SEM CONDUCTOR | C DEVI CE HAVING A MEMORY AND A LOG C Cl R@Wé*f\&(éNEI\H'ED
WTH A SINGLE CH P BACKGROUND OF THE | NVENTI ON The present invention
relates to a sem - conductor IC (Integrated Circuit) device 23%§ég a menory
integrated therein, and nore particularly to a technique 5 having the
effective application thereof to a sem - conductor |IC device in which a
menory having a pl @EstcdNpUOTOR]at aDRvIen $1AVENG anvENORESANDUS HLEECdat a

i nput/out put lines (1/0O lorres)r v ERENTHDI BITH ACSINGLARrGMIPNt egrated on the
same sem conductor chip. 10 In recent years, theﬁgrogress of
LSI's (Large Scale Integrated circuits) to high integration has been made
so that it is being possible to integrate a | arge- capacity nenory and a

| ar ge- scal e | OBACK@GROPENPt OBr TBPefHYERAICGNrcuit on a sem conductor chip of
about 1 cm 15 square. In _such chips, a very high speed equal to or higher
than 1G byte/sec can be B¢ aPHeteR% ipeerbten ofeRtes tfaks &M iset ween t he

rerory and EhechORLE ST G | 9L SPeLat B0 ChieV S DLl pm he ey o
Therefore, such chipg, 85 KXPELCUahE nbPL SXAIPLG1at]Y to a technique
5 having the effective application thereof to a semi-
conductor IC device in which a memory having a plurality
of data transmission lines such as data input/output
lines (I/0 lines) and a logic circuit are integrated on
the same semiconductor chip.

10 In recent years, the progress of LSI's (Large
Scale Integrated circuits) to high integration has been
made so that it is being possible to integrate a large-
capacity memory and a large—scale logic circuit or
operation circuit on a semiconductor chip of about 1 cm

15 square. In such chips, a very high speed equal to or
higher than 1G byte/sec can be attained as the rate of
data transfer between the memory and the logic circuit
or operation circuit by making the number of I/0 lines
of the memory equal to or greater than several hundreds.

20 Therefore, such chips are expected to, for example, the
use thereof for image processing or the like in which
high-speed data transfer for a memory is regquired.

A first prior art applicable to such a purpose
of use includes, for example, DRAM (Dynamic Random

25 Access Memory) macros disclosed by Toshio Sunaga, et



use thereof for inmage processing or the like in which high-speed data
transfer for a nenory is required. A first prior art applicable to such a
purpose of use includes, for exanple, DRAM (Dynam c Random 25 Access
Menory) macros di scl osed by Toshi o Sunaga, et -2- al., "DRAM Macros for

ASI C Chi ps", | FEE IR CE, SOLEDY STATE G RGN T, 10k s ifhuydio 0, Sept enber
1995, pp. 1006-1014. This reference has disclosed an LSI chip which

i ncl udes the comiimastores of rRcog) cvand 20 PRAY 5o jrase e ibek88I0d | (82K x 9
bits) capacity having 9 (nine) 1/Olines fabricated by 0.8 [err]m

t echni que, andi@e+8Sb1¢hi pTds chefacéndeshided Corbbaed ian K81 acHiggi ¢ and a
DRAM macro of 1.25Mbit (64K x 18 bits) capacity having 18 (eighteen) 1/0

| i nes fabricatwtidly ifcDudegeting ne@MDhaetdmigiiea JAsy e seobred DRAMVant

prior art, USP No. 5,371,896 (issued Decenber 6, 1994) has showed a system
in which a paredsed ebnP8BKniglityE3 2k ha¥i bt shngapacity having 9

(nine)} I/0 lines fabricated by 0.8 um CMOS technique,
and an LSI chip which includes the combination of a
logic and a DRAM macro of 1.25M~-bit (64K x 18 bits)
capacity having 18 (eighteen) i/o lines fabricated by

10 0.5 um CMOS technique.

As a second relevant prior art, USP No.

5,371,896 (issued December 6, 1994) has showed a system
in which a parallel computing system having many
processors and memories coupled to each other is

15 integrated on the same semiconductor chip. In this
second prior art, a plurality of memories and a
plurality of processors are integrated on the same
semiconductor chip, and the memories and the processors
are coupled by a network including crossbar switches.

20 The second prior art is characterized in that an SIMD
{(Single Instruction Multi Data Stream) operation and an
MIMD (Multi Instruction Multi Data Stream) operation can
be performed in a changing-over manner, as required. At
the time of SIMD operation, one of the plurality of

25 memories is used as an instruction memory and the
remaining memories are used as data memories. An
instruction from the instruction memory is given to the

processors in common with each other. At the time of



processors and nenories coupled to each other is 15 integrated on the sane
sem conductor chip. In this second prior art, a plurality of nenories and a
plurality of processors are integrated anzthe sane sem conductor chip, and
the nenories and the processors are coupled by a network including crossbar

swi tches. 20 MyuSQGMWhPId0) RAlfadts ShaRCtRinetkd hiddwlaanna MadeSi ngl e
Instruction Multi Data Stream operation and an MMD (Multi Instruction

Mil ti Data Stmesdr oferst i ghe caindePes iy neskidt forchanginigdwyy manner, as
required. At the time of SIMD operation, one of the plurality of 25

menories i s usiatk\SuEii omShemet i seniat avts thectriems imgn mereries are
used as data nenories. An instruction fromthe instruction nenory is given
to the processorpatateoimeirudtivreardmet hes .avk giheen itne e -3- MM
operation, a part of the menories used as the data nenmories at the tine of
Sl MD oper atd oninfier dieall BroeRIFAULE i orPHEFO ] ans ity thedthy sttasn ¢ from
t he

individual memories and the processors can be changed

over to each other in various ways by the crossbar

network.

SUMMARY OF THE INVENTION

10 Though various other semiconductor IC devices
having memories integrated therein are devised in
addition to the above-mentioned ones, it is being
possible to integrate a high-integration memory such as
DRAM (Dynamic Random Access Memory) and a logic circuit

15 on the same semiconductor chip, as in the above-
mentioned first prior art and attention is given to this
technique in the fields of image processing and so
forth.

The present inventors have revealed that such

20 a semiconductor IC device involves two subjects.

A first subject concerns a design system. The
conventional high-integration memories as discrete
memories, especially DRAM's are standardized in specifi-
cation and hence they have a relatively long widely-used

25 sgervice life as products if they are manufactured once.
Therefore, no great importance is attached to a design

system for making a prompt design. However, a semi-



separate instruction nenories are given to the 5 individual processors.
Data transfer paths between the individual nenories and the processors can
be changed over to each other in various ways by the crossbar network.
SUMVARY OF THE | NVENTI ON 10 Though vari ous ot her sem conduct or

| C devices hadidgsraBy i RS ddy &M AL ddel &l iyialie demi=a8dd headdition to

t he above-nentioned ones, it is being possible to integrate a

hi gh-i nt egr at iggieHRMMRAIEh A DRAM | Ryinai ix RaivkypaAveesh Moneand a
logic circuit 15 on the sane sem conductor chip, as in the above- nentioned
first prior ardemigbraidecids awhips g vian e thistt eohiiguet nist heddea ,ds of

| mge processing and so forth. The present inventors have reveal ed that
such 20 a seniicomhny cragdes defidrezdaivoipassialy Slibjest tapedh fliigadti gubj ect
concerns a design system The conventional high-integration nenories as

di screte némr&‘g@t%pfétifalﬂ’rlg:em% Rl statridyy dieseafhy sgéciganeraédti on
and hence they have a relatively |long w dely-used 25 service |ife as
products if trR%F%ﬂQ?Wﬁnuﬁeﬁﬁ%&%ﬁPQHﬁﬁﬂr maker will start in fabrica-

tion in compliance with a required specification after
the acceptance of a requirement from a reguester such as
a user. Accordingly, the ability of prompt design is
10 needed. In other words, the shortening of a time until
the chip completion from the start of chip design (or
time to customers) is required. In addition, a variety
of different memory capacities or kinds of operation
circuits are reqguired in accordance with the purpose of
15 use. In order to satisfy such requirements for the
period and the variety, it is necessary to make a reform
from the design system.
A second subject concerns a coupling circuit
for coupling a high-integration memory such as DRAM and
20 a logic circuit which are integrated on the same
semiconductor chip. In the case where the high-
integration memory such as DRAM and the logic circuit
are integrated on the same semiconductor chip, the mere
integration thereof is difficult to bring about a large
25 merit as compared with a discrete chip. If the cost and
the required performance are taken into consideration,
it is desirable that a large-capacity memory and a

large-scale logic circuit such as operation circuit are



Therefore, no great inportance is attached to a design systemfor naking a
pronpt design. However, a sem - -4- conductor |C device having a

hi gh-integration nmenory such as DRAM and g logic circuit integrated on the
sanme sem conductor chip as in the first prior art is needed, in many cases,

for each speci al o fJoesl Sperl {LEAISAN A0 SH O RS (U dppnld cat on

t hereof. I n gener ore, a sem conaucto start™ 1 n

fabrica- tiondd up!ldance Mkihdr dE WY sk S RARISTIGR! i10M e (@ the
acceptance of a requirenent froma requester such as a user. Accordingly,

the ability oferphonad sleshddn ithd tndteededhnd eyt hyg w0 rdsscdifte thor t eni ng

of atime until the chip conpletion fromthe start of chip design (or tine
to custoners) dtscdiagu reigh ldateddi tamfen natre athicf idi fdraanttarenory
capacities or kinds of operation circuits are required in accordance with
t he purposéd ofhilgharsethdm, ofeerexample i sSI§ bytdy sesgui Mamadtys fidr itshe peri od
and the vari etc%lés:{;ecii Stgggegsgcgg/pltiongmgfr(?uirfffoorrmcoupling the memory

and the logic circuit is a high-speed and high-

integration coupling circuit with which a data transfer

path between the memory and the logic circuit (or

10 operation circuit) can be changed in various ways.

The first prior art can overcome the first
subject to some degree since it is possible to make the
memory capacity variable by increasing and decreasing
the number of DRAM macros, as required. In the first

15 prior art, however, the number of I/0 lines changes in
proportion to the number of DRAM macros. Therefore, the
first prior art has a problem that it is not possible to
set the number of I/0 lines and the memory capacity
freely. Also, all peripheral circuits necessary for

20 read/write operation are provided in each of DRAM macros
having a relatively small capacity. Therefore, the
first prior art has another problem that the overhead of
the circuits becomes large if a multiplicity of DRAM
macros are arranged. In order to make these problems

25 more clear, the investigation will now be made in
conjunction with the case where an LSI for image

processing is constructed. For simplicity, it is

assumed that each DRAM macro has a storage capacity of



fromthe design system A second subject concerns a coupling circuit for
coupling a high-integration nenory such as DRAM and 20 a logic circuit

whi ch are integrated on the same sem condyctor chip. In the case where the
hi gh- integration nmenory such as DRAM and the logic circuit are integrated

on the same seffgONeHuct O4n& M Pyefdter JTBf fo 1 T R0E AP HO R inunbidd | cul t

to bring about a large 25 nerit as conpared with a discrete chip. If the
cost and the remui/@d PeEd Of FRNTEedr £n tEAKSILS Nt 3UB) derhadn Orchd t i
desirable that a large-capacity nenory and a | arge-scale logic circuit such
as operation ct¢guitedreumber Sof i PRAEYmderbon e & Geludtal dtigrazfe about
1 cmsquare so that several -hundred or nore coupling |lines can be ensured
bet ween t he nermapychiyl ¢Hethognenery cimtthios atdse remountgh tdatleM rkdnss.er
rate which is equal to or 5 higher than, for exanple, 1G byte/sec. Nanely,
it is desir®d that a coultithe ciasivhdry twapdimgpgimnaterdmbe is to

be processed in the field of image processing, for
example, in the case where a blurred image is to be
reconstructed or in the case where characters or
specified patterns are to be recognized, a high-speed

10 ability is reguired even when such a memory capacity as
mentioned in the above is not needed. In this case, if
only the speed is taken into consideration, a
multiplicity of DRAM macros of the first prior art can
be arranged so that they are operated in parallel.

15 However, there results in that the storage capacity of
the memory becomes too large, thereby increasing the
chip size. On the other hand, in the case where three-
dimensional data is to be processed, it is necessary to
process a large amount of data at a high speed. It is

20 possible to cope with this case by operating a multi-
plicity of DRAM macros in parallel, as mentioned above.
However, there may be the case where a still greater
number of I/0 lines or a still larger storage capacity
are required in accordance with a difference in the

25 purpose of use such as domestic or industrial use or in
accordance with the kind of data.

It is apparent from the foregoing that even in

the same filed of image processing, various data



and the logic circuit is a high-speed and high- integration coupling
circuit with which a data transfer path between the nenory and the | ogic
circuit (or 10 operation circuit) can be_changed in various ways. The first
prior art can overcone the first subject to sonme degree since it is

possi bl e L0 e hReeleaRtLCBRACHYY okar hBhlbe, ke boaREasERg: ARdedogE £251 N0

t he nunber of nMacros, as require rst art, however,

the number of |£0kiBESi6NAREBSARACE QRRR! kAR Egrbbgeﬂaﬁbéée%fw cros.
Therefore, the fi'rst prior art has a problemthat it is not possible to set

the nunber of peOchengsndndsft Batarnoreeapaeet ytheefbye pteparstion of
peripheral circuits necessary for 20 read/wite operation are provided in

each of DRAM nprhESmhaybBJwathehafixedy capakltgapacihythdheétieserpridhe
first prior art has another problemthat the overhead of the circuits
becones | ar §e kttabmihtgspkbouty vat ibRAMpmablessare arranged. In order to
make these problens 25 nore clear, the investigation will now be nmade in
conjunction with the cas@nwhbeeoshekShahdr thageeprndepsiny &stconstruct ed.
For simplicity, it is assuned that each DRAM nmacro has a storage capacity
of concerns a coupling circuit for coupling memories and
processors. In this second prior art, data transfer
paths between the individual memories and the processors
10 can be changed over to each other in various ways by
crossbar switches. According to the second prior art,
however, since the crossbar switches are used, a subject
based on the above-mentioned second subject is caused.
Namely, the second prior art has a subject that as the
15 number of coupling lines is increased, the number of
switches becomes enormous with an increase in scale of
hardware and also an increase in delay. In the case
where the data transfer paths between plural memories
and plural processors independent of each other are
20 changed over, as in the second prior art, a system used
in the conventional parallel computer can be realized on
the same chip, as it is, since the number of memories
and processors is generally small. However, in the case
where the correspondence between a group of several-
25 hundred or more I/0 lines of a memory and a group of I/0
lines of a logic circuit such as operation circuit is

changed over, the requirements for the degree of

integration and the operating speed are severe and it is



-6- 256K bits and 8 (eight) I/Olines and the total nunber of 1/O lines

required in the LSI is 512. Then, the required nunber of DRAM macros is 64.
The total storage capacity of the nmenmory gn_this case anmpbunts to 16M bits.
5 In the case where two-di nensional data is to be processed in

the field of i RGR HIQLEESH NbufOt XA the bV 13358 1MAGER o, bladr 1 ed

image is to be reconstructed or Iin the case where characters or specified
patterns are tj@ ke recogni zed, a high-speed 10 ability is required even
when such a nmenory capacity as nentioned in the above is not needed. In
this case, if only the gpeeddinidlakemnentobjeeitsictertkl presantul tiplicity of
DRAM macros of the first prior art can be arranged so that they are

oper at ed i n padnmatdralionl 5 sHowe \pergv itdwe meanss fidrs mak itlgala phrempitodage gn
capacity of the nmenory becones too |arge, thereby increasing the chip size.
On the othér M@ sanigandibme wiad achrafginats dealk d8Ealredt o be

processed, it is necessary to . . .
memory capacity or the kind of a required operation

circuit. Namely, the object of the present invention is
to provide a system for designing LSI chips conformable
to various purposes in a short period of time and to

10 provide a group of products based on that design system.

Another object of the present invention is to
realize a memory macro which has a storage capacity
capable of being made freely variable in a range from a
small capacity to a large capacity and has a reduced

15 overhead.

A further object of the present invention is
to realize a memory macro which is suitable for ASIC
(Application Specific Integrated Circuit) design.

A furthermore object of the present invention

20 1is to provide means for realizing, as a coupling circuit
between a memory and a logic circuit, a high—-speed and
high-integration coupling circuit with which a data
transfer path between the memory and the logic circuit
{or operation circuit) can be changed in various ways.

25 The above and other subjects and novel
features of the present invention will become apparent
from the following description of the present

specification and the accompanying drawings.



process a | arge anount of data at a high speed. It is 20 possible to cope
with this case by operating a nulti- plicity of DRAM macros in parallel, as

nentioned above. However, there may be thg case where a still greater
nunber of /O lines or a still larger stofage capacity are required in
accordance wi th a di ff ehgaced:h Lhemeaddyl Rase g Hefio?yChaBeodABRAL! C Of

I ndustrial use or in accordance wth the“kind of data. It 1s apparent from

the foregoing 4t haty gMeN Y1bdkhe nraiR ifd @d neindriRgR 10l @eesyi Racivakiveus data
7- transfer rates or various nenory storage capacities are required in

accordance W o Ehewlwipise idfy WEe meinor il 1@ fidre skiord naf iddbama-
Therefore, the nere preparation of DRAM macros with a fixed capacity as in
the first prieicn aHedwimgmdlkoyeniatheauwd priafiudns £foon pelr€oomiiay haed, the
second prior art concerns a coupling circuit for coupling nenories and
processors.5 | mealding egehdiprtiiong arft dadat f ctr &g evemory cell array.

Though both the term of memory core and the term of
memory macro are used in the present specification, they
mean the same.
According to one aspect of the present

10 invention, layout patterns of memory cores (MR) and a
coupling circuit {TG) module set in compliance with the
pitch of data transmission lines or I/0 lines (MIOi) of
each memory core (MR} are produced beforehand and are
stored in a data base (DB). A logic library (LL) for

15 composing a logic circuit is also produced and is stored
in the data base (DB). Data such as those layout
patterns, the specifications, characteristics and so
forth necessary for design is stored in the data base
(DB). The coupling circuit (TG) module is composed of a

20 switch group (SWG) and a buffer group (TGBUFi) the
combination of which can form a coupling circuit (TG}).
The switch group {SWG) is constructed by a plurality of
switch groups (SWG) so that the order of inputted data
can be replaced therein., With the setting of such

25 plural switch groups (SWG), the switching control of a
reduced number of stages of switches (8SW) to provide a
desired transfer pattern conformable to a transfer

pattern {or transfer path) becomes possible, thereby



pat hs between the individual nenories and the processors 10 can be changed
over to each other in various ways by crossbar swtches. According to the
second prior art, however, since the crosgpar switches are used, a subject
based on t he above-nenti oned second subject is caused. Nanely, the second

prior art has g, Syl eeteidali as-dHeed Son Wt & SOUNdmadd nes is

i ncreased, the nunber” of sw tthes becones enornmous with an i ncrease in

scal e of har dwsdier ks 2l SOiRde | 1166 egsGEpl Ingled Bycuit (e easMhere the data
transfer paths between plural nenories and plural processors independent of

each ot her ar ecéstoheng®diwvess fasni ty twiecis edendojprdorofardatea syst em used
I n the conventional parallel conputer can be realized on the sane chip, as
it is, since ttammbesiofi bhibmesi MIGhY ¢f ctesswreriy grer@i)y, swl |l .
However, in the case where the correspondence between a group of several-
25 hundr edd ormemt on¢d aboes, other eewRtinarel rewibufer nodwle man dfe a
logic circuit such as operation circuit is changed over, the requirenents

for the degr eeCPHPIed et atR®rdaR FFRNEPLF B PMol SR M sRfertd®nd it is

memory core {(MR), as it is, without requiring a change
in layout pattern.
As mentioned above, the layout patterns of the
16 memory cores (MR), the coupling circuit (T7G) modules and
the logic library (LL) are registered in the data base
(DB} beforehand. Also, the pitch of wirings of the
memory core (MR) and the pitch of wirings of the
coupling circuit (TG) module are made even {or conformed
15 to each other). Therefore, it is possible to use the
memory module {(MR) and the coupling circuit {(TG) module
so that they are coupled, as they are. Accordingly, the
design of an LSI chip after a specification to be
attained (for example, a specification from a user) has
20 been definitely shown can be completed in a short period
of time. Namely, this can be achieved in such a manner
that a memory core (MR} having a required storage
capacity and a module for producing a transfer circuit
(TG) conformable to the specification are taken out of
25 the data base (DB) and they are combined. Regarding a
logic portion, a desired logic circuit {LC) can be
composed from the logic library (LL) by use of a CAD

(Computer Aided Design) tool for logic composition. The



-8- therefore difficult to use the conventional system as it is.
Accordi ngly, one object of the present invention is to provide neans for
making a pronpt design 5 of a sem conductpy device conformable to a
requi red nenory capacity or the kind of a required operation circuit.

Narrel y, the Obji60h pihd ifedlf O3RN mduAMIIL | ()0 JHeP e 13t em f or

desi gni ng LSI 8h|ps conformabl e to various purposes I1n a short period of

time and to 1QiprcamMitde o Oraup v g obieies et et hat adesingRmenttem

Anot her object of the present invention is to realize a nenory nmacro which
has a storage wiapag) (GAxapsdll & clcdmidighginde d reedlyy hearinaplae miemoa yr ange

froma small capacity to a |arge capacity and has a reduced 15 overhead. A
further objectarsf & Heogiressmcl iventiegradted dheddzean emdges igaedo whi ch
is suitable for ASIC (Application Specific Integrated Circuit) design. A
furthernor & objrec sfonthereriexemt itheat i on 20 is to provide nmeans for
realizing, as a COUplin%ﬁﬂggg“éoupling circuit (TG), data transferred
between the memory core (MR) and the logic circuit (LC)
passes through only an activated switch group (SWG).
Therefore, high~speed data transfer can be realized.

10 PFurther, since the number of stages of switch groups
{SWG) is increased and decreased in accordance with the
number of transfer patterns, there is no useless occupa-
tion area in the case where the number of transfer
patterns is small.

15 In order to construct memories having various
storage capacities in a short period of time, a memory
macro {MMACRO)} is constructed by the combination of
functional modules such as an amplifier (AMP), a bank
{BANK) inclusive of a memory cell array and a power

20 supply (PS). Namely, there is provided a construction
in which a multiplicity of data transmission lines (GBL,
/GBL) extending in a bit line direction are arranged in
the bank (BANK) module inclusive of the memory cell
array and the data transmission lines are connected by

25 merely arranging the modules so that they are adjacent
to each other. Further, a circuit capable of activating

and inactivating the data transmission lines in units of

one byte is provided in the amplifier (AMP) module.



between a nmenory and a logic circuit, a high-speed and high-integration
coupling circuit with which a data transfer path between the nenory and the
logic circuit (or operation circuit) can pg changed in various ways. 25
The above and ot her subjects and novel features of the present invention

wi || beconme apparent fr%tapqné‘nfgrlfm awdi@'s)crﬂa‘?ztl'n%n_?h%ﬁh*}%lﬁrt eyt

specification and the acconpanyin tern1o nenory core

or NMENDry NBCMH,ATRANS3AE] | Ciid r I Pk gm}wﬂém% PIEP MY array

i nclusive of a nultlpI|C|ty of menory cells for storing informa- tion

therein and a fRidhedal (%) ai | doicheddHidAaG: tdwetb bapadi narrandby,i ting
of data for the nenory cell array. Though both the term of nenory core and

the term of neMryedmds Bossilshd ta 1hputprasendt iseadidi cakinemd t(oRy, nmean
the sane. According to one aspect of the present 10 invention, |ayout
patterns of5 mexr \Rrprigsr () amk sand a read or write command (CC,
RW, Ci) for another bank in the same cycle so that the
reading or writing over different banks can be performed

in consecutive cycles.

10 Brief Description of the Drawings
Fig. 1 is a diagram showing a multi-I/0 memory
core incorporated system LSI designing method according
to an embodiment of the present invention;
FPig. 2 is a diagram showing a multi~I/O memory
15 core incorporated LSI according to an embodiment of the
present invention;
Fig. 3 is a diagram showing transfer patterns
of a transfer circuit shown in Fig. 2;
Fig. 4 is a diagram showing a first specific
20 example of a transfer circuit for realizing the transfer
patterns shown in Fig. 3;
Fig. 5 is a diagram showing a specific example
of a buffer circuit TGBUFi of the transfer circuit;
Fig. 6 is a diagram showing a second specific
25 exanmple of the transfer circuit for realizing the
transfer patterns shown in Fig. 3;
Fig. 7 is a diagram showing the manner of

setting of control signals for the transfer circuit



coupling circuit (TG nodule set in conpliance with the pitch of data
transm ssion lines or 1/Olines (MQ) of each nenory core (MR) are
produced beforehand and are stored in a_daga_base (DB). A logic library
(LL) for 15 conposing a logic circuit is also produced and is stored in
the data base (DR, bat@jguch.as those layout patterns, the specifications,
characteristics and so forth necessary for design is stored in the data
base (DB). The coupling pigeugti§TE) diRgHAR E8oGPRPOSEEhDid spdisidtch
group (SW5 and a buffer group (TGBUFi) the conbination of which can forma
coupling circubkahp@e. ofhehewttahsgeoupi cSME ESrcopslizthedthy a plurality

of switch groups (SW5 so that the order of

t her ei n.

I nputted data can be repl aced
Wth thenséeti pgtebrapcbhden phuFay.s@tch groups (SWO,
swi tching contro

t he

of a reduced nunber of stages of switches (SW to provide

a desired tbBansfer patteFagsonfartabbe apveadiagnahershpavimgntifer transfer

pat h) becones possi bl e,

t her eby - 10 -

circuit construction of the transfer circuit shown in

Fig. 8 and an example of the layout thereof;

Fig. 10 is a diagram

showing an example in

which the reduction of power consumption is implemented

10 by a memory read/write control signal;

Fig. 11 is a diagram showing the manner of
setting of control signals for the transfer circuit
shown in Fig. 10;

Fig. 12 is a diagram showing data transfer

15 patterns which are the same ag those shown in Fig. 3;

Fig. 13 is a diagram showing transfer patterns
of buffer control signals;

Fig. 14 is a diagram showing an example of a
control signal transfer circuit;

20 Fig. 15 is a diagram showing a control signal
setting manner in the control signal transfer circuit
shown in Fig. 14;

Fig. 16 is a diagram showing an example of
enable signals which can be set more finely than the

25 transfer unit of data;

Figs. 17a to 174 are

examples of a transfer pattern

transfer circuit shown in Fig.

diagrams showing the
which is enabled by a
16;



enabl i ng the hi gh-speed change-over of transfer patterns. Since the

coupling circuit (TG nodule is constructed in conformty with the pitch of
data transmission lines (MG ) of the nemyy core (M),

as 5 nentioned

above, the coupling circuit (TG nodule can be coupled to the data

transmssion lines (MOpigef. tlga rRMBE &eke diMgramasshbwlisg WkhRgUks
requiring a change in |layout pattern. As nentioned above, the | ayout

patterns of theé hemmpylicdries (HR)thridre-dimeplsiingadi computefG nodul es and

the logic library (LL) are registered in the data base (DB) beforehand.

Al so, the pitcdraghiwsa;:i ngs of the nenory core (MR) and the pitch of wirings
of the coupling circuit (TG nodule are nmade even (or confornmed 15 to each

other). Therefore, it iFigsssilfiee ang JSb @Elfe ddmargmso8lP¥ipPR) and t he
coupling circuit (TG nodule so that they are coupled, as they are.

Accor di ngl \b  te¥@mdsisyn rofwheie . fihe [Ads rafasdmen ofpddiOr ilda@EiSord St 6PBEIBEL ai ned

(for exanple, a specification froma user) has 20 been definitely shown can

be conpl eted ifPTa 8ARHY Y od of tinme. Namely, this can be achieved in
such a manner that a negg&x corek&%£§tﬁaV|n a re%%lredo%tgrage

10

15

20

25

20 s he cross section
semiconductor chip while illustrating a relationship
between laid-out layers;

Fig. 21 is a diagram showing an example of the
layout of a switch group SWG;

Fig. 22 is a diagram showing the layout of the
switch group of Fig. 21 up to a first wiring layer Ml;

Fig. 23 is a diagram showing the layout of the
switch group of Fig. 21 from the first wiring layer Ml
to a third wiring layer M3;

Fig. 24 is a diagram showing an equivalent
circuit corresponding to the layout of the switch group
shown in Fig. 21;

Fig. 25 is a diagram showing an example of the
layout of the transfer circuit shown in Fig. 8;

Fig. 26 is a diagram showing the layout of
added layers in the layout of the transfer circuit shown
in Fig. 8;

Fig. 27 is a diagram showing an example in
which the number of stages of switch groups is reduced

by connecting switches in parallel;



capacity and a nodule for producing a transfer circuit (TG conformable to
the specification are taken out of 25 the data base (DB) and they are
conbi ned. Regarding a logic portion, a depgred logic circuit (LC) can be
conposed fromthe logic library (LL) by use of a CAD (Conputer Ai ded

Desi gn) tool for logic comgesiddLund B ant diRG R \ReRWiRg BB -Cor e
(MR) and the logic circuit (LC) can be perfornmed by use of an arrangenent/
wiring CAD t olentAcceatiinagine & pedtavimopas insmm gl ard s Joegihd pci rcui t

i ntegrated thereon can be designed 5 in a short period of tine. In the
coupl i ng ci rcliat«¥ek® ,a datang feansdarewik Eetdweenr dddd npivworitiogre (MR) and
the logic circuit (LC) passes through only an activated switch group (SWG.
Therefore, hi ghizpiie; data transfer can be realized. 10 Further, since the

nunber of stages of switch groups (SWG is increased and decreased in
accordance ®ith the nunterd of2% righ G §5RAE SOV i g SORE tFEStdoS

occupa- tion aﬁfa In the case mhenf t he numher of transfer, ,
of a memory macro and an example of the application

thereof to an image processing LSI;

Fig. 30 is a diagram showing a relationship

between external control signals of the memory macro and
10 operation modes thereof;

Fig. 31 is a diagram showing an example of a
sense amplifier and a precharge circuit in the memory
macro;

Fig. 32 shows a timing chart of the operation

15 of a bank control circuit of the memory macro;

Fig. 33 is a diagram showing an example of a
byte control circuit of the memory macro;

Fig. 34 is a read/write timing chart of the
byte contreol circuit;

20 Fig. 35 is a diagram showing an example of a
main control circuit of the memory macro;

Figs. 36a and 36b are diagrams showing an
example of a read/write control circuit of the memory
macro;

25 Fig. 37 is a diagram showing a second example
of a bank module of the memory macro;

Figs. 38a and 38b are diagrams showing an

example of the bank control circuit of the memory macro;



patterns is small. 15 In order to construct nenories having
various storage capacities in a short period of tine, a nenory macro
(MVACRO) is constructed by the conbinationof. functional nodules such as an
anplifier (AWP), a bank (BANK) inclusive of a nenory cell array and a power

20 supply (PS). Nanely, gheresigs;pravigded ranceRskiHgt hOBebBndhbhnBle
multiplicity of data transmssion lines (GBL, /GBL) "extending in a bit line

direction are gk angedppl ildhe ibanle £( Bﬁ!EK)nemiiyl fachel ¥si Yemehothg1lag8Rr Yy
cell array and the data transm ssion |lines are connected by 25 nerely
arrangi ng the mag¢ldes.sIg that they are adjacent to each other. Further, a
circuit capable of activating and inactivating the data transm ssion |ines
in units of one byte is prigui dédisnat Bdagrpli EhewidVR) thbddl example 12 -
In a nenory (MVACRO having a plurality of banks (BANK), there are provided
a plurality Sof ofddhes seppl(iRation) okhitdle desiogyarmeceaciobanrendhgy/dpgic
mixed LSI;

Fig. 41 is a diagram showing a second example
of the construction of the memory macro;

Fig. 42 is a diagram showing the construction

10 of a ROM-BANK module of the memory macro;

Fig. 43 is an operating waveform diagram of
the ROM-BANK module;

Figs. 44a and 44b are diagrams showing
examples of the wiring layout of bank addresses of the

15 memory macro;

Fig. 45 shows a timing chart in the case where
data of different bank modules of the memory macro are
consecutively read;

Fig. 46 is a diagram showing a DRAM module

20 constructed using the memory macro;

Figs. 47a and 47b are diagrams showing the
truth tables of commands set in the DRAM module;

Figs. 48a and 48b are diagrams showing the
truth tables of functions of the DRAM module;

25 Fig. 49 is a state transition diagram of the
DRAM module;
Fig. 50 is a timing chart of a read operation

of the DRAM module in a RAS down mode;



It becones possible to input an activation command (CR, 5 AC, R) for one
bank and a read or wite command (CC, RW C ) for another bank in the sane
cycle so that the reading or witing over 2ijferent banks can be perfornmed
i n consecutive cycles. 10 Brief Descriptioh of the Drawings Fig. 1 is a

di agram showing a Ml L0 BI0FY £ 0] CANRANAIEI SYYRdsSly AN N0

nmet hod according to an e I ment esent invention; IS a

di agr am show ngr az el pram/ kOAEIO! ¥n 12 £DHIE-4He R R edleaccording to an
enbodi ment of the present invention; Fig. 31s a diagram show ng transfer

patterns of a transfer cFiguig2 shovn ¢imfig. chirtFicE # Wisite drrgraibazhow ng
a first specific 20 exanple of a transfer circuit for realizing the
transfer pattephstiséopRam mbdgle 3in R oRAS dowm mbbdwy am showi ng a specific

exanpl e of a buffer circuit TGBUFi of the transfer circuit; Fig. 6 is a
di agram showi ng a secondfspecs3its 25 ek eclofr it hef ta ansifter ogieradtiitorf or
realizing the transfer patterns shown in Fig. 3;

of the DRAM module in a high-speed access mode;

Fig. 54 is a diagram showing an interval
between a command RD and a command RD in the case of the
same bank and the same row address of the DRAM module;

10 Fig., 55 is a diagram showing an interval
between a command RD and a command RD in the case of
different banks of the DRAM module;

Fig. 56 is a diagram showing an interval
between a command WT and a command WT in the case of the

15 game bank and the same row address of the DRAM module;

Fig. 57 is a diagram showing an interwval
between a command WT and a command WT in the case of
different banks of the DRAM module;

Fig. 58 is a diagram showing an interval

20 between a command RD and a command WT in the case of the
same bank and the same row address of the DRAM module;

FPig. 59 is a diagram showing an interval
between a command WT and a command RD in the case of the
same bank and the same row address of the DRAM module;

25 Fig. 60 is a diagram showing an interval

between a command RD and a command BA or BC in the case

of the same bank of the DRAM module;



Fig. 7 is a diagramshow ng the manner of setting of control signals for

the transfer circuit - 13 - shown in Fig. 6; Fig. 8 is a diagram show ng
a third specific exanple of the transfer g¢grcuit for realizing the transfer
patterns shown in Fig. 3; 5 Figs. 9a to 9c are diagranms show ng

the circuit construction-qf, tde {d a8y GHdwiHPWh Iihtfd%a18 and an

exanpl e of the layout thereof; Fig. 10 1S a diagram show ng an exanple in

whi ch the redusddphe®fa PYREaSONEH DR O ¢SmrhdWd e e Bd O by e NRIEY Y
read/ wite control signal; Fig. 11 is a diagram show ng the manner of

setting of corndf oth&i Qane Sbdk dhettid apRAermedulay t shown in Fig. 10; Fig.
12 is a diagram showi ng data transfer 15 patterns which are the sane as
t hose shown in Fig. 3; Fig. 182 ibss a diagem sstowing tarangft@rysdt t er ns
5 between a command BA and a command BA in the case of the
same bank of the DRAM module in a RAS down mode;

Fig. 63 is a diagram showing an interval
between a command BA and a command BA in the case of the
same bank of the DRAM module in a high-speed access

10 mode;

Fig. 64 is a diagram showing the latency of a
byte control signal in the DRAM module at the time of
reading;

Fig. 65 is a diagram showing the latency of a

15 byte control signal in the DRAM module at the time of
writing;

Figs. 66a and 66b are diagrams showing the AC
characteristics of the DRAM module; and

Figs. 67a to 67c are diagrams showing the

20 operating frequency minimum latencies of the DRAM

module.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the following, the present invention will
be described first in conjunction with embodiments of an
25 overall designing method and a transfer circuit TG which
is a coupling circuit for coupling a memory core MR and

a logic circuit LC and thereafter in conjunction with



of buffer control signals; Fig. 14 is a diagram showi ng an exanple of a
control signal transfer circuit; 20 Fig. 15 is a diagram
showi ng a control signal setting manner-iyy the control signal transfer
circuit showmn in Fig. 14; Fig. 16 is a diagram showi ng an exanpl e of enable

signal s whi chegdbdithen®ls BF @ hietRiry Wadtd Ma2act kanshetisuai kpetidata;
Figs. 17a to 17d are diagrans show ng the exanples of a transfer pattern

whi ch is enablegGmpyea difr ansf efeniryC@idres®iwn in Fig. 16; - 14 - Figs.
18a to 18d are diagranms showi ng exanples of the application to
t hr ee- di nensi gt hodmpft @esdrayimoc Sysitiegs LSI9@sdmd MemoawyeCdiradr ans showi ng
5 exanples in which the addressing of I/Olines is changed for each byte;
Fig. 1 illustrates the concept of a memory
5 c¢ore incorporated system LSI designing method according
to the present invention.
The left-hand portion of Fig. 1 shows a
storage device DB for data base in which the layout
patterns and characteristics of a core circuit and a
10 logic library are registered. The data base storage
device DB is stored beforehand with data necessary for
design including the layout patterns, specifications and
characteristics of a plurality of memory cores MR which
have different storage capacities and each of which has
15 a multiplicity of data transmission lines, a group of
modules for transfer circuit {or coupling circuit) TG
which are set in conformity with the pitch of data
transmission lines (or I/0 lines) of the memory cores
MR, respectively, and a logic library LL which includes
20 basic gates for composing a logic circult LC.
The transfer circuit TG module is composed of
a switch group SWG and a buffer group TGBUFi, The
switch group SWG and the buffer group TGBUFi can be
combined so as to compose a transfer circuit TG. Though
25 the details will be mentioned later on, a transfer
circuit TG having various transfer patterns can be
composed by connecting a plurality of switch groups SWG.

Since the transfer circuit TG module is produced in



Fig. 20 shows the cross section of a sem conductor chip while illustrating
a relationship between |aid-out |ayers; 10 Fig. 21 is a diagram
showi ng an exanple of the layout of a swiggh-group SW5 Fig. 22 is a

di agram show ng the | ayout of the switch group of Fig. 21 up to a first

wiring |ayer Monfiirehitd3 Wit tdieaqyiamoms pnidag o e anadyog ioh Lhaedb (swi tch
group of Fig. 21 fromthe first wiring layer M to a third wiring |ayer MB;
Fig. 24 is a di/agrndmeshow ng an mnequairwalcente ®IR,Cuihte comnefeandinmgutia t he
| ayout of the switch group shown in Fig. 21; 20 _ Fig. 25is a
di agram show M§ awdeanmam dfe tdmipladdio dhe Idatar Arshenicsion £igkewn in
Fig. 8 Fig. 26 is a diagramshow ng the |ayout of added |ayers in the
| ayout of the {(toradgfedigialcwifi WiowenarFiqpregMrR3sas it is, withogt 27 is a
di agram showi ng an exanpl e in which the nunber of stages of switch groups
i s reduced Dy résiwigdtich@ SHandtesn Adgyaud pattern.
When the specification of an LSI chip is
given, the design is made while necessary data is
transferred from the data base storage device DB to a
work station WS for design. Since the pitch of wirings
10 of the memory core MR and the pitch of wirings of the
transfer circuit TG module are made even {or conformed
to each other), it is possible to use the memory core MR
and the transfer circuit TG module so that they are
coupled, as they are. ©Namely, this can be achieved in
15 such a manner that a memory core MR having a required
storage capacity and a module for producing a transfer
circuit TG conformable to the specification are taken
out of the data base DB and they are combined.
Regarding a logic portion, a desired logic circuit LC
20 can be easily composed from the logic library LL by use
of a CAD tool for logic composition. Finally, the
memory core MR and the logic circuit LC are arranged in
accordance with a floor plan of the chip and the wiring
therebetween 1s performed by use of an arrangement/
25 wiring CAD tool, thereby completing layout data of the
chip. Thus, a group of system LSI products having

memory cores incorporated therein can be designed in a

short period of time,



- 15 - Figs. 28a and 28b are di agrans show ng enbodi - nents which are
different in positional relationship between a transfer circuit and a
reading/witing circuit; 5 Flgz129 is a diagram show ng the
construction of a nmenory macro and an exanple of the application thereof to

an image processing LSl rfithe Hhduh & EnAlAMPROWRA A 1kEakbeseR! P
bet ween external control signals of the menory macro and 10 operati on nbdes

thereof; Fig. udlirs thelilagyiamishowmg @ exwidvee ol 1 sdnsemdtahnickiser and a
precharge circuit in the nenory macro; Fig. 32 shows a timng chart of the
operation 15 afecuiank xqeroloiithmidhigd ndye beermomf igaoed, iBitg. a33 is a
di agram showi ng an exanple of a byte control circuit of the nmenory nacro;
Fig. 34 is a resdod verittay tionicupmiss ta dfogie byire thdst ralsesi thgire; is a
5 merit that the fabrication of a chip having a common
memory core MR and different logics is facilitated,
Two examples of a chip obtained by the above-
mentioned design are shown in the right-hand lower
portion of Fig. 1. A semiconductor chip L8I-A is such
10 that four blocks A, B, C and D each having a transfer
circuit TG arranged between a memory core MR arranged on
the left side of the figure and a logic circuit LC
arranged on the right side of the figure to couple the
memory core MR and the logic circuit LC by the transfer
15 circuit TG are provided so that a control circuit CC for
controlling the whole of the chip is arranged at the
center of the chip. On the other hand, a semiconductor
chip L8I-B is such that two blocks A and B each having a
memory core MR and a logic circuit LC coupled by a
20 transfer circuit TG are provided so that a control
circult CC for controlling the whole of the chip is
arranged at the center of the chip.
In the present embodiment, a chip having a
plurality of blocks integrated thereon, as shown by way
25 of example in Fig. 1, can be easily designed though it
is of course that a chip using one memory core MR can

also be realized. In this case, the memory cores MR or

logic circuits LC in the respective blocks may be



20 Fig. 35 is a diagramshow ng an exanple of a main control
circuit of the nenory macro; Figs. 36a and 36b are diagranms show ng an
exanple of a read/wite control circuit-afzthe nenory macro; 25

Fig. 37 is a diagram showi ng a second exanple of a bank nodul e of the

nMenory macro; ghifgereda AN mfe Wl agf@réramﬁowm Forazxmeke of the bank
control circuit of the nenory macro; - Fig. 39 is a diagram show ng

a second exanghd tefb & Ap@He atd @ meﬁm@mweymn@crmets@mggemey/ | ogi c
m xed LSI; Fig. 40 is a diagramshowing a third exanple 5 of the
appl i cati on ofpetrtfeommerbriyn meorad lted @meie Wanggichip.xe@nL 8he Btherdl is a
di agram showi ng a second exanple of the construction of the nenory nacro;
Fig. 42 is a dieagrarhishdwtien e condtatls ifgr the case where the
5 identical processings are performed in parallel. 1In
particular, the latter is suitable for the case where a
processing (such as graphics, nature image processing,
neutral network or the like), in which a parallel
operation is possible, is performed.
10 In both the semiconductor chips LSI-A and LSI~
B, the logic circuit LC making the transfer of data for
the memory core MR is arranged in proximity to the
memory core MR, Therefore, the influence of a delay
caused by wirings is reduced so that high-speed data
15 transfer can be realized. Also, since the distances
from the control circuit CC to the respective blocks are
equal to each other in the case of the semiconductor
chip LSI-B and have a small difference therebetween even
in the case of the semiconductor chip LSI-A, there is a
20 merit that the skew of a control signal can be made
small.
In the semiconductor chip LSI-B, the logic
circuit LC is arranged in proximity to the control
circuit CC. However, in the case where it is necessary
25 to shorten the wiring of a control signal for the memory
core MR in order to reduce a delay caused by wirings,

the block may be inverted with respect to the control



10 of a ROM BANK nodul e of the menory macro; Fig. 43 is an operating
wavef orm di agram of the ROM BANK nodul e; Figs. 44a and 44b are di agrans
show ng exanples of the wiring layout of pank addresses of the 15 nmenory
macro; Fig. 45 shows a timng chart in the case where data of different

bank modul es Qf; ARG TR, B0 HE ARSIk 18A%r rangeatnl S a
di agram showi ng a DRAM nodul e 20 construct'ed using the nmenory macro; Figs.

47a and 47b arf e how ~bdthe It raitdediablags of commands set in the
DRAM nmodul e; Figs. 48a and 48b are diagranms showing the truth tabl es of

functions of the DRAM nuduligie Zemiconductor dhigp 149-Rs ahstat mayr desition
di agram of the DRAM nodule; Fig. 50 is a timng chart of a read operation
of the DRAM nuthfssidered RAR dmeme note;e the difference in the distance
5 from the control circuit CC between the blocks A and B
or the blocks D and C causes a problem. In such a case,
an arrangement as in the semiconductor chip LSI-B can be
employed, that is, two blocks can be arranged on each of
the right and left sides of the control circuit CC.
10 The above arrangement may involve the case
where a difference between the shorter and longer sides
of the chip becomes too large when the block has a
laterally elongated configuration. In such a case,
there can be employed a construction in which the
15 arrangement in the semiconductor chip LSI-A shown in
Fig. 1 is kept but the input terminals of control
signals are concentrated on one of opposite faces of
each block with the blocks A and B {and the blocks D and
C) being arranged in an inverted relation so that the
20 input terminals of control signals are placed on the
faces at which the blocks adjoin. Thereby, it is
possible to reduce the skew of the control signal. In
the following, detailed explanation will be made of the
transfer circuit TG shown in Fig. 1.
25 [Multi-I/0 Memory Core Incorporated LSI]
Fig. 2 shows an example of a multi-I/0 memory

incorporated LSI according to the present invention. A



- 17 - Fig. 51 is a timng chart of a read operation of the DRAM nodule in
a hi gh-speed access node; Fig. 52 is atimng chart of a wite operation of
t he DRAM nodul e in a RAS down node; 5 Fig. 53 is a timng chart

of a wite operation of the DRAM nodul e i%4a-high-speed access node; Fig.

54 is a diagra ] [ % b n; d; gm@gﬂ RD
In the case Ofg%ﬁgeégﬁgcggﬁkeggg ?Eg ggﬁgﬁréalgggyggsl§$ht gs%ﬁzﬁlnn | e;
10 cbtg- MRShh§idgdhaglabnshew 88 apoi DiReyaMIbE] Weelogi € onmand
RD and a command RD in the case of different banks of the DRAM nodul e; Fig.
56 is a di agr apisbew ngCanaihher gaplbesdeen afcoyvabindd Booia gomand W
in the case of the 15 sane bank and the sane row address of the DRAM
nodul e; Fig. S%rassfiedi ajranish®Gi Agranonhteivahgbat deba Grzosfend W and a
command WI in the case of different banks of the DRAM nodule; Fig. 58 is a
di agr am sho®i ngatheknt bevueenothperpuenyacestmiidard the bogbemahacwitin

the case of the sanme bank and the same row address of the DRAM nodul e;
LC, and so forth. These components are integrated on a

single semiconductor substrate made of monocrystalline
silicon or the like.
The contents of the logic circuit LC may be

10 composed in accordance with the purpose by use of the
logic library LL. Herein, there is shown an example
which is suitable for an image or graphics. It is
assumed that the memory core MR stores pixel data. The
logic circuit LC is composed of an arithmetic unit group

15 BARG for performing an operation for the pixel data
stored in the memory core MR, a display buffer DBR for
reading the contents of the memory core MR at a fixed
speed to display them on a display screen, and a control
circuit LCC for controlling the arithmetic unit group

20 ARG, the display buffer DBR and the memory core MR.

The memory core MR has a plurality of data

lines DL, a plurality of word lines WL, and memory cells
MC formed at the points of intersection thereof. The
memory cell MC can use a DRAM cell which includes one

25 transistor and one capacitor, a SRAM (Static Random
Access Memory) cell which includes four or six
transistors, a non-volatile flash memory cell which

includes one transistor, or the like. Though the memory



Fig. 59 is a diagram show ng an interval between a comand WI' and a conmand
RD in the case of the sane bank and the sane row address of the DRAM
nodul e; 25 Fig. 60 is a di@g@ﬁpLshomﬁng an interval between a
command RD and a command BA or BC in the "¢ase of the same bank of the DRAM

modul e; - éggé ﬁkgcoglséig%gr%dg%ﬁlg%% SQQ%QQaaﬁf.thggﬁbngt ween a

command WI an comman e case of ank of the DRAM

modul e; Fig. 622542 162530 SROWIEGHARKENLEE ¥ahgOaRE! PESA: AgCapEaNd BA and
th uﬁ

a conmmand BA I n the case e sane bank of the DRAM np e’in a RAS down

nmode; Fig. 53pb§s§bdbqg%%”h%ﬂ@WbﬂQdaﬁbbﬂbﬁrYﬁb ebyeaR angepAvRAd BA and a
command BA in the case of the sane bank of the M nmodul e in a hi gh-speed

access 10 nodeffkictivesd evena fdiraghamcabewwhereha kahdneylof tapbybe control
signal in the DRAM nodule at the tinme of
5 so—called ROM type is used. The writing/reading of data
for the memory more MR is controlled by a
reading/writing circuit RWC so that the reading/writing
of data for a plurality of memory cells MC selected by a
peripheral circuit PER can be performed in parallel from
10 a plurality of I/0 lines MIOi. Buses for a memory core
control signal MRC, a control signal CTL, an address
signal DATA and so forth from the logic circuit LC are
connected to the peripheral circuit PER. The memory
core MR is inputted and/or outputted with a control
15 signal, an address signal and an I/0 signal in
synchronism with a clock signal which is a reference
signal of the logic circuit LC.
The logic circuit LC performs an operation for
data read from the memory core MR through the transfer
20 circuit TG or data inputted from the exterior of the
semiconductor chip SIC. The result of operation is
written intc the memory core MR through the transfer
circuit TG again or is outputted to the exterior of the
semiconductor chip SIC.
25 The transfer circuit TG is composed of plural
stages of switch groups SWG. A connection relationship
{(hereinafter referred to as transfer pattern) between

the plurality of I/0 lines MIOi of the memory core MR



reading; Fig. 65 is a diagramshowing the |atency of a 15 byte control
signal in the DRAM nodule at the tine of witing;, Figs. 66a and 66b are

di agranms showi ng the AC characteristics. ofg the DRAM nodul e; and Figs. 67a
to 67c are diagrans showi ng the 20 operating frequency m ni num | at enci es of

the DRAM modulagg @%%C&PFM@F o AARERERRED 1BYBER MeNT2olh '&@rEQUtOW' ng,

the present invention™w ||l be described first in conjunction with

enbodi ment s of,cara®d HéVQﬂﬂd gedeThgiult Rethad chndgacbharsfiebfciheuit TG
which is a coupling circuit for coupling a nenory core MR and a |logic

circuit LC angwiiteheafrioripd rSWa0jyuRCidomt rwilt lkignal T8C4i.enbodi nents of a
menory macro MMACRO which is a specific exanple of the nenory core MR
[ Met hod of Designi ng Sy@hemtr@nsfeirngiMendty TGohek a construction in
5 which bi-directional or double-~directional data transfer
is possible, that is, a construction in which a data
signal from the memory core MR can be supplied to the
logic circuit LC and, in contrast with this, a data
signal from the logic circuit LC can be supplied to the
10 memory core MR.
Fig. 3 shows the case where eight patterns of
PO to P7 are realized as the examples of a transfer
pattern. The shown example is such that for 27 I/0
lines MIOi and LIOi, the correspondence between MIOO0, 1,
15 2 and 3 and LIOO, 1, 2 and 3 in units of a fourth {(or
272y thereof is changed. That is, the shown example
corresponds to the case where i is from 0 to 3. Thus,
it is not necessary that the unit of transfer is 20
lines. Also, it is of course that the present invention
20 is applicable even if all the units of transfer are not
equal. In Fig. 3, the direction of an arrow shows the
flow of data. The transfer pattern Pl is used for only
the writing of data into the memory and the remaining
patterns (PO, P2-P7) are used for both the reading and
25 the writing.
The transfer pattern PO is a pattern by which
data is transferred, as it is, without being

interchanged. The transfer pattern Pl is a pattern by



Fig. 1 illustrates the concept of a nenory 5 core incorporated system LSl
desi gni ng net hod according to the present invention. The |left-hand portion
of Fig. 1 shows a storage device DB for_d@gja.base in which the |ayout
patterns and characteristics of a core circuit and a 10 logic library are

regi stered. TRe, dal a1 ase frage EeVicdB 15 i athdmidiehand with data

necessary for design I ncluding the | ayout patterns, specifications and

characteristicymio 2 ]? Wl | fyred, neng G asdyR whiitaderhave odidhfeer ent
storage capacities and each of which has 15 a nmultiplicity of data
transmission lnewessy 2 growhefcassldestiior gatansafrerpls rdfifiereart @9iapl i ng
circuit) TG which are set in conformty with the pitch of data transm ssion
lines (or I/Olimes)odHfthdanemenmy yoamws @8R M e riespext iorelynl i&kred thd ogi c
library LL which includes 20 basic gates for conposing a logic circuit LC.
The transfe® otasas toffGmodcutieet patrposed MNamelgw ttdte Ji/6ud IS9AGLEND a
buffer group TGBUFi. The switch group SW5 and the buffer group TGUFi can
be conbi ned sdascaupketpusethe ¥ Ahskiaesi NN amGMIRowge e He'et ai | s

will be nmentioned |later on, a trapsfer .
line LIQOl is coupled to the I/0 lines MIOl and MIO3.

Accordingly, there is the case where different data
collide with each other at the time of reading.

10 Therefore, this pattern Pl is used only at the time of
writing. This pattern is effective for the
initialization of the contents of the memory at a high
speed and so forth, as will be mentioned later on.

The transfer patterns P2 and P3 form transfer

15 paths between (LIO0, 1) and (MIOO0O, 1) and between (LIO0,
1) and (MIO2, 3), respectively. The transfer patterns
P4, P5, P6 and P7 form transfer paths between (LIOl) and
(MIC0), between (LIOl) and (MIOl)}, between {(LIOl)} and
(MIO2) and between (LIOl) and (MIO3), respectively.

20 The eight transfer patterns (P0-P7) can be
freely changed over to each other by the control signal
TGCi. Each transfer pattern can be realized by turning
on one switch group SWG in the transfer circuit TG. For
example, the transfer pattern PO can be realized by the

25 turn-on of a switch group SWG#0 shown in FPig. 2. A
specific construction of the transfer circuit TG will be

mentioned later on.



circuit TG having various transfer patterns can be conposed by connecting a
plurality of switch groups SWa Since the transfer circuit TG nodule is

produced in - 20 - conformty with t_he2 itch of data transm ssion |ines

(or 1/Olines) of the nennry core MR, the transfer circuit TG nodul e can be
coupled to the data trangm ?elhéé]pcs E(nggod infddd N Pinde: @/N&ore MR,

as it is, without 5 reqU|r|ng change 1n | ayout ‘pattern. en the

speci fication @fe airdnds&hidPidSu ot VRN, ari:i‘ecrftﬁslcgﬂd Tids tvid e reecessary
data is transferred fromthe data base storage vice DB to a work station

W5 for design.fcina® dmechp teamofsamidagiudibofciite mamimefeares MR drd the
pitch of wirings of the transfer circuit TG nodul e are nade even (or

conforned to essdsiilwerjc péricrmposses bvier iy use devemredvran cmre MR and the
transfer circuit TG nodul e so that they are coupled, as they are. Nanely,
this can be5acdwemeal thunidredich/@ hamewreadidty a menory core MR having a
"equi red Next, the operation of the multi-I/O memory
core incorporated LSI shown in Fig. 2 will be explained.
First, a read operation will be explained.
When one word line WL is selected by the peripheral
10 circuit PER in the memory core MR, data from a group of
memory cells MC on the selected word line WL is read to
the data lines DL and the data is read in parallel to a
plurality of I/0 lines MIOi through the reading/writing
circuit RWC. When one of switch groups SWG in the
15 transfer circuit TG is activated by a control signal
TGCi, a transfer pattern between a plurality of I/0
lines MIOi of the memory core MR and a plurality of I/0
lines LIO1 of the logic circuit LC is determined so that
the data is transferred from the I/0 lines MIOi to the
20 I/0 lines LIOLi and is then inputted to the logic circuit
LC.
A write operation is the same as the read
operation except that the flow of data is reversed.
Namely, data outputted from the logic circuit LC to a
25 plurality of I/0 lines LIOi is transferred from the I1I/0
lines LIOi to I/0 lines MIQi in accordance with a
transfer pattern determined by a control signal TGCi and

is transmitted to the data lines DL through the



storage capacity and a nodule for producing a transfer circuit TG
conformabl e to the specification are taken out of the data base DB and t hey
are conbi ned. Regarding a |ogic portion, A desired logic circuit LC 20 can
be easily conposed fromthe | ogic Ilbrary LL by use of a CAD tool for
conposi tion.

arranged in accor I"oor

bgﬁagﬁéwﬁ:ﬁ%lﬁ‘én‘&#cﬁ‘i%‘a RIC Oﬁdthgemhﬁlgkg gﬂ'ﬁg' hrLC are

W Ting

therebet ween kg RALHOr TRE G}étﬂsgsoar%t@w aﬂgga%aaﬁezmww REmSAP t ool ,

t her eby conpl eting Iayout data of the chip. T
product s haV|@glqgnncyc@o@e%eu@@Q@gom@&ad1&h@rWLU can be designed in a

| ogi c

a group of sys en1LS

short period of tine. 21 - In the shown exanple, the logic is conposed
using the logic I|brarthLpeHﬁwemehg thecreadimbaneesheeguiténga part of

the chip may be configured into a gate array to conpose a | ogic.
case,

In this

ther & i soatinmenistlyt loat pelrd oratinigc ahieomeefliagchng hhei wgifivgnmon

190

15

20

25

alternately, the operation can be performed while a word
line WL and a transfer pattern to be selected are
changed for each cycle. Accordingly, it is possible to
perform the parallel reading or writing for memory cells
MC corresponding to different addresses for each cycle
in accordance with a request from the logic circuit LC.
According to the present embodiment, the
transfer of data between the memory core MR and the
logic circuit LC is made through one stage of switch
group SWG. Therefore, it is possible to realize the
data transfer at a very high speed. Alsoc, the memory
core MR and the logic circuit are arranged so that the
I/0 lines MIOL and the I/0 lines LIOQOL run in the same
direction. Therefore, it is possible to arrange the
transfer circuit TG between the memory core MR and the
logic circuit LC. The number of stages of switch groups
SWG in the transfer circuit TG is determined in
accordance with transfer patterns. Therefore, in the
case where the number of transfer patterns is small, it
is possible to make the dimension of the transfer
circuit in a data line direction {or in a lateral
direction in Fig. 2) small. Accordingly, if the

transfer circuit TG and the logic circuit LC are laid



menory core MR and different logics is facilitated. Two exanples of a chip
obt ai ned by the above- nentioned design are shown in the right-hand | ower
portion of Fig. 1. A sem conductor chip.Lfg-A is such 10 that four bl ocks
A, B, C and D each having a transfer circuit TG arranged between a nenory

core MR arranggd @ theid aftleysimda 107w it of i1 & iiechsa dnOGIFC teiler Gidinlo rlyC
arranged on the right side of the figure to couple the nenory core MR and
the | ogic ciragrte MR by teherdrrdarisifrer WID ddiremtiitonT Goar énprovi ded so that a
control circuit CC for controlling the whole of the chip is arranged at the

center of the lohigitu@indile ditdesrt lomdn FigpniZonducticr poisisdbilsl £B i s such
that two bl ocks A and B each having a nmenory core MR and a logic circuit LC
coupl ed by a 2@ke drif évrag rafuitheT@hale pridiatdd tak iNgatuPa a00FECEISSCI 1 cui t
CC for controlling the whole of the chip is arranged at the center of the
chip. In the @f&ent enbodlnent a chip having a plurallty of bl ocks

hEL?SLZBe?hEESLe?P 2 T R 2O e AR Pl heclB e gl Y
al'so be real | Z}F ecor}iezh' fage%eét%myrcfofﬁse VR %s mentloned
above or may further include a Y decoder for selecting a
part of data lines to connect them to I/0 lines MIOi.

10 According to the present embodiment, a multiplicity of
I/0 lines MIOi can be provided. Usually, therefore, the
Y decoder may be provided with a simple construction
which is capable of selecting, for example, 128 ones of
1024 data lines.

15 [First Specific Example of Transfer Circuit]

Next, a specific circuit example of the
transfer circuit TG will be explained using Fig. 4.
Fig. 4 shows an embodiment of the transfer circuit TG
for realizing the transfer patterns shown in Fig. 2.

20 In Fig. 4, reference symbols MIO0, MIQOl, MIOQ2
and MIO3 denote the I/0 lines of the memory core MR, and
symbols LIO0, LIO1l, LIO2 and LIO3 denote the I1/0 lines
of the logic circuit LC. Also, symbols SWG0, SWGl, =---
and SWG7 denote switch groups, and symbols TGBUF(,

25 TGBUFl, TGBUFZ and TGBUF3 denote buffer circuits.

Symbols TGCO, TGCl, --- and TGC7 denote switch
control signals for making the turn-on/off of the switch

groups SWGO0, SWGl, --- and SWG7, respectively. Switches



logic circuits LCin the respective bl ocks may be - 22 - different or

they may be the sane. The forner is suitable for the case where different
processings are perfornmed in parallel an 4jhe same chip. On the other hand,
the latter is suitable for the case where the 5 identical processings are

performed in paral) ghe Iy :RAH IGUWA sid @ ledldflstirticteat @l e for the case

where a processing (such as grdphics, nature | mge processSing, neutral

network or therdnS)stdrs Wy @&e&xgqqrﬁlédelirpm?@t.i 0B it® PeSwhhka, wigl
performed. 10 In both the sem conductor chips LSI-A and LSI- B
the logic cir®é texpCaimied i Redaidndfarerofordat a frelatienstlipr petaeenVR i s
arranged in proximty to the nenory core MR Therefore, the influence of a
del ay caused hheniswirgshiingy reeddddd cso afhatadh ghvispbe$Wdand thet denefler can
be realized. Al so, since the distances fromthe control circuit CCto the
respective bl odksher ewidpll aanteadh sdignal I8Gihcagade erptepaisedi éonduct or

accordance with the configuration of a circuit forming
the switch 8W. Therefore, it is not necessary to regard
this relationship as being fixed. However, it is herein
assumed that a switch SW is turned on if a control

10 signal TGCi applied to a control input of the switch SW
takes a high potential and the switch SW is turned off
if the control signal takes a low potential. According
to this, it is assumed that for example, if the control
signal TGC3 takes a high potential and each of the other

15 control signals takes a low potential, two switches SW
in the switch group SWG3 indicated by arrow are turned
on and the other switches SW in the same switch group
SWG3 and switches SW in the other switch groups are
turned off. Therefore, when only the control signal

20 TGC3 takes a high potential, the transfer pattern P3
shown in Fig. 3 is formed so that a transfer path is
formed between the I/0 lines MIO2 and MIO3 of the memory
core MR and the I/0 lines LIO0 and LIO1l of the logic
circuit LC. Similarly, the other transfer pattern can

25 also be realized by making one of the control signals
TGCi take a high potential.

The buffer circuits TGBUF0, TGBUFl, TGBUF2 and

TGBUF3 have the function of preventing signals from



chip LSI-B and have a small difference therebetween even in the case of the
sem conductor chip LSI-A there is a 20 nerit that the skew of a control
signal can be made small. In the sem candyigctor chip LSI-B, the |ogic
circuit LCis arranged in proximty to the control circuit CC. However, in

the case wher gdilhd FWRB A 42 A AN i Witand@s0kna choBkigk Si gnal
for the nenory core MR I'n order to reduce a delay caused by wirings, the

bl ock nmay be igpveHLd A tih Heespadi thd Ao Qlines 1.183,- @hrcuit CC so
that the nenory core MRis arranged in proximty to the control circuit CC.

In the senm corggiglle T RHeSIcohsdend ompbaeonsifdered e icagapuler e t he
difference in the distance 5 fromthe control circuit CC between the bl ocks
A and B or thesblsbecks: Draigc Gausd&dus pridid emnsltrusddlenaacdse, an
arrangenment as in the sem conductor chip LSI-B can be enpl oyed, that is,
two bl ocks Tawes adricangdd e dwdifegt circuit TGCi will now be

explained using Fig. 5.

The buffer circuit TGBUFi is a bi-directional
buffer for changing over the flow of data in accordance
with the read/write operation for the memory core MR as

10 well as a circuit having a function of latching the
potential of an I/0 line LIOi of the logic circuit LC
which is not used when a transfer pattern is formed.

In the above-explained examples shown in Fig.
3, each of the transfer patterns excepting the transfer

15 pattern PO does not use a part of the I/0 lines LIOi of
the logic circuit LC. If the potential of the unused
I/0 line LI0O1 is not determinative or assumes a so-
called floating condition, there is a possibility that
it takes an intermediate potential due to the leakage of

20 charges. In that case, an excess current such as a
through current will steadily f£low through a CMOS
{Complement Metal Oxide Semiconductor) transistor {not
shown) on the logic circuit LC side which receives the
intermediate floating potential of the unused I/0 line

25 LIOi. 1In order to avoid this, an unused one of the 1I/0
lines LIOi of the logic circuit LC is forced or clamped

into a predetermined potential.



the right and left sides of the control circuit CC. 10 The above
arrangenent may involve the case where a difference between the shorter and
| onger sides of the chip beconmes too |argg when the block has a laterally
el ongated configuration. In such a case, there can be enpl oyed a

construction in which thend?yar taR0EEBAL ERrbletSEal coBRAUGEST aghip LSI-A
shown in Fig. 1 is kept but ?he I nput 'termnals of control signals are

concentrated enagne @figappositosif agee ofigeash Bhacknw bhetheibhosks A and B
(and the blocks D and C) being arranged in an inverted relation so that the

20 i nput ternthal siektudentisokonicgnaledaby phacedabhet béghatesiariwhi ch the
bl ocks adjoin. Thereby, it is possible to reduce the skew of the control
signal. In the foll ow nyitdetael edrexptacansbnuetibnbshowdeinf Fige byansfer
circuit TG shown in Fig. 1. 25 [Multi-1/O Menory Core |ncorporated LSI]
Fig. 2 shows doreexapipdeof vhemulani enedDleessopailnEdOpor ated £S8htaoctording to

the present invention. A ) . )
input of the buffer circuit TGBUFi assumes a low

potential, it is apparent from the logic construction
shown in Fig. 5 that signals TGWi and TGRi take low
levels and signals TGW1 and TGRi take high levels so

10 that clocked inverter circuits RINV and WINV are turned
off. At this time, a signal LIOPRi takes a high level
so0 that a MOS transistor Ql receiving the signal LIOPRi
at its gate is turned on, thereby clamping an I/0 line
LICi into a low level.

15 For an I/0 line LIOLi to be used, on the other
hand, the enable signal LIOEi assumes a high potential.
The change-over of the data direction is performed as
follows.

Namely, when the memory core MR is in a read

20 operation, a signal TGRW assumes a low potential. In
this case, when the enable signal LIOEi assumes the high
potential, only the clocked inverter RINV for reading is
activated so that data is transferred from an I/0 line
LIOi' to an I/0 line LIOi. On the other hand, when the

25 memory core MR is in a write operation, the signal TGRW
assumes a high potential, 1In this case, when the enable
signal LIOEi assumes the high potential, only the

clocked inverter WINV for writing is activated so that



- 24 - sem conductor chip SIC showmn in Fig. 2 includes a nenory core MR
having a plurality of 1/Olines MG, alogic circuit LC having a plurality
of 1/Olines LIG, a transfer circuit TGHgor- controlling a data transfer 5
pattern between the nenory core MR and the logic circuit LC, and so forth.

These conponeghsaahe kRh@agFalree@dorramsichel ¢ /oeniaenduototosuhst rape made of
nmonocrystalline silicon or the like. The contents of the logic circuit LC

may be 10 conpdsedriiipidceandddscehent krizhefpurpdsehbypughethé thétbhgbw
library LL. Herein, there is shown an exanple which is suitable for an

| mage or graphbcshel T/0s lansudEdit bt thleemesowoyy cooreMRR st ores pi xel data.
The logic circuit LC is conposed of an arithnetic unit group 15 ARG for
perform ng an operationWisch the pegepfdiha embepdimentt sRowenbryFigte MR a
di splay buffer DBR for reading the contents of the nenory core MR at a

fi xed speed té @ndpbapst explenngddiedevgy Schésh sBREGaCPBRRESPNCFABLUIt LCC
for controlling the arithmetic unit group 20 ARG the display buffer DBR
and the nenor PecsLELYREAT S NFEMEDE @HF@GWROﬁa§tégﬁﬁuP§IFV§t8¥98a§§

through which data to be transferred pass is 1. Also,
since the number of stages of switches SW is equal to
the number of transfer patterns, an useless layout area

16 is not necessary and high integration is possible.
Further, since a buffer circuit TGBUFi of an unused one
of the I/0 lines LIOL of the logic circuit LC is stopped
and the potential of the unused I/0 line is prevented
from taking a floating condition, wasteful power

15 consumption is eliminated and it is possible to prevent
an excess current from flowing to the gate of the logic
circuit LC. Accordingly, it is possible to freely set a
transfer pattern which does not use a part of the I/0
lines.

20 In Pig. 4, the switch group SWG includes
switches 8W to which no control signal TGCi is not
inputted, that is, switches SW which are not necessary
as far as the circuit operation is concerned. This is
based on the following reasons.

25 Namely, as shown in Fig, 4, the switch groups
SWG forming the transfer circuit TG have a common
configuration, irrespective of the transfer patterns,

except wirings and contacts necessary for the connection



lines DL, a plurality of word lines W,, and nenory cells MC forned at the
points of intersection thereof. The nenory cell MC can use a DRAM cel

whi ch includes one 25 transistor and one gapacitor, a SRAM (Static Random
Access Menory) cell which includes four or six transistors, a non-volatile

flash menory qRldyedi athd NGludase KONy tdRNSIHE Yont@oit I?ﬁg'da'i% TBEQUgh the

menory - 25 - core MR considered therein is of a RAMtype or

read/ wite typsddesdondi ddec i dtd Gl d Hee &b i i P Qetivitled, taﬁz ment i oned
above, the present invention is effective even for the case where a read

only type or Swtatald S ROM tiipe 140 Usiaths MO | tAcg/rddadilyg dff dadea f or
the nmenory nore MR is controlled by a reading/ witing circuit RAC so that
t he readi ng/ wddnmuy gfomdaiten fexceptping atlid wiofingenand celntadds sel ect ed by
a peripheral circuit PER can be perforned in parallel from10 a plurality
of 1/01ined MeadiessaBusdRf drhan gamact oy datormannithe gwiltoiRs, SH eot r ol

signal CTL, an address
the control signals TGCi and the connection between the

switches SW and the I/0 lines MIOi is prepared as a
layout library beforehand, the layout design of a chip
ig facilitated. This is one reason why unnecessary

10 switches SW are provided. Also, even in the case where
the change of a transfer pattern is needed so that a new
switch is required in accordance with the change of the
transfer pattern, a need to newly add transistors
corresponding to that switch into a library is

15 eliminated if all switches SW in the switch group SWG
are prepared as a library beforehand. This is another
reason why unnecessary switches SW are provided. At
this time, since there are no transistors to be newly
added, it becomes unnecessary to modify photolitho-

20 graphic masks for semiconductor IC fabrication for
additional transistors. Therefore, it is possible to
reduce the number of masks to be modified. Especially,
in the case of a memory/logic mixed chip as in the
present invention, it should be considered that there

25 may be a need to change the capacity of the memory or
the construction of the logic in accordance with the
purpose of use. If several kinds of memory cores MR and

basic patterns of the switch groups SWG for the transfer



signal DATA and so forth fromthe logic circuit LC are connected to the
peripheral circuit PER The nenory core MR is inputted and/or outputted
with a control 15 signal, an address sigjgl-and an I/O signal in

synchronismw th a clock signal which is a reference signal of the logic

circuit LC. Tha JdQgit i o toddpadtadd U8 it HRNA IR bz ndated oead from
the nmenory core MR through the transfer 20 <circuit TG or data inputted

fromthe exterduwh &f dikar-ganimonduaiiy mhigoss Gf T ,r daulils gbsepenation is
witten into the nmenory core MR through the transfer circuit TG again or is
out putted to tdve dediam otasifs tdfe eeriSonthigt r apyd S, s2decting The
transfer circuit TGis conposed of plural stages of switch groups SWa A
connect i on relnetdesssitp ey o reaf tre rlefararddes,o compasdmgt & Lpgticer n)
between the plurality of 1/Olines MO of the nenory core MR - 26 - and
the plural ity rsfriya@ |hhase |d fbasie |odi@ dfay ttogic, and

performing the arrangement and wiring.

A transistor such as MOS transistor forming
the switch SW connected to the I/0 line MIOi and the I1/0
line LIOi has a junction capacitance such as its drain

10 Jjunction capacitance or source junction capacitance.
Such a junction capacitance is one kind of parasitic
capacitance which limits the operating speed of the
circuit. Therefore, as the number of switches SW is
increased, the parasitic capacitances of the I/0 line

15 MIOiLi and the I/0 line LIOi are increased so that the
delay of a signal to be transmitted through the I/0 line
MIOi and the I/0 line LIOi becomes larger. In the case
where the signal delay caused by the great increase of
the number of stages of switch groups SWG provides a

20 problem, unnecessary switches SW may be omitted.
[Second Specific Example of Transfer Circuit]

Fig. 6 shows a second specific example of the
trangsfer circuit TG in which the transfer circuit TG
shown in Fig. 2 is realized by switch groups SWG the

25 number of stages of which is 7 or less than that in Fig.
4. In the transfer circuit TG of Fig. 4 corresponding
to the transfer patterns shown in Fig. 3, one switch

group SWG corresponds to one transfer pattern. However,



LC can be changed through a switching control of the swtch groups SW5 by a
control signal TGC . The transfer circuit TG has a construction in 5 which
bi -directional or doubl e-directional dat% transfer is possible, that is, a
construction in which a data signal fromthe menory core MR can be supplled

to the logic Ehéf%&%n §e§”%aF%Eé%§”%6 W%BB bE'ého@ndE&ﬁF§P9”§'a§ om t he

| ogic circult can pe su menor core ows the

case where ei gRlmBA! £er @%c‘ﬁf ol%ﬂetrothﬁa% Meab aaé aioihsfexaaptf@ of a
transfer pattern. The shown exanple is such that for 2[err] 1/Olines MG

and LI G, thelgaekesgorBenaendetveereM@oard, cdhndcadd 8oandobl &3 1, 2 and
3in unlts of a fourth (or 2[err]-2) thereof is changed. That is, the shown

exanpl e corregpondsft ahiehd /Caddneldené ithies lbyam @itouldt ITous, ALSOLS not
necessary that the unit of transfer is 2[err] lines. Also, it is of course
t hat the prieséhe pa&&nKM@anoaM§ &Bpkireabbamenenoci faghl otheruant that
transfer are not equal. In the direction of an arrow shows the flow
of data. The ME&3sead ﬂé@@e@ﬁ Wﬁel§/Gbédn?§r°6nFFetﬁ8mﬂFVtFﬁéeoﬁRdafﬁ i nto

the nenory and the renainin
y connected to %00 and LIOl of the I/0 lines of the logic

circuit LC. In the embodiment of Fig. 6 with attention
directed to those points, the switch group SWGO is
10 removed and the switch groups SWGl and SWG2 are changed.

Fig. 7 shows the manner of setting of control
signals TGCi, TGRW and LIOEi for realizing the transfer
patterns PO to P7 by the transfer circuit TG having the
construction shown in Fig. 6. 1In Fig. 7, "1" represents

15 a high potential and "0" represents a low potential.
Since the transfer pattern Pl enables only the write
operation for the above-mentioned reason, the control
signal TGRW for the transfer pattern Pl is set only to
“1l", The setting of the control signals TGCi for

20 realizing the transfer patterns P0 and Pl is different
from that in the embodiment shown in Fig. 4.

As shown in Fig. 7, the transfer pattern PO
can be realized by making two control signals TGCl and
TGCZ take high potentials. The control signal TGCl

25 makes the connection of MIOZ2 and LIO2 of the I/0 lines
and the connection of MIO3 and LIO3 thereof, and the

control signal TGC2 makes the connection of MIOC and



patterns (PO, P2-P7) are used for both the reading and 25 the witing. The
transfer pattern POis a pattern by which data is transferred, as it is,
wi t hout being interchanged. The transfer ;pattern Pl is a pattern by - 27
- which data inputted to (LIOCO 1) is transferred to (MOO, 1) and (M 02,

3) and is thep %'Bke?hb%?ot henEEMKY- %@awﬁngéﬁfo{?f Ehi‘?ogz&tﬁﬁr” P1,

di fferent I/O I nes of the nenory core re turned on e 5 cases
of the other pabtetnsredanely, the 1/Oline LIOCOis coupled to the I/O

lines MOO and M02 and the I/Oline LIA is coupled to the I/Olines MOL
and M 3. Accordingly, frhererassfbe paseenhere dafifeendallbd@dcioyl i de with

each other at the tine of reading. 10 Therefore, this pattern Pl is used
only at the tmekiof wwot cngtrohi sigatlier iIGC8 ehfleT&LIetdoe hbgh
initialization of the contents of the nenory at a high speed and so forth,
as will beSnenecktentdalater Toe. control signal TGC2 makes the
connection of MIOO and LIOC of the I/0 lines and the
connection of LIOl and MIOl thereof, and the control
signal TGC3 makes the connection of MIO2 and LIOO of the
I/0 lines and the connection of MIO3 and LIOl thereof.
10 In the present embodiment, the number of stages of
switch groups SWG can be thus reduced. Though the
transfer pattern PO or Pl is realized by activating two
switch groups SWG, a second feature of the present
embodiment lies in that data passes through one switch
15 8W stage. The present embodiment differs in this point
from the conventional omega network or the like in which
data passes through a plurality of stages. According to
the present embodiment as mentioned above, a higher
integration density can be attained without injuring the
20 high~speed ability.
[Third Specific Example of Transfer Circuit]

Fig. 8 shows an embodiment in which the number
of stages of switch groups SWG is reduced further than
that in the embodiment of Fig. 6 by connecting switches

25 SW in parallel. In the present embodiment, the number
of stages of switch groups SWG can be reduced to 3. The

manner of setting of control signals is the same as that

in the embodiment shown in Fig. 7. 1In the embodiment



The transfer patterns P2 and P3 formtransfer 15 paths between (LI OO 1)
and (M OD, 1) and between (LIOO, 1) and (M @2, 3), respectively. The
transfer patterns P4, P5, P6 and P7 forinig ansfer paths between (LIA) and
(MQOO, between (LIA) and (M QLl), between (LIA) and (M 02) and between

(LIOL) and (Mg@@kn HeSRaG. &l YeactD switch groupl RWeeh@ht skidesbar sgatterns
(PO P7) can be freely changed over to each other by the control signal

TGO . Each tr ansheigesaidre dbpodl tie SicRld 240 by LAY 1iing @I10ane switch group
SW5Gin the transfer circuit TG For exanple, the transfer pattern PO can be
realized by the 25 turnixwamplles of ttdle griouwpiS\\Es@sshammion Bng. tBe A
specific construction of the transfer circuit TGw Il be nentioned | ater
on. - 28 - llayctite gff esentswEtiodisndiw |, r apre sesrtedy byore feRentke transfer
circuit TG and the logic circuit LC are fornmed on the sanme sem conduct or
chi p. Ther et orsgmhials smpddidbIS® @&F petmithd igisri 3% ehdsé¢eral -ten to
respectively. As shown in Fig. 9b, one switch SW
includes an N~-channel MOS transistor (hereinafter
referred to as N-MOS) Onl and a P~channel MOS8 transistor
(hereinafter referred to as P-MOS) Qpl connected in
10 parallel. The other switch SW includes an N-MOS Qn2 and
a P-MOS Qp2 connected in parallel. The gates of the N-
MOS's Qnl and Qn2 are inputted with control signals TGCi
and TGCj, respectively. The gates of the P-MOS's Qpl
and Qp2 are inputted with control signals TGCiB and
15 TGCJB having phases inverse to those of the control
signals TGCi and TGCj, respectively.
Fig. 9¢ shows an example of the layout of the
N-MOS portion of the switch SW. Reference symbol M1
denotes a first wiring layer, symbol M2 a second wiring
20 layer, symbol FG a gate electrode laver, symbol L a
diffused layer, symbol CONT1 a contact of the first
wiring layer M1l and the diffused layer L with each
other, and symbol CONT2 a contact of the first wiring
layer M1 and the second wiring layer M2 with each other.
25 As shown in Fig. 9c, the diffused layer L as the lower
most layer, the gate electrode layer FG, the first

wiring layer Ml and the second wiring layer M2 are

arranged in this order. 1In the present embodiment, the



5 several -hundred 1/Olines easily. Next, the operation of the multi-I/O
menory core incorporated LSI shown in Fig. 2 will be explained. First, a
read operation will be explained. Wen.onpg wrd line W is selected by the
peripheral 10 circuit PER in the menory core MR, data froma group of

menory cells MErefsbhe1agkest i@.do‘ﬁ’o"tﬂé E@@p%t&%erﬁéﬁ'éofébﬁiﬂﬁ gwbi nes DL

and the data is read in para

el to a plurality of 1/O1lines

O through

the readi ng/ Wiyt kBlesi tari beRBEovIHea @necehmsw hehagr oYps1EME Lnothe 15

transfer circuit TGis activated by a control signal TGC

a transfer

pattern bet weghezefbitegl iity ief pbk@ibileesoll Gheotwbhewireoney swWreoMR and a
plurality of I/Olines LIG of the logic circuit LCis determned so that
the data is tfadif eitédnf somatrirewl pOtkhnes WVQO lioeshe ZBoudgld thees LI O
and is then inputted to the logic circuit LC. A wite operation is the sanme
as the read oper showvn theeprampde thewhicw ohedaumbes pévevibdhefaddl v,

data outputted fromthe logic circuit LCto a 25 pluralit
LIG is transFepnegtedodnt Pareideli Aés 2y &t &6 PEOCPERES
with a

of 1/0O lines
& iR BBeordance

case where the pitch of I/0 lines is wide, three or more

switches can be connected in parallel to further reduce

the number of stages of switch groups.

10 [Reduction of Power Consumption by Memory Reading/

Writing Circuit Control Signal]

In the embodiments shown in Figs.

4, 6 and R,

the buffer circuit TGRUFL of the transfer circuit TG is

controlled by the enable signal so that wasteful power

15 consumption is reduced and the gate potential of the

logic circuit is prevented from taking a floating

condition.

Fig. 10 shows an embodiment in which a further

control is performed, that is, the reading/writing

20 circuit RWC for the memory core MR is controlled in

accordance with transfer patterns so that wasteful power

consumption at the time of reading caused by driving

unused I/0 lines MIOi of the memory core MR is reduced

and erroneous data is prevented from being written from

25 the unused I/0 lines MIO1 into the memory core MR at the

time of writing.

In the transfer patterns P2 to P7 shown in

Fig. 3, only a part of the I/0 lines MIOi of the memory



transfer pattern determned by a control signal TGC and is transmtted to
the data lines DL through the - 29 - reading/witing circuit RAC in the
into menory cells
MC on a selected word line W.. In performng the reading or the witing 5
continuously gsrgefRok gl ugeahe &ﬁa@hegeﬁaeamenw gabwg ahtprgateby, the
operation can be perforned while a word line W. and a transfer pattern to
be sel ected atpegba@nged tonteathsiyabes Aseoc8hbgbylihy theppeadbhg/to
performthe parallel reading or witing for nenory cells 10 MC

correspondi ngwt@tdngf edeptiiddiiNesfes the membrgycbeei MRagcerdaocidedth a
request fromthe logic circuit LC. According to the present enbodi nent, the
transfer of dabtathetweemetldenggwoiyiogr eibRuahdRWEE hagingcthan@e o€ is

menory array MR Further, the data is wighten in parallel

made through one stage of switch 15 group SWG Therefore,

it

IS possible to

realize thé danaIVﬂa&sherMéplaOﬁetyehmgmospeedreAMBolstﬁéonpﬁérby the

control signal. In Fig. 10, RWCO, RWCl, RWCZ and RWC3

are reading/writing circuits RWCi for I/0 lines MIOO,

MIO1l, MIO2 and MIO3 of the memory core MR, respectively,

which form the reading/writing circuit RWC for the

10 memory core MR as a whole. Reference symbols MIOED,

MIOEl, MIOE2 and MIOE3 denote enable signals fot

controlling the reading/writing circuits RWCO, RWC1,

RWC2 and RWC3, respectively.

The manner of setting of the enable signals

15 MIOEQ, MIOEl, MIOEZ2 and MIOE3 for controlling the

reading/writing circuits RWCi and enable signals LIQE]

for the buffer circuits TGRUFi of the logic circuit LC

is shown in Fig. 11 for each transfer pattern.

In Fig.

11, "1" of the enable signal represents a high potential

20 or an activating condition and "0" thereof represents a

low potential or a stopping condition. 1In the case

where the enable signals MIQEQ, MIOEl, MIOE2 and MIOE3

are generated from the logic circuit LC adjacent to the

memory core MR, the layout with a high density can be

25 attained if the wiring for the enable signals is made so

that it passes through the transfer circuit TG, as shown

in Fig. 10.



core MR and the logic circuit are arranged so that the 1/Olines MG and
the 1/Olines LIO run in the sane direction. Therefore, it is possible to
arrange the 20 transfer circuit TG betwegy the nenory core MR and the | ogic
circuit LC. The nunber of stages of switch groups SWG in the transfer

circuit TG is determ neflcr-Bragag’ danefeWptBsbh@nshBbdpabhel Nene Ther ef or e,

I n the case where the nunber of transfer patterns is small, it 25 1is
possi bl e to nakattbe difnens eeadinghertitangf et reuteuRWci Boa daka |ine
direction (or in a lateral direction in Fig. 2) small. Accordingly, if the

transfer circmemot@ aovdet MR liogaccordence wCtar érbasfler pat86rasout so that
they fall within the dinension of the nenory core MRin a word |line W
direction (or makes lisngosediodal td reduicenwastefyl ppwert cpgspopsibnhe to
make the area of the whole w thout taking u% agrgéggssugugégai ghe
peri pheral %i péuitheptrrgapli feeddedorayisgs by g /
lines MIOL of the memory core MR and further makes it
possible to prevent erroneous data from being written
from the unused I/0 lines MIOCi into the memory core MR
at the time of writing.
10 [Implementation for Common Use of Memory Reading/Writing
Circuit and Buffer Control Signals])
In the embodiment shown in Fig. 10, the enable
signals MIQEL for controlling the reading/writing
circuit RWC and the enable signals LIOEi for the buffer
15 circuits TGBUFi of the logic circuit LC are provided
independently of each other. Namely, it is necessary to
set the signals MIOEi and the signals LIQOEiL in different
ways in accordance with transfer patterns, as shown in
Fig. 11. However, if the number of I/0 lines and the
20 number of transfer patterns are increased, the
independent setting of the enable signals MIQOEiL and
LIOCEL is complicated.
Fig. 14 shows an embodiment in which a
transfer circuit CTG for the enable signals LIOEi of the
25 buffer circuits TGBUFi of the logic circuit LC is
provided so that the enable signals MIOEiLi of the
reading/writing circuit RWC are automatically generated

from the enable signals LIOEi. The data transfer



X decoder for selecting a word line W. as nmenti oned above or may further
I ncl ude a Y decoder for selecting a part of data lines to connect themto
/O lines MO . 10 According to the presepnj enbodinent, a nmultiplicity of

I/Olines MO can be provided. Usually, erefore, the Y decoder nay be
provided with Il e tr.ycti.on .ch J apabl.g _of ,sel .L.ng, for
exanpl e, 128 %giéghﬁuﬁﬁ% afgiﬁbﬁksgpf% f&??é&g%bggﬁfiéiEﬁgﬁéhé of

Transter G cild, WxlsndhSRER Il arddditids | B0k ohr ghghanCiroult

TGwll be expﬁ in using Fig. 4. Fig. shows an enbodi ment of the

transfer circyjforkGCdon Heeahi@idl diteditansigumaldgrdspthewhg RoFitge 2. 20
In Fig. 4, reference synbols MOO MO01l, M02 and M 03 denotethe I/O Ilines

of the menory i dRnsit P sd ISBwn 1i@l Filg,022and LI 03 denote the 1/0
lines of the logic circuit LC. Al so, synbols SWS0, SWGL, --- and SWG/
denote swi txh groups, ald Hhebhadc tFEBUBAgN23 sTGBOEL, oTGBUE2bafideTGBUF3
denote buffer circuits. Synbols TGCO TGCl, --- and TGC7 denote switch
control signales morvi taGRP R hanaurtraswisEmrest theébawmesieryr 695¢ 8RcOo, SWa

--- and SWG/, respectively._ Sw tches ~ .
side in accordance with the transfer pattern shown in

Fig. 13, the signals can be used as enable signals MIOEi
of the reading/writing circuit RWC for the memory core
10 MR, as they are.

Here, it should be noted that control signals
having charge of I/0 lines MIOi and I/0 lines LIOi which
are not used by data also need to be transferred for
stopping the reading/writing circuit RWC for the memory

15 core MR. Namely, even in the case where data uses only
a part of I/0 lines MIOi and I/O lines LIOi as in the
transfer patterns Pl to P7, all the control signals
LIOEL are transferred, as shown in Fig. 13.

The transfer circuit CTG (see Fig. 14) for the

20 control signals LIOEL of the buffer circuits TGBUFi
includes switch groups SWGELI as in the data transfer
circuit TG. With this transfer circuit CTG, the
transfer patterns shown in Fig. 13 can be realized by
setting control signals ECi in accordance with the

25 transfer patterns, as shown in Fig. 15.

It is seen from the transfer patterns shown in
Fig. 13 that PO, P2 and P5 have the same configuration.

Thus, a unified switch group SWGE0 is provided



- 31 - SWin the switch group SWsG are constructed by transistors as
exenplified in Figs. 9a to 9c which will be explained in detail |ater
rel ationship between the switching conditjpn of each switch SWand the

| evel 5 of the switch control signal TGO can be deternined I n accordance

with the configuratian ézo tHe dd; t|ons A asdg“% S\gct §Ws 'ghgg)eftgra%

not necessary to regar

herein assumedt haf i;puMdeeh «IWH cHdORd

IS re V\BVGI’

|ng

on.

it
IS

d fora t@x@ntclb@ﬂt r8Q %h@'ﬁ%'lsTGQ

A

i's

applied to a control input of the switch SWtakes a high potential and the
switch SWis tmopmedad fand Hdte cameralbysi ghad nuadbes afl ewapekenti al .

According to this, it is assuned that for exanple, if the control sign
TGC3 takes a hmwjitgiotgips SWEE esoh bef rddmostidhero BEtedmt hdlghsiigral s t akes
a low potential, two switches SWin the switch group SW=3 i ndi cated by
arrow are turrsgmation t HErstehdhes pinighepl@\ain opeg addme dwi tdle geoep SWE3
and switches SWin the other swtch groups are

10

15

20

25

as that of the data transfer circuit TG having already
been explained, the explanation thereof will be omitted.

With the provision of the transfer circuit CTG
for the control signals LIOEL of the buffer circuits
TGBUFi in addition to the data transfer circuit TG as
shown in Fig. 4, the present embodiment eliminates a
need to set the enable signals MIOEL of the reading/
writing circuit RWC and the enable signals LIOEi of the
buffer circuits TGBUFi independently of each other.
Therefore, even if the number of I/0 lines or the number
of transfer patterns is increased, it is possible to
prevent the setting of enable signals from being
complicated.

[Enable Signal Capable of Finely Setting Transfer Unit
of Data]

In the foregoing embodiments, the enable
signal MIOEi of the reading/writing circuit RWC and the
enable signal LICEi of the buffer circuit TGBUFi are
provided or set for I/0 lines together subjected to data
transfer at the time of data transfer (2°2 lines in
Fig. 3). However, a further variety of transfer
patterns can be realized by making the setting of the

enable signal fine.

al



turned off. Therefore, when only the control signal 20 TGC3 takes a high
potential, the transfer pattern P3 shown in Fig. 3 is fornmed so that a
transfer path is formed between the 1/Q ljgnes M 02 and M 03 of the nenory
core MR and the I/Olines LIOO and LIA of the logic circuit LC. Simlarly,

t he ot her transfer patt CaRn g2 I e y n of the
control signals TGC éﬁg h?éhéggtzgtggﬁa @kgﬁ%@;? OE???C%??QE%GBUFO
TGBUFI TGBUF%@B@J.T@%QE% Rave Heh@ eftUrGinedy ak Ro) %@EH“QL%hQBﬁES from -

32 - belng del ayed due to parasitic capacifances exist on the 1/0O

lines MO andriah@ flerOunirtes fllita AN 1eXamilse e@boahmeaensthachh@e ef the
buffer circuit TGUF is shown in Fig. 5. Thus, the construction and 5

operation of e Nuhfer toigether BGOjentldd ntowdaeaexpkhasfied fsrnghki g. 5.
The buffer circuit TGBUF is a bi-directional buffer for changi ng over the
fl ow of dat@a itmaasferdap@atdaern shown in Fig. 3 is 4 bytes and the
enable signal is set in units of 1 byte. Thereby, the
eight kinds of transfer patterns shown in Fig. 3 can be
realized between 4 bytes of an I/0 line MIOi of the
memory core MR and 4 bytes of an I/0 line LIOi of the
10 logic circuit LC as shown in Fig. 16. Four enable
signals LIOEi-j and four enable signals MIOEi~] are
provided for a 4~-byte I/0 line LIOi group and a 4-byte
I/0 line MIOi group, respectively. Namely, j is 0 to 3.
For example, four enable signals LIOEQO-0, LIOE(Q-1,
15 LIOE(0-2 and LIOEO-3 are provided for an I/0 line LIOO.
LIOEQ0-0 is the enable signal for the first byte of LIQO,
LIOED-1 is the enable signal for the second byte of
LIOO, LIOE(O-2 is the enable signal for the third byte of
LIOO, and LIOE0-3 is the enable signal for the fourth
20 byte of LIOO.
Figs. 17a to 174 show examples of transfer
patterns capable of being formed by the transfer circuilt
TG having the construction shown in Fig. 16 and the
manner of setting of enable signals for those patterns.
25 The enable signals MIOEi-7j may be produced by
transferring the enable signals LIOEi-j or may be set
independently of the enable signals LIOEi-j. Fig. 1l7a

shows the case where all the enable signals LIOEi-j and



with the read/wite operation for the nenory core MR as 10 well as a
circuit having a function of latching the potential of an I/Oline LIO of
the logic circuit LC which is not used whgn .a transfer pattern is forned.
In the above-expl ai ned exanples shown in Fig. 3, each of the transfer

patterns excepieNQriaia d rARRAls MrdialledyLO1008% ROLLEER AnDP@hlicaf at he
I/Olines LIG of the logic circuit LC” If the potential of the unused I1/0O

line LIO is malsidetefafidialr VR tierds QRS il i@ bealthed tirtheairierg condi tion,
there is a possibility that it takes an internedi ate potential due to the
| eakage of 20 dhaniges.td nd . Cca@sea,r Ak feMc et teuh Eatrmadcinagshd st hr ough
current will steadily flow through a CMOS (Conpl enent Metal Oxide

Semi conduct or edgeans ey dane ashdwe parttdrer lshgiwva aintddi holwC si de whi ch
receives the internediate floating potential of the unused I1/O line 25
LIG . In ordeNamelagvoitthe HiA ldmamiséd @mel dhe He'O 1dneisn¥IOL| @reof the

logic circuit LCis forced or clanped into a predeterm ned potenti.al.
all coupled. On the other hand, if the enable signals

LIOEi~j and the enable signals MIOEi-j take "0" and "1"
two bytes by two bytes with PO being taken as a basic
pattern, as shown in Fig. 17b, another transfer pattern
10 can be formed. Namely, each I/0 line LIOi and each I/0
line MIOi are coupled by only 2 bytes. Also, Fig. l7c¢
corresponds to a basic pattern P3. On the other hand,
Fig. 17d corresponds to the case where the setting of
the enable signals LIOEi~j and the enable signals MIOEi-
15 j is changed with the basic pattern P3 unchanged.
Namely, each of the coupling of the I/0 line LIO0 and
the I/0 line MIO2 and the coupling of the I/0 line LIO1
and the I/0 line MIO3 is made by only 2 bytes.
Though only one example is herein shown for
20 each of two basic patterns, various transfer patterns
other than the shown example different from the basic
pattern can be formed by changing the enable signals,
In the case, as in the use for an image or the like,
where the attribute of data is different for each byte,
25 there may be a need to transfer only a specified byte.
In such a case, the present embodiment is useful.
Figs. 18a to 18d show embodiments in which the

application is made to data transfer in an LSI



- 33 - Nanely, the logic circuit LC receives an enable signal LICE (see
Fig. 5) and the operation of the circuit is controlled by the enabl e signal
LICEi. Wth the circuit construction showy i-n Fig. 5 5 for exanple, when
an enable signal LIOE as a control input of the buffer circuit TGBUFI

assumes a | owppetepmiak, al kthireeappakest ohaamebheukegi grapasteucti on shown
in Fig. 5 that signals TGW and TGR take |ow |levels and signals TUW and

TGR take highhkeethafierl@etfeatred eoked BDvEGhedrawdagi psoBebiagd W NV
are turned off. At this tinme, a signal LIOPR takes a high level so that a
MOS transi stor Q recei ThegtrhesSegnal reh©OPRIGat si tepgasentsedthbynad on
thereby clanping an I/Oline LIO into a |low level. 15 For an
|/O line LIQ boe feroséa, Fig.t A8act h@hehawdnsfhe ehabhétsTgnak LI OE
assunes a high potential. The change-over of the data direction is
performed & PEOVeReS Retwegn whenmeReryereory ¥Br angrthg LAdACread 20
operation, a signal, TGRWassunes a |low potential. In this case, when the
enabl e Signa|CEF@Eﬂta§§hﬁ€Satm@nﬁ@ghSlmllar to that in the foregoing

embodiment. Since the basic transfer pattern of the
transfer circuit TG is fundamentally similar to that in
Fig. 3, the transfer pattern symbol Pi shown in Fig. 3

10 is used for the following explanation. RGB-A and RGB-B
are data indicating the colors of pixels A and B, and Z-
A and Z-B are data indicating the depth coordinates of
the pixels A and B. Though there is no special
limitation, each data has a l6-bit length.

15 Figs. 18b, 18c and 18d show transfer patterns
for "Z compare", "alpha blend" and "screen clear",
respectively.

In 3D-CG, a specified processing called "Z
compare"” is frequently performed., As well known, this

20 processing is a processing in which when a pixel is to
be newly written into the memory, the comparison of the
Z value of the new pixel with the Z value of a pixel at
the same position is made and the writing is performed
if the former is smaller than the latter whereas the

25 writing is not performed if the former is greater than
the latter. 1In the case where such a processing is
performed for the pixel A, a Z value Z-Aold having

already been stored in the memory core MR is first read



potential, only the clocked inverter RINV for reading is activated so that
data is transferred froman I/Oline LIG' toan I/Oline LIG. On the
ot her hand, when the 25 nmenory core MRiggn a wite operation, the signa

TGRW assunes a high potential. In this case, when the enable signal LICOE
assumes the hwgtahp@tselafeu@ab t@'illeyx e aCleakedernyattern\W AWef pigwriting is
activated so that - data is transferred fromthe I/0O I|ne LIO to

the 1/0 line LGy, alsdxblssethmlyr,am&fe%r edluler augbltihessvbhphr 88V wothhe 1/ 0
line MG of the menory core MR Wth the use of the enbodi nent shown in
Figs. 5 4 andtheag esilua Zdd alforke acw ghxepebd oper dbgdo canchétreal i zed
since the nunber of stages of switches SWthrough which data to be
transferred pa€s i $f1ZiA 3@, sgiaddert hbanuibdoldf, shegwsidfingwofchbe SWis
equal to the nunber of transfer patterns, an useless |ayout area 10 is not
necessary éhdRﬁBgWaﬂmﬁe@métﬂowaﬁyep@§s¢bﬁeneWuPﬂﬁéﬁ isi pesfarpadterAtircuit

TA&BUFi of an unused one . )
this time, if the transfer pattern is changed to P2, it

is possible to write the RGB value and the Z value in
parallel. 1In the case of the pixel B, transfer patterns
P7 and P3 can be used. Namely, in this case, the use of

10 the transfer patterns P7 and P3 results in that the same
I/0 lines as the I/0 lines LIOi on the logic circuit LC
side used for the pixel A are used for the Z value and
RGB data for the pixel B. In the case where the RGB
value and the Z value are different in the number of

15 bits such that the RGB value has 3 bytes and the Z value
has 2 bytes, there may be used a method in which a basic
transfer pattern of the transfer circuit TG is taken in
units of 3 bytes and the Z value is handled in a masked
manner by providing an enable signal for each byte as

20 shown in Fig. 16.

3D-CG further includes a processing for

representing the feeling of transparency. Thisg
processing is called "alpha processing". This
processing may be performed as shown in Fig. 18¢c. BAs

25 well known, the alpha processing is a processing in
which when a pixel is to be newly written into the
memory, data of a pixel at the same position is read so

that the read pixel data and data of the new pixel are



of the 1/Olines LIG of the logic circuit LCis stopped and the potentia
of the unused I/Oline is prevented fromtaking a floating condition
wast ef ul power 15 consunption is elimnatgd and it is possible to prevent
an excess current fromflowing to the gate of the logic circuit LC

Accordingly, Lizdl Mol fireels ransf er : n whi ch does not
use a part othﬁS%I %?%fngggt%gldﬂ%ihgs%%EQEFS %?gs 2?§%E§Bsm5tch group SWG

includes swi t ¢be¥ rIWiled Wl ehd @ HeoetRirmiinddalpi k6P datanek WRpYtekad, that
is, switches SWwhich are not necessary as far as the circuit operation is

concerned. Thiat ithebased @ostitd dnoldfowiheg meeasgneor25MR, In the chlagely,
as shown in Fig. 4, the switch groups SWG formng the transfer circuit TG
have a common whenfd gucdt izoprdoesespectisy pegfformedt famsttbe pakeér As, except
Wi rings and contacts necessary for the connection - 35 - between the
swi t ches S\ anéteh@GEoRalsl havgmal #1Feady been stored in the memory

core MR is read with P4 being taken as a transfer
pattern (see Fig. 18c). Subsequently, the read data
RGB-Aold and data RGBin of the new pixel are subjected
to the weighting thereof by the coefficient o and

10 addition in the logic circuit LC. The determined RGB
data is written. At this time, P4 can be used as the
transfer pattern, as it is. In the case of the pixel B,
a transfer pattern P6 can be used since the transfer of
data for the logic circuit LC is made through the same

15 I/0 line as the I/0 line used for the pixel A. 1In this
case, if the logic circuit LC includes only one
arithmetic circuit for performing the operation of
weighted addition, the "alpha blend" processing can be
performed for each of R, G and B one byte by one byte by

20 providing an enable signal for each byte.

Further, a processing called "screen clear”
can also be performed at a high speed. 1In this
processing, data in the memory core MR is initialized.
Usually, the writing of the minimum value or the maximum

25 value is performed in regard to RGB while the writing of
the maximum value providing the maximum depth is
performed in regard to Z value. In the embodiment shown

in Fig. 184, there are I/O lines corresponding to two



correspondi ng thereto and the connection between the switches SWand the
I/Olines MG . Accordingly, if the common portion excepting the wirings
and contacts 5 necessary for the conneqjiéaw_betmeen the switches SWand the
control signals TGC and the connection between the switches SWand the 1/0

ines MO 1S RLaRd ed iz ecietuti ¢ iWDiakhseloneiand, bhe kayaul design of

a chipis facflitated. S one reason why ufnecessary SW tches SW

are provided. ¢AleSQuP YRR e RS Lhauihangeusliiyd thepsber pattern
I's needed so that a néw switch is required in accordance with the change of

the transfer pakiieg.itdeesddie reWperdddnt k@RS icIlears ngobiespesdaRgat 0 t hat
switch into alibrary is 15 elimnated if all. swtches SWin the swtch

group SWG ar e hirg@gparpeskdas Furtrear,y ilfefeortelaasderTipas tesna®ot hed reason why
unnecessary switches SWare provided. At this time, since there are no
transi st or 5t @nedleewigraddedre tusescdmeiaimidcdssacy sbowpdiihy FpBetol i t ho-
20 graphic masks for sem conductor 1 C fabrication for additional
transistors. Her 8/ himFeeadh|i@ass Eepder P8 FHfHEFTEENESRs to be

modi fied. Espedlal e Jdb AdieifS® s rad R e ionla*§h EhePaBlveh the

it is possible to perform the 3D-CG drawing processing
at a high speed by using the transfer circuit TG of the

10 present embodiment.
[Example in which Allotment of I/0 Lines is Made for
Each Byte]

Up to here, the I/0 lines MIOi and LIO1i have

been shown in a form allotted for each unit of transfer,

15 for simplification of explanation. If this allotment is
made in the actual layout, data is transferred across
many I/0 lines, especially when the unit of transfer is
large. Accordingly, there may be the case where bad
influences such as a delay caused by wirings, the

20 induction of noises and so forth are produced.

Figs. 19a and 19b show an embodiment in which

the allotment of I/O lines is made for each byte. Figqg,
182 shows a method of making the nesting one byte by one
byte when the unit of transfer is 4 bytes. Fig. 19b

25 shows transfer patterns eguivalent to the transfer
patterns shown in Fig. 3. With such a construction, it
is possible to reduce the movement of data. For

example, in the case of the transfer pattern 3, the



present invention, it should be considered that there 25 may be a need to
change the capacity of the nenory or the construction of the logic in
accordance with the purpose of use. If semeral kinds of nenmory cores MR and
basic patterns of the switch groups SWG for the transfer - 36 - circuit

TG are prepar géndg riRidh ehokal aneland i eBysYeBsatubeWrRALBEObet he
purpose of use, it is possible to design masks of an LSl chip pronptly by

sel ecting necdasar ycedes T/omltihes iderakiseendiaapesi Bobgtkegwhedepsrti on by
use of a basic library for logic, and perform ng the arrangenent and

W ring. A trapsilgt @r bytels auffliget nanthet conbarmchgotnhefswhecpr&¥éndnnect ed
tothe I/Oline MG and the I/Oline LIG has a junction capacitance such
as its drain edboddgendn sbapaciinafig .ol 9bour @aoughctheniospachangee. Such a
junction capacitance is one kind of parasitic capacitance which limts the
oper ati ng spheé@rofache byitec dist matiged®f she, saowphexanpber Sheswitches SWis

interchange for each bit may be used. In this case, it
is possible to further reduce the movement of data.
When the present embodiment is used, it is of course
that I/0 ports of the logic circuit LC need to be

10 designed correspondingly. However, it is possible to
avoid bad influences such as a delay caused by wirings,
the induction of noises and so forth and it is also
possible to reduce an increase in area caused by an
increase in wirings.

15 [Example of Specific Layout Pattern of Switch Group SWG]

The specific construction of the switch group

SWG according to the embodiment will now be explained
using Figs. 20 to 26. Though Figs. 20 to 26 are shown
in conjunction with an example in which the number of

20 I/0 lines of each of the memory core MR and the logic
circuit LC is 4, the present invention is not limited to
this example. Namely, it is in common with the
foregoing embodiments that the present invention is also
applicable to the case where the number of I/0 lines of

25 the memory core MR and the number of I/0 lines of the
logic circuit LC are different from each other. 1In
practice, a multiplicity of (for example, 128) I/0 lines

are provided.



I ncreased, the parasitic capacitances of the I/Oline 15 MO and the I/0O
line LIG are increased so that the delay of a signal to be transmtted
through the I/Oline MQ and the I/O linrg LIG becones larger. In the case
where the signal delay caused by the great increase of the nunber of stages

of switch groups SWG pr desga hLe NeeessakYogWt ches SWmay be
omtted. [Second SpeCIf?ngngp ggw? $r§n§}8$QC?r§U|t) %lg 6 shows a

second speci f kem@xanBhe el bh&pt&aﬂiéeﬁlqué@@atlﬁg hnrebhehohBRipr ansfer
circuit TG shown in Fig. 2 is realized by switch groups SWG t he 25 nunber

of stages of wbkgBehs1digrougssalean .t hahoughFtBeré. iknnbhepteaasft er
circuit TG of Fig. 4 corresponding to the transfer patterns shown in Fig.

3, one swi tchigmouptdd6,cehecspords steuenarkr aakker apakosr strhovever,
-37- the transfer patterns PO Pl and P2 shown in Fig. 3 are common to each
ot her in t Isat hekv®Bgard sh-@¢kldedt hareeOlbyeresmetattheingéngry core MR are
connected to LI OO and

construction. Since the CMOS structure with the three-

layer metal wiring construction itself is not directly

relevant to the present invention, the detailed

explanation thereof will not be made but the outline

10 thereof is as follows.

Namely, a P-type well (PWEL layer) and an N-
type well (NWEL layer) are formed in a semiconductor
substrate 200 which is made of, for example,
monocrystalline silicon., Field insulator £films 202 are

15 formed, by a selective oxidation technique, on a surface
of the semiconductor substrate 200 excepting surface
portions where active regions are to be provided. A
gate insulator film 204 is formed on the surface of the
active region. A gate electrode layer FG made of

20 polysilicon or polycide is selectively formed on the
gate insulator film 204. Further, N-type drain and
source regions 206 and P-type drain and source regions
208 are formed through selective impurity implantation
with the field insulator films 202 and the gate

25 electrode layers FG being used as an ion implantation
mask. Thereby, an N-MOS and a P-MOS are formed in the
P~type well PWEL and the N-type well NWEL, respectively.

The cross section shown in Fig. 20 corresponds to a so-



LIAd of the I/Olines of the logic circuit LC. Also, 5 the patterns P1 and
P3 are common to each other in that MLO2 and MLO3 of the I/Olines of the
menory core MR are connected to LI OO andsgl O of the 1/Olines of the logic
circuit LC. In the enbodinent of Fig. 6 with attention directed to those

poi nts, the swiirdgoleyPe SV i Sn 16uErRNBY egh@ngr 4 Mer s d charours, SWE  and
SWX are changed. Fig. 7 shows the manner of setting of control signals

TGC, TGRW anghd | (Egifogifealt ziOdahdesd roostier pRidwgnd®d vy, by the
transfer circuit TG having the construction shown in Fig. 6. In Fig. 7,
"1" representgeddryacht ghMRosentiah badcdfitreptedenich atHaow patardndl .
Since the transfer pattern Pl enables only the wite operation for the
above- nent i ongdtypaswal lt he fomed! isi ghal 1FERVportidrs tefangierPpattern P1
is set only to "1". The setting of the control signals TGC for 20
realizing Bhetypansédl PHELeand PoeaNdtyieiwell ff¥Ekenso ftlak ttha in the
enbodi rent shown in Fig. 4. As shown in Fig. 7, the transfer pattern PO can
be real i zed bjeRakYngof AoMBOAEEBLCB| §RAI ShTGPI bR IS TEROR ke hi gh
potentials. The control signal TGClL 25 nakes the connection of M 02 and

LI 02 of the I+€P{fphed from each other.

A plurality of wiring layers M1, M2 and M3 are
formed on the surface of the semiconductor substrate 200

10 by the repetition of the formation of an inter-layer
insulator film made of an insulator mainly containing
silicon oxide, the formation of contact holes in the
inter-layer insulator film and so forth by a selective
etching technique, and the formation of a wiring layer

15 made of aluminum Al.

For avoiding the complexity of illustration
and facilitating the understanding, the inter-layer
films existing between the wiring layers forming
different level layers are not shown in Fig. 20,

20 In Fig. 20, reference symbols M1 to M3 denote
the wiring layers made of metal such as aluminum. The
third wiring layer M3 lies at the uppermost portion, the
second wiring layer M2 lies below the third wiring layer
M3, and the first wiring layer M1 lies below the second

25 wiring layer M2, Symbol FG denotes the gate electrode
layer of the MOS transistor. Symbols CONT1l, CONT2 and
CONT3 denote contact layers for electrically connecting

the wiring layers Ml, M2 and M3, the gate electrode



and the connection of MLO3 and LIO3 thereof, and the control signal TGC2
makes the connection of M OO and - 38 - LIOCO of the I/Olines and the
connection of LIOL and MOL thereof. The 44ansfer pattern Pl can be
realized by making two control signals T and TGC3 take high 5

potentials. The eaal Q] o ARl ahEFsEKaS 2eRNask 2880bsMRR and LI CO
of the I/O1lines and the connection of LI and M 01 thereof, and the

control signaltrbGsl gkeS (e UIeCHEWEL eihdNIZELandnkl @0 gbrithe | Qel i nes
and the connection of M03 and LIOL thereof. 10 In the present enbodi nent,
t he nunber of images dfayew NG dis provGdesn floe chnseceédngedheTlidugh t he
transfer pattern PO or P1 is realized by activating two switch groups SWG
a second feat wrig iofg tlley gy dblerito disodiifdusdd dayier 2104t oda88padsébet hr ough
one switch 15 SWstage. The present enbodinment differs in this point from

t he convent? ofdlarsrisd® mettlisr l8adre teH@atingsle damgicc §G, or the well

PWEL or NWEL. The contact layer CONT2 is a layer for
connecting the first wiring layer Ml and the second
wiring layer M2. The contact layer CONT3 is a layer for
connecting the second wiring layer M2 and the third

10 wiring layer M3. Though these contact layers are shown
in the figure so that they are layers different from the
wiring layers M1, M2 and M3, it is apparent from the
foregoing that the contact layers are wiring layers
formed in the contact holes formed in the inter-layer

15 insulator films.

As has been explained in conjunction with the
embodiment shown in Pig. 4, the layout design of a chip
becomes easy if a common portion in the switch group SWG
which does not depend upon a transfer pattern is

20 prepared beforehand. Fig. 21 shows an embodiment of the
layout of the common portion. For facilitating the
understanding of the construction shown in Fig. 21, a
layout up to the M1l layer is shown in Fig. 22 and a
layout from M1 to M3 is shown in Fig. 23, Also, an

25 equivalent circuit corresponding to the layout is shown
in Fig, 24.

As shown in Fig. 24, the switch SW in the

present embodiment is composed of a group of four



data passes through a plurality of stages. According to the present
enbodi nent as nentioned above, a higher integration density can be attai ned
wi t hout injuring the 20 high-speed abilit jThird Speci fi ¢ Exanpl e of

Transfer Circuit] Fig. 8 shows an enbodi in whi ch t he nunber of stages
of switch gro E@ﬁ urt he BN of Fig.
6 by connectlﬁgzg%ﬁgi ?gl Jh é&h WEF%%I % ch ﬁéggﬁﬁqgﬁbggﬁgént t he

nurmber of stag @f-m %r&f@wﬁé\é@ GAR %nrn%@md t@;a%h Ihengagrer of

setting of control signals 1s the same as that in the enbodi nent shown in

Fig. 7. In the pdaMmd to thd thidWlrihdFilGye? MBaGRigH tiehtgeoup SWG
has swi tches SWarranged on opposite sides of an I/O line LIG . Exanples of

the circuit canstnueid QLT ol gyt e Wy iswicticked tSWCLepragent ed by
reference 5 synbols in Fig. 9a are shown in Figs. 9b and 9c, respectively.
As shown i S Fispoddld wineirgiltagterSW2 for the control signals TGCi and

TGCi and the third wiring layer M3 for the I/0 line MIOi
of the memory core MR remain unwired since locations
destined for the connection thereof are different
depending upon transfer patterns. The second wiring

10 layer is also used for power supply lines Vcc and Vss
for f£ixing the potentials of the wells PWEL and NWEL and
the gate electrodes of transistors which form unused
switches SW.

In the present embodiment, the second wiring

15 layers M2 forming the control signals TGCi and TGCi are
laid out orthogonally to the I/0 lines LIOiI and MIQOi.
Thereby, the following merit is produced. Namely, it is
preferable that the third wiring layers M3 in the switch
group SWG for the I/0 lines MIOCi of the memory core MR

20 are laid out in conformity with the wiring pitch of the
I/0 lines MIOi of the memory core MR in corder to
facilitate the connection to the I/0 lines MIOLI of the
memory core MR. On the other hand, a need to increase
each of the number of control signals TGCi and the

25 number of control signals TGCiB to be greater than 3
illustrated in the shown embodiment may be generated, as

transfer patterns require. 1In the case where the

control signals TGCi and TGC1l are laid out orthogonally



I ncl udes an N-channel MOS transistor (hereinafter referred to as N-MOS) Ol
and a P-channel MOS transistor (hereinafter referred to as P-MXS) Q@
connected in 10 parallel. The other switgh SWincludes an NMXS On2 and a
P-MOS Q2 connected in parallel. The gates of the N MOXS' s Onl and Qn2 are

i nputted withgotd ol /6 pnads Jfdl andl K&, d£shealie/gsesetie gates of the
P-MOS's @l and 2 are inputted with control signals TGC B and 15 TG( B

havi ng phasesentity@®iment p thosei ©fh tde contT M Signal st BECEAndMiCiCHs
respectively. Fig. 9c shows an exanple of the layout of the N-MOS portion
of the switchifgi¥pdiedenence sysrbpltdt ofndtescentficlstsigndIndg ilresar, synbol
M2 a second wiring 20 |ayer, synbol FG a gate electrode |ayer, synbol L a
di ffused | ayekgeaydisodl CONTHe 2e chntpredwied e Merist twiat mydmyidr tWe and t he
diffused layer L with each other, and synbol CONT2 a contact of the first
wiring |ayér manbg ehecortont SiIRHES | By crhamged + hitealdh Mther. 25 As shown
in Fig. 9c, the diffused layer L as the | ower nost %@yer,,the at e

el ectrode | ayRRCEREathetPi FRANGR (G PRYER M HhA & StInd* W 8% FF 3 ayer
Ve are arrangﬁg iz? ’Eltgeizssxgigglq'gr!‘c‘gu;t)h&vgrfgrenéhee@/ocsjiﬁnnets b&ﬂﬁ of the
memory core MR.
Next, a method for forming the switch group
10 SWG of the transfer circuit TG by use of the above-
mentioned common portion will be explained. Fig. 25
shows a method for forming the switch group SWG of Fig.
8 by use of the construction shown in Fig. 21. Though
only the SWG0 portion is shown in Fig. 25, the other SWG
15 portions can be constructed similarly. For clarifica-
tion, the layout of layers added to the common portion
of Fig. 21 is shown in Fig. 26, 1In Fig. 26, there are
added the contact layers CONT2 for transferring the
control signals TGCi and TGCi to the gate electrodes of
20 transistors which form the switches SW, and the second
wiring layers M2 and contact layers CONT2 and CONT3 for
transferring the I/0 lines MIOi of the memory core MR to
the source electrodes or drain electrodes of transistors
which form the switches SW. Thus, various transfer
25 circuits TG can be constructed by merely arranging some
laid~out layers in addition to the embodiment of Fig. 21
in accordance with a transfer pattern to be realized.

If a common portion is prepared as a layout library



- 40 - diffused layers L of the respective MOS's formng two switches can
be provided in comon at an I/Oline LIQ"'. Therefore, it is possible
the two switches SWto fall within a na:quupitch of I/Olines. Though

there 5 is shown the exanple in which the nunber of sw tches SWconnected

in parallel i%e%br%%a%?,oﬁtpggr.%S%q%hé Qot%%k%a%ﬁewﬁg§8ukhaegﬁPgro?g

lines is wide, three

further reducenhe RuEEe) Qﬁr§gqqe@gomegy1@5@g?roups. 10 [ Reduction of
Power Consunption by Menory Reading/ Witing G

nore switches can be connected”in para

rcuit Control Signal]

enbodi ments shown in Fi ghe 4bofecareibdditleatbubkebeehr eubmTERBUF of t

transfer circuit TGis controlled by the enable signa

for

/0O

In the
he

so that wastefu

power 15 consuapijiuoietion edudedhenddamplgatio whtieht ital ewitbkbekogiWc circuit
is prevented fromtaking a floating condition. Fig. 10 shows an enbodi nent
in which a Jurttleerrranged in parallel within the pitch of I/0 lines

10

15

20

25

MOIi of the memory core MR. However, in the case where
the pitch of I/0 lines MICi is wide, it is possible to
arrange still more switches SW within the pitch of 1/0
lines MIOi, thereby reducing the number of stages of
switch groups SWG. Fig. 27 shows an example in which
four switches are arranged within the pitch of I/0 lines
MIOi so that the switch groups SWG0 and SWGl shown in
Fig. 8 are realized by one stage. Thus, the number of
stages of switch groups SWG can be reduced by arranging
many switches SW within the pitch of I/0 lines MIOi.
Therefore, in the case where the pitch of I/0 lines MIOQi
is wider, the chip size can be further reduced. It is
of course that even in the case where many switches are
arranged within the pitch of I/0 lines MIOi, the layout
design of the transfer circuit TG can be made very easy
if a common portion of the layout is registered as a
library beforehand.
[Example in which Arrangement of Transfer Pattern TG is
Changed]

Though the foregoing embodiments have a
construction in which the transfer circuit TG is
arranged between the reading/writing circuit RWC for the

memory core MR and the logic circuit LC, the present



control is perfornmed, that is, the reading/witing 20 circuit RAC for the

menory core MRis controlled in accordance with transfer patterns so that

wast ef ul power consunption at the tinme ofgg eading caused by driving unused
I/Olines MO of the nmenory core MR is reduced and erroneous data is

prevent ed frog,bebagou el GRef homi 23l e ugused beRskbagedhd into the
at the ting. | h er

menory core tinme of wi n the trans patterns P2 to P7

shown in_Fig-NémeQEhytﬁep res@htt R8vEnPilbnnes Noph iebpliBecyBADEY the- 41 -
core MRis used. In the eitbodi mrent shown in Fig. 10, therefore, control

signal s for cepkkokhicrd &he readisFer Wiklkung oGredi hrRMEgkar ihhengenory
core MR are provided so that a reading/witing circuit RAJ having charge

of 5 an I/0 | ifpend Etaglk Ufe tHen@erddiaknewiRtiagsteppadtbrwtheoeonheol
signal. In Fig. 10, RWCO, RAC1l, RWC2 and RWC3 are reading/witing circuits
RACI for |/ memesyMcO®e MROL, M 02 and M 03 of the nenory core MR
respectively,

Fig. 28a shows the case where the transfer
circuit TG is arranged in the rear stage of the
reading/writing circuit RWC for the memory core MR, and
Fig. 28b shows the case where TG is arranged in the

10 front stage of RWC.

Such a construction as shown in Fig. 28a can
be considered as being suitable for the case where the
construction of the transfer circuit TG is complicated
so that the wiring capacity in the transfer circuit TG

15 1is large. Namely, in the case where the wiring capacity
in the transfer circuit TG is large, the direct driving
of the transfer circuit TG by a raw signal read from the
memory core MR brings about an increase in delay time,
However, with the embodiment shown in Fig, 28a, the

20 gignal is amplified by a reading/writing unit circuit
URW and the transfer circuit TG is driven by the
amplified signal. Therefore, it is possible to suppress
the increase in delay time.

On the other hand, such a construction as

25 shown in Fig. 28b can be considered as being suitable
for the case where the construction of the transfer
circuit TG is simple so that the wiring capacity in the

transfer circuit TG is small or in the case where the



which formthe reading/witing circuit RAC for the 10 nenory core MR as a
whol e. Reference synbols MOEQ, M OCEL, M CE2 and M OE3 denote enabl e

signals for controlling the reading/witggg.circuits RACO RWC1, RWC2 and
RWC3, respectively. The manner of setting of the enable signals 15 M CEQ

MOCEL, MOE2 anshdd Q58 fa5 £oMés oLidNGot hend eask NY/ W4 dd g 1t riGHi ts RAG
and enable signals LICEI for the buffer circuits TGUFi of the logic

circuit LC i Sgidionéy | fhih Othd Indse£ash tHansf@rl padd ed1oi I0F Rirg 11, " 1”
of the enable signal represents a high potential 20 or an activating

condi ti on andnéfry heseof MR epriesmel ¢, awlchy fiod erdriss ruart morstadwmain
condition. In the case where the enable signals M OEO, MCElL, MCE2 and
M OE3 are gerieiqt ezigthy obnébhe logne Learcwf tie aihtaoeidrdtodrhefreriry core
MR, the layout with a high density can be 25 attained if the wiring for the
enabl e si ghalspésaniwie speedasinte phlssesitimpueagpadiccyt risnsfmllcircuit TG
as shown in Fig. 10.
Also, it is possible to reduce the number of reading/
writing unit circuits URW in accordance with the smaller
number of I/0 lines LIOi of the logic circuit LC.
The operation and data transfer pattern of the
10 transfer circuit TG as explained in the above are
controlled by the switch group control signal TGCi and
the buffer group control signal LIOEi. On the other
hand, the memory core MR is alsc inputted with the
control signal MRC for control of the reading/writing.
15 In general, there is an anti-coincidence between a time
from the input of the control signal TGCi to the
transfer circuit TG until the transfer pattern or
operation is determined and a time from the input of the
control signal MRC until the reading or writing of data
20 becomes possible. Accordingly, the control circuit LCC
shown in Fig. 2 needs to generate the control signal
TGCi and the control signal MRC to the transfer circuit
TG and the memory core MR with the above difference in
time being taken into consideration. A designer may
25 design the control circuit LCC with the time difference

taken into consideration each time an individual chip is

designed. However, there may be the case where such a



- 42 - According to the present enbodinent, the control of the

reading/ witing circuit RAC for the nenory core MR in accordance with
transfer patterns nmakes it possible to redyce wasteful power consunption 5
at the time of reading caused by driving unused 1/Olines MG of the

remory core MRk AU LNEL, TBKeS bip DOSSHOL © 10 eyl rangpus data from

being witte e unuse Ines M1 into the nenory core MR at the

time of Witinthtdfey!A@ieseMatéOrcdOf £oMmmik s e M3 MUronization
Readi ng/ Witing Grcuit and Buffer Control Signals] In the embodi ment shown

in Fig. 10, thefefiedl €ost goR! sidhdXs TECi comd rikd iwikh heagteastitieg/ wrd ti ng
circuit RAWC and the enable signals LIOEI for the buffer 15 circuits TGBUF
of the logic cprepatedGarcherdvialcoasadepbodemny af avhdwtchdior Nareel vy,
it Is necessary to set the signals MOE and the signals LIOCE in different
ways in accéhr danaesfier hciremst €76 par t ehesiener s heowe iNRFilk 481, However, if
the nunber of I/Olines and the 20 nunber of transfer patterns are

i ncreased, thecopdepbedientineetthg afdinkormabl €18 kg ReMak ustnd g

circuit suffices in designing a chip. For example,
provided that the control signal TGCi and the control
signal MRC are simultaneously inputted to the transfer
10 circuit TG and the memory core MR and a time {or
latency) from the determination of a transfer pattern of
the transfer circuit TG until the reading or writing of
data for the memory core MR becomes possible is 2
clocks, it is only required that an adjusting circuit
15 for delaying the control signal TGCi by 2 clocks should
be prepared as a module for the transfer circuit TG
beforehand. 1In this case, when a control signal of the
trangfer circuit TG and a control signal of the memory
core MR are simultaneously generated from the control
20 circuit LCC, it is possible to make the synchronization
of both the control signals with each other since the
control signal of the transfer circuit TG is delayed by
2 clocks. As will be mentioned in the following
embodiment, there may be the case where the latency of a
25 memory nmacro MMACRO as an embodiment of the memory core
MR at the time of reading is different from that at the
time of writing. In this case, the delay of the

adjusting circuit may be changed over by a read/write



LICE is conplicated. Fig. 14 shows an enbodi nent in which a transfer
circuit CIG for the enable signals LIOSI of the 25 buffer circuits TGBUFi

of the logic circuit LCis provided so._tRat the enable signals MOE of the
reading/witing circuit RAC are automatically generated fromthe enabl e

signals LI CE opIhgedabart 629868"  In- géReralPt ACENScshOWGEN Fig. 3 is
shown in Fig. 12 again. Fig” 13 shows"the transfer patterns of control

signal s LI CEi gghethe:yf belethyCiht Scd&BEURhcEORWL EEPONEENY Eontihe data
transfer patterns shown in Fig. 12. 5 If the control signals

LI CEi of the buohkeruckeduphsilEBUFThareforansther édtabdlédecexphanytione MR
side in accordance with the transfer pattern shown in Fig. 13, the signals
can be used asfehnbbl ecssgnacsivhOBE bhet Helagadengtatitgngiccutui wiRWC for
the nenory core 10 MR, as they are. Here, it should be noted that control
signal s 5 be omitted.
Up to here, the embodiments of the present
invention have been explained taking the transfer
circuit as the main subject. Next, embodiments of the
memory core MR will be mentioned in detail. In Fig. 1,
10 it is assumed that the memory core MR stored in the data
base storage device DB includes a plurality of memory
cores each of which has a multiplicity of I/0 lines and
which have different storage capacities. However, it is
possible to make the design of a memory/logic mixed chip
15 more flexible by modularizing the memory core MR, as
will be mentioned hereinbelow. Embodiments thereof will
now be explained. In the following, a memory macro
MMACRO as an embodiment of the memory core MR will be
explained successively for respective items.
20 {[Memory Macro]
<1l. Construction of Memory Macro and Example of
Application of Memory Macro>
Fig. 29 shows the construction of a memory
macro MMACRO and an example of the application of the
25 memory macro MMACRO to an image processing LSI. A
semiconductor integrated circuit SIC includes a logic

circuit block LOGIC and a memory macro MMACRO formed on

one semiconductor substrate made of monocrystalline



havi ng char ge of

only a part of I/Olines MG and I/Olines LIG as in the transfer

patterns Pl tg; PieoRl! theugRNtheLeSigNAbSs

in Fig. 13. The transfer circuit CIG (see Fig. 14) for the 20 control

signal s LI CEi g@hiébaahutber isteguatad TEBLEit NStodes Baw IS m@T e s SNCEI

in the data transfer circuit TG Wth this transfer circuit CIG the
transfer patteeasedhdbnnai plesgiclBackhagbi.r ebhe zedrdygsednt ngnaont r ol
signal s EGC
15. It is seewifing ofiembdahsfeangaciecnstshobownnifFriPigdRIhat PO P2 and
PS5 have the same configuration. Thus, a unified switch group SWEGEO is
5 -ganeratdHcePRrAGPONe EBnthel asrgnaererCO CECRaYPIt EG so t hat

provi ded

10

15

20

25

I n accordance with the 25 transfer patterns, as shown in Fig.

the semiconductor chip. The logic circuit block LOGIC
corresponds to the logic circuits LC, the transfer
circuits TG and the control circuit CC of LSI-A or LSI-B
shown in Fig. 1.
<l.1l Construction of Memory Macro>

The feature of the memory macro MMACRO lies in
that the memory macro MMACRO is constructed by plural
kinds of modules which have different functions. The
memory macro MMACRO is composed of three kinds of
modules including a plurality of bank modules BANK
{BANK~-0 to BANK-n) arranged in the lateral direction of
Fig. 29, an amplifier module AMP provided in common to
the plurality of bank modules, and a power supply module
PS provided in common to the plurality of bank modules.

The bank module BANK includes a plurality of
submemory cell arrays SUBARY (SUBARY-00 to SUBARY-~i7)
which are arranged in the longitudinal direction of Fig.
29, and a bank control circuit BNKCNT-1 and a bank
control circuit BNKCNT-2 each of which is provided in
common to the plurality of submemory cell arrays.

Though there is no special limitation, the
submemory cell array SUBARY is a so-called dynamic

memory which uses a so-called dynamic memory cell

I/Olines MO and I/Olines LIG which are not used by
data also need to be transferred for stopping the reading/witing circuit

RWC for the nmenory 15 core MR Nanely, _eggn_in the case where data uses

EEh1al enifansée) rege as shown

as



It is inputted with the ORlogic of the control signals ECO EC2 and ECS.
Ther eby, the nunber of stages of switch groups SWEE can be reduced to
attain high in- 5 tegration. Since the priqyciple of operation is the sane
as that of the data transfer circuit TG having al ready been expl ai ned, the

I ti t VY I o ' AL : ISl t t f
i Toult CTG 1 or e Re L PO BT d o) ("o 1 RECRGLFGr Erfctits 10 TCBUF

in addition tgghesdata AN MOY tGints i 8RS aghaWhelB bl 8e14, tHRePresent
enbodi ment elimnates a need to set the enable signals CEi of the

readi ng/ writisR@meimoey ceRWCaand vt Bpamablie sogpakedl bEEE eliutheibyffer
circuits TGBUFi independently of each other. 15 Therefore, even if the
nunber of |/ Odfi pes rer afthd ituiieesof ,t Banef plupatlltiéyneofi wordciéasedyW it is
possible to prevent the setting of enable signals from being conplicat ed.
[ Enabl e Si ¢gnal{c@idpalbine c¢hefiard] peSaugt ishgwTr dmsFéig . UBPt £20 efobdiay In the
foregoi ng enbodi nents, the enable signal MCE of the reading/witing
circuit RWC arnder kemgddwied isingedl LLloEitrat ione apdr fecidifabinITERBF are
understanding), a plurality of memory cells (represented
by circle symbol in Fig. 29), a bit line precharge
circuit PC for turning the potential of the bit line to
10 a predetermined level before the reading of data from
the memory cell, a sense amplifier SA for amplifving a
signal from the memory cell, a Y selecting circuit (or Y
switch ¥-SW) for selecting one of the plural pairs of
bit lines B and B, and global bit lines GBL and GBL for
15 connecting the selected bit lines B and B to the
amplifier module AMP. Though there is no special
limitation, the submemory cell array SUBARY takes a
construction having a one-to-one correspondence to the
unit of division of I/0 lines in the bank module BANK.
20 There may be the case where a structure including the
plurality of pairs of bit lines B and B, the plurality
of word lines W and the plurality of memory cells is
usually termed memory cell array. In the present
application, the proper use of terms will be made, as
25 required.
The bank control circuit BNKCNT-1 includes an

X decoder (or row decoder) XD for selecting a word line

W, a Y decoder (or column decoder) YD for selecting a



provided or set for I/Olines together subjected to data 25 transfer at the
time of data transfer (2[err]-2 lines in Fig. 3). However, a further
variety of transfer patterns can be real gged by making the setting of the
enabl e signal fine. - 45 - Figs. 16 and 17 show exanpl es of an enabl e

si gnal which gapybgeseitfingby Bsag@NBArgdavkéhrdhent ramsd esamipi t of data.
In this enbodinent, the unit of 1/O1lines together subjected to data

transfer for éaﬁtéoiram§&§1tpgﬁk@ﬁ@ $heuBei ekl 8n Bah® dadvées and the
enabl e signal 1s set in units of byte. Thereby, the eight kinds of

transfer pattgsnsrshovhghaliki ga53w§;am be neatizrddberiveenod byses of an 1/0
line MG of the nenory core MR and 4 bytes of an I/Oline LIG of the 10

| ogi ¢ circuitabfonstsbaibyi gehegatébsifnalsenabéessignibs 41Kk i¢s anfl f our
enable signals MCEi -] are provided for a 4-byte 1/Oline LIG group and a
4-byte |/ O35 i nemtt @ cgldupeadespecetieny. inphedingibis Ding 3.
precharge, word line selection, sense amplifier
activation, and so forth., One word line W is selected
by the X decoder XD, and (8 x i) pairs among (n x 8 x 1)
pairs of bit lines B and /B intersecting the selected
10 word line W are selected by a column address selection
signal ¥8i which is an output signal of the ¥ decoder
¥D. {(Though the case of n = 2 is shown in Fig. 29 in
connection with the size of the drawing, n is 8 in the
present embodiment.) The selected pair of bit lines B
15 and B make the transfer of data for the amplifier
module AMP through the global bit lines GBL and GBL
arranged in parallel to the bit lines B and B.

The bank control circuit BNKCNT-2 includes a

sensor group for detecting whether or not a sense
20 amplifier control signal reaches a certain level.

The amplifier module AMP is composed of a main
control circuit MAINCNT for supplying control signals,
address signals and so forth to the bank modules BANK in
synchronism with a clock signal, and a byte control

25 circuit BYTCNT for controlling the reading/writing of
data for the bank module group (BANK-0 to BANK-n). ({8 x
i) data input/output lines DQ (DQOO, ---, DQO7, ---,

DQid, ---, DQi7) from the exterior of the memory macro



For exanple, four enable signals LIOEO- 0, LIOCEOG 1, 15 LICEO 2 and LI CEO 3
are provided for an I/Oline LIOO LIOEOCO is the enable signal for the
first byte of LIOCO LICEG | is the enahl gssiignal for the second byte of
LIOO LIOCEO 2 is the enable signal for the third byte of LIOO and LI CEO 3

s the enabl eyghoRal aber 1hBACkEM" LR, 80oRY tReOknpL OB oFi fsauidanhp $3d show

exanpl es of transfer patterns capabl being Tormed by the transfer

circuit TG ha¥hegmbhergoastingcti an§|&@WﬂohBrEﬁ_981§ﬁaanQEi hes mangegnel
setting of enable signals for those patterns. 25 The enable signals M CEi -]

may be producg€drbypehdnsf and nlokhagenakl daseghapatfbObput dinemyDpe set
I ndependently of the enable signals LICEI -]j. Fig. 17a shows the case where
all the enabl énsughaksoffl Oke- pyaerd The 46ta tithpuepabtpusi yhaks BPCE -] are
"1" in a state in which a basic transfer pattern determ ned by the transfer
circuit TGS scPOreAppndnsbethpatinénn tfensmdseionhiisnes (or I/0 lines)
shown in Fig. 1 and the I/0 lines MIOi shown in Fig. 2.
The power supply module PS is a module for
generating various voltages of a VHC generating circuit
VCHG for generating a word line voltage VCH (higher than
10 a power supply voltage VCC) necessary for a word line
driving circuit WD and supplied to the bank module BANK,
a bit line precharge voltage generating circuit HVCG for
generating a voltage HVC (equal to one half of the power
supply voltage VCC) necessary for bit line precharge, an
15 in-array substrate voltage generating circuit VBBG for
generating an in-array substrate voltage {or back bias
voltage) VBB (lower than a power supply voltage VSS (or
a ground potential)), and so forth. In the case where
it is desired to make an operating voltage lower than an
20 external voltage for the purposes of the reduction of
current consumption and the improvement in reliability
of the device, a step-down circuit can be incorporated
in the power supply module PS.
Control signals and address signals necessary
25 for the bank modules BANK are common to each bank module
BANK and are extended as one kind of bus in the bit line

direction along the lower side of the bank module BANK.

Accordingly, these control signals and address signals



case is the same as the pattern shown until now. 5 Nanely, the 1/O Iines
LIO and the I/Olines MG are all coupled. On the other hand, if the
enabl e signals LICE -j and the enable siggals MOEi -j take "0" and "1" two
bytes by two bytes with PO being taken as a basic pattern, as shown in Fig.

17b, anot her hipnsé einpridednidOts@nbaek fecdETes Nt y, wagdLy/ @ddme LIO
and each 1/Oline MG are coupled by only 2 bytes. Also, Fig. 17c

corresponds tisamk hasdal PaBARK nc&B. t&ke t Hecol hest hamd)rdy gindiic icor reeSponds
to the case where the setting of the enable signals LICE -j and the enable
si gnal s M CEi thd5cpnisol habgeslsi ahd t dddbass cs hanals n wRBiamchanged. Nanel vy,
each of the coupling of the I/Oline LIOCO and the I/Oline M@ and the
coupling of teeme/ | teens|cf dhgtinetion o dedMEB. is nade by only 2
bytes. Though only one exanple is herein shown for 20 each of two basic
patterns, various transf@YeyREt e nsowt Fekatedhante akbias e BmA™ diff er ent
fromthe basic fattern can_be fornmed by changing the enable signals. In the

case, as in tFR'WER-FBIaRRd| hage %@dfﬁ%slgkegr%Wﬁﬁﬁﬁﬁ}ﬁaEﬁ??%%ﬁﬁe?%ﬂ dat a
s T erent § o0 CB8 N 81 8% ARE" nP Do R PEESL & O LRI E Uit @
number of bank modules BANK. In order that each bank
module BANK takes the same cell inclusive of the wirings
10 of the row-related bank address Ri and the column-
related bank address Ci, a simple method can use a
construction in which the wirings of the row-related
bank address Ri and the column-related bank address Ci
are inputted from the lower side or upper side of the
15 memory macro MMACRO shown in Fig. 29,

On the other hand, in order to facilitate an
interface for the logic circuit block LOGIC, all signal
lines for control signals, address signals and data
input/output lines DQ to the memory macro MMACRO may be

20 concentrated on one side (the left side in Fig. 29) of
the cell. Accordingly, in order to input the wirings of
row-system bank addresses Ri and column~system bank
addresses Ci from the left side of the memory macro
MMACRO shown in Fig. 29, the wirings may be laid out, as

25 shown in Fig. 44a. 1In the case where there is no need
to provide the same cell inclusive of wirings, the

wirings may be laid out, as shown in Fig. 44b.



In such a case, the present enbodinment is useful. Figs. 18a to 18d show
enbodi nents in which the application is nade to data transfer in an LSI
- 47 - perform ng a three-dinmensional co ter graphics (hereinafter
referred to as 3D-CG drawi ng processing. The transfer circuit TGis

represented by a box fO&%bl%e tN§§at Eh%eﬁﬁa8§f§5cﬁ' Leuk &'l TGheg 5

provi ded between the nmenory the Togic circult I'n a manner

simlar to thabdule fmﬁxorec@@ ra _Fﬂm@r”%@dul@ 8P LB RASI polieanst er

pattern of the transfer circuit TG is fundanentall y simlar to that in Fig.

3, the transfeniakt eloduaTr o2 tIRoWidth kinkredfl@n ghesed for the
fol |l ow ng explanatlon RG&B- A and RGB-B are data indicating the col ors of

pi xel s A and Bonafiduéinkladl rédd iaire idatFd g.ndigcdisi mgdehehdepthecoandi nat es
of the pixels A and B. Though there is no special |limtation, each data has
a 16-bit | engttee poobal bit linEsg&EBlIGRd GEE ap@weESd SUBOWYL Laneser
patterns Vee and Vss, and so forth are arranged at the same
pitch.
Thereby, a desired memory macro module can be
completed by merely arranging the bank modules BANK by a

10 required number in the bit line direction in accordance
with a storage capacity required by the system and
arranging the amplifier module AMP and the power supply
module PS on the left and right sides of the bank module
group, respectively.

15 Though there is no special limitation, the
bank module BANK in the embodiment of the present
invention has a construction in which 256 word lines
(eight X addresses) are provided, (8 x 8 x i) pairs of
bit lines intersect one word line, and one eighth of the

20 bit line pairs (three Y addresses) are selected by the ¥
decoder so that (8 x i) pairs of global bit lines are
inputted and outputted with data. Here, i is, for
example, 16. Corresponding to this, one bank module
BANK is constructed such that it has a 256K(K=1024)~bit

25 capacity and data is inputted and outputted with a 128-
bit width. Namely, there is obtained a memory macro
module the capacity of which is variable in units of

256K bits.



for "Z conpare”, "al pha blend" and "screen clear”, respectively. In 3D CG
a specified processing called "Z conpare" is frequently perforned. As well
known, this 20 processing is a processinggi 0 which when a pixel is to be
newly witten into the nenory, the conparison of the Z value of the new

pi xel with the Z value gf-a-§ix8 t&tchle, sggp POShtioN 4 s made and the
witing is perfornmed if the forner is snallTer than the latter whereas the

25 writing is1Mpi=peL8orepdbif hbgot PraRErdsSigreahstridesd e taiter. In
the case where such a processing is perfornmed for the pixel A a Z value

Z- Aol d havi ngbghk eagdiubeenasdos epim+bit heemerpryacos ei dRodss fiusted aayl -
48 - with P5 being taken as a transfer pattern (see Fig. |8b).
Subsequent | y, ei et Zoank urcduPetsd | Sanehpar edenet hs tbenFrmaded Za n of the
new pixel by the logic circuit LC. If Zinis smaller than Z-Aold, the
writing of 5t meSoREBugargethadcdpgaltiy of vhichehs plxetesdsedpardorbipd. At

every four times such as 256K bits, 1M bits, 4M bits,
16M bits and so forth as in the conventional general
purpose dynamic RAM (DRAM) but as required by
applications.

10 <1.2 Operation Modes of Memory Macro>

A relationship between the external signals

and the operation modes of the memory macro MMACRO is
shown in Fig. 30. The memory macro MMACRO is
inputted/outputted with data, inputted with an address

15 and inputted with control signals in synchronism with a
clock signal CLK. Here, Al is an address signal. The
address signal Ai includes an X address AXij inputted to
the X decoder XD and a Y address AY1i inputted to the Y
decoder YD, Accordingly, the memory macro MMACRO takes

20 not an address multiplex system as in the conventional
general purpose DRAM in which an X-related or row-
related address signal and a Y-related or column-related
address signal are multiplexed, but an address non-
multiplex system.

25 A row~system bank address Ri and a column-
system bank address Ci for selecting a bank module BANK
are signals peculiar to each bank module BANK in

accordance with the variability of the number of bank



this tinme, if the transfer pattern is changed to P2, it is possible to
wite the ROB value and the Z value in parallel. In the case of the pixel

B, transfer patterns P7 and P3 can be use®d -Nanely, in this case, the use
of 10 the transfer patterns P7 and P3 results in that the sane 1/O lines as

the 1/0 linesyblthean tﬁﬁdh%ﬁhﬁc@hbﬁ“b&tk@eﬁ'g%w“§?§t§ﬁrahéec8léﬁh A are
used for the Z value and RGB data for the pixel In the case where the

ROB val ue andsiybeed valmandr €idnkiier ent the tsbmenbabermeaulé bakg $sch that
the RGB value has 3 bytes and the Z value has 2 bytes, there may be used a
met hod i n whi mhda bgsttet rawstgstpat beank efldtrhest Ranshdr théercaltmi6 i s
taken in units of 3 bytes and the Z value is handled in a masked nmanner by
provi di ng an em&be® bﬁ@haﬁdﬁéﬁ5§a€h byfaess a2geshown rankFrgl sbgndbsCO
further includes a processin represent|n9 the feeling of transparency.
Thi s proce§%|ﬁ§f|§ceaPWéénda%5ha 8966e§§|ﬁ§"1 @hﬁégﬁﬁéc§§§|hﬁpﬁﬁé be
performed as shown in Fi known, the al roceSS|ng Is a

processi ng i n®REPEL wh@n%gtﬁlfgptIQ% §1E€aﬁeﬁp§ &Fl?téﬁgﬁﬁ}o Phe nenory,
data of a plx%on roﬁq%n%an%ep%SIEIRQPE%/ %pu% lines independently

for each byte. With the byte control signal BEi, the
amount of data read or written in parallel can be

10 increased and decreased in a range from 1 byte to i
bytes at the maximum.

The activation (bank active) and closing (bank

close) of the bank module BANK are made by taking in CR,
AC and the address signal Ai by virtue of the rising

15 edge of the clock signal CLK. The bank module BANK is
made active when CR = "H" (high level)} and AC = "H" and
is closed when CR = "H" and AC = "L" {(low level). At
this time, it is with regard to only the row system
which the address signal Ai is taken in. A bank module

20 BANK is selected by such a row-system bank address Ri
and a word line W is selected by the address signal Ai.
A timing or status S0 shown in Fig. 30 indicates a close
status of the bank module BANK. A status S1 indicates
an active status of the bank module BANK. Also, a

25 status S2 indicates a read or write status.

Reference symbol LA2 shown in Fig. 30

indicates the number of clocks from the input of a bank

module BANK active command until the input of a read or



that the read pixel data and data of the new pixel are - 49 - added
after the weighting thereof by a desired coefficient a and the determ ned
pi xel data is witten at the sane posing@ Qf the nmenory core MR In the
case where such a processing is perforned for the pixel A 5 data RGB- Aol d

havi ng a'read¥r9 %”c% %ﬁﬁ %c%H%E”§€B%§b§8re bélrﬁ %nggt%eing

taken as at rans tern see quent e read data

RGB- Aol d and gata r@%ﬁb@ o Lagchanehbielngr %héHBbeSEeQntﬁ 588 ¥ ohLi ng

t hereof by the coefficient a an ditton in“the logic circurt LC. The
det erm ned RGBndakames aWiiiheBa AankhndauneepaRf GaBiRerHsednpaLt be a
transfer pattern, as it is. In the case of the pixel B, a transfer pattern
P6 can be usedesidnee wie tlr admahdobedatesl pbskhb1bogi symbotulR LC is nmade
through the sane 15 1/Oline as the I/Oline used for the pixel A 1In this
case, if the kregresentesuithel Gumbelrudés cldokksofiecmar khanehputcofcai te&dr

perform ng the operation of
or write command until the input of a bank module BANK

close command becomes possible.
The lower portion of Fig. 30 shows a timing
chart concerning the column-system control signals and

10 the operation modes. Herein, CC, BEi, RW and a column-
system address signal (or the remaining portion of the
above-mentioned address signal Ai and a column-system
bank address Ci) are taken in by virtue of the rising
edge of the clock signal CLK to control the reading/

15 writing. 1In the present embodiment, the number of
clocks from the reception of a read command until the
output of data (or a read latency) is 2, and a latency
from the reception of a write command until the input of
writing data (or a write latency) is 1. When the

20 continuous (or consecutive) reading or the continuous
writing or making a change from the writing to the
reading is thereafter performed, the column-system
control signal can be inputted with no wait or without
passing through a no-operation status (Nop status).

25 However, when a change from the reading to the writing
is to be made, it is required that the state should be
turned to a no-operation status once., It is not always

that the above-mentioned latency is coptimum. The



wei ghted addition, the "al pha bl end" processing can be perforned for each
of RR G and B one byte by one byte by 20 providing an enabl e signal for
each byte. Further, a processing called 3gcreen clear” can also be
perfornmed at a high speed. In this processing, data in the nmenory core M

is initializeddddldyn &@?%ﬁwmﬁaﬁ‘sﬁa M ARkER Vi G GFi drl1 & x| mum 25

value is perfornmed 1n regar |l e"the witing of the maxinmum val ue

provi di ng t hecdomat Mudt dept bF | shPesyofemd in regard to Z value. In the
enbodi ment shown in Fig. 18d, there are 1/Olines corresponding to two -

50 - pixels. Therefore,Upfta hernsfttaeticn madl heeisEdedthal thap pi xel s
can be witten sinultaneously, thereby making it possible to performthe

clearing procesby athe damd ispeledin Forddertoidimplifnsies quailaratiR@.and 5
enabl e signals are used though it is not showmn in Figs. 18a to 18c,
hi gh- speed5i nagetioe sphmg bank hei scigenegaired sithde e fogatethr iAe has been
mentioned in the above,
operation should be performed with a wait of a certain
fizxed time taken after the activation of the bank.
However, if attention is directed to a plurality of
banks, it is possible to perform the bank activation and
16 the read/write operation simultaneously. For example,
if an active command {CR, AC, Ri) is inputted to the i-
th bank and a read/write command (CC, Cj) is inputted at
the same time to the j—-th bank having already been
activated, it is possible to perform the activation of
15 the i-th bank and the reading/writing from or into the
j-th bank simultaneously. With this construction, a
data waiting time of the logic section is reduced,
thereby making it possible to perform a data processing
at a high speed. Also, it is possible to activate all
20 banks and to thereafter input a read/write command to
any bank. With this construction, data extending over a
plurality of different banks can be outputted in
consecutive cycles, thereby making it possible to a more
complicated operation at a high speed.
25 Ag an example of the above-mentioned operation
using a plurality of banks in the same memory macro

MMACRO, Fig. 45 shows a timing chart in the case where

data of different banks are consecutively read. Though



It is possible to performthe 3D CG drawi ng processing at a high speed by
using the transfer circuit TG of the 10 present enbodinment. (Exanple in
which Allotnment of I/O Lines is Made foryfach Byte] Up to here, the I/0O
lines MO and LIG have been shown in a formallotted for each unit of

transfer, 15 iy Siglddd o inggofherdmnadndtnd ftHdicasd hafetRnt is nade
in the actual layout, data is transferred across many I/O lines, especially
when the unitthdrd raarnsferghts bariganodichsy dimgihe ddwer enawayr yeaddre case
where bad influences such as a delay caused by w rings, the 20 induction of
noi ses and sAMMAGRG, arfee psiouuced . hdHAds . fddendakth wWirow drinee mbodierent i n
which the allotnment of |/Olines is nade for each byte. Fig. 19a shows a
met hod of makihdgame meduier hadytd bRl e afmanaid amniwildf ber ansfer
is 4 bytes. Fig, 19b 25 shows transfer patterns equivalent to the transfer
patterns shoWtade I Eomjungtip il &0itad RR9@EELIan. | JIQWeyédimdl e to

reduce the novenent of data. For exanple, in the case of the transfer
pattern 3, t |ven in the case of a write operation or in the case

where the read and write operations are mixed, a timing
chart can be produced readily on the basis of the
contents of the foregoing explanation.

10 In eight cycles at the beginning in Fig. 45,
bank active commands are inputted so that eight banks
(#0 to #7) are activated in order. This corresponds to
a portion represented by "Active” in Fig. 45. Namely,
commands (CR, AC) and a row-system address Al for

15 selecting a word line are inputted while a row-system
bank address Ri is changed over.

Starting from a cycle CY0 after the lapse of a
time equal to or longer than an interval LA2 from the
activation of the bank #0, read commands are inputted so

20 that the reading is performed in the order of the banks
#0, #1, ---, #7. This corresponds to a portion
represented by "Active + Read" in Fig. 45. Namely,
commands (CC, RW, BEi) and a column-system address Ai
for selecting a data line are inputted while a column-

25 system bank address Ci is changed over. In the shown
example, it is assumed that LA2 is smaller than 7
clocks. 1In the cycle CY¥0, therefore, it becomes

possible to input a bank active command to the bank #7



- 51 - construction shown in Fig. 3 requires the transfer of data across
/O lines corresponding to 8 bytes whereas only 2 bytes suffice in the
construction of the present enbodi nent shown in Fig. 19b. Though the

i nterchange 5 for each byte is nmade in tHe shown exanpl e, the interchange

for each bit e. w3 hi a Lt $.P [ tQafurt reduce
t he novenent gﬁxégtég g%h hé 5?5§e%?mgﬁ%gd?ﬁegﬁaig£§§e§? %% Pgéof course
that I/0 portg el theel ogic circuit LC need to be 10 designed

correspondi ngly. However, it is possible to avoid bad influences such as a

del ay caused by w ringsgubBeqguedueli onnobraeksesomnd sgcierthzangtét is
al so possible to reduce an increase in area caused by an increase in

W rings. 15 [ Exambesel cSpeacirkiad LayeucyPatt @r ayefieBwWEteh GheupySYVE The
specific construction of the switch group SW5 according to the enbodi nent
wi Il now bé expllgi dadausifng iEifgsen20 beak26areéhougbukkgd. i20the 26 are shown
I n conjunction with an exanple in which the nunber of
consecutive cycles. Now directing attention to a cycle
C¥l, it is seen that a read command is inputted to the
bank #1 while a bank active command is inputted to the
bank #0 again so that the row-related address Ai is
10 changed over from al to a2. Thus, it is possible to
input a read command to one bank while changing over the
row-related address Al of another bank for which the
input of a read command has already been completed.
Subsequently, when a read command is inputted
15 to the bank #0 in a cycle C¥x after the lapse of a time
equal to or longer than an interval LA from the input of
the bank active command, data of the bank #0 correspond-
ing to the row-related address a2 is outputted in a
cycle C¥x 2. By simultaneously and consecutively
20 performing the bank activation and the read operation as
mentioned above, it is possible to read data of a
plurality of banks for the consecutive cycles while
changing over the row-related and column-related
addresses and the byte control signal. The reason why
25 the bank activation and the read operation or the write
operation are thus performed simultaneously, is that

row—-related addresses and column-related address of the

bank address is provided in a multiple fashion.



20 /O lines of each of the nenory core MR and the logic circuit LCis 4,
the present inventionis not limted to this exanple. Nanely, it is in
common with the foregoing enbodi nents that, the present invention is also
applicable to the case where the nunber of I/Olines of 25 the nenory core

MR and the nuhggef,| 4O biBBReof FEBQiBQSi Eo%ﬁ?H@vtaL%?I%%%érfx/eﬁ from

each other. In practice, a nultiplficity of (for exanp I nes are

provi ded. ad8ZessFRY. £t30aeBoWRatBeaChasR 5881E0Y 06 BeSERLLPALEgtOr chip
while illustrating a relationship between |aid-out |ayers. Though there is

no special |iwhiaki ablowhagshowdblamrueyotemt BkaE &d&MEs SC1 ugt Uklee 5 havi ng
a so-called three-layer netal wiring construction. Since the CMOS structure
wi th the thresambayémenmebabiesiignagecenbankceddnesssedfbesanoesgedect|y

rel evant to the present invention, the detailed explanation thereof wll

not be madé® but the outRBnapparent from the above-mentioned

operation, the present embodiment makes it possible to
access data of different row-related addresses without
interruption if banks are different. Accordingly, if
pixel information is stored in the memory macro MMACRO,
10 it becomes possible to perform the reading or writing
for a screen area such as rectangle or triangle or a
"screen clear" processing (or the writing of a fixed
value)} at a high speed. Therefore, the present embodi-~
ment is very effective for various image filtration
15 processings, the search of motion vector, the drawing of
line or curve, or a drawing processing in computer
graphics.
<l.3 Sense Amplifier and Bit Line Precharge Circuit>
Fig. 31 shows a circuit example of the sense
20 amplifier SA and the precharge circuit PC in a portion
of the bank module BANK corresponding to one pair of bit
lines. Reference symbols Ql, Q2, 03, Q4, Q7, 08, Q9 and
Q10 denote N-channel MOS (N-MOS) transistors. Symbols
Q5 and Q6 denote P-channel MOS (P~MOS) transistors. 1In
25 the present example, a memory cell includes a dynamic
memory cell composed of one transistor (Ql) and one
capacitor (MC), as mentioned above. Herewith, there are

used a bit line precharge circuit PC and a CMOS cross-—



10 thereof is as follows. Nanely, a P-type well (PWEL |layer) and an N- type
well (NVEL | ayer) are fornmed in a sem conductor substrate 200 which is nmade
of, for exanple, nonocrystalline silicgn,-.Field insulator films 202 are 15
fornmed, by a selective oxidation technique, on a surface of the

sem conductor_su a 0. e [ ort4 wher Gt | ve regions
are to be pr6ﬁﬁﬂ§%ééﬁég%%§l?n%%ﬁ%%o%g??#%iggzsgé f%?gél onlfﬁgﬁéirface of
the active regiofnafydaterhectpOdeyhayes K nBdee ofr Zhhadeysdddson or
polycide is selectively formed on the gate insulator film204. Further,

N-type drain apd gosti€esr£0hogs P&FeBNdtive t ¥PEOSIr E an ik SRIFEE drepi ons 208
are formed through selective Iinpurity inplantation with the field insulator
filns 202 andQB hargaterfédebecsootieat dyet sl h@dbed ngndisk e an i on

i npl antati on mask. Thereby, an NNMOS and a P-MOS are formed in the P-type
wel | PWEL &andptéehdkggdebyed| volEage rEéPectAvedy. tHh - st s isoshown

in Fig. 20 corresponds tg a so- , ) =
04 is turned on so that the bit lines B and B are

equalized. The CMOS cross~coupled dynamic sense
amplifier SA operates when a P-channel sense amplifier
common driving line CSP assumes a high level and an N~

10 channel sense amplifier common driving line CSN assumes
a low level. Namely, an inverter circuit is formed by
the P-MOS transistor Q5 and the N-MOS transistor Q7 and
an inverter circuit is formed by the P-MOS transistor Q6
and the N-MOS transistor Q8. The N-MOS transistors Q9

15 and Q10 form a column switch so that when a column
address selection signal ¥YSi assumes a high level, the
bit lines B and B are connected to the input/output
lines IO and IOB of a submemory array. A read/write
operation is the same as that in an ordinary general

20 purpose DRAM.
<1.4 Bank Control Circuit>

Fig. 32 shows the operation waveforms of the

bank control circuit BNKCNT-1 in the embodiment shown in
Fig. 29. The feature of the bank control circuit

25 BNKCNT-1 lies in that it receives a row-system bank
address Ri and control signals CR and AC to automatic-
ally generate signals necessary for a series of memory

cell read operations including bit line precharge, word



- 53 - called logic section such as the transfer circuit TG the logic
circuit LC and so forth. Though not shown, a nenory core MR section is
constructed such that a second N-type weljg is forned in the |ower portions
of the P- 5 type well PWEL and the N-type well NWEL so that the menory core

VR section angihaeckagie 88¢! LARAr fnb30kabedabtoyhedsh, OhhA so Pl urality

of wiring layers are on the surfacé o

seni conductorféubﬁtramm%@zg 1@hEchR%r6§pQE' beRoPhelinenf gAMBYERRD-Of an
inter-layer insulator filmmade of an insulator nmainly containing silicon

oxi de, the foamateanfathientacttnhehes foniblenignt ehel ageratnsnl@idl hél m and
so forth by a selective etching technique, and the formation of a wiring

| ayer 15 nadeesplalioednum Al. For avoiding the conplexity of illustration
and facilitating the understanding, the inter-layer filns existing between
the wiring 3 ayénsIhofaisegofi BrakeNodudeeBANKy6iesare not shown in Fig. 20.
20 In Fig. 20, reference synbols M to M3 denote the w ring

|l ayers made of metal sufhT&§raFGRFAGRT ¥RAe case of the closing of a

bank module BANK when CR = "H", AC = "L" and Ri = "H".
When a clock signal CLK rises under the condition of CR
= "H" and AC = "L", a bank close flag DCS rises in the

10 main control circuit MAINCNT. The bank close flag DCS
is inputted to each bank module BANK. At this time, a
row-related bank selection signal iRi rises in a bank
module BANK having the row-related bank address Ri =
"H". Since a logical product of the row-related bank

15 sgelection signal iRi and the bank close flag DCS is
inputted to a set terminal S of a set/reset flip-flop
RS-1, an output STi of the set/reset flip~flop RS~1 of
the bank module BANK having the row-related bank address
Ri = "“H" is turned to "“H",

20 On the other hand, since the result of logical
product is inputted to a reset terminal R of another
set/reset flip-flop RS-2 through a logical sum circuit,
an output WLPi thereof is turned to "L". With the turn
of WLPi to "L", an output of the X decoder XD and a gate

25 signal YG of the Y decoder YD in the bank control signal
BNKCNT~1 are first turned to "L" and an output of the
word line driver WD (or a word line W) is subsequently

turned to "L", thereby disconnecting memory cells from



third wiring layer M3 lies at the uppernost portion, the second wring

| ayer M2 |lies belowthe third wiring layer M3, and the first wiring | ayer
M lies below the second 25 wiring | ayer7d- Synbol FG denotes the gate

el ectrode | ayer of the MOS transistor. Synmbols CONT1, CONT2 and CONT3
denote contadit ayeiss f®raeliegirically connecting the wiring layers M, M
and M3, the gate el ectrode - 54 - layers FG or the diffused | ayers 206
and 208 of the transistiss;, tdre WwethaniFElseargk MRl i fAed s tfiedtingThe
contact |layer CONT1l is provided for connecting the first wiring layer M to
the di ffused ¢ ymal 2082 oi s 208rméd thee BL't ram$istBrehantmelgastensd ect rode | ayer
FG or the well PWEL or NWEL. The contact |ayer CONT2 is a |layer for
connecting thempliSienia¢hivibiey Mgrald ESRB serdnrmvd it 1HersaVR. The
contact layer CONT3 is a layer for connecting the second wiring |ayer M
and the thPrdchat wike ngpergeionpef THarigber SR AN st $Myidy S trPethown i n

the figure so that the gre_layers diffggent fromthe )
A dummy word line DWL 1s a delay element having the same

delay time as that of the word line W. The provision of
the dummy word line DWL makes it possible to stop the
sense amplifier SA after the level of the word line W

10 becomes sufficiently low. This 1s because the signal
level of the bit lines B and B and hence the level of
rewriting to the memory cell are prevented from being
lowered due to the stop of the sense amplifier SA.

Subsequently, a level sense circuit provided

15 in the bank control circuit BNKCNT-2 at the upper
portion of the bank module BANK detects "L" of the N-
channel sense amplifier activating signal FSA to provide
an output RE which is turned to "L". This signal RE is
inputted to a precharge signal generating circuit XPC in

20 the bank control circuit BNKCNT-1 provided at the lower
portion of the bank module BANK so that a bit line
precharge signal FPC as an output of the circuit XPC is
turned to "H". The bit line precharge signal FPC is
inputted to the precharge circuit PC provided for the

25 bit lines B and B so that the bit lines B and B take a
precharge status. A series of states up to here are

called 80,



wiring layers M, M and M3, it is apparent fromthe foregoing that the
contact layers are wiring layers fornmed in the contact holes forned in the
inter-layer 15 insulator filnms. As has_begn_expl ained in conjunction with

t he enbodi nent shown in Fig. 4, the layout design of a chip becones easy if

a common portign iR EBgeSwhbeR BRAWPMEMEI WhBERKA9ESnE0F r §8PERSL HPOS0 @
transfer pattern is 20 prepared beforehand. Fig. 21 shows an enbodi nent of

t he | ayout of tbhgceefraogtpenki on. For facilitating the understandi ng of the
construction shown in Fig. 21, a layout up to the M layer is shown in Fig.
22 and a | ayout from M NegtMBcors$ewntha Erge €Berd sioe lamPRmedmieal ent
circuit corresponding to the layout is shown in Fig, 24. As shown in Fig.
24, the swi t cBABR knrtibefpomséhe ewhodsnsft tbsanoapbsed statugromp of four
- 55 - transistors in which two switches each including NMOS
5 which CR = "H", AC = "H" and Ri = "H". When the clock
signal CLK rises under the condition of CR = "H" and AC
= "H", a bank active flag DCA rises in the main control
circuit MAINCNT. The bank active flag DCA is inputted
to each bank module BANK. At this time, a row-related
10 bank selection signal iRi rises in a bank module BANK
having the row-related bank address Ri = "H". Since a
logical product of the row-related bank selection signal
iRi and the bank active flag DCA is inputted to a reset
terminal R of the set/reset flip~flop RS-1, the output
15 STi of the set/reset flip-flop RS-1 of the bank module
BANK having the row-related bank address Ri = "H" is
turned to "L".
The logical product of the row-related bank
selection signal iRi and the bank active flag DCA is
20 also inputted to an X address latch circuit XLT. The X
address latch circuit XLT takes in an X address AXij in
a period of time when the logical product is "H" and
latches it when the logical product is "L". The output
8Ti of the set/reset flip-flop RS-1 is inputted to the
25 precharge signal generating circuit XPC to turn its
output or bit line precharge signal FPC to “"L"., The bit

line precharge signal FPC reaches the level sense

circuit in the bank control circuit BNKCNT~2 while



and P-MOS transfer gates are connected. Each transistor is connected to the
third wiring layer M3 which is the I/Oline (LIQ'-LI03") of the logic
circuit LC. The 5 second wiring |ayer Msfor the control signals TGC and
TGC and the third wiring layer M3 for the 1/Oline MO of the nenory core

MR remai n unwé&peasingethocptbonsrgdesdf nelle fvit t heneormesid b, t heeof are
di fferent dependi ng upon transfer patterns. The second wiring 10 |ayer is

al so used fortpeveeveuppfythénestVEEnangrdsSsafgs $ignay Fhe ipodemdd al s of
the wells PWEL and NVEL and the gate el ectrodes of transistors which form
unused swi t chesw&yV thant aeceresint £ brbddvatne, aheostRondPOEEN mof 1he | ayers
M2 formng the control signals TGO and TGC are laid out orthogonally to
the I/0O |ineslevelapenseOrirdueteby, tuneed ot ol hg rhe tsignapk RIERREN.
Namely, it is preferable that the third wiring layers MB in the switch
group SWG forigh@onpvertefieBy M Prorshnk Pehse yoerreavRechr@iitaid out in
conformty with the mﬁringgpitch of the I/Olipes MQ of fhe nenory core

h

MR in order t@NESEPT {4t EREhR2RHNAREFOh FLrEnbt | BRXCY el Mi%S &f the

enpry core “ﬁ%rggwtgﬁlgéhﬁévgﬁgda gigggdoEOséggggfsganoseconds and

is thereafter inputted to an $§ input terminal of the
set/reset flip~flop RS-2., As a result, the output WLPi

10 of the set/reset flip-flop RS-2 is turned to "H". With
the turn of WLPi to "H", the output of the X decoder XD
selected by the X address AXij is first turned to "H"
and the output of the word line driver WD connected to
the X decoder XD {(or the word line W) is subsequently

15 turned to "H", thereby connecting memory cells to the
bit. lines B and B.

Next, the N-channel sense amplifier activating
signal FSA is turned to "H" and the P~channel sense
amplifier activating signal FSAB is turned to "L", so

20 that the sense amplifier SA starts its operation. With
the provision of the dummy word line DWL, it is possible
to operate the sense amplifier SA after the level of the
word line W becomes sufficiently high so that a
sufficient signal appears onto the bit lines B and B.

25 This is because the sense amplifier SA is prevented from
erroneously operating or from operating while the signal
is small. Subsequently, the level sense circuit

provided in the bank control circuit BNKCNT-2 at the



each of the nunber of control signals TGC and the 25 nunber of control
signals TGCiB to be greater than 3 illustrated in the shown enbodi nent may
be generated, as transfer patterns requiigg -ln the case where the control
signals TGC and TGC are laid out orthogonally - 56 - tothe I/Olines

LIG and MG ypaari BokReoRr 83€RheCBRAN ABBLLe! BANRI §6DelEst fign | 6@ Lhoes
LIG and MO T1s independent of the pitch of the control signal |ines.

Accordingly, fheranhgelpeedeectmpli€iet hBaivaveng £ighel Sronnpes ehecontrol
signals is changed, it is not necessary to change the pitch of the third

W ring | ayerschBmon tihéviwgt dlingr GBN SWGther skheel &bl i fiksr MO onf thée
menory core MR Next, a nethod for formng the swtch group 10 SW5 of the
transfer circlirMOsGthpnadetot shéedbovés menesvhed tbemontpottRBnofd |1 be
expl ained. Fig. 25 shows a nethod for forming the switch group SWG of Fig.
8 by use of5 t kBecémr¥educenss ShoRHiktnipi §urped YhRolBh. The signal RE

is subjected to logical product with WLPi by a logical
product circuit in the bank control circuit BNKCNT-1
provided at the lower portion of the bank module BANK so
that an output ¥YG of the logical product circuit is

16 turned to "H". This output ¥YG enables the Y decoder
cirecuit ¥D. A series of states up to here are called
81l. after the above operation, the bank module BANK
turns to a status in which the reading and writing are
possible, This status is called S§2.

15 (3) In Case where Bank Module BANK Turns from Status S1
to Active Status

Next, consider the case where the bank module

BANK turns from the status 81 to an active status in
which CR = "H", AC = "H" and Ri = "H". When the clock

20 signal CLK rises under the condition of CR = "H" and AC
= "H", the bank active flag DCA rises in the main
control circuit MAINCNT. The bank active flag DCA is
inputted to each bank module BANK. At this time, a row-
related bank selection signal iRi rises in a bank module

25 BANK having the row-related bank address Ri = "H",
Though a logical product of the row-related bank
selection signal iRi and the bank active flag DCA is

inputted to the reset terminal R of the set/reset flip-



only the SWE0 portion is shown in Fig. 25, the other SW5G 15 portions can be
constructed simlarly. For clarifica- tion, the |layout of |ayers added to

t he common portion of Fig. 21 is shomn_i?lFLg. 26. In Fig. 26, there are
added the contact layers CONT2 for transferring the control signals TGO

and TGO to tag,gake-£l e@ﬁéogﬁgp@é 20; tsAnshst s,/ Mhieh forgn s, vt ches
SW and the second wiring |layers M2 and contact |ayers 2 and CONT3 for

transferring iheehdhdi geshdhgrdosinbe tenmpdy £DreadiR beed hasmd oo

el ectrodes or drain electrodes of transistors which formthe switches SW
Thus, vari ous"LY absfehe2brecedingscifS ean Bre chogicalctmbdiyemaviel yhe
arrangi ng sone laid-out layers in addition to the enbodinent of Fig. 21 in
accordance witéowarekahefiebaphatselectbobesignil Z8Ri and athwrbmork portion is
prepared as a layout library - 57 - beforehand, it is_possible to nmake
t he | ayout Sdea¢ghveffiae P?&né$e@l%@réﬂpﬁtqﬁﬁv%Qyt%%§§ Sholakch

enbodi nent has_ been shown in )
circuit XLT. The X address latch circuit XLT takes in

an ¥ address AXij in a period of time when the logical
product is "H" and latches it when the logical product
is “"L",

10 The cutput of the logical product circuit is
also inputted to the R terminal of RS-2 through a
logical sum circuit to turn WLPi to "L". With the turn
of WLPi to "L", it is in a sequence similar to that in
80 which the voltages of the word line W and the N-

15 channel sense amplifier activating signal FSA are turned
to "L" and RE is turned to "L". With the turn of RE to
"L", a one-shot pulse generating circuit ONESHOT in the
precharge signal generating circuit XPC generates a
pulse having a width on the order of ten and several

20 nancseconds. This pulse is inputted to a driving
circuit of the precharge signal generating circuit XPC
so that a bit line precharge signal FPC of "H" is
outputted with the width of the inputted pulse. This
signal FPC reaches the level sense circuit in the bank

25 control circuit BNKCNT-2 while precharging bit lines B
and B. When the level of the bit line precharge signal
FPC becomes lower than a certain fixed value, an output

PCSEN of the level sense circuit is turned to “H". This



conjunction with the exanple in which two switches SW5 are arranged in
parallel within the pitch of 1/Olines MJi of the nmenory core MR However,
in the case where the pitch of I/Olinesgfl O is wide, it is possible to
arrange still nore switches SWwithin the pitch of 1/Olines MG, thereby

reducing the pugbel of SLAGEStOh B EME SR IERIPSHENe ddler LimdIoONs an

exanple in which four swtches are arranged withi'n the pitch of T/0O lines

MO so that &pecsit!GRESEOUPSn SVED Baflk SVt sEDW + du ft geNigcar-€l real i zed
by one stage. Thus, the nunmber of stages of switch groups SWG can be

reduced by arimbtgi &#gpdbsenhyvingtahesr v widtin ah@ s thexdaftd® | i nes

M QO . Therefore, in the case where the pitch of I/Olines MQ is w der

the chip si zeicpmtbedf tiot hee Seidlupet. téermigabfofouhrsesethatessterfiipt he case
where many switches are arranged within the pitch of I/Olines MG, the

| ayout 20 8esfyppoRStRe tfanafeeseltecuthe Toennt ELRhdRE Vidty easy if a
common portion of the layout is registered as a |ibrary beforehand.
(Exanpl e in mﬁ?Eﬁr%§?§n§iﬁBﬁflﬁP Rgéﬂsf%rtF%P?g}ﬁoTtgis bty edie 25

Though the foES?Q'Q? ﬁﬂp?dkgEﬂﬁﬁ,h@gg gutput of the X decoder XD

selected by the X address 2Xij is first turned to "“H"
and the output of the word line driver WD connected to

10 the X decoder XD (or the word line W) is subsequently
turned to "H", thereby connecting memory cells to the
bit lines B and B.

Next, the N-channel sense amplifier activating

signal FSA is turned to "H" and the P-channel sense

15 amplifier activating signal FSAB is turned to "L", so
that the sense amplifier SA starts its operation. The
subsegquent operation is the same as that in the above-
mentioned status S1. Namely, the level sense circuit
provided in the bank control circuit BNKCNT-2 at the

20 upper portion of the bank module BANK detects "L" of the
N-channel sense amplifier activating signal FSA {or the
common driving line CSN of the sense amplifier on the N-
MOS transistor side). As a result, the output RE of the
level sense circuit is turned to "H". The signal RE is

25 subjected to logical product with WLPi by the logical
product circuit in the bank control circuit BNKCNT-1
provided at the lower portion of the bank module BANK so

that the output ¥G of the logical product circuit is



construction in which the transfer circuit TG is arranged between the
reading/witing circuit RANC for the nenory core MR and the logic circuit
LC, the present - 58 - invention is_n % Llimted to such a construction.
Nanely, the present invention is applicable even to the case where the

transfer ci r%ﬁ%’f? afF anggek 4 %&gﬁ r&%‘teﬁéﬁﬁ% afhd Re defalidng/ wri ting

circuit RAC for nmenory core g. 28a shows the case where the

transfer circuitc i@ ivparranged e tdodeadpstadendf dihe veadindaund ting
circuit RAC for the menory core MR, and Fig. 28b shows the case where TG is

arranged in tHd OcdFodteStaceHfe RYL i Suahl éh canstrdsdim) s shown in Fig.
28a can be considered as being suitable for the case where the construction

of the transffiginguite Tdodsisnaplicated so that the wiring capacity in
the transfer circuit TG 15 is large. Nanely, in the case where the wiring
capacity 5 <1.5 Byte Control Circuit>
Next, the operation of the column system will
be explained. Fig. 33 shows an example of the byte
control circuit BYTCNT., The amplifier module AMP shown
in Fig. 29 has i byte control circuits BYTCNT therein.
190 In Fig. 33, reference symbols WA-0 to WA-7
denote writing circults and symbols RA-0 to RA-7 denote
reading circuits {(or main amplifiers). Eight such
writing circuits WA and eight such reading circuits RA
are arranged in the byte control circuit BYTCNT.
15 Writing data inputted from DQ-i0 is transmitted to
global bit lines GBL-i0 and GBL~i0 through inverters Il
and I2 and a switch SW1l which act as an input buffer.
Since the global bit lines GBL-i0 and GBL-i0 are
connected to divisional input/output lines IO and I0 in
20 each bank module BANK, as shown in Fig. 29, the data is
transmitted to the input/output lines IO and IOB and is
then transmitted to bit lines B and B through a ¥
switch Y-8W and further to a memory cell. The switch
SWl1 is provided for bringing the global bit lines GBL-i0
25 and GBL-i0 into a high impedance status at the time of
reading. Namely, the switch SWl disconnects the global

bit lines GBL~i0 and GBL-10 from the inverters Il and



in the transfer circuit TGis large, the direct driving of the transfer
circuit TG by a raw signal read fromthe nenory core MR brings about an
increase in delay tine. However, wth thgqenabodi nent shown in Fig, 28a, the
20 signal is anplified by a reading/witing unit circuit URWand the

transfer circihtadGhs diheyedr eddtndPlidd ady sidhalyy Therhi®1ilida i s
possi ble to suppress the increase in delay tinme. On the other hand, such a

construction % 25 shesnehdb Fé 0s i @01 Gai pe consi dered as being suitable
for the case ere the construction of the transfer circuit TGis sinple so

that the wiring capacityatan tdwad tffmonsfigre caneuiyt CEG1Y 9 ssmalansarn tited he case
where the - 59 - nunber of I/Olines LIG of the logic circuit LCis
smal | er than fimmntimbeinpit ftetpiO 1imes I GndfIAhel nreranrty beotke MR

Nanely, with the construction shown in Fig. 28b, there is no fear of the
det eri or at P ormaduid eBENDHper at i may & parepll 5 ek tieough itie it piits snal | .

lines GBL-i0 and GBL~-i0 and a switch SW2. The main
amplifier includes MOS transistors QA4 to QA8. The main
amplifier is a drain input type dynamic amplifier. An
input node of the main amplifier is precharged to VCC

10 before a signal is read from the global bit lines GBL-i0
and GBL~i0. When the signal is transmitted, a voltage
difference appears between two input terminals of the
main amplifier and a main amplifier enable signal MAi
activates the main amplifier which in turn amplifies the

15 voltage difference. The switch SW2 connects the global
bit lines GBL-i0 and GBL-i0 and the main amplifier
till a point of time immediately before the main
amplifier operates, and the switch SW2 disconnects them
when the main amplifier is operating. This is made in

20 order to reduce a load capacitance at the time of
amplification by the main amplifier, thereby enabling a
high~speed operation. The switch SW2 is controlled by a
read enable signal MAGi. The signal amplified by the
main amplifier is inputted to a latch circuit of NAND

25 gates N1 and N2 at the next stage and is then outputted
to the terminal DO-i0 through a buffer amplifier TI1.

An output buffer enable signal DOEi makes a

change-over of the output of the output buffer circuit



Also, it is possible to reduce the nunber of reading/ witing unit circuits
URWIin accordance with the smaller nunber of I/Olines LIGO of the logic
circuit LC. The operation and data transger -pattern of the 10 transfer
circuit TG as explained in the above are controlled by the switch group

control signahif%%ta@éntaenb?lﬁf@ﬂxpsaaﬂ@ecgﬁargl 16V ONdbeddfde, Qucthe other
hand, the nmenory core MR is also inputted with the control signal MRC for

control of theneeadmBobr wkiddnglothe gevtpual oft tiee echspwn launk fexoi nci dence
between a time fromthe input of the control signal TGO to the transfer
circuit TG untitcthe TLan$Setupablietn bheopight impedsncet erPie®l and a tine
fromthe input of the control signal MRC until the reading or witing of
data 20 becontsapsiéskbke. QAtcbodOAZl §prmhe poechatrgei ctuteit G shown in

Fig. 2 needs to generate_the control nal . TGCI and the control signal MRC
to the traﬁsfﬁ?ogﬁichﬂﬁ #Eﬂﬁﬁdggﬁélﬁeﬁﬁgyggﬁréohmﬁvﬁt%"¥ﬂ% above difference
in time being taken into consideration._ A designer nay 25 design the

control circuftapeEstpPER PAE apfeChiPr EPERcR Péﬁ%ﬁaFﬂ?ochbﬂ%+He$%ﬁlon each

time an |nd|v¥gual chlg §.9e3|gneg However, there,nay, be the case where
such a e main amplifiers hese precharge circuits are

controlled by a global bit line precharge control signal

TOEQL and a main amplifier precharge control signal

10 MAEQi, respectively. Also, the above-mentioned control
signals, that is, the global bit line precharge control
signal IOEQiB, the read enable signal MAGi, the main
amplifier enable signal MAi, the write enable signal
WAi, the main amplifier precharge control signal MAEQi

15 and the output buffer enable signal DOEi are all
generated by external signals CC, BEi, RW and CLK in a
read/write control circuit block RWCNT. The read/write
control circuit block RWCNT is provided for each byte
control circuit BYTCNT,.

20 Fig. 34 shows a timing chart of the above-
mentioned column-system signals. When the write command
{CC = "H" and RW = "L") and the byte control signal (BEi
= "H") are inputted at the time of rise of the clock
signal CLK, the write control signal WAL is turned to

25 "H" so that the switch SW1l takes a turned-on condition.
At this time, the global bit line precharge control

signal IOEQiB is turned to "H" so that the global bit

lines GBL-i0 and GBL~-i0 are turned to a high impedance



- 60 - consideration is troublesone. In this case, if a |latency adjusting
circuit for neking the synchronization of the control signals TGG and MRC
with each other is prepared in the data ggse beforehand as a nodule for the
5 transfer circuit TG or the nmenory core MR, it is convenient since the

addi tion of t@@ai@éencdnaghélséti@tgr%éﬁ&'lttl@é'ffé&ifseﬂébﬁ;eséigjﬂaﬂlg snc) p. For
exanpl e, provided that the control signal TGO and the conttol signal MRC

are sinultanegwis! ¥ainpahpedriert8gablansienal OMAi f cthid &3 r@neing e Tpor y
core MRand a tinme (or latency) fromthe determ nation of a transfer

pattern of thprechms@erccntnultsﬂﬁhmhtMAE@heaméaﬁm¢mpu#pww|buﬁ@pmﬁ data for
the nmenory core MR becones possible is 2 clocks, it is only required that
an adj usting enaklétsignabrDABL a‘yragtuhee@omﬁ(ﬂu" s$qnatatTGlie bseaiioigpcks
shoul d be prepared as a nodule for the transfer circuit TG beforehand. In
this case, SwhehreuibnRRolssigaativatede tThereaftelrcthe MG Whd a contro

signal of the nenDrX ) ) . .
control signal WAL and the global bit line precharge

control signal TOEQiL are turned to "L",
Next, when the read command (CC = "H" and RW

= "H"} and the byte control signal (BEi = "H") are

10 inputted at the time of rise of the clock signal CLK,
the above-mentioned control signals are changed over, as
shown in Fig. 34. Namely, the global bit line precharge
control signal TOEQi is turned from "H" to "L" so that
the global bit lines GBL-i0 and GBL-i0 are turned from

15 a precharge status to a high impedance status.
Thereafter, the read enable signal MAGLi and the main
amplifier precharge control signal MAEQLi are turned
from “H" to "L" so that the reading circuit RA is
connected to the global bit lines GBL-i0 and GBL-i0

20 through the switch SW2. Data is read from the glocbal
bit lines GBL-i0 and GBL-i0 to the reading circuit RA.
Thereafter, the read enable signal MAGiL is turned from
"H" to "L" so that the reading circuit RA is dis-
connected from the global bit lines GBL-i0 and GBL-i0.

25 Thereafter, the main amplifier enable signal MAi is
turned from "H" to "L" so that the read data is
amplified by the main amplifier and is latched by the

latch circuit composed of the NAND circuits N1 and N2.



core MR are sinultaneously generated fromthe control 20 circuit LCC, it is
possi ble to make the synchroni zation of both the control signals with each
other since the control signal of the trggsfer circuit TGis delayed by 2

clocks. As will be nentioned in the follow ng enbodi nent, there nmay be the

case where thleiﬁéi?gcytﬂé @u@éu@ﬁ@ffe%ﬁ@b%@ﬁ 5 0 (IRl g of the

menory core MR at e tinme of reading is dif fromthat at the tine of

witing. In thigmcase, tbhegdebgycphet Beradiysiénd £ismUite MRYtHe: changed
over by a read/wite - 61 - change-over signal. In general, a circuit

for generat|nguﬁfdelayrbﬂlacmmldaﬂCEhmnéhtefbcksoﬁaﬂh@em@mmmyrmmaﬁm easily.
Therefore, the detail ed explanation of the construction of the del ay

gener ati ng ci MBBEROWLh| aSpbeiodi ofetlimepof oDDBL e= YHE. enbodf hent34 of the
present invention have been explained taking the transfer circuit as the
mai n subj e6t . "Rgke, déabbdehevissthattBBi is "L" and DQ-i0 to DO-i7 are

unselected bytes.
<l.6 Main Control Circuit>
Fig. 35 shows an example of the main control

circuit MAINCNT. The main control circuit MAINCNT

10 includes the combination of standard logic circuits such
as NAND circuits, inverters, and D-type flip-flops
{(composed of inverters and clocked inverters). From
control signals CR, AC and CC, a clock signal CLK and an
address signal Ai inputted from the exterior of the

15 memory macro MMACRO, the main control circuit MAINCNT
generates signals including a bank close flag DCS (the
inverted signal DCS of which is shown in Fig. 35), a
bank active flag DCA (the inverted signal DCA of which
is shown in Fig. 35), a column address enable signal ¥YP,

20 a row address signal {(or X address signal) AXij, a
column address signal (or Y address signal) AYi, and so
forth shown in Fig. 29,

The bank close flag DCS (the inverted signal

DCS of which is shown in Fig. 32) is generated by a

25 flip-flop DFF-1, a logic circuit TGl and so forth at a
timing as shown in Fig. 32. The bank active flag BCA
(the inverted signal DCA of which is shown in Fig. 32)

is generated by a flip~-flop DFF-2, a logic circuit TG2



menory core MR will be nentioned in detail. In Fig. 1, 10 it is assuned
that the nmenory core MR stored in the data base storage device DB includes
a plurality of menory cores each of mthQBhgs a multiplicity of 1/O1lines
and which have different storage capacitres. However, it is possible to

make the designsof %Mrgélf/%@ﬁ%?%eﬁ c%&&%mfg,ﬂﬁﬁi blqg, by

nodul ari zi ng the nenory core e nentioned herei nbel ow.

Enbodi ments thel et aidiefOVebepexptabned. vo nid heedoddtd ngs 2 Py nmacro

MVACRO as an enbodi nent of the nmenory core MR will be explained
successivel y fDsprespes} i ¥elodessei 20ui el yadha®]fotlth Gonsd rafadirgn of

Menory Macro and Exanpl e of Application of Menory Macro> Fig. 29 shows the
construction & shaownoiy Fhgr o3MVACRGahamanadkoegs el rofetreel apipdriadat i on of
the 25 nmenory macro MMACRO to an inmage processing LSI. A sem conduct or
i nt egr at edSciACiGt iS| Genachtedsbyn & ofl tpcfkemi RFHtboknd 6@ Cartd & thehory
macr o MVACRO fornmed on one sem conductor substrate nade of nonocrystalline
timing as shown in Fig. 34.
Though a Y address latch circuit YLT is shown
in Fig. 29, the flip-flop DFF-4 and the logic circuit
TG3 shown in Fig. 35 correspond to the Y address latch
10 circuit YLT. The Y address latch circuit YLT may be
included in the bank control circuit BNKCNT-1 or may be
included in the main control circuit MAINCNT.
Reference symbol D1 denotes a delay circuit.
The flip~plops DFF (DFF-1, DFF-2, DFF-3, DFF~4, DFF-5)
15 are circuits for latching input data D by virtue of the
rising edge of the clock signal CLK. A clock signal
CLKI is generated by a clock generating circuit CLKCNT
shown in Fig. 36b. The output BXiT of a logic circuit
TG4 is a buffered X address signal, and BXiB is an
20 inverted signal thereof. An X address signal AXij is a
signal predecoded using the buffered X address signal
BXiB or the inverted signal BXiB thereof. Since the
logic circuits TGl, TG2, TG3 and TG4 and other logic
circuits shown in Fig. 35 are simple circuits which can
25 be readily understood by those skilled in the art, the
detailed explanation thereof will be omitted.

A circuit RSTCKT is a circuit for generating a

reset signal RST of a bank control circuit BNKCNT at the



- 62 - silicon. Though there is no special limtation, the sem conductor
integrated circuit SICis resin-nolded (or sealed in a plastic package).
The arrangenent and wiring of nodules anggcircuits shown in Fig. 29 5

generally correspond to the arrangenent (or layout) on the sem conductor

chi p. The | o) £ideUidydi ok, LORE caidespaa b hathoge ci rouits LG
G

t he transfer CIrCUIt and t he control circuit CC of LSI-A or LSI-B shown

inFig 1 1%&%%@815@@%'&51 ofprde @t vedMe riarTcitte JesrirdtR Ofa tdire-menory
macro MVACRO lies in that the nenory macro MVACRO i s constructed by plura

kinds of nodudrest whiTde hayetih ff anenst fpmedd-ans. Thefemnmrey afacie MVACRO i s
conposed of three kinds of 15 nodules including a plurality of bank nodul es
BANK ( BANK- O ¢ ior BANK-RGTECKT ahigesl im theet |ateapdcidiarcds @roofidEdy. 29, an
anplifier nodule AVP provided in common to the plurality of bank nodul es,
and a powed seeipieemmripevesS pipid Yiebine awhmn inputhdgmimdl ©f ¢ bank

nodul es. 20 The bank nobdul e BANK includes a plurality of
inverter IVl so that the voltage of the input terminal

of the inverter IVl rises at a high speed even when a
power supply voltage rises at a high speed. The
operation of the circuit RSTCKT will now be explained.
10 First, when a power supply voltage VCC rises,
the gate/drain voltage of an N-MOS transistor QV3 rises.
When this voltage is not higher than the threshold
voltages of N-MOS transistors QV3 and QV5, no current
flows through the N-MOS transistors QV3 and QV5 so that
15 the voltage of the input terminal of the inverter IV1
rises with the same voltage as the power supply voltage.
Next, when the gate/drain voltage of the N-MOS
transistor QV3 goes beyond the threshold voltage
thereof, currents flow through the N-MOS transistors QV3
20 and QV5 so that the voltage of the input terminal of the
inverter IV1 falls. Thus, a one-shot pulse can be
generated at the time of power-on. The value of VCC
with which the voltage of the input terminal of the
inverter IVl starts to fall is roughly determined by the
25 threshold voltages of QV2 and QV3 or is represented by
VCC = VT(QV2) + VT(QV3). Also, this wvalue can be
adjusted more finely by changing the W/L ratioc of a P-

MOS transistor QV4 and the N-MOS transistor QV5, the N-



subnmenory cell arrays SUBARY ( SUBARY-(Q0 to SUBARY-i7) which are arranged in
the longitudinal direction of Fig. 29, and a bank control circuit BNKCNT-1
and a bank control circuit BNKCNT-2 eachggf.which is provided in 25 comon
to the plurality of submenory cell arrays. Though there is no special

limtation, tfgssy {'ﬁé‘PéVoE%‘ilBaéﬁ&Yais tﬁaz@sﬁé’t&@'é\?ﬁ dynafie NEenory

whi ch uses a so-called dynamc nenory cel - incl udlng an

information syEsi PPagaP3EbEOrQABdaAl QUE[ ess é@ﬂ)@@itcﬁiﬂ @S ig ansistor as a
menory cell. The subnenory cell array SUBARY is conposed of a plurality of

pairs of bit tongecBedBbetwpbnrahet yowér veupplynesndVand orihey omsutt her eof

being shown in Fig. 29 for avoiding the conplication of illustration and

facilitati ng taemindersfandenghyveatptuidli iy ofdeenoo ypretést (g epresent ed
by circle synbol in Fig. 29), a bit line precharge circuit PC for turning
t he pot ent Bal pbénthenbnt thatewhenldha poedet supphedvoliage beizge athe

readi ng of data from
high speed, a capacitance coupled with the input

terminal of the inverter IVl causes a delay in rise of
the voltage of the input terminal so that before the
voltage of the input terminal exceeds the logical

10 threshold value of the inverter IVl, a current flows
through QV5 with the result that the node or input
terminal cannot exceed the logical thresheld value of
the inverter IVl., 1In this manner, the circuit RSTCKT
can generate a pulse surely even if the power supply

15 rises at either high or low speed.
<1l.7 Read/Write Control Circuit Block>

Fig. 36a shows an example of the read/write

control circuit block RWCNT. 1In a manner similar to
that in the main control circuit MAINCNT, signals

20 including a main amplifier precharge control signal
MAEQiB, a write enable signal WAL, a main amplifier
enable signal MAi, an output buffer enable signal DOEi
{the inverted signal DOEiB of which is shown in Figqg.
36a), a read enable signal MAGL {the inverted signal

25 MAGL of which is shown in Pig. 36a) and so forth shown
in Fig. 33 are generated, by the combination of standard
logic circuits such as NAND circuits, inverters, and D-

type flip-flops {ones identical to the flip~-flops DFF



the menory cell, a sense anplifier SA for anplifying a signal fromthe
menory cell, a Y selecting circuit (or Y switch Y-SW for selecting one of
the plural pairs of bit lines B and B, .agg global bit lines GBL and GBL for
15 connecting the selected bit lines B and B to the anplifier nodule AWP.

Though there ig.p0 speBiGl 5511 tALbRNcoh b BUDIBHDTY Bfldndld@y SUBARY
takes a construction having a one-to-one correspondence to the unit of

division of l&{pdk n@ﬁ?ﬁmtbﬁxb@ﬂa arvﬂfte BN o 20s Thes e 3@y hepdtheedase
ura

where a structure including the pl ity of pairs of bit lines B and .
the pluralityfoémwone ékbesidyanfl the peémsayinycod MEATRY. cells is usually

termed nmenory cell array. In the present application, the proper use of
terms will be made, as Pe reaim rampl THie bavke cloatgo| cantrmail ts BNMEONT- 1
i ncl udes an X decoder (or row decoder) XD for selecting a word line W a Y
decoder (ob cHAEQLBdetbeevyi¥® ¢nable| etgnay WAL, théfuain amplifier
enable signal MAi, the output buffer enable signal DOEi
(the inverted signal DOEi of which is shown in Fig.
36a) and the read enable signal MAGi (the inverted
signal MAGi of which is shown in Fig. 36a) are
10 generated at a timing as shown in Fig. 34, Reference
symbols D1, D2 and D3 denote delay circuits. The clock
generating circuit CLKCNT shown in Fig. 36b generates
clock signals TLKI, CLKZ2 and CLK3. The clock
generating circuit CLKCNT may be included in each
15 read/write control circuit block RWCNT or only one clock
generating circuit CLKCNT may be included in the main
control circuit block MAINCNT. Since the logic circuits
shown in Figs. 36a and 36b are also simple circuits
which can be readily understood by those skilled in the
20 art, the detailed explanation thereof will be omitted.
<1.8 Another Example Of Memory Cell Array>
Fig. 37 shows another example of a memory cell
array MCA section in the bank module BANK. Bit lines B
and B and global bit lines GBL and GBL extend in the
25 lateral direction of the figure. Also, word lines W,

memory array input/output lines I0 and I0, and column

address selection signals ¥Si extend in the longitudinal



pair of bit lines B and B, and so forth. The bank control circuit BNKCNT-|
recei ves an bank address and control signals (as will be nentioned |ater
on) to automatically generate signals neggssary for a series of 5 nenory
cell read operations including bit line precharge, word |ine selection,

sense anplifigfraetiyatdPNeh@nti §@ré Or tithe QEoN®T i NEi MWd &€l ected by
the X decoder XD, and (8 x i) palrs anong (n x 8 x i) pairs of bit lines B

and /B i nt er sgetamged hen Siet eicéedl ilfesvowiti ¢h neoMierte Sekembellsbytathel um
address selection signal YSi which is an output signal of the Y decoder YD.
(Though the casghofamd=1left sesthownt i théi Hig®ei n Dormwcipi fdddts t9%e si ze
of the drawing, nis 8 in the present enbodinent.) The selected pair of bit
lines B 15 anift Bl iakept @eharamst by cofteaf@ freematie amAY fi er nodul e AVP

8% L SR bl 008 T A W AL 12 0
o deteot |10, WIELDeL O 0L, 2 SET8, 20, ATBLLLA Sl SO ol ol el 1 eaches 2
cireuit NﬁlhK@géﬂgraggpPégéngigggtégltﬁég&g%gty cell array MCA.
Accordingly, Y decoders YD are also arranged parting
onto the right and left sides of the memory cell array
10 MCA. A word driver WD, an X decoder XD and the Y
decoders YD are arranged on the lower side of the memory
cell array MCA, that is, near the lower side of the
figure. A feature of the present example lies in that
the sense amplifier SA and the bit line precharge
15 circuit PC are arranged parting onto the right and left
sides of the memory cell array MCA for each pair of bit
lines. Thereby, the requirements for the layout pitch
of the sense amplifiers SA are moderated so that the
length of the sense amplifier SA in the bit line
20 direction is reduced. This is particularly effective
for a system in which a multiplicity of column address
selection signals YSI are passed in the word line
direction, as in the present invention. Namely, the
reduction of the length of the sensge amplifier SA in the
25 bit line direction reduces a parasitic capacitance of
that portion, thereby making it possible to obtain a

larger signal from a memory cell.



address signals and so forth to the bank nodul es BANK in synchronismwith a
clock signal, and a byte control 25 circuit BYTCNT for controlling the
readi ng/witing of data for the bank md group (BANK-0 to BANK-n). (8 x

i) data input/output lines DQ (DQOQ, --- 7, --,1 DQO ---r DQ7) from

the exterior Qff he NBEMNM RGN @5 r eyt t6R10MACRO are inputted through the
anplifier nodule ANS to the nenory cells. A byte control signal BE is a

signal for opening and ¢i@si R@at BR KAt anl BRUMPIWL PEt theNBEnRQ-bALEBLLS Of
one byte. The data input/output lines DQ 5 correspond to the data

transm ssion ldite&itohldc® IBNRENT~-ShoWTHiR kixgmpleaid pheticOlbhirngs M O
shown in Fig. 2. The power supply nodule PS is a nodul e for generating
various vol t aged taebla WdC dgdreemeiiony celduialr rd@H@itar tgenalatirngta wor d
|l i ne voltage VCH (higher than 10 a power supply voltage VCC) necessary for
a word |i n% deinviengegienduial \Aeneed aswmdgifiied st showa BanKigeddle BANKa a bit
line precharg%é%%é&a%%ngﬁgﬁy%g %%5% E%H!%eHggng%Qite control circuit

block RWCNT, signals including word lines W(W0, W1, W2,

W3), bit line precharge signals FPC(R) and FPC(L),

column address selection signals ¥Si (Y80, ¥S1l, ¥s2,

10 v83, ¥Ss4, ¥S5, ¥S6, ¥S7), N-channel sense amplifier
activating signals FSA(R) and FSA(L)}, P-channel sense
amplifier activating signals FSAB(R) and FSAB({L) and so
forth as shown in Fig. 29, are generated by the
combination of standard logic circuits such as NAND

15 c¢ircuits, inverters and D-type flip-flops, from control
signals CR and CC, a row—-system bank address Ri, a
column-gsystem bank address Ci and a clock signal CLK
inputted from the exterior of the memory macro MMACRO
and the signals DCA, DCS, RST and YP generated by the

20 main control circuit block MAINCNT. Here, {R) and (L)
indicate signals for sense amplifiers on the right side
and sense amplifiers on the left side, respectively. A
word driver WDBLK corresponds to the word driver WD
shown in Fig. 29. The same reference symbols as those

25 of the other circuits shown in Fig. 29 are used in Fig.
38a. Symbols D1, D5 and D15 denote delay circuits. The

above-mentioned output RST of the power-on reset circuit

RSTCKT (see Fig. 35) is inputted to WLPi and 8Ti



generating a voltage HVC (equal to one half of the power supply voltage
VCC) necessary for bit |line precharge, an 15 in-array substrate voltage
generating circuit VBBG for generating_aggin-array substrate voltage (or
back bias voltage) VBB (|l ower than a power supply voltage VSS (or a ground

tenti al , t Qs ; st I red gpﬁg
ggesgt:ﬁg)bol?gg%§?g&gé ?hgéaéﬁggagggﬁggﬂg?gﬁgl?%S%g?%Lé§h%$%urposé§Pof t he

reduction of gypEenbnCRR8UNRLEHER: 801 heutABEOVENENt sRarekt aphidhy of the
device, a step-down circuit can be incorporated in the power supply nodul e

PS. Control shgeakBeapdmaddseshoseghal shoesessaayulS fDhus hetbank nodul es
BANK are common to each bank npdul e BANK and are extended as one kind of
bus in the bimehong drregt kekeal angretbatgeeststde, otheéhebpankk hmglul & BANK
Accordi ngly, these control signals and address signals - 66 - may be

i ncl uded i A thesbahkenbdubePpBABK. aNabkBEyeaeachn bpoRe ool @UBPMRE can take a

cell structure, inclusive of ] .
caused by the operation of the sense amplifier SA.

Since logic circuits shown in Fig. 3Ba are also simple
circuits which can be understood readily by those
skilled in the art, the detailed explanation thereof
10 will be omitted.
Fig. 38b shows an example of the bank control
circuit BNKCNT-2. A precharge level sensor PCS is a
level sensor for a bit line precharge signal FPC, and a
sense amplifier level sensor SAS is a level sensor for a
15 common driving line of the sense amplifier SA on the N-
MOS transistor side. These sensors are provided for
detecting the completion of precharge and a completion
point of signal amplification, respectively. Namely,
the precharge level sensor PCS generates a signal PCSEN
20 and the sense amplifier level sensor SAS generates a
signal RE. There are two precharge level sensors PCS
which include one for right-side precharge circuit PC
and the other for left-side precharge circuit PC. Also,
there are two sense amplifier level sensors SAS which
25 1include one for right-side sense amplifier SA and the
other for left-side sense amplifier SA. A feature of
the present example lies in that in order to detect a

point at which an input signal finishes falling, the



the control signals and address signals, which is the same in terns of

di stinction on design. 5 However, a rowrel ated bank address R
and colum-rel ated bank address C are-spgnals peculiar to each bank nodul e
BANK and are therefore required by the nunmber of bank nodul es BANK. In

order that eacdypedk FREsSRoPANKI@kesE tAecHaselseid ¢nedwsi ve of the
wirings 10 of the rowrel ated bank address R and the colum- rel ated bank

address G, ar&taDyengethod €dgndbeid TowstEdcdddm td twe ohidirel vy ramgs of
the rowrel ated bank address R and the colum-rel ated bank address G are
i nputted fromidethoegehobd deobtagppef sinde-dS ttweaddi stermor y Thearab MVACRO
shown in Fig. 29. On the other hand, in order. to facilitate an interface
for the | ogi ccompensstbbockah Ok Cpade| tei gomd deguose ferer ok ridiest gnal s,
address signals and data input/output lines DQto the nenory macro MVACRO
may be 20 Bonze@ttheevabhabhens| de thhesheld velkages mfy.sexe of the cell
Accordingly, in order togénggééthe W rings of romfﬁgsten1bank addr esses R
r

and col urm- sy3FReHht bafks a S GPeRPHY ERelF ef t TRE 2R tHRPFRIIISY macr o
MMACRO shown L0 F19; 1 £3rehPfal LiDOSe TEY 28 L8 OHL 285, 20, 1n
this case, 1f a reference voltage Vr providing a sense
level is set to be lower than the threshold voltage of
10 N-MOS by the variations thereof, erroneous operation
caused by the variations can be prevented in a manner
similar to that in the above-mentioned logical threshold
value system.
<1.10 Logic Circuit Block>
15 The logic circuit block LOGIC shown in Fig., 29
is provided with a suitable construction for performing
an operation processing of image data and a processing
for functions such as the drawing to the image memory
(or memory macro MMACRO) and the reading from the image
20 memory to a display device.
The shown logic circuit block LOGIC supplies
an address signal Ai, a row-system bank address Ri, a
column—-system bank address Ci, data input/output lines
DQ-i0 to DQ-i7, control signals CC, AC, CR and RW, a
25 byte control signal BEi, a clock signal CLK and so forth
to the memory macro MMACRO. Further, the logic circuit

block LOGIC gives an instruction for refresh operation

and an refresh address to the memory macro MMACRO by use



25 shown in Fig. 44a. In the case where there is no need to provide the
sane cell inclusive of wirings, the wirings may be laid out, as shown in

Fi g. 44b. - 67 - The height of the cebk of each of the bank nodul e BANK,
the anplifier nmodule AMP and the power supply nmodule PS or the wdth

thereof in th@f|Qﬁ‘ﬂ'é%@%eﬂti@ﬁéﬁoﬂohﬂr&gln%_gslSad@zd@sé \?r?eﬂfs and 5
the global bit lines GBL and GBL power supply lines Vcc and Vss, and so

forth are arrahgegoatotpe, sane pitch. Thereby, a desired nenory macro
nodul e can be conpleted by nerely arranging the bank nodul es BANK by a 10
requi red nunber in the Also} i tice diogit i olr cui adsbsolaria®: I tge wf ctnoy age
capacity required by the systemand arranging the anplifier nodule AMP and
t he power supphyinbtdnfac®Stonthbeekeétiandofi gt senlesomdudtwr bank nodul e
group, respectively. 15 Though there is no special limtation
t he 5 integrated circuit SLC. A central processing unit CPU,
a display device and so forth are connected externally
so that the transfer of data and commands is made by
"1/0, Control signal" shown in Fig. 29,
<2. Second Example of Application to Memory/Logic Mixed
16 LSI>
Fig. 39 shows another embodiment of the
application to a memory/logic mixed LSI. A memory macro
MMACRO of the present embodiment is composed of four
bank modules BANKO0O-3, an amplifier module AMP and a
15 power supply module PS. Two memory macros MMACRO are
arranged with a logic circuit block LOGIC-1 interposed
therebetween, Alsoc, two other memory macros MMACRO are
arranged with a logic circuit block LOGIC-2 interposed
therebetween. Data input/output lines DQi perform the
20 transfer of data between each memory macro MMACRO and
the logic circuit block LOGIC~1 or the logic circuit
block LOGIC-2. Byte control signals BELi are inputted
from the logic circuit block LOGIC-1 or the logic
circuit block LOGIC-2 to each memory macro MMACRO.
25 Control signals CR, CC, AC and RW, an address signal Ai,
a clock signal CLK, a row-related bank address Ri and a

column-related bank address Ci are inputted from a logic

circuit block LOGIC-3 to each memory macro MMACRO.



bank nodul e BANK i n the enbodi nent of the present invention has a
construction in which 256 word lines (eight X addresses) are provided, (8 x
8 x i) pairs of bit lines intersect one gwr< |ine, and one eighth of the 20
bit line pairs (three Y addresses) are selected by the Y decoder so that (8
X i) pairs of global bia fdatesercf ithrutgredeand emiodiead Wikl data. Here,

I is, for exanple, 16. Corresponding to this, one bank nodule BANK is
construct ed suwt tfmatr inetrasy a@s8K K@ ing tt@ S heapaEsentand data i s
inputted and outputted with a 128- bit width. Nanmely, there is obtained a
menory macr o ioknkiamaremeetided and anll data iadiputteduidiron dgheps56K

bits. - 68 - According to this, for exanple, a | M M=1048576)-bit nenory
MACro i s constenREtRdIaREIDHMARK awrlprecerfet YvBATR kedo by F& o i s
constructed by ejght, bank modul es. there is constructed a 5 menory

Nanel y,
macro the 2a %gvQﬁrq%ﬁﬁﬁpkqpﬁﬁungggﬁﬁqﬁﬁdtﬁpGIC—Z. Thereby, the

data transfer and processing speed can be made four
times as high as that in the case where only one memory
macro MMACRO is provided. Also, the data processing
speed can be further improved by increasing the number
10 of macros. The logic circuit block LOGIC~3 has a
function of processing the result of operation in the
logic circuit block LOGIC~1 or LOGIC-~2 into a data form
which is easy to be taken in a device outside of the
chip and conversely into a form with which data from the
15 exterior of the chip is easy to be operated. Such a
system of processing data from a plurality of memory
macros MMACRO in parallel is particularly effective for
applications such as three-dimensional graphics which
need to process a large amount of data in a high speed.
20 Though memory macros MMACRO having the same
capacity are used in the present embodiment, memory
macros MMACRO having different capacities may be used in
accordance with applications. For example, in the case
where memory macros MMACRO are used together with a
25 microprocessor, the use as a cache memory is possible by
providing the memory macro MMACRO with one or two bank
modules BANK and changing the amplifier module AMP to a

high-speed type. Also, the use as a main memory is



every four tinmes such as 256K bits, |Mbits, 4Mbits, 16Mbits and so forth
as in the conventional general purpose dynam c RAM (DRAM but as required
by applications. 10 <1.2 Operation Mdes o@f _Menory Macro> A rel ati onship
bet ween the external signals and the operation nodes of the nenory macro

RPHLLgd/ out put t ed

wth data, i nBOPEel 5 PR ah*SHGroat TE RaA0, put Cadow B

control

signals in

synchroni sm wWybRudeg! BakKKSaaBALsERE. tHRKE inAohiaBt2dAr @88nShgNay- The
address signal A includes an X address AXij inputted to the X decoder XD

and a Y addr espeldi oirnpeidiet-s@ede a¥pdecader m¥BulAcampPdi nghy, 16ke nenory

macro MVACRO takes 20 not an address nmultiplex system as

in the

conventi onal geeedabrpmegise-BRaRK maini ehpdnfXereliat ededr foownakéhat ed

address signal and a Y-related or colum-rel ated address
mul ti pl exed, bbe sccapetdion aoea bl thel expdyfiem spsll.

si gnal
Thus,

are
1A

row syst em bank address Ri. and a col um- stem bank address G for

[ S [
sel ecting a b&hR @é@@ﬁ@tBANKE@¢é0§hgﬁam§8péée|mamOFB BaERChaRKOFDAUl e BANK

in
module system, it is possible to change the

capacity or the amplifier capacity freely.

memory

<3. Third Example of Application to Memory/Logic Mixed

10 181>

Fig. 40 shows an embodiment of application in

the case where an internal data bus width is small.

memory macro MMACRO of the present embodime

composed of four bank modules BANKO-3, an amplifier

nt is

A

15 module AMP and a power supply module PS. Two memory

macros MMACRO are arranged with a selector

circuit

SELECTOR interposed therebetween. Alsoc, two other

memory macros MMACRO are arranged with a se

circuit SELECTOR interposed therebetween.

20 input/output lines DQi perform the transfer of data

lector

Data

between each memory macro MMACRO and a logic circuit

block LOGIC. Byte control signals BEi are inputted from

the selector circuit SELECTOR to each memor

Yy macro

MMACRO. Control signals CR, CC, AC and RW, an address

25 signal Ai, a clock signal CLK, a row-system bank address

Ri and a column-system bank address Ci are inputted from

the logic circuit block LOGIC to each memor

MMACRO.

Y macro



accordance with the variability of the nunber of bank - 69 - nodules. A
di stinction between row system and col um- system conmand signals in the
same bank nodul e BANK is nmade by the rowggystem bank address R and the
col um- system bank address C . There are four control signals 5 CR, CC, RW

and AC. DQj is an I/0O g fog i t t lpesi gnal  BEI
ﬁ;g@ﬁ%h 86, 1 DRMT A5 OUT DAy LoPhiE CONd O Ddggm nal

Is a signal for control e data I nput/output |ines indepen or

each byte. WihetBnh¥t€egOnh " SbmibANAbr BRich t et @NDUMe Bifsiad A d1aad or
witten in parallel can be 10 increased and decreased in a range from1l

byte to i bytgsmbBértB8f mApLOYSutPhE BLhéyatdming bauk GEtame)mennskse!l osi ng
(bank cl ose) of the bank nodul e BANK are made by taking in CR, AC and the
addr ess si gnahadiob¥MRCROUbsobnlhe8ii sThe dbamgeeowndr tdle ddtorkisingndd CLK
The bank nodul e BANK i s made active when CR = "H' (high level) and AC = "H
and is cl oSedbphtheCRyte" pnandl A€ignal"BEf ogenevatgd fypm the
selector circuit SELECTOR. With such ceonnection, the
memory macro MMACRO of the present embodiment can be
used even as an incorporated memory of an ordinary 8 to
32-bit one-chip microcomputer.
10 <4. ROM Bank Module>
Fig. 41 shows an embodiment in which a part of
bank modules BANK of the memory macro MMACRO is replaced
by a ROM (Read Only Memory) module. A memory macro
MMACRO of the present embodiment is composed of four RAM
15 bank modules BANKO~3, a ROM bank module ROM-BANK, an
amplifier module AMP and a power supply module PS. A
merit of the present embodiment lies in that in the case
where the memory macro MMACRO is used as an incorporated
memory of a one-chip microcomputer, control circuits for
20 ROM and RAM (such as amplifier modules AMP inclusive of
main control circuits MAINCNT) can be made common to
each other, thereby making it possible to reduce the
chip area. Also, in the case where the memory macro
MMACRO of the present embodiment is incorporated in a
25 processor for image processing or a DSP (Digital Signal

Processor), it is possible to read and operate data at a

high speed, for example, if the coefficients of sum~of-



this time, it is with regard to only the row system which the address
signal Al is taken in. A bank nodule 20 BANK is sel ected by such a
rowsystem bank address R and a word LipggW.is selected by the address
signal Ail. Atimng or status SO shown in Fig. 30 indicates a close status

of the bank "%}Sl&g%&@\"&pﬁascti@dés ate I CRL 6% KBMACLiKg oST AT Bacaliskhe bank

nodul e BANK. a 25°status S2 indicates a read or wite status.

Ref erence synipalm A8 HtwWade) dlidse 3y idadirc dt@ert,he nunber of clocks from
t he i nput of a bank nodul e BANK active conmand until the input of a read or

- 70 - wite command beddres 4Roshiduse a Synirali tLAxaepleselit a mbaoaunber of

cl ocks fromthe change of an X address in the sane activated bank nodul e
BANK until thenim®yutRMSA 2 eaRO madule coirtabd ebdormedepeppilblat iSpnbol LR
5 represents the nunber of clocks fromthe input of a read or wite commuand
until the ihpde dhes MR IFRAe BIMICR e thempaes ebdc 6mbodpmesithl ep

feature of the present example liesg in that in order to
conform the number and pitch of global bit lines to the
RAM module (or the bank module BANK shown in Fig. 29,
Fig. 31, Fig. 37 and so forth), DRAM memory cells having

10 the same size as the RAM module are partly changed so
that they are used as ROM cells. In order to use a
memory cell with a DRAM construction as a ROM cell,
there can be used a method in which after the formation
of an insulator film of the memory cell, a mask for

15 removing the insulator film in conformity with data to
be written is added. Thereby, a cell from which the
insulator film is removed (MCl in Fig. 42) is brought
into a short-circuited condition with a common electrode
of the memory cell whereas a cell from which the

20 insulator f£ilm is not removed (MC2 in Fig. 42) holds
insulation or results in that information is written in
the cell.

The operation of the ROM module will be

explained using Fig. 42 and 43. When a bit line

25 precharge signal FPC is turned to "H", N~-MOS transistors
QR3, QR4, QR5 and QR7 are turned on so that a bit line B
and input terminals N1 and N2 of a sense amplifier

assume a voltage of VCC. Next, the bit line precharge



The | ower portion of Fig. 30 shows a timng chart concerning the

col um-system control signals and 10 the operation nodes. Herein, CC, BE,
RWand a col um- system address signal_(pg;the remaining portion of the
above-nenti oned address signal Al and a col um-system bank address C ) are

taken in by V%g&§§l°§PEh§FLk§kHgdque"Bﬁ %Eg glgﬁgés%gggl€ﬁ%g?ﬁgFﬁgntrol

t he readi ng/ i'ting. e present enbodi ne e nu cl ocks

fromthe receptigangf o3ah2ad)CanEmAd yahbkel Ng1gHEPUECOhr datRr A0 Eor €ad

| atency) is 2; and a latency fromthe receptionof a wite comand until

the input Of_“ﬁhtkﬁggﬁﬁEatﬁah goon i t erhakengyhobSt tan¥h8RotBegrRY, cORE i nuous
(or consecutive) reading or the continuous witing or making a change from

the witing tanghgrgeadenguraciheneabt ehapecher ABde kheagohMen-system
control signal can be inputted with no wait or w thout passing through a
no- oper ati 6n statage( Nlopesedt tis) HVE5 aHdwener nodhelN2aashange &rooitage
reading to the witing is to be made, it is required that the state shoul d
be turned to &cWerepertat BddVELCat uShasceolirgpsdnbfespnagsishanpl hied

above-nentioned latency is optinum The_ . .
by operating the sense amplifier (QR9 to QR12) by

turning a P~channel sense amplifier common driving line
CSP and an N-channel sense amplifier common driving line
10 CSN to "H" and "L", respectively. If this condition is
left as it is, a current continues to flow through the
N-MOS transistor QR1l. Therefore, the transfer signal 8C
is turned to "L" so that the N-MOS transistors QR6 and
QR8 are turned off. Thus, Nl assumes the voltage of VSS
15 and N2 assumes the voltage of VCC. Namely, information
"0" is read. If W2 is turned on in place of W1, the
node N2 assumes the same voltage as that mentioned above
or the voltage of 3/4VCC but the node N1 assumes the
voltage of VCC since a current does not flow to a memory
20 cell. This relationship in potential or voltage is
reverse to that mentioned above. Thus, N1 assumes the
voltage of VCC and N2 assumes the voltage of VSS.
Namely, information "1" is read. If a column address
selection signal ¥Si is now turned to "H", a signal
25 appears on global bit lines GBL and GBL through
input/output lines IO and I0. A timing at which the

word line is turned to "L" may be arbitrary if it falls



- 71 - latency can be properly changed in accordance with the construction
of the system Up to here, attention has been directed to only the sane
bank in order to sinplify the explanatigy25 In the same bank, it is
required that the read/wite operation should be performed with a wait of a

certain fixedyitnent akparablepst Bemactiymt tR8 ©hrhhef betkeo Hovevigs i1 f
attention is directed to a plurality of banks, it is possible to perform

t he bank actiygaéi @pasndotOptbehaeadhytite operation sinultaneously. For
exanple, if an active command (CR, AC, R) is inputted to the i- th bank
and a read/wite commanlc¢CEdify) tosthappt ¢sehat etdmepbanes tmaret tandde j-th
bank having al ready been activated, it is possible to performthe
activati on of abdvehethet habhankeanndyt hellepdbhgtorési RgMfcamide used t he
j-th bank sinultaneously. Wth this construction, a data waiting time of
the | ogic SecaboROMs rBHecefioreheibbysnarbAgbie posseafbly occprfdrim a data
processing at a high speed. Also, it is possible to activate al
the number and pitch of global bit lines to those of the
RAM module. Though the disclosure has been made by way
of example in conjunction with the method in which the
insulator £ilm of the DRAM cell is removed, there may be
10 used another method, for example, a method in which a
storage electrode of the memory cell is removed. Also,
the conventional ROM cell may be used if the pitch of
global bit lines can be made the same as that in the
other bank module BANK.
15 Herein, ROM means a program-fixed mask memory
in which information is written beforehand at a chip
fabrication process. This memory is a non-volatile
memory in which stored information is held even if a
power supply is turned off. On the other hand, RAM is a
20 memory in which the rewriting of data at any time and
the holding and reading of data are possible. This
memory is a volatile memory in which stored information
cannot be held if a power supply is turned off.
Up to here, the RAM memory cell has been
25 explained as the DRAM cell shown in Fig. 31. However,
even if SRAM cells are used, no inconvenience is caused.

In this case, ROM cells of a ROM bank module can be

formed by changing a part of SRAM cells.



20 banks and to thereafter input a read/wite comuand to any bank. Wth

this construction, data extending over a plurality of different banks can
be outputted in consecutive cycles, therghy.making it possible to a nore
conplicated operation at a high speed. 25 As an exanple of the

above-menti oned operatign usidiy @ ¥ alrdty Hfndernkes indillea ngame menory
macro MMACRO, Fig. 45 shows a timng chart in the case where data of

di fferent banksyareawonsesiyetel1each ghatghof ROM #2114 hayede anation
made herein concerns the case where there are eight bank nodules in the
sanme nmenory neord NVAGRO, £ dhegsing | arFdwl esanfmgre + lee moabd enhercd udiegnunber
of bank nodules is not 8. Also, the explanation will be 5 nmade in
conj unct i on wienozy resll Hpes g ofe r Mol i eviEnina aane beagwesf. a wite
operation or in the case where the read and wite operations are mxed, a
timng chabt Skcdether ourresy reskl |ys b ttie i wadfeatid c drtddntl$ of the
f oregoi ng expl anati on. . . )
capable of not only rewriting like RAM but also holding
information like ROM even after the turn-off of a power
supply, it is also possible to construct all modules by
modules which include memory cells using ferroelectric
10 films.
[Synchronous Structure Dynamic RAM Module]

Fig. 46 shows an example of a DRAM module
constructed using the memory macro MMACRO. As mentioned
above, a bank module BANK of the memory macro MMACRO has

15 a construction in which 256 word lines (eight X
addresses) are provided, (n x 8 x i) pairs of bit lines
intersect one word line, and one n-th of the bit line
pairs {({log n/log 2) Y addresses) are selected by a ¥
decoder so that (8 x i) pairs of global bit lines are

20 inputted and outputted with data. On the other hand,
each bank (BANK(0~-9) of a DRAM module M25 corresponds to
the bank module BANK of the memory macro MMACRO in the
case where n = 16 and i = 8. Namely, each bank (BANKi,
i = 0-9) of the DRAM module M25 has a 256K~bit storage

25 capacity and is constructed such that 64 pairs of global
bit lines are inputted and outputted with data. Also,

the DRAM module M25 includes 10 banks (BANKi, i = 0~9).

Accordingly, the the DRAM module M25 forms a synchronous



10 In eight cycles at the beginning in Fig. 45, bank active
commands are inputted so that eight banks (#0 to #7) are activated in
order. This corresponds to a portion repiggented by "Active" in Fig. 45.
Nanely, commands (CR, AC) and a row system address A for 15 selecting a

word line aregippetige \&Bﬁnlam@ DRAMS risdemebaak iaddredssR-wbsdckapged over.
Starting froma cycle CYO after the |l apse of a tine equal to or |onger than

an i nterval LA2tf xomothbankcidonattirartdbnt.he Ehehk b#@k [BANRKEQMIaads-a)e

i nputted so 20 that the reading is performed in the order of the banks #0,
#1, ---, #7. Thnsopereécspdmds ttompledetlivodndepeasentedabypet Act The + Read"
in Fig. 45. Nanely, commands %FC, RW BEi) and a col um-system address A

for sel ecti ng DRAfar@duilige MR25e hiasp gt eddnigisise ngncaMdmpbles sgssbriBank

address G is changed over. In the shown exanple, it _is assuned that LA2 is
smal | er than FieRodks ¥hight fbecyove sEPdem™ Réfetbre COLtmBeEEREE™pBE.i bl e to

| nputa bank %%%!?%ff% 1%9at%o%EﬁeQ%Q§ %éparated manner, AMP of the

DRAM module M25 corresponds to the amplifier module AMP
of the memory macro MMACRO.
<Input/Output Interface>

10 The DRAM module M25 is a module used in ASIC,
As shown in Fig. 46, interface signals for another ASIC
module include a clock signal CLK, 8 row address signals
AX[0:7]1, 4 column address signals AY[0:3], 4 row bank
address signals AR[0:3], 4 column bank address signals

15 AC{0:3], a row command selection signal CR, a bank
active/inactive signal BA, a coclumn command selection
signal CC, a read/write control signal RW, 64 data
input/output signals DQ[0,0:7,7], 8 data byte control
signals BE[0:7], a power supply line VDD and a ground

20 line VSS.

The clock signal CLK corresponds to the clock
signal CLK of the memory macro MMACRO. The other
signals are all inputted and outputted in synchronism
with the clock signal CLK.

25 The row address signal AX[0:7] corresponds to
the X address of the address signal Ai of the memory
macro MMACRO. A row address (or X address) in a bank

BANK is inputted. The column address signal AY[0:3]



- 73 - while inputting a read conmand to the bank #0 at the sane tine.
Subsequently, in order froma cycle CY2 after the |lapse of a read | atency
or 2 cycles fromthe cycle 5 CYQ, data. afggdifferent banks are outputted in
t he consecutive cycles. Now directing attention to a cycle CYl, it is seen

that a read cosrdeshésas NEYtiRd ¢ oaddeedanks Alhahiddr esdanigict iase command
is inputted to the bank #0 again so that the rowrelated address A is 10

changed over ¢f oph&lmémon?. mdbs, MMACRG. pas sedil wmt caddyrds aawratl conmand to
one bank whil e changi ng over the rowrel ated address A of another bank for
whi ch the i nppddoésa) r eada coampnBARRsi &l 1 syt dden conpl et ed. Subsequently,
when a read command is inputted 15 to the bank #0 in a cycle CYx after the
| apse of a time equal tBherrewnmeek tdddress isianadalARIQfIbom the i nput of

t he bank active command, data of the bank #0 correspond-_ing. tq the
rowrel at el a@@F E88PARAS stRUERBt FRU-F1S BeRyRERE BB PR S| M| ¥ fheousl y and

OO Ve, oS hEL T i PE0D 2 W ECh P 7087 4L gk oper at o a5
receiving a row command is inputted. The row-system
bank address Ri of the memory macro MMACRO is not
decoded or directly selects a bank module BANK.

10 However, the row bank address signal AR[0:3] is decoded
to select a bank BANK. Since there are four addresses,
it is possible to select banks the number of which is 16
at the greatest.

The column bank address signal AC[0:3]

15 corresponds to the column-system bank address Ci of the
memory macro MMACRO. The address of a bank BANK
receiving a column command is inputted. The column-
system bank address Ci of the memory macro MMACRO is not
decoded or directly selects a bank module BANK.

20 However, the column bank address signal AC[0:3] is
decoded to select a bank BANK. Since there are four
addresses, it is possible to select banks the number of
which is 16 at the greatest.

The row command selection signal CR corre-

25 sponds to the control signal CR of the memory macro

MMACRO. This signal indicates that the corresponding

cycle is a row command input.



plurality of banks for the consecutive cycles while changi ng over the
rowrel ated and col um-rel ated addresses and the byte control signal. The
reason why 25 the bank activation and the ead operation or the wite
operation are thus perforned S|nultaneous?y is that rowrelated addresses

and col um-rel ated addrgas ghoknecbank addresse! 810naY ! dEdbi: S TULP! €

f ashi on. - 74 - There cones’ possi ow a row- syst em bank

address Ri tOteeﬁhanabat%ohaglsgaadrﬁ@sotfof:ae AchbY gt REcYBi hBaGROOW Ng a
col um-system bank address C at the sane tinme to designate a bank address

to be accesse@hiB signal indidatappabhemhekr ehet Berabspendenyi bask
operation, the present enbodi nent nakes it possible to access data of
different rowshebatieteaddteyacedworhanactavetedption if banks are
different. Accordingly, if pixel information is stored in the nenory macro
MVACRO, 105it becones pBbei bbéumo pemmenth shéecthdingignalw€ing for a
screen area such as rectangle or triangle or a

corresponds to the control signal CC of the memory macro

MMACRO. This signal indicates that the corresponding

cycle is a column command input.

The read/write control signal RW corresponds

10 to the control signal RW of the memory macro MMACRO.
This signal indicates the reading or the writing.

The data input/output signal DQ[0,0:7,7]
corresponds to the I/0 signal DQij for input/output of
the memory macro MMACRO. This signal performs the

15 input/output of data.

The data byte control signal BE[(:7]
corresponds to the byte control signal BEiLi of the memory
macro MMACRO. This signal performs the masking of
input/output for each byte. The case of reading is such

20 that when BE = "L", the output is brought into a high
impedance status whereas when BE = "H", the output is
enabled. The case of writing is such that when BE =
"L¥, the writing of corresponding data is not performed
with the previous data being held whereas when BE = "H",

25 the writing of corresponding data is performed.

The power supply line VDD corresponds to the
power supply voltage VCC of the memory macro MMACRO.

The power supply line VDD is connected to 3.3V. The



"screen clear" processing (or the witing of a fixed value) at a high
speed. Therefore, the present enbodi- nent is very effective for various
image filtration 15 processings, the seaigh of notion vector, the draw ng
of line or curve, or a draw ng processing in conputer graphics. <1.3 Sense

Amplifier andBidurd ne ?r ERIQs daids” td ThedbowadWgy gpqyr e ageanpl e

of the sense 20 anplifier SA and the precharge CIrCUIt PCin a portion of

the bank nmodulygBANK t¢@ mRsedinag: i MBERIAI I Tofe RiroundnesneReE8r gace
synbols Q, @@, @B, &, Q/, B, P and QL0 denote N channel MOS (N MXS)
transi stors. Symmdctdd tandN@s (darat e P-channel MOS (P-MOS) transistors. In
25 the present exanple, a nenory cell includes a dynam c nenory cel
conposed of one transistihre V@Ltagaed l@velcafacint dnpiMZputputnengnededsabove.
Herewith, there are used a bit |ine echarge circuit PC and a CMOS cross-
.75 - coupt ed® mﬁlcl%%rfé@sarﬁﬂqqrfgc esAev&lthe bit |ine

<Command Operation>
Figs. 47a and 47b show the truth tables of
commands set in the DRAM module 25. In the figures, "1"
indicates that an input signal has a high level (VIH),
10 "o" indicates that an input signal has a low level
(VIL), "X" indicates that an input signal has a high
level (VIH) or a low level (VIL), and "V" indicates that
an input signal is wvalid.
In a row command {com R) system, a command is
15 set by the combination of a row command selection signal
CR, a bank active/inactive signal BA, a row address
signal AX[0:7] and a row bank address signal AR[0:3].
The row command selection signal CR, the bank active/
inactive signal BA, the row address signal AX{0:7] and
20 the row bank address signal AR[0:3] are latched into the
DRAM module M25 by virtue of the rising edge of a clock
signal CLK. In Figs. 47a and 47b, "1" indicates that
the latching into the DRAM module M25 is made by virtue
of the rising edge of the clock signal CLK.
25 A command NOP (no-operation)} is set by CR = 0.
The command NOP is not an execution command. However,

the internal operation is continued.



precharge circuit PC, when a bit line precharge signal FPC assunmes a high
l evel, the NNMOS transistors Q2 and B are turned on so that bit lines B
and E are 5 precharged by a voltage HVC. 1ggso, the NNMOS transistor Q4 is
turned on so that the bit lines B and E are equalized. The CMOS

cross-coupl ed dynanmi c sgneemagRE Bhef rS® 888rakesSs¥h8Pe aakd Champel sense
anplifier common driving |ine CSP assunes a high |evel and an N 10 channel

sense anplifigeteoanoisdeeti bg CRne CSHndssanmesla | witheyré. colnshy, an
inverter circuit is formed by the P-MOS transistor G and the N MOS

transi stor Q/Bapdaamowneédtressci{AX0-RX7$ Badnmadrby bhskPadlBetsapaR8+or B
and the NN-MOS transistor B. The NNMOS transistors @ 15 and QIO forma
colum swi t chABG )t hae deedigaatebBuandaddbesk BANBctiesngsafedl b¥Sthassunes a
high level, the bit lines B and B are connected to the input/output |ines

| O and | OBSof rawsbBmsnmaddrgssayakasr eadpetive spakusionInsatpensnae as t hat
in an ordinary general 20 purpose DRAM <1.4 Bank Control G rcuit> Fig. 32
shows the opePHEPERCWRREMoFRE Pof thie CRRRRNEORRr 6PEEFPEAPESBRRCNTEL in the

enbodi ment Sh??@ihg of /RAS when /CAS = H., The command BA is also

used for refreshing.
A command BC {precharge and bank close)} is set
10 by CR = 1 and BA = 0., With the command BC, a bank BANK
designated by a row bank address (AR0-AR3) is precharged
and is thereafter brought into a bank close status.
In a column command (com C) system, a command
is set by the combination of a column command selection
15 signal CC, a data byte control signal BE[0:7], a
read/write control signal RW, a column address signal
AY[0:3] and a column bank address signal AC[0:3]. The
column command selection signal CC, the data byte
control signal BE[0:7], the read/write control signal
20 RW, the column address signal AY[0:3] and the column
bank address signal AC[{0:3] are latched into the DRAM
module M25 by virtue of the rising edge of a clock
signal CLK.
A command NOP {(no-—-operation) is set by CC = 0.
25 The command NOP is not an execution command. However,
the internal operation is continued.
A command RD (column address strobe and read

command) is set by €C = 1 and RW = 1. With the command



Fig. 29. The feature of the bank control circuit 25 BNKCNT-1 lies in that
It receives a row system bank address R and control signals CR and ACto
automatic- ally generate signals necessagggfor a series of nenory cell read
operations including bit |ine precharge, word - 76 - line selection,

sense anplifi@b,agt iredldion opeda%qchofilshstiawely, hheegankiakeks performed
in an event- driven fashion. In the follow ng, the operation will be

expl ai ned. 5 @&kibnaCase begf aBawi uiMadulde rBANK (@lvosaYBiyr ahd aonsiiden t he case
of the closing of a bank nodul e BANK when CR = "H', AC = "L" and R = "H".
When a cl ock bagkakddrikss JesiHAdSr) .t héncandieheaalopu€BRose” BRAMNAhAG, = "L",
a bank close flag DCS rises in the 10 main control circuit MAINCNT. The
bank cl ose fl| &fgeDESmimanidn Bt ced respoadis tankheoddsénBANK. /AASt khentine, a
rowrel ated bank selection signal iR _rises in a bank nodul e BANK havi ng
t he row relbat €82Fafk lad@ihded®E R H= After the completion of reading,
the output is brought into a high impedance status.
A command WT (column address strobe and write
command) is set by €CC = 1 and RW = 0, With the command
WT, a writing operation is started. A write address is
10 designated by a column address (AY0-AY3) and a column
bank address (ACO~AC3).
The data byte control signal BE[0:7] performs
an input/output data masking operation in units of one
byte. At the time of reading, when BE = "1%", the output
15 1is brought into a low impedance status so that the
output of data becomes possible. When BE = "0", the
output is brought into a high impedance status so that
the output of data is not made. At the time of writing,
when BE = "1", the writing of data is performed. When
20 BE = "0", the writing of data is not performed with the
previous data being held.
Figs. 48a and 48b show the function truth
tables representing the operations in the case where
each command is executed subsequently to varicus states.
25 In the case where a command BA is executed for a bank
BANK#1 when the bank BANK#i is in a bank active state,

precharging (precharge) and sensing (sense) for a new

row address AX are performed and the bank BANK#i is



"H'. Since a |logical product of the rowrelated bank 15 sel ection signal

IR and the bank close flag DCS is inputted to a set termnal S of a
set/reset flip-flop RS-I, an output STL pigthe set/reset flip-flop RS-1 of
t he bank nodul e BANK having the rowrel ated bank address R = "H' is turned

to "H'. 20  tnereafte® thf®e0t Rer shaadk sicReget Beakasyl t rak haghgal
product is inputted to a reset termnal R of another set/reset flip-flop

RS-2 through achtagicaltatwy"cimeanist a atatet fut wWLEh ther eabuksoEusned to
"L". Wth the turn of W.Pi to "L", an output of the X decoder XD and a gate
25 signal YG cblula Yotheander ¥R iC) tilse poasliibdent r dh shgnahsBNKOAFel are
first turned to "L" and an output of the word line driver WD (or a word
line W is subbbeqeemmand HPnéd ﬁ@ecyteatﬁ@ﬁeb@edbgﬁbnﬁéétﬁmgth§n§ﬁ§t@elIs

T o AR B gy (20 T oA SR
of the bank BANK#j is continued (no operation}.
In the case where a command BA is executed for
a bank BANK#i when the bank BANK#i is in a bank closed
state, sensing (sense) for a new row address AX is

10 performed and the bank BANK#i is thereafter turned to a
bank active status. In the case where the command BA is
executed for the bank BANK#i when a bank BANK#j (j % i)
is in a bank close state, the state of the bank BANK#]
is continued {no operation).

15 In the case where a command BC is executed for
a bank BANK#1 when the bank BANK#i is in a bank active
or bank closed state, precharging (precharge) is
performed and the bank BANK#i is thereafter turned to a
bank closed status. In the case where the command BC is

20 executed for the bank BANK#i when a bank BANK#] (j % 1)
is in a bank active or bank closed state, the state of
the bank BANK$#] is continued (no operation).

When a bank BANK#i is in a not-bank-active or
not-bank-closed state, the execution of a command BA or

25 command BC for the bank BANK#i is inhibited. In the

case where the command BA or command BC is executed for

the bank BANK#i when a bank BANK#j {(Jj % i) is in a not-



anplifier activating signal FSAB is turned to "H', so 5 that the operation
of the sense anplifier SAis stopped. A dumry word line DAL is a del ay

el ement having the same delay tinme as thagi;af the word line W The

provi sion of the dummy word |line DA nmekes it possible to stop the sense

anplifier SA B&hﬁﬁa59§vée$§|neﬁ bQﬁkme&esbangtx%é bgeogestsubEi ghently
| ow. This is because the signal |evel the bit lines B and B and hence

t he | evel of bgﬂklBANg#golbh@oHEﬂﬁﬁydC@hb aperpteyant ed from being | owered
due to the stop of the sense anplifier SA. Subsequently, a |evel sense

circuit provided 15 in thethankasenwhetecar comnaBiKRONTI atedineed pher
portion of the bank nodul e BANK detects "L" of the N- channel sense
anplifier actavhankgBaNg#al wRBA tbepbeukdBAHK#buipuinRE hhikha¢siverned to
"L". This signal REis inputted to a _precharge signal _generating circuit
XPC i n 20 BhesbahR:csher sRadinguil reBKCAToR phevbarl BENKﬁe i®wer portion

of the bank modul e BANK so that a glt | ine_precharge SI% FPC as, an
output of thePBFFREPEAXPCHPEN: GhReA2RE BRANKFLTRE BR3P Eaﬁ?%%ﬁ%?bév%ignal

P e IOk, IRGPRARNALEE oL EChG EGRRLRY HE%e L0 chJouZh o1 1 Tes
BANK#1i is inhibited. Irrespective of the state of a the
bank BANK#j (j ¥ i) when the command RD is executed for

10 bank BANK#i, the state of the bank BANK#3j is continued
(no operation).
In the case where a command WT is executed for
a bank BANK#1i when the bank BANK#i is in a bank active
state, the writing (write) from the bank BANK#i is
15 performed. When the bank BANK#i is in a not bank active
state, the execution of the command WT for the bank
BANK#1 is inhibited. Irrespective of the state of a the
bank BANK#3j (j % i) when the command WT is executed for
bank BANK#i, the state of the bank BANK#3j is continued
20 {no operation).
Fig. 49 shows a diagram showing the state
transition of a bank for command input. The state of a
bank includes a stand by status 80, a precharge status
S1P, a sense status S1S, a bank active status 82, a read
25 without output status S2RP, a read status S2R, a
pipeline output only status S1RS, a pipeline output only
status S2RS and a write status S2W. The state

transition of a bank is caused by the input of a command



precharge status. A series of states up to here are called SO - 78 -

(2) I'n Case where Bank Mbddul e BANK Turns from Status SO to Active Status
Next, consider the case where the bank_ npg%J§ BANK turns fromthe status SO
to an active status in 5 which CR = "H" "H' and R = "H. Wen the

clock signal GhK Beserpyunger othgogQndihi @ag0f 46R Fn" b 8Rdafbendbli @ bank
active flag DCA'rises in the main control CIrCUIt MAI NCNT. The bank active

flag DCA is ippuht ad tomemand hbank ApdikatBANKhafl thbi sthteetransdwibel ated
10 bank selection signal iR rises in a bank nodul e BANK having the
rowrel at ed bafikaatdnésssRcansed' afBenceéha lLagseabfpaognefiedérhbeed
rowrel ated bank selection signal iR and the bank active flag DCA is

i nputted to atiameef ttimenmondl) .R of the set/reset flip-flop RS-1, the output
15 STi of the set/reset flip-flop RS-1 of the bank nodul e BANK having the
rowrel at e® baRradddrase Rpezationps

(1) Bank Active
Prior to a read or write operation, the
activation of a corresponding bank BANK and a row
address is performed by a command BA. A bank BANK to be
10 activated is designated by a row bank address (AR0-AR3)
and a word line is activated by a row address (AX0-AX7).
In the case of a RAS down mode {or in the case
where a state before the input of the command BA is a
bank active state), an interval of LA is required
15 between the command BA and a command RD or a command WT.
As shown in Fig. 49, the bank BANK is turned from a bank
active status 82 to a bank active status 82 through a
precharge status S1P and a sense status S18.
In the case of a high-speed access mode {or in
20 the case where a state before the input of the command
BA is a bank close state), an interval of LA2 is
required between the command BA and the command RD or
the command WI'. As shown in Fig. 49, the bank BANK is
turned from a stand by status S0 to a bank active status
25 82 through a sense status S18.
{2) Read Operation
Fig. 50 shows a timing chart of a page read

operation in a RAS down mode, A command BA {bank active



turned to "L". The |ogical product of the rowrel ated bank sel ection signal
I R and the bank active flag DCAis 20 also inputted to an X address | atch
circuit XLT. The X address latch circuktiT-takes in an X address AXij in
a period of tinme when the logical product is "H' and |latches it when the

| ogi cal produgyiiks pkechireeqyt Rt inputebdt Bagsat reg8ebpbthRPibhopsRS-1 is
I nputted to the 25 precharge signal generating circuit XPCto turn its

out put or bit skiapeedr eghahee inpgabfFECchamahd. RBhafbet khnénpeeelar ge
signal FPC reaches the | evel sense circuit in the bank control circuit
BNKCNT- 2 whil 8A. In7%@iqg.r 8l0edsi showne apr eghapge oh whéchi tolhmardsBRENd B.
When the level of the bit |ine precharge signal FPC becones |ower than a
certain fixedaval gensg@gusivgdy @GSENtG% shethateflatanie eppsarutiveiwrned

to "H'. The signal PCSEN 5 i s converted by a one-shot pul se generating
circuit ONPSHOR2An t REOM&RK Fddnt P8I SEPWEUPR BKRERTE| ipn¥Bigh LA is 5

clock cycles, the minimum latency will be mentioned
later on. Regarding an address, an active bank is
designated by the condition of a column bank address
(ACO-AC3) and a column selection signal is designated by

10 a column address (AY0-A¥3), In Fig. 50 is shown a
situation in which data 1 and 2 corresponding to #1 and
#2 of the column address (AY0-AY3) are read. After the
data is outputted, the data input/output DQ is turned to
a high impedance status. The state of the read

15 operation shown in Fig. 50 is turned from a bank active
status 82 to a bank active status 82 through a precharge
status S1P and a sense status 8185, as shown in Fig. 49.
After the input of the command RD, the state is turned
to a pipeline output only status S2RS through a read

20 without output status S2RP and a read status S2R. After
the input of a command BA, the state is turned to a
precharge status S1P.

Fig. 51 shows a timing chart of a read

operation in a high-speed access mode. A command BA

25 (bank active)} is inputted and a read operation is
started by the input of a command RD after an interval
LA2. Though Fig. 51 shows an example in which LA2 is 3

clock cycles, the minimum latency will be mentioned



narrow pul se having a wi dth of several nanoseconds and is thereafter
I nputted to an S input termnal of the set/reset flip-flop RS-2. As a

result,

n H'_

e driver v smettea A TE A G S £or e W By i o

the output WP 10 of the set/resgt flip-flop RS-2 is turned to

Wth the turn of W.Pi to "H', the output of the X decoder XD sel ected

line driver

subsequent |y

B gg%?t "h i td K o the bit
lines B and B.jé%ﬁelgi{ the %c%enn%c{}ﬁgslgﬁsof%%ﬁdel%ﬂg%nﬁt i(é(réliéirs%istgnal FSA is

turned to "H' @ndhties P-ahannelonans & A fdiels @fld v ald e sSiginale S4B

turned to "L", so 20 that the sense anplifier SA'starts its Operation.

the provision Hfedgnd Wasrewy d Ao, itn il Possi dlse dheweperate the
of the word lI'ine Whbheconmes sufficiently
hi gh so thadl aisufddiorentn siginet dppEedr sarohtd ddre digordines o and aBa 25

sense anplifier SA after the |evel

This is because the sense anplifier SAis prevented from erroneously
operating or fHdbmbparatdolginthidddndas siATHIAYYR) ar IreaSubsddient [the t he

| evel

sense circuit provided in the bank control

10

15

20

25

data is outputted, the data input/output DQ is turned to
a high impedance status. The state of the read
operation shown in Fig. 51 is turned from a stand by
status 80 to a bank active status 82 through a sense
status S18, as shown in Fig. 49. After the input of the
command RD, the state is turned to a pipeline output
only status S2RS through a read without output status
82RP and a read status S2R. After the input of a
command BC, the state is turned to a stand by status S0
through a precharge status S1P. When a command BA is
inputted after an interval LP, the state is turned to a
sense status S18.
{3) Write Operation

Fig. 52 shows a timing chart of a page write
operation in a RAS down mode. A command BA {bank active
{(with precharge)) is inputted and a write operation is
started by the input of a command WT after an interval
LA, Though Fig. 52 shows an example in which LA is 5
clock cycles, the minimum latency will be mentioned
later on. Regarding an address, an active bank is
designated by the condition of a column bank address

(ACO-AC3) and a column selection signal is designated by

i's
Wt h

circuit BNKCNT-2 at the



- 80 - upper portion of the bank nodul e BANK detects "L" of the N channel
sense anplifier activating signal FSA (or the common driving |ine CSN of
the sense anplifier SA on the N-MOS trangigtor side). As a result, the
output RE of 5 the level sense circuit is turned to "H'. The signal RE is

subj ected to LoghgahnPhaduekswihloWhlhby anl eghcakapiedugtygi gCuit in the
bank control circuit BNKCNT-1 provided 'at the | Ower portion of the bank

nmodul e BANK sgithatian Qut pulcKGaakat heahagbcabrpesgusliiayr €di §118nd0
turned to "H'. This output YG enables the Y decoder circuit YD. A series

of states up o BEr ehar ectalmhedd8tesAf tavot-he3abave epetaehon, Thee bank
nodul e BANK turns to a status in which the reading and witing are

possi bl e. Thi 3agskatys ofs dazhkl eédpS2. i%51( 3ycle.CaghewbeaeeBafktMddul e BANK
Turns from Status SI to Active Status Next, consider the case where the
bank nodul & BakKteuopsratdont BRoghatins F$g .t 62ansattiruedsfabmsai hank
active status S$2 to a bank active status 82 through a
precharge status S1P and a sense status S$18, as shown in
Fig. 49. After the input of the command WT, the state
is turned to a write status S2W. After the input of a
10 command NOP, the state is turned to a bank active
status S2.
Fig. 53 shows a timing chart of a page write
operation in a high-speed access mode. A command BA
{bank active) is inputted and a write operation is
15 started by the input of a command WT after an interval
LAZ. Though Fig. 53 shows an example in which LA2 is 3
clock cycles, the minimum latency will be mentioned
later on. Regarding an address, an active bank is
designated by the condition of a column bank address
20 (AC0O-AC3) and a column selection signal is designated by
a column address {AY0-A¥3). In Fig. 53 is shown a
situation in which data 1 and 2 corresponding to #1 and
#2 of the column address {(AY0-AY3) are written. The
latency of data input is 1 cycle. The state of the
25 write operation shown in Fig. 53 is turned from a stand
by status S0 to a bank active status S$2 through a sense
status 818, as shown in Fig. 49. After the input of the

command WY, the state is turned to a write status S2W.



which CR = "H', AC="H" and R = "H'. Wen the clock 20 signal CLK r
under the condition of CR = "H' and AC = "H', the bank active flag DCA
rises in the main control circuit MAINCNlig The bank active flag DCA
inputted to each bank nodule BANK. At this time, a row related bank
sel ection signaterRehei $8putnod Baskmmadal ROBY +BANKcheyi D8 thensd®W s el at ed
bank address Ri = "H'. Though a | ogical product of the rowrel ated bank

sel ecti on si gaabanRi aapdlvehetbhank.achFverfthg DEAut sof nputdmeadd e reset
R of the set/reset flip- - 81- flop RS-1, the output STi

t er m nal

set/reset fliphel spaRe-ig temedstanshahged bynsktatushd® vhreagly deen
turned to "L"

in the preceding cycle. The |ogical product of the

i ses

S

of the

rowrel at ed bprikcBarget BbatypgRaP.i Rthandat hiempan® BAatsi Vepitb@Ad DCA i s

also inputted to the X address latch circuit XLT. The_X address |atch

circuit XLF takesrianahnkesyatekB, AKPE Fhahepefi BErBedt Foed vFRMS? he | ogi cal

pr oduct

S

1o

15

20

25

"H' and Ia&ghes It when the | ogical product

status 5
<Command Latency>
{1) Command RD to Command RD Latency (LRR)

When commands RD are consecutively executed in
the case of the same bank and the same row address, as
shown in Fig. 54, the reading is enabled in each cycle,
Namely, the minimum interval LRR between the commands RD
and RD is 1 cycle. This is because the state is
subjected to a transition from a bank active status S2
shown in Fig. 49 to a read status S2R through a read
without output status S2RP. However, it is not possible
to consecutively execute commands RD for the same bank
and different row addresses. It is required that a new
command BA or a command BC and a command BA should be
executed before the input of the succeeding command RD
and thereafter the command RD should be executed newly.

The case of access to the address of another
bank is such that if a plurality of banks are in their
bank active statuses, as shown in Fig. 55, the execution
of commands RD for the active banks is enabled in
consecutive cycles,

(2) Command WT to Command WT Latency (LWW)

When commands WT are consecutively executed in



is "L". 10 The output of the logical product circuit is also

I nputted to the Rtermnal of RS-2 through a logical sumcircuit to turn
WPi to "L". Wth the turn of WPi to."{jy Lt is in a sequence simlar to
that in SO which the voltages of the word line Wand the N 15 channel

sense anplifi %ea%g\éafdfn@m%' Q'&ﬁn‘e %%é\kaa%at %@egah@ rby 88drBEsi,Sakurned to

"L". Wth the turn of , a one-shot pu se generating cifcuit

ONESHOT i n t hgnpk@char Qﬁgs.l gresal taRNGrakiing Gisr euablXBCigesarat 8§caepul se
having a width on the order of ten and several 20 nanoseconds. This pulse

IS inputted t tamedw,vithg @indwmum dhtelreair etabgewsegnahegeormahdngWri r cui t
XPC so that a bit line precharge signal FPC of "H' is outputted with the

wi dt h of the imdufifedspdl syclehi s Thiigndls bRCausechbe shetkeiel sense
circuit in the bank 25 control circuit BNKCNT-2 while precharging bit |ines
B and B. WSensuibselcded] tef a e amisd biome fFpacRabgakspgiaverptabaeofigs | over

than a certain_fixed value, an output PCSEN of the |evel sense ¢irguit is
turned to "H Shpwing in Fig. 49 to a write status S2wW. However, 1t is

not possible to consecutively execute commands WT for
the same bank and different row addresses. It is
required that a new command BA should be executed before

10 the input of the succeeding command WT and thereafter
the command WT should be executed newly.

The case of access to the address of another
bank is such that if a plurality of banks are in their
bank active statuses, as shown in Fig. 57, the execution

15 of commands WT for the active banks is enabled in
consecutive cycles.
{3) Command RD to Command WT Latency (LRW)

When commands WT are consecutively executed

for the same row address of the same bank subseguently

20 to a command RD, as shown in Fig. 58, it is necessary to
insert a command NOP of 1 cycle at the minimum between
the command RD and the command WT. Namely, the minimum
interval LRW between the command RD and the command WT
is 2 cycles. This is because since the state is in a

25 read without output status S2RP or a read status S2R
shown in Fig. 49, it is necessary to execute a command
NOP to make a transition to a pipeline output only

status S2RS8. Also, it is not possible to execute a



- 82 - signal is converted by the one-shot pul se generating circuit ONESHOT
in the bank control circuit BNKCNT-1 into a pulse having a narrow wi dth and
is thereafter inputted to the S input Le&pgngl of the set/reset flip- 5
flop RS-2. As a result, the output WP the set/reset flip-flop RS-2 is

turned to "FF w&#ﬁéﬁresyﬁy (ﬂéf@%Dréﬂ%';ﬁw' Eﬁﬁe@§t8¥tt§2 %Qﬁe ggﬁoder XD

sel ected by the S rst turne e ou put of the

word line dri \é%s\éau@wl%pt&d the HorleaXr@ecoder ﬁé%@amtraa vaed kine W

i s subsequently turned to "H', thereby connecting nmenory cells to the bit

lines B and BnehlexXommiad Wachamnald oneseampled bercaet iyt iAgusi giak FSA is
turned to "H' and the P-channel sense 15 anplifier activating signal FSAB

is turned to ‘tbihmasdd WTatariche heomnss tarpltinfel eonBAngt Tt shicbddoper ati on. The
subsequent operation is the sane as that in the above- nentioned status SI.
Narel y, thé | exelcud@ds eesiliyoui Refregeinded siymbioie Chablowooitr Sligei B8ui t
BNKCNT-2 at the 20 wupper portion of the bank nodul e BANK detects "L" of
t he represents data output, and symbol D represents data
input.
The case of access to the address of another
bank is such that if a plurality of banks are in their
10 bank active statuses, the execution of a command WT for
the active bank is enabled subsequently to a command RD.
In this case, however, it is necessary to insert a
command NOP of 1 cycle at the minimum between the
command RD and the command WT.
15 (4) Command WT to Command RD Latency (LWR)
When commands RD are consecutively executed
for the same row address of the same bank subsequently
to a command WT, as shown in Fig. 59, the reading is
possible in consecutive cycles. Namely, the minimum
20 interval LWR between the command WT and the command RD
is 1 cycle. This is because since the state is in a
write status S2W shown in Fig. 49, the execution of the
command RD is immediately enabled. However, it is not
possible to execute a command RD for a different row
25 address of the same bank subsequently to the command WT.

It is required that a new command BA should be executed

before the input of a command RD and thereafter the



N-channel sense anplifier activating signal FSA (or the comon driving |ine
CSN of the sense anplifier on the NN MOS transistor side). As a result, the
output RE of the level sense circuit is tygned to "H . The signal REis 25
subj ected to | ogical product with W.Pi by the |ogical product circuit in
the bank cont rQmgddgurt SNKENT -de ne0d o aled Ne, | Qe ROIdd Aynfolt Re bank
nodul e BANK so that the output YG of the l|ogical product circuit is - 83
- turned to "Hhowihisn EIPUISYG emadd@sts hdath decqedsy, Gndwymbdd DAfter the
above operation, the bank nmodule BANK turns to a state S2 in which the
readi ng and widpresattes pdestsa birputd. <1.5 Byte Control Circuit> Next, the

operation of the colum systemw || be explained. Fig. 33 shows an exanpl e
of the byte control circiiie ®eECNIE auresthpia fihea afsthfiss AP asiedlersin Fi g.
29 has i byte control circuits BYICNT therein. 10 In Fig. 33,

ref erence symRARK Vg Gueh\ibat if a plurality of banks are in their

bank active statuses, the execution of a command RD for
the active bank is enabled subsequently to a command WT.
The execution of a command WT and a command RD is
enabled in consecutive cycles.

10 {5) Command RD to Command BA/BC Latency (LR)

As shown in Fig. 60, a command BA or a command
BC can be executed for the same bank subsegquently to a
command RD. Namely, the minimum interval LR between the
command RD and the command BA or the command BC is 1

15 cycle. This is because since the state is in a read
without output status S2RP or a read status S2R shown in
Fig. 49, the execution of the command BA or the command
BC is immediately enabled.

(6) Command WT to Command BA/BC Latency (LR}

20 As shown in Fig. 61, a command BA or a command
BC can be executed for the same bank subseqguently to a
command WP, Namely, the minimum interval LR between the
command WT and the command BA or the command BC is 1
cycle. This is because the state is in a write status

25 S2W shown in Fig. 49.

(7) Command BA to Command BA Latency (LC)
As shown in Figs. 62 and 63, in either RAS

down mode or high-speed access mode, it is necessary



denote witing circuits and synbols RA-O0 to RA-7 denote reading circuits

(or main anplifiers).

Ei ght such witing circuits WA and ei ght such readi ng

circuits RA are arranged in the byte con%égl circuit BYTCNT. 15 Witing

data inputted fromDQiOis transmtted

0 global bit lines GBL-i O and

buf fer. Si ﬁﬁg%ﬁevéﬁt FoRebla 5 t8ean (Rar Kb FY! %Jﬂ*a‘#é?cgﬁ%eé 2d" o
di vi si onal ng&ogﬁﬂﬁ%aﬁégeiclo %ﬂgu% cgoo egg 5 QR u

shown in Flg

ais transm to t put output ?lnes O and

108 and is thgR bLaARPAL! tl%dwhqcia' tcl ineg Biapd Byhmégugeh@ Niflbgh Y-SW
and further to a nenbry cell. The switch SW is prOV|ded for bringing the
gl obal bit |ingse@Bl WD125bean@ntBheidOlhnk® anhi gBetwpedancerstahys at the
time of reading. Nanely, the switch SW disconnects the global bit Iines
GBL-i O and5CBbahsf,r afnet keecicatdéphens kkwoandmmands8B8Al2saensbiedli e of
reading. The switch SW is controlled

consecutive cycles,

(8) Command BC to Command BA Latency (LP)

As shown in Figs. 51 and 53, the execution of

a command BA for the same bank after a command BC

10 requires that an interval LP is satisfied. The minimum

latency will be mentioned later on.

<Data Byte Control>

A data byte control signal BEi performs a

masking operation for input/output data. At the time of

15 reading, the data byte control signal BEi enables the

control of an output buffer. In the case where BEiLi = 1,

the output of the output buffer is turned to a low

impedance status so that the output of data is made

possible.

In the case where BEi = 0, the output of the

20 output buffer is turned to a high impedance status so

that the output of data is inhibited. As shown in Fig.

64, the latency of the data byte control signal BEi at

the time of reading is 2. Fig. 64 shows an example in

which since BEiLi = 0 is set for data corresponding an

25 address of #4, the corresponding data is not outputted

to a data input/output DQ.

At the time of writing, the data byte control

signal BEl enables the masking of input data. In the



by a wite enable signal WAl. Data read fromthe nenory cell is transmtted
fromthe input/output lines 10 and OB in each bank 5 nodule BANK to a nmain
anplifier through the global bit |ines.GBk4i O and GBL-iO and a switch SW.
The main anplifier includes MOS transistors QA to QA8. The main anplifier

is a drain i nRisd WAy G anpldrd &fri tihd MUt fRde Rfeal N8 wRige
anplifier is precharged to VCC 10 before a signal i's read fromthe gl oba

bit lines CBL{da=nh«BL-110 tithetpddarid el S (0,8 tdrdesponadingge
di fference appears between two input termnals of the main anplifier and a

mai n anpl i fiergsanable rdgnal i Ein anid wite oidve Jd Baaplilsf ineiaqwhi @l in turn
anplifies the 15 voltage difference. The swtch SW2 connects the gl obal bit
| i nes GBL-i O ambw@Blin @iand 6e thee riargidy icf thd |daaphiyitie @fonttirmd
i mmedi ately before the main anplifier operates, and the switch SW
di sconnect $ t leignalierBRhea tetilve anipde faferwr is: ioyeria ilng. Flilg.s 6i5s stmee i n 20
order to reduce a |oad capacitance at the tinme of anplification by the main
anmplifier, thaemrasRls iHy whishyrigpeBbpearhtisometTHeorswateh SW i s
controlled by a read enable signal MAG._ The signal anplified by the
corresponding an address of #4, the corresponding data
on a data input/output DQ is not written,.
<Refresh>
10 The DRAM module M25 is refreshed in accordance
with a row activation/refreshing system. Namely, the
refreshing is made by selecting each word line of each
bank by use of a command BA. The refresh cycle at the
time of normal operation is 2560 cycles/16 ms. (The
15 refreshing of all row addresses requires 2560 cycles.)
The refresh cycle at the time of data holding can be
extended to 2560 cycles/64 ms.
<Electrical Characteristics>
Figs. 66a and 66b show the AC characteristics
20 of the DRAM module M25, The minimum value of a system
clock cycle tC is 15 ns, that is, the maximum operating
clock frequency is 66 MHz., In Fig. 66a, the AC
characteristics are determined on the basis of tT = 0.5
ns (tT: the rise time and fall time of each signal) and
25 the timing of an input signal defined based on 0.5 x
VDD. Meanwhile, an access time is defined on the basis

of 0.5 x VDD and a load condition being CL = 0.3 pF,

where CL represents a load capacitance.



main anplifier is inputted to a latch circuit of NAND 25 gates NI and N2 at
the next stage and is then outputted to the termnal DO i O through a buffer
anplifier TI1l. An output buffer enable_shgpal DOEi nakes a change-over of
the output of the output buffer circuit - 85 - TI1l. between a high

| npedance and a low inp €. ' | e Ga t he
out put buffer circuit T??%?ﬁ fﬂéﬁéﬁhﬁiﬁ%{§§ﬁﬁg§§% E%Eﬂgﬁégg g?kgghne§

transi stors Qflirignf@A3 1B i PreC g ORAM addulfeomAshe Hingnokale bit |ines
GBL-i O and GBL-i O and P-MOS transistors QA9 and QA1O form a precharge

circuit for thggwmin Alguk fawrle Heses Arecangd obi ricuithe aieioant rol | ed by
a global bit line precharge control signal 10EQ and a main anplifier
prechar ge contvadluesi gifal IR MAEQand despeatd Vel V2, A sod téhe ralspectiweti oned
control signals, that is, the global bit |ine precharge control signa
| CEQ B, thé rédat eriid oesgpralvhigndihne ha imim lahsingy sepensls apsngikdle MA
the wite enabl e signa
system clock cycle tC is that internal circuits do not
operate in complete synchronism with the system clock
signal CLK.
In the foregoing, the present invention has
10 Dbeen described on the basis of the embodiments thereof.
The summary of effects obtained by the embodiments are
as follow.
{1) Since a memory core having a plurality of
I/0 lines, a transfer circuit module and a logic library
15 are stored in a data base, a semiconductor chip having a
memeory and a logic circuit integrated thereon can be
designed in a short period of time. Further, high-speed
data transfer between the memory core having the
plurality of I/0 lines and the logic circuit can be
20 realized while changing a transfer pattern in a real
time by a transfer circuit having a small area.
(2) Also, in a transfer circuit of the
embodiment, since data to be transferred between a
memory core and a logic circuilt such as arithmetic unit
25 1is transferred passing through one stage of switches,
high-speed data transfer can be realized.

{3) Further, one stage of or a small number of

stages of switch groups correspond to one transfer



VWAi, the main anplifier precharge control signal MAEQ 15 and the out put
buffer enable signal DOEi are all generated by external signals CC, BEi, RW
and CLK in a read/wite control circuit, Q ck RACNT. The read/wite control
circuit block RACNT is provided for each bDyte control circuit BYTCNT. 20

1.0 34 Shows g dddiild. Gliale @fnd NG UM AR 50l UlinRtoam of gnal s

When t he WWIt comrand t he byte control signal
(BE = "H') arteramrt thalediie id Mnf rlaseréa‘uctelaen%rw %lfg'%%laggsK the
wite control signal is turned to 25 "H' so that the switch W takes a

turned-on condidfifdibe AltHdVeby ink idde tolpealidlid dd neduceckar ge contr ol
signal ICEQ B is turned to "H' so that the global bit lines GBL-iO and
GBL-i O are t urcwethgar irhigted npedance - 86 - status. On the other hand,
the read enable signal MAG, the main anplifier enable signal MAI, the main
anplifier pgrecharge cont{rddl 2singrelr WRBQT car{ebrt memouypgorieaf fier

constructed by the combination of functional modules

such as an amplifier module, a bank module and a power
supply module. In the bank module are arranged row-
system circuits which operate independently of each

10 other and a multiplicity of I/0 lines which extend in a
bit line direction. There is constructed that the I1/0
lines are connected by merely arranging the modules so
that they are adjacent to each other., With this
construction, the number of bank modules can be

15 increased and decreased while the number of I/0 lines is
kept constant. Therefore, it is possible to change a
capacity freely in a range from a small capacity to a
large capacity while maintaining the high-speed ability
of the data transfer rate. Also, since the bank module

20 can use the power supply module and the amplifier module
in common, the overhead of the whole of the memory macro
ig little.

(5) A circuit capable of activating and

inactivating the I/0 lines in units of one byte is

25 provided in an amplifier module. Thereby, the number of
I/0 lines coming out of a memory macro can be increased

and decreased in units of one byte.



enabl e signal DOEI are turned to "L" so that the reading 5 circuit RAis
i nactivated. Thereafter, the wite control signal WAl and the gl obal bit
l'ine precharge control signal 10EQ are fypned to "I". Next, when the read
comand (CC = "H'" and RW= "H") and the %yte control signal (BEi = "H') are

10 inputted at the time @qfy risg ‘?Jerﬁchﬁ( HaRGhgS 120k St vt B2 banks,
above- nenti oned control S|gnals are anged over as sho%h in Frg 34.

Nanely, the glohale hide Ipmm&;mrﬂmmrﬂﬁw!oﬁIMesE@Emeszhturned from
"H'" to "L" so that the global bit lines GBL-iO and GBL-i O are turned from

15 a prechar gelestiginetd ceacthilgni npattenchyst attuhecherse aldseriblieheo ead
enable signal MAG and the main anplifier precharge control signal MAEQ
are turned frdmpu§ arp aqtiwatidmtcatmandeddimepns rank R4 ias resdnect ed to
the global bit |ines GBL-iO and GBL-i0 20 through the switch SW2. Data is
read from tthe Widigalcamnang rexr @Loﬁf@rarhfr@m hep sae c@adiengocithédi t RA.
Thereafter, the read enabl e signal is.turned from"H' to "L" so that
the reading cittui%eaing s“’“cto‘rﬂ%cﬁ"eecF 4 ecr}?é‘tglb(%’écls 53" Penhes GBL-i O

and GBL-i O 25pe'l; grernaé‘é &Ly, tchgnsrgacu lvng)léi}‘éler enabl e signal MAI is

In the foregoing, the invention made by the
present inventors has been described concretely on the
10 basis of the embodiments. It is needless to say that
the present invention is not limited to such embodiments
and various changes are possible within a scope which
does not depart from the subject matter of the inven-
tion. For example, in the case where the pitch of I/0
15 1lines MIOi of a memory core MR is conformed to the pitch
of I/0 lines LIOi of a logic circuit, it is possible to
unite the memory core and a transfer circuit TG. Ac-
cordingly, the unitary structure of the memory core MR
and the transfer circuit TG may be termed memory core or

20 memory macro.



turned from"H' to "L" so that the read data is anplified by the main

A Pand 2. ™ % R nal Ty, e out oot syt v enoi tHIGINAH AR < >

turned from"L" to "H' so that data is read fromthe oufpuf bUf fler “circuit
TIl to the exkgLi;Qk.0f the menory macro MVACRO in a period of tine of DOE
="H'. In Fig. 34, 5 "Byte dis." shows that BEi is "L" and DQiOto DQi7

are Unse|¢0ted.bytes-_<k-§eMBb6n@QﬁEbQ|iﬁkéﬁ%b%édegrc§§t559%§c§n exanpl e
of the main control circuit MAINCNT. The main control circuit MAI NCNT 10

i ncl udes the eenpiraating? of standard logic circuits such as NAND circuits,
i nverters, and D-type flip-flops (conposed of. inverters and cl ocked
inverters). From controk siegwalys coRe AGvdnd &Cplaraliaek sfgdataCLK and an
address signal A inputted fromthe exterior of the 15 nenory macro MVACRO,
the mai n cont toknemicEiionVAILINENT

a logic circuit coupled to said memory core,
sald logic circuit being composed by combining basic
logic gates;

a transfer circuit capable of changing a data
transfer pattern between saild memory core and said logic
circuit in a real time;

said memory core, said logic circuit and said
transfer circuit being formed on the same semiconductor
chip; and

layout patterns of said memory core and said
basic logic gates being common to layout patterns for
another group of products, and a layout pattern of at
least a part of said transfer pattern being common to a
layout pattern for the other group of products.

2. A semiconductor integrated circuit device
according to Claim 1, wherein said transfer circuit is
formed by plural stages of switch groups and different
portions of said switch groups are activated by transfer
circuit control signals so that a plurality of data
transfer paths between the data transmission lines of

said memory core and data transmission lines of said

logic circuit are changed over.
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generates signals including a bank close flag DCS (the inver DCS
of which is showmn in Fig. 35), a bank active flag DCA Lm‘m M%ﬁ“&nal
DCA of which is shown in Fig. 35), a cal wgg address en *20 a
row address signal (or X address signal) AXij, a columm address signal (or

Y address signgl) AYi, aﬂdséﬁlé@ﬁaacgbpwmpt@gféged281r5m§tb@@&lééose flag
DCS (the inverted signal DCS of which is shown in Fig. 32) is generated by

a 25 flip-flopaBEbréing t69CLathr gy #h@Edianeheowi pihds abf asdidi figams- shown
in Fig. 32. The bank active flag DCA (the inverted signal DCA of which is

shown in Fig. B&@y tsregenerabadrby aifhiapsfhop BFFaRged boghcgonaTlytitd2
- 88 - and so forth at a timng as shown in Fig. 32. The col unm address
enabl e signal YReiwigéngsabédtby dathi prahbmps®ien3limesogf cszidcuit TG
and so forth at a timng as showm in Fig. 34. A colum address internal
signal 5 AYi G memgepecatredobythef fapaf topndFksgiandl snes opf hsatdalogic

circuit.
4. A semiconductor integrated circuit device
comprising:

a memory core having a plurality of data
transmission lines;

a logic circuit;

a transfer circuit capable of changing a data
transfer path between the data transmission lines of
said memory core and data transmission lines of said
logic circuit in a real time; and

said memory core, said logic circuit and said
transfer circuit being formed on the same semiconductor
chip.

5. A semiconductor integrated circuit device
comprisings

a memory core having a plurality of data
transmission lines;

a logic circuit;

a transfer circuit capable of changing a data
transfer path between the data transmission lines of
sald memory core and data transmission lines of said

logic circuit in a real time;

I
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timng as shown in Fig. 34. Though a Y address latch circuit YLT is shown
in Fig. 29, the flip-flop DFF-4 and the logic circuit TG3 shown in Fig. 35
correspond to the Y address latch 10 ciragght .YLT. The Y address |atch
circuit YLT nmay be included in the bank control circuit BNKCNT-1 or may be

included in the main conddd iy teddid N@E.g Beifrenge ceifb@ndlsadanot es a
delay circuit. The flip-plops DFF (DFF-1, DFF-2, DFF-3, DFF-4, DFF-5) 15

are circuits foranstehi agrdnptitbaliiq Dinediod uhofsdnee gdnsicupdedgsrof t he
clock signal CLK. A clock signal CLM is generated by a clock generating
circuit CLKCNEksimweamrd Fig. 36b. The output BXiT of a logic circuit THA is
a buffered X address signal, and BXiB is an 20 inverted signal thereof. An
X address signal AXij isthe dapaltmreiscodan dsingg e saifd @es@r¥ addr ess
signal BXiB or the inverted signal BXiB thereof. Since the logic circuits
TA, T®, TG3 eank T ik dlakd toapenissian tsingfof istid 4088 are sinple
circuits which can 25 be readily understood by those skilled in the art,
the detail ed e5dH Sk i RALARATALIRE | et T3 A X ]G Q¢ RSTCKT is a

ircuit for peratin . . .
cireult To 9%5? ating QA semiconductor integrated circuit device
according to Claim 5, wherein said transfer circuit is
formed by plural stages of switch groups and different
portions of said switch groups are activated by transfer
circuit control signals so that a plurality of data
transfer paths between the data transmission lines of
said memory core and the data transmission lines of said
logic circuit are changed over.

7. A semiconductor integrated circuit device
according to Claim 6, wherein at least one of the
plurality of data transfer paths between the data
transmission lines of said memory core and the data
transmission lines of said logic circuit can transfer
data from the same data transmisgsion line of said logic
circuit to different data transmission lines of said
memory core.,

8. A semiconductor integrated circuit device
comprising:

a memory core having a plurality of data

transmission lines:;

a logic circuit; A
LRI NS
L TR \
ALY S ~ 5"
e W
a‘i.ﬁ\ ?-‘li},‘;}‘;w/
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o
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reset signal RST of a bank control circuit BNKCNT at the - 89 - time of
p%Wﬂ umn t signal RST will be nentioned later on. The circuit

R g ﬁ”kﬁﬂﬂ one- shot pulse at thedine of power-on. A feature of
thé cfrchit" RSTCKT lies in that a capacitor is provided 5 between a power

supply line and an inpuf ternlpal g{wi{n(y%gﬁel Igﬁ%sg{%{(? ?\}genﬁ/ t age of

the input termnal of the Inverter rrses at a p en a

power supply yohiageryi 8€SaataarPhAbrepegscndNScOPeERt¢10n ded Nerpigcuit
RSTCKT wi || now be expl ai ned. 10 First, when a power supply

vol tage VCC rmsesiohh®igesebdr ghhdvabhage 6branadd MiEcd rersnshDis M3 ri ses.
When this voltage is not higher than the threshold voltages of N MOS
transi stors VBnasdofMsaidologiceniréhidisinhaougdl t hemé MOS transi stors QV3
and QV5 so that 15 the voltage of the input terminal of the inverter I'V
rises with the same vol $aé memene poner supplIowbr teiecuNex@nd e t he
gate/drain voLigggfg; é??c&i%mEZing formed on the same semiconductor

chip; and

at least one of said plurality of data

transfer paths between the data transmission lines of

sald memory core and the data transmission lines of said

logic circuit using only at least a part of the data

transmission lines of said logic circuit, and the unused

remaining data transmission lines thereof being held at

a fixed potential by said transfer circuit.

9. A semiconductor integrated circuit device

according to Claim 1, wherein said memory core includes

a DRAM type cell having one transistor and one

capacitor.,

10. A semiconductor integrated circuit device

according to Claim 2, wherein said memory core includes

a DRAM type cell having one transistor and one

capacitor.

11, A semiconductor integrated circuit device

according to Claim 3, wherein sald memory core includes

a DRAM type cell having one transistor and one

capacitor.

12. A semiconductor integrated circuit device

according to Claim 4, wherein said memory core includes

e T

. Mﬁr' PR 1
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t r ansj eyond the threshold voltage thereof, currents flow
thropmﬂwm%‘?m&nsi stors QU3 20 and QV5 so that the voltage of the
i nput’» aly inverter IVl fallsysdhus, a one-shot pul se can be
generated at the tinme of power-on. The value of VCC with which the voltage

of the input GLepEMRlcye (81 MRS dn¥d t3EaEESthe hakl ohg roughly
determ ned by the 25 threshold voltdages of QV2 and QV3 or is represented by

VCC = VT(QV2) chp¥éHi@é3).. Al so, this value can be adjusted nore finely by
changing the WL ratio of a P- MOS transistor Q4 and the N-MOS transi stor
QV5, the N 13, 90 - MASgeinsingiueto@V3nardratBdVobrenansetraceQvl, or the
N MOS transistors QV3 and QV5. A capacitor QV6 is connected between the
power supply lacwratichg He iTipuim tSor mbeale iof sElid mewenrtyecok¥l inelodder to
prevent a 5 phenonenon that when the power supply voltage rises at a high
speed, a capadi D&Ree tamsplasd Witay itke anep i aredmtes] a3 oRe i nverter |V

causes a delay in rise of
capacitor.

14. A semiconductor integrated circuit device
according to Claim 6, wherein said memory core includes
a DRAM type cell having one transistor and one
capacitor.

15. A semiconductor integrated circuit device
according to Claim 7, wherein said memory core includes
a DRAM type cell having one transistor and one
capacitor.

16. A semiconductor integrated circuit device
according to Claim 8, wherein said memory core includes
a DRAM type cell having one transistor and one
capacitor.

17. A semiconductor integrated circuit device
comprising a first module including:

a memory array having a plurality of bit line
pairs, a plurality of word lines, and a plurality of
memory cells arranged at the points of intersection
thereof;

a sense amplifier connected between bit lines
of each of said plurality of bit line pairs for

amplifying a signal of that bit line pair;

This Sheet Has Been Replaced THIS SHEET HAS BEEN
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the vol tage of the input term nal so that before the voltage of the input

he | ogi cal 10 threshold value of the inverter IM, a
ﬂm mm ugh QU5 with the result;4yat the node or input t er mi nal
e |l ogical threshold val ué of the inverter IM. In this

nanner the circuit RSTCKT, t §H% Y, f power
supply 15 rises at elther 881?1 F[f%{?v g%@e%éjii% @ﬁﬁ%ﬁrhe é’o%ﬁr}lreo

Crcuit Bl ock>pHifa1 864 showsran ex |l e of the read/wite control circuit
bl ock RACNT. I'n a manner simlar to that in the main control circuit

MAINCNT, si gnal s 20 i ncl adifga ainpht/edpdit | Bingrgehargammarded! si gnal
MAEQ B, a wite enable signal WAI, a main anplifier enable signal MAI, an

out put buffer enabhehsagoalubEbwitbe toveatiedoSi ghata DOE B binevpairs s
shown in Fig. 36a), a read enable signal MAG (the inverted signal 25 MAG
of which is shzgwnemhFog a3pajirahiitgoof osehs shokm vinich 5a B phwr aferiey at ed,
by the conbination of standard logic circuits such as NAND circuits,
inverters, andob-biypeinejpairspareoféeifadntical to the flip-flops DFF

a global bit line pair connected to said data
input/output line pair, said global bit line pair
extending on said memory array in the same direction as
said bit line pairs; and

a column decoder for outputting a column
selection signal which opens and closes said column
switch to select one of plural bit line pairs in each of
said plurality of sets so that the selected bit line
pair is connected to said global bit line pair.

18. A semiconductor integrated circuit device
according to Claim 17, further comprising a second
module including an amplifier for amplifying a signal
from the memory cell through said global bit line pair
and a writing circuit for writing data into the memory
cell through said global bit line pair.

19. A semiconductor integrated circuit device
according to Claim 18, further comprising a third module
including a circuit for generating voltages used in said
first module and said second module,

20. A semiconductor integrated circuit device
according to Claim 19, wherein a plurality of said first

modules are provided and the reading or writing is not

[ - s
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- zﬂﬂmmﬁ)muw”mﬂ 35), fromcontrol signals RWand CC, a clock signal
CL rol signal BE inputted fromthe exterior of the nenory
macro MMACRA The*nmin anplifier prechgrg%lcgntrol signal 5 MAEQ B, the
wite enable signal WAI, the main anplifiéf enable signal MAI, the output

buf f bl [ | | | | I |...af. [ j+ [
F:Jg. egGS)naang %S#@qr%eaange%%sa]& gbe esz!l %ﬁémf %%‘ed :%r?“verratqécf\ygzoﬁa i G’O\M;f "

which is Showﬁhé%&g%ék 36a) are 10 generated at a timng as shown in Fig.
34. Reference synmpbols DI, D2 and D3 denote delay circuits. The cl ock

generating cirguit CLKOW showwbrddudidt 38R genielas lieckerigral s CLKI,
CLK2 and CLK3. The clock generating circuit. CLKCNT may be included in

each 15 read/ Wdddr oy red Cldioniis blwioke SMONRIE sydondrediileck sgener ati ng
circuit CLKCNT may be included in the main control circuit bl ock MAI NCNT
Since the | ogicomstrmutted sdmwvirhatn Higsi n@6s/antb 3 fardata sarsibepl e
circuits which can be readily understood by those skilled in the
controlled in units of one byte.
22, A semiconductor integrated circuit device
according to Claim 19, wherein said second module is
constructed so that the input/output of data can be
controlled in units of one byte.
23. A semiconductor integrated circuit device
according to Claim 20, wherein said second module is
constructed so that the input/output of data can be
controlled in units of one byte.
24, A semiconductor integrated circuit device
according to Claim 17, wherein the memory cell is a
dynamic cell.
25, A semiconductor integrated circuit device
according to Claim 18, wherein the memory cell is a
dynamic cell.
26. A semiconductor integrated circuilt device
according to Claim 19, wherein the memory cell is a
dynamic cell.
27. A semiconductor integrated circult device
according to Claim 20, wherein the memory cell is a

dynamic cell,

-
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20 art,, i pl anation thereof will be omtted. <1.8 Another
Examgﬂlgﬁmu@%mrArray> Fig. 37 shows anot her exanple of a nenory
cel | A i in the bank nodul ¢3BANK. Bit |lines B and B and
global bit lines GBL and GBL extend in the 25 |ateral direction of the

figure. A so, jpord |ineg WenIRRREY: cRbra¥ nitRRybieut Byt chipegebPeand 10 and
col umm address selection signals YSi extend'in the | ongitudinal - 92 -

direction of thedidwe tolltadmizal, RidedditeThar eetibrgnged ioasbgoken |ines
whi ch connect 0 synbols at the right and I eft ends of the figure. Sense

anplifiers SAdwiamild neelar.echarge circuits PC, nmenory array 5 input/output
lines 10 and 1O, and colum address selection signals YSi are arranged
parting onto ta%e right @ncendiconsiuvdes rofintieg reedr yicell tadeaychCA.
Accordingly, Y decoders YD are al so arranged parting onto the right and

| eft sides of advendmy \tadllaiar 23, HheweAn AhsgomergriyverelWDisap X decoder

XD and the Y
dynamic cell.

30. A semiconductor integrated circuit device
according to Claim 23, wherein the memory cell is a
dynamic cell.

31. A semiconductor integrated circuit device
according to Claim 20, wherein the memory cells of a
part of said plurality of first modules include ROM
cells and the memory cells of the other modules include
RAM cells.

3z, A semiconductor integrated circuit device
according to Claim 31, wherein the ROM memory cell is
formed by adding a data writing process to the same
process as a process for the RAM memory cell.

33. A semiconductor integrated circuit device
according to Claim 17, wherein said plurality of word
lines and signal lines for said column selection signal
extend in the same direction.

34. A semiconductor integrated circuit device
according to Claim 33, wherein said word driver and said
column decoder are arranged on one side of said memory

array.

[Egriry— i
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decoder on the | ower side of the nenory cell array MCA

that |s mg lmlim mﬂaml de of the figure. A feature of the present
Sinthatsthe sense anplifier 194 and the bit line precharge 15

cirCU|t PC are arranged parting onto the right and left sides of the nmenory

cel | array N%Cior each ppagémmorta&cédm%te%@w cilt& e @avigEents for

the layout pit of the sense anplifiers SAare noderated so that the

llength of the genseapi® idi€lah 14, theehdin lime Sbhgh ragiion 4.5 raduced.
This is particularly effective for a systemin which a miltiplicity of

col uMm addr essaSEdRfdd O ShHPce St/ Hide € PRSSELE ineridrey ey ichytJ ne direction,
as in the present invention. Nanely, the reduction of the |ength of the

sense anplifie36SA in the sdmiddndicedi irendg at e dricesi i pRaveasiet | C
capaci tance of that portion, thereby making it possible to obtain a |arger
signal froma asrerdinglto Claim9B0, wieeBarda Gbraeadndinadile Blsedid>
plurality of first modules and said third module are
arranged in the mentioned order and the global bit line
pairs of said plurality of first modules are connected
to each other at end portions of the modules.
37. A semiconductor integrated circuit device
according to Claim 36, further comprising a logic
circuit block connected to said second module.
38. A semiconductor integrated circuit device
according to Claim 37, wherein said logic circuit block
has an image processing function.
39. A semiconductor integrated circuit device
comprising:

a memory core having a plurality of data
transmission lines and a plurality of dynamic memory
cells;

a logic circuit coupled to said memory core,
said logic circuit being composed by combining basic
logic gates;

said memory core and said logic circuit being
formed on the same semiconductor chip; and

layout patterns of said memory core and said
basic logic gates being common to layout patterns for

another group of products,

! 75-_;’5& P
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Fig. 38a shows an exanple of the bank control circuit 1 This
exanple is particularly suitable for the nenory ce f@ﬁﬂguﬁﬂﬂ
alternate S arrangenent of sense anplifigry s.hovvn sn & manner
simlar to that in the read/wite control circuit block RWCNT, signal s

includi ng wordydines WO sdMicaudiBr fHedd@P'EBGRAIGE s¥vdR@) S FPA(R)
and FPC(L), columm address selection signals YSi (YSO YSl, YS2, 10 YS3,

YS4, YS5, YS6,comppisthghannel sense anplifier activating si gnal s FSA(R)
and FSA(L), P-channel sense anplifier activating signals FSAB(R) and
FSAB(L) and so forth as shdirst Henk 28] aarseqenerbainkd dayit o edrilmbnat i on
of standard logic circuits such as NAND 15 circuits, inverters and D-type
flip-flops, frionchokes o megeey saCRAMECY & rpwskstamdfaii taddmess Ri
col um-system bank address G and a clock signal CLK inputted fromthe

exterior of the plmallitmced WIRCRE 2Rl t3rd A gl DGy ICTETRETY and YP
generated by the 20 main control circuit block MAINCNT. Here, (R) and (L)
i ndi cate si gneﬂ%llf%ra"s@f&%e%@?l"m%r%o%t% HRE rinfiRr S8 Gt oh Fhegread s

amplifiers on the left sid ecti rd driver WDBLK corresponds
tgpthe word driver WD ald £5288%nd & égogé Banks being arranged 8o P

that their global bit line pairs are connected;

said first bank being inputted with a first
bank selection signal and a second bank selection
signal;

said second bank being inputted with a third
bank selection signal and a fourth bank selection
signal;

said first and third bank selection signals or
said second and fourth bank selection signals being
inhibited from being inputted in the same clock cycle;
and

said first and fourth bank selection signals
or said second and third bank selection signals being
allowed to be inputted in the same clock cycle.
41. A semiconductor integrated circuit device
according to Claim 40, wherein said first and third bank
selection signals are row-gsystem selection signals, and
sald second and fourth bank selection signals are
column-system selection signals.
42, A semiconductor integrated circuit device

according to Claim 40, wherein the memory cell includes
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Ci7oui 1S Shown in Fig. 26 arc used in Hg. 380 %Cﬁﬂﬂlﬂmﬂﬂllmﬂﬂlﬁm

denote delay circuits. The above-nentiongdgout put RST of t'he "power “on reset
circuit RSTCKT (see Fig. 35) is inputted to W.Pi and STi - 94 -

generating cirg tsh A& ﬁg wer-on are
respectively tulrﬂFE%”l %g(é{aéeénld%{‘f %Qﬂf}éa% t%}e ttsdarlrrﬁrlg‘a as t%ose in the SO

status. Thus, 5gﬁhé¥¥gyy array takes a precharge status, thereby making it
5 possible to suppress an increase in power-on current caused by the
operation of t4m sense an@iliddkersyoRhrS@niced ogino gl otipird sdhhegwn in Fig. 38a
are also sinple circuits which can be understood readily by those skilled
in the art, the detail e& eiplsandtanin anierrecfecthdnvibankb&comeid ed. aFi g. 38b
shows an exanple of the bank control circuit BNKCNT-2. A precharge |eve
sensor PCS is singhe|sewizondyeron pistiate precharge signal FPC, and a

said first and second banks operating
independently of each other; and

an activation command for said first bank and
a data read or write command for said second bank being
allowed to be inputted in the same clock cycle.

44. A clock-synchronized memory according to Claim
43, wherein each of said first and second banks includes
a memory array having a plurality of bit lines, a
plurality of word lines, and a plurality of memory cells
arranged at the points of intersection thereof.

45, A clock-synchronized memory according to Claim
44, wherein the memory cell includes a DRAM type cell
having one transistor and one capacitor.

46, A clock-synchronized memory comprising:

a first bank and a second bank formed on a
single semiconductor substrate, each of said first and
second banks having a row address and a column address;

said first and second banks operating
independently of each other; and

the row address for said first bank and the
column address for said second bank being allowed to be

inputted in the same clock cycle.
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lifier level sensor SAS is a |level sensor for a 15 conmon driving
@ Eu t anplifier SA on the NN MOS transi stor side. These sensors
etecting the conpl et LoRsgf —precharge and a conpletion
p0|nt of S|gn I anpllflcatlon respectlveF Nanely, the precharge | evel
sensor PCS gengrates a 3 gnalcRCSiadmndd H@m%%sgc%%m;ertol gugligSensor

SAS generates a signal RE. There are two prechargé |l evel sensors PCS which

include one foyy JigtreiferedRILE Cifcld A8 artdne el ihen ugekt - si de
pr echar ge circuit PC Al so, there are two sense anplifier |evel sensors SAS
whi ch 25 incl udeneaiteryf Qir vdWhiawirde & eylser ANy fdfebi%A ldmést,ha ot her for

| eft-side sense anplifier SA. A feature of the present exanple lies in that
in order to detlaptaldtpoiagft vadrdviiictessn damput ivgndli ty s imesmoryl ldeidds t he

- 95 - logical threshold value of a CMXS | ogic circuit receiving that

signal is | onddg@nih ato thre reinid of omtsresaaiieshdbergsifi-age of an N-MOS

transi stor. Thereby
. A clock-synchronized memory according to Claim

47, wherein the memory cell includes a DRAM type cell

having one transistor and one capacitor.
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conpensati on can be nmade to sone degree even if there 5 are the variations
i n threshold vol tages of sense anplifiers SA and/or nenory cells. The |evel
sensor may be a differential anplifier as shown in Fig. 29. In this case,

if a reference voltage Wr providing a sense level is set to be |ower than
the threshold voltage of 10 N-M3S by thesvadiations thereof, erroneous
operation caused by the variations can be prevented in a manner simlar to
that in the above-nentioned | ogical threshold value system <1.10 Logic
Circuit Block> 15 The logic circuit block LOd C shown in Fig. 29
I's provided with a suitable constructi F!}Qr 1perfor m ng an operation
processi ng of image data and a processin Oor’ functions such as the draw ng
to the inmage nmenory (or nenory macro MMACRO) and the reading fromthe inmage
20 nenory to a di JATRYBABEISTORAGE shown logic circuit block LOd C supplies
an address si gnal DEVICE DBOFOBYQOREN bank address Ri, a col um-system bank

address G, GIRCUHTANLLEQGIC LIBRABRYD®™~ to DQ i 7, control signals CC, AC,
R ana . [ ByTeromTorSTmeT B b ¢l ogsesiaRevGHk STARONTHK:

~IMEMORY ARRAY N
S /\ ~——— -
=0l D
Sal || JLAYOUT PATTERNS,
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to the menory macro MMACRO. Further, the logic circuit block LOG C gives an
i nstruction for refresh operation and an refresh address to the nenory
macro MVACRO by use - 96 - of the above-nentioned control |ines, address
signals and so forth. Also, the logic circuit block LOG C perforns an
interface to the exterior of the sem cgn/dyic or 5integrated circuit SLC. A
central processing unit CPU, a display device and so forth are connected
externally so that the transfer of data and commands is nade by "I/Q

Control signal”™ shown in Fig. 29. <2. ﬁ%aaml e of Application to

Menory/Logic M xed 10 LSI> Fig. 39 sho her enb E ?a
application to a nenory/logic mxed LSI. A nenory na |:ﬁue
present enbodi nent is conmposed of four bank nodul es BAN ‘ anplifier
nodul e AMP d a 15 power supply nodule PS. Two WGJSQS_NNAQME
MEMORY CORE MR TRANSFER CIRCUIT TG LOGIC CIRCUIT LC
¢ SWG 5
WORD LINE WL #0 #1#n-1 /\
TURICRE 1L DISPLAY
0 =l ] i1 1 1| ARITHMETIC UNIT
MEMORY =l : X
S ceLL ol il 1B GROUP ARG _ ]
MC Z 5l !
oo { Q .
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arranged with a logic circuit block LOG C 1 interposed therebetween. Al so,
two ot her nmenory nmacros MMACRO are arranged with a logic circuit block
LOG C-2 interposed therebetween. Data input/output Iines DQ performthe 20
transfer of data between each nenory macro MVACRO and the logic circuit
block LOG G 1 or the logic circuit blogk WQE C-2. Byte control signals BE
are inputted fromthe logic circuit bl ock LOGAd C1 or the logic circuit

bl ock LOA C2 to each nenory nmacro MVACRO 25 Control signals CR, CC, AC
and RW an address signal A, a CIOCKFLG CLK, a rowrel ated bank
address R and a columm-rel ated bank &d 540 are inputted froma | ogic
circuit block LOEd G 3 to each nenory nmacro MVACRO. - 97 - A feature of
the present enbodinment lies in that four nenory macros according to the
present invention are provided and all data ouf(utted fromthe nenory
macr os MMACRO are processed in parallel by }/h«,/S l ogic circuit bl ocks
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data transfer and processing speed can be made four tines as high as that
In the case where only one nenory macro MMACRO i s provided. Also, the data
processi ng speed can be further inproved by increasing the nunber 10 of
macros. The logic circuit block LOA C3 has a function of processing the
result of operation in the logic circdif dbliock LOGC1 or LOGC2 into a
data formwhich is easy to be taken in a device outside of the chip and
conversely into a formwith which data fromthe 15 exterior of the chip is
easy to be operated. Such a systenlogngﬁc sing data froma plurality of
menory macros MMACRO in parallel is paftfttlarly effective for applications
such as three-di nensional graphics which neﬁg_ 0 process a |large anount of
data in a high speed. 20 Though ry macros MVACRO having the
sanme capacity are used in the present eanﬂ?ﬁgét, menory macr os_ MVACRO

having differe capacities nmay be used I n accordance with _applicafions.
For exanple, in the GW@IwWSWGS nBWED SWGH o SWRIRCRYGE eSW&Ed toget fher with
a 25 mcroprocegssor, tRe useyas a ‘cacheinenory is ssi blje by provifhégFBhe
menory macro MYACRO e WO n ul e ANK\ ghd Shangi ng |t
anpl i fi er MiO@ut o N - - N N »-{’___UOO
£ il A1 A1 & (] 4 || |rasurs
MIO* r - 1 o1
2 A Al "}Oﬂ 321 T TGBUF2
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hi gh-speed type. Also, the use as a main nmenory is - 98 - possible by
further increasing the nunber of bank nodul es BANK and using themin
conbination with a | ow speed or medi umspeed anplifier nodule AWP. The

| ow speed or nediumspeed main anplifier is used for making 5 the
occupation area of the anplifier smallg /Thys, in the present invention,
since the nenory nmacro is of a nodule 3System it is possible to change the
menory capacity or the anplifier capacElZGtF ely. <3. Third Exanpl e of
Application to Menory/Logic Mxed 10 L 8 40 shows an enbodi nent of
application in the case where an internal data bus vtn th is small. A nenory
macr o MVACRO of the present enbodl rrent S corrposed g four bank nodul es

BANKO 3, an anplifi, — TWo
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menory macros MVACRO are arranged with a selector circuit SELECTOR

I nt erposed t herebetween. Data 20 input/output lines DQ performthe
transfer of data between each nenory macro MVACRO and a logic circuit block
LOd C. Byte control signals BEi are inputted fromthe selector circuit
SELECTOR to each nmenory macro MVACRO nArdoI signals CR, CC, AC and RW an
address 25 signal A, a clock signal ,a rowsystem bank address R and
a colum-system bank address C are inputted fromthe logic circuit block
LOG C to each nmenory macro MVACRO. F'amjop] Fig. 40, the data

I nput/output lines DQ are connected in'C for each byte. Therefore,
the nunber of in [out put i é cw out of one nenory macro MMVACRO i s
only 8. The chan Gver of datbYis e 5 by the byte control signal Bg
generated from sel ect or_gki cui/(;@ELECTO?. Wth such connecti on,

menory macro MMACRO Qf | he |pr esedt<enbogiyrent can be

o o x e _l

RWCO I e A I LIOo
LIO0'} | TGBUFO

o [ B e et 2 ] o1
RWCH ig J
Liot
| Tﬁﬁﬁﬁﬂ,
| -
=1 0 LIO2Z
RWC2 ] J

|| [H92] | TaBUF2

1 11

- LIO3
RWC3 7
TV Pu0s| [ rasues
TGRW\h N S
........ . MIOED, 1,213
P TGC LIOE0,1,28
FIG.11
TRANSFER | CONTROL SIGNAL
PATTERN MIOEi LIOE|
0123 0123
PO 1111 1111
P1 1111 1100
P2 1100 1100
P3 0011 1100
P4 1000 0100
P5 0100 0100
P6 0010 0100
P7 0001 0100




used even as an incorporated nenory of an ordinary 8 to 32-bit one-chip

m croconputer. 10 <4. ROM Bank Mdul e> Fig. 41 shows an enbodi nent in which

a part of bank nodul es BANK of the nmenmory macro MMACRO i s replaced by a ROM

(Read Only Menory) nodule. A nenory nmacro MVACRO of the present enbodi nent

I s conposed of four RAM 15 bank nodul GE/EAQMKO 3, a ROM bank nodul e

ROM BANK, an anplifier nodule AMP and power supply nodule PS. A nerit of

the present enbodinent lies in that in the case where the nmenory nacro

MVACRO i s used as an incorporated ne f one-chi p m croconputer,

control circuits for 20 ROM and RAM ( as fanplifier nodul es AWP

I ncl usive of main control circuits_ MAI NCNI) can, be maFgl co nto ch

ot her, thereby %gjg% it po§’51 bl e K8 redbide t h&%ni p fafea S0, F?t he
ry

case where th
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- 100 - products operations are stored in ROM This is because RAM and ROM
are close by each other. Fig. 42 shows a circuit exanple of a nenory array
RMCA of a ROM nodul e suitable for the application 5 to the nenory nacro
MVACRO of the present enbodinment. A feature of the present exanple lies in
that in order to conformthe nunber aﬁd/gigch of global bit lines to the
RAM nmodul e (or the bank nodul e BANK shown In Fig. 29, Fig. 31, Fig. 37 and
so forth), DRAM nenory cells having 10 the sane size as the RAM nodul e are
partly changed so that they are used as ROMcells. In order to use a nenory
cell wth a DRAM construction as a ROM.cell, .there can be used a nethod in
which after the formation of an insuIE Iﬁl51 of the nmenory cell, a mask
for 15 renoving the insulator filmin conformty with data to be witten is
added. Thereby, a cell fromwhich the insulator filmis removed (MJ in
Fig. 42) is brought into a shortl-£irclitedaqepgkti on with a conmon
el ectrode of the nenory cell whegneas p ce tggwwmvm ch the 20 insul ator
filmis not renmoved (M2 in Fig. %4 OOIFBROL SIGNAL
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information is witten in the cell
be explained using Fig. 42 and 43
N- MOS transi st

I nsulation or results in that
operation of the ROM nodule w |
bit line 25 precharge signal FPCis turned to "H",
QR41 QRS and QR7 are turned on so that a bit

The
. Wien a

ors QR3,

line B and input termnals N

and N2 of a sense anplifier assume a velxtdge of VCC. Next, the bit line
pr echar ge - 101 - signal FPCis turned to "L" and a word line (W in the
present exanple) and a transfer signal SC are turned to "H' (higher than
VCC). Thus, N-MOS transistors QRL, QR6 and QR8 are turned on so that the
node NI assunes a 5 voltage | owered to HVC and the node N2 assunes a
voltage | owered to 3/4VCC. This voltage difference is anplified by
operating the sense anplifier (QR9 to QRL2) by turning a P-channel sense
anplifier common driving |ine CSP and an N-channel sense anplifier conmon
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left as it is, a current continues to flow through the N-MOS transi stor

R1. Therefore, the transfer signal SCis turned to "L" so that the N-MOS
transi stors QR6 and QR8 are turned off. Thus, N assunes the voltage of VSS
15 and N2 assunes the voltage of VCC. Nanely, information "0" is read. If
W2 is turned on in place of W, the n@de¢ N4 assunes the sanme vol tage as

t hat nentioned above or the voltage of 3/4VCC but the node N1 assunes the
vol tage of VCC since a current does not flowto a nenory 20 cell. This
relationship in potential or voltage is reverse to that nentioned above.
Thus, N1 assumes the voltage of VCC and szﬁééﬁs t He vol tlage of VSS.

Namel y, i nf i 1" is read. If a colu ‘sel ectfi‘on si gnal YSi
iS now turﬂ@ofaa a signal 25 appears on global it lijnes GBL and GBL

th h t / out put At whHch_t hd dline i
Lo TR R AT AL ™ "R i fhrrord Line 1
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the start of precharging. According to the present exanple as nentioned
above, the sane nenory cell pattern as RAM can be used 5 as ROM Therefore,
it is possible to readily conformthe nunber and pitch of global bit |ines
to those of the RAM nodul e. Though the di scl osure has been nmade by way of
exanpl e in conjunction with the nethddii/4uwhich the insulator filmof the
DRAM cell is renpoved, there may be 10 used another nethod, for exanple, a
met hod in which a storage el ectrode of the nmenory cell is renoved. Al so,
the conventional ROMcell may be usefrj{Gh8@itch of global bit Iines can
be made the sane as that in the other bank nodul e BANK. 15

Herein, ROM neans a programfixed mask nenory in which information is

written beforehand at a chi pMl@®H-0c n proce LK;B menory is a
non-vol atile nmenory in whi chMalOJ&@d I&or rrat gegd even if a power
supply is turned off. On theM I, RAI\% @;@Q genory in which the
rewiting of data at anytlnMQﬁj hol di n {LiDBadi ng of data are
possible. This nmenory is a vol ati I e nernory | n whi ch stored infornmation
cannot be held if a power sumgﬂ ned of { n LIOC-1
wett | et
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Up to here, the RAM nenory cell has been 25 expl ained as the DRAM cel

shown in Fig. 31. However, even if SRAMcells are used, no inconvenience is
caused. In this case, ROMcells of a ROM bank nodul e can be forned by
changing a part of SRAM cells. - 103 - It is of course that a nodul e
including rewitable menmory cells in pPafd 6f ROM cells may be used in the
foregoing. For exanple, a nodule including nenory cells using ferroelectric
films can be used. 5 Since the nmenory cell using the ferroelectric filmis
capable of not only rewiting |like RAM but al so holding information |ike
ROM even after the turn-off of a power supply, it is also possible to
construct all nodul es by nodul es which include nenory cells using
ferroelectric 10 films. [Synchronous Structure Dynam ¢ RAM Modul e] Fig. 46
shows an exanple of a DRAM nodul e constructed using the nenory nacro
MVACRO. As nenti oned
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above, a bank nodul e BANK of the nmenory macro MVACRO has 15 a construction
i n which 256 word |ines (eight X addresses) are provided, (n x 8 x i) pairs
of bit lines intersect one word line, and one n-th of the bit line pairs
((log n/log 2) Y addresses) are selected by a Y decoder so that (8 x i)
pairs of global bit lines are 20 i npyt3etdiand outputted with data. On the
ot her hand, each bank (BANKO 9) of a DRAM nodul e M25 corresponds to the
bank nodul e BANK of the menory nmacro MVACRO in the case where n = 16 and

= 8. Nanely, each bank (BANKi, i = 0-9) of the DRAM nodul e M25 has a

256K-bit storage 25 capacity and is ¢ t;dziﬁd such that 64 pairs of
gl obal bit lines are inputted and outagi %th data. Al so, the DRAM

nodul e M25 includes 10 banks (BANKi, i = 0- Accordi ngly, the the DRAM
nodul e M25 fornms a synchronous - 104 - structure dynam ¢ DRAM nodul e
having a 4096-word x 64- bit x 1Q-hank.gqnstruction. Each bank (BANKi, i =
0-9) can operat asi®o TRV 1§
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DRAM nmodul e M25 has an address non-nultiplex construc- 5 tion in which the
row system and the colum systemare controlled in a conpletely separated
manner. AMP of the DRAM nodul e M25 corresponds to the anplifier nodul e AW
of the menmory macro MVACRO. <Input/Qutput Interface> 10 The DRAM
nodul e M25 is a nodule used in ASIC. A4 ghown in Fig. 46, interface signals
for another ASIC nodule include a clock signal CLK, 8 row address signals
AX[0: 7], 4 colum address signals AYf0:3], 4 row bank address signals

AR[ 0: 31, 4 columm bank address signals 15 ACCO: 31, a row command sel ection
signal CR, a bank active/inactive signal BA, a colum command sel ection
signal CC, a read/wite control si gn%Mdata | nput/ out put signals

DQ 0,0:7,71, 8 data byte control signal ~73, a power supply line VDD
and a ground 20 line VSS. The clock signal CLK corresponds to the clock
signal CLK of the nmenory macro MVACRO. The other signals are all inputted
and outputted in synchroni sm wt«r t he *cl®og¢k signal CLK 25 The
row address signal AX[0:73 cormesponds tos=
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the X address of the address signal A of the menory macro MMACRO A row
address (or X address) in a bank BANK is inputted. The col um address

si gnal AY[0: 3] - 105 - corresponds to the Y address of the address
signal A of the nmenory macro MMACRO. A columm address (or Y address) in a
bank BANK is inputted. The row bank ngr/egsdsi gnal AR[0:3] 5 corresponds to
the row system bank address R of the nenory macro MMACRO. The address of
a bank BANK receiving a row command is inputted. The row system bank
address R of the menory nmacro MVACRO i s not decoded or directly selects a
bank nmodul e BANK. 10 However, the ro%gﬁress signal ARFO 3] is
decoded to select a bank BANK. Since t four addresses, it is

possi ble to sel ect banks the nunber of which is 16 at the greatest. The

col um bank address signal AC[0:3] 15 corresponds to the col um-system bank
address G of the
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menory macro MVACRO. The address of a bank BANK receiving a colum command
is inputted. The col um- system bank address C of the nenory macro MMVACRO
is not decoded or directly selects a bank nodul e BANK. 20 However, the

col um bank address signal AC[0:3] is decoded to select a bank BANK. Since
there are four addresses, it is possi?mﬁ sel ect banks the nunber of
which is 16 at the greatest. The row ésel ection signal CR corre- 25
sponds to the control signal CR of the nmenory macro MMACRO. This signal

i ndi cates that the corresponding cycle is a row comand i nput. - 106 -
The bank active/inactive signal BA corresponds to the control signal AC of
the nmenory nmacro MMACRO. Thi s signal igﬁ'gtzﬂy\het her the correspondi ng
bank shoul d be activated or inactivated. ' The col um conmand
sel ection signal CC corresponds to the control signal CC of the nmenory
macr o
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MVACRO. This signal indicates that the corresponding cycle is a colum
command input. The read/wite control signal RWcorresponds 10 to the
control signal RWof the nenory macro MVMACRO. This signal indicates the
reading or the witing. The data input/output signal DJ 0, 0:7, 7]
corresponds to the I/O signal DQj fdr7ingut/output of the menmory macro
MVACRO. This signal perforns the 15 input/output of data. The data byte
control signal BE[O:71 corresponds to the byte control signal BE of the
menory macro MVACRO. This signal perforns the masking of input/output for
each byte. The case of reading is suc]ﬁleahggt when BE = "L", the output
I's brought into a high i npedance stat as when BE = "H', the output
i s enabl ed. The case of witing is such that when BE = "L"SWwgg vwWwWGag of

correspondi ng data |s not perforned éhe previ ous data bding he{d
wher eas when BE = " ‘W‘n‘n‘g% orTEspondl ng aat d |sa§{for ned.
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- 107 - ground line VSS corresponds to the power supply voltage VSS of the
menory macro MMACRO. The ground line VSS is connected to GND (OV). The
voltage | evel of an input/output signal is 5 a so-called CMOS interface

| evel . <Command Operation> Figs. 47a and 47b show the truth tables of
commands set in the DRAM nodul e 25. Fri8tvhé 4igures, "1" indicates that an
i nput signal has a high level (VIH, 10 "0" indicates that an input signal
has a low level (VIL), "X" indicates that an input signal has a high |evel
(ME) or alowlevel (VIL), and "V' indicates that an input signal is

valid. In arow comand (con R) systmq Qmand is 15 set by the
conbi nation of a row command sel ecti 92 CR, a bank active/inactive

signal BA, a row address signal AX[0:7] and a row bank address signal

AR[ 0: 3]. The row command sel ection signal CR the bank active/
SWGH SV\{GZ
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i nactive signal BA the row address signal AX0:7] and 20 the row bank
address signal AR 0:3] are latched into the DRAM nodul e M25 by virtue of
the rising edge of a clock signal CLK. In Figs. 47a and 47b, [err]
indicates that the latching into the DRAM nodule M25 is made by virtue of

the rising edge of the clock signal CHIQ /284 A command NOP
(no-operation) is set by CR 0. The command NOP is not an execution
command. However, the internal operation is continued. - 108 - A command

BA (row address strobe and bank active) is set by CR =1 and BA = 1. Wth
t he command BA, a row address (AXO AX7) and a row bank address (ARO AR3)
are designated and a bank BANK designg:ggaﬁﬁgﬁhe 5 row bank address takes
an active status. In a general purpos ip, the command BA
corresponds to the rising of /RAS when /CAS = H The command BA is al so
used for refreshing. A command BC (precB6688+§gﬂ3Pank close) is set
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10 by CR =1 and BA = 0. Wth the command BC, a bank BANK designated by a
row bank address (ARO-AR3) is precharged and is thereafter brought into a
bank close status. In a colum command (com C) system a command is set by
t he conbi nation of a colum conmand sel ection 15 signal CC, a data byte
control signal BE[0:7], a read/wite2@ntdd signal RW a columm address
signal AY[0:3] and a colum bank address signal AC 0:3]. The colum comand
sel ection signal CC, the data byte control signal BE[0:7], the read/wite
control signal 20 RW the colum address signal AY[O 3] and the colum bank
address signal AC[0:3] are latched into the DRAM nodul e M25 by virtue of

the rising edge of a clock signal CL&LGC and NOP (no-operation) is set
by CC = 0. 25 The command NOP i s not X on conmmand. However, the

internal operation is continued. A co ol uim addr ess strobe and
read command) is set bﬁE@@‘NGMaﬂmé{W: gHAﬁg{:Eﬁt he command
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- 109 - RD, a reading operation is started. A read address is designated by
a colum address (AYO AY3) and a col um bank address (ACO-AC3). In a
general purpose DRAM chip, the command RD corresponds to the rising of /CAS
when 5 /RAS = L and WE = H. After the conpletion of reading, the output is
brought into a high inpedance status.2 A £dndrand WI' (col uim address strobe
and wite command) is set by CC =1 and RW= 0. Wth the conmand WI, a
witing operation is started. A wite address is 10 designhated by a col umm
address (AYO- AY3) and a colum bank address (ACO AC3). The data byte
control signal BE[O:7] perforns an input/output data nasklng operation in
units of one byte. At the tinme of Eﬁ Sihen BE = "1", the output 15 is
brought into a | ow i npedance status so that t he out put of data becones
possi bl e. When BE = "0", the output is brought into a high inpedance status
so that the output of data is not nade. At the tinme of witing, when BE =
"1", the witing of data is perforned. Wen 20 BE = "0", the witing of
data is not performed with the previous data being held.
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Figs. 48a and 48b show the function truth tables representing the
operations in the case where each command i s executed subsequently to
various states. 25 In the case where a conmand BA is executed for a bank
BANK#i when the bank BANK#i is in a bank active state, precharging
(precharge) and sensing (sense) for %,gemlng/address AX are perfornmed and
t he bank BANK#i is - 110 - thereaft gu ned to a bank active status.
The "bank active status” nmeans a state in which the input of a col umm
command (con C) is possible. In the case where the command BA i s executed
for the bank state, the state 5 BANK# when a bank BANK# (] [err] i) is in
a bank active of the bank BANK#] is continued (no operation). In the case
where a conmand BA is executed for a angg' #i when the bank BANK#i is in
a bank closed state, sensing (sense) row address AX is 10
performed and the bank BANK#i is thereafter turned to a bank active status
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executed for the bank BANK#i when a bank BANK#] (j [err] i) is in a bank
close state, the state of the bank BANK#} is continued (no operation). 15
In the case where a command BC i s executed for a bank BANK#i when the bank
BANK# is in a bank active or bank closed state, precharging (precharge) is
perfornmed and the bank BANK#i is theregfigraturned to a bank closed status.
In the case where the command BC is 20 executed for the bank BANK# when a
bank BANK# (j [err] i) is in a bank active or bank closed state, the state
of the bank BANK#j is continued (no operation). Wen a bank BANK# is in a
not - bank-acti ve or not-bank-cl osed state, the execution of a command BA or
25 command BC for the bank BANK# is inhibited. In the case where the
command BA or conmmand BC i s executed for the bank BANK# when a bank BANK#
(j [err] i) is in a not- bank-active or not-bank-closed state, the state
of the bank BANK#j is continued (no o?grigig§zz In the case where a conmand
RD i s executed for l .
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a bank BANK#i when the bank BANK# is in a bank active 5 state, the reading
(read) fromthe bank BANK#i is perforned. Wien the bank BANK# is in a

not - bank-active state, the execution of the command RD for the bank BANK#
is inhibited. Irrespective of the state of a the bank BANK# (j [err] 1)
when the command RD is executed for J0AhadkA BANK#i , the state of the bank
BANK#j 1s continued (no operation). In the case where a command W is
executed for a bank BANK#i when the bank BANK#i is in a bank active state,
the witing (wite) fromthe bank BANK# is 15 performed. Wien the bank
BANK#i is in a not bank active state, the execution of the conmmand WI for
the bank BANK#i is inhibited. Irrespective of the state of a the bank
BANK#] (j [err] i) when the command WI i s executed for bank BANK#i, the
state of the ban ANK#] is gontinygd 20 (no operation). Fig. 49 shows a

di agram showi ng thevstate transitiof of a bank for command input. The state
of a bank includ§$ st.and st at SO, a precharge status SIP, a sense
status SIS, a batikiActive st@tus SKJ a read 25 wi thout output status S2RP,
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pi peline output only status SIRS, a pipeline output only status S2RS and a
wite status S2W The state transition of a bank is caused by the input of
a comuand - 112 - BA, BC, RD, WI or NOP. In Fig. 49, an arrow attended
wi th no conmand nane indicates that the state transition of a bank is
caused after the | apse of a predetermiBetidtdne (tine out). 5 <Read/Wite
Qperation> (1) Bank Active Prior to a read or wite operation, the
activation of a correspondi ng bank BANK and a row address is perforned by a
command BA. A bank BANK to be 10 activated is designated by a row bank
address (ARD-AR3) and a word line is activated by a row address (AXO AX7).
In the case of a RAS down node (or in the case where a state before the

i nput of the command BA is a bank active state), an interval of LAis
required 15 between the conmand BA and a command RD or a conmand WI.
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As shown in Fig. 49, the bank BANK is turned froma bank active status S2
to a bank active status S2 through a precharge status SIP and a sense
status SI'S. In the case of a high-speed access node (or in 20 the case
where a state before the input of the command BA is a bank close state), an
interval of LA2 is required between t co nd BA and the command RD or
the command WI. As shown in Fig. 49, the bank BANK is turned froma stand
by status SO to a bank active status 25 S2 through a sense status SIS. (2)
Read Operation Fig. 50 shows a timng chart of a page read operation in a
RAS down node. A conmand BA (bank active - 113 - (with precharge)) is

I nputted and a read operation is started by the input of a command RD after
an interval LA In Fig. 50 is shown an exanple in which conmands RD are
consecutively inputted so that data is consecutively 5 read. Though Fig. 50
shows an exanple in which LAis 5
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clock cycles, the mninumlatency will be nmentioned |ater on. Regarding an
address, an active bank is designated by the condition of a colum bank
address (ACO-AC3) and a colum selection signal is designated by 10 a
colum address (AYO AY3). In Fig. 50 is shown a situation in which data 1
and 2 corresponding to #1 and #2 of zp?ﬁpghynn address (AYO AY3) are read.
After the data is outputted, the data input/output DQis turned to a high
i npedance status. The state of the read 15 operation shown in Fig. 50 is
turned froma bank active status S2 to a bank active status S2 through a
precharge status SIP and a sense status SIS, as shown in Fig. 49. After the
i nput of the command RD, the state is turned to a pipeline output only
status S2RS through a read 20 wi thout output status S2RP and a read status
S2R. After the input of a cormand BA, the state is turned to a precharge
status SIP. Fig. 51 shows a timng chart of a read operation in a

hi gh- speed access nobde. A command BA 25 (bank active) is inputted and a
read operation is started by the input of a conmand RD after an interval
LA2. Though Fig. 51 shows an exanple in which LA2 is 3 -
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clock cycles, the mninmumlatency will be nmentioned 114 - later on.
Regardi ng an address, an active bank is designated by the condition of a
col um bank address (ACO AC3) and a column sel ection signal is designated
by a columm address (AYO-AY3). In Fig. 51 is shown a 5 situation in which
data 1 and 2 corresponding to #1 and ﬁécf’fd- Hhe col um address (AYO AY3) are
read. After the data is outputted, the data input/output DQis turned to a
hi gh i npedance status. The state of the read operation shown in Fig. 51 is
turned froma stand by 10 status SOto a bank active status S2 through a
sense status SIS, as shown in Fig. 49. After the input of the command RD,
the state is turned to a pipeline out Fg(?nlgztat us S2RS through a read

wi t hout out put status S2RP and a read status S2R. After the input of a 15
command BC, the state is turned to a stand by status SO t hrough a precharge

status S1P. Wen a command BA is inputted after an interval LP, the state
Is turned to a
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sense status S1S. (3) Wite Operation 20 Fig. 52 shows a timng
chart of a page wite operation in a RAS down node. A conmand BA ( bank
active (with precharge)) is inputted and a wite operation is started by
the input of a command WI after an interval LA Though Fig. 52 shows an
exanple in which LAis 5 25 clock cycl®es,/thg mninumlatency will be
mentioned | ater on. Regardi ng an address, an active bank is designated by
the condition of a colum bank address (ACO-AC3) and a colum sel ection
signal is designated by - 115 - aﬁdbwﬂaaress (AYO-AY3). In Fig. 52
IS shown a situation |n whi ch data 1 and _Tcorrespondl nfg go #1 and #2 of

t he col um iaggi-€esss, - e “w-ttenr--The Laf ency of data input isT1
cycle. The is V& he @?A‘Zﬁ! oper?s(ﬁibn ?F@Q}q 'n Fig. 52 is turned froma
bank actlvq 5 've sta uskFBZ( LhFMQ(rR)a precharge stat us
SIPand a se XDPi XDGBi WPl '
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Fig. 49. After the input of the command WI, the state is turned to a wite
status S2W After the input of a 10 conmand NOP, the state is turned to a
bank active status S2. Fig. 53 shows a timng chart of a page wite
operation in a high-speed access node. A conmand BA (bank active) is
inputted and a wite operation is 15 30aftded by the input of a command WI
after an interval LA2. Though Fig. 53 shows an exanple in which LA2 is 3
clock cycles, the minimumlatency will be nmentioned | ater on. Regarding an
address, an active bank is designated by the condition of a colum bank
address 20 (ACQ AC3) and a columm selection signal is designated by a

col um address (AYO-AY3). In Fig. 53 | Is@ é situation in which data 1
and 2 corresponding to #1 and #2 of the colum address (AYO AY3) are
witten. The |latency of data input is 1 cycle. The state of the 25 wite
operati on showBONIHNG BAD s turned froma stand by status SOto a bank

active status S2 t hrbhugh a sense status S1S. _as shown-in Fig. After—t he
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- 116 - After the input of a command NOP, the state is turned to a bank
active status. After the input of a conmand BC, the state is turned to a
stand by status SO through a precharge status SIP. Wien a command BA is
inputted 5 after an interval LP, the state is turned to a sense status S1S.
<Command Latency> (1) Command RD to wqaanRD Latency (LRR) When commands
RD are consecutively executed in 10 the case of the sane bank and the sane
row address, as shown in Fig. 54, the reading is enabled in each cycle.
Nanely, the mnimuminterval LRR between the conmands RD and RD is 1 cycle.
This is because the state is subjected to a transition froma bank active
status S2 15 shown in Fig. 49 to a read status S2R through a read w t hout
out put status S2RP. However, it is not possible to consecutively execute

commands RD for the sanme bank and diffjfﬁﬁ% zp@;:ddresses. It is required
that a new command BA or a command BC an ‘co nd BA shoul d be
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20 executed before the input of the succeeding command RD and thereafter

t he command RD shoul d be executed newly. The case of access to the address
of another bank is such that if a plurality of banks are in their bank
active statuses, as shown in Fig. 55, the execution 25 of comrands RD for
the active banks is enabled in conseggj VGI/_Q gycles. (2) Command W to
Command WI' Latency (LWN Wen comran are consecutively executed in

- 117 - the case of the sane bank and the same row address, as shown in
Fig. 56, the witing is enabled in each cycle, Namely, the mninuminterval
LWV bet ween the commands WI' and WI |s é 1 This is because the state is
5 subjected to a transition froma bank actlva@waé?\glgz shown in Fig. 49
to a wite status S2W However, it is not onsecutlvely execute

commands WI for the same bank aAMBlfB&Q:NKtOBow agdrg’ﬁes It is required
that a new command BA shoul d be
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10 the input of the succeeding conmand WI and thereafter the conmand WI
shoul d be executed newWy. The case of access to the address of another bank
is such that if a plurality of banks are in their bank active statuses, as
shown in Fig. 57, the execution 15 of commands WI for the active banks is
enabl ed in consecutive cycles. (3) Comdafid &D to Comrmand WI Lat ency (LRW
When commands WI' are consecutively executed for the sanme row address of the
same bank subsequently 20 to a cormand RD, as shown in Fig. 58, it is
necessary to insert a conmand NOP of 1 cycle at the mninum between the
command RD and the command WI. Nanely, the m ninuminterval LRW between the
command RD and the command WI is 2 cycles. This is because since the state
isin a 25 read wthout output status S2RP or a read status S2R shown in
Fig. 49, it is necessary to execute a conmand NOP to nmake a transition to a
pi pel i ne output only status S2RS. Al SFIIGt 42‘_aot possi bl e to execute a

BANK-0 | BANK-1 | BANK-2 | BANK-3

F1G.44b

BANK-0 | BANK-1 | BANK-2 | BANK-3

RO

R1 \

R2
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command WI for a different row address of the sane bank subsequently to the
command RD. It is required that a new conmand BA shoul d be executed before
the input of a conmand WI' and t hereafter the command WI should be 5
executed newy. Reference synbol Q shown in Fig. 58 represents data output,
and synbol D represents data input. T %ﬁ % of access to the address of
anot her bank is such that if a plural anks are in their 10 bank
active statuses, the execution of a connand WI for the active bank is
enabl ed subsequently to a command RD. In this case, however, it is
necessary to insert a conmand NOP of 1 cycle at the m ninum between the
comand RD and the command WI. 15 (4) __Co nd WI to Coomand RD Lat ency
(LVWR) When commands RD are consecutiv n@&ited for the sane row address
of the same bank subsequently to a command WI, as shown in Fig. 59, the
reading is possible in consecutive cycles. hbnely, the m ni num 20 interval
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command RD is i medi atel y enabl ed. However, it is not possible to execute a
command RD for a different row 25 address of the sanme bank subsequently to
the command WI. It is required that a new command BA shoul d be executed
before the input of a command RD and thereafter the - 119 - conmmand RD
shoul d be executed newly. Reference sybho¥ & shown in Fig. 59 represents
data out put, and synbol D represents data input. The case of access to the
address of another 5 bank is such that if a plurality of banks are in their
bank active statuses, the execution of a command RD for the active bank is
enabl ed subsequently to a command WI. The execution of a command WI and a
command RD is enabled in consecutive cycles. 10 (5) Command RD to Conmand
BA/ BC Latency (LR) As shown in Fig. 6d¥|(§q nd BA or a conmand BC can be

executed for the same bank subsequently to a com‘rand/ﬁmﬂ%rrely, t he
m nimum i nterval LR between the

ClLK
CR ———
BA
AX[0:7] —f5=
AR[0:3] /o _
oo 4 o HSlTHSS SIS HE SIS
> | = Z{IZIIZZIZ]IZ EE EE 55 EE
HWM“%%égéémmmm
AY[0:3] —5—
ACI0:3] >
DQI0,0:7,7] -
BE[0:7] ———»
FIG.47a
ROW COMMAND (com R)
CLK CR BA AX AR Command
1 1 1 \Y/ \' BA Bank active/Refresh
1 1 0 X V BC Bank closed
1} 0 X X X NOP No operation
FIG.47b
COLMN COMMAND (com R)
CLK CC BE BRW AY AC Command
t 1 1 1 VvV \'4 RD Read
t 1 1 0 V vV WT Write
t 1 0 X X X NOP
t 0 X X X X No operation




command RD and the command BA or the conmmand BCis 1 15 cycle. This is
because since the state is in a read w thout output status S2RP or a read
status S2R shown in Fig. 49, the execution of the command BA or the comand
BC is imedi ately enabl ed. (6) Conmand WI to Conmand BA/BC Latency (LR) 20
As shown in Fig. 61, a command BA or pgcopmgnd BC can be executed for the
sanme bank subsequently to a command WI. Nanely, the mnimuminterval LR
bet ween the command WI' and the conmmand BA or the conmand BCis 1 cycle.
This is because the state is in a wite status 25 S2Wshown in Fig. 49. (7)
Command BA to Conmand BA Latency (LC) As shown in Figs. 62 and 63, in

ei ther RAS down node or high-speed access node, it is necessary - 120 -
that an interval between two commands BA for the same bank satisfies LC.

Though each of Figs. 62 and 63 shows leg {1 N Which LCis 8 clock
cycles, the m nimum aFF@mgé

ROW OPERATION _
CR BA AX AR com. BANK# Present state operation
1 1 V. # BA i Bank active 1. Precharge
2. Sense (new AX)
—Bank active status
Other than #i _Bank active No operation
1 1 V # BA # Bank closed Sense {new AX)
—Bank active status
Other than #i  Bank closed No operation
1 0 X # BC # Bank active/closed  Precharge
—Bank closed status
Otherthan#i  Bank active/closed No operation
1 X X # BA # not-Bank-active or
BC not-Bank-closed inhibited
Otherthan #i  not-Bank-active or
not-Bank-closed No operation
COLUMN OPERATION
CC BE RW AY AC com. BANK# Bank state operation
1 1 1 V # RD # Bank active Read
#i not-Bank-active  Inhibited
Otherthan #i  All statuses  No operation
1 1 0 V #H WT # Bank active  Write
#i not-Bank-active  Inhibited
Otherthan #i All statuses  No operation
1 X X X NOP Al All statuses  No operation

0
1 X X X X NOP Al All statuses  No operation




| atency will be nentioned |ater on. Between different 5 banks, the
execution of two commands BA is enabled in consecutive cycles. (8) Comrand
BC to Cormand BA Latency (LP) As shown in Figs. 51 and 53, the execution of
a conmand BA for the sanme bank after a command BC 10 requires that an
interval LP is satisfied. The mnimm¥atgngy will be nentioned [ater on.
<Data Byte Control> A data byte control signal BE perforns a masking
operation for input/output data. At the tinme of 15 reading, the data byte
control signal BE enables the control of an output buffer. In the case
where BEI = 1, the output of the output buffer is turned to a | ow i npedance
status so that the output of data is nade possible. In the case where BE =
0, the output of the 20 output buffer J urped to a high i npedance status
so that the output of data is inhibit j(éslg wn in Fig. 64, the |atency
of the data byte control signal BE at the tinme of reading is 2. Fig. 64

shows an exanple in which since BEE = 0 is set for data correspondi ng an 25
address of #4, the correspondi ng data.i sgpaot tted
e e i -
)= ()
4 }
BC BA
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to a data input/output DQ At the time of witing, the data byte control
signal BEi enables the masking of input data. In the - 121 - case where
BEi = 1, the witing of input data is made possible. In the case where BEi
= 0, the corresponding data is not witten and the previous data is held.
As shown in Fig. 65, the latency of t%;%zaﬁ%(byte control 5 signal BE at
the time of witingis 1. Fig. 65 sho n"eéxanple in which since BEi =0 is
set for data correspondi ng an address of #4, the corresponding data on a

data input/output DQis not witten. ﬁf@ss 10 The DRAM
nmodul e M5 is refreshed in accordance a row activation/refreshing

system Nanely, the nefreshing iis nmade by sel ectjng each word |ing_of gqach
bank by use @LK dpmfan - \The r&f rsih\ cycl e fti Re_pf \porja
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The refresh cycle at the tinme of data hol ding can be extended to 2560
cycles/64 ns. <Electrical Characteristics> Figs. 66a and 66b show the AC
characteristics 20 of the DRAM nodul e M25. The m ni mum val ue of a system
clock cycle tCis 15 ns, that is, the maxi mum operating clock frequency is
66 MHz. In Fig. 66a, the AC characteg$§p}z§ are determ ned on the basis of
tT =0.5ns (tT: the rise tinme and f |ﬁ% of each signal) and 25 the
timng of an input signal defined based on 0.5 x VDD. Meanwhil e, an access
time is defined on the basis of 0.5 x VDD and a | oad condition being CL =
0.3 pF, where CL represents a | oad capacitance. - 122 - Figs. 67a to 67c
show t he operating frequency nininun1FaL€acE?E£of t he DRAM nodul e M25. When
the systemclock cycle tCis 15 ns whlfc S m ni rum val ue, LA, LA2, LP
and LC are 4, 2, 2 and 6, respective- 5 |ly. The reason why the m ni num

| at ency depends upon,the
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systemclock cycle tCis that internal circuits do not operate in conplete
synchronismw th the systemclock signal CLK. In the foregoing, the present
i nvention has 10 been descri bed on the basis of the enbodi nents thereof.
The sunmary of effects obtained by the enbodinents are as follow. (1) Since
a nmenory core having a plurality of 14Q yiméds, a transfer circuit nodul e
and a logic library 15 are stored in a data base, a sem conductor chip
having a nenory and a logic circuit integrated thereon can be designed in a
short period of time. Further, high-speed data transfer between the nenory
core having the plurality of 1/Olines and the logic circuit can be 20
realized while changing a transfer pafrfgaazspa real time by a transfer
circuit having a small area. (2) Al so, ansfer circuit of the

enbodi ment, since data to be transferred between a nenory core and a |logic

ot "o t ches. O \spdea\doF o\t + kaskerf S e kel el (1 Fododr Nonk %
stage of or %énall rwr of \
RW 220 Y /%
AY 722220 X a2 X s #3356 X #6| X027
AC 772X | X w2l X #3l X #a| X #5| X_#6| X oz
DQ Gip—G2y—<3)—G@a)—<u5p—<#6)

CLK\_ /M L/ S\
CC -/ |/ \
RW 72077 \ YA %
AY 7777 #R1 X#R2 X #R3 XEWA XaWR XaW3 X 7
AC 72X X o
DQ <2y — a5y

Q D
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RW 7702\ / X ke
AY 7226 WA EW2 XaW3B X#R1 X#RIXFRI N 227
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stages of swtch groups correspond to one transfer - 123 - pattern.

Therefore, in the case where the nunber of transfer patterns is small, a
reduced nunber of stages suffice, thereby naking it possible to reduce an
occupation area. 5 (4) A nenory macro (or nenory core) is

constructed by the conbination of functipepalf nodul es such as an anplifier
nodul e, a bank nodul e and a power supply nodule. In the bank nodule are
arranged row systemcircuits which operate i ndependently of each 10 ot her
and a nultiplicity of /O lines which extend in a bit line direction. There
I's constructed that the 1/Olines are connected by nerely arranging the

nodul es so that they are adjacent to (13??r. Wth this construction,
t he nunber of bank nodul es can be 15 | ncreased and decreased while the

nunber of 1/Olines is kept constant. Therefore, it is possible to change a
cope Y 1TRELR T GO CPN U 4\ [
CR 7227 W/W/WWWW% NGH I,
BA __ /T A
AXAR X\ XZ077772077770022 207772072202 N X207
cc / \
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AYAC 2007777007777 772k #1 X #3 ¥ 7000.727.
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BA RD RD LR BaBC
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| arge capacity while maintaining the high-speed ability of the data
transfer rate. Al so, since the bank nodule 20 can use the power supply
nodul e and the anplifier nmodule in common, the overhead of the whole of the
menory macro is little. (5) Acircuit capable of activating and
inactivating the I/Olines in units of pong pyte is 25 provided in an
anplifier nodul e. Thereby, the nunber of I/Olines com ng out of a nmenory
macro can be increased and decreased in units of one byte. - 124 - (6)
In a nmenory having a plurality of banks, there are provided a plurality of
addr esses whi ch desi gnate each bank. Thereby, it beconmes possible to input
an activation conmand for one bank andFHLgSagé 5 wite command for

anot her bank in the sanme cycle so that*t r ng or witing over

di fferent banks can be perfornmed for consecutive cycles. In the foregoing,
the invention nmade by, the
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present inventors has been described concretely on the 10 basis of the
enbodi nents. It is needless to say that the present invention is not
limted to such enbodi nents and vari ous changes are possible within a scope
whi ch does not depart fromthe subject natter of the inven- tion. For
exanple, in the case where the pitch @15 lines MO of a nenory core
MR is conforned to the pitch of I/C)?lnes LIO of alogic circuit, it is
possible to unite the nenory core and a transfer circuit TG Ac- cordingly,
the unitary structure of the nennryngb’gawﬁseyg&the transfer circuit TG may
be ternmed nenory core or 20 nenory 25 - Clains: conprising: a
menory core having a plurality of data transm ssion Iines alogic circuit

led t d | t b db i
coun ¢ 0 =5 TRBICERes™ (ta 28 o S70 VoS SIS S ST

ftem Symbol Min  Max Unit  Remarks
System clock cycle tC 15 10000 ns 1
CLK=1 puise time tCKH 6 ns 1
CLK=0 pulse time tCKL 6 ns 1
Command set-up time tCS 3 ns 1
Command hold time tCH 1 ns 1
Data write time tDW 6 ns 1
write data hold time tDH 1 ns 1
Qutput turn-on time tQD 3 ns 1
Qutput turn-off time tQH 4 ns 1
Qutput hold time tOH 1 ns 1
Clock access time tAC 10 ns 1,2
Clock fall access time tACF 4 ns 1,2
Refresh time (Normal operation) tREF 16 ms
Refresh time (Hold operation) tREF2 64 ms

F1G.66b
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|l ogic gates; a transfer circuit capable of changing a data transfer pattern
bet ween said nenory core and said logic circuit in a real time;, said nenory
core, said logic circuit and said transfer circuit being forned on the sane
sem conductor chip; and |layout patterns of said nenory core and said basic
| ogic gates being commn to |ayout pajyeymsafor another group of products,

and a |l ayout pattern of at least a p f jd transfer pattern being
comon to a layout pattern for the o!ﬁiégé?raof products. 2. A

sem conduct ODPEﬁh?WFﬁéQE BViNINGI® MQ%TEN@S“ ng to Claim1, wherein said
transfer circd S—FOr-Net ar—stages—o vt ITC i ;
portions of Bamd switch groups are activated bySymbahs

signal s so
t ransm ssi onROW teGokimnsanmang (kame bankepantionjat aLAr ansBaskianiivei neS®is/&i d

Row to Column command (Same bank operation} LAZ2  Bankclose >30nsAC

V

Column to Row command (Same bank operation}) LR 1
BC to BA (Same bank operation) LP >30ns/tC
Bank operation cycle (Same bank operation} LC >90ns/C
Row to Row command (separate bank operation) LB 1
Read to Read LRR Bank active 1
Read to Write LRW Bank active 2
Write to Read LWR Bank active 1
Write to Write LWW Bank active 1

FIG.67b

Bank state |e-Prec.-»l=Sense »|eActive. »le—Precharge+Sense —»}e-Active.
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126 Substitute sheet - 30 June 2000 3-. - A sem conduct or
I ntegregted circuit device according to Caim?2, wherein the wiring or said
trans- fer circuit control signals are arranged orthogonally to the wrings

of the ransm ssion lines of said nmenory core or the data
transm ssion lines of said |ogic cirgﬁg g%l.-4-, A sem conduct or
I ntegrated circuit device conprising: ry core having a plurality of

data transmssion lines; a logic circuit; a transfer circuit capabl e of

h [ d ] $Si i f id
renory core and SALRCNIUTIOR: €. PEVRCE: TAlE A fioty A R BRLRT, 1 ITS %) oF

time; and said nenory SEFEIT SYPHENENEER WITH AUiSENGIAICREH d transfer circuit

bei ng forned on the sane sem conductor chip. 2. A sem conduct or
integrated circuit device conprising: a nenory core having a plurality of
dat a

A semiconductor IC device is designed using a
memory core with a plurality of I/0 lines, a transfer
circuit module and a logic libréry which are produced
beforehand and stored in a data base. The memory core
and a logic circuit are arranged so that their I/0 lines
extend in the same direction. A transfer circuit
including plural stages of switch groups is arranged
between the I/0 lines of the memory core and the I/0
lines of the logic circuit. Switches forming each stage
of switch group are formed between the I/0 lines of the
memory core and the I/0 lines of the logic circuit.

When one stage of or a small number of stages of switch
groups are turned on, the I/0 lines of the memory core
and the I/0 lines of the logic circuit are turned on,
thereby forming a desired transfer pattern. The memory
core is constructed by the combination of functional
modules such as an amplifier module, a bank module and a
power supply module. In the bank module are arranged
row-system circuits which operate independently of each
other and a multiplicity of I/0 lines which extend in a

bit line direction.

(Figure 1)



transm ssi on Iin%&]“g( M&r\‘c[ él cu:t a transfiuuu 'f”l.ﬂ Uﬂ Le of changi ng
a data transferpath between the data transm ' f I d nennry
core and data tf§apsm 3&FEntbnes Df said logic circuit in r eal X

127 Substitufe|sheet -30 June 2000 Eaﬂﬁugﬁﬁwt@ sheet - & cﬁmhqr @Q%mt
and-sai d transf citcui't bei-ng fiormed on the sanme seni conductor chi p; and
t he data transmE&SMQnypeneslbfhsa}mgn@n@ryr@®$bsﬁﬁﬁ anfd PR a transmni ssion
lines of said logic circuit being arranged in the sanme direction. 3. 6

A sem conduct@ilpilm‘é@‘ﬁat ed circuit device according to Claim[err] wherein
said transfer_circuit is forpe

different portfons of sii ﬁeﬁhf?%‘ggﬁg%ﬁpéngség tgés?\c/)%{ \é\‘nnibtcra%ﬁ Zra(r:]idrcuit
f?g;;ﬁ:s::gga%gﬁégdéggttg BLYER! BLYGRE, g@ﬁasgiﬁnﬁéﬁérfaég§eb?ﬂ@@@@eéhe data

a DRAM type cell having one transistor and one

capacitor.

14. A semiconductor integrated circuit device
according to Claim 6, wherein said memory core includes
a DRAM type cell having one transistor and one

capacitor.

15. A semiconductor integrated circuit device
according to Claim 7, wherein said memory core includes

a DRAM type cell having one transistor and one
capacitor.

16. A semiconductor integrated circuit device
according to Claim 8, wherein said memory core includes
a DRAM type cell having one transistor and one
capacitor.

17. A semiconductor integrated device,
comprising:
a plurality of first modules, a second and a third
module; -
each of said first modules including:

a memory array having a plurality of bit line
pairs, a plurality of word lines, and a plurality of memory
cells arranged at the points of intersection thereof;

a sense amplifier connected between bit lines
of each of said plurality of bit line pairs for amplifying a
signal of that bit line pair;

a word driver for selectively driving said
plurality of word lines;

a data input/output line pair connected through

a column switch to each of plural bit line pairs in each of a
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sai d nennry‘cér&i&ﬁﬁﬁtﬁ@ﬁda J transmi ssion lines of said logic circuit are
changed ovel. |4 7. A sem conductor integrated circuit device
according to aim[err], whetein at | east one of the plurality of data
transfer patlhs._hetween the-data transni 530 8Hbslilvda sheetai2d Beaemper di29%nd
the data transmssion lines of said. logic.circuit can transfer data from
the sane dat @lurahsvy s oatpi tomhighdsaishipdugpt i % i 358 & rat a
transm ssi on gLi.ngsofe$ai d menory core. 5. A sem conductor integrated
circuit device conprising; a nmenory core havigg a pluralit f data

transm ssion |ines; a l%0§tePe} A tine paiy conligg itt"u?@lé 2. 30 June
2000 a transfiepuelybatihdt Qapabh£iof sahangiskhiovet Rifd Wadki eytaididet an

transfer paths between the data trans- m.ssion |ines of i d nory co
and dat a Fraﬁ§ﬁﬁsgpgﬂry array gn the same dfrecglon as séid %gt l{g% y re

pairs; and

a column decoder for outputting a column
selection signal which opens and closes said switch to
select one of plural bit line pairs in each of said plurality
of sets so that the selected bit line pair is connected to
said global bit line pair,

wherein said second module includes an amplifier for
amplifying a signal from the memory cell through said global
bit line pair and a writing circuit for writing data into the
memory cell through said global bit line pair,

said third module includes a circuit for generating
voltages used in said first modules and said second module,
and

said plurality of said first modules are arranged
adjacent each other, and said plurality of first said medules

are connected to each other by said global bit line pairs.

18< - — — ~#& semiconductor—integrated—eireuitdeviee

e
~

according to Claim 17, further comprising a secdnd
module including an amplifier for ampl}fyiﬂg a signal
from the memory cell through saiq_global bit line pair
and a writing circuit for g;ifing data into the memory -
cell through said glgggi/git line pair.

18, A sem;gzﬁéhctor integrated circult device

according/;z/éigim 18, further comprising a third module

P

inclqdiﬁg a circuit for generating voltages used in said

ﬁiist_m@é&}e—ané—saéé—seeeﬂéwmeéule.

20. A semiconductor integrated circuit device according
to Claim 17, wherein, for said plurality of said first

modules, the reading or writing is not simultaneously

0] DR hHmHi‘"'r'mmd




lines of said logic circuit in areal tine; said nenory core, said logic

circuit and said transfer circuit being formed on the sane sem conductor
chip; and at |east one of said pluralit

of data transfer paths bet t he
data transmnission |ines of said nennry1ééﬁ¥Qﬂ%¥E%ﬁﬁ -t Qﬁﬁiﬁﬁﬁines
of said logic circuit using only at |east a part of the data transm ssion
lines of said logic circuit, and the unused remai ning data transm ssi on
| ines thereof being held at a fixed potential by said transfer circuit. 9
A sem conductor integrated circuit device 7 according to Claim1, wherein
said nenory peréormekbudes a DRAM type cell having one transistor and one
capacitor. 1 A.sem.conductor inteqgrated circyit .devi agecording to
Caim 2, mheg%rn SaFE OIS 8FelF%8E58§ dacbﬁﬂwﬂ%yé Vé§§|a§§9F§ég ne
transi stor aged QneieapaGi Wierelh said sAGRUEONUUEtDE dobegratesdcaocuit

device according to Claim3, wherein said nennr% core incgludes, ,
that the input/output of data can be controlled in units

of one byte.

22. A semiconductor—imtegrated circuit d&y@

according to Claim 19, wherein said secoqg/mﬁéule is

-
-

constructed so that the input/output-of data can be

~
controlled in units of on%/;yte.

-

23. A semicon@ucﬁg} integrated circuit device

according to/Qiéim 20, wherein said second module is
—

cons;puéged so that the input/output of data can be

—gontrolled—inunits -of—onebyte:

24 . A semiconductor integrated circuit device according

to Claim 17, wherein the memory cell is a dynamic cell.

7
according to Claim 18, wherein the memory/ggkl is a

dynamic cell. o
26. A semiconductor intggréﬁed circuit device

according to Claim 19, @nefg;n the memory cell is a
-

dynamic cell. T

-

27. A_semiconductor integrated circuit device

accordiﬁé to Claim 20, wherein the memory cell is a
dynamic-cell.
FEPLACEMENT syppr
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a DRAM type eI[I m@ Q@E ransi stor and one capacitor. 6 12. A

sem conduct or int'e &7 r uilt device according to Claim[err], wherein
sai d nenory éore |ncJ udes 139 Substitute sheet - 30 June 2000 a DRAM
type cell having one transistol and onel ¥hpubslitpte sheet - 21 Dacembier J98kt or

rcuit-device accerdi ng to Caimf[err], wherein said nenory

i nt egrat ed cit

core includeszgé. DRAM t ypasasl dordmd g Qﬁﬁtéq%cﬁtﬁfédli— igapaci tor.
8. 14. A sem conductor integrated circuit device accordi to Caim
[err], wher eiareldh mpnee \Cooime 2hc|witkse n DRAM nigmer x af a\d rg one
transi stor and one_ capacitor. 9 15. A sem condyetor integrated

circuit devi GYHRBHFdFPHto Aaim[err], wherein ‘sai'd menory core includes

a DRAM type cell havi ng. one transi stor and on citor
yp 53. QA sgmliconductor inte tedlgarcult device

according to Claim 22, w ein the memory cell is a

dynamic cell.

30. A semiconductor integrated circuit device

rd .
accoggzﬁg to Claim 23, wherein the memory cell is a

q#?éamiemcell.

3. A semiconductoxr integrated circuit device
according to Claim 17, wherein the memory cells of at
least one of said plurality of first modules includes
ROM cells and the memory cells of the other of said
plurality of first modules include RAM cells.

32. A semiconductor integrated circuit device
according to Claim 31, wherein the ROM cells are
formed by adding a data writing process to a process

that is the same as that for forming RAM cells.

33. A semiconductor integrated circuit device
according to Claim 17, wherein said plurality of word
lines and a plurality of signal lines for said column

selection signal extend in the same direction.

34. A semiconductor integrated circuit device
according to Claim 33, wherein said word driver and
said column decoder are arranged on one side of said

memory array.

——— 35. A --semiconductor —integrated c1reux£—»-devise

according to Clalm 34, ,mherern‘the'sense amplifiers

are: arranged on. oppesite -sides—of saidmemory array.

LT “”Sm“"”ml




A sem conduct gr -i nt-egr at ed circuit device according to Claimf[err], wherein
sai d nfnnry C né&hﬁ& hides! @ ‘DRAM type cell having one tranS|stor and one
capacitor. cir UIT7I7. A:seni conductor . integrated n

a plurality ofj fgr 9to gpAUbES. @ second1§§§u§sf¢ﬂg E;W&éu Ctlﬂr'm@a?% 7
first nodul es {ngl ud'ng a rren*ory array having a pl urallty of b|t l'ine
pairs, a plura |ty~e+wmnrd~f1nes and a plurality of nenory cells arranged
at the points bf intersection thereof; a sense anplifier connected between
bit. lines of edchr ot $4i d pIurallty of bit line pairs for anplifying a
signal of that '33- ll'.lxn%eﬁﬁ'cro’nd%c\&@%d iticehtbar caekasti wekycdri vi ng said

plurality of wor ines; a data input/output line pair connected through a
colum switch t cosgatisdfogpl ural bit line pairs in each of a

a plurality of first modules, a second and a

third module;

each of said first modules including:

a memory array having a plurality of bit line
pairs, a plurality of word lines, and a plurality of
memory cells arranged at the points of intersection
thereof;

a gense amplifier connected between bit
lines of each of said plurality of bit line pairs for
amplifying a signal of that bit line pair;

a word driver for selectively driving said
plurality of word lines;

a data input/output 1line pair connected
through a column switch to each of plural bit line
pairs in each of a plurality of sets into which said
plurality of bit line pairs are divided;

a global bit line pair connected to said
data input/output line pair, said global bit line
pair extending on said memory array in the same
direction as said bit line pairs; and

a column decoder for outputting a column
selection signal which opens and closes said column
switch to select one of plural bit line pairs in each
of said plurality of sets so that the selected bit
line pair is connected to said global bit line pair,

wherein said second module includes an amplifier
for amplifying a signal from the memory cell through

said global bit line pair and a writing circuit for

R A h”"*[,mim;m”ﬂ [i,]



130 Substiifut aishiet: 230 June 2000 plurality of sets into which said
pIurthté of jbig—TiTme pairs Qr? divided; a global bit Iine pair connected
to sai ata ji npub/-oMEPutisy i el pair, sajid _global bit i air ext end on
sai d memory arﬁ;ayéiﬂﬁ'ge sane directi oh34SUPSHEIE; hest m g%
col um depoder_m—ea%-ﬁut—ﬁ-ﬁ‘@ a colum sel ection signal which opens and
closes said smitch to select ome of plural bit line pairs in each of said

plurality of Sets—so that the sel ected bit |ine pair _is.conne t 0, sai d
SRS 1 it

te
gl obal bit |ineYBatrn gy Fhe AP RO R UHE F n%f‘.’ For for
anplifying a signal ifikeMmdae. ,memory cell through said global bit line pair
and a witing circuit for witing data_into the menory cell through said
gIFbaI bi t Igne pairf&yﬁcithi¥@ nb@drdei ncinpferdes ci fcuitt¥BH tgenkPEt i ng
vol t ages used in_said.,f.irst al d I a
plurality of saigfnﬁrﬁﬁlnﬁodﬁggggégé yé%gf\gie% %ﬁ?ge%??%gcﬁmot garg,s %ﬂ% said
plurality of saigdhild reicontinictule,

said plurality of said first modules are

arranged adjacent each other, and said plurality of
gaid first modules are connected toc each other by
said global bit line pairs, and

said plurality of £first modules are arranged

between said second module and said third module.

37. A semiconductor integrated circuit device,
comprising:

a plurality of first wmodules, a second and a
third module;

each of said first modules including:

a memory array having a plurality of bit line
pairs, a plurality of word lines, and a plurality of
memory cells arranged at the points of intersection
thereof;

a sense amplifier connected between bit lines of
each of said plurality of bit 1line pairs for
amplifying a signal of that bit line pair;

a word driver for selectively driving said
plurality of word lines;

a data input/output line pair connected through
a column switch to each of plural bit line pairs in
each of a plurality of sets into which said plurality
of bit lines pairs are divided;

a global bit line pair connected to said data

input/output line pair, said global bit line pair

This Sheet Has Been Replaced
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are connected to each other by said global bit Iine pairs. 18. A
sem conductor integreted circuit devise according to Claim17, further

conprisin i ncluding a lLifier for anp]ifying a al
from the Eﬂﬂlﬁﬂﬂmnﬂﬂﬁmgh sai d gl obAPDRUbSIIiE %‘aﬁ%_LM
circuit foff whiting' d&ta*into the nenory cell through said globla bit |ine

pair. 19. A sem conductor integrated circuit device according to
Claim18, further comprising a third nmodul e incl.udi acircuit for
generating vol t SREENGEEF W S PP HodarF 8y and 521%d TS hodte? 12.
20. A sem conduglOlsaiift @datiaeheCiiaGtist; dew ce according to Caimferr],
wherein, for said plurality of said first nodules, the reading_or witing
i s not simultaneousl ¢ colymp dsgpdett fpe SHERMtLINGD &) FRIPWOFSISFFdPHed.

13.21. A seni coRdyal Orwh e @pahs Jakd IQWska 8N € &cAGEAr Shigel &Ll Bt
wherein said second nodule is constructed sqQ that the input/output of data
can be control| e@ei REypivxal bit pairs in each of said plurality of sets
so that the selected bit line pair is connected to said
global bit line pair,
wherein said second module includes an amplifier for
amplifying a signal from the memory cell through said
global bit line pair and a writing circuit for writing
data into the memory cell through said global bit 1line
pair,
said third module includes a circuit for generating
voltages used in said first modules and said second
module,
said plurality of said first modules are arranged
adjacent each other, and saild plurality of said first
modules are connected to each other by said global bit
line pairs, and
a logic circuit block is connected to said second

module.

38. A semiconductor integrated circuit device according
to Claim 37, wherein said logic circuit block has an image

processing function.

39. A semiconductor integrated circuit device comprising:

a memoxy core having a plurality of data transmission
lines and a plurality of dynamic memory cells;

a logic circuit coupled to said memory core, said
logic c¢ircuit being composed by combining basic logic
gates;

said memory core and said logic circuit being formed

on the same semiconductor chip; and
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of one byte. 22. A sem conductor integrated circuit device according
to daim19, wherein said second nodule is constructed so that the

| nput / out “ﬁ\ controlled in units of one byte 23.
sem conduggsmm muﬂm \HFr cuit devi cE3@SubstIHE %Weh'jhﬁﬁ@?mﬁﬁiﬁgﬁsai d
second no _eCichoﬁstFucTed so that the input/output of data can be
gontrolled in units of one byte. 14. 24. A sem conductor integrated circuit

evice according to aimlerr erein .th r | L J:S .a:4qy 1 c cell
A sem conduct or inteé%@?%% E??%ﬁ?ﬁpdésﬁ%@dagggﬁggnéogg %Pgiﬁ?ig,gaﬁégein
the nmenory cell lbgia dyhesi betmd | co@n to laybuwrerpatdednst deri mmegheted

circuit device %%ggéﬁéggﬁﬁgug¥§[n119, wherein the nenory cell is a dynamc

cell. 27. _ uctor integrated circuit device according to
Claim 20, wherein the nenory cell is a
40. A semiconductor integrated circuit device, comprising:

a first memory bank and a second memory bank,

wherein said first memory bank receives a first bank
selection signal or a second bank selection signal
according to a clock,

wherein said second memory bank receives a third bank
selection signal or a fourth bank selection signal
according to the clock,

wherein the first and third bank selection signals or
the second and fourth bank selection signals are inhibited
to be inputted in a predetermined cycle of the clock, and

wherein the first and fourth bank selection signals
or the second and third selection signals are allowed to

be inputted in a predetermined cycle of the clock.

41. A semiconductor integrated circuit device according
to claim 40, wherein each of said first and second of
memory banks includes a plurality of bit lines, a
plurality of word lines, and a plurality of memory cells
arranged at the points of intersection thereof,

wherein each of the first and third bank selection
signal is row-related bank selection signal which is
related to the selection of the word line, and each of the
second and fourth bank selection signal is a column-
related bank selection signal which is related to the

selection of the bit line.

42. A semiconductor integrated circuit device
according to claim 41, wherein each of the plurality of

memory cells is a DRAM type memory cell having one

PSR

transistor and one capacitor. petitapandsenyUiUR
REP: ACEMENG st
! . - .
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132 28. A sem conductor integrated circuit device accord| ng to

G aim 21, m yceII Is a dynamc cell. 29.
sem conducmmﬁmm&\ m rCU|t deV| ce according to Cl a t he

m 22, ere
menory cel | *i sta dynhnic cell. 137§M%rﬁhﬁeltm F'%]%ﬂ é&?cuit
devi ce according to O aim 23, \/\herel n the nenory cell is a 15.31. A
sem conduct or I nt egrat ed circuit devi ce according to Claimf[err],

wherein the memgsy o8l Lanolafiud:e25ln 008 tasal fupluBbisy, of i modul es

i ncl udes ROM cel TS and e nmenor he ot her of said plurality of
first nodul es i gotpdesiAM cel ls. 16.32. A  semni conduct or I nt egrated

cirouit —device acoqrqipge t@add) Muherdds MEEEAD B FBAME | 5 are formed

by adding a data witing process“to a process t Is t sane as that for
form ng RAM cel | s. 1%hg8ein fpachsofi @@*Féibfcltr(ﬁit ang resindt @él mengRc Ui t

devi ce accor di Ngahos Ol ai Gdalveh pyhebeliviad) d Blatikahbidrdlcdipdal bes and a
plurality of signal lines for said colum Selection S|C(1;nal extend in the
sanme direction. data read command according to a clock, an

wherein both of the bank active command for said
first memory bank and the data read command for said
second memory bank are allowed to be inputted in a

predetermined cycle of the clock.

44. A semiconductor integrated circuit device according
to claim 43,

wherein each of gaid first and second of memory banks
includes a plurality of bit lines, a plurality of woxd
lines, a plurality of memory cells arranged at the points
of intersection thereof, and a plurality of sense
amplifiers, each coupled corresponding one of the
plurality of bit lines,

wherein the bank active command for said first memory
bank triggers off that the plurality of sense amplifiers
of said first memory bank keep data read from the memory
cells which is selected by one of the plurality of word
lines, and

wherein the read command for said second memory bank
triggers off that selected data are read out from the
plurality of sense amplifier to an outside of said second

memory bank.

45. A seumiconductor integrated circuit device according
to claim 44, wherein each of the plurality of memory cells
is a DRAM type memory cell having one transistor and one

capacitor.

22 PEC 1899



18.34. A sem conductor I nt egrated circuit device according to
Caim [er(rj] ‘ML‘@\“‘&EW\Md driver and sai d col um decoder are arranged
on one Ssi rray. 35. con ctLor t

circuit devite Qccdording to Claim34 mﬂ]é\ﬁb DSHfe o%‘?seé %ﬁ%‘cgﬁb}r%QQ
arranged on opposite sides-of said nmenory array. 133 Substitute sheet
-30 June 2000 19.36. A senmiconductor integrated circuit device, conprising:
a plurality of ferst ATadyl Esaateieconttqnded Liid dradylge, cach of said
first nodul es |nclud|ng a nenory array having a plurality of bit line
pairs, a pIuraIFPVPUiS¥WHd lines, and a plurality of nenory cells arranged
at the points of inter %@9&&%&&9@9& S aNgeca hidkibey sAONect ed bet ween

bit lines of each of said plurality of bit line pairs for
wherein each of said first and second of memory banks

is operated by receiving a row address or a column address
according to a clock, and

wherein both of the row address for said first memory
bank and the column address for said second memory bank
are allowed to be inputted in a predetermined cycle of the

clock.

47. A semiconductor integrated circuit device according
to claim 46,

wherein each of said first and second of memory banks
includes a plurality of bit lines, a plurality of woxd
lines, and a plurality of memory cells arranged at the
points of intersection thereof,

wherein inputting of the row address for said first
memory bank triggers off a selection of one of said
plurality of word lines, and

wherein inputting of the column address for said
second memory bank triggers off a selection of one of said

plurality of bit lines.

48. A semiconductor integrated circuit device according
to claim 47, wherein each of the plurality of memory cells
is a DRAM type memory cell having one transistor and one

capacitor.

49. A semicondutor integrated circuit device according to
claim 17, wherein the integrated circuit device is of an

ASIC design.

50. A method of designing a semiconductor integrated

circuit device, comprising the steps of: .. S,
L 1,r"{‘5
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driving saj Jprﬁrry of rd Iines; a data input/output l'ine pair

connected thto p@gcm tch to each of plural bit airs ach
of a plurali Eyl% 'sets intp yhich saidip gwﬁgmﬁerﬁh%ﬁ i Elﬁcp l}giéi_g
di vi ded; aigliobabl—bit—1TTTHE pdir connected to said data |nput/out put line
pair, saidiglobal bit line ,,palr ext endi ng on sal d nenory array in the sane

di rection ~said BTt ['i ne, pairs; andac I rf put a
col'umm sel ection si gRAFPRATEH opdRs ahd ¢ oses Sa&% col u?r%ng&v%tchh%ggsel ect

one of plural bicorkesgomphings toncoasfitef ofaid plurality of sets so that the
sel ected bit |ine pai rlplglrgggg;cggd %.Pst.sal*)cgil.gl gbal tyetcohangngahr thwkgrein

sai d second nodul e inc es an’ a fying a signal fromthe
menory cell throwedhlsaiehay @lﬁababql tfﬂnsrﬁemp@mlresaﬁacéu@krml ng circuit for

a memory array having a plurality of bit line pairs,

anpl i fying, a q,l»ﬁnaelu of mbit line pair; a word driver for selectively
gmi s

a plurality of word lines, and a plurality of memory cells
arranged at the points of intersection thereof;

a sense amplifier connected between bit lines of each
of said plurality of bit line pairs for amplifying a
signal of that bit line pair;

a word driver for selectively driving said plurality
of word lines;

a data input/output 1line pair connected through a
column switch to each of plural bit line pairs in each of
a plurality of sets into which said plurality of bit line
pairs are divided;

a global bit line pair connected to said data
input/output line pair, said global bit line pair
extending on said memory array in the same direction as
said bit line pairs; and

a column decoder for outputting a column selection
gignal which opens and closes said column switch to select
one of plural bit line pairs in each of said plurality of
setgs so that the selected bit line pair is connected to
said global bit line pair;

arranging, in a data storage device, said first
modules of a desired number in a direction in which said
global bit lines extend;

connecting said global bit line pairs of said
plurality of first modules to each other and to said
second module; and

amplifying a signal from the memory cell through said
global bit line pair with an amplifier included in said
second module, and writing data into the memory cell

through said global bit line pair and further generating
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134 Substitute sheet - 30 June 2000 witing data into the rrermry cell

t hrough sai dll%%“ pair, said third nodule includes

circuit for ges used aid fi rst and  sai cond
nodul e, said said fi r%ﬁoaﬁaﬂl gﬁé@é@ﬂ‘—%ﬁ éii
each other, and said pI urallty of said first rmdul es are connected to each
other by said global bit line pairs, and said plurality of first nDduIes

Rt T R LR RRL e T

seri conduct or i Nte cui ur al
modul es, a secosdcand amofdle dwmidui evoldacgie gfenszpting rﬁsirqmdullelsludediudl ng:

a nenory array Q%VFQ?dacrgrﬁr%&&]}'e of bit line pairs, a plurality of word
lines, and a pldrality of nenory cells arranged at t he poi nts of

i ntersection thereof; a sense arrpl i fier connected between bit |ines of

51. A semiconductor integrated circuit device,
comprising:

a plurality of first modules,

wherein each of said plurality of first modules
includes:

a memory array having a plurality of word lines, a
plurality of bit lines, and a plurality of memory cells
arranged at the points of intersection thereof;

a plurality of global data lines extending in a first
direction and coupled to the plurality of bit lines via a
plurality of column switches;

a control circuit having a row decoder coupled to the
plurality of word lines, and a column decoder coupled to
the control nodes of the plurality of column switches; and

a plurality of address signal lines extending in the
first direction and coupled to the control circuit via
predetermined wires,

wherein said plurality of first modules are arranged
in a row in the first direction, each of the plurality of
global data lines is connected among said plurality of
first modules, and each of the plurality of address signal

lines is connected among said plurality of first modules.

52. A semiconductor integrated circuit device according
to claim 51,

wherein each of said plurality of first, modules
further includes a first node for receiving a row-related
bank selection signal and a second node for receiving a

column-related bank selection signal.

Sheet Has Been Replaced
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each of said plurality of bit Iine pairs for anplifying a signal of that
bi t Iine pair a word driver for selectively driving said plurality of word

| i nes; i ne pair connected through a | utTm swi to
each of pI ﬂﬂl“ﬂmt"m ﬂmﬁm in each oft M‘é‘ﬁ%’}&ﬁ&ﬁ&eﬁ-ﬂ%ﬁ&e h
said plurality “of *bit Ifnes pairs are divided; a global bit line pair
connected to said data input/output line pair, said global bit line pair

X 09 OBl G R RLL A, | ThddioRRAP cLLGR! 00, A8 Sldblihs| | N

pairs; and a col’urm decoder g a colum se i'on signal ~whi ch
opens and cl osegosaitdirgcdum switch to sel ect one of pIuraI bit pairs in

each of said plural ity of,seta,cs0 bhal.bhe salagted Bid liDs: Paldadise
connected to said gl oba e pair, Safd secon e 1 ncludes
an anplifier forfurther includes a clock signal line extending in the
first direction and coupled to the control circuit wvia a
predetermined wire,
wherein the clock signal line is connected among said

plurality of first modules.

54. A semiconductor integrated circuit device according
to c¢laim 53, further comprising:

a main control circuit coupled to the plurality of
address signal lines, the clock signal line, and the first
and second nodes of said plurality of first modules,

wherein said main control circuit can supplies a
first signal for selecting a second module which is one of
said plurality of first modules to the first node of the
second module and a second signal for selecting a third
module which is another one of said plurality of first
modules to the second node of the third medule in a

predetermined cycle of a clock.

55. A semiconductor integrated circuit device according
toc claim 54,

wherein said main control circuit supplies row
address signals to the second modules via a part of the
plurality of address signal lines and column address
gignals to the third module via the rest of the plurality
of address signal lines when the first signal is supplied
to the second module and the second signal is supplied to
the third module.

56. A semiconductor integrated circuit device according

to claim 55,

."
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anplifying a signal fromthe nenory cell through said global bit Iine pair

ard a wit l iting data into the nenory cell through said
gl obal bi t !ﬂl‘; Eﬂi !iv'{ hi rd nodul e, jncl udes CI rcyit for i ng
vol t ages u ” l nodul es anﬁ4 Toy H -g- ﬁg§§|lty

of said first nDduIes are arranged adj acent each ot her, and sai d plurality
of said first nodules are connected to each other by said global bit l'ine

pairs, and a |l ogic ci peul 8&5 'EOQQEEESP Egrgggf 8 Cow2l- 38.

A Sem conduct or |ntegra?eﬁn rCUI%%aEVICE accor |n1[err] mherein
said |l ogic curcaﬁﬂrbbmcblgaalan thag@opumceedﬂngs$uﬁ@ﬁn@&& 3ghe Airst

sem conductor int g rsted i gyl %eg@x{ﬁ)ré‘;‘éﬂ}ﬁ i'aaugrrg%m%qug dpﬁaé’fé}%ﬁmn

plurality of dafa trahsissron Frnes an ynam ¢ menor
cells; a |logic edgeurf xouwicsd to said menory core, said logic CIFCUIt
bei ng conposed by conbining basic |ogic gates;
57. A semiconductor integrated circuit device according
to claim 52, wherein said of the plurality of memory cells
of said plurality of first modules is a DRAM type memory

cell having one transistor and one capacitor.

58. A semiconductor integrated circuit device according
to claim 55, wherein each of the plurality of memory cells
of said plurality of first modules is a DRAM type memory

cell having one transistor and one capacitor.

59. A gemiconductor integrated circuit device according
to claim 52,

wherein each of the plurality of wmemory cells of cne
of said plurality of first wmodules is a SRAM cell, a
program-fixed mask memory cell, or a memory cell using a
ferroelectric £ilm, and

wherein each of the plurality of memory cells of
another one of said plurality of first modules is a DRAM

type memory cell having one transistor and one capacitor.

60. A semiconductor integrated circuit device according
to claim 55,

wherein each of the plurality of memory cells of cone
of said plurality of first modules is a SRAM cell, a
program-fixed mask memory cell, or a memory cell using a
ferroelectric film, and

wherein each of the plurality of memory cells of
another one of said plurality of first modules is a DRAM

type memory cell having one transistor and one capacitor,
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sai cdnenory core and said logic circuit being forned on the sanme

sem conduct (ﬂuﬂmm Substitute sheet - 21 Decenber 1999 | ayout
patterns of l!g and said basic ates nmo
| ayout patterns®fot amo roup of pﬂﬁa.ﬁubé ' %quﬁfﬂﬁ%ﬁnﬁ? {'9@,8

Integrated circuit device,conprising: a first nenDry bank and a second
nmerfory bank, V\/nerei n said first memory bank receives a first bank selection
signal or a sec nk_sel ecti on al cordin C n said
second menory b% e%WéSogg??ﬁorrd }n ra%iegc f%%uy %% lc%r kalac urg bank
sel ection si gnaltoac&atmlisnlg tfarther ciaypicisiveer ei n t he f| rst and third bank

sel ection signals or thgeggﬁgnqmﬁﬁngOQLL %elﬁﬁﬁte | gQ%Ism ]

inhibited to be|nputate I'n"a predetermned cycle o ock, wherein
the first and f eopfibhfberk sel ection signals or the second and th| rd

sel ection signals ar%m%EEQMBdséfﬁ second module adjoins one of the

plurality of first modules which is placed at one end of

the row of said plurality of first modules,
wherein the plurality of main amplifiers connected to

the plurality of global data lines.

62. A semiconductor integrated circuit device according
to claim 61, further comprising:

a third module including a plurality of voltage
generating circuits,

wherein said third module adjoins one of the
plurality of first modules,

wherein each of said plurality of first modules
further includes a plurality of power supply lines
extending in the first direction, and

wherein each of the plurality of power supply lines
is connected among said plurality of first modules, and is
coupled to corresponding one of the plurality of voltage

generating circuits of said third module.

63. A semiconductor integrated circuit device according
to claim 62,

wherein the column decoder and the control nodes of
the column switches are coupled via a plurality of column
gelection signal lines,

wherein the plurality of word lines and the plurality
of column selection signal lines extend in a second
direction which crosses the first direction substantially

; at a right angle,

wherein the plurality of bit lines extend in the

| ' REPLACEMENT 1 o
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be inputted in a predetermned cycle of the clock. 41. A sem conductor

i ntegrated c ording to claim40, wherein each of said first
and second o n ‘ ﬂ ﬁcludes a E Hrallt of bit Iines, a plurality
of word |iness an% lmﬂl y of neno tufier shapia 21 Deeembarnt 899+

i ntersection thereof, mhereln each of the first and third bank sel ection
signal is romfrelated bank sel ection signal which is related to the
selection of the word line, and each of the second and fourth bank
selection signal is a colum- related bank selection signal which is
related to the $§é&ec® deméronfectsn integranged civewiti cdewiget eredomtiégyat ed
circuit device geceigifd Owﬁhﬁém@ach\'\@%f Eho 19k tQP HPéMr? 8&!18“

menory cells is a DRAM type nmenory c havi ng one tr nsi st
capacitor. 137 SubBAM: tivee sheary qgilD@éﬁh%@rOngxﬁranﬁlstArs5ndcgnductor

integrated circukbadeiMs€e, conprising:
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a first menory bank and a second menory bank, wherein each of said first
and second of nenory banks is operated by receiving a pank active conmand
or a data read command according to a clock, and where l%"lﬂ%ﬁ@“ﬁnk
active command for said first nenory bank and the data :

sai d second nenory bank are allowed to-bé3dSnputted in a predeternmi ned cycle
of the clock. 44. A sem conductor integrated circuit device according to
clai m 43, wher€ihi®ich of said first and second of menory banks includes a

plurality of hit lines, a plurali of word lines, a pluraljty of nmenory
cel | s arranged at the par ﬁ‘fp%“‘ %Wﬁ%‘éﬁmp TED |t|y_ ?f f
sense anplifi : . coupled corresponding one o e pYurality o
bit |ines, V\hgé;oz?%rlf%%?%hnk active command for said first nenory bank

triggers off that the plurglidy, of lseer}ﬁg,- |4 fd|l s ofe s d st nenory
bank keep data read fromthe rreyrmrc;/ ce sla’%l Cf#ls Sel é’(s:t ed one of the
plurality of wofghdmiesiomndixéeyein the read command for s d second

menory bank

a logic circuit coupled to said mefory core,
said logic circuit being composed by combifing basic
logic gates;

a transfer circuit capable changing a data
- transfer pattern between said memory core and said logic
circuit in a real time;

said memory core, said logic circuit and saigd
transfer circuit being formed/on the same semiconductor

chip; and
layout patterns/of said memory core and said
basic logic gates being/common to layout patterns for

another group of proddcts, and a layout pattern of at
least a part of sajd transfer pattern being common to a
layout pattern f£¢r the other group of products.

= 2. A sepiconductor integrated circuit device

according to/Claim 1, wherein said transfer circuit is

formed by

lural stages of switch groups and different
portions/of said switch groups are activated by transfer
circuif control signals so that a plurality of data
trangfer paths between the data transmission lines of
sqld memory core and data transmission lines of said

rZbgic"cchuit_a£e—shaﬂged—evefv
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triggers off that selected data are read out fromthe plurality of sense

:arrp[oleé];;?redtgllm“ﬂm“mm(nmﬂm d second nenory bank. 45. A sem conductor

*

rding to claim44, wherein ea f ot
plurality of mendrytcells®is" a DRAM t yh2b mam)ﬁy-b@‘é te s U Qt or
and one capacitor. 138 Substitute sheet - 30 June 2000 46. A

sem conductor (integrated circuit device, conprising: a first nenory bank

and a second ®enory bank SHFECONGUEEEF GPtES
banks i s operated by. receivjng a.ow address or a col acdr. according
to a clock, aﬁ&%?r/lé]%%ﬁotd&a%fm t4e th&ﬁeafdﬁfté‘ses %igrt T i Fﬁkm bank
C ar || t
hAE A B b

and the col um, 4ddress, {01 501 S POy b

i nputted in a™pre ermed cycle o

memory qg;efﬁi/fhe data transmission lines of said logic
eiréﬁifa

1.4 A semiconductor integrated circuit device
comprising:

a memory core having a plurality of data
transmission lines;

a logic circuit;

a transfer circuit capable of changing a data
transfer path between the data transmission lines of
said memory core and data transmission lines of said
logic circuit in a real time; and

said memory core, said logic circuit and said

transfer circuit being formed on the same semiconductor

chip.
2. 5, A semiconductor integrated circuit device
~ comprising:

a memory core having a plurality of data
transmission lines;

a logic circuit;

a transfer circuit capable of changing a data
transfer path between the data transmission lines of
said memory core and data transmission lines of said
logic circuit in a real time; : Semn mwe e e my

FREACEMENT SHELT
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to claim46, ' said first and second of nenory banks i ncl udes
apluralityH ﬁlmﬂgﬁg HB lurality of word lines, and a plurality of
menory cells 5 poi nts of, j tersgcfion tEerEoéEE mger

i nputting of the row address for said%qrst 4 SBH m%éb@?

sel ection of one of said plurality of word |ines, and wherein inputting of
the colum address for Said BeBdRH @erRBrysSabdnkogifggérgubtfandserédti on of
one of said plurality of bit Ijnes. 48. A sem conduct.or -integrated circuit
devi ce accordFﬁ@nﬁgeglgFﬁF&?F &Pgi AoZReR SF tRE BREPaPPRYCBRINERBFY cells
Is a DRAM typehnean% cell having one transistor and one capacitor. 22.49.
A seni condut of %ﬁfea gted circuit device according to claim[err] wherein

the integrated cirouit deyiggchScobnghi@ShEndeshal: 0235300 néngEyhod of

designing a sem conductor Integrat Cl rcui evi ce, conprising the steps
of : core and the data transmission lines of said logic

circuit being arranged in the same direction.

iw

. 6 A semiconguctor integrated circuit device
according to Claimi@, wherein said transfer circuit is
formed by plural stages of switch groups and different
portions of said switch groups are activated by transfer
circuit control signals so that a plurality of data
transfer paths between the data transmission lines of
said memory.core and the data transmission lines of said
logic circuit are changed over.

4 7 A semicon%uctor integrated circuit device

according to Claim”;; wherein at least one of the

plurality of data transfer paths between the data
trénsmission lines of said memory core and the data
transmission lines of said logic circuit can transfer
data from the same data transmission line of said logic

circuit to different data transmission lines of said

memory core.

iU’l

- 8. A semiconductor integrated circuit device
comprising:

a memory core having a plurality of data

transmission lines;

A 7




139 Substitute sheet - 21 Decenber 1999 preparing, I n a data _
st or age deV| u sponding to circuits of: a plurality of first
nodul es, a se E““&“E“ﬂﬂ‘ﬁr nodul e, each of said first nodul es including:
a menory array +having a"plurdlity of bil28l i ne Shistiutessheel 80 une 2000

lines, and a plurality of nmenory cells arranged at the points of

intersection thereof; a §eﬂﬁ£n§ﬂ@fléi@éu§@%@€ 4Tk et Werethdidg ldnes of each
of said plurality of bit line pairs for ying a signal of that bit

line pair; a vipturaiiverofodasal erangbey yathsngeSaednptMeadaty of ane+ d
lines; a data input/output |ine pair connected through a colum switch to
each of pIuraﬂnb$$1PPnélEa?r§f|ﬁaééc%e@@rﬁ 9¢a¢a¢m@ ataseransmiss v ch

d pl lity, of Dbit irs are diyided gl obal bit line pair
ighnegtg&atg gﬁfﬁeﬁa?g ?ﬁbﬂf Bﬁfﬁu?lf?ﬁhtph?ra §%?H Bi®®al bit line pair

extending on said nenDrysgiéaﬂeﬁgr§hgoggneégiéefééfg]éf&éﬁgcjég 4408
pairs; and
transfer circuit being formed on the same semiconductor
chip; and
at least one of said plurality of data
transfer paths between the data transmission lines of
said memory core and the data transmission lines of said
logic circuit using only at least a part of the data
transmission lines of said logic circuit, and the unused

remaining data transmission lines thereof being held at

a fixed potential by said transfer circuit.

s B semiceﬂd&etefwinteg&a%eéweéfe&ééwéevégg
e
according to Claim 1, wherein said memory core includes

a DRAM type cell having one transistor iad/one

L

capacitor. rd
10. A semiconductor ijzigﬁatéd circuit device
according to Claim 2, whereisn said memory core includes

a DRAM type cell having-6ne transistor and one
e

v

capacitor. a

1i. A §9miconductor integrated circuit device

e
>

according»fo Claim 3, wherein said memory core includes

a2 DRAM type cell having one transistor and one

capagitor.,
8. 12, A semiconductor integrated circuit device
1 _
according to Claim 4, wherein said memory core includes

A
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a colum decoder for outputting a colum selection signal which opens and

closes said c ' | ect one of plural bit line pairs in each of
said pluralit mﬂmmﬂmamﬁiﬂct he selected bit line pair is _connected to
sai d gl obal bit* | icnewpanr,s ngi ng, 1@% datSubstidutegshert 3@ Jung 4000 st
nodul es of a desired nunber in a direction in which said global bit |ines
extend; connectgrxM Saddl caliohalvidy tond ittanddddsr g oyl d plurality of
first nodules to each other and to said second nodule; and anplifying a
signal from tdagpareitoyy. cel | through said global bit line pair with an
anplifier included in said second nodule, and witing data into the
nmenory cellt ¥hrough sdt daftissaidusiton jind qetiat esh¢ ifngutite deydiesr at i ng

140 vol tages used jn said pluraBity of first nmpdul es and said second nodul e
with a voltadé BH iy ‘gliar%i\ﬁt' iHE Rl St S HPXH P hfodikudes

a DRRM type cell having one transistor and one
capacitor.

8. 4. A semiconductor integrated circuit device
according to Claimt%, wherein said memory core includes

Iy

a DRAM type cell having one transistor and one

capacitor.
9. 5. A semiconductor integrated circuit device
, 4
according to Claimg?, wherein said memory core includes
a DRAM type cell having one transistor and one
capacitor,
10. 16, A semicon%uctor integrated circuit device
according to Claim;g, wherein said memory core includes
a DRAM type cell having one transistor and one iﬁjﬁ;ﬁﬁﬁﬁ%ﬁ?ﬁﬁﬁiﬁ}
- WALy §
capacitor. . ' } [
circuit craue ey ||
11.%7. A semiconductor integratedﬁdevice, o !
comprising: T e s e ;

a plurality of first wmodules, a second and a third— - =+~ - =nn
module;

each of said first modules including:

a memory array having a plurality of bit line
pairs, a plurality of word lines, and a plurality of memory
cells arranged at the points of intersection thereof;

a sense amplifier connected between bit lines
of each of said plurality of bit line pairs for amplifying a
signal of that bit line pair;

a word driver for selectively driving said

plurality of word lines;

a data input/output line pair connected through

a column switch to each of plural bit line pairs in each of a



24.51. A sem ' ated circuit device, conprising: a plurality
of first rmdu&/\i% Mﬁaﬂ‘“ of said plurality of first nodul es includes:
a nmenory array' g a pllurdlity of word lines, a plurality of bit lines,
and a plurality of menory cells arrangetB&t th8upstitute shieet nt36 dane 2000
thereof; a plurality of _global data lines extending in_.ga first direction
and coupl ed téﬁ%ﬁ%%léVU?EJ??ﬁf i D e BT i%?%fﬁ&ﬁgya?$t Yof- 188 RS

swi tches; a cord rddlvidedguit having a row decoder coupled to the plurality
of word lines, and a colu dec r,.coupled to th ontral. .n of the
plurality of colum swi?&Tég;a‘iaﬁggallﬁleuBgi”ftcyoncrﬁecgagr%ésssas?’ldggggI I nes

ext endi ng i n idmtf/iopspudi Yient pear anzkicogpbbal tlwit Réneopaiwlexterding on a

pr edet er m ne FE erein, sai I | i  Jd st 8S ¢ arranged
inarowin %1%! TSt iérlg}ca{t}i 0?11, g}égc%u%f hﬁ%g@%c{ﬁ ari ?59%1%9 o%%% data lines
i s connect ed Rafifg 8Hd plurality of first nodules, and each of the
plurality of address signaliuriN@scdde:C Rt Es:@RBIa &k urality of

first nodul es. ) ) ) ) ]
selection signal which opens and closes said switch to

select one of plural bit line pairs in each of said plurality
cf sets so that the selected bit line pair is connected to
said global bit line pair,

wherein said second module includes an amplifier for
amplifying a signal from the memory cell through said global
bit line pair and a writing circuit for writing data into the
memory cell through said global bit line pair,

gaid third module includes a circuit for generating
voltages used in said first modules and said second module,
and

said plurality of said first modules are arranged
adjacent each other, and said plurality ofﬂ%&ﬁ%gzéggd modules

are comnected to each other by said global bit line pairs.

18. : -A-semiconductor-integrated -circuit-devic

according to Claim 17, further comprising a tond
module including an amplifier for ampliffing a signal
from the memory cell through said obal bit line pair
' tand & writing circuit for writing data into the memory
cell through said glo bit line pair.

19. A semiconductor integrated circuit device

according Claim 18, further comprising a third module

including a circuit for generating voltages used in said

fdrgt-module—and said secend module.

12. 26~ A seq%conductor integrated circuit device according
to Claim ¥?, wherein, for said plurality of said first
A

- --wedules, the reading or writing is not simultaneously

FMENT SHEET,
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25.52. A sem conductor integrated circuit device according to claim 24,
wherei n each of said plurality of first., nodules further includes a first

node for ted bank sel ection signal and a_second node
for receivi qamm@ ﬂ“’lﬁﬂﬂl"ﬂl@d bank sell&dtion @%&H@MM&@Q& ute
sheet - 30 Junhe 2 * A sem conductor integrated circuit device
according to claim [err] V\/nerel n each of said plurality of first nodul es
further includes a clock signal Iine extending in the first direction and
coupled to the control circuit via a predetermined wire, wherein the clock
signal line isgomaaiad among said plurality of first nodules. 27.54. A
sem conductor_integrated circuit device according to claim further

conpri si ng: &48n doremicaidusiicr damsigetted t:herqmllunr dleivtiy:e0fa cadatid 515

signal lines, the &l.ock Eg%{elléln 'gat cg é[ehc:eori module ig constructed so

that the 1nput/output of data can be controlled in units

of one byte.
22, --— ——A-semiconductor—integrated-eireuvit-deviee-

according to Claim 19, wherein said second ule is

constructed so that the input/output- data can be

controlled in units oztzii/gytéf/

23. A semicondu r integrated circuit device
—

accordi:i/if/glaiﬁ 20, wherein said second module is

conifﬁ/ ed so that the input/output of data can be

@éﬁ%%@é%@d—éﬁmﬁaé%s~oé~eaeubyteq

14.24. A se?%conductor integrated circuit device according

to Claim 37, wherein the memory cell is a dymamic cell.
~

25— A-semicorductor—integrated—ecireuvit—device

according to Claim 18, wherein the memory ce

dynamic cell.
26. A semiconductor ifisg;ated circuit device
according to Claim 19, wherein the memory cell is a

dynamic cell.

iconductor integrated circuit device

g to Claim 20, wherein the memory cell is a
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and second nodes o “dpluratrityiof first nodul es, wherein said main
control circuit can, SUPPLyy] ~gpof 1 [ st signal for selecting a second nodul e
which is one of saild{plurality of firs dul gs,ta the first 9de
second nodul e and a second-.signal-1fof £ ecti% : §
anot her one of said plurality of first mbdules to the second node of the

third modul e i e -predet g THAALHMEIR ! iAtelh@aked?8i 2884t -Aevg@RcONduct or

integrated circuit device according to claim27, wherein said in control
circuit suppli exdodiadfires Cluignals whelried ns eten themodyl | dsaapart of
the plurality of address signal lines and colum address”signals to the

third nodul e vidynadmwia estllof the plurality of addre
first signal is supplied to the second nodul e a
supplied to thé%hird nodulsemippndggtor it

devi ce accordi ng to(fjain155 .
according to Claim 22, w

signal |ines when the
t he second signal is
Rd §dEeM itnteyig&eed circuit

rein the memory cell is a

dynamic cell. "

//‘
30. A _semiconductor integrated circuit device
accq;dihg to Claim 23, wherein the memory cell is a

1533 A semiconductoxr integrated circuit device
according to Claimléé} wherein the memory cells of at
least one of said plurality of first modules includes
ROM cells and the memory cells of the other of said

plurality of first modules include RAM cells.

16.32. A semiconductor integrated circuit device
according to Clainxigi, wherein the ROM cells are
formed by adding a data writing process to a process

that is the same as that for forming RAM cells.

17.33~ A semiconductif integrated circuit device
according to Claimlgé} wherein said plurality of word
lines and a plurality of signal lines for said column

selection signal extend in the same direction.

18.34. A semiconductoxr integrated circuit device
according to Claim 3%, wherein said word driver and

A
said column decoder are arranged on one side of said

memory array.

35. A semiconductor - --integrated —ecireuit-- - -deviee
according to Claim_ 34, whereim the sense amplifiers
s

/. 1] 1] 0
are—arranged on opposite sides-of said memory array.

EN 0 )



142 ~Substitute sheet - 30 June 2000 wherein said main control circuit
outputs the r ' s, the colum address signals, the first
signal, and tamggg‘imms‘ﬂgagmat atimng of transjtion edge of a clock.
30.57 A seni or sl nsegkat ed circdPB devisituly sihesl + 30cJunen?0BPr |
wherein each of the plurality of nenory cells of said plurality of first
nodul es is a DRAM type nenory cell having one transistor and one capacitor.
31.58 A sem conductor integrated circuit device according to claim?28
wherein each of the plurality of nenory cells of said plurality of first
nodul es is a jBRAM type r hayi t |,.$L 0 ngd_one capacitor.
32. 59. A se#?tonduc?bPg?%?géggggérc?%gggfgggei%gggg%%réFﬁgg?b claimJ[err],
wherei n each of colmprplsingl:ity of nenory cells of one of said plurality of
first nodules is a SRAM cel |..a praogramfj xed sk menory cel], or a nenory
cell using a ferroel@ct?f%r?}+5¥ éﬁh ghﬁ?%iﬁm’ Sof ?héxﬁ? | BP¢ o
menory cells of ctanekhaenwdene;of said plurality of first nodules is a DRAM

type nenory cell having one transistor and one capacitor.
_ each of said first modules including:

a memory array having a plurality of bit line
pairs, a plurality of word lines, and a plurality of
memory cells arranged at the points of intersection
thereof;

a sense amplifier connected between bit
lines of each of said plurality of bit line pairs for
amplifying a signal of that bit line pair;

a word driver for selectively driving said
plurality of word lines;

a data input/output 1line pair connected
through a column switch to each of plural bit line
pairs in each of a plurality of sets into which said
plurality of bit line pairs are divided;

a global bit 1line pair connected to said
data input/output line pair, said global bit 1line
pair extending on said memory array in the same
direction as said bit line pairs; and

a column decoder for outputting a column
selection signal which opens and closes said column
switch to select one of plural bit line pairs in each
of said plurality of sets so that the selected bit
line pair is connected to said global bit line pair,

wherein said second module includes an amplifier
for amplifying a signal from the memory cell through

said global bit line pair and a writing circuit for

' REPLACEMENT SHEET!
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33. 60 A sem condu
wherei n each of the 3 ry cells of one of said plurality of
first nodules is a (celJur gpupr dgrfam f i xed mask nmenory cell, or a menmory
cell using a ferroefeftric film ano dei n czistitute sheed 1,301 uyne 4900
menory cells of anofhé& S atcf pl urality of first nodules is a DRAM

type nenory cell haying one transisto} and one capacitor, 143
Substitute sheet - 30 . A sami conductor integrated circuit

devi ce accor di nyrisiegaidmtas infor tiner memwmy sield: th rserindsautiug obak! udi ng
a plurality of Ln.,anmplifi.ers, wherein said second nodul e adj oi ns one of
the plurality oggFi}éggngadfés which is placed at one end of the row of
said plurality of figatdmodiiiesd anedubber ginkltddrspl us al by cofi tmifor
anplifiers connected to

generating voltages used in said first modules and

said second module,

said plurality of said first modules are
arranged adjacent each other, and said plurality of
said first modules are connected to each other by
said global bit line pairs, and

said plurality of first modules are arranged

between said second module and said third module.

20.3% A semiconductor integrated circuit device,
comprising:

a plurality of first modules, a second and a
third module;

each of said first modules including:

a memory array having a plurality of bit 1line
pairs, a plurality of word lines, and a plurality of
memory cells arranged at the points of intersection
thereof;

- a sense amplifier connected between bit lines of
each of said plurality of bit line pairs for
amplifying a signal of that bit line pair;

a word driver for selectively driving said
plurality of word lines;

a data input/output line pair connected through
a column switch to each of plural bit line pairs in
each of a plurality of sets into which said plurality
of bit lines pairs are divided;

a global bit line pair connected to said data

input/output line pair, said global bit line pair

A



the plurality of global data |ines. 35.62. A sem conductor integrated
CIrCUIt device according to claim®6l, further conprising: a third nodule
including a plurality of voltage generating circuits, wherel sai d Ird
nodul e adj oi ns“mm tﬂﬁum mmlﬁl ity of 18Prst mithstisute shagte; 30 line ég—béal d
plurality of f her includes a plurallty of power
supply lines extendlng "inthe first direction, and wherein each of the
plurality of power supply lines is connected anong said plurality of first
modul es, and is eemmide-dlq crcosadpoaddny emeayf imhelhd usame t gipeécvbdbrage
generating CIrCUItS ai.d thlrd modul e. 36. 63. A sem conductor integrated
circuit device zfccor Sntt 181 a2 A3 \l&/néllIl n the colum decoder and the
control nodes of theacatdimnsvicicobes @oe oatphetlng aaacqmlunrnalsdlﬁccnﬁoﬁol um
sel ection S|gnal. erein the plurallt f i ne nd e
plurality of col®dfh ge?%?q}g egfg%%? 168 %%8 dxpﬁmasgéggh FFESFton

whi ch crosses t haef bfspldrakediitopagsubsimneac |of said plurality of sets

so that the selected bit line pair is connected to said

global bit line pair,

wherein said second module includes an amplifier for
amplifying a signal from the memory cell through said
global bit line pair and a writing circuit for writing
data into the memory cell through said global bit line
pair,

said third module includes a circuit for generating
voltages used in said first modules and said second
module,

said plurality of said first modules are arranged
adjacent each other, and said plurality of said first
modules are connected to each other by said global bit
line pairs, and

a logic circuit block is connected to said second

module.
2l.38= A siﬂfconductor integrated circuit device according
to Claim 33, wherein said logic circuit block has an image

processing function.

39. A semiconductor—integrated—eirecuit—device—comprs

a logic circuit coupled ’ééid memory core, said
logic circuit being ¢ osed by combining basic logic

-

T
gates; .

said memory core and said logic circuit being formed
on the same--semiconductor—chip;—and

REPLACEMENT SHEET




at a rjght angle, wherein the plurality of bit lines extend in the first
di rejmamumnﬂmmlw Substitute sheet - 30 June 2000 37.64. A

sem il H‘ ed circuit device_accordi Bgﬁ;c claim Wne

of the pluralily of *menory cells is a M ty%élehF‘Shfgltl' Favii

transi stor and one capacitor.

46. A semiconductor integrated-circuit device; -

comprising:

a first memory bank and a second memory bank,

wherein each of said first and second of memo banks
is operated by receiving a row address or a col address
according to a clock, and '

wherein both of the row address for said first memory
bank and the column address for said segbnd memory bank
are allowed to be inputted in a predetermined cycle of the

clock.

/
/

y,
47. A semiconductor integrated pircuit device according
to claim 46,

wherein each of said firgt and second of memory banks
includes a plurality cf bj lines, a plurality of word
lines, and a plurality ¢é¥tnemory cells arranged at the
points of intersection ereof,

wherein inputtaﬁé of the row address for said first
memory bank triggéfs off a selection of one of said
plurality of word lines, and

wherein iﬁputting of the column address for said
second memoryﬂbank triggers off a selection of one of said

plurality of bit lines.

48. A semiconductor integrated circult device according
to claim 47, wherein each of the plurality of memory cells
is a DRAM type memory cell having one transistor and one

capacitor..

22. 49, Aljgmicondutor integrated circuit device according to
claim jﬁ; wherein the integrated circuit device is of an

ASIC design.

23.56~ A method of designing a semiconductor integrated

REPLACEMENT SHEET]
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circuit device, comprising the steps of
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voltages used in said plurality of first modules and said
second module with a voltage generating circuit included

in said third module.

24.5% . A semiconductor integrated circuit device,
comprising:

a plurality of first modules,

wherein each of said plurality of first modules
includes:

a memory array having a plurality of word lines, a
plurality of bit lines, and a plurality of memory cells
arranged at the points of intersection thereof;

a plurality of global data lines extending in a first
direction and coupled to the plurality of bit lines via a
plurality of column switches;

a control circuit having é row decoder coupled to the
plurality of word lines, and a column decoder coupled to
the control nodes of the plurality of column switches; and

a plurality of address signal lines extending in the
first direction and coupled to the control circuit via
predetermined wires,

wherein said plurality of first modules are arranged
in a row in the first direction, each of the plurality of
global data lines is connected among said plurality of
first modules, and each of the plurality of address signal

lines is connected among said plurality of first modules.

25.5%. A szgiconductor integrated circuit device according
to claim f&,

wherein each of said plurality of first, modules

further includes a first node for receiving a row-related

bank selection signal and a second node for receiving a

column~related bank selection signal.

e or e
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26.53. A semiconductor integrated circuit device according
to claim g%,
wherein each of said plurality of first modules
further includes a clock signal line extending in the
first direction and coupled to the control circuit via a
predetermined wire,
wherein the clock signal line is connected among said

plurality of first modules.

27.54, A s%ﬁgconductor integrated circuit device according
to claim,ﬁg, further comprising:

a main control circuit coupled to the plurality of
address signal lines, the clock signal line, and the first
and second nodes of said plurality of first modules,

wherein said main control circuit can supptd a
first signal for selecting a second module which is one of
said plurality of first modules to the first node of the
second module and a second signal for selecting a third
module which is another one of said plurality of first

modules to the second node of the third module in a

predetermined cycle of a clock.

28. 55« A siﬂiconductor integrated circuit device according
to claim ?ﬁ,
wherein said main control circuit supplies row
address signals to the second modules via a part of the
plurality of address signal lines and column address
signals to the third module via the rest of the plurality
of address signal lines when the first signal is supplied
to the second module and the second signal is supplied to
the third module.

29.56= A sigéconductor integrated circuit device according

te claim 55,
N
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wherein said main control circuit outputs the row
address signals, the column address signals, the first
signal, and the second signal at a timing of transition

edge of a clock.

30.5+ A& s?ﬂgconductor integrated circuit device according
eac
to claimA§§, wherein said of the plurality of memory cells
A
of said plurality of first modules is a DRAM type memory

cell having one transistor and one capacitor.

3l.s58. & segéconductor integrated circuit device according
to claim.?&, wherein each of the plurality of memory cells
of said plurality of first modules is a DRAM type memory

cell having one transistor and one capacitor.

32.59. A sggiconductor integrated circuit device according
to claimi§%,
wherein each of the plurality of memory cells of one
of said plurality of first modules is a SRAM cell, a
program-fixed mask memory cell, or a memory cell using a
ferroelectric film, and
wherein each of the plurality of memory cells of
another one of said plurality of first modules is a DRAM

type memory cell having one transistor and one capacitor.

33.66= A %ﬁyiconductor integrated circuit device according
to claim ;E’S‘ﬁ,
wherein each of the plurality of memory cells of one
of said plurality of first modules is a SRAM cell, a
program-fixed mask memory cell, or a memory cell using a
ferroelectric filﬁ, and
wherein each of the plurality of memory cells of
another one of said plurality of first modules is a DRAM

type memory cell having one transistor and one capacitor,
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34.6x. A siﬁiconductor integrated circuit device according

to claim 51, further comprising:

a second module including a plurality of mnain
amplifiers,

wherein said second module adjoins one of the
plurality of first modules which is placed at one end of
the row of said plurality of first modules,

wherein the plurality of main amplifiersj%gnnected to

the plurality of global data lines.

3B.62= A siﬂfconductor integrated circuit device according

to claim 61, further comprising:

a third module including a plurality of voltage
generating circuits,

wherein said thirxd module adjoins one of the
plurality of first modules,

wherein each of said plurality of first modules
further includes a plurality of power supply lines
extending in the first direction, and

wherein each of the plurality of power supply lines
is connected among said plurality of first modules, and is
coupled to corresponding one of the plurality of voltage

generating circuits of said third module.

30.63+ A sgﬂgconductor integrated circuit device according

to claim ,\éfz“,

wherein the column decoder and the control nodes of
the column switches are coupled via a plurality of column
selection signal lines,

wherein the plurality of word lines and the plurality
of column selection signal lines extend in a second
direction which crosses the first direction substantially
at a right angle,

wherein the plurality of bit 1lines extend in the

first direction. - o e
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] ' . L il r‘ !
. ca'y B
! i



U"’"j mm '"M” ”'i' ” {w 144 Substitute sheet - 30 June 2000

3l64. A sggiconductor integrated circuit device according
to claimwgé, wherein each of the plurality of memory cells
is a DRAM type memory cell having one transistor and one

capacitor.



