write operation based on pipeline
processing is allowed. Since the switching between the
bank configurations can be performed by the control
signal RFTN as described above in the RAM module
according to the present embodiment, an efficient memory

operation corresponding to an operation mode thereof can
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This is similar even to the SDRAM 1 used for the
command and source image. In order to capture program
commands and source images read from a CD with gate
programs or the like stored therein, for example, the
number of memory mats per bank is increased so as to
write large amounts of data therein at high speed. Upon
the image-drawing operation, the number of banks is
increased and only the required data is changed by the
pipeline operation at high speed, whereby high-speed 3D
graphic data can be created.

The bank address generators provided for the
respective memory mats of the RAM module are respectively
employed in self-identification circuits IDG of the bus
controllers for controlling access to the SDRAM 1 through
SDRAM 3. That is, adder circuits of the self-
identification circuits IDG are electrically connected to

) each other in series form in a manner similar to the
assignment of the bank addresses to the above-described
memory mats and their corresponding self-identification
addresses are assigned thereto. The corresponding bus
controller is selected according to the comparison and
coincidence with ID information from the image-drawing
processor. That is, the selective memory access to the
SDRAMs can be controlled through the bus controllers. In
one-chip microcomputer system or the like formed in the

semiconductor integrated circuit device in this way, the
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assignment of addresses to peripheral circuits can be
used in self-identification circuits IDG each using an
adder circuit or a subtraction circuit similar to the
above.

Operations and effects obtained from the
aforementioned embodiments are as follows:

(1) An advantageous effect can be obtained in that
a RAM mounted so as to mix with logic circuits has a
configuration wherein one control circuit is commonly
provided for a plurality of memory mats each including a
memory array in which a plurality of memory cells are
respectively placed at points where a plurality of word
lines and a plurality of bit lines intersect, and an
address selection circuit for performing selecting
operations on the word lines and the bit lines, and
adopts a configuration wherein the number of memory mats
is determined according to the required storage capacity,
arithmetic circuits for respectively performing +1 or -1
arithmetic operation are respectively provided in the
memory mats and connected in cascade form and include a
first-stage arithmetic circuit having an input terminal
supplied with address-setting address signals formed as
fixed or programmable, input signals supplied to the
arithmetic circuits or signals outputted therefrom are
defined as address signals assigned thereto, each of
comparators makes comparisons for coincidence between the

address signals and address signals inputted upon memory
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access, so that each memory mat activates an address
selecting operation according to the coincidence signal,
whereby standardized ones of the respective memory mats
can be used and design management of the RAM module can
be simplified.

(2) Another advantageous effect can be obtained in
that flexible treatments corresponding to purposes can be
taken by arbitrarily setting the number of the memory
mats according to the required storage capacity used for
the RAM module.

(3) A further advantageous effect can be brought
about in that high integration and the formation into
mass storage capacity can be achieved by utilizing as the
memory array, a DRAM circuit comprising dynamic memory
cells placed in matrix form, sense amplifiers each of
which reads and amplifies information stored in a memory
cell to be read into a bit line connected to the memory
cells, a precharge circuit which precharges the potential
on the bit line, and a column switch which connects the
corresponding bit line to a global bit line provided
commonly for the plurality of memory mats.

(4) A still further advantageous effect can be
obtained in that each memory mat referred to above is
provided with first and second determination circuits for
respectively making comparisons for coincidence between
bank address information comprised of binary information

assigned to each memory mat and input bank address
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information, and validates X-system address signals used
for a selecting operation of each word line or a result
of decoding thereof, based on the first determination
result and validates Y-system address signals used for a
selecting operation of each bit line or a result of
decoding thereof, based on the second determination
result, and bits for address information, which
correspond to the number of memory mats simultaneously
activated with respect to the first determination circuit,
are forcefully brought to a coincidence state, whereby
the switching between bank configurations is allowed.

(5) A still further advantageous effect can be
brought about in that an X-system address selection
circuit for selecting each word line referred to above
comprises a predecode circuit which divides X-system
address signals into plural sets and predecodes the
divided plural sets and an AND-configured row decoder

) which includes series-connected MOSFETs for receiving the
predecode signals therein, and a word driver selects the
corresponding word line in response to a word line
selection signal formed by the row decoder, and the
operation of the predecode circuit or row decoder is
controlled based on the result of determination formed by
the first determination circuit so that the corresponding
word line selecting operation is performed by a selected
memory mat alone, whereby the row-system selecting

operation of each memory mat in accordance with the first
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determination result can be controlled.

(6) A still further advantageous effect can be
obtained in that an overflow check circuit is further
provided which compares the magnitudes of an input signal
supplied to the arithmetic circuit corresponding to the
final-stage memory mat of the plurality of memory mats
connected in cascade form or an output signal produced
therefrom and each address signal inputted upon the
memory access, and the operation of a read amplifier for
amplifying a read signal outputted from the corresponding
memory mat is forcefully stopped according to an overflow
detection signal detected by the overflow check circuit,
and the overflow detection signal is transmitted to the
outside of the RAM module, whereby needless current
consumption produced in the read amplifier can be cut
down and errors of operation can be previously prevented
from occurring.

(7) A still further advantageous effect can be
brought about in that the control circuit is provided
with a detector which detects the number of mounted
memory mats in response to a signal outputted from the
final-stage memory mat of the plurality of memory mats
connected in cascade form, and the control circuit
adjusts or controls the load on each driver, which forms
a control signal or a timing signal commonly supplied to
the memory mats, so as to become substantially constant

regardless of the number of the memory mats, whereby
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timing margins can be increased.

(8) A still further advantageous effect can be
obtained in that each memory mat referred to above
includes dummy load circuits provided in a path for
transmitting the control signal or the timing signal, and
the control circuit designates the number of the dummy
load circuits mounted to the respective memory mats,
which are connected to the respective memory mats, to
thereby control the whole load on the driver so as to
become substantially constant regardless of the number of
the memory mats, whereby timing margins can be enlarged
with a simple configuration because the dummy load
circuits are dispersedly placed in the respective mats.

(9) A still further advantageous effect can be
obtained in that the control circuit and a plurality of
memory mats are arranged side by side in a straight line
to form a RAM module, the arithmetic circuit in the
memory mat provided at a position farthest from the
control circuit is connected so as to be an initial-stage
circuit, whereas the arithmetic circuit in the memory mat
disposed adjacent to the control circuit is connected so
as to be a final-stage circuit, and the overflow check
circuit is provided in the control circuit or on the
control circuit side, and a read amplifier for amplifying
a read signal from each memory mat referred to above and
a circuit for transmitting an overflow detection signal

to an external circuit are placed in the control circuit,
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whereby the placement of circuits along the flow of

signals is allowed and a reasonable circuit layout is

achieved.

(10) A still further advantageous effect can be
obtained in that a control circuit and a plurality of
memory mats are arranged side by side in a straight line
to construct a RAM module, the arithmetic circuit in the
memory mat provided at a position farthest from the
control circuit is placed so as to be an initial-stage
circuit, whereas the arithmetic circuit in the memory mat
disposed adjacent to the control circuit is placed so as
to be a final-stage circuit, and the number-of-memory
mats detector provided in the control circuit is supplied
with a signal ocutputted from the final-stage arithmetic
circuit, whereby the placement of circuits along the flow
of signals is permitted and a reascnable circuit layout
can be achieved.

| (11) A still further advantageous effect can be
obtained in that the control circuit is supplied with
row-system and column-system address signals separately
and allows each memory mat to perform row-system and
column-system selecting operations in accordance with the
separately-input row-system and column-system address
signals, whereby a flexible memory selecting operation
corresponding to the switching between bank configuration

is allowed.

(12) A still further advantageous effect can be
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signals are synchronized with a clock signal supplied
from the outside of the RAM module and are inputted
together with control signals which provide instructions
for the operations of row-system and column-system
circuits, the address signals include address signals
which specify one to plural memory mats to be selected by
the corresponding word line, and the instructions for the
operation of the row-system circuit include two types of
a start of the row-system selecting operation and an
operation end for providing instructions for a precharge
operation after the completion of the row-system
selecting operation, whereby the selecting operations
with arbitrary timing can be implemented as in the case
of a pipeline operation using a plurality of memory banks,
for example.

(13) A still further advantageous effect can be
obtained in that when the immediately preceding state of
the row-system circuit is taken as the row-system
selecting operation, the row-system circuit completes the
previous operation and performs a precharge operation,
and thereafter automatically performs a row-system
selecting operation corresponding to the input address
signals, whereas when the immediately preceding state
thereof is given as the operation end state, the row-
system circuit performs a row-system selecting operation

corresponding to the input address signals, whereby easy-



10MM | . | 1090V’ () - : MOPQQQQQQ~_=10" ! | f s1096"& () -F ' ml0% & ()- 10" 1DT APRjgf
10% & ()-9

, 10% & ()-!0s$10%AA& () - QBSTHUXUEV! W X6~ _=10"!!D, ! 10% " & ()-!D, ! 10% p" p& ()
- *10% & ()-!3%$10%F& () -

I fs$1090T& ()-!fs$10%PP& () -! W WAEVRABWAKYUS110! $10%&' () -! $10%t & ()-! $10%
|| & ()-3, @0% & ()-4'10% & ()- 10" 4610 " Y2Z\\\\\\R ~_@10! $1z 10%& () -

, 109V&' ()- Y(nlO%v& ()- 10t 10t 10t*T

10% & () tbQuMB1 QRS Jarc@R s PlakbbbrasAd! GL0% & () - YS10% & () - 3s' Yml0% & ()
- 10KK 10KK 10KK! (#10%KK& ()-'!z 10%-aFa& () -

be7eKf =h>h?h@M22dYa1@+&10%f&rthe? Elivaltageous effect can be
obtained in that the RAM module is provided with a reset
input terminal and additionally provided with the
function of forcefully terminating the row-system and
column-system selecting operations when a predetermined
reset signal is inputted to the reset input terminal,
thereby bringing the selection circuit in each memory mat
to a precharge state, whereby ease of operation under the
bank control system can be improved.

(15) A still further advantageous effect can be
obtained in that the RAM module is constructed such that
in a state in which the semiconductor integrated circuit
device is being supplied with a source voltage, the
operation of each circuit is provided with the function
of bringing it to a full standby state in which a current
non-flowing state is held over a long time exceeding at
least an information holding time of each memory cell,
whereby reasonable memory control consistent with the
operation of the semiconductor integrated circuit device
is permitted and hence less power consumption can be
implemented.

(16) A still further advantageous effect can be
obtained in that one semiconductor integrated circuit
device is equipped with a plurality of circuit blocks
each having a specific circuit function, the respective

circuit blocks are respectively provided with arithmetic
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define input signals supplied to the arithmetic circuits
or output signals produced therefrom as own-assigned
address signals and respectively determine comparisons
for coincidence between the input signals supplied to the
arithmetic circuits or the output signals produced
therefrom and external address signals, and the
arithmetic circuits in the plurality of circuit blocks
are connected in cascade form, an input terminal of the
arithmetic circuit in the initial-stage circuit block is
supplied with fixed address signals, and the
corresponding circuit block in the respective circuit
blocks is activated according to the coincidence signal,
whereby the assignment of addresses to the circuit blocks
provided in the semiconductor integrated circuit device
can be simply achieved.

The invention, which has been made by the present
inventors as described above, has been described
specifically by the illustrated embodiments. However, the
invention of the present application is not necessarily
limited to the aforementioned embodiments. It is needless
to say that various changes can be made thereto within
the scope not departing from the substance of the
invention. For example, the storage capacity of a memory

array provided in one memory mat can take various forms.
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The memory array may be one which adopts a shared sense
amplifier system wherein sense amplifiers, a precharge
circuit and a column switch are disposed in the center
thereof and memory cells are provided on both sides
thereof. A circuit ground potential other than the above-
described substrate voltage VBB may be used in a
semiconductor region in which dymamic memory cells are
formed.

In this case, a so-called BSG (Boosted Sense
Ground) system that a low level potential at each bit
line is set higher than a circuit ground potential, may
be adopted to reduce leakage currents developed in
address selection MOSFETs at dynamic memory cells, in
other words, to maintain an information holding
characteristic of each memory cell. In place of this, a
system may be used wherein a booster circuit is omitted
by using the potential at each bit line as a voltage
reduced by the threshold voltage of each address
selection MOSFET from a source voltage and utilizing the
source voltage as a selection level for each word line.
Alternatively, a combination of the two referred to above
may be adopted. In doing so, the compatibility of a
device process between a RAM module and each externally-
provided CMOS logic circuit is improved and its
simplification is allowed.

Each memory mat mounted to a RAM module may adopt a

configuration which uses static memory cells other than



10t 10t 10ts*y 10% & ()- !)$10%ld& ()-& !3$10%r & ()- & vawxy}"SHzgq %?OIM
10° 10" 910% & ()-! $($10%& ()-1 10% & () - @ $10%& () - 10% & () -y} ; a? SHA 202
10% & ()- 10% & ()-!P ~$10947T& ()-6f; 10% & ()-S 10% P& ()- ' Y10% & ()-;
& ()5V0]; 10! N@&$10%& () -! @$10%=8& ()- @$10% & ()-9' 10%& ()-G 10° 10°
10 L*z 10% & ()-0}rg\=10!""' 110% & ().-7¢ 10MB 10MB

the above-described dynamic memory cells. Alternatively,
one may be adopted which utilizes cells such as
nonvolatile memories, etc. This invention can be widely
used in a semiconductor integrated circuit device
equipped with a RAM module.

Effects obtained by a typical one of the inventions
disclosed in the present application will be described in
brief as follows: A RAM mounted so as to mix with logic
circuits has a configuration wherein one control circuit
is commonly provided for a plurality of memory mats each
including a memory array in which a plurality of memory
cells are respectively placed at points where a plurality
of word lines and a plurality of bit lines intersect, and
an address selection circuit for performing selecting
operations on the word lines and the bit lines, and
adopts a configuration wherein the number of memory mats
is determined according to the required storage capacity,
arithmetic circuits for respectively performing +1 or -1
arithmetic operation are respectively provided in the
memory mats and connected in cascade form and include a
first-stage arithmetic circuit having an input terminal
supplied with address-setting address signals formed as
fixed or programmable, input signals supplied to the
arithmetic circuits or signals outputted therefrom are
defined as address signals assigned thereto, each of
comparators makes comparisons for coincidence between the

address signals and address signals inputted upon memory
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access, so that each memory mat activates an address

selecting operation according to the coincidence signal,
whereby standardized ones of the respective memory mats
can be used and design management of the RAM module can

be simplified.
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said plurality of mats;
said plurality of mats each including,
a memory array;
an arithmetic circuit which adds a
predetermined value to an input address signal or
subtracts the same therefrom to form an output address
signal; and
a comparator which determines coincidence or
non-coincidence between either one of the input address
signal or the output address signal and a mat selection
signal commonly supplied to said plurality of mats; and
wherein a plurality of said arithmetic circuits
corresponding to said plurality of mats are connected in
cascade form, and
the corresponding memory array lying within the mat
corresponding to said comparator having determined the
coincidence or non-coincidence is activated when the

result of determination by said comparator shows the

coincidence.

2. The semiconductor integrated circuit device
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according to claim 1, further comprising a common bit
line which is commonly provided for said plurality of
mats, and

wherein said memory arrays each comprise,

a plurality of word lines;

a plurality of bit lines;

a plurality of dynamic memory cells; and

a switch circuit which is provided between said bit

lines and said common bit line.

3. The semiconductor integrated circuit device
according to claim 1, wherein_the number of said mats
selected at one time by said mat selection signal is
changeable by said control circuit and the memory arrays

lying within said selected mats are activated.



