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DATA PROCESSI NG S ND OF THE | NVENTI ON The present invention

relates to a sem condugds@e« i Nntegrated circuit in which nenories are
integrated. Particularly, it relates to a sem conductor 5 integrated

circuit in which Ult such gs a CPU (central processing unit) is
Integrated with Imwﬂmnuﬂm ity mem)r'a'l n one chip. For exanple, it
relates to a usefu echnique adapted for enmbedded DRAM which is integrated
with a CPU and a first®vel cache 10 nenory in one and the same chip.
Today, a sem conductor integrated circuit in which a |large-scale |logic
circuit i sSEMICONRUCTOR INTEGRATID CIREUIT ANDDATA PROCESSING SYSTEMr ovi ded.
In such a sem conductor integrated circuit, the nunber of bus 15 bits for
connecting the nenory and the logic circuit to each other can be increased
easily, for exanple, to 128 in order to enhance data throughput between the
menory and the logic circuit. Accordingly, there is an advantage in that

data can be Fﬁéﬂ eed while electric power consunption
required forép[a a |npug}E§uTt put bﬁ)gﬂ\g%&yr)essed conpared with the case where

i nput/out put pins out sile ghes &l Q_rg}‘é?nﬁﬂil‘d yere) Myd irdapk DRAM (Dynami c

Random Access Menory) can be used as the large-capacity nenory. In the
mul ti 2 5 Sl adffictor integrated circuit in which memories are

integrated. Particularly, it relates to a semiconductor

5 integrated circuit in which a logic circuit such as a
CPU (central processing unit) is integrated with a
large-capacity memory in one chip. For example, it
relates to a useful technique adapted for embedded DRAM
which is integrated with a CPU and a first level cache

10 memory in one and the same chip.

Today, a semiconductor integrated circuit in

which a large-scale logic circuit is integrated with a
large-capacity memory in one chip is provided. In such
a semiconductor integrated circuit, the number of bus

15 bits for connecting the memory and the logic circuit to
each other can be increased easily, for example, to 128
in order to enhance data throughput between the memory
and the logic circuit. Accordingly, there is an
advantage in that data can be transferred at a high

20 speed while electric power consumption required for data
input/output is suppressed compared with the case where
input/output pins outside the chip are iriven.

Multi-bank DRAM (Dynamic Random Access Memory)

can be used as the large-capacity memory. In the multi-



-2 bank DRAM a sense anplifier is provided in accordance with evey g ?PRDQMZ
bank, so that data once | atched by the sense anplifier on the basis of a
word line selecting operation can be out put successively at a high speed by
5 a sinple nmeans for changi ng-over a colum switch. Accordingly, data
access to continuous addresses in one apd the sane page (one and the sane
word |ine address) can be nade rel ativefy speedily. Data access to

di fferent pages (at page-miss) is, however, made slow 10 because of bit

| i ne prechar ¢ankoDRAM; |d keendeuranpdri fiiar tile pnduiiddghriln BRAMrdeagee m ss can
be hi dden under a predeterm ned condition. That is, when a read or wite
command i s gelidihatestemyd meFa L ankersithatedaty isnde dadchest Ry thenory
bank is to be 15 used next, an activation conmand can be given to the next
memory bank iSERER AR i et FiRpriineka aandhd Gserstlissitifi%cedent | y.

O course, for this reason, the CPU nust nmake access toq .the addresses
sequenti al | y R8T Lo &A%y &e %{F&E{%rﬁ‘i%ﬁiﬁ’ivﬁgﬁ’sﬁ%blae%?&q c?pcfﬁcf%(,y this
entirely. by a CRU gperatio r o Qr_ t ik ln.sen. duct or

i nt egr at5ed ci% (ﬁ#}pg,e tn%earn egqifg’ra%{shgaﬂ%lg}g ioﬁ'ee%iacﬁcoal lfgnélcﬁggl%e%ry i nt egrated

wth a 'argeﬁ%iﬁ%mﬁé‘ca&‘% S8 A IGURY GLddddds 4% YHh as a

CPU, or the sem conductor integrated circuit of this type, the

difference i P idihnes RARE DRI ehd Mhd YRR GRIRC I1ihdRIRIBesd the CPU
is relaxed by the cache ménory so that data can 2 5 APR 200 -3 be

processed at canhigh reRReddlatiie 1GPYpelttll V.S, DetnGataiss Hoored in the

| ar ge-capacity nenory, a part of data used recently by the CPU and data in
its vicinity drfferant ipagde (dtylpayeeed ssjchis, mowewerfhanadist & 1owWor ocessi ng
speed i s enhanced when the nenory access of the CPUis hit to the cache
menor y. 1Howe ecausee @ fa biits d igwe predharge ,acoedde ditkes | arge-capacity
menory is made. As a result, data processing speed of the CPUis |imted.
10 An exanpl e of |iter duftdegn tife the aOEARAYL, ) PageriiEs) £an

conresgonding (g WS et conlLgiign N DBLANIN0 Titeg g 7. 1997
continuationdﬂggiéx¥éé) é¥ ﬁ¥¥¥é(égﬂﬁ¥k Is(g¥§%§§%gé to operate a
certain memory bank and another memory bank is to be
15 used next, an activation command can be given to the
next memory bank in advance to make a word line
selecting operation precedently. Of course, for this
reason, the CPU must make access to the addresses
sequentially. It is, however, substantially impossible
20 to define this entirely by a CPU operation program, or
the like.
In semiconductor integrated circuits, there is
also that in which a cache memory integrated with a
large-capacity memory and a large-scale logic circuit
25 such as a CPU, or the like. In the semiconductor
integrated circuit of this type, the difference in
operating speed between the large-capacity memory and

the CPU is relaxed by the cache memory so that data can



15 the whol e disclosure of which is incorporated herein by refer2ricaAPRA3002
descri bed above, even in the nulti-bank DRAM page-m ss is not always

hi dden in accordance with a sequence of access addresses. Even in the case
where 20 a cache nenory is provided for the multi-bank DRAM the situation
is quite the same if cache-m ss occurs. Therefore, the necessity of

i nproving the access speed to the nultlgbank menory nore greatly has been
found by the inventor. 25 SUMMARY OF THE | NVENTION A first object of the
present invebei procestedenhancbighesppeddbpf ther€PUaccesatt bsa ambng- bank
2 5 APR 2002 _4_ nenory, that is, the speed of read access different in
word |ine fr@ﬁt@h§t9F§¢|éDsté@cé§§geﬁF§Eé§h§Yo®?@@¥Y0fathérerEeﬂ@ta
invention is to prevent | owering of the operating efficiency of a nulti5
bank nmenory Hﬁ??nﬁeﬁeBF&YaPVt§h6fcﬁgnﬂ§dmﬂPEﬁ b?elﬁﬁlﬁl?bnb ¥rafe

Cache: mi 55 aFShdcLRnRRCHOR)- BPEER GBCHor REARE Hul | FAbaRR Ehemory. That i,
addr ess i nf o RLLOD, G4 LERRANGL NG, 0n A0y Brie @ﬂgwgggﬁfgagecégsaggress

si gnal WEEn an operation In n-a cache line

to be “”'tteﬂﬁgaéﬁuaig HﬁttES”EhQ éaEHétheﬁéfg ”Eﬁ9&¥vé9de@ﬁe9p§rat'°” in

whi ch new cache énfry data to be witten in the sane cach I ne as
described abgygsas8cheaddohee hbeesy! Eb PREK1 APg8EERb Y ci YheRehbEr 18t i On Of
the index address is mapped I n nenory bank selectlon address information,
data havi ng hh@el Ndrx addesases aatangedcessing sbded hefsthe ceiUiress are
arranged in one and the sane nenory bank. Accordingly, both a read
operation foiimiepedci ng the 20 cache line with new one and a wite
operation for wite back nust be performed on one and the sane nmenory bank.
Accor dilfigly, the two obzeraxamnbec@ﬁnbttgéab@reo@lﬂre‘@lhefmﬂbtenbavkby use of
different nenory banks. A third object of the present inventionis to 25
nmake non- bl of glﬁuPFTAaéee§§1%6S§PEF%sPﬂn§?%%nF%dﬂd@ctB?t?%Fegrated

ol ural ity o sheceletian ié: dal¥iabpbeBN PR delTE ThE et 6752 s her

2002 -5 patent application No. 09/188367 filed Nov. 10, 1998, a
continuation application of application No. 08/813900,
15 the whole disclosure of which is incorporated herein by

reference.
As described above, even in the multi-bank

DRAM, page-miss is not always hidden in accordance with

a sequence of access addresses. Even in the case where
20 a cache memory is provided for the multi-bank DRAM, the

situation is quite the same if cache-miss occurs.

Therefore, the necessity of improving the access speed

to the multi-bank memory more greatly has been found by

the inventor.

25 SUMMARY OF THE INVENTION
A first object of the present invention is to

enhance the speed of first access to a multi-bank



macro structures are allowed so that one access does not bl ock an tgﬁeAr
access. A fourth object of the present invention is to enhance t PR 2002
efficiency of data rewite to a nulti-bank 5 DRAM having a cache line with
every word line. That is, the inventor has found that, when the cache line
Is provided as a rewite unit, there is no necessity of performng read
nodify wite to apply wite data after'gfbrage I nformation read out to a
bit line by a word 10 Iine selecting operation is |latched by a sense
anplifier, |imaneryartdatanior e ispeedafrmdadRivesthalffiffeegaitngrand ot her
obj ects and nove| features of the present invention will beconme clear from
the fol | owi ng¥ades Aring i forPmrfdne My eticorpAGHeRs dr awi ngs. 15 Main features

i n enbodi ments of the present jnvention contain the follow ng features. <1>
Next Address Self- Pref dt FRGRPA FRAGGE h Ehee m3vep effe rigrvanti@uris it used

d dat hel d i lifier in ever nory 20 bank. \\en access
TS hit to th@ ERRTHIUWAI NG S S e CRAFA TG © ot SR R e sense

Lifi . f_fi tq th
Shucture cnpk Mot di¥indls MGG/ hﬁéﬁéﬁ» Barp i r?ta%e'%%ﬁ"e% tnction
I tr S
i Lo catk CpeEa e RibaliQuly SHA o Calile i Tedtike S o

greatly, afteqirideCesel QraneE byPAHchd R EHE a ZazhPReAdIR, - 6

provided for the multi-bank memory. That is, address

information corresponding to an index address in an

10 address signal is made identical between an operation in
which data in a cache line to be written back are
written in a multi-bank memory and an operation in which
new cache entry data to be written in the same cache
line as described above are read from the multi-bank

15 memory. When information of the index address is mapped
in memory bank selection address information, data
having the index addresses arranged as one and the same
address are arranged in one and the same memory bank.
Accordingly, both a read operation for replacing the

20 cache line with new one and a write operation for write
back must be performed on one and the same memory bank.
Accordingly, the two operations cannot be performed
efficiently by use of different memory banks.

A third object of the present invention is to

25 make non-blocking multi-access possible in a
semiconductor integrated circuit having a plurality of
multi-bank memory macro structures in which a plurality

of access requests without conflict among the memory



address (obtained by addition of a predetermined offset) is self-p)ef APRIQEO?
so that data in the self-prefetching address is preread by a sense
anplifier in another nenory bank. The next address is used as a subject of
5 self-prefetching on the basis of an enpirical rule that CPU operation
prograns or a group of processing data are basically mapped on |inear
addresses. A sem conductor integrated ATcuit for achievi ng the

af orenenti oned next address self 10 prefetching conprises nenory nacro
structures 5S5hadro Stiructuires aoceesklawed rod | giatd. o@cdcadss hhobeemty nmacr o
structures has a plurality of menory banks BANK1 to BANK4 havi ng bank

addr esses al |bkegkdndher ca¢especti vel y. Each of the nenory banks has a
sense 15 anplifier 53 for latching storage information read out to a bit
line BL froma menory clfoyumth aliert iole the wefesent wemHd dmsis tof a row
address signal R-ADD. The bit line is_selected on the basis of a colum
addr ess si gn#Nhanre the eifipleanteQedatia 1ewelte ) adMHdet RS a data

i ne GBL, of t nory macro structure., The access controller_.includes an
addr ess/‘t’ﬁom‘ré}‘%"}gg‘?&%‘f?n% "(ﬁﬁﬁ'fe o e?‘é?ﬁ’%d"?’ﬁgqa]d'tﬁ'es d and
being able t . r a i t/mss. jq nt unit 43
for enabli ngqggé)?ar?‘é&é (ffea}gé/yglya%“{(}:ﬁﬁ%@@’t %%rgn{sﬂee aér?pciﬁﬁilég%tngl@ne output to
the data |inejddy ¢ t : . rqg.i{%sé t t.a, | at chi ng, and
an address S%%%ﬁcﬁﬁ%@%ﬁ%@ﬁZ gtr' se -prlg% erfc;cﬁl{ér}geéﬁl%cc%ss addr ess
having a 2 feARRWHY readrmastet Bf Niriatk ofd plp vl taxXtcitila BGeaess
address after access control of the nenory nmacro structure to the external
access addr esstcxraddain fiatnea t o heest|dytr efetebitg Jaidty 85 d wgyderead from
a corresponding 5 nmenory cell of the nmenory macro structure. The

sel f - pr &0 et chiinpe sklresstsi g sipdrs tHromdds dsstahredh bereorsertsenk different from
a subj ect of access just before the self-prefetching address. If the two
addr esses ar @nmidiendn Hhe HSRMedSameh Ak, in ke genenaictDRdM .of a sense

anplifier cache cannot be used for the precedi n%,access. For this reason,
the access address haviTRf EIFERIG AN PIHTE QLIS Eh ek Vil access

address is provided as address f.or, designating .a.nmenor ank different
fromthe mendrSEHHRE feg{}ﬁh%t%ﬁf%itb)}qwtgﬁrb”%l fceccé’&eyfg'(ﬁ‘aers I om a
di fferent poi i ew, gggr ' i l.,0e .t .

addr esrs/corrrraﬂr%{c? Sgecnl\é\lr%r_lr%rlﬁem ifs Sbcl)'i? nme stcg%t h%gc{@og%%éﬁ{ma#; _rreaé"'sln Sg’nal HO
to B3 ig5mapped on the ) gh ALY G g@ﬁ%%%ﬁrﬁ;ﬁg & £ COto C2,

a row address 20 signal ROto R7 Is napped on t e of the
bank address igivHialiorarsbdthgipredetRynidgh P festtudes .2 to the power i from
the least significant bit of the colum address signal when i is the nunber
of bits in the colum address signal.

<1> Next Address Self-Prefetching
A multi-bank memory macro structure is used
and data are held in a sense amplifier in every memory
20 bank. When access is hit to the data held in the sense
amplifier, data latched by the sense amplifier are
output so that the speed of first access to the memory
macro structure can be made high. That is, every memory
bank is made to function as a sense amplifier cache. To
25 enhance the hit ratio of the sense amplifier cache (the
ratio of hit on the data of the sense amplifier) more

greatly, after access to one memory bank, the next



25 The hit/mss judgnent unit for the sense anplifier cache functipry PR 2602
formed so as to have conparators 432A and 432B for detecting coincidence/
anti coi nci dence between the external access address and 2 5 APR 2002 g_
the storage information access address held in the sense amplifier. The
addr ess/ command generating unit can be fornmed so as to give an instruction
to the nmenory nmacro structure designat@ﬁ'by the external access address to
5 select the nmenory bank, the word line and the bit line in response to
anti coi nci denoddrked e ciast diyndd b g i tad it afhch rvedette imnigiediad f fyeti)o t he
menory macro structure designated by the external access address to stop
the word |inelsaecttpre Operhed oo arlthtsedagtd irhetHed seenrprdofaticaindy t he bi t
line in response to coincidence detected by the conparator. <2> Address

Al i gnnent Coraddiesorisquaread ey CagsnsaNanpliibiaaryn dnotdwmected to the
access controller 4 and a set associative type first |level 15 cache nenory
2 is connect REUTTH RaPk he T Rt tadrRScke b iT &t 18I egfe Access

controll er and the nmenory mmacro structures can be provided as a second

| evel cathe ﬁ#’f%%’%‘éh‘% qmet%ee%?eﬂa?rrﬂffaﬁbre g rf'd’c]ieorﬁ}ar%r eof .
Those as a wﬂgﬂ . conf d as a | ti_ 20.chip data propcessin
system There itg < orrreﬁglacgl}a%vﬁ'u%%&bsot%r ra"eg%-lraocué3 oc?f e cceasc%lengf)idgagtaccﬁfcer ni ng
cache-m ss w NEW I éﬂﬁ% i -Qﬁgﬁf &ache line are required
because of caﬁc el-ms?]g? t ed,\ﬁr%gltl eve?';dc&agc{se menory. In this case, index
addresses for the firsty ZeniRddddadie IREdatE dBds;itderdd cal to each

ot her between an operation in which data in the cache line concerning the

cache- nm ss ofadHievindttHe ioramditt ioed bR 2direds J8IMY are witten
back to the second | evel cache nenory and an operation in which cache entry

data t olbe suhfighdleichd cronpe e reendame mamrerstmg thure s iMee-td ss are
read fromthe second | evel cache nenory. If nenory 5 bank address

i nformati on fad,t land edbraEdesse|cadsted Yaandry iBaathefdie aenonlex address
information for the first | evel cache nenory, data in index addresses

i denti cal toR&&HP StHRICHIRe e geliWadidvamf mearhdankfoBANKdnk on the

second Ievelégmgxkégyﬂgggng bank addresses allocated thereto

respectively. Each of the memory banks has a sense

15 amplifier 53 for latching storage information read out
to a bit line BL from a memory cell in a word line WL
selected on the basis of a row address signal R-ADD.
The bit line is selected on the basis of a column
address signal ¥YsO to ¥Ys7. The selected bit line is

20 connected to a data line GBL of the memory macro
structure. The access controller includes an
address/command generating unit 44 for generating the
address/command and being able to operate for every
memory bank, a hit/miss judgment unit 43 for enabling

25 data already latched by the sense amplifier to be output
to the data line in response to an access request after
the data latching, and an address self-prefetching unit

42 for self-prefetching an access address having a



10 Accordingly, both a read operation for replacing the cache |ineg \g N)Bnmz
one and a wite operation for wite back nust be performed for one and th
same nenory bank. Accordingly, the two operations cannot be perforned
efficiently by use of different nenory banks. 15 Therefore, an address
alignment control unit 41 is provided in the access controller for changing
the bit alignnment of an access address'%?gnal supplied fromthe outside to
out put the changed bit alignment to the nenory nmacro structure. For

exanpl e, the prddiedeemiten] iafifestt tonin exterrnal aqueds deitidessaldfaeat e t he
al i gnnment of an address signal supplied fromthe CPU and different fromthe
al i gnnment of axqess gontyradf cefddites snamiary alaormatsdd uak uree tonddve addr ess of
the first | evel cache nmenory to the bank address of the nenory bank. As 25
a result, cacrdesmely acasisscaddnestassedhal dadlaeim dheofsalife first |evel
cache nenory can be perforned w thout |owering of the operating efficiency
of the nulti PFafieterag address AsRpreread Fiofp@ SBUESPABGRI of vi ew,

t he address alignnent .contrql unit is provided to ,change at |east the whole
or a part of M icﬁr}rcjrer?[g %%W@&y' SRR TS ftrai ned in an addr ess
signal provided from5.he L Whi j t he jind dress of the
first |level cache mem)rTgl/.‘%tos é'ILEI 5’%%%%‘3“%%%&3%55 ?‘élﬁ%e%;é {%gl t he bank
address_of 1 BadFREA ¥ 0aNkerlsdly BEARPIA £ ARnRA%R0S S0l @TRRL sgontrol unit

is provided so that a part of address information contain in an address

10 signal supRlded® Huem beaFdeRU tad sé3edpde Faf dhigRX addiHesS Ofr £t kel i rst

| evel cache nenory and a part of address information used as a tag address

are repl aced twict hddaelsselshare dmidnecang the adthee memorfyobamlki,Ofhko t he
bank address of the nmenory bank. 15 As anot her exanpl e of address alignment
by the Hddr efsaingitiigmmeft acsensel ampliifisr kcazhe cannotdee Rskidt foaf the tag
address of the first |level cache nenory contained in the address signal
suppl i ed frofhehpreregding bBecgisisocafed thisnreasoass ther ageeisgnati ng the 20

menory bank and/or an address for_ designating the menory nmacro structure.
Al t er nat i vel fAdxesSSeReVingwaoPFederegmiegt ofseitn§ox thgdrEs8rBR 1t he fir st

| evel cache nenory cantained in_the agﬁress si_gnal su%pli d fromthe CPU
can be al | oc&FEFSo 34TERGr &8s PEGYL 'Gﬁaﬁpnaggﬁ§s§5 ﬁﬁnéﬁﬁlgﬁﬁﬁlaﬂd/or an

addr o3 {07 SCRUAREY Mol 'S BRRSTHER SLLURLEY SRR BhaLeRst Lo
in the gddregs shanaktevprhl adces@MaideeS8Y From a different point
of view, the address signal generated by the
address/command generating unit is formed so that a bank
address signal B0 to B3 is mapped on the high order side
of a column address signal CO to C2, a row address
20 signal RO to R7 is mapped on the high order side of the
bank address signal, and the predetermined offset is 2
to the power i from the least significant bit of the
column address signal when i is the number of bits in
the column address signal.
25 The hit/miss judgment unit for the sense
amplifier cache function can be formed so as to have
comparators 432A and 432B for detecting coincidence/

anticoincidence between the external access address and



2 5 APR 2002 -11 can be allocated to the colum address signal. TZeﬁﬁQQqugz
alignnment control unit may contain a switch circuit 411 for makin

al i gnnent change of address information variable, and a control register
410 5 for latching control information for determining the switch state of
the switch circuit. Access to the control register can be perfornmed by the
CPU. The difference in address alignnment appears as the difference in
frequency of designation of one and the 10 sanme nenory bank with respect to
conti nuous adtheesstesradd irfofnmeoimncycodssadddte o ndldnn artk tdensanme
menory bank with respect to index addresses close to each other is high at
the tine of cuughelfiewr. r fhaciddyeshbcdinandtgenarfat irforumitt czardd®e t o t he
sense anplifier cache 15 function becones |ower as access address are
closer to eachPmrefbrso (&S thre JieRAThcnTEruet et ivh Bie dignaremagriory
banks with respect to i ndex addresses close to each other is high at the

tinme of cacheSTiHEFUYEDHIRIHF2te BY ttheus 9nahiariats ALHRSE FQ he sense
Gabh of Hbr - IR S A e At AT daih D R & L s rppi ng
oppl toat | on ST (OF A dih SR CH A HIGRTE 1L D 0
atdr aos ol | oA Gl TtV I St R e e SRS RGP BB 2D o

Readout i n SeaoAttdive| ddaricditn NIy 1@ shitidbirt] Qie ddAM MRiFd Stdict ur es

For witing data in DRAM generally, data is 5 once read froma nenory cel

to a sense amgydg itHe avukd Meihe gElidctiing dperft icivdrd efeledtatthes, read
nodify wite is performed. Wien the sense anplifier cache function of the
DRAM matf o stwamciny dwrls arsbdles kdlts dciorad ilrewsd sprandee teeraincitdesrae= i s no

necessity of 10 performng read nodify wite because data are nmanaged by
detected by the comparator.

<2> Address Alignment Control for Second Level Cache
When the CPU 1 is connected to the access

controller 4 and a set associative type first level

15 cache memory 2 is connected both to the CPU and to the
access controller, the access controller and the memory
macro structures can be provided as a second level cache
memory 6 based on the sense amplifier cache function
thereof. Those as a whole may be configured as a multi-

20 chip data processing system. There is some case where
both replace of the cache line concerning cache-miss
with new one and write back of the cache line are
required because of cache-miss of the first level cache
memory. In this case, index addresses for the first

25 level cache memory are made identical to each other
between an operation in which data in the cache line

concerning the cache-miss of the first level cache



word lines. Therefore, for witing, transfer of wite data froma 5 tdPR 2002
anplifier to a bit line is started at the sane tine or just after rising of
a word line without the read operation of the sense anplifier, so 15 that
one-word-line's data are witten at a high speed. The cache nenory for
achieving the aforenentioned wite mﬁthgut dat a readout conprises DRAM
macro structures 5Ma to 5Md, and an access controller 4. Each of the DRAM
macro structures has a plurality of 20 nmenory banks BANK1 to BANK4 havi ng
bank addr esse®memprycaredwrhstenobrekpéot thel gec@adhletrel heagrgongmbapks has
a sense anplifier 53 for |atching storage information read out to a bit
line froma néﬁﬁr9ncépﬁrﬁﬁ19nméﬂdwhiﬁé Peche| etz datehtobhei s of a row
address 25 signal R-ADD. The bit line BL is selected on the basis of a

col unm addr esg“QFEﬁEPtEdAﬁBr "FH% §éFE6t éélnﬁl €oncaEning cbhaecacdetmias dat a
line GBL of the corr gondlgg ﬁ ructure. The access controller

i ncl udes an g 388?8 g¥ ﬁﬂcﬁﬁh%?%?th uhftmQBO¥ By

bank, -and a Eﬁ?ﬁ%"é@ﬁ oRPORE4S Por Hhki nEorRe phste b ea i ol pur daca
al ready Iatchﬁgm?¥¥t§§ §§ sgaé agpliﬂagﬁE; %£Q$ dﬁ%P°}$Q€1°%a%ESpﬂ§§eato an

access request t he ata atchln nenory

first operatigprgedgefer aaéha%éﬂar§hed§€98§naméé£'&ﬁdf‘éséééﬁ timng
after selection of the word line, and a second operation node

activating 10iséetseaset@nphchi €Ehét §E§Oé\ﬂréﬂ1¢’@d191r$|&\1‘@raﬁdi‘aﬁhé @a:ﬁé rst
timng after selection of the word line. The first operation node is a

wite withoutmemony riezmioudn nole. sdbend etevell opetied imememge is a refresh
nmode. A data processin ystem can be configured by using the 15

af or eneAfi one@c@@Mbn%gbﬁDr@O@E a sezdnebpé¢raionatde repiagiramdtiy using a
first level cache nepory and a CPU for the second | evel cache nenory. <4>
Paral | el AcceS3Ch® Nepe kR iReW neemed ya ke operation for write

back must be performed for one and the same memory bank.
Accordingly, the two operations cannot be performed
efficiently by use of different memory banks.

15 Therefore, an address alignment control unit
41 is provided in the access controller for changing the
bit alignment of an access address signal supplied from
the outside to output the changed bit alignment to the
memory macro structure. For example, the address

20 alignment control unit is provided to allocate the
alignment of an address signal supplied from the CPU and
different from the alignment of a plurality of address
bits allocated to the index address of the first level
cache memory to the bank address of the memory bank. As

25 a result, cache entry replacement caused by cache-miss
of the first level cache memory can be performed without
lowering of the operating efficiency of the multi-bank

memory.



Structures 20 In a sem conductor integrated circuit in which a pIuZaﬁiA@Rdmnz
mul ti-bank nmenory nmacro structures are integrated, non-bl ocking

mul ti-access can be provided for a plurality of access requests wthout
conflict anobng nenory macro structures so that one access does 25 not bl ock
anot her access. The nmenory 6 for achievhg% this access conprises an access
controller 4 having a first access port 1 and a second access port PT2,

and 2 5 APR 2002 -14 a plurality of menory macro structures 5Ma to 5Ml
connected to the access KM ranadren ipough afatel dw,neshd RRid s HDBd
respectively. Each of the nenory nmacro structures has a plurality of nenory
banks BANK1 t G5 BRGYU 18R P bank taddr erassiddd duatahhnderat deast

respectively. ,Fach.of. the nenory banks has a sense amplifier 53 for
| at chi ng st or 4% i("WHS8S 6h Haéd Hutthe ad ignmentheoBladdress nmenory cel |

inawordlin el.ected, on t.he pbasis of a row address signal R-ADD. 10
The bit |ine fiél%e‘?“é“c%@&’ ocr?’%q’r?e‘“c?fgiléi G 2993185 SHdERds Prawsad ExamD. The

sel ected it lﬂﬂéedﬁj’c%%%ﬁ)ﬁ%eﬁl%e% %ég:glleisg_le ]GBL 0 the1 r(r)e ictﬁ% %-(’:I\rﬁ(/)tand

structure. The access coO (ored!

aodullor el odlvan RARIDREMAY G0l A aLdIR L AR g !

access port and a menory nacro structure accesse r (0] & access

port, an acceshePbatiki BAreSE R tWa hefdrRE LT, nQ‘oEare?a{nﬁJleacct%%s
g

t hrough the two access ports when both the access throu & first access

port and 20 aedésesshadighmcnt Tea®Id1a0REES iROProNSAd el NIy
macro structures respectively, an address/comand generating unit 44 for
gener at i ng t heazgdedsebdomssndndncmading abheatiaecdpenhabe badrewary nenory
bank in the nenory macro_structure to be accessed, and a hit/mss 25

j udgmentlOuni t SAgned, sRRLAGd £rpmsthel 6PUoandt pseddasaahatinbes by the sense
anplifier to tga dat a Iing in response to an access request after the data
| at chi ng. For 288REFFcPEnEPRefdrytnaeVslpFrehprt Jemonyr end a paBtABR 2002 - 15

address information used as a tag address are replaced
with each other to allocate the address information to
the bank address of the memory bank.

15 As another example of address alignment by the
address alignment control unit, at least low order 2
bits of the tag address of the first level cache memory
contained in the address signal supplied from the CPU
can be allocated to an address for designating the

20 memory bank and/or an address for designating the memory
macro structure. Alternatively, at least low order 2
bits of the index address of the first level cache
memory contained in the address signal supplied from the
CPU can be allocated to an address for designating the

25 memory bank and/or an address for designating the memory
macro structure. Further, at least low order 2 bits of
the index address of the first level cache memory

contained in the address signal supplied from the CPU



the access priority judgnent unit can be fornmed so that the opera ;?g:}P‘Rf zm
access port having higher priority determned in advance is perfo
preferentially when both the access through the first access port and
access 5 through the second access port use one and the sane nenory macro
structure. Further, the first access port and/or second access port can
have an SRAM interface function. Latend&‘fron1address i nput to data out put
changes in 10 accordance with the state of access. To cope with this, an
SRAM i nt er f aceanhbehal3oabtedt boothputodumai addrgaal signalhe like, in a
period fromaddress input to data output is used in the first and second
access ports nore sinpl Jhehaddaassnatignpenhagonyrél xenitamaycgontdim dat a

processing systemusing the nenory 6 conprises the nmenory 6, a conbination
of a first adlr8¥stelsCERBUARI4ALT FREtMakingblBe| TbBIRBARECERANG® Pfie first

access port of .the nmepory, a address, bus 11AB and a second 20 the second
access port o?déﬁ%sﬁofﬂfgﬁm?ﬁéo?iV%Fléhi?esénﬂué %ﬂﬁtﬁpgu§99h§5?¥aﬁéo

circuit second f%ﬂr ss bus and,to %he conmbi n tiog f a.second data bus
1106 conflect oiOf oL RERBIYY SOBPEPY LBFAERE BHOANEOT oIEhRTRHREEIGERE bus,
connect ed bot g‘gi? her SE6088 PRLA QS %AH?&E‘E‘{'.VeAé’cegsd%awfﬂéocess' ng
system usi ng ﬁe MENDry CORPFi SEs ? e nenory 6, a conbrnation of a first

address bus 64Bhensh arbyistedatanbye bOPRERASSE CEhLocble fhpat access

port of the nmenory, a coOnbination of ‘a second address bus 11AB and second
data 2 5 APRi Z£6¥endé DHSaddEBss0aNeghRéent Oappeasecoidrrecess port of the

menory, a conbination of a CPU 1 and a first |evel cache nenory 2 connected
both to the fdiSferenicessnbiisequenty dhedésighatibdm dfisonanand tive nmaster 7
connected both to 5 the second address bus and to the second data bus,
wher ei n10he neame ymémoxycdank Witk coespéeet eto coohei meons yaddresses|ir st
| evel cache nenory. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a block
di agram of anlfstheofregeerayiaf sskesbien b QR skt iR ) Same FrerxaYmpl e of
a sem conductor jntegrated circuit,k according to the
bank wi respect to index addresses close to each other
is high at the time of cache line replacing, the hit
ratio of information due to the sense amplifier cache
15 function becomes lower as access address are closer to
each other. If the frequency of selection of different
memory banks with respect to index addresses close to
each other is high at the time of cache line replacing,
the hit ratio of information due to the sense amplifier
20 cache function becomes higher as access address are
closer to each other. Which is selected advantageously
depends on the address mapping of data/command. One of
the two can be selected in accordance with an
application system.
25 If the simplification of configuration is put
first, wiring having address alignment fixed by a metal

option can be used as the address alignment control

unit.



present invention Fig. 2 is a block diagramshow ng an exanpl e of gne of
DRAM macro structures in Fig. 1; 15 Fig. 3 is a circuit diagran1§h MARB 2002
exanpl e of configuration of connection of DRAM banks to gl obal bit |ines
Fig. 4 is a block diagram showi ng an exanpl e of an access optim zer 20 Fig.
5 is a block diagram show ng an exanplgiof basic configuration of a first

| evel cache nenory: Fig. 6 is a block~ ?égran1shomﬁng t he | ogi cal
configuration of a sense anplifier cache function using a plurality of DRAM
macro structures so as to be able to 25 conpare with the first |evel cache
menory; Fig. 7 is a timng chart show ng an exanpl e of an address

sel f - pref et chf#g) BpEkatyberout JDatade t ity Segond ghedeh Gaek& di agram
showi ng an exanple of a hjt/m ss judgment unit when address sel fprefetching
i s taken int FEBBYINFOREF t?u'@eq?sbgn &&W%WFWW% ng an 5 exanpl e

of the correlation betvgen an OP DU 8909 ¢55kam, generally, data is

5 once read from a memory cell to a sense amplifier and
then a part of data is rewritten. That is, read modify
write is performed. When the sense amplifier cache
function of the DRAM macro structures is used as a
second level cache memory, there is no necessity of

10 performing read modify write because data are managed by
word lines. Therefore, for writing, transfer of write
data from a write amplifier to a bit line is started at
the same time or just after rising of a word line
without the read operation of the sense amplifier, so

15 that one-word-line's data are written at a high speed.

The cache memory for achieving the
aforementioned write without data readout comprises DRAM
macro structures 5Ma to 5Md, and an access controller 4.
Each of the DRAM macro structures has a plurality of

20 memory banks BANK1 to BANK4 having bank addresses
allocated thereto respectively. Each of the memory
banks has a sense amplifier 53 for latching storage
information read out to a bit line from a memory cell in
a word line WL selected on the basis of a row address

25 signal R-ADD. The bit line BL is selected on the basis
of a column address signal C-ADD. The selected bit line
is connected to a data line GBL of the corresponding

DRAM macro structure. The access controller includes an



signal supplied fromthe CPUto the first |evel cache nenory mﬁthogt5 APR 2002
address alignnent of an address alignnent control unit and an out put

address signal supplied fromthe access optim zer to the DRAM nmacro
structures; 10 Fig. 10 is an explanatory view showing a first exanple of
correl ati on between an out put address i&gnal of the CPU obtained by address
al i gnnent of the address alignnent contrYdl unit and an out put address

signal of the access optimzer; 15 Fig. 11 is an explanatory view showi ng a
second exanplaidie saiqaamand genanatedmaiiot AR fRrdreenesitgme tdfe t he CPU
obt ai ned by address alignnent of the address alignnment control unit and an
out put addre@sddsrie@%ﬁlcoc?g“%% apt heinhiable &0 oReaate for javertl ock

di howi I t he ,.add . al i t .cont it;. Fig. 13
201 o STV, SR T A 0 S B

dli l.ect i . il in.th wh d f 25 th
LS "SS5 PR P S (e
oo 55 R Rt Bl st Suen kR s g o
sel ecting opeiafiddt idttdie tIRS HMENRRIATRSS FRILD Ot H G2 €

accessed sequentially when address alignnent control is perfornméd as shown
in Fig. 10; Mahkslhdss ATig JRirAtiol ey @M Gctivatgdiente of DRAM
banks subjected to the word line selecting operation in the case where
addr ess spaceemnse tamplGRUear atadriasted ismaiee rifitalr s elMfeert iaddrofs $hal | gnent
control is perforned as shown in Fig. 11; Fig. 16 is a block diagram

showi ng an exand din@,ofang datsedand epeyiatdwn mode for activating

10 the sense amplifier at second timing slower than the
first timing after selection of the word line. The
first operation mode is a write without data readout
mode. The second operation mode is a refresh mode. A
data processing system can be configured by using the

15 aforementioned cache memory as a second level cache
memory and by using a first level cache memory and a CPU

for the second level cache memory.

<4> Parallel Access to Non-conflicting Memory Macro
Structures

20 In a semiconductor integrated circuit in which
a plurality of multi-bank memory macro structures are
integrated, non-blocking multi-access can be provided
for a plurality of access requests without conflict
among memory macro structures so that one access does

25 not block another access. The memory 6 for achieving
this access comprises an access controller 4 having a

first access port PT1 and a second access port PT2, and



Fig. 17 is a flow chart showi ng an exanple of a procedure for acce
prigori ty judgment and for controlling an access operation based on lﬁ].eAPR 2002
access priority judgnment in the case where access conflict 15 occurs in one
and the sane DRAM nmacro structure; Figs. 18A to 18D are timng charts
showi ng sone exanpl es of operation timng of the DRAM macro structures in
accordance with a result of the access priority judgnent; 20 Fig. 19 is a

bl ock di agram schematically show ng anot her exanple of the system LSl in
terns of non- Bl B&KRFA iyl OFf- memesy mecmonstontticesnMBRAM AHdr o

structures; Fig. 20is a timng chart shomﬁng an 25 operational exanple of

a direct bursEORPEEECADEE KRRCRCFeSancerERplEest thranghedatahbinedat a

eadout Tode’ ofkd e3lobigtrhufROf SRR SHOMN R EneL e onal exanpl e of
corparative PYRURLESh;CRELAL BD,CLTLID 98 g as kIRl R Rt peead TR
THE PREFERREDBEN@QE&Q@NE& 6§X§tgﬁh£§é§es allocated thereto

respectively. Each of the memory banks has a sense

amplifier 53 for latching storage information read out

to a bit line BL from a memory cell in a word line WL

selected on the basis of a row address signal R-ADD.

10 The bit line is selected on the basis of a column
address signal C-ADD. The selected bit line is
connected to a data line GBL of the memory macro
structure. The access controller includes selectors
450R, 451R, 452W and 453W for selecting a memory macro

15 structure accessed through the first access port and a
memory macro structure accessed through the second
access port, an access priority judgment unit 40
permitting parallel access through the two access ports
when both the access through the first access port and

20 access through the second access port use different
memory macro structures respectively, an address/command
generating unit 44 for generating the address/command
and being able to operate for every memory bank in the
memory macro structure to be accessed, and a hit/miss

25 judgment unit 43 for making it possible to output data
latched by the sense amplifier to the data line in

response to an access request after the data latching.

For conflicting memory macro priority control,



Fig. 1 shaw an LSI integrating DRAM and CPU (referred to as systﬁ hgh)%(m
which is an exanple of a sem conductor integrated circuit accordi g] the
10 present invention. The system LSl shown in Fig. 1 is not limted
specifically. A CPU 1l as an exanple of a large-scale logic circuit, a first
| evel cache nenory 2, an interface circuit 3 for external bus, an access
optimzer 4 and a plurality of DRAM madfo structures 15 ~nul ti-bank DRAMS)
5Ma to 5Mi as an exanple of a |arge capacity nenory are integrated in one
chip such as Bhen?eeesStRFIPRELE| JRdFRerhi pnby caroNms foomed esentkaly Meta
Oxi de Seniconduct%é% roduci ng techni que. The DRAM macro structures 5Ma to
5Mi are const FR&it Bgt%nn%ftﬁnb%ﬁﬁewm%ﬁl%v@%h% PBIPELtHf DRAM

o obal bi {11 HECSERARA oFS (ALY R FArRE e SOFeEe rt%;ffv%fﬁs? d' he :d
f ti [ | i f) . F it_t taint
25 ‘Sonse anplTEh; ChARE R B AUTpUT G W AP CTREOR T (U Sgrtbra
i | gcti ti,00. t L L/ ' t

i 11 ef caoksran e seRel s SB5E IR sid e eredfne o

structures SNpehQrpMb & & PEFhOFWRL. by the access optimzer 4. The CPU 1 is
not limted specifically. But, for exanple, a so-called 32-bit CPU may be

used. The 5 data procesghrghetn) ttipd fiestCRLdss BZakd ASr asecbraener al
rule. Further, the CPU 1 can nanage a 4- Gbhyte address space on the basis of

a 32-bit addrascsess gratt tdwugiavée ars SRAM | imiéefhepetiddtciddy. The CPU 1
and the first |evel cache nenory 2 10 are connected to each other by a
32-bit internadtency HremcpBlness aligpubhito idatr mltpukdrasnges BAB. The
first level cache menory 2 and the interface circuit 3 for external bus are
connect 8@ to WRIrARE WHith Bre pstatatef mocerta BIe GOEe bt Wit

i nternal address bus 15 7AH. The jnterface circuit 3 for external bus is

connect ed t o PSRN SRLT ARG LRSI (T IRHERIE 2 HAL B it a

32-bit external ,address bus 8AB. Incidgntall control si.gnal buses are not
Shoun i m o Bh A8 TR0 Dk U e 160 S adand bR S Hariiocd (n't e

dd . I t d
fevel cache. repIf Ge 1ol i T RLIEC TG U el BAREmALSCT0]
DRAM MBcr o st 114 egn Sbar 01 pdk Bt Syt s dad . R dd@pf to the access

optim zer 4 through 128-bit nenory data buses 9DBa to 9 . The access
optim zes ~ supplies arp afif£SrStading s fsiamngs iy tHe Mddyy t@ a

correspondi ng DRAM macro structure through a bus 9ACB.

comprises the memory 6, a combination of a first address
bus 6AB and a first data bus 10DB connected to the first
access port of the memory, a combination of a second
address bus 11AB and a second data bus 11DB connected to

20 the second access port of the memory, a CPU 1 connected
both to the first address bus and to the first data bus,
and a bus interface circuit 3 connected both to the
second address bus and to the second data bus.

Alternatively, a data processing system using

25 the memory comprises the memory 6, a combination of a

first address bus 6AB and a first data bus 10DB

connected to the first access port of the memory, a

combination of a second address bus 11AB and second data



2 5 APR 2002 -21 The access optimzer 4 is connected both to the @§ APRN0?
to the first level cache nenory 2 through a first access port PT1l. The
access optim zer 4 further has a second access port PT2 for connecting the
access 5 optimzer 4 to the outside of the system LSl through the external
bus interface circuit 3. The first access port PT1l receives an address
signal fromthe CPU | through the addrd®s bus 6AB. Data i nput / out put

between the first access port PT1 and the first |evel cache nenory 2 10 is
perf or med t hriight lPBL apmiectrd atduthe B-ohacyh P s Pt PT2 is
connected to the external bus interface circuit 3 through a 32-bit address
bus 11AB and BRIV 12 FABPRALHAPR L VihérPY He &Pb & firghelayal aqhs

ouipyts a0 15,a00e5e Sional. L0 g, 3 8es B A0S pelol mipad,access
LT oo VOO B0 IS LG A ISR S0 BEER Seen s

Concurrently, "al so the dccess opt Zer

hit/ m 20 j ' The; fi 2 i
el |- cabaci {5 R RS an e Frnd S e T cass
Merory) . Eachanfrdifie QRAMARSEP 54 iddires HNeddhdMEVEL ad@ige- capaci ty

| ow- accessspeed nenory conpared wwth the first | evel cache nenory 25 2.

Accordi ngly, ridimacier hiid issst udgra@ntcddie tgnddy¥ st | evel cache nmenory 2
al ways precedes that for the DRAM nacro structures. If the first |evel

cache nmenory 2 is in a cache-hit state, the output of read data from 2 5
APR 2002 -22 the DRAM nmacro structures 5Ma to 5Md by the access optim zer 4
i s suppresse®RIEF TESSHIRTIQNICE FHE JIRAINGSOm t he first | evel cache
menory 2 to the CPU 1 through the data bus 6DB. If the first |evel cache
menory 2 is 5 in a cacHedi sk k% & £1orde Hiagnpm At afr &% ven from t he DRAM

macro structures 5 to o the U1lthro the data bus | and t he
Thres Thher diagtih e, Bthal and il clsusoie 181 BR 20 APRS BE o DRAV
macro structures b t Ml to the first_ |evel cache nemory.,2 10 is
conposed of lsf%ulﬁq%?u#hog fJiI}%etéqagi/ee‘# cclarccﬁ‘leltnear%cr%/rcgmeaﬁoactt £ 32 bits by

use of the | Her i$ forihe address signal and gives the 32 bits to
the CPU 1. A te%re sar%e‘%lq\n%ot'he first level cache nenory 2 wites the

af orenmentioned 128-bit E_q_a;f.a 3 N £aghee) idi R HEWIh ol 2 a608mdTless t o
t hereby perform cache-fill of the cache
of one of DRAM macro structures in Fig. 1;

15 Fig. 3 is a circuit diagram showing an example
of configuration of connection of DRAM banks to global
bit lines;

Fig. 4 is a block diagram showing an example
of an access optimizer;

20 Fig. 5 is a block diagram showing an example
of basic configuration of a first level cache memory;

Fig. 6 is a block diagram showing the logical
configuration of a sense amplifier cache function using
a plurality of DRAM macro structures so as to be able to
25 compare with the first level cache memory;

Fig. 7 is a timing chart showing an example of

an address self-prefetching operation;



| i ne. When the cache line in this condition holds data effective fi)r5 \Kﬂ?t ?002
back, an operation of witing data of the cache line back to a

correspondi ng address of the DRAM nacro structures 5Ma to 5Md is perforned
before 20 cache-fill. In the case of wite access by the CPU 1, data is
witten in the cache nenory 2 if the first | evel cache nmenory 2 is in a
cache-hit state. If the first level cadhe menory 2 is in a cache-mss

state, data is 25 witten in_a_ correspondi ng address of the DRAM macro
structures 5Ma to SMi. De¥a Svrifeatlofle GFEGAFRCTROIRYCIUre%amRAAL t 0 5M

is performed through the bus | ODB. Data transfer betwee ach of the DRAM
macro 25 %?ég%t}-@%sﬁ}%‘i‘fﬁ%’é WA t SRR etfth the system LSl

and the outside of, the LSI isgﬁerforned t hrough the external bus interface

circuit 3 andPTHESHTRERY 1hDstabe 1AL 2eTR¥%  control in this condition can
be perfornmed by a not o] (D ry: Acc, troller)
di sposed in the outsi dgm?)(?’ }t,\%e%% %ﬁf%%a%&.‘yﬁéﬁ&t%a%%?e%LSI , the
cache nmegory i L sppsatk b I iSCh&rdogiCc circuit
and the ggAM%{aééﬁ%%t%ctur ecgé@l?g t%%%tsv;% _Oaarf ad;\{:] -ctzpacﬁyggrrermry.
Accordingly, $henst fé@gssymt@d betyeerhd hep@pes atnd o SPeed el heache _
| ar ge- capacity nenory 5Ma to 5Md and the operating speed of the CPU 1 is
rel axed by thgem@ehevitEidity ddéfeddadl iphenpeaest fdataddreacessl ighmdnt he CPU
1 is realized. Further, to 15 enhance data throughput between the DRAM
macro struc teorsrdlViuniot Siid aarmd ewepdt raaddiess| sicatile supwiied®, f1dme nunber
of bits in the data bus 1008 for connecting the two is increased, for
exanpl e, to 12% saceess Ipimizrredtelsthe tPRAE acre Fznetares 20 <DRAM
Macro Structures> Fig. 2 shows an exanple of one 5Ma of the DRAM macro
structul®s. In Fig. 2, b DFRAMSRR RXRIIRATREY SHEEYH DO IRT A aiEE 4
DRAM banks BANK1l to BANK4. Each of the DRAM banks BANK%H%g BANK4 has a
memory cel | &F3RPLE & CUr TRt R YU AR PURPT AP I BIH 52, a
sense anplifie rr 3 t.imn enerat.o T e array
St tﬁ\r&)aé/Pé dbﬁ%l 1 by f%%%@%}t &;E trf'%me[é/dfegg

50 has a | arge nuinbef” of
alignment control unit and an output address signal of

the access optimizer;

15 Fig. 11 is an explanatory view showing a
second example of correlation between an output address
signal of the CPU obtained by address alignment of the
address alignment control unit and an output address
signal of the access optimizer;

20 Fig. 12 is a block diagram showing an example
of the address alignment control unit:;

Fig. 13 is an explanatory view showing a
sequence of DRAM banks subjected to the word line
selecting operation in the case where address spaces of

25 the CPU are accessed sequentially when address alignment
control is not performed as shown in Fig. 9;

Fig. 14 is an explanatory view showing a

sequence of DRAM banks subjected to the word line



menory cells arranged as a matri x. The sel ection term nal of eaChanW%aZQHZ
cell is connected to a word Iine W.. The data input/output termnal o
menory cell is connected to a local bit line HL. The local bit 5 lines BL
correspond to 1024 bits in total. Sense anplifiers are provided so as to
correspond to the bits of the |ocal bi t1 lines HL. The sense anplifiers as a
whol e are generally called a sense anpl Brier array 53. The colum sw tch
circuit 52 selects the 128-bit local 10 bit Iine BL fromthe 1024-bit | ocal
bit |ines BL saledisinhsire it iprolunthedhss wheammaddrdes |xdes docal bit
line selected by the colum switch circuit 52 is connected to a 128-bit

gl obal bit |iHe U xR eIIRd s o ldiymitemrfidr et akismeditgnal
for the colum 15 switch circuit are generated by the row col um decoder

51. The 128- I AVbatS HETITREEGHS i L WBhidctfdd + ¢ Ghe data bus 9DBa

t hrough main anplifiers, whi are provided bits. The nmain anplifiers are
general ly called a nai #Jﬁmﬁr%l]esr %fr %ﬁ‘.a%yEé’clﬁ"bfs HETRAM banks BANK1L
to BANK4.is s |.e ' F%Ipqnh I i i gnal - AR r ow addr ess

si gnal -ADD,éJegcmcéo étjerr\r/lgfagy ress S|}§sﬁaﬁqﬁ§é—e%%3% g:lg)ccﬁh%rm codmaTléLﬁlcF CC, a row
comand CR & Wddierenahle: i gipls VEn Sléac d LABANG RECRSS QRIddU 2 4
through the 255 ad:g rergds]/q?ommnlgﬁﬁylsn 9ACB. AS\I t hough ﬁlere I's sﬁ%t sép;geczol%;! C
limtation, tiwe afms efentdnaked erft 1% 194P N ddH i) S igMert Nes
common to the DRAM banks BANK1 to BANKS. The "bank 2 5 APR 2002 - 25

sel ection si gialtBIALRS irerfdesiiasigivan dfn &id.bilfl ;bank address signal

and a sel ection signal peculiar to each of the DRAM banks BANK1 t o BANKA4.
Accordingly, one DRAM [Hirtk il1$ sid ecthddain dilagyraas ishoofingy Z2rbiexamgrile 5
address signal. \WWen one of the DRAM banks BANK1 to BANK4 is sel ected on

t he basl® of &f cordagspddfifey wincwidi’ection signal, the sel ected DRAM bank
is enabled to operate. In the DRAM bank enabled to operate, the other input
signals RADD, C ADD, GE9-RE7 WS aeticlowyChaktdshoyinidy ity ig@iPlered ti i ng

&2 Whon one. ot BARBEIEEN i SaCP s BRI 0 JRETEEE SRt Se bank
sel ection si %gilstlls%[lﬁ?t?‘é ‘g}le argﬁgsgor&?e%t%nh%%ste%e o%ar&elga‘dé%%tl on as an

RAS (row addre Sl gha a
priority judgment in the case where access conflict

15 occurs in one and the same DRAM macro structure;

Figs. 18A to 18D are timing charts showing
some examples of operation timing of the DRAM macro
structures in accordance with a result of the access
priority judgment:;

20 Fig. 19 is a block diagram schematically
showing another example of the system LSI in terms of
non-blocking multi-access to non-conflicting DRAM macro
structures;

Fig. 20 is a timing chart showing an

25 operational example of a direct burst write mode which
is an example of a write without data readout mode;

Fig. 21 is a timing chart showing an

operational example of a refresh mode; and
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standard DRAM When the row command CR i s enabl ed, the row address signal
R-ADD is fetched and decoded to performthe word |line selecting operation.
Data read fromnenory cells in one word line to the bit line by 20 the word
| i ne selecting operation are |atched by sense anplifiers in the sense
anplifier array 53. The colum command CC has the sane function as a CAS
(colum address strobe) signal . a standard DRAM When the col um comrand
CC is enabl ed, the colum address signal ﬁgP 1_/A@Dals fetched and decoded so
that the bit I|ne sel ecting operag%qmani ornmed by the colum sw tch
array 52. The 128-bit 5 Iabtﬁm}r e BL sele §}@ﬂ Byethe bit |ine selecting
operation is congegte to the gl ohakon 21%1 R 2002 l% g kot |line GBL.

Al though there is no spqd foifc ORIt at i on heyphid ieidng*gener at or 54 fetches
t he row addrg R s on the baél,s,,pjta r w command CR and, at the sane
tine, fe@’éﬂ%s t he vvrr eregna!bq) gnal VEE to thereby 5 determ ne an

i nternal “g“ penee £8P read and wite operations. Wen a col um access
oper at i @&FS per f or med, irixi®&t ain DRAM bank in the DRAM macro structure
5Ma, anot her mm#efnk can be selected to gener at e Afi076 10 command to

t her eby BEFf orma row access operatr on %g 9 W th the colum access
operation. Accordingly, when t ccess to the certain DRAM bank is
term nated, the ot C@ENQ% subj ect ed to the row access currently
With the cobNpbERCCESS to the 15 certain DRAM bank ﬁgmb@n%u ected to the
col urin acCess i nmediately. Accor di nglsﬁ k}g@grﬁf—ég can be hi dgen apparently.
The ot her @@Maﬁa 0 struct % have t I guration as

the DRAM macro strucgige 1205 ; g V\&GeﬂPexanpl e_of configuration
of connection between the Rabk hn‘ﬁ the gl ob kB tol FRg. A pai r of

conpl ementary bit_|j nes aBLEY 0> and BLB5Qx0ac&PE T epr esent atyi wel y shown in
Fig. 3. In Fxtegfer dé the re aracters rndll\@-gd'esrgnate col um

switch MOS transi esore c [ veI Yy, ﬁnﬁSM hprechar e, MostEtaansi stors
respectivel yseméf ﬁ{é/B an e% aI i zbel\/%yt@r ansi stor. af e¥@fPc | atch-form
circuit 2 5 AP onposed_of I\,ps:\.’ﬁlrén& stors I\/Ei_k d Ge®HYs “4 sense
anpl i frlgr. Apfﬁ"?ﬁ‘r potentr aé §frkea3e¥ié'r ating ele é¢e:l ce ~ P such as a
power - suppl y V%| tﬁﬁgteé §?|pp| i ed to g._heacﬁ ’ﬁ source of aBcebannel MOS
transi stors nd o 109iC circy an

large'sca .. 3 fo

cir
an interface



5 MB. A low potential side operating electric source ~ N such as 2 ?rﬁgcmuz
voltage of the circuit is supplied to the conmon source of n-channe

transi stors Mo and MB. The nenory cell is of a one-transistor type
constituted by a series circuit conposed of an n-channel 10 sel ection MOS
transi stor MLO and a capacitor Cs. The word line W. is connected to the
gate of the selection MOS transistor M- HVC is a precharge potenti al

whi ch, for exanple, exhibits an internedi ate voltage between the

power - suppl y vaxritagel aftl thee DRAMIMhard tstgmuatfurtdye 5Ma dig @Md .are PC is a
precharge signal. Wen the | evel of the precharge signal is made high, not
only the |evelperfionmed duhpiharanceass wptinireyr d.e equal i zed to each ot her
but also the precharge voltage HVP is supplied to the conpl enentary bit
lines. 20 Though not shdk¢ C?Pﬁblcdrﬁirtjllir atimgitest specidiiteal labnplBartent ar y
bit lines is substantially the sane as that of the conplenentary bit |ines

BL<0, 0> and BLS%0 BT PAhSUGFP 19 ed SAPidh&E% M@y b uen, Thee col um
dd j |, d of 3.hit d .25 |l ecti i |

2 Gecode B o Bt EE SR S o S A 157 s o B A s Y90 to
Ys7. Ei ght i | jt L <0,.0>. BLB<0, 0> L<0, 7>,

ST B D T | ey 0 03 0

BLB<O, 7> are connecte 0 a palr o 0 i nes

GHLO and GBLEQdd¥aa0rdeaicis thle ST o3al 3h TR LIRSS Qg and W2

swi tching-controlled on the basis of the colum selection sign Oto

Ys7. In this mndweh 11034 hb28 ind)eeompler®iicany it lines 5 BL<O, 0>,
BLH<O, 0> to BL<127,7>, BLB<127,7> in total are connected to 128 pairs of

gl obal bit lines GBLO, ®ReBOPUO 1GBRH? theCRliBLR7 1eveaesaichel hemdry pRairs.
Accordingly, the level of one of the columm selection signal YsO to Ys7 is
swi t chedl® 0 barie gonaecieskeiteceiach dEhleevely an3aebdtddntermiafihdataesult of
decodi ng of the colum address signal GADD. As a result, 128 pairs of
conpl enent ar y byist 6PBna&dare 32okAsciaternal2gddaiess bfisgbdBal Bhe |ines
GBLO, GBLBO tg,GBLli?, LB127. <Access Optim zer> 15 Fig. 4 shows_an
exanpl e of th&i&&te ?VGSFFﬁF?@rmeWHEYa30é§§ &pei inkerfacRasizpuatcdss

priority judgnpent unit 40, . an address_ali nt coptr unjt 41, an,address
self-prefetch%ﬁ& &HFFIEEg Quﬁiﬁfﬁi§§nPG&§%aEEOUﬁPF 4§?LSH bHdPe§§T96ﬁnand
generating uni; 0 a b e ircyibt, 45, . ont,r.ol ler. 46. The
data buffer cﬁ%géﬁpa 5 Eg %gfegp%réngoF gglgé?iﬁgggﬁgagfabﬁgeaitguﬁuses
9DBa t o 1$DBd ty@gconpget 4 ] | f to the

sel ect ed data bus andgféﬁhggﬁggﬁiE§§8%5EE?M$E£ %gﬁgggégegﬂéDgg to 25 9DBd
to connect theotakatkdstdlbBevwoubsibe €ataulHf hes2tpithexsekasiedadata bus,

respectively. The access priority judgnent unit 40 permts
bus 8DB and a 32-bit external address bus 8AB.
Incidentally, control signal buses are not shown in Fig.
1.

20 The DRAM macro structures 5Ma to 5Md are
mapped in the address space of the CPU 1. The DRAM
macro structures are used as a second level cache memory
due to the sense amplifier cache function thereof. The
DRAM macro structures 5Ma to 5Md input/output data

25 from/to the access optimizer 4 through 128-bit memory
data buses 9DBa to 9DBd. The access optimizer 4

supplies an address signal, a command, or the like, to a

corresponding DRAM macro structure through a bus 9ACB.



2 5 APR 2002 -29 parallel access through the first and second acczsg Kﬁﬁtﬁmz
PT1 and PT2 when access through the first access port PT1 and acces

t hrough the second access port PT2 use different DRAM nmacro structures.
When access 5 through the first access port PT1 and access through the
second access port PT2 use one and the same DRAM nmacro structure, the
access priority judgnent unit 40 perfdﬂﬁs control so that high-priority one
of the access ports deternmined in advance is operated preferentially. 10
The address/command gen@hat iangess optdmizexr di icuiconhectepebathngof or every
DRAM bank to generate a conmand/ address signal to the address comrand bus
9ACB. That i s theh&€Pilddr essl comiined fgesdr deivied waiche4hegemer at éhroughbank

sel ection signal B-ADD, the row 15 address signal R-ADD, the colum address
signal G ADD, & Hdnsdwassesen®ock FlRe cdhemacesssanotdtizene dwfursbeabl e

signal WE, etc. The address alignnent control unit 41 is a circuit for
changi ng the Bi&S &SGR 3GCetFe PREGeST 2280%dFPRRECEgRaltReUBFICRES f r om

th tsi f _the. L m 4 d j ect t iorit

| Udgnont Lot REURY Shcd (0 FSs PR LG Sanify CHBCERRat £ ZPRETDRAN mact o
t t SWa ddr. . i it 25
The addr es/ o SRTERI el oot SLETAACRy L k2T e 478 FRbCE Paptss poft

sel f-prefet chigig g%rcgggfe%? a?ld‘égg%\%ﬂs@a\éiig%aagcE&%ﬁe"t%”h?%dl‘)fth?‘éh ho an

external access a ter macr ess control wth respect to 2

5 APR 2002 - 3@nH@ re®sNdus2®a8sS 2a¢aeIspae /bidpbudabativBehh@he
sel fprefetched address can be preread fromthe nenory cells of the DRAM

macro struct urfdssito alche ssepoe taPElli Bnar $hehfauglh LBecaddnehs/ nefBrRd?2
generating unit 44. 5 The hit/m ss judgnment unit 43 is a circuit for

j udgi ng Mhet héris perdoceoss thooagh is 1RBt-bit data bklseddPBl.at Ehed by t he
sense anplifier array 53 or not. In other words, this is a hit/mss

j udgment meansefconda@FicesisnHox ts BAZe igngonhestedatheth®hpzxterand husds t he
10 previous access address and 'ud%es whet her t he previ ous, access_address
and the curredftgcdess sddgreds éré TRUGHe 2add PRt 3dAECRSr BUFi AdABr whet her
the sel f-prefetched_addres nd. t he rent access address are in one and
the same mordapﬁné.32'gé§uéﬁ%3fbPﬁelﬁﬁégnent that the 15 two addresses are

in one and the same mor%hghn%he CPU 1 in the system LSI outputs an

15 address signal to the address bus 6AB to perform read
access, the first level cache memory 2 starts a cache
memory operation such as hit/miss judgment, or the like,
in response to the read access. Concurrently, also the
access optimizer 4 starts sense amplifier cache hit/miss

20 judgment, or the like. The first level cache memory 2
is a small-capacity high-speed memory made of SRAM
(Static Random Access Memory). Each of the DRAM macro
structures 5Ma to 5Md is a large-capacity low;access—
speed memory compared with the first level cache memory

25 2., Accordingly, the cache hit/miss judgment for the
first level cache memory 2 always precedes that for the
DRAM macro structures. If the first level cache memory

2 is in a cache-hit state, the output of read data from



indicates a hit state of the sense anplifier cache. In this case, 2t9 ﬁPR 2002
hit/m ss judgnent unit 43 nmakes the address/command generating unit 4
prevent generation of the row command CR whil e maki ng the sane generate the
20 col umm command CC i mmedi ately so that data al ready | atched by the sense
anplifier array can be read out. The cgﬂfroller 46 controls the access
optim zer 4 as a whole. The access opfffrizer 4 achieves (1) 25 enhancenent
of the hit ratio of the sense anplifier cache by next address

sel f - pref et chtheg, DREY paevenstngctheesoiMai bg Bfidthg bperatcagseffi ci ency
of the multi bank DRAM when cache entry repl acenent is perfornmed ' 2 5 APR
2002 -31 becaopbimizenchelsi syppreshedsandangoesadiyvedaypearergiveryel
cache nmenory, and (3) naking non-blocking nultiaccess possible so that one
access does nb¥oB| Bk HibtheteBeteSacha MeBPLY i tg BheeREsh Fleriesh s

wi thout 5 conflict between_ the access request fromthe CPU to the DRAM

macro struct uFBe %ﬁﬁatﬁ%saQE%ss FEqE%%t $Fe teBebuFerae ?6m?ﬁ¥ %I&ﬂMlﬂacro

structur Furt her € E BANKI 1 0 BANKA erforn1mw t hout
St ot onfou Db frbechSnphanebafne Bebrarete Anta Ber | SiRt A0 (1

respect 1o t G RRANLOBST O SLLUGLUL eoite! 09 e N esaghe T

the menory cell group I n éver né as a cac € comntents of

(1) to (4) w b S b e d Ht Ratio
of the Sense g&%lgagﬁrﬁﬁ% %ggﬁeé &/R£§t§%§%$6%§§%£ ggggPﬁ?c%f%gg Fig. 5

shows an exanﬁhetﬂisb@ét&sﬁ@ﬂflﬂHéaaa@Q givéherbm sthé eyRAM CR&EEL, MENDIY 2.
Though not |limted specifically, the first |l evel cache nenory 2 is of a set

associ ati ve typeuatdrésssMa way SSMAYED t th&\AYBrsThbDergdl 26aché héemdt e
specifically, each of the ways WAYO to WAY3 has a nenory cell array for
form ng10856 cishechpoeedadf nd8 noits TheThenbiystelévelragche memsrytt ed by
an address array 20 and a data array 21. One cache |line contains a cache
tag CTAG hol denErastadd? eits dgy ARG 95 thehlew phgercaldeaet HWeeber, or
the like, a validity bit V, a not-shown dirty bit, and corresPondln

16- byt e data 29@re L?BgnQ%ea%éc%EV?%thﬁﬁég ?h%sv%?lﬁh?y FPtlv A% 5 Apr

2002 -32 and the d bi d 20.. The_data LWO
fo LVE ar st bFEc RS FEtin: Boar FoyS 011 SRE GATMYIRETY 3 ERbreRcee

whet her effec%f¥ eﬂ@ﬁ? gﬁgdcggé Pddéﬂatff gaggghémgg?gr?ﬁgé?rghg | ogi cal

value 5 "1" e va neans val'i dness oglc val ue

"0" of yhe vabhighb¥mbss ﬁ&n?ﬁ@febﬁvﬁéfﬁﬁﬁﬁScaéE@Lfﬁiiyo?'Ehéscyéﬁ@ mhen the
cache nmenory 2 is used in a wite back node. When wite occurs in the wite
back node, theigeltywhét thB&eSath€ line in this condition holds data
effective for write back, an operation of writing data
of the cache line back to a corresponding address of the
DRAM macro structures 5Ma to 5Md is performed before
20 cache-fill.
In the case of write access by the CPU 1, data
is written in the cache memory 2 if the first level
cache memory 2 is in a cache-hit state. If the first
level cache memory 2 is in a cache-miss state, data is
25 written in a corresponding address of the DRAM macro
structures 5Ma to 5Md. Data write to the DRAM macro
structures 5Ma to 5Md is performed through the bus 10DB.

Data transfer between each of the DRAM macro



10 |l ogical value "1". Anticoincidence between data in a corresponggw %?m
and data in the external nenory (5Ma to 5Ml) can be found by the r ﬁ j
The dirty bit is initialized to the |ogical value "0" by power-on

resetting. 15 The address signal output fromthe CPU 1 (If the CPU 1
supports virtual addresses, the address signal is a physical address

signal. If not, the address signal is'§3rogical address signal.) has 32

bits AOto A31 as described above. The 32 bits AOto A31 are used 20 as

byt e addr essestriktugksnéMal itei Gid epbedbieaalihy ththe yRirks AZT LadABhear e
regarded as an address tag ATAG The 8 bits A4 to Alf are regarded as an

i ndex addr essopNBERef of $bkelSiIndsapeachemkdnehtbogheatk wayerAkthpugh
address decoders for the address array 20 and 25 the data array 21 are not
shown in Fig. 1Bterfacpngéxcuddr 8seniNDEX buseapplDPBdand fhaBaddResess
decoders so that a correspondi ng cache line is selected. The cache tag CTAG
in the cache FPHEr?'nlBaEﬁls gogdppropogan-ke perfasmedybyVAY@Oto WAY3)

sel ectedon th basb@ﬁgf @he igdex address INDEX is conpared with the
addr ess Pag ATASTn ARLESSTamasY BycessnCentradlesipdiapessdopnt o 25.

When the cach ag: cQkngi de ith the 5 dress tag ATAG such as a
physi cal pagegﬁéng%r gggtﬁgtgb%eﬁ§§1i8Ft€hﬁi}l takes the | ogical value

"1", the output signal iﬁgﬁﬁgTﬁggégﬁgﬁgfipghgng?g%%:$ﬁggggférators 22 to 25

takes the | ogical value 5i gnal e$Pondi ng one

of the 10 conpaspdoe8 Beth€crOths &ppPiigd L0 L n¢lj data array
21. Wen the signal takes t%e | ogi cal valueé"ﬁ$?§§2%§§¥g gg & line data

i ndexed by theirahit aandytRd BREMSRAEES ek rdbeuses esigdrsashe sing data are
selected by the selector 26 on the basis of 2 bits A2 and A3. 15 Logi cal

ORi ng ofl0t he appetscapacity memoryhe Aoomedi@ly, 22hé 0d2Brésenic€d as a
hit/mss signal HT of the cache nenory 2. Fig. 6 shows the | ogi cal

confi gur ati orP&§Weer: theiseperpting espeed hef fihetlangetfcapact oyrmdiM macr o
20 structures_5Ma to_5Mi in conparison with the first |evel cache nenory 2.
The | east sigMiditamMd R4 sthey operainesivesdmf theTR@d tist he DRAM

macro structur SNS to_ggg ar%%substantially meani ngl ess. This is because
data to be cof THATERIREERE CORERT MBI Y4 Shridhat highrseedidata ze of 4

o
i gnal G ADD PR S D U GRE bk et TPy de s used as &
macro agglresserignad dia Sﬁl%&ﬁ&@%meéﬁ%m%a&ro struc-
tures S5Ma to 5Md and the first level cache memory 2, the
number of bits in the data bus 10DB for connecting the
two is increased, for example, to 128 so that high-speed

data transfer is realized.

20 <DRAM Macro Structures>
Fig. 2 shows an example of one 5Ma of the DRAM
macro structures. 1In Fig. 2, one DRAM macro structure
5Ma has, for example, 4 DRAM banks BANK]l to BANKA4. Each
of the DRAM banks BANK1 to BANK4 has a memory cell array
25 50, a row/column decoder 51, a column selector 52, a
sense amplifier array 53, and a timing generator 54.

The memory cell array 50 has a large number of dynamic



2 5 APR 2002 -34 structures 5Ma to 5Md. Four bits BO to B3 on the2furARR2002
hi gh order side are used as a bank address signal for selecting one of the
DRAM banks. Assunme now that there are 16 DRAM banks. Eight bits ROto R7 on
5 the further high order side are used as a row address signal RADD. It is
a matter of course that the address cogﬁarison in the sense anplifier cache
is different fromthat in the set ass6¢lfati ve cache nenory. The previous
access address by every DRAM bank is held in 10 the hit/m ss judgnent unit
43. A row addnessryncébks paevangedassessmatdiess Tied dsébettomf or enent i oned
manner i s shown as SACTAGin Fig. 6. The hit/mss judgnent unit 43 conpares
a row addr esstermimal i of t backhunerory acebl sisdcomsscied htd he word atlitiess
SACTAG in 15 the previous access address. Wen the row addresses coi nci de
with each ot Hék; aTlhetdatatinpytipueputcterminabteaf sacadyenaryheelby t he
sense anplifier are selected on_the basis_of the colum_ address signal by

t he addr ess/ cbimePRPeEhed at? ng 1eFel it obing Bk. optheuse¢abriPithe above

description, the speed of first acce o the DRAM nacro structures can be
enhancgdkin t%%n%%g%Lmﬁ%Yﬁeﬂ%?%daF% ié?% Pht2ath Eﬁ€$%e SR anpl i fiers of
t he DRAM bank use of t1 bank , DRAM ro structures.5Ma .0 5Md_so that
data 25 Iatch%’gg]bjyf%%gs saér%ln%ep ]g%fﬂ“cli??e?o 2?% %ﬂt ?#gm%n%c%%séh%i Jst? he held
data. That is S b, i O a sense
anplifier cac%fe. 0 ?%%%g\%{?giﬁ?gaé%ii gﬂ?? h%erg?%_earrﬁ%%f?éofé %5 gaSAPR 2002
-35 data in fioBENSke AgPheFAEIYy Q41186 SedeRsAMmdTi flefathEapOie, greatly,

the next address (obtained by addition of a predetermned offset) i1Is

sel f - pref et chee yo1litn aghii €618 SEtduPt e5Bt sl sk sinite 42 Bt 1dea
external access, so that data in the self-prefetched address are preread by

t he seng@ anpbitikine rBlanftdrertinenbdd4Haitk. 1ddeel reesias dnindy BL sarbjeod  of
selfprefetching is the next address is based on an enpirical rule that
operating proRshs @of a heolpw laddresgroignal. 10The odSHiy eeal it
basically mapped on |inear addresses. This js for_the.purfose of
facilitating w&é&‘hé?ﬂ‘?d@?dt% e o LR | $W ik Ch heCW & % elshect to the

a1 Or erent | oned %Eeea b PhL-RL SIS SI L AV S dBET E AL AT oo
selection signal and a selection signal for the column

15 switch circuit are generated by the row/column decoder
51. The 128-bit global bit line GBL is connected to the
data bus 9DBa through main amplifiers which are provided
by bits. The main amplifiers are generally called a
main amplifier array 55.

20 Each of the DRAM banks BANKl to BANK4 is
supplied with a bank selection signal B-ADD, a row
address signal R-ADD, a column address signal C-ADD, a
column command CC, a row command CR, a write-enable
signal WE, etc. from the access optimizer 4 through the

25 address/command bus SACB.

Although there is no specific limitation, the
aforementioned signals are supplied through signal lines

common to the DRAM banks BANK1 to BANK4. The bank



previ ous access. If the two addresses are in one and the sanme ne r%dﬁ?ﬂ?mn
the function of the sense anplifier cache cannot be used for thengr

access. Therefore, the access address having a predeterm ned 20 offset to
the external access address is set as an address for designating a nmenory
bank different fromthat designated by the external access address. At

| east a part fromthe | east significah@sbit to MS1 in the bit alignnent of
t he address signal of 25 Fig. 6 supplied to the DRAM macro structures 5Ma
to 5Ml is nadgeildetibgakighsd BRADDI Dst hedadeiessighgnabrogt pubifrom t he
CPU 1. Accordingly, in the case where the address signal output fromthe
CPU 1 is incrpanhkt eddrezs5SsafhaZoand- 36ssliecessnvelgnal heeORAMAEES O
structure is changed to a new one whenever the word line selection state is
swi t ched. AcceadhngfythehBREMcdanksnBANKL ot ¢ SBANKE venAbgordanglir egge
self-prefetching unit 42 is made 2 to the 5 power i (273=8) fromthe |east
si gni fi cant bDBngb@hE t5| sehealadess hgnbesikepfia(23pifsbaRk nunber of
bits in the colum address_si shows_an exangle of the timng

. Fig. 7
chart of 9t he 8dd¥Fess §é9?abre?&§€ﬂiﬁbgoﬁgrﬁFFoﬂgAMSE%ﬂ% t RAFKLhEC 10 access
addr ess by_thgéﬁﬁw lis fDD%. Assugﬁ tﬂat.a new_ wor d Iing éelectgn
operation is S 08B BREERODt hBF RARHS br2 RARPFEPORFTRY B2R% e es
f h D1 dj h 1, ] d
but 1 n the. peerefehin SignleoPRAC BReL el "iRARSTKAEE ERTLERR (0?08

adds 8 10 theoaddiess ABRLhO BRAR!BLAKABnANTEESEo ADRr4be] { EnkNSEAEr

instructs the address/command generating unit 44 to performa row
operation, inghpuet §ignPRAMRLADE, of -ADDRAML TERE P WE) UELHL eagermggeonding to
the self-prefetched address 20 signal to performa word |ine selecting
operati Q0 andsfgkesitlrtsense anplifier latch data in the selected word
line. If 8 is added to the access address signal as described above, the
resul ting access addr esThéDDRmahgagenehatort b4 ahet éeabDRAM angcoeptr uct ure.
25 Accordinglg, t he operation of the nenDrY bank based on the access
address ADD1 FBenvewdrermaRddCR pgrdr Bhagrglume commarstCacraes aperefs by
the CPU 1 is ADD2, the address/conmand generating unit 44 selects |atch 2

5 APR 2002 -S?thPB@%BPFBhSo$Stﬁ%l§85§€gaﬁpFF?i% Sﬂ?r%EtF§eohaP e basis of
e coLum A0dseas, ATl sETtALSH, | rhe, AU SR PRI IOM e Hpar ¢
D2 to tqg function as an RAS (row address strobe) signal of a
standard DRAM. When the row command CR is enabled, the
row address signal R-ADD is fetched and decoded to
perform the word line selecting operation. Data read
from memory cells in one word line to the bit line by
20 the word line selecting operation are latched by sense
amplifiers in the sense amplifier array 53. The column
command CC has the same function as a CAS (column
address strobe) signal of a standard DRAM. When the
column command CC is enabled, the column address signal
25 C-ADD is fetched and decoded so that the bit line
selecting operation is performed by the column switch
array 52. The 128-bit local bit line BL selected by the

bit line selecting operation is connected to the global



5 outside. Fig. 8 shows an exanple of the hit/miss judgnent unit 235i APR H802
case where the aforenenti oned address self-prefetching is taken into
account. The hit/m ss judgnment unit 43 has an address decoder 430, a 10
regi ster 431, and conparators 432A and 432B. The regi ster 431 has address
storage regions peculiar to DRAM banks, respectively, of the DRAM nmacro
structures 5Ma to 5Md. The previous ac®ss address signal in a
correspondi ng nenory bank is held in the address storage 15 region. The
address decodgit43@neeGaiNespdRhadghesfegegnal nbr epetheiaddriassagkbgnnent
control unit 41 and an address signal fromthe address self-prefetching
unit 42 and debedéimiand- behemacoe &ddfesshesgnhk aod addrkst Bagkaaddress
signal contained in the input address 20 signals respectively. An address
st or age regi opncbheebpsidi n§ tbet howDRANMBadkCBf anHe BRAWhemsRmest ruct ure
to be subjected to access is selected by use of the decode signals. In the
sel ect ed addr &dBest §phghefe§henwradgressabhfoskanrdnWEl fealihereby is first
out put 25 and then ypdated to current access address information. Wen the
addr ess Pnf or FEEFORLGEr 8RdyRREFRSLs SBALRRES £RE EBAParBEONTAS2A conpares
t he address signaltgiven fromthe register 431 with the address signal
gi ven from t hBPEF3 5°RPR 2002 -38, address alignnent control unit 41 and
the comparator 4328 compapes,theaflflr 683.8L90ALALYER ILORLERE Reg! sher 431
sel'tprefet

wi th the address signal given fromthé addres rng-unrt ~42. If

the comparisod egsubis bRAfi S4hRCLA°ERE bRl 8BEEoOLEenCRATECS ] N O Mot i On

than the colum address signal, sense anplitier cac S|gnaﬁé 433A and
433B are enabhfgdthBe DRMENbhAk! Benaddr §esLe08HBRd generating vawt 44. The
addr ess/ command generating unit 44 makes a 10 judgnent by the state of the
sense anplifi eommanlietbi thergbgl pedBdAmaadrdid3acasssoopbeabedbna row comand
CR is generated to the access address at this point of tinme or not. That

is, the addresshcunmantilyewitht thg caltmrdacoessucperahiodRAM macr o
structure designated by the 15 access address to perform an operation of

sel ecti ng theAﬁﬁﬁﬁﬂynﬁgﬁk,wbﬁ@ tbedcplumnaadcensd bettheneerhaiespdiM¥e to
detection of antjcoincidence based on the signals 433A and 433B and

i nstructs t hePBREM AaEPEmiRRbetur BRBeFRREL BEAYyPRRE spbdestaddEesiheo stop
th dli 20 | ecti t] f ti | ecti
the memory baRRIaRGCERE BPRCRERERE AV HEpBhERe oo LERRCRTERSS CROFRE! dence
b d th | L 4 < i | d
Covel Cafhes SEFRALT GRAR Baflclcdl pE?MUbTaR ey SOTRRL CBILAS, ablbsranC

out put addres§mﬁé&ﬂ§£e9§._h§c§§¥hiﬂg§9ppﬁéég—ﬁ95£h@aﬁiBéthiéaéﬁ cache

menory 2 and an address” signa
apparently.

The other DRAM macro structures SMb to 5Md

have the same configuration as the DRAM macro structure
20 SMa.

Fig. 3 shows an example of configuration of
connection between the DRAM bank and the global bit
line. A pair of complementary bit lines BL<0,0> and
BLB<0, 0> are representatively shown in Fig. 3. 1In Fig.

25 3, the reference characters M1 and M2 designate column
switch MOS transistors respectively; M3 and M4,
precharge MOS transistors respectively; and M5, an

equalize MOS transistor. A static latch-form circuit



Z 5 APR Zoo2 -39 (an output address signal of the access optim zerzzé P‘PR 2002
supplied to the DRAM macro structures 5Ma to 5Md in the condition a
address alignnment control is not performed by the address alignment control
unit 41. 5 The access optim zer 4 and the DRAM nacro structures 5Ma to 5Md
can be located as a second | evel cache nenory 6 by the sense anplifier
cache function thereof . Wien cache redd-niss occurs in the first level 10
cache nmenory 2, there is sone case where both replace nent of the cache
line and witeochpokedf ofaMasi arbheicaehe MeneonMst ibeapgeheened. In this
case, the index address information portion of the wite back destination
address and t bmplndérraddRebsghnpotentiad $hdpoopepatbhgt beeceadcaddr ess of
cache data to be replaced are equalized to each other. This is obvious from
the i ndex opesatkca dh sucktasiss IweTveupylhe waktegeremrsupihied vico
addresses are different fromeach other in the address tag portion. 20 As
i s obvi ous fr&hft REMEGHr 98T aRI §AnBNEhpRANEL MO8, transhstosecMdi and CPU
addresses having equal index addresses |INDEX are identical in address bits
Ad to ALP. Extépt £h OHDEPtgPEHPiiééHF BPErRSiBY EheChRARk SQHFESS Ni gnal
col um address s%gnal bits 0_addre s.signal bi t,s, M5O and

o]

25
Ml and part BEBFto®B22oPTPHE b%ﬁ&g%gﬁeeﬁrgﬁgstﬁﬁPl r &5 aP1BRALEd F8 the

2ddr ess tag i he Gofihon’ SIAEER $8' HschanhHl MBS’ P40 HL6ER uE' pudi®
destination aggr esghangehhey@aiisignpEi saahﬁb&aﬁégseéraé%éss tag

i nformati on ATAG for the read address of cache data to be Tepl aced coi nci de

with each ot hgpns¥ithtedChgss 56rDRANEIBELOtSESMBOYERSoP AR nWERhARnLACK and
read access from DRAM macro struc tures for replacenent are performed on

one and10he sasteORMONDMOR transtsbod Mbe andea DE&dDacBEsD SELucThee. The
probability of coincidence in one bit Al2 is relatively high. If such a
condi ti on occwosd linealbeds oprnectedstdéOtheangate bef pehé¢ osekedcktibnci ently
by use of different menory banks in the DRAM macro structures. |f one
access oper at¥eh BvaBshstoreMiPnatBVEnisne Preshabak, Pekenbiabrwatekss
oper ati on cannot be§§§iforned f different DRAM banks to be operated are

used, a read 18T op% Bn ?§h%E$F§rﬂ%leEeBB%dtﬁﬁﬁﬂE%%Ra%ﬁdb%Pw?ﬁ% sanme
e 2 o2t e LGSR, S0 MAPLAE oLl 81 et OEE ke to
15 circuit. ¢PC is a precharge signal. When the level of
the precharge signal is made high, not only the levels
of the complementary bit lines are equalized to each
other but also the precharge voltage HVP is supplied to
the complementary bit lines.
20 Though not shown, the configuration of the
other complementary bit lines is substantially the same
as that of the complementary bit lines BL<0, 0> and
BLB<0,0>. Although there is no specific limitation, the
column address signal is composed of 3 bits, and the
25 column selection signal as a decode signal of the column
address signal is composed of 8 bits Ys0 to Ys7. Eight

pairs of complementary bit lines BL<0, 0>, BLB<0,0> to

BL<0, 7>, BLB<O0,7> are connected to a pair of global bit



Therefore, the address alignment control unit 20 41 is provided. 7 APR 2002
address alignnent control unit 41 changes the bit alignnent of the access
address signal supplied fromthe outside so that the changed signal can be
supplied to the DRAM nacro structures 5Ma to 5Md. Fig. 10 shows a first
exanpl e of correlation 25 between an og put address signal of the CPU 1
obt ai ned by address alignnent of the address alignnent control unit 41 and
an out put address signal of the optimzer 4. In the exanple shown in Fig.
10, address hiiresABII0 aAtb GBIBM tARR WA phl ray @ fmedd ulint $WB@dho B3 of

t he bank address signal and address bits A9 to All are made part ROto R2
of the row adrSedsagisgisdiorsThvid emice M2alswjrmiving-coniterodded asn itheFi g. 9.
Fig. 11 shows a second exanple of address 5 alignnment. In the exanple shown
in Fig. 11, &ddisohithe grluns-Aedegtdomed gpart YBPD tte B3 7of tIMe bank
address signal and address bits AlO0O and All are made part RO and Rl of the
row addr ess ditgfamannes otifed dliZ$hmen)i sompiengREagy¥ PAtFLgnes. | n each

of Figs. 10 10 and 11, a part of address_informatiqon_contained.in the
addr ess &i gnEEQppi BEHDOaMt ¥ BBOLE ad rudbi<ad Ta 5 Adeokadr 858 | NDEX

f the fi I I .2 f. d inf i
cont ai ned i n SRECIHEEe doan e LETooth SO ho P85 SR USEE a tag
15 address /VQgEqﬁyijhepb%%ﬁijm %Qﬁgg%gﬁsﬁgsgi%aﬁg%aggsbe all ocated to the

bank address of € ménory bank. oth replacenent and

write back ofaddsGaefl§, ey 1801 @ H/MRELOIRI Bauans dedlectache- m ss of
the first level cache nenory 2, the two 20 nenory operations can be

perforned i ndigrzar anio BRAMSTanlss siddeerid ol be Wilgh mespeslelieetdiohf er ent
DRAM banks contained in one DRAM nacro structure, when a colum operation
i s perfif ned lievedndnDRAMoraahcea widh @ mesnd tCB fcdecheingpplfi ¢thet 0 t he

ot her DRAM bank 25 concurrently with the colum operation in one DRAM bank
so that a wordlumme asidlresisi 15§ onad SeADP.anpisi fai @esidtehil@§ ppdrst odn i s
perfornmed precedently. Accordingly, when a columm access operation is
performed  ZOGRARRENSRXY. bityddngsainee coparstiesh tholk 2/ PRd ri§adi i s

performed in qQn M.bank, a row comand CR ca e s l.Lied to the other
DRAM bank sogﬁﬁnggghﬁ' 1nese CBAUac %aﬁ@ g@ﬁggga 1gre]'latching
operation in a read operation for 5 replacenent is performed precedently.
Accordingly, after the wite operation for wite back, the columm selecting

and output o Q@g%$1' ifiesad operation for replacenent can be perforned
i mredi ately. Accordingly, the speed of a penalty operation caused by

cache-njgs of Fig. 4 shows an example of the access
optimizer. The access optimizer 4 has an access
priority judgment unit 40, an address alignment control
unit 41, an address self-prefetching unit 42, a hit/miss
judgment unit 43, an address/command generating unit 44,
20 a data buffer circuit 45, and a controller 46.

The data buffer circuit 45 has selectors for
selecting one of the data buses 9DBa to 9DBd to connect
the data bus 10DB with the data buffer to the selected
data bus and for selecting one of the data buses 9DBa to

25 9DBd to connect the data bus 11DB with the data buffer
to the selected data bus, respectively.

The access priority judgment unit 40 permits



10 the first level cache nenory 2 can be enhanced. Fig. 12 shows 2m Wﬂ[ﬂ
of the address alignnent control unit 41. The address alignnent control

unit 41 has a switch circuit 411 for changing the alignnment of an input
address signal to output the 15 changed alignnent, and a control register
410 for latching control information fqor determ ning the switching state of
the switch Crcuit 411. The control ré&?Ster 410 is formed so as to be able
to be accessed by the CPU 1. Accordingly, one of the address 20 alignnents
shown in Fi gspaddl bell ddcess biersediectied OPtsONEnd ysedded diddegence bet ween
the address alignnents appears as the difference in frequency of

desi gnati on gbooine BMU did RE2rewhnemva gycdss ktHnsugionthe ufilss adit@sses. 25
Figs. 13 to 15 show sequences of DRAM banks subjected to the word |ine

sel ecting opepeart ofil Whand t hecesisir gesowpactle ofecdnd GRICdS sirronic RBZed
successi vely. Each of the four DRAM macro structures 5Ma to 5Md has 16 DRAM
2 5 APR 2002 us® dhhkerent PRAM draerofstryctueEsor MsbARFRF3I0 Fig. 9

wi t hout address alignment _control, all the 64 DRAM banks are sw tched

successi Vel y @HPY et dh 3FCesR RRFl FTheahd aGGethdd hdeshel v
th f ti 64 5 b L th f Fiq. di
Lo B 02500 L Esend See ds’ monf R ad o SR Ihd dark mita JdSRp o' N9
ond: f AN ! Fes; ' . g
coerTearTy o Efudhire e | 2cautd iy 5 dudiil NS 46 hatd e
correspondi Ng-d e 0. sd I Hbk: SO ok £ SECP h X MRfe f ekl %}I\ﬁi gnment

control, the selection of the word line 1's swtched while 8 anks are

swi tched cycldetdininddiein asrarice ot | dprst & handgedent dd11he frequency in
sel ection of one and the 15 sane nenory bank in index addresses close to
each otb@r in repl aceneThHe dddress/ivonnarsl igerdtiddaidiit 44ti Dby the
sense anplifier cache function decreases as infornmation access addresses
are closer tocicaniiotier opdratind rimuerwary PR danilortofgatidfasreerd nenory
banks 20 in index addresses close to each other in replacenent of a cache

line is highcamrandiaddiness iqnal senddheamsddress qamend s i BCB ner eases
as information access addresses aje closer to each other. Wiich.is selected
nore advant aﬁﬁﬁl?’dé&ﬁ%ﬁﬁ&%%ﬁﬁ%%l%t%lg 4hd conmands.
e o S | SRR R T SR VUL 100
alignnEfg address signal R-ADD, the column address signal C-ADD,
the row command CR, the column command CC, the write-
enable signal WE, etc.
The address alignment control unit 41 is a
circuit for changing the bit alignment of the access
20 address signal supplied from the outside of the access
optimizer 4 and subjected to the access priority
judgment to thereby make it possible to supply the
signal to the DRAM macro structures 5Ma to 5Md through
the address/command generating unit 44.
25 The address/command self-prefetching unit 42
is a circuit for self-prefetching an access address
having a predetermined offset to an external access

address after DRAM macro access control with respect to



2 5 APR 200Z control unit 41. The selection of address alignment QafngPR 0?2
made in any stage but a stage of production process or planning. The
circuit configuration far address alignnment control can be. however,
simplified. 5 <Parallel Access to Non-conflicting DRAM Macro Structures>
Fig. 16 shows an exanple of the data bgffer circuit 45. The data buffer
circuit 45 has a conbination of a read3%ata buffer 454R and a wite data 10
buffer 454W connected to the data bus | ODB of the first port PTlI, a

conbi nati on othé érddrAalaabuéssradib&sandoatnatt @atiat fn bthé esedbsW
connected to the data bus 11DB of the second port PT2, and sel ectors 450R,
452R, 452W anprdb8tthdticadétess ocad R préread OHnemothé hmremiRAW calls 15
structures 5Ma to 5Md and connects the sel ected DRAM macro structure to the
read data buf®frths4PRANhRacEpestOUCHBIRSsEbethe oersefammbl DRARS macr o
structures 5Ma to SMl and connects the sel ected DRAM nacro structure to the
read data buf FRFougBRthahaddeess( cPrpandsgeReErbine Wikt of4t he DRAM macro

structures 5Ma to 5Md and conpnects the sel ected, macro structure to the
write daPa buffer 454VVT#ﬁehéE?@tfﬁrjﬂggvﬁgElBE%E 6%el%fatﬁbrf¥&$ﬂ Ero

structures 5Ma éo.SNﬂ gnevconnects t he sel ect d.[fﬁm%ngcrg étru$tur§ to the
wite data buf f2¥12% Y88 e?hans%?%%?§oﬁegP§ﬁ | §5 of Lt he® sSRF et BTrESASHR
451R, 452W an p o t 46, Bagh of 14 he out put
of the read dg?gé%%ﬁé]?%f eﬂé gé%\%’é! %%g§f§§94é§%gn%§t%% I nput % the wite
data buffer A454NL}Sw6PAPOSERi Of 1428 Rit milh §h %ﬁéﬁ%ﬁméﬁﬁg,f&ECh of the
read data buffer 455R and the wite data buffer 455Wi ncl udes a data
aligner, so thghiéWen§us 34hBe samel bfietecddre. i STHLs and@ndilioldPernber eas
the selector 451R/453Wside interface is of a 128-bit type. Wen access

t hrough 10he fpreviouseascesstaddtessdandciadgésrwhgthéhetlseconevacaess port
PT2 use different DRAM macro structures respectively, the access 10
priority judgaecnessnaddnespeandttheacurrent agcesss taddress taee t i ereess
ports. Such non-conflicting access to DRAM macro structures is judged on
the basis of %@@pﬁh?s%ﬁm%eVQE@nlhnﬁaQ¥dwﬁﬁﬁh%§st%¢gﬁ%&ftﬁﬁﬁiﬁ¥ﬁéﬁ¢n an
address signal (15 supplied fromthe bus 6AB and a macro address signal
contai ned i n 3RAERRF e3RO sFRAFUETRRT | RECEFDRERES 2 A e ARt of the

IO i e hoe HeSOMEeL! A 280 LB nd Sy dplie! ek HBngerfor

15 two addresses are in one and the same word line

indicates a hit state of the sense amplifier cache. 1In
this case, the hit/miss judgment unit 43 makes the
address/command generating unit 44 prevent generation of
the row command CR while making the same generate the
20 column command CC immediately so that data already
latched by the sense amplifier array can be read out.
The controller 46 controls the access optimizer 4 as a
whole.
The access optimizer 4 achieves (1)
25 enhancement of the hit ratio of the sense amplifier
cache by next address self-prefetching, (2) preventing
the lowering of the operating efficiency of the multi-

bank DRAM when cache entry replacement is performed



20 453Won the basis of the macro address signals supplied fromth8 &RR 2002
buses. Wen access through the first access port PT1l and access through the
second access port PT2 use one and the same DRAM nacro structure, the
access priority 25 judgnent unit 40 gives priority to the operation of

hi gher-priority access port determ ned_in advance. Fig. 17 shows an exanple
of a procedure for access priority judéhﬁnt and access control using the

2 5 APR 2002 access priority judgnent in the case where access conflict
occurs in usepetagse 6fdcibiesni®s DRAMNBCSOL Sdss6¢ UaABIvANt PEEEBErPEi Ority
port is designated by an 5 access priority setting register. Wth respect
to an addr esslewpltcaah¢ utdgneny, | sndad2) asakinahedthebldbeingpuhlsdHrce i s
the priority port or not (S1). If access is through the priority port, a
judgnent is nadeeas posshblaesothbat Oxeangcesstdogs pnobribigchccess or 10
not (S2). Waiting is nmade until the priority access term nates (S3). Then,
the hit/mss ?@@@hﬁﬁtaﬁﬂ¢§s48nnﬁk@%u§?h¥¥yn¢§saTQQEﬁEH?q%$S¥ﬁeW%%#@M¢
anplifier cache ﬁlé%ﬂ |f there is cache-m ss, ine selection as a row

addr ess Bper atP® ?%W‘é%%e’%%ef%?c?%ﬁ cﬁ?W?‘l’nef{%‘“ skhe ec%‘ilrp‘F‘Pf?lé‘? are

as a colum selec eration,

f d (S5 h
P e Tt ks Bl ol & O A0 EER ARl Ch 8 oo S s TSR i ST 11 00
detected i t , d
tess s e (Herelge o cADSoRAN RAEO0 O I OBPLLSCTHEELRLE ovil Bkt (O
(S7). If thersaﬁfsnﬂmkiofatm&e?érf&rah@rﬁépw%o@tl&Qema(?88 de as

to whether there Is access confl wWth priority access or not | f

there is accegs €REfébgtenN@héd Nehé SefBLei sty | oPrionkiYingCEsSdLta
concerning the conflict termnates (S9). Then, the situation of the

procedun® goesitld tédepeteptSithéi DRAM Iifct® éﬁﬁzetm sestn@ x| ©sn o
operation timng of DRAM nacro structures on the basis 2 5 APR 200Z -47
of the resul tamplifiternccase prith i tlye jneiymentce s sgimeup oim t éreecy b rd on
that address signals aA0 and aAl are supplied fromthe CPU 1 through the
bus 6AB and abiR@sas sk gerfke aBneo aHme eentenpsiel fkbnte htdbwsite

t hr ough
be described below in detail.

<Enhancement of the Hit Ratio of the Sense Amplifier

15 Cache by Next Address Self-prefetching>

Fig. 5 shows an example of basic configuration

of the first level cache memory 2. Though not limited
specifically, the first level cache memory 2 is of a set
associative type and has 4 ways WAYO to WAY3. Though

20 not limited specifically, each of the ways WAYO to WAY3
has a memory cell array for forming 256 cache lines at
maximum. The memory cell array is constituted by an
address array 20 and a data array 21. One cache line
contains a cache tag CTAG holding an address tag ATAG

25 such as physical page number, or the like, a validity
bit V, a not-shown dirty bit, and corresponding l6-byte

data LWO to LW3. The cache tag CTAG, the validity bit V



5 the bus 11AB as shown in Fig. 18A. Fig. 18B shows the case wherg ?h@ﬁ@ Z'SUBZ
no access conflict in DRAM nmacro structure as a subject of access, Yhat i's,
t he case where access occurs in different DRAM macro structures. In this
case, the two 10 DRAM nmacro structures as a subject of access operate
concurrently and independently. Fig. 18C shows the case where there is
access conflict in DRAM macro structurd?as a subj ect of access and the case
where access priority is given to the address input aB, that is, the 15
case where acg§StRECHL Sty bPRCapdlstdeedalt HRAMIBELESs SAFpey W@, Wth
respect to the first access request, the addresses aA0 and aBO conflict

Wi th each ot heiie dg€£SEW0 otd hEWRdslF€SsStofed ol | tigd sdatd hatey ather priority
access fromthe beginning. Accordingly, access 20 to the address aA is put
in awit staTkeurdliditiy bpervitexpsesses twiee ol esff e iwe dated eardi g. 18D
shows the case where there is access conflict in DRAM nmacro structure as a
subj ect of accerbaimedtie theccatreclirecss ot ori The | bogicah Yaluge
address input aA, that 25 js, the case where access occurs jn one and the
sane DRAM nacth" s2f ukR@realigitniRitdareanzealidresecRile ¥R first
access aAO. In the period of of a cache entry for

repl acenent_ or, cache-fill
the cache-mi s¥°9% value AHR' 2‘8%21:1'-‘?18"%}’94%@’ Ba‘lfaf“?ﬁbs and dBl are read
out because access. to the dresse BO_ and aBl ,daes not conflict with
access to thotyarieteda” A cERFRy art A ofeq ieh othe (Hkhe ua
followng th 04 n,glig neer.ni.ngs i & _ha I QL4 to access
to ad\émr egsese% g&g%gfah% ?t%ﬁgg:‘“gl?lg%gg;{%ﬁtrg&% e ﬁg%éa}{ Icfgzi%é/nd dB3 is

made until acsessrd Oid NendabAi € bi &k Thddd SSehdT @R & POV &P Said Pt i on,
in a systemLSI in which a plurality of DRAM nacro structures are enmbedded,

10 non- hocki nggigdl i vaDESSS1 AN Mgt NS it idshd®batwdan addty f access
requests w thout access conflict in the' DRAM macro structures so that one
access does nodriesmdndirey odriery aared sdataNian, tierexexenmd b meammess(SMam t he
outside is perfornmed by control of a DMAC not shown, 15 access to a DRAM
macro structute BYdx hearChe 1foungdryn thedisthibit. r Fhe dirvhikit tis
operation of the CPU 1 is not stopped and in which there is no obstacle to
access from tHeibiakizrd 49 the okRFitak sakue dHhaReRINCHTOMat a processi ng
efficiency. 20 Froma point of view of the non-blocking nmulti-access

Wi t hout accessetoMF+#¥t in DRAM macro structures, the system LSl can be

configured as shown in fig. e 7.1 S nd port
PT2. Da g i nput / out put 'f;l#gt%%&f?s-rr%ts%q Fpllaér?lggse %28'2%0%&2&& tgl.cPThe
first |evel r i | £Anst | a i fi i JERPr Y but
separated i nf%ggﬁ:?fﬁgr%%é?%ﬁt%gﬁhe neimércilaﬁs%%{ a%t%&%ac ehsrerlermry 2D.
Al t hough no ppd ha Ky siadan PaddiSedsS SI@yaL ] N Tf thot, the address

signal is a logical address signal.) has 32 bits AO0 to

A31 as described above. The 32 bits A0 to A3l are used
20 as byte addresses. Though not limited specifically, the

bits A21 to A31 are regarded as an address tag ATAG.

The 8 bits A4 to All are regarded as an index address

INDEX for selecting a cache line from each way.

Although address decoders for the address array 20 and
25 the data array 21 are not shown in Fig. 5, the index

address INDEX is supplied to the address decoders so

that a corresponding cache line is selected.

The cache tag CTAG in the cache line (in each



2 5 APR 2002 -49 19, address paths will be able to be inferred fQoglﬁpR.gmz
easily. Incidentally, functional blocks in the 5 configuration of Fig. 1
may be provided as LSIs respectively so that a data processing system can
be configured by nmulti-chips. Further, in the aforenentioned access nethod,
there is sonme case where latency fromthe address input of the access
optimzer 10 to the data output is not 3onstant in accordance with the
access conditions. In this case, an SRAMinterface nay be used as the
interface forft theatwenss WYY TPWAYd stl2cied lad tHHee basSise BfC amebe
connected to an existing systemeasily even in the case where the system 15
is used in camdexataiduress TNIEX dx sompareystweamh Edve takidxress rage, the
access optim zer 4 may be formed so as to output a wait signal in a period
of fromthe &FAGedn itheutaaaesshaddaes sodypeach<wii ttdenicomparabatrs REadout
in Second Level Cache Menory 20 conposed of DRAM macro structures> Wite

wi t hout dat a HeZdout BhyerDiRle Kaske iHRIDRAMGESLScdidase Hiitds theovi ded

specially as second | e cache menory_in a system LSl will be_ described
oo dbnor 200 S GRS A ST, e awPRIBEA Al PR BB AR £he Conce
read out from nenory | ls..to nse anplifiers _and par,t ,of .data is then
rewitten. T%‘te ivg,l.)ﬁng.iza/ %6‘&! f")s/%\ﬁiietse%? &89&8?398{5‘ en it e "&nse 25
APR 2002 - SOO%RE%IUItf ISq.r n%alc r}%‘Ofn'll'l %th'o%e%%'ohg?tn Meﬁ%(fr %]h%t ructur .GS i's used
as a second l'evel cache nenory, theré 1's no necessity of performng read

modi fy wri te RarRuse ol 2227 PRNIGREDXNO0NEiIRES valier ehere, thar wite,
an 5 operation of reading data to the sense anplifiers is not perforned and

wite data apRtpudnsfigmaad fricaimthiee coRire spEBldihigeonet @ ft R@ebit |ines at the
sanme time or just after rising of the word line. In this manner,

onewor diJ | ne'comphatratares A2 ttoe2 5ati sa shippl iege¢d. al@oVirepoasiiagt dagat he
data wite node, the DRAM bank tim ng generator 54 for achieving the afore
ment i oned wriargam 2Rout Wiena theagdgnalasakesi the dpgiselovajuee"ifrite
wi t hout data readout node) for activating the sense anplifier at first
timng after 385bydeccaiche dfinehdakgr dndexed kydthesdesad agpayakiloArsode
selected. The selected cache line data are selected by
the selector 26 on the basis of 2 bits A2 and A3.
15 Logical ORing of the signals output from the comparators
22 to 25 is used as a hit/miss signal HIT of the cache
memory 2.
Fig. 6 shows the logical configuration of the
sense amplifier cache function of the four DRAM macro
20 structures 5Ma to 5Md in comparison with the first level
cache memory 2. The least significant 4 bits in the
address signal supplied to the DRAM macro structures 5Ma
to 5Md are substantially meaningless. This is because
data to be column-selected contain 128 bits and it is a
25 data size of 4 bits as byte address. Three bits CO to
C2 are used as a column selection signal C-ADD. Two

bits MSO and MS1 on the high order side are used as a

macro address signal for selecting one of the DRAM macro



(refresh node) for activating the sense anplifier at second tim '
than the first timng aftex selection of the word |ine. Though ég? Frﬁ?ﬁ@g
specifically, the first operation node is set by 20 asserting the colum
command CC just after asserting the wite-enable signal WE and the row
command CR In the first operation nggs t he col um address signal is

provi ded together with the columm co ﬁd CC. Though not limted
specifically, the second operation node is 25 set by negating the
wite-enabl e sirgiredundfs &BMh assESMd hg Rder vt < @0l B3R o tHéhe second
operation node, the refresh address (row address) is provided together with
t he row comefiurt®fer Colghmomtaressides armaercesbas  drank addrdR¥s 2002 -51 t he
refreshing operation. Fig. 20 shows an exanple of an operation timng chart
in a direct wirgnalwiaqre sedctinarnsaplthoDRAE barike wiksmme dowa
readout node. Just after a 5 word line W. is selected at tine tO, electric
sources N andhatp tharearse IR dankge Fdidhthddteh Rb thdfl7 (e sense

anplifiers are activated. Further, first 128bit wite data DO are input

from t hed gl odfdte iU §hste Ragh Fdefe sife @re wred as @ 15 asdd58fiSugh the
colum 10 switch circujt. 52 t he basi f th I l.ecti i I
YSOTJ The in\pl)mtﬁl%fgﬂ- tﬁ%l‘d}?r'i te%é%eﬁ%ieﬁoﬁ%ﬁgo&cr%?u%%gs C%Icﬂo z nasense
anplifiers. T . i al qgﬁp' i QEﬁﬁ. i I ot i BL i
dreTTt)er m ned | _n&gncﬁc%rl%cgnw t It%éerqéat C edlctg';e{xga%g%hqgsr eacftaéeerlfa t eI ggrre '
write operatignmsiascr hetk ahay e dso CtiviIhdHe ddipd afnd romtine tl

to tinme t127. Finally, data are witten in 1024-bit nmenory cells with

respect to oRgrenBichd idtcedd Gadddle W Sb1BX IRAE Hnlai HPRIR iign 20
timng chart in the refresh node. In the refreshing operation, read nodify

wite nupt becHeimsrids rHamkddrtentnainirte 48, t Fe meperaidress am ride eshi ng
storage information. Accordingly, a precharging operation term nates at
time t00. A \wrevidum asmiess iatpmess dtdleh i35 the padmeamestianead me t 01.
After a differential voltage based on electric charge infornmation supplied
from nemory d@@Ennexn da haveeAs HACTAGEBIFg, the Wijt{anisd ect i ng

oper ati on becones Iarqgrto a certain degree, 2 5 APR 2002 -52
judgment it 43 compares a row address signal in the

current access address with the row address SACTAG in

15 the previous access address. When the row addresses
coincide with each other, a hit state is given so that
data already latched by the sense amplifier are selected
on the basis of the column address signal by the
address/command generating unit 44.

20 As is obvious from the above description, the
speed of first access to the DRAM macro structures can
be enhanced in the case where data are held in each of
the sense amplifiers of the DRAM bank by use of multi-
bank DRAM macro structures 5Ma to 5Md so that data

25 latched by the sense amplifier are output when access
hits the held data. That is, each of the memory banks
can be made to function as a sense amplifier cache.

To improve the hit ratio (the hit ratio to



the sense anplifiers are activated at tinme t02. Information stor%f bh?
menory cells is latched by the sense anplifiers at tinme tl. 556P 002
the local bit Iine BL is driven so that infornmation stored in the 5 nenory
cells are refreshed on the basis of the electric charge information. In
this operation, a timng margin is taken in a period of fromtinme t00 to
time tO1l. If not only data wite by woPd-1ine but also a wite operation
for a part of one-word-line's nmenory 10 cells are supported, read nodify

wite is requgaed as wakl sasskhampefifgeh) ngfopreakeaBe AhpsiFsebecause data
in other nenory cells than nenory cells as a subject of wite nust not be

destroyed evemathet hereageeuiidéye &hweondxti agédressel(ebteadnedfbyead nodify
wite is used for 15 one-word-line's witing, the sanme timng margin as in
t he refreshi ngddptiahi ofi aspaddetierminhd affess)t imesadfshowfietah&dg. 22.
As a result, the wite time beconmes |ong conpared with Fig. 20. Although

t he present |hyeﬁhﬁoﬁd9F§$Sd§élﬁyprh§920hln9enn®t ﬁasaﬁééﬁ ghscri bed

specifically on the basis of enbodi nents there is a matter of course
that thedi nveBKFBRNRS AGECESwi 68dthARES é@‘éabml *ﬁﬁ9 éﬁ&ﬁg@r%ﬁ:@hgﬂy wi t hout

departing fromthe gi st thereof exa th nber |, nmacro 25
stPucturgs ang89ghes guﬁﬁ@rPEFrﬁﬁﬂNgHaﬁRE ﬂ?ﬁlﬁ@BlF 1§5e}9 frhcro

sui tably. FurPRGPEY: RehT oo TaRaTRARBE, "BY o TadIECB DFRetran |

prefetching is the next address is based on an empirical
rule that operating programs of the CPU 1 or a group of

10 processing data are basically mapped on linear
addresses. This is for the purpose of facilitating
cache-hit of the sense amplifier cache with respect to
the aforementioned access.

The self-prefetching address must be an

15 address in a memory bank different from the subject of
previous access. If the two addresses are in one and
the same memory bank, the function of the sense
amplifier cache cannot be used for the previous access.
Therefore, the access address having a predetermined

20 offset to the external access address is set as an
address for designating a memory bank different from
that designated by the external access address.

At least a part from the least significant bit

to MS1 in the bit alignment of the address signal of

25 Fig. 6 supplied to the DRAM macro structures 5Ma to 5Md
is made identical with that in the address signal output
from the CPU 1. Accordingly, in the case where the

address signal output from the CPU 1 is incremented



2 5 APR 200Z -53 nodul es contained in the sem conductor integr at:§ APRc200?
represented by the system LSl are not limted to the aforenentioned
exanpl e. An address conversion buffer nmay be contained or a DSP may be
enbedded. 5 Although the above description has been nade upon the case
where DRAM macro structures and DRAM banks are used as an exanple of the

| ar ge- capacity nenory, the nenory macr80structures and the menory banks are
not limted to the DRAM type except enbodi nents concerning wite 10 w t hout
data readout . sketesxbvple, CRAMRAM ahdcrRasitione Accesss Meatiyed ©6 4 he |ike,
may be used as the | argecapacity nenory. Further, enbodi nents concerning
addr ess sel f -pewefe@ewhenever noine bvordi hinensélearimsssaends |imted to
the formof specific use of the 15 nenory macro structures as a second

| evel cache iswibé¢hed datBhcarredingiyedthy moedetérminedtoffset npiven of
course that the invention can be applied also to the case where the nenory
macro struct UpBsthe caddeesassel eprefebehing i wply 420l gHRade f2cE® MR ai ned

by the aforenentioned epbodi ngnts 1. be descriped in E@ief. That is, the
hit rati® of PAEeEechst2adp?i f FEPM cERPel @St Lot ERrEHRE N addr ess

selfprefetchin 25 n replacenent. of a gache entry is perfo because
of cache. i ssogru SFEHdSCo BRI Yndh {1 FERM AT ATBRE 8 Blise

| owering of t raftq ef £ihciency; | ti-bank DRAM can be prevented.
2 5 APR 2002 @@49@ﬁé§é%@%% %$a§%§§ty%§%%gg for a nulti-bank nenory can be
enhanced. For a plural ii‘i/%.Of"l AEKENS &R HeSHS] d bf NehEaSEINET EndPt ASE£ESS

request fromthe CPU to the menory macro 5 structures and an access request
fromthe outstie dddié€s self-prefetching operation. Assume that the
10 access address by the CPU 1 is ADDl1. Assume that a new
word line selecting operation is carried out on the
other hand. For example, after 6 cycles from the
access, data D1 corresponding to the access address ADD1
is read out. In the period of 6 cycles, the address
15 self-prefetching unit 42 adds 8 to the address ADDl to
generate an address ADD2 in its inside, instructs the
address/command generating unit 44 to perform a row
operation, instructs a DRAM bank of a DRAM macro
structure corresponding to the self-prefetched address
20 signal to perform a word line selecting operation and
makes the sense amplifier latch data in the selected
word line. If 8 is added to the access address signal
as described above, the resulting access address ADD2
always shift to another DRAM macro structure.
25 Accordingly, the operation of the memory bank based on
the access address ADD1l is not disturbed. Accordingly,

if the next access address by the CPU 1 is ADD2, the

address/command generating unit 44 selects latch



menory nmacro structures do not conflict with each other, non-bl ocXinaAPR 2002
mul ti-access can be nade so that one access does not bl ock the other

access. Data rewiting for a multi-bank DRAM using a 10 cache line as a
word line unit can be perforned nore efficiently. 2 5 APR 2002 -55 WHAT
IS CLAIMED IS 1. A sem conductor integrated circuit conprising nmenory macro
structures, and an access controller, "whérein each of said nenory macro
structures includes a plurality of nmenory banks havi ng bank addresses

al l ocated t o ixafsknetidy dRNkKse roapee tamvel VE i en ol dc 5By brirettiy )btk s
containing a word line to be selected on the basis of a row address signal,
a bit line tobhelselarieth addiesdhasignalf cortddined aiddrides addpsds so as to
be connected to a data line of said nenory macro structure, a nenory cel
provi ded at &ARRE rHiWfouthttdrectardnl bt vishecking vaperatiien dasedian bi t
line, and a sense anplifier for latching storage information read out from
said nmenory dere adiPSthdsh i therely oot data Rhdudde an

addr ess/ command geperating unit for operating for every nenory bank, a
hit/m ss®j udg?*bﬁﬁglcpﬁﬁ t for enabling data already |atched by said sense

anplifier to be output .o sajd.,data line in res e t.o. .an access request
comng after data Iatcrﬁtlrﬁg' aéarft}md"}"i“:' a%ree)gagn%leq f({)’%ﬁ?eet%t} ﬁ@lﬁﬁﬁit for

sel f-pr ef et chi gy A6RSS AL U0 B HEIHET RN B Sled © an

external acc ess after access con sal Menory nmacro structure

is effected Wddrd5RROIF I Sod bl e 1t AEGESHIRA U &85O, t hige data in
said self-prefetched address is preread fromsaid nenory cells of said
Menory Nacr o st ACids e Ugmtarittl weis el A4 fdreraddkeds scudade¥uBmr a
integrated circuit according 2 5 APR 20Q2 -56 to aim1l, wherein said
addr ess1@i gnatequigtpart 43lgmeasd ccagulEstsdcoMBRK agehet3@Bng Thet is forned
so that a bank address signal and a row address signal are mapped on a high
order bit sidedgifsterdIimhasidrddress @ghoragel megiong geatldar Bia side of

t he bank address signal, respectively, and wherein said predeterm ned

of fset is 2 tRRAMhOFHKGr jesReEiRIY et WgyRBAE BRCEN tSBuEReTOl UM

addr ess si gnag Wneng' As the nunber of bits indsdai d colum address signal.
Ma to 5Md. The previous access address signal in a

corresponding memory bank is held in the address storage

15 region. The address decoder 430 receives an address
signal from the address alignment control unit 41 and an
address signal from the address self-prefetching unit 42
and decodes a 2-bit macro address signal and a 4-bit
bank address signal contained in the input address

20 signals respectively. An address storage region
corresponding to the DRAM bank of the DRAM macro
structure to be subjected to access is selected by use
of the decode signals. In the selected address storage
region, address information already held is first output

25 and then updated to current access address information.
When the address information already held is output, the
comparator 432A compares the address signal given from

the register 431 with the address signal given from the



3. A seniconductor integrated circuit according to Caim2, where?rh R 2002
access address having said predeterm ned offset to said external access
address is provided as an address for designating a nenory bank different
froma nmenory bank designated by said external access address. 4. A

sem conductor integrated circuit accorgéng to Caim3, wherein said
hit/mss judgnment unit has a conparatdr®for detecting

coi nci dence/ anti coi nci dence between said external access address and an
access addr esgdfipesst a1 agement ocoRtroD Wit 41 Svd dtisensemparatdrer, and
wherein said address/ command generating unit instructs said nmenory macro
structure desd3bhtecmbpyresi thexdddnats asigssl aglilvers sftam sehecteq@i steanr y
bank, a word line and a bit line in response to anticoi nci dence 2 5 APR
2002 -s~ det eé3bawbyhsthe zddpessatvigunad giwenm uEremsthe addoess neeld-
structure designated by said external access address to suppress the word
line sel ectingrofetelring woitetdet AfnEh®rgomerakiser BeHPit$ik® in response

to coi ncidence detected by sajd conparator. 5. A sgglconductor i nt egr at ed

circuit 8ccor8PHYCILLRES FR D LFRRT cPFIREI AIF €T Fi RIGTARYMEIR thER ¥R% t her

h dd i st f ' ' i nf ' f id. st

'f or mat i on aGR R S ESES hEfhRh cAPAeS HBRIRITY 17275F i bE Ol BRRE wi th

every nenory pagk, . .andsyhereln é@%glggqgﬁﬁqifgeﬁog¥aéﬁg sai d access address
d addr iSter w

information registered In sal ess reg h™a current access

address and gjy@Seds)ESihin@f gdher£0IRGrisSPH 49, sai d address/ command
generating unit. 6. A sem conductor integrated circuit according to Caim

1, further conprising ark&lhe@PESE! €6hbond agehHELEHEg OO £ 044 afiakédida a
first level cache nenory connected to said CPU and said access controller,

sai d acgess chudgménerby ncheldstatanofdthiesserade gampeld £ temtcathairtit f or
allocating an alignnment contained in an address signal supplied fromsaid
CPU and diff eskgmals o433h andgideBtasfta whethker tay ndw acemmeand R sis
allocated to an index address of said first |evel cache nenory to a bank
address of sageRe®nErd Bankhe accespmudness -ak this rekneonlbuei®s or
integrated circuit according to Claim1, further conprising a CPU connected
to said acces®tont it ets: a%eaa¢$¥%%54%v@va c?f’en‘?[%ﬁ)’r%/gc ecttd to said

Chat at T east rg Srtr v gl gELE, SEEERGHEET Ao et R M TR e “Cace
Teast ond of Aratraiitsy RWGLEIM AT IR REN T PR B s o
desi gnating sgimbPRRANK /TREH® WdFAICI1KE and the bit line in response

to detection of anticoincidence based on the signals

433A and 433B and instructs the DRAM macro structure

designated by the access address to stop the word line

20 selecting operation and perform an operation of
selecting the memory bank and the bit line in response

to detection of coincidence based on the signals 433A

and 433B.

<Address Alignment Control for Second Level Cache>
25 Fig. 9 shows correlation between an address
signal (an output address signal of the CPU 1) supplied

to the first level cache memory 2 and an address signal



8. A sem conductor integrated circuit according to Claiml1l, furgl*@rApR 2002
conprising a CPU connected to said access controller, and a first |evel
cache nmenory connected both to said CPU and to said access controller, said
access controller being provided so that at |east |low order 2 bits of an

i ndex address of said first |level cache nenory in an address signal
supplied fromsaid CPU are allocated td%at |east one of an address for
designating said nmenory bank and an address for designating said nenory
macro structu(e&n Sutpusedddaosskics DfnaNtePreiehedesslidptaaedighting to A aim
1, further conprising a CPU connected to said access controller, and a
first |evel coagheliedoty ThosnBRAMMMEors as thFthees SMa dcacidd sicorte ol | er,
sai d access controller being provided so that at |east |ow order 2 bits of
an i ndex addreerdbficrithdt raddress|akigirenienerytiol aks atel ess si gnal
supplied fromsaid CPU are allocated to a colum address signal. 2 5 APR
2002 9 10. AeekeEerdRY ofhe midreserbigrnent fevkthhgniet @k m 4,
wherein said nenory cells are dynam c nenory cells, and wherei n commands
suppl i ed®from sai d acceSte FEeT IR B f 239 rdte JSHhRRGRR

i nst ti id t t I id d li d
Second comant-TarCTTER et | Ty A e L HERTH AT TN LYt sai d
bit line. 11. t ' | Si U, id I I
cache memory Shectalb il NG ERe SRS, Safdiadonial,

connected botfndo.s@id first level cache nenory and to said CPU and
provided for said first | evel cache nenory, wherein said second | evel cache
menory includes Menory wresd GosdidlCtdd i S8 h At PE Gas T HO N 1 ¢ elevemher ei n
each of said nenory macro structures includes a plurality of nmenory banks
havi ng bank achiries sesmaty @attdrkeited isnisbmenase indee esfreatéplaae—- each of
said nenory banks containing a word line to be selected on the basis of a
row addr ess gheptalQf athe tcachee kindarsdk|writsel ack ef datias iof thecol um
address signal so as to be connected to a data |line of said nenory macro
structure, a ¢RFRR \Lie IMpFhheIReRiomned ntInfthif et itde badeen sai d
word line and said bit line, and a sense anplifier for |atching storage 2

5 APR 2002 - RFGERSF et FOME P RAT G40 ehitdherenoiie &89% and wherein said

cvery menory AERAE A AT L A RO B RS i H bay
|atched;py saighegise ATl (el LA QU S Hai2 dd N iy desponse
to an access ‘request comng arter ata 1atchi ng, and an address allgnnment

control unit faf &haioizghbid aldwdmir Of Al AGETHAMIL o T
supplied fromthe outside of said access controller and supplying said

access addr esindéx)rsperdtidon hien chagiehdrdciad tidrrailpd gl @igxy, macro
structure. 12. A data processing systemaccording to Caim11l, wherein said
address al i griflenttwnrddddesses are pliofifeisshts Exdmtesarh adtilggmeint want ai ned
in an address signal supplied fromsaid CPU and different fromthe

al i gnnent of adgressltay raortidress bits allocated to an index address of

said first level cache nmenpry is allocated to said bank addresses.
20 As is ‘obvious from the address alignment in

Fig. 9, in this occasion, CPU addresses having equal
index addresses INDEX are identical in address bits A4
to All. Except the most significant bit B3 of the bank
address signal, column address signal bits CO to C2,

25 macro address signal bits MS0 and MS1 and part BO to B2
of the bank selection signal are allocated to the
address bits A4 to All respectively. If the most

significant bit Al2 of address tag information ATAG for



13. A data processing systemaccording to Caimll, wherein saidzagdApRsﬂmz
alignnment control unit is provided so that at |east a part of alignnent of
address information contained in an address signal supplied fromsaid CPU
and used as an index address of said first |evel cache nenory is changed so
as to be allocated to bank addresses of ,said nenory banks. 14. A data
processi ng system according to Clainlﬂfovmerein sai d address alignnent
control unit is 2 5 APR 2002 -61 provided so that a part of address

i nformati on céeamrdde bagk dedtdestiognalddyessl aad fthemmeaitd CPU and used
as an index address of said first |evel cache menory and a part of address
i nformati on cSACRLAEGans bhs Addr ofs asidgesls tagplingdrivaaioaardaGPioand used
as a tag address are replaced with each other so as to be allocated to bank
addresses of &$8BdTRBRoRPIpSERsf15ackeddagaptocbesikaylegetenpancaddi ng to
Cl aim 14, mhereig sahg aggress aLignnent control unit has a switch circuit
for making t h&&Fi §RGENCCRRENGHEOEEARGFESS FAf DRAMt MBRTQaFtEBEEUraAd a

control RKegis . la LN ontral _information determning a switch
state of5said%g&ﬁPg%t%i%%g#tgnéafaagoﬁFFSPS?gﬁPgtB%RgeWﬁﬁrQnﬁﬁFEG‘to be
accessed by sgj 1 r Ssi emaccording,to Claimi1ll
wherei n said %P??%fgérjgggﬁ%%?ﬁgﬁgtgﬁgsﬁggggﬁ%§§a?8r°F8raagtEgﬁiﬁ@me

coi nci dence/ aprhmobaskdencenbebaCEnansafEcoRARILESS SHRALLASL! M opLhe
out side and an access address of storage i1nformation he I sard sefise

anplifier, angrobasbelbtgabf adinesabaeameAdoHeNSLat ANy YBi Lol Rt {UELS said
menory macro structure designated by an external access address to Select a

menory bank, bighrd Ifnsuandaacbnditior bocuespopse hLecassi 6pbpst dense
detected by said conparator while said address/command generating unit

i nstructl® sai @aRReBrie nperformedcefifécilestiyabeduby afi @xffenaht access
address to stop the 2 5 APR 2002 -62 word |ine selecting operation and
sel ect a nenﬁ?ghﬁﬁﬁkbﬁﬁﬁsa?%i¥h¢iH%AMhm¢@§®oﬁ§§u¢but©$nciBén@eedetected by
sai d conpar at or. . A cache qgnnry conpri sing DRAM nacro structures, and

17
an access contTOFPRroPRRT I A% BPt SLeEmbnahe i rone t PRAM Uparki ncl udes a
lurality of n Vi bank addresses allocated thereto
Pespecti zel y,%%g%y%gs%$%£€%rﬁ?%%h% CHRAF ?}Pq‘,]gp%r %inel¥o be
selected on t basd r Si bit line to be sel ected on
the basis of @aff:ol urr11§1t gémsxgﬂg%gg&és% %t%cg %%énn%sé? d Fo-ata line

of sai d1HRAM SPErt Fori Und U FSriBdOlY &d I p ' '
i ntersection between sai dlﬁmrd | i ne and sai ﬁ?ﬁ%e@%ﬁ%@g&%n%%me

anplifier fortime cat Nieadiorageow Edinepid OR read Kaitsigom i negpry cel |,
wherein said access controller includes an address/command generating unit
for operating@ihrr QRARY hasvorso ekfommdb avdrd /Inirss §aldgeitig unit for
enabling data already |atched by said sense anplifier to be output to said
data |ine i n IR (PRNLRAIESY + equest coming after data |atching, and
wherein each of said nepory banks has a first operation node for activating
sai d sense anplifier atrF55tORSnithye Fddrest|addigrnmenst erpttralorahit ne, and

Fiming Taer Pnas Srar el " Rl Daiemn Gl e v | ne.
changes the bit alignment of the access address signal
supplied from the outside so that the changed signal can
be supplied to the DRAM macro structures 5Ma to 5Md.

Fig. 10 shows a first example of correlation
25 between an output address signal of the CPU 1 obtained
by address alignment of the address alignment control
unit 41 and an output address signal of the optimizer 4.

In the example shown in Fig. 10, address bits Al2 to Al5



2 5 APR 2002 -63 18. A cache nenory according to Caim 17, wherebre Sg
first operation node is a wite wthout data readout node, and mggﬁprﬁigg%
second operation node is a refresh node. 19. A cache nmenory according to
Claim 17, wherein said cache nenory is used in a data processing system
having a first | evel cache nenory connected to a CPU so that said cache
menory is enabled to operate as a sec6fdd"l evel cache menory for said first

| evel cache nenory. 20. A sem conductor integrated circuit conprising an
access controidrermadel biltsgB@d forB3 afcelse lpamk addressesibgeahcaess port,
and a plurality of nmenory macro structures connected to said access

control | er thaddpésa bata AP neopktll dxe madsgpartckesto cRd2tebl thee , rawer ei n
each of said nenory macro structures includes a plurality of nenory banks
havi ng bank a@ddeesesshgnatat eBheother akhorgeptnks thepeane va$yineach of
said nmenory banks contajning a word |ine to be selected on the basis of a
row address sid%al2-a Bt9-| f%esk*%‘”%eas%?%%‘éde’éﬁ“?%% ®5s3AAERSH col um

address signal.so as to be connected o a data. lipe of_ said nory nacro
structurg, a FERERDEREY | %o@%eﬂx%ﬂ‘p ep%‘?l“t’no’fni t@r sjei‘ti%g%"e?%en sai d

word |ine and_saj bt nd e i fi f I st orage
i nformation ?%hgég%féfi?%nzlgg%i %r?rer?r%égﬁ%ffg?i a%%eév%egr)fei%ﬁégé access

cont rol | er i nghasless o 2o APE\2003ar 64, SELESIRI6 £ARALL £ £le SElGELI NG a
menory macro structure To be accessed through sai irst access port and a
NMENDry MBCr O S4FHCROI£nd ORDEC ACERS SESk t A @EEdls S& §hSEC ONTh@CHEvsT pPor t
respectively, an access priority judgnment unit which permts parallel
access throughl squutderit r 5§ tiel sEmONals alweBsgpPodi s Ihesadtt ceSsFidy ouph sai d
first access port and access through said second access port use different
menory d@cr o and utl uraspanhn efldaddsdsonimiokmEnbomtcongtained fix Wperati ng
for every nenory bank with respect to saidl nenory macro structure to be
accessed, anedd¥es$ nsigngliosjertiemi fromrthe RV ny and 41384 caslyan at ched by
said sense anplifier to be output to said data line in response to an
access requestnehi %@d%ﬁ%rlmﬁé Lt nhl ot levak FRIMIRIRITY i egr at ed

Cves ool ahd % part B Aar 888" B ol L SR indd i g nrer UM
priority detergipedsin, adyan 204 2EEES Sch T QBghy Sl t\;;éétansgcagrgen%grgort

and access thr oug% sal SECOH%%@CESS port "usSe one an e Ssa

macro syguct ugg?rg@s frﬁ@g%fés’%%&ée& 'UJP%{ ol £ch Gl tsQCLOT Nge to Caim

21, wherein at |east one Irst and second access ports is provided
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banks respectively. With respect to different DRAM
banks contained in one DRAM macro structure, when a
column operation is performed in one DRAM bank, a row
command CR can be supplied to the other DRAM bank

25 concurrently with the column operation in one DRAM bank
so that a word line selecting and sense amplifier
latching operation is performed precedently.

Accordingly, when a column access operation is performed
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banks. In the case of Fig. 13 corresponding to Fig. 9
without address alignment control, all the 64 DRAM banks
are switched successively and the selection of the word
line is switched successively (the case of continuous 64
banks). In the case of Fig. 14 corresponding to Fig. 10
showing a first example of address alignment control,
the selection of the word line is switched while 4 DRAM
banks are switched cyclically (the case of continuous 4
banks). 1In the case of Fig. 15 corresponding to Fig. 11
showing a second example of address alignment control,
the selection of the word line is switched while 8 DRAM
banks are switched cyclically (the case of continuous 8
banks) .

If the frequency in selection of one and the
same memory bank in index addresses close to each other
in replacement of a cache line is high, the hit ratio by
the sense amplifier cache function decreases as
information access addresses are closer to each other.
If the frequency in selection of different memory banks
in index addresses close to each other in replacement of
a cache line is high, the hit ratio by the sense
amplifier cache function increases as information access
addresses are closer to each other. Which is selected
more advantageously depends on address mapping of data
and commands. Selection can be made in accordance with
an application system.

Wiring in which address alignment is fixed by

metal option can be used as the address alignment

2§y AR

10@@
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5 <Parallel Access to Non-conflicting DRAM Macro

Structures>
Fig. 16 shows an example of the data buffer

circuit 45. The data puffer circuit 45 has a
combination of a read data buffer 454R and a write data

10 buffer 454W connected to the data bus 10DB of the first
port PT1l, a combination of a read data buffer 455R and a
write data buffer 455W connected to the data bus 11DB of
the second port PT2, and selectors 450R, 451R, 452W and
453W. The selector 450R selects one of the DRAM macro

15 structures 5Ma to 5Md and connects the selected DRAM
macro structure to the read data buffer 454R. The
selector 451R selects one of the DRAM macro structures
csMa to 5Md and connects the selected DRAM macro
structure to the read data puffer 455R. The selector

20 452W selects one of the DRAM macro structures 5Ma to 5Md
and connects the selected DRAM macro structure to the
write data buffer 454W. The selector 453W selects one
of the DRAM macro structures 5Ma to 5Md and connects the
selected DRAM macro structure to the write data buffer

25 455W. The selection signals of the selectors 450R,
451R, 452W and 453W are output from the controller 46.

Each of the output of the read data buffer
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When access through the first access port PT1
and access through the second access port PT2 use
different DRAM macro structures respectively, the access

10 priority judgment unit 40 permits parallel access
through the two access ports.

Such non-conflicting access to DRAM macro
structures is judged on the basis of comparison between
a macro address signal contained in an address signal

15 supplied from the bus 6AB and a macro address signal
contained in an address signal supplied from the bus
11AB. A result of the judgment is given to the
controller 46, so that the controller 46 performs
selection control of the selectors 450R, 451R, 452W and

20 453W on the basis of the macro address signals supplied
from the two buses.

When access through the first access port PT1
and access through the second access port PT2 use one
and the same DRAM macro structure, the access priority

25 judgment unit 40 gives priority to the operation of
higher-priority access port determined in advance.

Fig. 17 shows an example of a procedure for

access priority judgment and access control using the
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input source is the priority port or not (S1). If
access is through the priority port, a judgment is made
as to whether there is any waiting priority access or

10 not (S2). Waiting is made until the priority access
terminates (S3). Then, the hit/miss judgment unit 43
makes a hit/miss judgment of the sense amplifier cache
(S4). If there is cache-miss, word line selection as a
row address operation and row access for latching the

15 sense amplifier are performed (S5). Then, column access
such as a column selecting operation, or the like, is
performed (S6). Thus, data are output (S7). If cache-
miss is detected in the step S4, the situation of the
procedure skips over the row access step (S5) to the

20 column access step (S6) and the data output step (57).
If there is no priority access in the step S1, a
judgment is made as to whether there is access conflict
with priority access or not (S8). If there is access
conflict, waiting is made until priority access

25 concerning the conflict terminates (S9). Then, the
situation of the procedure goes to the step S4.

Figs. 18A to 18D show some examples of

operation timing of DRAM macro structures on the basis



LOXXXX! +] 4" 109 XX X&' () -t S2YL0%VE' () - XXXY@/dYYdEuV7! ynt' 10% & () - f 12% APR) 2002
% & ()-mo% & ()-@
10% & ()-& 10% & () - YYYZ<ZnZZdEuV7! %ML0% & ()-#"10% & ()-!y10% & ()-S
10% & ()-&

10% & ()-Fs10% & () - ZZZZ#[Y[[dEuV?'fOSlOO/‘ & ()-.10% & ()--"110% & () -
+10% & ()-S@10% & ()- ' y10% & ()-[[[ &4 \}\ ~\\dYNCl 10" 10°
10" ::10% & ()-f,810% & ()-L610% & ()-14m0% & ()-210% & ()-\\\\]8] 0] *?YNC! &
109 () - ! a&y@%éhe) rb&bd¥&of) tiaew&bé)sslgw&ri); y&3Qden)r. Assume
o] IN{"8 d__( } <YNCI I +9%8 10%3x3& () - 7#10%4v& 1109 & ()-S'y! 10% [ & () - S@
"10%v&' () - S! @k0YRRECO6hdSEioa| aaaaawawssy%@ﬁalewmmowalw aBe
109VE' ()-14."10%& ()-S!'4."10%& ()-S! &% 10%s& () - 7aaa$b] bbbdEMC! | +f
mM0% & () - 10%tgpliedl6%oR ChelCPU&L( LhioUgh thef BESOGRAR &nd3bHdbesscdEMC! | +
10% & ()-f310% & ()-10% & ()-3210% & ()-S10% & ()-s&10% & () -cc) d] dddddEMC!
| +S#10% & () sigped & ¢BO, to aB3 are supplied from the outside through
10% & ()-L10% & ()-110% & ()-S310% & () -d$eYel eeef dEMC! ! +. 10% & () - & 10% &
() - F+G1O% & thef brgod 8AB) as1ebpen( Lnoddds &1B1-f f 7f qfffffde / 10t

10t 3: 10% & o & nl0% &' 110% & % & % & () -
1013 10 & () SS3@OM &, () - SIONE. ()41 O, ) P@OM e, () -010 & (-1

IShrs () coigiet (L iont ot (LI (U MR AL 5

105 () O LOWBAEY: 6 200 5°0) CTBOCEE) " RETOBEEEET DLt Tothmmvvoo( ph[ <E
101 $i1 109 (1 ¢E838hE0BRsr akko: 5E0UBELELs . 1RIBKOLSckbe, the two

10 DRAM macro structures as a subject of access operate
concurrently and independently. Fig. 18C shows the case
where there is access conflict in DRAM macro structure
as a subject of access and the case where access
priority is given to the address input aB, that is, the

15 case where access occurs in one and the same DRAM macro
structure. With respect to the first access request,
the addresses aA0 and aBO conflict with each other.
Access to the address aA conflicts with the other
priority access from the beginning. Accordingly, access

20 to the address aA is put in a wait state until all
operations for the address aB terminate. Fig. 18D shows
the case where there is access conflict in DRAM macro
structure as a subject of access and the case where
access priority is given to the address input aA, that

25 is, the case where access occurs in one and the same
DRAM macro structure. In this case, cache-miss occurs
in the first access aA0. In the period of replacement

or cache-fill of a cache entry for the cache-miss, the
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to data dAl following the data dA0 and concerning cache-
5 hit have priority to access to addresses aB2 and aB3.
Waiting for access to the data dB2 and dB3 is made until
access to the data dAl terminates.
From the above description, in a system LSI in
which a plurality of DRAM macro structures are embedded,

10 non-blocking multi-access can be performed for a
plurality of access requests without access conflict in
the DRAM macro structures so that one access does not
block the other access. When, for example, access from
the outside is performed by control of a DMAC not shown,

15 access to a DRAM macro structure by the CPU 1 is
permitted within a range in which the operation of the
CPU 1 is not stopped and in which there is no obstacle
to access from the outside. This contributes to
enhancement of data processing efficiency.

20 From a point of view of the non-blocking
multi-access without access conflict in DRAM macro
structures, the system LSI can be configured as shown in
Fig. 19. The DMAC 7 is connected to the second port
PT2. Data input/output of the first port PTl1 is set as

25 32 bits. The first level cache memory 2 is not
constituted by a unified cache memory but separated into
an instruction cache memory 2I and a data cache memory

2D. Although no path but data paths is shown in Fig.
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1 easily.
Incidentally, functional blocks in the
5 configuration of Fig. 19 may be provided as LSIs
respectively so that a data processing system can be
configured by multi-chips. Further, in the afore-
mentioned access method, there is some case where
latency from the address input of the access optimizer
10 to the data output is not constant in accordance with
the access conditions. In this case, an SRAM interface
may be used as the interface for the access ports PT1
and PT2 so that the system can be connected to an
existing system easily even in the case where the system
15 is used in combination with the existing system. For
this purpose, the access optimizer 4 may be formed so as

to output a wait signal in a period of from the address

input to the data output.

<Write without Data Readout in Second Level Cache Memory

20 composed of DRAM macro structures>
Write without data readout in DRAM banks in

DRAM macro structures provided specially as a second

level cache memory in a system LSI will be described

below. Generally, when data are to be written in DRAM, -
25 data are once read out from memory cells to sense

amplifiers and a part of data is then rewritten. That

is, read modify write is performed. When the sense
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amplifier cache function of the DRAM macro structures is

used as a second level cache memory, there is no

necessity of performing read modify write because data

are managed by word lines. Therefore, for write, an

5 operation of reading data to the sense amplifiers is not

performed and write data are transferred from the main

amplifiers to the bit lines at the same time or just

after rising of the word line. In this manner, one-

word-line's data are written at a high speed.

10 With respect to the data write mode, the DRAM
bank timing generator 54 for achieving the afore-
mentioned write without data readout has a first
operation mode (write without data readout mode) for
activating the sense amplifier at first timing after

15 selection of the word line, and a second operation mode
(refresh mode) for activating the sense amplifier at
second timing slower than the first timing after
selection of the word line. Though not limited
specifically, the first operation mode is set by

20 asserting the column command CC just after asserting the
write—-enable signal WE and the row command CR. In the
first operation mode, the column address signal is
provided together with the column command CC. Though
not limited specifically, the second operation mode is

25 set by negating the write-enable signal WE and asserting
the row command CR. In the second operation mode, the

refresh address (row address) is provided together with

the row command CR. Column access is unnecessary for
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the refreshing operation.
Fig. 20 shows an example of an operation
tiring chart in a direct burst write mode as an example
of the write without data readout mode. Just after a
5 word line WL is selected at time t0, electric sources ¢
N and ¢P for sense amplifiers are switched on so that
the sense amplifiers are activated. Further, first 128-
bit write data DO are input from the global bit line GBL
to the 128-bit local bit line BL through the column
10 switch circuit 52 on the basis of the column selection
signal ¥YsO0O. The input 128-bit write data DO are latched
by corresponding 128 sense amplifiers. The potential
condition of a corresponding local bit line BL is
determined in accordance with the latched data.
15 Thereafter, the same write operation as described above
is continued in a period of from time tl to time t127.
Finally, data are written in 1024-bit memory cells with
respect to one word line.
Fig. 21 shows an example of an operation
20 timing chart in the refresh mode. 1In the refreshing
operation, read modify write must be performed from the
nature of the operation for refreshing storage
information. Accordingly, a precharging operation
terminates at time t00. A word line selecting operation
25 is performed at time t0l. After a differential voltage
based on electric charge information supplied from

memory cells to the local bit line BL by the word line

selecting operation becomes large to a certain degree,
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line BL is driven so that information stored in the
) memory cells are refreshed on the basis of the electric
charge information. 1In this operation, a timing margin
is taken in a period of from time t00 to time tO1l.
If not only data write by word line but also a
write operation for a part of one-word-line's memory
10 cells are supported, read modify write is required as
well as the refreshing operation. This is because data
in other memory cells than memory cells as a subject of
write must not be destroyed even in the case where a
word line is selected. If read modify write is used for
15 one-word-line's writing, the same timing margin as in
the refreshing operation is added to the access time as
shown in Fig. 22. As a result, the write time becomes
long compared with Fig. 20.
Although the present invention provided by the
20 inventor has been described specifically on the basis of
embodiments thereof, it is a matter of course that the
invention is not limited thereto but may change
variously without departing from the gist thereof.
For example, the number of DRAM macro
25 structures and the number of DRAM banks contained in
every DRAM macro structure are not limited to the
aforementioned example and can be changed suitably.

Further, the kind and number of circuit or function
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the aforementioned example. An address conversion
buffer may be contained or a DSP may be embedded.

5 Although the above description has been made upon the
case where DRAM macro structures and DRAM banks are used
as an example of the large-capacity memory, the memory
macro structures and the memory banks are not limited to
the DRAM type except embodiments concerning write

10 without data readout. For example, SRAM (Static Random
Access Memory), or the like, may be used as the large-
capacity memory. Further, embodiments concerning
address self-prefetching and non-blocking multi-access
are not limited to the form of specific use of the

15 memory macro structures as a second level cache in which
data are managed by word lines. It is a matter of
course that the invention can be applied also to the
case where the memory macro structures are used as a
main memory simply.

20 The effects obtained by the aforementioned
embodiments will be described in brief.

That is, the hit ratio of the sense amplifier
cache can be enhanced by the next address self-
prefetching.

25 When replacement of a cache entry is performed
because of cache-miss of a set associative type first
level cache memory, the lowering of the operating

efficiency of multi-bank DRAM can be prevented.
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For a plurality of access requests in the case

where an access request from the CPU to the memory macro
5 structures and an access request from the outside to the
memory macro structures do not conflict with each other,
non-blocking multi-access can be made so that one access
does not block the other access.
Data rewriting for a multi-bank DRAM using a
10 cache line as a word line unit can be performed more

efficiently.
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wherein each of said memory macro structures
includes a plurality of memory banks having bank
addresses allocated to said memory banks respectively,
each of said memory banks containing a word line to be
selected on the basis of a row address signal, a bit
line to be selected on the basis of a column address
signal so as to be connected to a data line of said
memory macro structure, a memory cell provided at a
point of intersection between said word line and said
bit line, and a sense amplifier for latching storage
information read out from said memory cell, and
wherein said access controller includes an
address/command generating unit for operating for every
memory bank, a hit/miss judgment unit for enabling data
already latched by said sense amplifier to be output to
said data line in response to an access request coming
after data latching, and an address self-prefetching
unit for self-prefetching an access address having a
predetermined offset to an external access address after
access control of said memory macro structure is
effected with respect to said external access address so
that data in said self-prefetched address is preread
from said memory cells of said memory macro structure by

said sense amplifier.

2. A semiconductor integrated circuit according
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10tt 10tt wherein said address signal output from said
address/command generating unit is formed so that a bank
address signal and a row address signal are mapped on a
high order bit side of a column address signal and on a
high order bit side of the bank address signal,
respectively, and
wherein said predetermined offset is 2 to the
power i from the least significant bit of said column
address signal when i is the number of bits in said
column address signal.
3. A semiconductor integrated circuit according
to Claim 2, wherein said access address having said
predetermined offset to said external access address is
provided as an address for designating a memory bank
different from a memory bank designated by said external
access address.
4. A semiconductor integrated circuit according
to Claim 3,
wherein said hit/miss judgment unit has a
comparator for detecting coincidence/anticoincidence
between said external access address and an access
address for storage information held in said sense
amplifier, and
wherein said address/command generating unit
instructs said memory macro structure designated by said

external access address to select a memory bank, a word

line and a bit line in response to anticoincidence
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macro structure designated by said external access
address to suppress the word line selecting operation to
select a memory bank and a bit line in response to
coincidence detected by said comparator.
5. A semiconductor integrated circuit according
to Claim 4,
wherein said hit/miss judgment unit further
has an address register for registering information of
said storage information access address held in said
sense amplifier in accordance with every memory bank,
and
wherein said comparator compares said access
address information registered in said address register
with a current access address and gives a result of the
comparison to said address/command generating unit.
6. A semiconductor integrated circuit according
to Claim 1, further
comprising a CPU connected to said access controller,
and a first level cache memory connected to said CPU and
said access controller,
said access controller including an address-
alignment control unit for allocating an alignment
contained in an address signal supplied from said CPU
and different from an alignment of a plurality of
address bits allocated to an index address of said first

level cache memory to a bank address of said memory

bank.
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connected to said CPU and said access controller, said
access controller being provided so that at least low
order 2 bits of a tag address of said first level cache
memory in an address signal supplied from said CPU are
allocated to at least one of an address for designating
said memory bank and an address for designating said
memory macro structure.

8. A semiconductor integrated circuit according
to Claim 1, further comprising a CPU connected to said
access controller, and a first level cache memory
connected both to said CPU and to said access
controller, said access controller being provided so
that at least low order 2 bits of an index address of
said first level cache memory in an address signal
supplied from said CPU are allocated to at least one of
an address for designating said memory bank and an
address for designating said memory macro structure.

9. A semiconductor integrated circuit according
to Claim 1, further comprising a CPU connected to said
access controller, and a first level cache memory
connected to said CPU and said access controller, said
access controller being provided so that at least low
order 2 bits of an index address of said first level
cache memory in an address signal supplied from said CPU

are allocated to a column address signal.
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wherein said memory cells are dynamic memory cells, and
wherein commands supplied from said access
controller contain a first command for instructing said
memory macro structure to select said word line, and a
second command for instructing said memory macro
structure to select said bit line.
11. A data processing system comprising,
a CPU,
a first level cache memory connected to said
CPU, and
a second level cache memory connected both to
said first level cache memory and to said CPU and
provided for said first level cache memory,
wherein said second level cache memory
includes memory macro structures, and an access
controller,
wherein each of said memory macro structures
includes a plurality of memory banks having bank
addresses allocated to said memory banks respectively,
each of said memory banks containing a word line to be
selected on the basis of a row address signal, a bit
line to be selected on the basis of a column address
signal so as to be connected to a data line of said
memory macro structure, a memory cell provided at a

point of intersection between said word line and said

bit line, and a sense amplifier for latching storage
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wherein said access controller has an
address/command generating unit for operating for every
memory bank, a hit/miss judgment unit for enabling data
already latched by said sense amplifier to be output to
said data line in response to an access request coming
after data latching, and an address alignment control
unit for changing bit alignment of an access address
signal supplied from the outside of said access
controller and supplying said access address signal with
the changed bit alignment to said memory macro
structure.
12, A data processing system according to Claim
11, wherein said address alignment control unit is
provided so that an alignment contained in an address
signal supplied from said CPU and different from the
alignment of a plurality of address bits allocated to an
index address of said first level cache memory is
allocated to said bank addresses.
13. A data processing system according to Claim
11, wherein said address alignment control unit is
provided so that at least a part of alignment of address
information contained in an address signal supplied from
said CPU and used as an index address of said first
level cache memory is changed so as to be allocated to
bank addresses of said memory banks.
14, A data processing system according to Claim

13, wherein said address alignment control unit is
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an index address of said first level cache memory and a
part of address information contained in the address
signal supplied from said CPU and used as a tag address
are replaced with each other so as to be allocated to
bank addresses of said memory banks.
15. A data processing system according to Claim
14, wherein said address alignment control unit has a
switch circuit for making the alignment change of
address information variable, and a control register for
latching control information for determining a switch
state of said switch circuit, said control register
being enabled to be accessed by said CPU.
16. A data processing system according to Claim
11,

wherein said hit/miss judgment unit has a
comparator for detecting coincidence/anticoincidence
between an access address supplied from the outside and
an access address of storage information held in said
sense amplifier, and
wherein said address/command generating unit

instructs said memory macro structure designated by an
external access address to select a memory bank, a word
line and a bit line in response to anticoincidence
detected by said comparator while said address/command

generating unit instructs said memory macro structure

designated by an external access address to stop the
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word line selecting operation and select a memory bank

and a bit line in response to coincidence detected by
said comparator.
17. A cache memory comprising DREM macro
structures, and an access controller,

wherein each of said DRAM macro structures
includes a plurality of memory banks having bank
addresses allocated thereto respectively, each of said
memory banks containing a word line to be selected on
the basis of a row address signal, a bit line to be
selected on the basis of a column address signal so as
to be connected to a data line of said DRAM macro
structure, a memory cell provided at a point of
intersection between said word line and said bit line,
and a sense amplifier for latching storage information
read out from said memory cell,

wherein said access controller includes an
address/command generating unit for operating for every
memory bank, and a hit/miss judgment unit for enabling
data already latched by said sense amplifier to be
output to said data line in response to an access
request coming after data latching, and

wherein each of said memory banks has a first
operation mode for activating said sense amplifier at
first timing after selection of said word line, and a
second operation mode for activating said sense
amplifier at second timing later than said first timing

after the selection of said word line.
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refresh mode.
19. A cache memory according to Claim 17, wherein
said cache memory is used in a data processing system
having a first level cache memory connected to a CPU so
that said cache memory is enabled to operate as a second
level cache memory for said first level cache memory.
20. A semiconductor integrated circuit comprising
an access controller including a first access port and a
second access port, and a plurality of memory macro
structures connected to said access controller through a
data line peculiar to said access controller,

wherein each of said memory macro structures
includes a plurality of memory banks having bank
addresses allocated to said memory banks respectively,
each of said memory banks containing a word line to be
selected on the basis of a row address signal, a bit
line to be selected on the basis of a column address
signal so as to be connected to a data line of said
memory macro structure, a memory cell provided at a
point of intersection between said word line and said
bit line, and a sense amplifier for latching storage
information read out from said memory cells, and

wherein said access controller includes
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selectors capable of selecting a memory macro structure
to be accessed through said first access port and a
memory macro structure to be accessed through said
second access port respectively, an access priority
judgment unit which permits parallel access through said
first and second access ports when access through said
first access port and access through said second access
port use different memory macro structures, an
address/command generating unit for operating for every
memory bank with respect to saidl memory macro structure
to be accessed, and a hit/miss judgment unit for
enabling data already latched by said sense amplifier to
be output to said data line in response to an access
request coming after data latching.

21. A semiconductor integrated circuit according
to Claim 20, wherein said access priority judgment unit
gives priority to operation of one of the access ports
having higher priority determined in advance when access
through said first access port and access through said
second access port use one and the same memory macro
structure.

22. A semiconductor integrated circuit according
to Claim 21, wherein at least one of said first and
second access ports is provided with an SRAM interface
function.

23. A semiconductor integrated circuit according
to Claim 20, wherein, in a data processing system having

a CPU, a first address bus, a first data bus, a bus
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interface circuit, a second address bus, and a second
data bus, said first access port is enabled to be
connected to said CPU through said first address bus and
said first data bus and said second access port is
enabled to be connected to said bus interface circuit
through said second address bus and said second data
bus.
24, A semiconductor integrated circuit according
to Claim 20,

wherein, in a data processing system having a
CPU, a first level cache memory, a first address bus, a
first data bus, a bus master, a second address bus, and
a second data bus, said first access port is enabled to
be connected to said CPU and said first level cache
memory through said first address bus and said first
data bus and said second access port is enabled to be
connected to said bus master through said second address
bus and said second data bus, and

wherein said semiconductor integrated circuit
is enabled to operate as said second level cache memory

for said first level cache memory.



