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APPARATUS .AND COWPUTER  SYSTEM BA | ON The p
invention relates to a sem con W%g ér&t‘us 3;! r%
paﬁticular to a technique effe | i#ca 0 a Cache nory It 5
in a data processing appar at us li ke a n1croprocessor or a mcroconputer. In

recent years, with the increase in the opgerating frequency of the
m cr oprocessor, there BEMICONBUCTOR mmagmsrmsﬂummmmuy of a

hi gher 10 speed. In thepgac @ﬁu%gg&ﬁy ﬁﬁﬁﬁﬁ ﬁn%ﬁbhk§ﬁ¥ ns- mtting
signals to nmenory cells through bit lines, and are rea ron?hﬁe menory
cells by transmtting themto an anplifier circuit through bit lines. For a
cache nmenory of a high operating speed to be realized, therefore, it 15 is
cruci al to reducBAGKCRQPHZIQE THE tINVENTIQON nes. Menories with a reduced
capacity of bit lines include a circuit with a meno mat  di vi ded, and bit
lines formed in a hierarchyTHhREgIRAE e#nY%Tf*é%?’édr?%XE%stﬁ% drepigen-1)

di sclosed in | SSCC Di gest of Technical Pape

304: 3 Feb., 1995.
The menmory accor HYHETD RERCTLF i3RPRE] ‘lsto%r’f‘%lgé Janr@%?ﬁc'r‘rg? V\}'e'? h&

6-transistor nent"ééﬁﬁique effectively appllcable to a cache memory built

5 1in a data processing apparatus like a micféprocessor or a
microcomputer. -
| In recent years, with the increase in the
opexating frequency of the microprocessor, there has been
an increasing demand for a cache memory of a higher

10 speed. In the cache memory, data are written by trans-
mitting signals to memory cells through bit lines, and
are read from the mémory cells by transmitting them to an
amplifier circuit through bit lines. For a cache memory
of a high operating speed to be realized, therefore, it

15 is crucial to reduce the capacity of the bit 1ines.“
Memories with a reduced capacity of bit lines include a
circuit with a memory mat divided and bit lines formed in
a hierarchy (hereinafter referred to as the priof art 1)
disclosed in ISSCC Digest of Technical Papers, pp.

20 304-305, Feb., 1995.

The memory according to the prior art 1
comprises a memory mat with 6-transistor memory cells
arranged in an array and divided into n equal parts to
form n blocks. The bit lines (BL, BLB) in each block are

25 connected with an I/0 bus formed across the bank through



arranged in an array and divided into n equal parts to formn blocks. The
© bit lines {BL, BLB) in each block are 25 connected with-an I/O bus forned

across the bank through a sense anplifier (S/A) and an |/Ocircuit
configured in a pair with each block. Imreading data, the data read from
each nmenory cell is transmtted to the sense anplifier (S/A) and the 5 1/0

circuit using the behsei appliBierBiByay)handbynt @/outprtudat aohdigaredOihus.
Data are witten in the nenory cells by transnitting the data in the I/O
bus to the bit |anpaigBwitBlL8achsbihgckhe sense anplifier (S/A) and the 1/0
circuit. 10 SUMVARY OF THE | NVENTI ON An obj ect of the present invention is
to provide a cache nmenory In weadhingi datapettiesdatagrepd fzom BREShwimemoxy
reduced area of a nmenory cell or a nmenory array, and_a sem conductor

appar at us conpri SPAd §§cﬁr§n§@rl§§§ﬁetﬁeﬁ%ﬁy$epxﬁ9t papléfiest (§/Aphand the

I nvention is to provide a_high-speed cache_nenory_and_a_seni conduct or
appar at us coﬁbrigfﬂgcéﬁEHlE-Bﬁéﬁg ﬁﬁﬁng}twﬂﬁﬁeé (Bfuc84Blokepredy to

output data to an I/0 bus. Data are written in the
memory cells by transmitting the data in the I/O bus to-
the bit lines (BL, BLB) using the sense amplifier (S/A)

and the 1/0 circuit.

10 SUMMARY OF THE iNVENTION
| An object of the present invention is to
provide a cache memory in which high-speed storage is
possible with a reduced area of a memory cell or a memory
array, and a semiconductor apparatus comprising such a

15 cache memory.

Another object of the invention is to provide a
high-speed cache memory and a semiconductor apparatﬁs
comprising such a cache memory with a reduced-power
consumption.

20 In the case where a memory according to the
prior art 1 is used as a data array of a cache memory,
the storage in the cache memory cannot be processed at
high speed. The reason will be described below.

The storage is a process in which data are

25 written after a data array receives a hit signal consti-
tuting a write permit signal from a tag arfay. The time

required for this process is the sum of "the time before



consunption. 20 In the case where a nmenory according to the

. prior-art 4 is used as a data array of a cache nenory, the storage in the
cache nmenory cannot be processed at high speed. The reason will be

destri bed bel ow. The storage is a proces3 in which data are 25 witten
after a data array receives a hit signal consti- tuting a wite perm:t
signal from a tagsaabdjshmeatt pfiear gt sédnhdr &ahds "phecédmel £oirh errddimaf
"the tinme before 3 establishnment of a hit signal” and "the tinme for
writing the datatheTdatat'i.neTher jtdmesbgifprehestabdishment ofgmahiti s the
sumof the tine required for reading the tag array and the tinme required
for conparing t h&igBglésdssthgagum g, the tigearespinedh fore neagingyithss.

B el e 0L PLASeRR) Faha! gk TR AR NS P Lo o
A R R Ll T e AR
froma cache ”enggﬁuqqgakhgosEQQEggfp&g%ess is lower in speed than the
operation of reading from or writing into an ordinary
memory not using the establishment of a hit signal. 1In
view of the fact that the tag array and the data array
10 can be accessed at the same time, the time of processing
the loading from a cache memory equal to that of the
operation of reading from an ordinary memory can be
achieved. Specifically, in the case where the operating
frequency of a microprocessor is comparatively low (say,
15 20 to 30 MHz or less), the resulting long machine cycle
makes it possible to realize the storage in one cycle.
With the increase in the operating frequency of the
microprocessor (say, to 50 MHz or more with one macﬁine
cycle of 20 msec or less), however, the storaée cannot be
20 realized in one cycle. Especially in the case where the
cache memory is accessed with an output address of a
conversion buffer for converting a logic address;into a
physical address, the establishment of a hit signal is
slower and the storage in one cycle is harder to realize.
25 In the conventional cache memory built in the micropro-
cessor adapfed for high-frequency operation, thereforé,
the storage is effected in two cycles and the loading in

one cycle. In the case where the microprocessor employs



operation of reading froman ordinary nenory can be achi eved. Specifically,
I n the case where the operating frequency of a m croprocessor is
conparatively low (say, 15 20 to 30 Mz or less), the resulting | ong
machi ne cycle nakes it possible to realige the storage in one cycle. Wth
the increase in the operating frequency of the m croprocessor (say, to 50
MHz or nore withaopgpebihenproyekeiny soheme; €hel fembryhaweves, sthge
storage cannot be 20 realized in one cycle. Especially in the case where
t he cache nenoryreguareesswd wytheanfout pibradd;ewithf thecaesalsi dhaltufther
for converting a logic address into a physical address, the establishnent
of a hit signal Pipsiéwner igndisturbed;agberabyneongtisutingardbotitdeneck
realize. 25 |In the conventional cache menory built in the mcropro- cessor
adapt ed for hi ghtPr8BuéMB¥o¥BEr PPEA, ofhEher Bieroprecesspige ila sfifwcodd in
two cycles ag? th .Ioaghng in one cycle. In the_case where the

e

M croprocess f8ystne Ee§°ﬁyp@F¥ﬁ§spF5€€§sPﬁﬂagéhéﬁé,tﬁﬁecﬂE%ﬁﬁy access
i e R LIRS L LI VR
to prevent the pipeline from being disturbed. An
increased number of pipeline stages, however, leads to
the problem of an increased power consumption.

10 The time required before establishment of a hit
signal is a stumbling block to an increased storage
speed. The present inventor has studied a method of
writing data in a data array before establishment of a
hit signal as a method of processing the storage at high

15 speed. In such a case, no pfoblem is posed when the hit
signal represents a "hit" indicating the write permission
at the time point when the hit signal is establishéd
after the write operation. In the case where the hit
signal represenﬁs a "mishit", however, it is nécessary to

20 restore the value before writing the data in the data
array. The result is the necessity of reading and
holding the data at the write position before the write
operation.

In other words, in the case where the storage

25 1is effected ignoring the hit signal to increase the speed
of storage process, the two operations of reading and
writing data are required to be performed continuously in

a single cycle. Unless this continuous read and write



to-an i nproved speed of the m croprocessor. In view of 5 this, the nenory
access stage always has two cycles, i.e., the nunber of pipeline stages is
increased in order to prevent the -pipeline frombeing disturbed. An
_increased nunber of pipeline stages, howgver, |eads to the problem of an

I ncreased power consunption. 10 The tinme required before

establ i shnent of opelfatidhg@ahnbt beSpeiEbrie@dbaeckigh apeedGr aahaghsispeade
speed. The present inventor has studied a method of witing data in a data
array before estshbrahgeets dimpasbible goakchdiezeneveadidf theobdssisignialle -
storage at high 15 speed. In such a case, no problemis posed when the hit
signal represent dsaighptredi.ndi cating the wite pernmission at the tine point
when the hit signal is established after the wite operation. In the case
where the hit signal repredantheamemosyi of thewdrder prt d/.nébeseperatdng
restore the value before witing the data in the data array. The_ resuylt is
the necessitySof SPESH: #§ ARGTRERAANEY: R TE4UFES: CARBSHEN STpitm BIE HeGse
the wite operation. | n other words, .i.n the case where the storage 25 is
ef f ect ed ignoring?‘faﬁet etw§?§ﬁaPpFGaFﬁ8Weé§ePFF§°§Fggdaﬁfasﬁﬁﬁgﬁgebrocess,

the two operati o 0h+5830L3Y e "¢ty datd! At the’ G’ AUGTRSAE PO Tod
continuously in
need of performing the write operation after a complete
read operation using the bit lines and the I/O bus,

- 10 however, lengthens thé processing time as compared with
the normal read or write operation. In other words, the
read operation requires one cycle and the write operation
one cycle, thus requiring a total of two cycles for
storage.

15 JP-A-4-85789 (hereinafter referred to as the
prior art 2), on the other hand, discloses a memory in
which what is called a dual-port memory cell connected to
a read address signal line, a write address signal iine,
a read data line and a write data line is used in such a

20 manner that the read side discharges while the write side
is precharging, and vice versa, thus apparently executing
the read and write operations at the same time. The use
of the dual port memory cell, however, poses the problem
of an increased area of the memory cell and the memory

25 cell area. Further, the increased area increases the bit

. line capacity, resulting in a longer memory access time
and a longer memory cycle time.

JP-A-3-216892 (USP 5387827) (hereinafter



a single cycle. Unless this continuous read and wite operati on cannot
be performed at high speed, a high-speed storage is inpossible to achieve
even if the hit signal is ignored. In the nenory of the prior art 1, the
operating 5 speed is increased by a reduied capacity of the bit |ines when
the wite operation is performed as a storage operation after reading data
at the sane addreeferfbéé neethefpptotroartnd)t hdPwAi-Be3dp8r ¢hiereiahifeera
conpl ete read operation using the bit Iines and the I/0O bus, 10 however

| engt hens the pruoefeskrad tpnesatheoppipsdawkt A)t BedndEREl Jouznadr ofrite
operation. In other words, the read operation requires one cycle and the
write operation SAadidyState; RLECrEEEr VA -a280t BP0 st REtEbEEred 388y PP-
storage. 15 hereinafter referred to,as the prior

art 2), on the oiﬂép'ﬁgég:?hgggiég §g£ FEABFY °fn tRhAEh tRRa PO AFted a
cual Port Ty okl haCpRRgEt £dnh, A3hETH-R"H RBRoRTIR! phiOhe e cuch
a 20 manner thaflLfe;;Gadaghdg dbmfba’ 423cdhhkfe! 18 ebhfiedtd8 through a
bit line and a MOS transistor. None of the prior arts 3,
4 and 5, however, has the description of the possibility
- of concurrent execution of the read and write operations.
10 All the prior arts 3, 4 and 5 concern a memory of BiCMOS
(Bipolar CMOS (Complementary Metal Oxide Semiconductor)).
The prior art 4 which has no direct description of the
BiCMOS, however, cites the prior art 5 as a conventional
technique. The use of the BiCOMS circuit can realize a
15 high-speed memory at the sacrifice of a larger power
consumption than the memory of the CMOS circuit.

It is important to realize a high-speed cache
memory only with a CMOS circuit. If the power consﬁmp-
tion of circuits integrated in a single semicoﬁductor

20 device is not more than 1.5 W, the resin sealing with a
resin mold technique or the like becomes possible, and
the cost of the semiconductor device can be reduced
considerably as compared with ceramic sealing used for a
semiconductor device having a high power consumption.

25 ' According to the present invention, a high-
speed storage process of a cache memory is realized by
suppressing the increase in the area of the memory cell

or the memory cell array.



I s-prechargi ng, and vice versa, thus apparently executing the read and
write operations at the sanme tinme. The use of the dual port nenory cell,
however, poses the problem of an increased area of the nenory cell and the
menmory 25 cell area. Further, the incréased area increases the bit line
capacity, resulting in a |onger nenory access tine and a | onger nenory
cycle tine. JP-A-3-216892 AUSB,53a8¢8zd)inghépeithef iaventibnr, efe high-speiede
prior art 3), JP-A-3-3195 (hereinafter referred to as the prior art 4) and
| EEE Journal of seche- semogyCiscueadizedl wizdouNoinsreasiogetheogowenp.
1048-1053 (hereinafter referred to as the prior art 5), 5 on the other
hand, discl ose aCRBSYPPLiLAMhIi ch a common read |ine and a conmon wite |ine
aré connect ed through a bit_line and a MOS transistor. Egne of the prlor

arts 3, 4 and 5, however, 3§ BREVEe2BF BENET J?E§Spo Aiuresy and

th d d t Al
orts 3 A ands eOYRRRROESnEaLy B mafleaEreReRd kY Hyesdetatiedhent ary
vetal Ocide Sem 4aAANGERGbh chzsnpueaewa ih Soiuile13n Wl t8E' accom-

description of t
panying drawings.

Representative aspects of the present invention

disclosed in this specification are briefly described
10 below.

A semiconductor memory apparatus comprises a
memory array (BANKl) including a plurality of word lines
(WL), a plurality of bit lines (LBL) and a plurality of
memory cells (CELL) arranged at the intersections between

15 the word lines (WL) and the bit lines (LBL), at least a
first global bit line (RGBL) connected to a sense
ampllfler (104), at least a second global bit line (WGBL)
connected to a write ampllfler (102), and a selectlon
circuit (¥SW1l) for selectively connecting the blt lines

20 (LBL) to the first global bit line (RGBL) or to the
second global bit line (LBL). The first global bit line
(RGBL) and the second global bit line (WGBL) are arranged
on the memory array (BANKl). When reading data from the
memory array (BANKl), the bit lines (LBL) are electrical-

25 ly connected to the first global bit line (RGBL), and the
data are output through the sense amplifier (104). When
writing the data in the memory cell array (BANKl), on the

other hand, the data are input to the second global bit



Bi @MOS, however, cites the prior art 5 as a conventional technique. The use
of the BiCOVS circuit can realize a 15 high-speed nenory at the sacrifice
of a larger power consunption than the nmenory of the CMOS circuit. It is

i ngortant to realize a high-speed cache &enory only with a CMOS circuit. If
t he power consunp- tion of circuits integrated in a single sem conductor 20

device is not Mena (RABLY- eh¥bubhe theskitedhnpd iWikh eroééi With 4he

techni que or the |iKe becones poOssible, and the cost of the sem conductor

“device can be pgdugedeeonsBUsr abkytas caQIpakehntictRdcebathe sealondy used
for a sem conductor device having a high power consunption. 25

According to t bdopadskit ddwentWeBL)a hi gh- speed storage process of a
cache nmenory is realized by suppressing the increase in the area of the
menory cell or the nmenorjtcghe &imgyof stprageowhsncdhei mgardo andewrite
i nvention, a high-speed cache nmenory is realized w thout increasing the
power consudmpt PEfratienghave sadréeRePUShSEECeSSiyglyredatadare read

out using the read global bit line (RGBL) concurrently
with the charge and discharge operation of the write
global bit line (WGBL). As a result, the write operation
can be completed simply by charging and discharging only
10 the local bit lines (LBL) having a small capacity after
starting the writé-operation upon completion of the read
operation, thereby making possible a high-speed write
operation.
Specifically, in view of the fact that the bit
15 1lines can be charged and discharged concurrently for the
read and write operations, the continuous read and write
operations can be improved in speed and can be completed
in a cycle. A one-cycle storage can thus be realizéd.
Also, since a continuous read and write
20 operation is possible at high speed, the read cycle time
is not lengthened even when the cycle time of the read
operation is equalized with the cycle time of the
continuous write operation. Also, if the cycle time of
the read operation is the same as the cycle time of the
25 continuous write operation, a memory such as the micro-
processor is more convenient to use as a device to be
accessed. Therefore, it is possible to provide a memory

in which the cycle time of the read operation is equal to



5 advantages wi || be nmade apparent by the detailed description taken bel ow
I n conjunction with the accom panying drawi ngs. Representative aspects of

the present invention disclosed in this specification are briefly described
10 “bel ow. A sem conductor nenory apparat@s conprises a nenory array (BANK1)
including a plurality of word lines (W), a plurality of bit lines (LBL)

and a pluralitynef cyBrer¥imel bg thELEdnREHABASArahd!l BRd! FrEkecobeas
between 15 the word lines (W) and the bit lines (LBL), at leaSt a first

“global bit |ineiéRGBLIncotheet wriis, athensemafpl sbeeifitd4)ionalbfl @ast a
second gl obal bit [ine (W3BL) connected to a write anplifier (102), and a
sel ecti on cir cmemof¥YStdn ﬁefiseleheisamg cyniecting bliethet reades 20 (LBL)
to the first global bit line ( a or to the second global bit line (LBL).
The first gl obapegatlpnngsm@ewya € thmesefombeglobgingious| nead weBl) are
arranged on the nmenory array (BANK1l). Wen reading data fromthe nenory
array (BANKL), WFHEebPPeFFﬁéQnéLBL) are electrical- 25 1y connected to the

first global bit line ( and t he data re o;% p ugh t he sense
amplifier (104). Wen mm#tFﬁBr?ﬁﬁnﬁaFéVFne 8cﬁe 29183 | 3¢ (BANK1), on

the ot her handinvegtggn dl%glbggatln th Eg %E%%E?x%'%?%h aE% briefly

described below.
Specifically, in view of the fact that the bit
10 lines can be charged and discharged concurrently for read
and write operations, the continuous read and write
operation can be improved in speed and can be completed

in a single cycle.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Fig. 1 is a circuit diagram showing a semi-
conductor memory apparatus according to a first
embodiment of the invention.
Fig. 2 is a circuit diagram of a sense
amplifier latch circuit according to another embodiment.
20 Fig. 3 is a circuit diagram showing the case in
which a pair of global bit lines are formed for each four
pairs of local bit lines.
Fig. 4 is a layout of a memory mat section of a
semiconductor memory apparatus according to the first
25 embodiment.
Fig. 5 is a sectional view of the memory mat

section of a semiconductor memory apparatus according to



8 Fine (WEBL) through the wite anplifier (102) with the bit lines (LBL)

el ectrically connected to the second global bit line (WEBL). At the tine of
storage when the read and wite 5 operations are carried out successively,
dat'a are read out using the read global 1Bt line (RGBL) concurrently with

t he charge and di scharge operation of the wite global bit line (WEBL). As
a result, the wthe dpesatémbodiment. conpl eted sinply by charging and

di scharging only 10 the local bit lines (LBL) having a small capacity after
starting the wite operatiBbhguponisoapditagoamoshowingecadlapentt ivaget aéraby
maki ng possi ble a high-speed wite operation. Specifically, in view of the
fact that the bi164KB| nemary awsbed chasgoiicandugrer HaeyerY cRREAFRERE| y for
the read and wite operations, the continuouys read and wite operations can
be inproved in sPEEATAHRACER Bhe EipeEiemoPdimentei e, A one-cycle storage
can thus be realized. AIsoF.sin?e.a coatinuous ﬁead and wite go gperati on
i s possible hi gh speed, “t%e feht Ry¢HRIFRReSHOWLING an operation

waveform for storage operation of a semiconductor memory
'apparatus according to the first embodiment.

Fig. 8 is a block diagram showing a cache
memory (second embodiment) using a semiconductor memory

10 apparatus according to the first embodiment.

Fig. 9 is a diagram showing an operation
waveform of a cache memory according to the second
embodiment.

Fig. 10 is a block diagram showing a computer

15 system (third embodiment) using a cache memory according
to the second embodiment.

Fig. 11 is a block diagram showing the
essential parts of a rewrite bus of a primary cache-
according to the third embodiment.

20 Fig. 12 is a circuit diagram showing a
semiconductor memory apparatus according to a fourth
embodiment.

Fig. 13 is a diagram showing an operation
waveform of a semiconductor memory apparatus according to

25 the fourth embodiment.

Fig. 14 is a circuit diagram of a semiconductor
memory apparatus according to a fifth embodiment.

Fig. 15 is a diagram showing an operation



I s*not | engt hened even when the cycle tine of the read operation is

equalized with t

he cycle tinme of the continuous wite operation. Also, if

the cycle tine of the read operation is the same as the cycle tinme of the
25 “conti nuous wite operation, a nenoryl$uch as the micro- processor is

nore conveni ent

to use as a device to be accessed. Therefore, it is

possi bl e to provwdeefofmnofyai semicohdubeoeymemokrymapphrakasr agdoeddnat iton
is equal to 9 the cycle tine of the continuous read and wite opera-
tion. In other wohesfifhb emboddmepstcificati on of a nenory can define the

sanme cycle tine

of the read operation as the cycle time of the continuous

read and 5 wite operati onFig-r dfr éSept §ireuisi ddagram §hAWANEy 2t he
i nvention disclosed.in this specification are briefly described _bel ow
Specifically, inSfmEGEBAUCKET REPOXKAPPAEALNE 2FCPEFHLRICER BeSdFdhged and

di scharged concurr nggﬁe%gr read and wite operations, the continuous read

and write opetat

10

15

20

25

I nproved in speed and can be conpl et ed
Fig. 17 shows a bit line capacity of a

semiconductor memory apparatus accoxrding to the sixth
embodiment.

Fig. 18 is a diagram showing a simulation
operation waveform of a semiconductor memory apparatus
according to the sixth embodiment.

Fig. 19 is a diagram comparing the cycle time
of a semicbnductor memory apparatus according to the
sixth embodiment with that of the prior art.

Fig. 20 shows a circuit configuration and a
simulation waveform of a sense amplifier latch circuit of
a semiconductor memory apparatus according to the sixth
embodiment.

Fig. 21 is a photographic copy of a-prototype
of a semiconductor memory apparatus according to the
sixth embodiment.

Fig. 22 is a diagram showing an operation
waveform of a semiconductor memory apparatus according to

the sixth embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
A semiconductor memory apparatus according to

several preferred embodiments of the present invention



in-a single cycle. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 Fig 1
Is acircuit diagramshow ng a sem - conductor nenory apparatus according
to a first enbodi nent of the invention. Fig. 2 is a circuit diagramof a
sense anplifier latch circuit accordi ng12o anot her enbodi nent. 20

Fig. 3is a circuit diagramshow ng the case in which a pair of global bit

[ines are for iagh { OpoCa6 et oEAPBL §uCki LRORLEBENLLNES: tFEOarfuifgs. | aYOUL
of a nenory mat section of a sem conductor nenory apparatus according to

"the first 25 eobaBbdeRéntF1lg. 5 is a sectional view of the nenory mat
section of a sem conductor nenory apparatus according to 10 the first
enbodinent. Fig. 6 is a Higgranishawhgcaitagbagramagrowing 46- KB nenory
usi ng a sem conductor nenory apparatus according to the first enbodi nent. 5
Fig. 7 is a di sgnanesiveirny memopyrappapnatus according to a first
5 embodiment of the invention. A semiconductor memory
apparatus 100 is formed on a single semiconductor
substrate of single crystal silicon or the like using the
technique of fabricating a semiconductor integrated
circuit. A plurality of memory cells CELL are arranged
10 in matrix to constitute a memory array. The memory array
is divided into n banks (BANK1l to BANKn).

The memory cells CELL each include a flip-flop
(having P-channel MOS transistors MP1l, MP2, and N-chanhel
transistors MN1l, MN2) with a pair of CMOS inverters

15 having input and output terminals thereof connected to
each other, respectively, and N-channel MOS transistors
MN3, MN4 for selectively connecting the nodes N and NB of
the flip-flop to the local bit lines (LBL, LBB). Tﬁe
gates of the N-channel MOS transistors MN3, Mﬁ4 are

20 connected with a word line WL.

The local bit lines (LBL, LBLB) making up
internal bit lines of each bank are connected to global
bit lines (RGBL, RGBLB, WGBL, WGBLB) formed in parallel
with the local bit lines (LBL, LBLB) across the banks

25 through Y switches (YSW1 to YSWn) formed adjacently to
the banks. The global bit lines each are divided into

read bit lines (RGBL, RGBLB) and write bit lines (WGBL,

WGBLB). The global bit lines (RGBL, RGBLB) for reading



waveform for storage operation of a sem conductor nenory apparatus
according .to the first enbodinent. Fig. 8 is a block diagram show ng a
cache nmenory (second enbodi nent) using a sem conductor nmenory 10 apparatus
according to the first enbodinment. Fig.18 is a diagram showi ng an operation
wavef orm of a cache nenory according to the second enbodinent. Fig. 10 is a
bl ock di agram shdataoare covimmbeted Stsyshenlétal rbienbimese(LBLYSLBOBa cache
menory according to the second enbodinent. Fig. 11 is a bl ock diagram
showi ng t he essethraiglpaths B#chamne&iM@SbUSansiatprSnMPy.cMEﬁeoﬁccbedYng
to the third enbodi nent. 20 Fig. 12 is a circuit diagram show ng
a seni conduct or ﬁ%hﬁ@be%pﬁﬁﬁﬂlUEOaﬁﬁﬂﬁhlﬂ@ theorguhand capddtReft SRFE. 13
is a dlagran1shomnn9%an oper atjon_ waveform of a sem conduct or,

appar at us accor (PRBLE5195 1akCR ot FRULHDOR nBRt thei gthexr P@ng C|Egﬁlgates

o 201 am of 2 oML EURUCE Ol TEIRI NAEPRL AT EEERT 30 4847 Wnnected
with a signal line RSW. At the time of reading data, the
local bit lines (LBL, LBLB) are preéharged to "HIGH"
1evel-by a precharge circuit 108 temporarily and simply
oscillates at about "HIGH" level. It is thus possible to

10 transmit the signals of the local bit lines (LBL, LBLB)

to the data-reading global bit lines (RGBL, RGBLB) only
through the P-channel MOS transistors.

The sense amplifier latch circuit 104 includes
a differential sense amplifier having P-channel MOS

15 transistors MP8, MP9 and N-channel MOS transistors MN7,
MN8, and a latch circuit including NAND circuits NAND1,
NAND2. The gates of the N-channel MOS transistors MN7,
MN8 are connected with the global bit lines (RGBL, |
RGBLB). The gates of the P-channel MOS transiétors MP8,

20 MP9 are connected to the ground potential VSS.

The global bit lines (WGBL, WGBLB) for writing
data are connected to the local bit lines (LBL, LBLB)
through the N-channel MOS transistors MNS5, MN6 of the Y
switches (YSW1l to YSWn) on the one hand and to a write

25 amplifier circuit 102 on the other hand. The gates of
the N-channel MOS transistors MN5, MN6 are connected with
a signal line WSW. At the time of writing data, a "LOW"

signal of the global bit lines (WGBL, WGBLB) for writing



wavef orm of a sem conductor nenory apparatus according to the fifth

enbodi nent.. Fig. 16 is a circuit diagram showi ng a sem conduct or nenory
apparatus according to a sixth 5 enbodinment. Fig. 17 shows a bit |ine
capacity of a sem conductor nenory appafldtus according to the sixth
enbodiment. Fig. 18 is a diagram show ng a sinulation 10 operation waveform
of a sem conductdataeisryeqppredt ts becoransmitved hacsuxahekypbodi that. Fig.
19 is a diagram conparing the cycle tinme of a sem conductor nenory
appar at us accor dlagalobihelings h(ERbodLBRR) - Wi Shncaathef "HRGHPr sbgnailt cans
Fig. 20 shows a circuit configuration and a_simnulati on waveform of a sense
anplifier |atch BerEaduced somewhabnimclevelewbEhouppanyt bsohiewrding to

th i Xt h enbodi t. Fig,, 21 i hot ographi c_copy_of a prototype 20 of a
seri conduct or meRBPSVEBparhf ulogel PHF nktRet: hEBLY (LRLBNBORNERE, Fig. 22

's a diagramgshoyipg ap; PPgEaL180a1 bit lines (WGBL, WGBLB) can be

connected to each other only by th N-channel MOS
transistors.
The write amplifier circuit 102 includes

inverter circuits INV1, INV2. Also, a decoder/word

10 driver 101 is a circuit for selecting a word line of a
given bank. A Y switch control circuit 106 is a circuit
for controlling the Y switches (YSW1l to YSWn). A
precharge circuit 108 is connected to the global bit
lines (RGBL, RGBLB) and includes P-channel MOS transis-

15 tors MP5, MP6, MP7. A signal line EQ is connected to the
gates of the P-channel MOS transistors MP5, MP6, MP7.
Also, write data are input from a signal line IN, and
read data are output from a signal line OUT. .

Now, the operation of a circuit according to

20 this embodiment will be explained. At the time of
reading data, fhe local bit lines (LBL, LBLB) and the
read global bit lines (RGBL, RGBLB) of a given one of the
banks are connected to each other through Y switches YSWi
(i: 1 to n). At the time of writing data, on the other

25 hand, the local bit lines (LBL, LBLB) and the write
global bit lines (WGBL, WGBLB) are connected to each
other through Y switches YSWi.

The sense amplifier latch circuit 104 can be



wavef orm of a sem conductor nenory apparatus according to the sixth

enbodi nent-. 25 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A sem conduct or
menory apparatus according to several preferred enbodi nents of the present

i nvention 12 will be described belowlhith reference to the draw ngs.
<Enmbodinent 1> Fig. 1 is a circuit diagram show ng a sen conductor nenory
appar at us accor dreglaced witbtaSsembedamphbifibért hatchvehtcont 0S5 as

sem conductor nenpry apparatus_100 is fornmed on a_ single sem conductor
substrate of singhrewrrintBigsi?icopperifhealixe diffigrentiabchrngae of
fabricating a seniconguctor i ntegrated circuit. A plurality of nmenory cells
CELL are arrangedBbLELeRg: FRk: tBALonSR3 1 GRR BeERRE{guFredyinTRBTREOry
array is divided

into n,banks.éBAEKl t 0. BANKn) ,TFe menpry cells CELL each
include a flip-f7opIehalfniehlehahfefcRERVEr AnRiGR oPRERDY | , SGRae
N-ch |t ' , 2 | ' f ' 15 '
nput and oughat MBI EERGF LAl Eindi el oottt ibs' BYEREELR0RE MPEY, "

MP12 and N-channel MOS transistors MN1l, MN12, MN13,

MN14, MN15. The global bit lines (RGBL, RGBLB) are
connected to the gates of the N-channel MOS transistors
MN11l, MN12 of the sense amplifier SAl. The sense

10 amplifiers SA2, SA3 have a configuration similar to that
of the sense amplifier SAl. Also, power consumption can
be reduced by turning on (to "HIGH" level) a sense
amplifier enable signal SA _EN only when the value of the
globai bit lines (RGBL, RGBLB) is amplified. The sense

15 amplifier latch circuit 105 (hereinafter referred to
simply as the differential sense amplifier), unlike the
sense amplifier latch circuit 104 (hereinafter referred
to simply as the latch-type sense amplifier), requirés no
consideration about a bit-line offset voltage margin.

20 Specifically, it is not necessary to take into consider-
ation the bit-line offset voltage margin attributable to
the threshold voltage variations of the MOS transistors
making up the latch-type sense amplifier due to the
variations in the fabrication process. Therefore, the

25 enable timing of the sense amplifier enable signal SA_EN
need not be taken into account (a timing-free operation
can be achieved) unlike in the latch-type sense

amplifier. 1In other words, it is not necessary to



each other, respectively, and N-channel MOS transistors MN3, MM for

sel ectivel.y connecting the nodes N and NB of the flip-flop to the local bit
lines (LBL, LBB). The gates of the N-channel MOS transistors MN3, M4 are
20" connected with-a word line W.. The f6cal bit lines (LBL, LBLB) making
up internal bit |ines of each bank are connected to global bit Iines (RGBL,
RGBLB, WGBL, WGdeerfrdmeedthen gnabdld adimiinigh dihaeHeocaEngs tadplniefsi €t Binabh R B)
across the banks 25 through Y switches (YSW to YSWi) forned adjacently to
t he banks. The @ignal ISX EN iys tekimgarthedibiitddd nentaf frisetd untdgengeaxd&aBL,
RGBLB) and wite bit lines (WGEL, WGBLB). The global bit |ines (RGBL,
RGBLB) for readilf§o comsigiaratdan cofiea ddhe #nakde dddping tof | gf9mBie
LBLB) through the P-channel MJS transistors MP3, NP4 2{,%{; Y swi tches
(YSW. to YSw) &PRlddigtk enahiefdangla St fanithe Siftansptdak gensss

are connect od wATPLE K 680 e SASRRCAT (R O TRy IR Aatehs
local bit lines tg'p%l"se'n%‘eB)anﬁ)rl%.ﬁree.“cp.harl%eq:l'i[ios 'Myq_rlthe differential
sense amplifier can be delayed less than the latch-type
sense amplifier.
Fig. 3 is a diagram exaggerating and showing‘
10 the BANK1l and the Y switch YSWl1l in more detail than the
remaining parts. A pair of global bit lines (RGBL,
RGBLB) for reading data and a pair of global bit lines
(WGBL, WGBLB) for writing data are arranged for each four
pairs of local bit lines (LBLO, LBLBO; LBLl, LBLBl; LBLZ,
15 LBLB2; LBL3, LBLB3). One of the four pairs of the local
bit lines (LBLO, LBLBO; LBL1l, LBLBl; LBL2, LBLB2; LBL3,
LBLB3) is selected by the Y switch ¥YSW1l and connected to
the data-reading global bit lines (RGBL, RGBLB) and fhe
data-writing global bit lines (WGBL, WGBLB) théreby to
20 read and write the data. Signal lines RSW0O, WSW0, RSWI1,
WSW1, RSW2, WSW2, RSW3, WSW3 are output from the Y switch
control circuit 106 and applied to the gates of the MOS
transistors of the Y switch YSWl.
Fig. 4 shows a layout of metal layers of a
25 memory mat section in which a pair of data-reading global
bit lines (RGBL, RGBLB) and a pair of data-writing global
bit lines (WGBL, WGBLB) are laid for each four pairs of

local bit lines (LBLO, LBLBO; LBL1, LBLBl; LBL2, LBLB2;



| evel by a precharge circuit 108 tenporarily and sinply oscillates at about
"HGH level. It is thus possible to 10 transmt the signals of the |ocal
bit lines (LBL, LBLB) to the data-reading global bit Iines (RGL, RGBLB)
onl'y through the P-channel MOS transistafs. The sense anplifier latch
circuit 104 includes a differential sense anplifier having P-channel MOS 15

transistors MiSsrdPoLmmeh \ chardel MP tsansi stadse {ia1 %wae&'ké%' ghch
circuit including NAND circuits NANDLS ~ NAND2. The gates of the N-channel

- MOS transi st orsEidN7aB MYB Big. connertiediocdh vie Diodal %mml | DBERE RCBL,
RGBLB). The gates of the P-channel MOS transistors MP3, 20 MP9 are
connected to tHLBLYLy ALBGBPOtEBL2 Al LBIFS , THELY)) ABLBD) taté nesnfifBted EBLB)
for witing data are connected to the local bit lines (LBL, LBLB) through

t he N-channel aBcondrslayer snaNsl (Wstal wiming pwi tAhesififSding YEwa) on
the one hand and to a wite 25 anplifier circuit 102 on the other hand. The

gates of tRe Nehake reprinaihe psispEncenst dike cepmdcl bue wis imadsi gnal
e e et T et e il 2 Fhe ' R0unt Afhe Vst "6 202 O
power line VDD are configured of a third-layer metal.
The data-reading global bit lines (RGBL, RGBLB) are
configured of a fourth-layer metal. The data-writing
10 global bit lines (WGBL, WGBLB) are also configured of the
fourth-layer metal. Though not shown, the first-layer
metal is used for the memory cell section. The region
defined by the thick line defines a single memory cell
CELL.
15 The global bit lines (RGBL, RGBLB, WGBL, WGBLB)
are formed at the rate of one for each memory cell column
.(a pair of bit lines LBLO, LBLBO, for example). It is
thus possible to improve the operation speed by redﬁcing
the line capacitance of the global bit lines RGBL, RGBLB,
20 WGBL, WGBLB.

Fig. 6 shows a layout image of a 16-KB memory
configured using this circuit technique. A region 140 is
roughly divided into two memory arrays. Each memory
array in turn is divided into contiguously-arranged eight

25 Dbanks (BANKl1 to BANK8). Regions 143 each represent a Y
switch YSW arranged adjacently to the corresponding one
of the eight banks (BANK1 to BANK8), respectively. A

region 142 has arranged therein the decoder, the word



l4-data is required to be transmtted accurately to the local bit |ines
(LBL,: LBLB). Since the "H GH' signal can be reduced sonewhat in | evel
wi t hout any problem however, the local bit lines (LBL, LBLB) and the 5
data-witing global bit lines (WL, WEBBB) can be connected to each other
only by th N-channel MOS transistors. The wite anplifier circuit 102
i ncl udes invertarivexuidls did/ithd Whwitao, cantiesbdeirowit 106 dr i Regidfd
is acircuit for selecting a word line of 'a given bank. A Y switch control
circuit 106 is a4t reach Hawe curtanged rchereily svwwensesanipBSifien ¥aveh. A
precharge circuit 108 is connected to the global bit lines (RGL, RGBLB)
and incl udes P- chireielt Mt tancthsd swrite tampl ier MEsccwWiy . 102 sj gharegioRr EQ
is connected to the gates of the P-channel MOS transjstors. MP5, MP6, MP7.
Also, wite data%? ERFRICHED A é”s‘?%lﬂ?%e‘fq’ﬂ,aMﬁ%]adl’cﬁ%aoﬁ?ef%t put
froma signal. I'ine ._Now. the operation of a ciyrcui cecording _to 20
this embodi ment BEPTHRE e TRAR $0a hAnd i EFo1ER 46 hrs, YRt ocal
bitIines(LBL,}% teni&?lgib bj +'e ( L% f a
gi ven one of the n %% chgosn cte 1\t?ofg‘cgelélcjf{lq% #ﬁelr Qh%%r&%wg % és %’SW

region 147, on the other hand, has arranged therein a

predecoder and other control circuits not shown in Fig.

1. The width of input/output data of this memory is 32

10 Dbits, and the address thereof is 12 bits in length.

Now, explanation will be made about the storage
operation (the continuous operation of reading from and
writing into the same address).

Fig. 7 shows an operation waveform for storage

15 1in the semiconductor memory apparatus shown in Fig. 1.
At the time of storage, data are read first, followed by
being written.

Before starting the storage operation, thé read
global bit lines (RGBL, RGBLB) and the local bit lines

20 (LBL, LBLB) are precharged to "H" ("HIGH") level by a
precharge circuit 108 as the signal line EQ is set to "L"
("LOW") level and the control signal RSW for the Y
switches (YSW1l to ¥YSWn) to "L" level.

In the read operation, the signal line EQ is

25 first set to "H" to suspend the precharge, while at the
same time setting the word line WL to "H". The pre-

charged local bit lines (LBL; LBLB) thus are discharged

by the memory cell CELL thereby to generate a potential



(i1 ton). At the tinme of witing data, on the other 25 hand, the | ocal
bit lines «(LBL, LBLB) and the wite global bit lines (WGBL, WGEBLB) are
connected to each other through Y switches YSW. The sense anplifier |atch
circuit 104 can be 15 replaced with 49sense anplifier latch circuit 105
as shown in Fig. 2. Specifically, differential sense anplifiers SAl, SA2,
SA3 can be conf idjifferemce hr ekistagdse i costerokssignal RsWeis deghtspepd,
The sense 5 anplifier SAl includes P-channel MOS transistors MP11l, MP12 and
N-channel MOS t rtheiBtchanngll MOSNIransdIBrs/Nifl, tha16. swhechgsba¥YS®lt to

i nes (RGBL, RGBL%%Rﬁre connected to the gates of the N-channel MOS
transistors MN1IYSWNL2®® twened R arffPrse@ienplly, Teee skogal 1bitinbineser s

A 5o, pover  cons(RBH PRk e rhe Cerad, S1ehat ot Ol £12° - (FERP. | RGBIS) 2
senoe MLl el FEFUSALARY ORI yoten A0SRl ue o e el opal b1t
(hereinafter refgfffthdfce of the local bit lines (LBL, LBLB) generated
by the memory cell CELL is transmitted to the read global
bit lines (RGBL, RGBLB). This potential difference is
fu;ther transmitted to the sense amplifier latch circuit
10 104 and amplified by the sense amplifier. The data are
thus output on the signal line OUT.
At the time point when a potential difference
is transmitted to the sense amplifier, the control signal
RSW of the Y switches (YSW1 to YSWn) is set from "L" to
15 "H", so that the P-channel MOS transistors of the Y
switches (YSW1l to YSWn) are turned off. The local bit
lines (LBL, LBLB) and the read global Bit lines (RGBL,
RGBLB) are thus separated from each other. At the séme
time, the control signal WSW of the Y switches‘(YSWI to
20 YSWn) is set from "L" to "H", and the N-channel MOS
transistors of the Y switches (YSW1 to ¥YSWn) are turned
on. Thus the local bit lines (LBL, LBLB) and the write
global bit lines (WGBL, WGBLB) are connected to each
other thereby to start the write operation. The write
25 global bit lines (WGBL, WGBLB) have already completely
charged and discharged during the read operation. After
starting the write operation, therefore, the signal can

be transmitted to the memory cell CELL and the write



sinply as the differential sense anplifier), unlike the sense anplifier
latch’ circuit 104 (hereinafter referred to sinply as the |atch-type sense
anplifier), requires no consideration about a bit-line offset voltage
margin. 20 Specifically, it is not nece@2@ary to take into consider- ation
the bit-line offset voltage margin attributable to the threshold voltage

variations of bper¥OBoh’ aBRpsLeed SRbNY HR Ehsrl;il#ﬁg?h?paiéegﬁ%gﬂe' I fier

due to the variations in the fabrication process. efore, e“25"enabl e
tining of the smbgethapbmblircapablieysienal bAEN1naed pebrherbaksgn into
account (a timng-free operation can be achieved) unlike in the latch-type
sense anplifier. In otheAfuwerdepmplete writeeopesatjohp thel@oddt eéifene t he
enable timng or the sense anplifier enable signal SAEN by taking the
bit-1ine of fseWLvdbt &gt hear §Lh.i bhe contrdér aigoal KBWstoh&Lépalbhe ti nming
of the sense anplifier enable signal SAEN for the differential sense 5
anplifier can BenkganeéanpdrWBWdter "Efhat aBf the sigpal Llype E@nte "L".

i fi . [ , th ifferential sense anplifier can be del ayed
_ ?gELIILSL tLg %E%iﬁé?épg&ogag Lgt ines (RGBL, RgBLB) and the local bit

lines (LBL, LBLB) are thus precharged in preparation for

the next cycle. 1In this way, the read operation, the

write operation and the precharge operation are executed
10 in a cycle.

Although Fig. 7 refers to the case where the
precharge operation is performed at the end of a cycle,
it can alternatively be executed before the read
operation with equal effect. In other words, the

15 description applies'equally to the'case in which the
precharge operation is performed first in the cycle.

In the memory according to the prior art 1, the
same bit line is used for the read and write operatibns.
The charge/discharge of the bit lines for the iead

20 operation, therefore, cannot be executed at the same time
as that of the bit lines for the write operation, thereby
making it difficult to improve the storage speed.
According to this embodiment,_by contrast, the charge and
discharge of the write bit lines can be completed

25 concurrently with the read operation. Data can thus be
read from and written into the same address continuously
at high speed in a single cycle, thereby realizing a

single-cycle storage.



sense anplifier. Fig. 3 is a diagram exaggerating and showi ng 10 t he BANK1
and the Y:switch YSW in nore detail than the remaining parts. A pair of
global bit lines (RE&L, RGLB) for reading data and a pair of global bit
lines (WEBL, WEBLB) for witing data ar@larranged for each four pairs of
| ocal bit lines (LBLO, LBLBO LBL1, LBLB1; LBL2, 15 LBLB2; LBL3, LBLB3).
One of the four pairs of tAdsbpcatcbrdihgnee €hBsEOemb8HB@=ntBLthel Befbry
LBL2, LBLB2; LBL3, LBLBSL is selected by the Y switch YSW and connected to
t he dat a-readi ngcgldBaFfEbLt attacBedREBLEhRABLE) 14ngst ha areza®ipni agegl obal
bit Iines (WEBL, WEBLB) thereby to 20 read and wite the data. A Signal
li nes RSVO, mwnhgm&/nv@wyu@w,am{npﬂs%, wiEha threCONVERtirRgh t he Y
switch control circuit, 106, and,applied to, the. gates of the, .transistors
of the Y switch ?éﬁ&?lﬁiB9t4u§ﬁ8&592°g3;oﬂfgo# REtal &Qﬁeg%¥5§13325 nenor y
mat section i ' al f.dat a- 4N | gbal. bit lLine L. RGBLB)
and a pair o#9d2?§§§F?P§n§ﬁ8 o%gl g?égﬁgﬁegO?vEBﬁ}ggﬁéLE&agésyﬁggﬁhPEPeeach
four pairs of loggbelit hiNgSreLBLL, LBLBDaahBhla WBLBL opBritibRsBZan be
improved in speed. Further, the reduced bit line
capacity reduces power consumption.
Furthermore, the memory cell CELL is identical
10 to that of the prior art 1, and can be formed in a
smaller size than the memory cell of what is called the
dual-port memory of the prior art 2. The continuous
operation of reading from and writing into the same
address can thus be executed in higher speed without
15 increasing the area of the memory array and the memory

cells.
<Embodiment 2>
Fig. 8 is a block diagram of a cache memoff of
direct map type for a semiconductor memory apparatus
20 according to the invention described in the first
embodiment used as a data memory array. A cache memory
200 is formed on a single semiconductor substrate of
single crystal silicon or the like using the technique of
fabricating a semiconductor integrated circuit. A cache
25 data array 112 is connected to a 12-bit-long address bus
118, a 32-bit;long write bus 122 and a 32-bit-long read
bus 121. 1In the case where the memory configuration

shown in Fig. 6 is employed, for example, the capacity of



17-LBL3, LBLB3). Also, Fig. 5is a sectional viewtakenin line ABin Fig.
4. The local bit lines (LBLO LBLBO LBL1, LBLB1, LBL2, LBLB2, LBL3, LBLB3)
are configured of a second-layer netal (netal wiring). A relnforC|ng line 5
W.G for reducing the resistance of the @rd line is nade of a third-Iayer
metal. The ground line VSS and the power line VDD are configured of a
third-layer netathe achatdatzaarrgy glbdaisblé KBpesnd Reith RiBeBlsare
configured of a fourth-layer netal. The data-writing 10 gl obal bit |ines
(WGBL, WGBLB) areonfiguresfofu?®el bits hewlibchtbs | tlyerumit aisedhbagh not
shown, the first-layer netal is used for the nenory cell section. The
region defined DYPRIREIM ck TioRitbf i Rata %¥¢|g+fép%rf6¢ya%‘él putput. £rem
The gl obal bit are forned at the rate of

one for each maI e %‘?cﬁ%?@%\gh o“l’l'fo}ilt I?%éEiEBﬂ%SltEBi'Bd'-h?oFime
the i ne capei fafni%ém?"%ﬁéfgl‘?%%ﬁq'%P%é’%?%fe Py %fgee‘j‘ae%erg%‘éLEg
Cecnni que. A reoran 1 d6% TR bl FEbRCERS Yok %L@%%%Dr€§5“9512 hrs"!
menory width of 64 bits at the time of replacing a mishit
A recovery buffer 114 is used for temporarily
storing the data read from the cache data array 112 and
10 is configured of a 32-bit-wide register, for example. A
selector 124 is for selecting whether data is written
into the cache data array 112 from the write bus 122 or
from the recovery buffer 114. The selector 124 is
controlled by a control signal 120.
15 A cache tag array 113 receives a tag address
from the address bus 118 and applies a physical address
125 to a comparator 115. The comparator 115 compares the
address 125 received from the éache tag array 113 wifh
the address 126 received from an address convefsion
20 buffer TLB of a memory management unit not shown, and
upon attaining coincidence therebefween, produces and
applies a "H" (hit) signal as an output to the control
circuit 116. Upon coincidence failure, on the other
hand, a "L" (mishit) signal is produced as a hit signal
25 117 and applied to the control circuit 116. The control
circuit 116 controls the selector 124 by the control
signal 120.

Fig. 9 shows an operation waveform of the read



array in turn is divided into contiguously-arranged eight 25 banks (BANK1
to BANK8) .- Regions 143 each represent a Y switch YSWarranged adj acently
to the correspondi ng one of the eight banks (BANKl1 to BANK8), respectively.
A region 142 has arranged therein the d%oder, the word 18 driver 101
and the Y switch control circuit 106. Regi ons 144 each have arranged
therein a sense apextatiicar, |thes lwititter WgeriEdhiamd thews teragyloperat o cand
102. A region 145 represents a wiring area for a signal line OQUT for 5
produci ng t he rddwe racevenyl QPQ:@giimn e ivecidt g ibarck alfton #ngro athe gnal
IN for inputting the wite data. region 147, on the other hand, has
arranged t herei Fafhs &Pé’c%d’e‘?raéﬁducﬁ Het thshigase ohexe tEhaterrgm hit Fi g.

1. The width of ut/ out put data of thls 32 10 |ts and the
addr ess t her eof q’ﬁp"ﬁz{ big & Mg h A‘?@F ‘éha‘is}}% %tkpq» MeeTHad ethdout

nto the Sant adh Ut tagar i ity ?ﬁ”ﬁ%ei%%%’#‘mé%‘%} X oR U e 15

in the sem condygifie myaﬁ%%ﬁfﬁé*,s s Whd b Ffd % the read and load

operations can be regarded substantially as the same
operation.

At the time of read operation, the cache data

10 array 112 receives an address from the address.bus 118
and applies a read data to the read bus 121. At the time
of write operation, on the other hand, the cache data
array 112 receives an address from the address bus 118
and a write data from the write bus 122, followed by

15 writing the data.

At the time of storage, an address is received
from the address bus 118 and write data from the write
bus 122. The data is read from the ﬁemory cell into-the
recovery buffer 114 and a new data is written into the

20 memory cell. At the time of complete storage, a hit
signal 117 is established, thereby determining whether
the write operation is permitted (hit) or not permitted
(mishit). In the case where the hit signal 117 is a
"hit", the next process can be executed without any

25 problem. In the case where the hit signal indicates a
"mishit", by contrast, the data in the cache data array
112 is required to be restored to the original state. 1In

such a case, the recovery process described below is



At-the time of storage, data are read first, followed by being witten.
Before starting the storage operation, the read global bit Iines (RGBL,
RGBLB) and the local bit lines 20 (LBL, LBLB) are precharged to "H'
("HIGH') level by a precharge circuit 288 as the signal line EQis set to
"L" ("LOW) level and the control signal RSWfor the Y switches (YSW to
YSWi) to "L" | erelquiledt.ne read operation, the signal line EQis 25 first
set to "H' to suspend the precharge, while at the sane time setting the
word line W. to "H'. The pgnethehaegeyeny girdsiess,i s addBless BlsBradaives e
di scharged by the nmenory cell CELL thereby to generate a potenti al 19
di fference. Si deem M%@M@S%Mﬁa|IMSvY¥ulé%ahq data of fhepraaawany MOS
transi stors of the Y smntches (YSW to YSW1) are turned on. _ Consequently,

the local bit |PyESem LS E&B}‘%%é‘%&&%%@éﬁt%ﬁnﬁyﬂé&%R@ﬂ_tmLB)

5 are conne te 0 each Qt t otentlal diff nce of t he
| ocal bit i %PfﬁL Qﬁ%héfgf’ggf? gil%é%fi he

transmtted to %@% d%%@-QQ%Qa'The selector 124 is controlled by the

control signal 120 output from the control circuit 116
that has received the hit signal 117. Normally, the
possibility is low that the hit signal 117 is a "mishit",

10 and therefore the requirement of executing the recovery
process is very small. The storage, therefore, is nor-
mally completed in a cycle. At the time of a "mishit",
on the other hand, a line (256 bits) of data is required
to be replaced. The replacement job requires ten-odd

15 «cycles. 1In contrast, the recovery process requires only
a cycle and therefore represents a negligibly small
proportion.

In the conventional method of storage, daté is

written after the hit signal is established. Two cycles

20 "are therefore required before complete storage. Accord-
ing to this embodiment, in contrast, only a storage
processing time smaller by one half than in the conven-
tional method is required. In other words, the storage
can be realized in one cycle like the lcad operation.

25 Consequently, the memory access stage of pipelines of the
microprocessor can be completed in a cycle, and therefore
the high-speed performance is improved without disturbing

the pipeline flow.



bit lines (RGBL, RG@LB). This potential difference is further transmtted
to the sense anplifier latch circuit 10 104 and anplified by the sense
anplifier. The data are thus output on the signal line OQUT. At the tine
point when a potential difference is tr@snitted to the sense anplifier,
the control signal RSWof the Y switches (YSWM to YSW) is set from"L" to
15 "H', so that the P-chamredbrdlingttanchetpresont t &mbdd smeheheshé Yo¥dtéo
YSWh) are turned off. The local bit lines (LBL, LBLB) and the read gl obal
bit Iines (RGBL,fWmBBLBIN acan thesrephaced edi th orheastorager fukttibn. salr
time, the control signal WsWof the Y switches (YSWM to 20 YSW) is set
from"L" to " H',S%rm?méiwcmrmnmt¢iam¢ttor'sh©tef¢aeex thétwhite ( YSW
to YSWh) are turned on, Thus the local bit lines (LBL, LBLB) and the wite
gl obal bit Iine§°Q%ﬁ§ﬁ}°%M§i&»b%n%@%ﬂ¥4ﬁﬁ?@%d tF each(aégﬁr bggig?yhto start
the wite operation. The i1te 25 gl oba it lines , ave
al r eady congﬁ%teﬁéghﬁl Tﬁ%&a%ﬁ di scharged during the read operation. After
g e ! e OPerat Pl L A 51888 &l Gm W fnd §"EBhpiEE: "
system using a cache memory according to the present

invention described above as a primary cache. A micro-
processor 130 is formed on a single semiconductor

10 substrate of single crystal or the like using a technique
of fabricating a semiconductor integrated circuit. The
microprocessor 130 has built therein a primary cache 132
and a central processing unit (CPU) 134. Also, the
microprocessor 130 is sealed with resin using a resin

15 mold technique or the like. The microprocessor 130 and a
secondary cache 136 are connected by a 32-bit-wide data
bus 138. The primary cache 132 and the central proces-
sing unit 134, on the other hand, are connected by a-
32-bit-wide read bus 140 and a 32-bit-wide wriﬁe bus 142.

20 1In Fig. 10, only the data bus is illustrated but not any
address bus or any control signal required for data
transfer.

Fig. 11 shows a configuration including a

buffer required for replacing the data of the cache data

25 array 112 in the primary cache 132. The write bus 142
and the read bus 140 are connected to the central pro-
cessing unit 134 and the bus controller 166, which in

turn is connected to the data bus 138. Data are input



20 "operation conpleted sinply by charging and discharging only the _
smal | :capacity local bit lines (LBL, LBLB). After conplete wite operation,
the word line W. is set to "L", the control signal RSWto "L", the 5
control signal WWto "L", and the sign2® line EQto "L". The read gl obal
bit lines (RGBL, RGELB) and the local bit lines (LBL, LBLB) are thus
precharged in pripes dndnodvput heramxtheycache | datdi Sridy, 11Pewienda
operation, the wite operation and the precharge operation are executed 10
in acycle. AlthoidthFof. 37 biterat t the heinasef weteiéhsl pueihgrgke cache
operation is perfornmed at the end of a cycle, it can alternatively be
execut ed bef ore 3@ 2EERY opehlbE? ordaka raxguibnpet f toto amd coweputofdsn the
15 description applies equally to the case in which the precharge

operation is perf¥frieddats Rrray thk2 k. a |widee ofnbt ohkeordi blyetbimee

rior art 1, the sane pit.line is used for the read and wijte operations.
‘Fl)'he char ge/ dissch%fg]ée% A 1f (MASHLL- ¢ OT%? HEL el P Ha R el Py brand

el ehor S ook B B el IR By B uBLOLLE Bhd, LB
speed. Accordingof Ok Sw&BARLETEN (1 DY) CONLEPShs LHE FURESF APfay 140 -
are selected. 1In the case where_only one bank is
selected, data are input and output with a width of 32
10 Dbits. If the two banks are selectéd, on the other hand,
the data input and output width is 64 bits.

In the case where data_are replaced between the
primary cache and the secondary cache, the data in the
cache data array 112 are read out to the line buffer 150

15 through the buffer 154, while at the same time writing
the data of the secondary cache 136 into the cache data
array 112 through the write buffer 152 and the bus 156.
Each line of the cache data array 112 represents 256
bits, and the buses 154, 156 are 64 bits in width.

20 Therefore, the read and write operation can be completed
in four cycles per line.

In an application of the conventional memory to
the cache data array i12, on the other hand, the read and
write operation requires eight cycles per line. As a

25 result, the operation time (number of cycles) of the
cache data array according to the present embodiment is
reduced by one half as compared with the prior art. It

is thus possible to assign another job to the primary



discharge of the wite bit lines can be conpleted 25 concurrently with the
read-operation. Data can thus be read fromand witten into the sane
address continuously at high speed in a single cycle, thereby realizing a
si ngl e-cycl e storage. 21 Al'so, accoZding to this enbodinent, the menory
cells CELL attached to the bit lines in operation are only 1/n in nunber as
conmpared with tkachenyvemitheitlisel, Pdvier @onsiinpd igiolkan d dddirsed.The bit
line 5 capacity thus is reduced for a higher charge/di scharge speed. As a
result, the reacEmibdiment dperati ons can be inproved in speed. Further,
the reduced bit line capacity reduces power consunption. Furthernore, the
menory cell CELL is identiThe figsto emhpdigtenthshawsorthe tcase dimy whichbe
formed in a smaller size than the neggkg cell of what is called the

dual - port nenor fFh& coptisygoys gata r Gh WEHSU CRPFA b At e gt ng
W hout 15§ Rcr &R § e @ai 2GR0 SR ARG IR AL T
Alternatively, the read operation and the write operation
can be executed for different addresses, respectiéely.
This operation will be explained with reference to the
fourth embodiment below.

10 Fig. 12 is a circuit diagram showing a
semiconductor memory apparatus according to another
embodiment of the invention. A semiconductor memory
apparatus 400 is similar to the semiconductor memory
apparatus 100 of the first embodiment except that, unlike

15 the semiconductor memory apparatus 100 of the first
embodiment, the semiconductor memory apparatus 400
includes a precharge circuit 108 connected to the local
bit lines (LBL, LBLB) in the banks (BANKAl to BANKAn).
Fig. 12, however, also shows a memory cell CELL2 selected

20 by the word line WL2. In view of the fact that the
precharge circuit 108 is connected to the local bit lines
(LBL, LBLB) in the banks, the local bit lines (LBL, LBLB)
can be precharged at higher speed than in the semiconduc-
tor memory apparatus 100 of the first embodiment. As a

25 result, the precharge time can be shortened for a reduced
cycle time. Further, like in the semiconductor memory )
apparatus 100 of the first embodiment, the sense

amplifier latch circuit 104 can be replaced with the



cel'l s. <Enmbodinent 2> Fig. 8 is a block diagramof a cache nenory of direct
map type f-or a sem conductor nenory apparatus 20 according to the invention
described in the first enbodi ment used as a data nenory array. A cache
menory 200 is fornmed on a single sem cd@luct or substrate of single crystal
silicon or the like using the technique of fabricating a sem conductor
i ntegrated circusénsé amphef2ér dpdtchr ¢ Bycdil? 185Conoeat A Foga 22-bit-1ong
address bus 118, a 32-bit-long wite bus 122 and a 32-bit-long read bus
121. In the case where theFignoly shods garwavefioshoofi theFegntbnusus read
. enmpl oyed, for exanple, the capacity of 22 the cache data array 112 is 16
KB, and each |i mndswrbhei gpexatieon2ct thessemhtcenducteonemempryuapgaratus
replacing a nishit%h Data are _input to and output fromthe cache data array
112 with a 32-bi $00+ dt Fiissty ndate ndre weadcfreByhne BeMTY €8theCERElarray.

Aso; Jaa e | DLl 0c0d PUIPULLT O Lhe, PREhE 42022 Lo R by
cell CELL2.

Before starting the operation, the read global
bit lines (RGBL, RGBLB) and the local bit lines (LBL,
LBLB) are precharged to "H" by the precharge circuits

10 108, 109 as the signal lines EQl, EQ2 are set to "L".

In the read operation, first, the signal lines
EQl, EQ2 are set to "H" to suspend the precharge opera-
tion. At the same time, the word line WL1 is set to "H",
so that the precharged local bit lines (LBL, LBLB) are

15 discharged by the memory cell CELL1 thereby to generate a
potential difference. Simultaneously with the rise of
the word line WL1l, therefore, the control signal RSW of
the Y switches (YSW1 to ¥YSWn) is turned from "H" to QL",
and the local bit lines (LBL, LBLB) come to be‘connected

20 with the read global bit lines (RGBL, RGBLB), so that the
potential difference of the local bit lines (LBL, LBLB)
generated by the memory cell CELL1l is transmitted to the
read global bit lines (RGBL, RGBLB); Further, this
potential difference is transmitted to the sense ampli-

25 fier latch circuit 104 and amplified by a sense amplifier
with the result that the data are output on the signal

line OUT.

At the time point when the potential difference



A tecovery buffer 114 is used for tenporarily storing the data read from
the cache'data array 112 and 10 is configured of a 32-bit-w de register,
for exanple. A selector 124 is for selecting whether data is witten into
the cache data array 112 fromthe wite%us 122 or fromthe recovery buffer
114. The selector 124 is controlled by a contral, signal 120. 15 .

A cache tag arrdf transsiditeds to the sensesampldfigte 3w srd)sing dldhg

| i hysi ¢al__ ad 5.t 5. Th t 15
Conpar o t ho addHETE F30M 1, 5 AP K At PO GPSERE Y TR
addr ess 126 1 ecghed Lo AR AIMASS GONNEISIONRO DU g TLELA @ gerory

management unit Mo Wi, and’ upon attai ning coi nci dence t herebe meeh, .
116, pon- oo notieh S, sl dnal® AP o SR g cndh (AP INS Jated] €'
produced as § hisls sh@ild 3okl 7121 aRP! | @hd THN P LHYAR]1 Mdgui t 116. The
control circuit 116 controls the selector 124 by the control signal 120.
Fig. 9 shows an tapersdldwwrsvdeithenofswit-ne®nd YSW1 to YSWn) are turned
off. The local bit lines (LBL, LBLB) and the read global
bit lines (RGBL, RGBLB) are thus separated from each
other. Immediately after that, the word line WL2 is set
10 to "H", and data are written into the memory cell CELL2.
Simultaneously with the rise of the word line WL2, the
control signal WSW for the Y switches (YSW1l to YSWn) is
turned from "L" to "H". The N-channel MOS transistors of
the Y switches (¥YSW1l to ¥YSWn) thus are turned on, and the
15 local bit lines (LBL, LBLB) are connected with the write
global bit lines (WGBL, WGBLB) thereby to start the write
operation. The write global bit lines (WGBL, WGBLB) have
already been charged or discharged during the read oéera-
tion. After starting the write operation, theﬁefore, the
20 signal'is transmitted to the memory cell CELL2 and the
write operation is completed fast if only the local bit
lines (LBL, LBLB) of small capacity are charged or
discharged. After complete write operation, the word
line WL2 is turned from "H" to "L". At the same time,
25 the control signal WSW for the Y switches (YSW1 to YSWn)
is set from "H" to "L", so that the N-channel MOS
transistors of the Y switches (¥YSW1 to YSWn) are turned

off. The local bit lines (LBL, LBLB) are thus separated



23" operation, the wite operation, the storage operation and the recovery
operation:for witing back data into the cache data array 112 in the case
where the storage hit signal is a mshit. According to this enbodi nent, the
5 cache tag array 113 is accessed concud@ently with the cache data array
112, and therefore the read and | oad operations can be regarded

substantial |l y asExtdme tSerermipes ggliabal Atit Helriesie( WEBL o MGRBIERY at | Xftex he
cache data 10 array 112 receives an address fromthe address bus 118 and
applies a read dhati cheeskgnal bune EQln EQr arerstwmeg it@ Ohbr a83®on, on
t he ot her hand, the cache data array 112 receives an address fromthe

address bus 118 Ehft Ehe i¥e2dGEPR3b Rl 189S o RERL 1 BCBER) | ARt 15

witing the data. At  the tjme of storage, an address is received fromthe
address bus 118 LRAWDRHE LIRSS (kR HePHR) (350 REAGBATGRE TRt | DY o

[rom the oy SRlbnd e SHE{EPVRIY, T4 i R aE SR g e
e fecs 1 R e Sole ey, e e ool on e
117 1s a According to this embodiment, the read and
write operations are performed for the memory cells of
the same bank. A similar operation, however, can be
10 performed also with the memory cells of different banks.

The read, write and precharge operations are
executed in a cycle for the local bit lines (LBL, LBLB),
the read and precharge operations are executed in a cycle
for the read global bit lines (RGBL, RGBLB), and the

15 write operatidn alone is executed in a cycle for the
write global bit lines (WGBL, WGBLB). In other words,
the global bit lines are used exclusively for the read
and write operations, respectively, and the local bif
lines are used for the continuous read and wriie

20 operation. The precharge operation is not required,
however, between the read and write operations.

Although the precharge operation performed at
the end of a cycle is illustrated in Fig. 13, the pre-
charge can be performed before the read operation. 1In

25 other words, the precharge illustrated in Fig. 3 is
equivalent to the precharge being executed in the begin-
ning of the cycle.

This is accomplished by using the bank interior



"hi't", the next process can be executed without any 25 problem In the
case Where the hit signal indicates a "mshit", by contrast, the data in
the cache data array 112 is required to be restored to the original state.
In such a case, the recovery process de8tribed below is 0 24 required.
In the recovery process, an address is received fromthe address bus 118,
whil e the data &s tahesimerie eportbdridrthe 4sicle npstiory ddetwachertst a mir ay
112 and the 5 data is witten into the nmenory cell by switching the
sel ector 124. Ththey stnsds,| Xhe ardks raxd atbdy) imhethwrganmsd manmet 490a
output fromthe control circuit 116 that has received the hit signal 117.
Normal |y, the pd¥Q1Re%% ynemony\fehbt tThe Hemigoprdictoy nemery mpparatud 0
and therefore the requirenment of executing the recovery process is very
4 i,

smal|. The stora ¢ FREOT S BRI AR brRAI NG d3%a LT A he
e oo o e i TR s AR BB B e
same cycle. The large-capacity global bit lines are used
as two-port lines, while the small-capacity local bit
lines are used as single- port line in pipeline fashion
(in serial operation).
10 <Embodiment 5>

According to the fourth embodiment, two global
bit lines were used for the read and write operations,
respectively, thereby to execute the read and write
operations continuously in a single cycle. In contrast,

15 the use of two global bit lines at the time of reading
can realize a two-port memory capable of reading the data
of two different addresses in a cycle. In other words,
data can be read in a cycle smaller by one half than-in
the conventional method. This operation will 5e

20 explained as an example operation of the fifth embodiment
below.

Fig. 14 is a circuit diagram showing a semicon-
ductor memory apparatus according to another embodiment
of the present invention. A semiconductor memory

25 apparatus 500 is different from the semiconductor memory
apparatus 100 of the first embodiment in that load
transistors MP55, MP56 are connected to the local bit

lines (LBL, LBLB) in the banks (BANKBl1 to BANKBn), the Y



15" cycles. In contrast, the recovery process requires only a cycle and
therefore-represents a negligibly snmall proportion. In the conventional
nmet hod of storage, data is witten after the hit signal is established. Two
cycles 20 are therefore required befor¥ conplete storage. Accord- ing to
this enbodinment, in contrast, only a storage processing tinme snaller by one

hal f than in the cuenydwond Bl his dGri dickd |dE %%aﬂ%ﬂmé he

storage can be realized i n one cycle |like the |Ioad operation.

Consequent |y, tfdhdiiEns Al aidathaftwdd Bl inesoPfgldisa i ©pI DEessor
can be completed in a cycle, and therefore the high-speed performance is

I nproved w t hqURGBIilSt (RGBLEBL it IRGELDEIRGELE2 pvare cdindictosd ditwmga tvedde
present enbodi nent, the wite function can be replaced with the storage
function. In stimauityi(Rense anplifolexikandh citenif ok®) tand wiweite
P n B erait (wiite amplifier Gitewit 103), respectively. Fhe
other component parts of the semiconductor memory
apparatus 500 are identical to the corresponding parts of
the semiconductor memory apparatus 100. Like in the
semiconductor memory apparatus 100 according to the first
10 embodiment, the sense amplifier latch circuit 104 can be
replaced with the sense amplifier latch circuit 105 shown
in Fig. 2.
The memory cells CELLl, CELL2 are connected to
the word lines WL1, WL2, respectively. The local bit
15 1lines (LBL, LBLB) constituting the internal bit lines of
the banks are connected to the global bit lines (RGBL1,
RGBLB1, RGBL2, RGBLB2) formed in parallel with the local
bit lines (LBL, LBLB) across the banks through the Y
switches (YSW1l to YSWn) formed adjacently to the banks.
20 The local bit lines (LBL, LBLB) are connected to the load
P-channel MOS transistors MP55, MP56. The gates of the
P-channel MOS transistors MP55, MP56 are connected to the
ground potential. The global bit lines are divided into
first global bit lines (RGBL1l, RGBLBl1) and second global
25 bit lines (RGBL2, RGBLB2). The first global bit lines
(RGBL2, RGBLB1l) are connected to the local bit lines
(LBL, LBLB) through the P-channel MOS transistors MP51,

MP53 of the Y switches (YSW1 to ¥YSWn) on the one hand and



system using a cache nenory according to the present invention described
above as -a primary cache. A mcro- processor 130 is forned on a single

sem conductor 10 substrate of single crystal or the like using a technique
of fabricating a sem conductor integra3®d circuit. The m croprocessor 130
has built therein a primary cache 132 and a central processing unit (CPU)
134. Al so, the woctherserssoampgBdfisrskated vitbuitslO4usnngha othen 15
nol d technique or the |ike. The mcroprocessor 130 and a secondary cache
136 are connectkandy aThe-seconddglobas bit 1ises THRGBRRZ maRGBBEENeax82 and
the central proces- sing unit 134, on the other hand, are conpected by a
32- bi't - wi de rea@omgcmg BRdthe3bosnri-Ritelipeee (BBE . 1BBLB)othropgh. t{te,
only the data bus js il|lustrated but not any_address hus,  or_any coptrol

si gnal requiredPTSPaG%?g ¥9§n§¥%?$l§$ﬁFs1¥P§ﬁomgpgic82fFﬂﬁrgtFéﬁtFﬁﬁﬁuding
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P-channel MOS transistors P51, P53 are connected with a
signal line RSW1, and the gates of the P-channel MOS
transistors MP52, MP54 are connected with a signal line
10 RSW2.

The decoder/word driver 101 is a circuit for
selecting a word line of a given bank. The Y switch
control circuit 106 is for controlling the Y switches
(¥YSW1 to ¥Swn). The first global bit lines (RGBL1,

15 RGBLBl) and the second global bit lines (RGBL2, RGBLB2)
are connected to the precharge circuit 108, respectively.
The signal lines EQ3, EQ4 are for controlling the
precharge circuit 108, respectively. The data read 6ut
of the first global bit lines (RGBL1l, RGBLBl) are output

20 from the signal line OUT1, and the data read out of the
second global bit lines (RGBL2, RGBLB2) are output from
the signal line OUT2. The first global bit lines (RGBL1,
RGBLB1) and the second global bit lines (RGBL2, RGBLB2)
are connected to the write amplifier circuit 102,

25 respectively.

Now, the operation of the circuit according to
the present embodiment will be explained with reference

to the case in which data are read first from the memory



26%into and output fromthe cache data array 112 with a width of 32 bits at
the tinme of retrieval using the cache tag array. Al so, data are input into
and output fromthe cache data array 112 with a width of 64 bits at the
time 5 of replacing a mishit. The wi dtB%éf data input and output is
differentiated dependi ng on whether one or both of the two banks i (i: 1 to
8) of the nenorygedidr SELIA0 agde theine cioad inuousiy daom wher enemdny aresl bank i s
sel ected, data are input and output with a width of 32 10 bits. If the two
banks are sel ecC&:L2n the other hand, the data input and output width is

64 bits. In the case where data are repl aced between the primary cache and
the secondary cache, the Fafene, shartdnghshdaroperatdpm hg eglr‘é?éﬂl Rt to

wting the dat 21508 HRCHn dbAp v, M tabs Rebgdh ol e thaie 11
h h th ' f f d t.h : h i f he, d
array 112 1 cbr odSht DB pet ar Rl SR o il A SRR LT,

20 Therefore, HhedsL 3anq_:d/¥r id e wgperation can be conpleted in four cycles
per line. In an applicati‘on of the conventional menmory to

‘Then, the signal line EQ3 is set to "H" thereby

to suspend the precharge operation of the first global
bit lines (RGBL1l, RGBLBl). At the same time, the word

10 line WL1 is set to "H", and the local bit lines (LBL,
LBLB) are discharged by the memory cell CELL1 thereby to
generate a potential difference. Upon the rise of the
word line WL1l, the control signal RSW1l of the Y switches
(¥YSW1l to ¥SWn) is turned from "H" to "L", so that the

15 local bit lines (LBL, LBLB) are connected with the first
global bit lines (RGBL1, RGBLB1l). The potential differ-
ence of the local bit lines (LBL, LBLB) generated by the
memory cell CELL1l is thus transmitted to the first giobal
bit lines (RGBLl, RGBL1). This potential différence is

20 transmitted further to the sense amplifier latch circuit
104 and data are output to the signal line OUT1 by being
amplified at the sense amplifier.

At the.time point that the potential difference

is transmitted to the sense amplifier, the word line WLl

25 is turned from "H" to "L" thereby to suspend the data
‘read operation from the memory cell CELL1. At the same
time, the control signal RSW1 of the Y switches (YSW1l to

YSwn) is turned from "L" to "H". The P-channel MOS



the cache data array 112, on the other hand, the read and wite operation
requirres eight cycles per line. As a 25 result, the operation tinme (nunber
of _cycles) of the cache data array according to the present enbodinent is
reduced by one half as conpared with t88 prior art. It is thus possible to
assign another job to the primary 27 cache. Ot herw se, power consunption
can be reduced. teamsdditorst of> thee Y istditchadsodivenll toh@8Wn hammasmrnedwhi ch
the continuous data read and wite operation into and 5 fromthe sane
address can be &fdomsia shet ithea logalle biAl tldmest i (M&L,, LBIS ) éa® operati on
and the wite operation can be executed for different addresses,
respectively. Tifepaga&est ifaemithie #drstpiadiohad Wit lises dR&BLly the fourth

enbodi ment bel ow._ 10 12 is a_circuit diag ran1shownng
seni conduct or mBFRLPLAppaiHt G@eaéég\edltr‘rg‘ec'o RforHan SRS gfs tigrned

Serm condust oF ERERy Hpdat B4 11 950 Lhehc e ts @ A LS G,
unlike RGBLB1) are precharged to "H" by the precharge circuit
108. Imﬁediately after that, the signal line EQ2 is
turned to "H", and the precharge operation of the second
global bit lines (RGBL2, RGBLB2) is suspended. At the
10 same time, the word line WL2 is turned to "H", and the
local bit lines (LBL, LBLB) are discharged by the memory
cell CELL2 thereby to generate a potential difference.
As soon as the word line WL2 rises, the control signal
RSW2 of the Y switches (YSW1l to YSWn) is turned from "H"
15 to "L". Then the local bit lines (LBL, LBLB) are
connected to the second global bit lines (RGBL2, RGBLB2).
The potential difference of the local bit lines (LBL,
LBLB) generated by the memory cell CELL2 is transmitfed
to the second globél bit lines (RGBL2, RGBLB2). Further-
20 more, this potential difference is transmitted to the
sense amplifier latch circuit 104 and amplified by the
sense amplifier thereby to produce data on the signal
line OUT2.
At the time point when the potential difference
25 is transmitted to the sense amplifier, the word line WL2
is turned from "H" to "L" and the data read operation

from the memory cell CELL2 is suspended. At the same

time, the control signal RSW2 of the Y switches (YSW1l to



15° the semi conductor nenory apparatus 100 of the first enbodi nent, the
sem conduct or nenory apparatus 400 includes a precharge circuit 108
connected to the local bit lines (LBL, LBLB) in the banks (BANKAl to
BANKAn). Fig. 12, however, also shows a3@enory cell CELL2 selected 20 by
the word line W.2. In view of the fact that the precharge circuit 108 is
connected to theYSWndl ibi tukrhed@sfréml LILBtB) "HM,t ARdbah&sp-thanhetaMoki t
l'ines (LBL, LBLB) can be precharged at hi gher speed than in the sem conduc-
tor menory apparbragsigtonfofhthéi ¥sswihbbes meBEW1 As0aY88n )r ésuktirneeoff
precharge time can be shortened for a reduced cycle tinme. Further, like in
t he sem conduct oFh@ERBYytappaparate 1bbeoloead bPitsliaaBodlBEnt LBLBY sbdse

anplifier latch cjrcuit 1Q4 e replaced with the 28 sense anplifier
|2P ch circuit 105P€nBRAON ﬁiggag.bF'Fg.ll&%sshBﬁELarmBGBPB?m éromnpeach

Conti nuous, o0 BRI 8y 9B Ehy OB Gl RELESICNCE oL IR gL 0Rar 2L s

fol lowed by witifg t5q08hE EPEQL! YEoBEICEYt e he S  kéBL1, RGBLB1) are
precharged to "H" by the precharge circuit 108. As a
result of the above-mentioned operation, data at two
different addresses can be read in a single cycle.

10 Although the illustration of Fig. 15 indicates
that the precharge operation is performed at the end of a
cycle in Fig. 15, the precharge can alternatively be
effected before the read operation. In other words, the
precharge operation can be accomplished in the beginning

15 of the cycle with equal effect.

According to this embodiment, the read and
precharge operation can be performed in a cycle for the
large~capacity global bit lines, while two read operé-
tions can be carried out in a cycle for the sméll-

20 capacity local bit lines. 1In othér words, each read
operation for the local bit lines is accomplished in one
half of a cycle without any precharge operation. The
local bit lines need not be precharged by reason of the
fact that the large-capacity global bit lines are already

25 precharged and the local bit lines are connected with a
load P-channel MOS transistors kept turned on, and
therefore the local bit lines are kept at a potential in

the neighborhood of the source voltage. In this way, the



Before starting the operation, the read global bit lines (RGL, RGBLB) and
-the local bit lines (LBL, LBLB) are precharged to "H' by the precharge
circuits 10 108, 109 as the signal lines EQL, EQR are set to "L". In the
read operation, first, the signal lines3EQL, EQ are set to "H' to suspend
the precharge opera- tion. At the sane time, the word line W1 is set to
"H', so that these exthar gschi cirdl thd tsdneasar(iddt  ad BB)ieres 1§ eiscperged
by the nenory cell CELL1 thereby to generate a potential difference.

Si mul t aneous| y wenpxhecelkanakes hict vposkible td lexedietefthe, hidle-speéd ol
signal RSWof the Y switches (YSW to YSWi) is turned from"H' to "L", and
the local bit |i¥Rad QEeratigm)continuanshky connected 20 with the read

gl obal bit IinesI%EEBL, RGBLB), so that the potential difference of the
local bit |ines (B™MROAIMEN &enerated by the menory cell CELLL is _
transmtted Lo the read gl obal fgt lines (RGBL, RGBLB). Further, this
potential diPference is traEniti SNIE hSLURNABAHIE BUPTE APRRERLUS

ot oo | P S i SR B o b EEh A e fe
potential differgitiyery buffer 114 as in the second embodiment. The
semiconductor memory apparatus 600 includes eight memory
banks (BANKO to BANK7), eight Y switch circuits (YSW0 to
10 YSW7), a Y switch decode circuit YSWD, a word driver WD,
a word decoder WDEC, a predecoder PDEC, a sense amplifier
latch cixcuit SAL, a write amplifier WA and a recovery
buffer RB. The memory banks (BANKO to BANK7) and the Y
switch circuits (YSWO to YSW7) -of the semiconduétor
15 memory apparatus 600 have the same circuit configuration
and layout as the memory banks (BANKn) and the Y switch
circuits (YSWn), respectively, of the semiconductor
memory apparatus 100 in the first embodiment.
The memory cell array is divided intb eight
20 Dbanks (BANKO to BANK7), each having a column of 64 word
lines by 256 bits. The memory cell array is configured
of a plurality of six-transistor single-port SRAM cells.
The local bit line pair (BL, /BL) in each bank is con-
nected to the write global bit line pair (ﬁGW, /BGW)
25 through the Y switches YSW of the N-channel MOS
transistors. The local bit line pair (BL, /BL) is
connected to the read global bit line pair (BGR, /BGR)

through the Y switches YSW of the P-channel MOS



29 7is transmitted to the sense anplifier, the word line W1 turns from"H'
to "L", and the data read operation fromthe nenory cell CELL1 is
suspended. At the same tine, the control signal RSWof the Y switches (YSW
to YSW) 5 is turned from"L to "H', a¥@ the P-channel MOS transistors of
the Y swtches (YSW to YSW) are turned off. The local bit lines (LBL,
LBLB) and the retxprgbddrdit |ines (RGBL, RGBLB) are thus separated from
each other. Imediately after that, the word line W2 is set 10 to "H',
and data are witten into R e®rthg electmignals n¥Rtiscbushgdwtoh"Lhe
rise of the word line W2, the control signal WWfor the Y switches (YSW
to YSW) is tur fRf iR Frehannel  MOS Thrang kskemels Nogrredensinrsuch ane v

itch YSWL. to YSWh) thus are furned on, and the 15 Ilocal bit_ lines
(LBLC"TBLE) ar o TR i vHE (HASUAT (o G e Ed oRREY veetl 1l B)

' ion._7Th ' I | bit,li L
vesLe) have 8 r Bt o e Fend it otk ine @am%ﬁ%@éﬁm on.
' ' r S . .
Cranomtred 1o (e Eicfa PR OindBftfdd fo tNE Lag 4081 Bis dine.

fast if only thedpeaipdr] /BRES {4 RletdBd&d Hid SAMD]1iFAERCAL YLRE CsEHGE 9€d
o amplifier latch circuit SAL, and output to a read bus
RBUS. The read bus has a width of 32 bits. The sehse
10 amplifier latch circuit SAL is makes up a differential
sense amplifier (sense amplifier latch circuit 105) as
shown in Fig. 2.
One of the select signals YW is set to "H" and
the N-channel MOS transistor is turned on so that the
15 data input through the write amplifier WA from the write
bus WBUS is transmitted to the write global bit line pair
(BGW, /BGW) during the write operation. The write bus
WBUS also has a width of 32 bits. |
An address is input to the predecodeﬁ PDEC and
20 decoded therein in synchronism with a clock CLK from the
address bus ABUS. Further, the output of the predecoder
PDEC is applied to the word decoder WDEC and decoded
therein appropriately. The output of the word decoder
WDEC is applied to the word driver WD thereby to select
25 the word line WL.
Fig. 17 shows the bit line capacity of a

semiconductor memory apparatus 600. The bit line

capacity of the semiconductor memory apparatus 600 can be



di scharged. After conplete wite operation, the word line W2 is turned
from"H' to "L". At the sanme tine, 25 the control signal WsWfor the Y
swi-tches (YSM to YSW) is set from"H' to "L", so that the N-channel MOS
transistors of the Y switches (YSW to38W) are turned off. The | ocal bit
lines (LBL, LBLB) are thus separated 30 fromthe wite global bit Llnes
(WEBL, WGBLB). Areducediaby abeuti 453l compase&Qiithk(Bhar eohvenedohal " L", so
that the read global bit Iines (RGL, RGBLB) and the_local bit lines (LBL,
LBLB) are prechd@@@@ryohaYﬁn%ythﬁesgmgr%Eﬁaa?e Gi?eqlgg Lbfrefﬂaftehereby
conpleting the operation of the conplete cycle. According to this
enggdinen?, t he $%éﬁr§ﬂ% EfiﬁémeﬁpgﬁiBhg @PRVPRELBRAR JNEBPrY hénnther y

cells of the sang, bank. imlar operation,_ however, can be 10 perforned
also with the nefbf c%$$é3bmeﬂF5f%$éﬂ9 BA#L0b&ebitalings; ¢ e ThAd

Coie) - the rena SHRSEEE SE ohs JivhPre €450 cRhmortan hathpchiti Sinthe

read global bit |jges) (%Lli@}%s @Qgiﬁﬂgted as "Memory Cell". The
figures in parentheses indicate the number of memory
cells. Since the semiconductor memory apparatus 600 is
divided into eight banks, the number of memory cells is

10 reduced by a factor of 1/8 as compared with the memory of
the prior art. The capacity of the bit lines (local bit
lines) is expressed as "BL". The character M2 in the
parenﬁhesis indicates the second-layer metal.. Specifi-
cally, it indicates that the bit lines use the second-

15 layer metal. The capacity of the global bit lines is
expressed as BG. The character M4 in the parenthesis
indicates the fourth-layer metal. Specifically, it
indicates that the global bit lines use the fourth-léyer
metal. The capacity of the Y switch circuit connecting

20 the local bit lines and the global bit lines is desig-
nated as YSW. The global bit lines use the fourth-layer
metal (uppermost layer), and therefore the capacity per
unit length of the global bit lines (0.11 f£F/um) is
smaller than the counterpart of the local bit lines (0.19

25 fF/pm). As a result, the global bit lines of the semi-
conductor memory apparatus 600 are substantially as long
as the bit lines of the conventional memory. In spite of

this, the capacity of the global bit lines of the



15"wite operation alone is executed in a cycle for the wite gl obal bit
lines (WEBL, WEBLB). In other words, the global bit |lines are used
exclusively for the read and wite operations, respectively, and the | ocal
bit lines are used for the continuous #@ad and wite 20 operation. The
precharge operation is not required, however, between the read and wite

operations. At b@mhohhecmbecham@egoa@patrhmsp@rufoomedmulbhetmct @f ahe
cycle is illustrated in Fig. 13, the pre- charge can be perforned before

t he read oper at bdt. line25odt hbe wonsdentiloaair eemarys illustrated in Fig. 3
I's equivalent to the precharge being executed in the begin- ning of the
cycle. This is acconplish&dghy l8sshgwshe Isimalation waveform &f &hsingle
port and the whole nenory as two ports. In other words, the banks are used
in the same man§emigengduckerpsemomynappagatus H09 -semhdéndddEdatdonor y -

apparatus 400 is a two-port nenory capable of regading data frqma 5 gi ven
addr ess and iFFﬁ&h&aﬁé Phtéﬁﬁﬁﬂeﬁl§ Al OPST At oNs FEULCR: VoL tRge ©

| arge- capaci ty %t%by aQ!%n|5%%§a &%ny%%%ience temperature of 75°C. The

write amplifier WA can drive the write global bit line
pair (BGW, /BGW) during the period when the signal read
from the memory cells is transmitted to the read global

10 bit line pair (BGR, /BGR). After the read operation, the
N-channel MOS transistor of the Y switch ¥SW is turned
on. In this way, the write data can be transmitted to
the local bit line pair (BL, /BL) without precharge
during the_period between read and write operations for

15 the local bit line pair (BL,_/BL). Also, the read global
bit line pair (BGR, /BGR) can be precharged during the
period when the write data are written into the memory
cells. It is entirely unnecessary to precharge the Qrite
global bit line pair (BGW, /BGW). Specifically, the

20 read, write and precharge operations are executed in that
order for the local bit line pair (BL, /BL). For the
read global bit line pair (BGR, /BGR), on the other hand,
the read and precharge opérations are performed in that
order. Only the write operation is performed for the

25 write global bit line pair (BGW, /BGW). Consequently,
the read operation for the read global bit line pair
(BGR, /BGR) is executed concurrently with the write

operation for the write global bit line pair (BGW, /BGW).



as two-port lines, while the small-capacity local bit lines are used as
single- port line in pipeline fashion (in serial operation). 10 .

<Enbodi nent 5> According to the fourth enbodi nent, two global bit |ines
were used for the read and wite operatd4bns, respectively, thereby to
execute the read and wite operations continuously in a single cycle. In
contrast, 15 the use of tTwegéimalation|reeslatinheigi nE8 oshewadtRgt Cthe
realize a two-port nmenory capabl e of reading the data of two different
addresses in a ci¥® oPeyAbions inwmit@awmdcama@efmeadhénsemtyoh@usuatler
by one half than in the conventional nethod. This operation will be 20
expl ai ned as an RERPFY ARPRFAERHH Y ¢ar be ixeabhredi kend. behow Fgothdris

a circuit diagram show a sem con- ductor nenory apparatus according to
anot her enbomlnﬁﬂr$%tt#ﬁ?Fﬁ%ﬂ%ﬁﬂ“#?ﬁ&ﬂﬁi@ﬁﬂ°¥ys%59%%m6%%t69°n%ﬁ%@?tﬁs

apparatus 50Q is . different fromthe sem conducfor nenory apparatus 100 of
the first enBodi VEHETT (0 YHhiF (9RFRTIORS %\7?—)5%,‘:1!(@{5% GF o285 MBZ L 8 1o

the local bit Iiéﬁg&éé{ﬂg fﬁ%&%eﬁé&fhe banks (BANKB1 to BANKBn), the Y

Fig. 19 shows a comparison of cycle time
between the semiconductor memory apparatus 600 and the
conventional memory apparatus. The cycle time of the

10 semiconductor memory apparatus 600 is 48% shorter than
that of the conventional memory. The conventional memory
comprises neither a read global bit line pair nor a write
global bit line pair. As a result, for both the read and
write operations to be performed, a cycle time twice as

15 1long is required. In the semiconductor memory apparatus
600, the local bit lines (BL, /BL) small in capacity are
used in pipeline fashion (expressed as "pipelined" in
Fig. 19), and the two global bit line pairs (BGR, /BGR;
BGW, /BGW) large in capacity are used as two ports

20 (expressed as "2-port" in Fig. 19). The numerals in

| parentheses in Fig. 19 denote the load capacity of the
bit lines.

The read operation is designated as "Read" or
"R", the write operation as "Write" or "W" and the

25 precharge operation as "Precharge" or "Pc". Also, a bit
line or a local bit line is abbreviated as "BL", a read -
global bit line as "BGR", and a write global bit line as
"BGW".



32 'switches (YSW to YSWh) are configured of P-channel MOS transistors

al one’ and the two pairs of global bit lines (RGBL1, RGBLB1l; RGBL2, RGBLB2)
are connected to a read circuit (sense anplifier latch circuit 104) and a
wite 5 circuit (wite anplifier circuf#f2 102), respectively. The other
conponent parts of the sem conductor nenory apparatus 500 are identical to
t he correspondi ng parts of Fige 20nsbowduat oirgeibr goafipguzttdoh00Lf Ithiee in
t he sem conduct or nenory apparatus 100 according to the first 10

enbodi ment, the SeRse ampilifier lateh eircuit $8L aand Besisplatdeonwith the
sense anplifier latch circuit 105 shown in Figu 2. The menory cells CELLI,
CELL2 are connectVg¥efgrmh&hgseatl.i ndaeeimuppiionpedgethpy spgultnebtadaedy t

15 | LBL, LBL tituting the_internal bit |ines of the banks are
connEQSZd(to theuﬁgéﬁggﬂéi%°Hpﬁ§g°FR@§LTP RPRFAT1ORGEPYICRGEPRIRICOPed -Pn

Al ot 6, AT bbal hO8 o b Pl BhnBBLERch 8 0365, Miguol e
he® (L, ELELFESE, CRBEELECkOL U ORI FachWinED VR LBl ObptES
to the the data out on the read bus RB US (Read Bus) is 1.3 ms.
The read global bit line is expressed as BRG, the output
line of the first-stage sense amplifier SAl as SOl1l, the
10 output line of the second-stage sense amplifier SA2 as
S02, and the output line of the third-stage sense
amplifier SA3 as SO3. The sense amplifier enable signal
SA_EN is enabled to "H" level before a potential differ-
ence is generated in the read global bit lines (BRG,
15 /BGR). 1In other words, it indicates a timing-free sense
amplifier. |
Fig. 21 shows a photographic copy of a proto-
type of the semiconductor memory apparatus 600. A wbrd
decoder WDEC, a word driver WD and a Y switch decoder
20 circuit YSW are arranged in an area designated as _
"Decoder/Word Driver". The sense amplifier latch circuit
SAL, the write amplifier WA and the recovery buffer RB
are arranged in an area designated as "Read/Write
amplifier /RB", and the wiring of a read bus RB US in an
25 area designated as "Read Bus". The wiring of the write
bus W BUS is arranged in an area designated as "Write
Bus". The predecoder and other necessary circuits are

arranged in an area designated as "Peripheral".



ground potential. The global bit lines are divided into first global bit

|l i nes’ (RGBL1, RGBLB1) and second gl obal 25 bit lines (RGL2, RGLB2). The
first global bit lines (RGBL2, RGBLBl) are connected to the local bit lines
(LBL, LBLB) through the P-channel MOS t43nsistors MP51, MP53 of the Y
switches (YSW to YSWi) on the one hand and 33 to the sense anplifier
latch circuit 104 on the oThersémidondhetsecmanogliyodppabatuki 609 (BGBL2,
RGBLB2) are connected to the local bit Iines (LBL, LBLB) through the
P-channel MOS trfekricated whth te400B5the fouwrlaper Betyxd\WirdngSWMPSon

the one hand and to the sense anplifier latch circuit 104 on the other
hand. The gates B?Cbﬂequchaﬁh%IgﬂES tenathspfr shesi-channgl MP§ xansds-

with a signal e RS nd the S t he P-channel transi stors
MP52, NPSg are c ﬂﬁeﬁg%dt tR- ﬁh g Mgénériﬁsﬁéﬁﬁr *ﬁewcicﬁﬁerlﬁbﬁd

e oL e AR A A AR ¥ 1R ol
YSWi) . The fir5ts9ﬁ9@8ﬁd@b£o£'ﬂ@ﬁoéﬁﬁgbﬁaratus 600 is 1.5 mm x 3.56 mm.

| Fig. 22 shows.actual measurement of operation
waveforms of the semiconductor memory apparatus 600.
This diagram shows waveforms of a 285-MHz clock, a word

10 line WL (Word Line), a write bus WBUS (Write Bus) and a
read bus RBUS (Read Bus). The abscissa represents the
time, and the ordinate the output voltage. Each cycle is
3.5 ns, and the access time is 2 ns. Thus, the read and
write operations are executed in one cycle of 285 MHz in

15 operation frequency. The features of the semiconductor
memory apparatus 600 are as follows:
(1) Storage capacity: 4 K x 32 bits (16 Kbytes)
(2) Read port: one
(3) Write port: one

20 (4) Source voltage: 2.5 V
(5) Cycle time: 3.5 ns
(6) Clock access time: 2.0 ns
(7) Power consumption: 130 mW (for the operating clock
frequency of 200 MHz) |

25 (8) Memory cell size: 4.2 x 5.16 um (6 transistors)
(9) Chip size: 1.5 x 3.56 mm
(10) Process: four-layer metal wiring 0.35-pm CMOS

(11) Metal wiring pitch: 1.4 um



15 ‘RGBLB1) and the second gl obal bit |ines (RGBL2, RGBLB2) are connected to
the precharge circuit 108, respectively. The signal lines EQB, EQ4 are for
controlling the precharge circuit 108,¢Eespectively. The data read out of
“the first global bit lines (RGBL1, RGH 1) are output 20 fromthe signal
line QUT1, and the data read out of the second global bit |ines (RGBLZ,
RGBLB2) are outp(i2jrobantewidghal 2iBeGB@s/she first global bit lines
(RGBL1, RGBLB1) and the second global bit lines (RGL2, RGBLB2) are
connected to the wite ainhﬁiénventtgntd&@QlOEédrbnghelpeéyeptbmg t he
operation of the circuit according to the present enbodinment will be
expl ai ned wi th r&REeRReESt bas heeeRsexphaipednspacif deeligagboveswithom t he

nmenor 34 cel |l LL1 and the onti nuously fromthe penory cell CELL2.
Beforg starting T® eBﬁ%?%tFBn?mgﬂélﬁ?BBﬁr b?gelPﬁ%§e%REBEY?n i, RGBL2,

ROBLB2) are W echgiggdyt0;oHioR byl NesPLECIALIE SiESHLheA08, AhLer oburni g
the signal |ines @%ﬁ? Eoutt ot ’ ©

course can be modified in various ways without departing
from the spirit thereof. The memory cell of the semi-
éonductor memory apparatus shown in Fig. 1, which is of
what is called the static type, for example, can be

10 replaced by a similar memory cell of what is called the
dynamic type including one MOS tranéistor and one
capacitor. Also, the cache memory shown in Fig. 8 which
is of the direct map type can be replaced with a similar
cache memory of set associative type or full associative

15 type. Each line of the cache data array 112, which
represents 256 bits, can alternatively represent a
multiple of the input/output data width such as 128 bits
or 512 bits. Furthermore, thé input/output data widfh of
32 bits or 64 bits of the cache data array 112.may alter-

20 natively be 128 bits. The microprocessor 130 shown in
Fig. 10 may have a secondary cache built therein. What
is more, the cache memory shown in Fig. 2 can be used as
the secondary cache. 1In addition, the computer system of
Fig. 10 may be a cacheless memory. In other words, a

25 main memory unit can be used for the function of the

secondary cache.



Then, the signal line EQB is set to "H' thereby to suspend the prechar ge
operafion of the first global bit |ines (RGBL1, RGBLBl) At the sane tine,
the.word 10 line W.1 is set to "H', and_t he |ocal li “ munm‘un B) are
di scharged by the nmenory cel | CELLl th@ﬁeby to gener “ IH

di fference. Upon the rise of the word Iine W1, the contfoltsigndl RSWL of
the Y switches (@BRIMS8e YSWh) is turned fronl"kr to "L", so.that the 15

| ocal bit lines iLBL LBLB) are connected with the first gIobaI bit Iines
(RGBL1, RGBLB1).1The potendi emirphducterncaenbriyheppecatusi comprdsihighl,
LBLB) generated by the menmory cell CELL1 is thus transnitted to the first

gl obal bit |ines (RGBL1, SPOrYLATTRY: dACLYALIRGf Repduzalisy29f word

transmtted further to the sen a i,er .l.atch circuit (104 _and data are
output to the S|Sﬁ3F Plﬁepéﬂﬁi §Yggﬁngl§nﬁPPFFeda§9 gheluzadd tynplif i er.

At the time poin oten ference tran mtted to.,the sense
anplifier, tﬁe m%?@g?& 3&% %grngeguP ed™ FSﬁchlopﬁ EthﬁgrEE}dtU°rd
suspend the data n menory cell CELL1. At the sane
time, the contro}igggngﬁa % 8 PE ﬂh’gg\i\ntches (YSW to YSW1) is turned
from"L" to "H'. The P-chaggehelbP a first global bit line connected to a

sense amplifier;

at least a second global bit line connected to
a write amplifier; and

o a selection circuit for cdnnecting a plurality

6f pairs of said bit lines selectively to said first
global bit line and said second global bit line;

wherein said first and second global bit lines
are arranged on said memory array, and

when reading data from said memory array, said
bit lines are connected electrically to said first global
bit line and data are output through said sense ampii-
fier, and |

when writing data into said memory array, daté
are input to said second global bit line through said
write amplifier, and said bit lines are connected
electrically to said second global bit line.
2. A semiconductor memory apparatus according to
Claim 1, wherein the read cycle for said data on said
first global bit line and the write cycle for said data
on said second global bit line can be executed

concurrently.



35 transistors of the Y switches (YSW to YSW) are turned off, so that the
| ocal "bit {ines (LBL, LBLB) are separated fromthe Emmwﬂ"‘mwr&ml I nes
(RGBL1, RGBLB1l). At the same tine, the signal |ine ,from
"H' to "L", and the first global bit |i4es (RGBL1, RCBLB1)‘-ar® pr echar ged
to "H' by the precharge circuit 108. Imediately after that, the signal
line EQ2 is turndd to "H', Aasemibenguetbargemoper appapachst hecegding gbobal
bit lines (RE&L2, RGBLB2) is suspended. At the 10 sane time, the word line
W2 is turned toClaim jpdwheseincaaidi mempnyscelbs argl BRAMsecedichchar ged by
the menmory cell CELL2 thereby to generate a potential difference. As soon
as the word |inelDEdudingssiknbragsisbPrsignal RSW2 of the Y switches (YSW

to YSWi) is turned from"H 15 to "L". Then the local bit |lines (LBL,
LBLB) are connected to theAsﬁﬁBhﬁoﬁﬁBﬁ%PrbF?mPFKeéPEfEBEE§ REEEBQ?;HE?ﬁ
otential difference of the local bit lines (LBL, L eperate e
gennry cell CELL2 is transfi PFRATY 2TH3Y <486 ngﬁgba|PinaEFﬁXs°2REéF§,th
R@&LB2). Furtherq; nox e L $: POt epty ' re Ls_tr i1tte o] e
sense ;nplifier }ﬁﬁgﬁ'cérgﬁﬁ?éibggaﬁg %§%|??$%§'b§ﬁ§hé Eéﬁggié | Ptier
thereby to produggméyaceN1sNgrsa8884 at intersections between said word

lines and said bit lines;

at least a first global bit line and at least a
second global bit line arranged in parallel with said bit
lines on said memory array; and

a selection circuit for connecting said bit
.1ines selectively to said first global bit line and said
second global bit line;

wherein said selection circuit connects said
bit lines electrically to said first global bit line when
reading data from said memory array, and said selection
circuit connects said bit lines electrically to said-
second global bit line when writing data into said memory
array.
5. A semiconductor memory apparatus according to
Claim 4, wherein the read cycle for said data on said
first globai bit line and the write cycle for said data
on said second global bit line can be executed
concurrently.
6. A semiconductor memory apparatus according to
Claim 4, wherein said memory cells are SRAMs each

including six transistors.



line OUT2. At the time point when the potential difference 25 is | _ _
transimitted to the sense anplifier, the word line ' N"”MH“PH to
"L". and the data read operation fromthe nenory cel m ded. At .

the sane time, the control signal RSW2 4f the Y switehes (YSW fo * 36
YSWh) is turned from"L" to "H', and the P-channel MOS transistor of the Y
switches (YSW td- YSWh) i sAt sembdondictoerméypory spparatest hempotalingit
lines (LBL, LBLB) and the second global bit |lines (RGL2, RGBLB2) from each
5 other. Also, the signaf finetHusmerytarney ireudingta pluraditytné
br echar go. i roul £1385. WHETaL 1088} (4 PLFRL HEBVRL TERFF BBt obbnusy oAnddar a
at two different_addresses gcan be read,jn a single cycle, 10 .
Al t hough the iIIB€Y¥%§+€K 3 ??@9rl5°?%£?c%fﬁgn8ﬁ§taghénE?EEﬁSFbgnﬁperation
7 2O % SEERd g, EVELE 40T Bindd oS RSECEEERE SID yinees
precharge operation can be,agsosRd i fbRGry NatPEy PERETREMg a plurality of
second word lines, a plurality of second bit lines, and a
plurality of memory cells arranged at intersections
between said second word lines and said second bit lines;

at least a first global bit line and at least a
second global bit line arranged in parallel with said
first and second bit lines on said first and second
memory arrays, respectively;

a first selection circuit for connecting said
first bit lines selectively to said first global bit line
and said second global bit line; and

a second selection circuit for connecting said
second bit lines selectively to said first global bif
line and said second global bit line;

wherein said first and second selection
circuits connect said first or second bit lines
electrically to said first global bit line when reading
data from said memory cells, and said first and second
selection circuits connect said first or second bit lines
electrically to said second global bit line when writing
data into said memory cells.

8. A semiconductor memory apparatus according to

Claim 7, wherein the read cycle for said data on said



15+ of the cycle with equal effect. According to this enbodi nent, the read
and ptecharge operation can be performed in a cﬂmlu Iﬂﬂl““ﬁlllmule capacity
gl obal bit lines, while two read opera- tions c in a cycle
for the small- 20 capacity local bit |#8es. In ‘otHer wolds® é&ach read
operation for the local bit lines is acconplished in one hal f of a cycle

w thout any precharge gpebalipit Ihﬁelaﬁaltﬂétwkiaescgeﬁd Bek Qslaraaharged
by reason of the fact that the | arge-capacity gl obal | ines are al ready

25 precharged aom sabdl seabndi globatsbatelinanactedxwctiled toagdubrehanyel
MOS transi stors kept turned on, and therefore the local bit lines are kept
at a potential i%-the nelghbsemoodndﬁcthe Bemory appazgeus| actbrdingytot he
37 use of a bank in the same manner as if it is a two-port nenory cel
makes it pOSS|bI%1§bme%ecHh§r?h@ 8R4 - Bpeenyr eadlaparat SBAMsosachuousl y.

<Enmbodi nent 6> 5 g 16 shows a seni conductor nenory apparatus
600 conprising tHRcludinggh¥ HERRSHFEQYS112 and the sane

10. A semiconductor apparatus comprising:

a plurality of memory mats each having a
plurality of memory cells arranged in an array and a
plurality of local bit lines;

a pair of first global bit lines and a pair of
second global bit lines formed across said memory mats;
and

a selection circuit formed adjacently to said
memory mats to selectively connect said local bit lines
to said pair of first global bit lines and said pair of
second global bit lines;

wherein said local bit lines and said first
global bit lines are electrically connected to each 6ther
when reading data, said local bit lines and said second
global bit lines are electrically connected when writing
data, and the read cycle for said data on said first
global bit lines are execﬁted concurrently with the write
cycle for said data on said second global bit lines.

11. A semiconductor apparatus according to Claim
10, wherein data are read from and written into the same
address in one cycle.

12. A semiconductor apparatus according to Claim

10, wherein a pair of said first global bit lines and a



recovery buffer 114 as in the second enbodi ment. The seni conduct or nenory
appar atus 600 includes eight nenory banks (BANKO to HM’MMHMM Wit ch
circuits (YSWOto 10 YSW), a Y switch decode circu vy Ik mMiri ver
WD, a word decoder WDEC, a predecoder PREC, a sense anplifier lafch*circuit
SAL, a wite anplifier WA and a recovery buffer RB. The nenory banks ( BANKO

to BANK7) and thpalrseftshigi 566bh8 §YSHEL !B YSWhesl atberserbq0RIVCERENLS
nmenory apparatus 600 have the same circuit configuration and layout as the
nmenory banks (BARG@my pailrshef YsawdtLocalrbutt 3ifngSW), respectively, of the
sem conductor nenory apparatus 100 in the first enbodiment. The nenory cel
array is dividedl3nto ei ghd gembaohdu¢BANKapparBLhk7acceadbngaronglaimol um
of 64 word lines by 256 bits. The nenory cell array is gonf[gured of a
plurality of six!@ravBesesn sahd| topaltbERAMBes| and Theidofaksbi andine pair
(BL, /BL) in each bank is con- nected to the wite global bit line pair
(BGN /BGW 25 S$RFORnIinkal Bift thaes vaye oformed \vEndhfiferent metal

transi stors. The,local bit aL§ (BL, /BL) is connected to the read

Iine.g _
global bit Iine PAYFTTBEESPRERIVE¥ough the Y switches YSWof the
P-channel MXS 44, A semiconductor apparatus according to Claim

10, further comprising a sense amplifier connected to
said first global bit line and a recovery buffer
connected to the output of said sense amplifier, wherein
data ére written into said memory cells after the value
in said memory cells are read into said recovery buffer
at the time of storage.

15. A semiconductor apparatus according to Claim
14, wherein the value of said recovery buffer is written
back into said memory cells when said semiconductor
memory apparatus is used as a cache memory and when said
cache memory is mishit at the time of storage. |

16. A semiconductor apparatus according fo Claim
10, wherein said memory cells is SRAMs each having six
transistors.

17. A data processing apparatus comprising:

a central processing unit, a cache memory for
writing a data array before establishment of a hit signal
and a substrate formed thereon with said central
processing unit and said cache memory;

wherein the loading from said cache memory into

said central processing unit and the storage from said



38 transistors. One of the select signals YR is turne bl Fﬂ\the
P- chahnel MOS transistor is turned on in such a m‘t Mﬁ“‘iﬂmﬂ |gnal of a
sel ected nenory cell is 5 transmtted to the read L 1 ne pair

(B&R, /BGR). The signal thus transmtted®o the read global bit Iine pair
(BGR, /BRG) is detected and anplified at the sense anplifier latch circuit
SAL, and out put tenaradagrbuesBBhG. ulie iazd baidhzachewmdiorgf a¥2 bits.
The sense 10 anplifier latch circuit SAL is makes up a differential sense
~anplifier (senseagapmpiishedaivhover machinesrysdesbdwsaid Eegtral One of
the select signals YWis set to "H' and the N-channel MOS transistor is
turned on so thaPTPRESEENI(HRALinput through the wite anplifier WA from
the wite bus VBkﬁ}is trangm tted to the wite global bit line pair (BGN
/BGW during thelfrite opefaflPER. PYRESRFLNG PRPARBLSSCOBPRASIAGA dt h of 32

bits. An address is input to thgﬁg edecoder ,PDEC and, 20 .decoded therein in
synchronismwith a clock CBKCFP hBTRE§PE429 JR 1 xgDaViRG, AnBRC out put

of the predecodep, PPECAES n@RPLLSE EﬂahhﬁOwgégcqegoggEhQDﬁgm%Qg dggoged

substrate formed thereon with said central processing
unit and said cache memory;

wherein the loading from said cache memory into
said central processing unit and the storage from said
central processing unit into said cache memory are
accomplished in one machine cycle of said central
processing unit.
19. A data processing apparatus comprising:

a central processing unit, a conversion buffer
for converting a logic address into a physical address, a
cache memory accessed by a physical address, and a
substrate formed thereon with said central processin§
unit, said conversion buffer and said cache memory;

wherein the loading from said cache memory into
said central processing unit and the storage from said
central processing unit into said cache memory are
accomplished in one machine cycle of said central
processing unit.
20. A computer system comprising:

a central processing unit, a primary cache
memory and selected one of a secondary cache memory and a

main memory unit;



therein appropriately. The output of the word dec Is applied to
the word driver WD thereby to select 25 the word mﬂm shovxs t he
bit.line capacity of a seniconductor nmenory apparatusSc ﬂy “1'ine
capacity of the sem conductor nenory appdratus 600 can be " 89 reduced by
about 45% conpared with the conventional nmenory having the sanme storage
capacity (hereinafter refewhettein whapl jase aire eachengednbetwerns gaiid t he
si xth enbodi ment) using no global bit |ines. The 5 capacity of the nenory
celI's connected PEiMAEYbFRChPnESMOFYCARdbEELRLRES) Ong Qésisgﬁrét sgcendagnory
Cell™. The figures jn arenthes s indicate the nunber cell s.

Since the sen1coﬁGE £o eﬂ@ﬁﬁr?“ pﬁé? t@?lBOHEWQrﬁlvpﬁéd FSEOI@P&ﬁPgb £fks,

t he nunber of ne is 10 ctor of. 1/ 8 ,as_conpared

! G2 Fobh ,_-;ﬁ BleC ol AP
with the menory ﬂ@ 5PMaftt P 8.858&8 ERe BFt PR ®TEMEEN bit
lines) is expresggngsmegbéglggg E?Enl |ca% E%” &Sis§ andi cat es

t he second-| ayer e Bt lines use
the second- address as said predetermined address of said primary
cache memory are executed in substantially the same
cycle.
21. A semiconductor memory apparatus comprising:

a memory array including at least a memory cell
and at least a bit line connected selectively said memory
cell by a word line;

a precharge circuit for setting said bit line
to a predetermined potential; and

a write circuit;

wherein said pfecharge circuit is prevented
from precharging said bit line between the time of
reading data from said memory cell into said bit liﬁe and
the time of writing data from said write circuit into
said bit line.

22. A semiconductor memory apparatus according to

Claim 21, wherein said precharge circuit precharges said
bit line before reading data from said memory cell into

said bit line.

23. A semiconductor memory apparatus according to
Claim 21, wherein said memory cell is a SRAM including

six transistors.

24. A semiconductor apparatus comprising:



15 “layer netal. The capacity of the gl obal bit lines is ex BG.
The character M4 in the parenthesis indicates the 1u“unﬂ“mﬁnmﬁﬁ
Specifically, it indicates that the global bit lin Iayer
metal . The capacity of the Y switch cir&#t connecti’ng 20" the local bit
lines and the global bit lines is desig- nated as YSW The global bit Iines
use the fourth-layer netal a( meperyostt apedpdiagdat pduebdieyt of oemeiyt y
per unit length of the global bit lines (0.11 fF/[err]m is smaller than
the counterpart oelikearyeagedi inl ancerga@yléndsa plufreddlty) of Avcalr dddl t,
the gl obal bit Ilnes of the sem - conductor nenory apparatus 600 are
substantially asliBB§isas the bit |ines of the conventional menory. In spite
of this, the capacity of the global bit |ines of the 40 semi_conduct or
nmenory apparatus 600 is snﬁlPgPrPH&FYbetRélEFt°¢|ﬁé?b@ﬂ i ddmesndiosmad
menory. Fig. 18 shows a _si.nul ati on wayeform of the sem conductor nenory
appar at us 600. TARCECEP TR BR™S*¥eBA° is obtained with an operation

Tha €€ voltage of 2.5V at ,aR.90eE3bH0R; 3Rt B el a3 aWentdly ¥ Faild™

memory mat for selectively connecting said local bit
lines to said pairs of said global bit lines, respec-
tlvely, and

a sense amplifier connected to said global bit
lines; |

wherein said local bit lines and said pairs of
said global bit lines are connected electrically to each
other at the time of reading data.
25. A semiconductor apparatus éccording to Claim
24, wherein data are read into two different addresses in
‘one cycle.
26. A semiconductor apparatus according to'Cléim
24, wherein each of said memory cells is a SRAﬁ including
six transistors.
27. A semiconductor memory apparatus, wherein the
memory cycle time for read operation can be defined in
the same period as the memory cycle time for continuous
read and write operations in a timing specification.
28. A semiconductor memory apparatus according to
Claim 27, wherein said continuous read and write
operations are performed for the same address.

29. A semiconductor memory apparatus according to



wite anplifier WA can drive the wite global bit Iine pair (BGW 7BGW

during the period when the signal read fromthe i ansmtted
to the read global 10 bit line pair (BGR [/BGR mﬂmmﬁmmml
operation, the N-channel MOS transistor 6& the Y st t’ch*YSWi& turned: on.
In this way, the wite data can be transmtted to the local bit line pair
(BL, /BL) withowlagimcl®) gthebeimosdind PeritDtudes eead rend wpdtarite
operations for 15 the local bit line pair (BL, /BL). Also, the read

gl obal bit |ine qeeratiley dBSR)extormed pferhdifterent i addraéssesci od when
the wite data are witten into the nenory cells. It is entirely
unnecessary to p¥echarge thesepicenduobter memory rpparatys@eceopdipg to
Specifically, the 20 read, wite and precharge operations are executed in
that order for t®E2imcai. yrhexeir Bhere (B ne gpgmory cyrier 88 BPEhIFrMbng
line pair (BGR /BGR),, on the other hand, the read and precharge operations
are performed i PTHattRe JEFLEHPREYRELORt te operation is performed for the
25 wite global bit line pair (BGWN /BGN. Consequently, the read
operation for the read global bit line pair (BGR /BGR) is executed
concurrently with the wite operation for the wite global bit Iine pair

(BGW /BGW .



41 The simulation result in Fig. 18 shows that the two operations of wite
and read 'for the sem conductor nenory apparatus 600 can be realized in 3.5
ns. In other words, the sem conductor nmenory apparatus 600 executes 5 the
read and wite operations in a cycle ob4285 MHz in operating frequency.
Fig. 19 shows a conparison of cycle tinme between the sem conductor nenory
appar atus 600 ABSTRACTC OFv OME OISCLOSURE apparatus. The cycle tinme of the
10 sem conductor nmenory apparatus 600 is 48% shorter than that of the
conventional nenory. The conventional menory conprises neither a read
global bit line pair nor a wite global bit Iine pair. As a result, for

both the read and w i SRMICRNUGTOR MEMORY APPARATUS| rmuoammmppmm ce as

ot 1ines (BLy /BL) sL&WnW%&E%Wn%% AR o O

(expressed as "pipelined" in Fig. 19), and the two global bit I|ne palrs
(BGR, /BGR, BGW /BGNV Ia%g%em%F%%$%%F?§ BPBOL¥ cAPRATARYSpd St Proyide
(expressed as "2-port" in Fig

denote the | oad"tHpatiTSPIFY t?@r#t Ri ggg%' gigk’all B:R21RE"RRRedted %o 0
a sense amplifier, a second global bit line connected to
a write amplifier, and a selection circuit for connecting
a plurality of bit lines selectively to the first giobal
bit line and the second global bit line.

(Figure 1)



The read operation is designated as "Read" or "R', the wite operation as
"Wité" or*"W and the 25 precharge operation as "Precharge" or "Pc".
Also, a bit line or a local bit |line is abbreviated as "BL", a read gl obal
bit line as "BGR', and a wite global bit |ine as "BGW. 42 Fig. 20
shows a circuit configuration of the sense anplifier latch circuit SAL and
a simulation waveform thereof. The sinul gtiigon is the result obtai ned under
the condition of an operation source voltage of 2.5 5 V and an operating
anbi ent tenperature of 75[err]C. The tinme after the rise of the word |ine
W. to the tinme of reading the data out on the read bus RB US (Read Bus) is
1.3 ns. The read global bit line is expressed as BRG the output |ine of
the first-stage sense anplifier SAl a iOG theg10 output line of the
second- stage sense anplifier - SA2 as S G output line of the
third-stage sense anplifier SA3 as S03. The sense anplifier enabl e signal
SAEN is enabled to "H' level before a potential differ- ence is generated
in the read global bit lines (BRG '
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15 /BG&R). In other words, it indicates a timng-free sense anplifier. Fig.
21 shows a’ phot ographic copy of a proto- type of the seni conductor nenory
apparatus 600. A word decoder WDEC, a word driver WD and a Y switch decoder
20 circuit YSWare arranged in an area designated as "Decoder/Wrd Driver".
The sense amplifier latch circuit SAL, the wite anplifier WA and the
recovery buffer RB are arranged in an ar 1édesi gnated as "Read/Wite
anplifier /RB", and the wiring of a read™us RB US in an 25 area desi gnated
as "Read Bus". The wiring of the wite bus WBUS is arranged in an area
designated as "W.ite Bus". The predecoder and other necessary circuits are
arranged in an area designated as "Peripheral". 43 The sem conduct or
menory apparatus 600 is fabricated with ﬁuiIGSS- rrlmfour-iayer netal
wiring CMOS technique. The gate length o M- cimnnel MOS transis- tor
and the P-channel MOS transistor is 0.4 [err]m The 5 pitches of the netal
wiring are 1.4 [err]m The size of the sem conductor nenory apparatus 600

Is 1.5 nmx 3.56 mMm RGBL RGBLB

MP%_-lb;;;dEn?Pw
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Fig. 22 shows actual measurenment of operation waveforms of the

sem conduct or nenory apparatus 600. This di agram shows waveforns of a
285~-MHz clock, a word 10 line W. (Wrd Line), a wite bus WBUS (Wite Bus)
and a read bus RBUS (Read Bus). The abscissa represents the time, and the
ordi nate the output voltage. Each cycle is 3.5 ns, and the access tine is 2
ns. Thus, the read and wite operations gpg executed in one cycle of 285
MHz in 15 operation frequency. The featu/es of the sem conductor nenory
apparatus 600 are as follows: (1) Storage capacity: 4 Kx 32 bits (16
Kbytes) (2) Read port: one (3) Wite port: one 20 (4) Sour ce

vol tage: 2.5 V (5) Cycle tinme: 3.5 ns (6) Cl ock access tinme: 2.0 ns (7)
Power consunption: 130 mW (for the operating clock frequency of 200 MHz) 25
(8) Menory cell size: 4.2 x 5.16 [err]m (6 transistors) (9) Chi p size:
1.5 x 3.56 nm (10) Process: four-layer netal wiring 0.35-[err]mCMXS (11)
Metal wiring pitch: 1.4 [err]m
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447(12) Band width: 2.3 Goytes/s The invention devel oped by the present

I nverit ors*has been expl ai ned specifically above with reference to

enbodi ments. The present invention, 5 however, is not limted to these
enbodi ments, but of course can be nodified in various ways w t hout
departing fromthe spirit thereof. The nenory cell of the sem - conductor
menory apparatus shown in Fig. 1, which i of what is called the static
type, for exanple, can be 10 replaced byaﬁ simlar menory cell of what is
call ed the dynam c type including one mﬁansi tor and one capacitor.

Al so, the cache nmenory shown in Fig. 8 s the direct map type .can
be replaced with a simlar cache nenory of set associative type or ful
associ ative 15 type. | gpgh |ineLBLithe catBtXdata aliBiy3 112, which

represents 256 bits, can alternatifvel reSen I £ipl t he
I nput/ out put data wi dth suc‘-l"g ésl bgﬁ E@r lngﬁégy ur re, the
| nput/out put data wi dth Jof 32Nbits)or 6% bitg of e cgche ta array 112
may alter- 20 nativel 1 bi E4 oI S 1 hown in Fig.
10 may have a secondar ui in at¥ A4s e cache nenory
shown in Fig. 2 can be d
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t he secondary cache. In addition,
cachél ess’'nenory. In other words,
the function of the secondary cache.

the conputer system of Fig.
a 25 min nenory unit can be used for
45 CLAI Ms: 1.

A

10 may be a

sem conductor nenory apparatus conprising: a nenory array including a

plurality of word lines, a plurality

lines; at least a first global bit

| east a second gl obal bit

selectively to said first global bit
wherein said first and second gl obal

of bit Ii

bi t

nes,

array, and when readi ng data fron1sa¥§iigrwy rray, said

and a plurality of
menory cells arranged at intersections bgigween sald word lines and said bit
line connected to a sense anplifier;
line connected to a wite anplifier;
selection circuit for connecting a plurality of pairs of said bit
line and said second gl obal

and a

bi t

140 1 22 140
BANK1 ' BANK]
128bit X 64word 128bit X 64word
143 - A ALCTSR AR R L RN cA A SR A LSRR SRS S RN RN 143
BANK2 BANK2
143 128bit X 64word 128bitxedword | o
BANK3 BANK3
128bit X 64word 128bit X 64word
1 43 TALLARLRLRNRRRRNY AARARURURLRARUNRRN 1 43
BANK4 BANK4
143 128bit X 64word 128bit X 64word 143
" BANKS BANKS5
128bit X 64word 128bit X 64word
143 AR RRNR R NN AARRARRRNRRNRNR NN 143
BANKG6 BANK6
143 128bit X 64word 128bit X 64word 143
BANK?7 BANK? '
128bit X 64word 128bit X 64word
1 43 AALLLLRRRNRR RN L\ ARARRRNRNRRARNN 1 43
BANKS \ BANKS
128bit X 64word 128bit X 64word
143 rArm ittt ANt T TR RN \\ At MM TN T MM NRNT NN 143
144
145
~—146

~— 147

i nes
l'i ne;
| ines are arranged on said nmenory



bit lines are connected electrically to said first global bit Iine and data
are output *through said sense anpli- fier, and when witing data into said
menory array, data are input to said second global bit |ine through said
wite anplifier, and said bit lines are connected electrically to said
second global bit line. 2. A sem conduct or nmenory appar at us
according to Claiml, wherein the read cnglg for said data on said first
global bit line and the wite cycle for s 18 data on said second gl obal bit

| ine can be executed concurrently. 46 3. A sem conduct or menory
apparatus according to Claim1l, wherein said nenory cells are SRAMs each

I ncluding six transistors. 4. F ondyCt or nmenory appar at us
conprising: a menory array including a plurality of word lines, a plurality

of bit lines, and a plurality of nmenory cells arranged at intersections
between said word lines and said bit |ines;
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at Teast a first global bit line and at |east a second global bit line
arranged ih parallel with said bit lines on said nenory array; and a
selection circuit for connecting said bit lines selectively to said first
gl obal bit line and said second global bit line; wherein said selection
circuit connects said bit lines electrically to said first global bit Iine

when readi ng data fromsaid nenory array, d said selection circuit
connects said bit lines electrically to gé second gl obal bit Iine when
witing data into said nenory array. 5. A sem conduct or menory

apparatus according to Claim4, wherein the read cycle for said data on
said first global bit Iine and the wite cycle for said data on said second

gl obal bit line can be executed concurrently. 6. A sem conduct or
menory apparatus according to Claim4, wherein said nmenory cells are SRAMs
each including six transistors. 7. A sem conduct or menory

appar atus conpri si ng:

FIG. 8
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a first menory array including a plurality of first word lines, a plurality
of first btt lines, and a plurality of menory cells arranged at

i ntersections between said first word lines and said first bit l'ines; a
second nmenory array including a plurality of second word lines, a plurality
of second bit lines, and.a plurality of nenory cells arranged at

i nt ersections betmeen said second mord Ié@gs and said second bit lines; at

| east a first global bit line and at a second global bit line '
arranged in parallel with said first econd bit lines on said first and
second nmenory arrays, respectively; dﬁ£f ctlon circuit for
connecting said first bit |ines selectlvely to said first global bit line
and said second global bit line; and a second selection circuit for
connecting said second bit lines selectively to said,first gl (RECOVERY,l ine
and said second global bit |ine; \AhEr&EABaHWRIEE*aw&TQBEoﬂd—smon

circuits connect sai
global bit Iine V\helﬂ‘pbﬁéé§ data f

and second sel ection circuits connect d’Fl st or $ nd bli 'l nes
electrically to said second gl obal blt en MWIEI
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data into said nenory cells. 8. A sem conduct or menory appar at us
according to aim7, wherein the read cycle for said data on said 48
first global bit line and the wite cycle for said data on said second
global bit line are executed concurrently. 9. A sem conduct or menory
apparatus according to Caim7, wherein said nenory cells are SRAMs each

I ncl uding six transistors. 10. A's 'éxnuhwtor appar atus conpri si ng:
a plurality of nmenory mats each having a gﬁurality of menory cells arranged
in an array and a plurality of local bit lines; a pair of first global bit

| ines and a pair of second global bit lines fornmed across said nmenory nmats;
and a selection circuit fornmed adjacently to said nenory mats to

sel ectively connect said local bit lines to said pair of first global bit
lines and said pair of second global bit lines; wherein said |ocal bit

lines and said first
FIG. 11
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gl obal, bit lines are electrically connected to each ot her when reading
data, said'local bit lines and said second global bit |lines are

el ectrically connected when witing data, and the read cycle for said data
on said first global bit Iines are executed concurrently with the wite

cycle for said data on said second global bit lines. 11. A

sem conductor apparatus according to Cai mgfg wherein data are read from
and witten into the sane address in one cycle 12. A sem conduct or
apparatus according to Claim 10, wherein a pair of said first global bit
lines and a 49 pair of said second gIobaI bit lines are formed for each
four pairs of said local bit |ines. A sem conduct or appar at us

according to daim 10, wherein sai chlca bi t§1@nes and said first and
second gl obal bit lines are formed of different netal | ayers, respectively.

14. A sem conduct or apparatus according to Caim 10, further
conprising a sense anplifier connected to said first global bit line and a
recovery buffer 400
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connected to the output of said sense anplifier, wherein data are witten
into said'menory cells after the value in said nenmory cells are read into
said recovery buffer at the tinme of storage. 15. A sem conduct or
apparatus according to Claim 14, wherein the value of said recovery buffer
Is witten back into said nenory cells when said sem conductor menory
apparatus is used as a cache nenory and ¢ aid cache nenory is mshit at

the tine of storage. 16. A sem conduc or apparatus according to Caim
10, wherein said nenory cells is S Gach ng six transistors. 17.
A data processing apparatus conprisin a ce I processing unit, a cache

menory for witing a data array before establlshrrent of a hit signal and a

substrate formed thereon wWelh-said ¢ E y@g;ess.l_ag_l.mu and said cache
menory; wherein the | oadi ng fromsai¢g ca e mar;mré,hg o said central

processing unit and the stBF'ﬂEAU-e-mewalTE—E-G- éIE-p-r ocessing unit
I nto said cache nenory are:
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acconpl i shed in one machine cycle of said central processing unit. 18.

A data processing apparatus conprising: a central processing unit having a
machi ne cycle of not nore than 20 nsec, a cache nmenory and a substrate
formed thereon with said central processing unit and said cache nenory;
wherein the |oading fromsaid cache nenory into said central processing
unit and the storage fromsaid central prgggssing unit into said cache
menory are acconplished in one nachine cycle of said central processing
unit. 19. A data processing apparatus conprising: a central
processing unit, a conversion buffer for converting a logic address into a
physi cal address, a cache nenory accessed by a physi cal address, and a
substrate formed thereon with said ogessing unit, said conversion
buffer and said cache nenory; wher#ﬁ ée | o g fromsaid cache nenory
into said central processing unit and the storage from said central
processing unit into said cache nenory are acconplished in one machi ne

cycle of said central processing unit. 20. A conput er system
conpri si ng: 500
RGBL1 RGBLB1 RGBL2 RGBLB2
—WL1 fB_@KB’
L CELLT ¢ =
[ |: : o
g ‘ . ® g
@ O
(@] J
o , CELL2 Q
e, wL2 2
E SN O DU AU IOt I ISR YSW1 | Q
------------------------- O
ol L Rswi- T
o) L[S Jpwpee L[ I Mest i O
o L/l i Rsw2— 5 |
Q... 0 U NN — 2
. /EéyKBn >
®
E::::kﬂ:::::::::::::::::::ﬁ::::::::é YSWn
o N I
108 1 108 106
PPRECHARGE ! | 1 I "1 1 i PRECHARGE !
sas— ORT L 1 oean e
104 104

: SENSE ; i102: :102: : SENSE

AMPLIFIER; : ¢ i {AMPLIFIER;

§LATOH§§ S§LATCH§
i CIRCUIT ;i i i i CIRCUIT

................ P et R

OUTT IN IN OuT2



a central processing unit, a primry cache nenory and sel ected one of a
secondary cache menory and a main nmenory unit; 51 wherein when data are
exchanged between said primary cache nenory and sel ected one of said
secondary cache nenory and said main nmenory unit, the reading of the data
froma predeterm ned address of said primry cache nenory and the witing
of data into the sane address as said preggtgrm ned address of said prlnary
cache nenory are executed in substantially the same cycle. 21. A°
sem conduct or nenory apparatus conpris a e array including at

| east a nmenory cell and at |east a bi tﬁfG coniged selectively said
menory cell by a word line; a precharge circuit for setting said bit |ine
to a predeterm ned potential; and a wite circuit; wherein said precharge
circuit is prevented from pr echa-r—gmg—-s@NEbOY(l;LEe—bet-uee-n—Lhe time of

i, READ READ _*_ PRE-

= CELL CELL2 CHARGE =

EQ4

WL1

WL2

RSW1

RSW2

LBL
LBLB

RGBLA1
-RGBLB1

RGBL2
RGBLB2

OuUTH

ouT2




reading data fromsaid nemory cell into said bit line and the tine of
witing data fromsaid wite circuit into said bit line. 22. A
senrconduct or nenory apparatus according to C aim 21, wherein said
precharge circuit precharges said bit |line before reading data fromsaid

menory cell into said bit [ine. 23. A sem conduct or menory appar at us
according to Claim21, wherein said nmemonpy,gell is a SRAMincluding six
transi stors. 24. A sem conduct or apparatus conpri sing: a nmenory

mat including a plurality of nenory cells arranged in an array and a
plurality of local bit lines; a plurality of pairs of global bit |ines
formed across said nenory nat; a selection circuit fornmed adjacently to
said nenory mat for selectively connecting said local bit lines to said
pairs of said global bit lines, respec- tively; and a sense anplifier
connected to said global bit
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Ilnes wherein said | ocal bit
A sem conduct or apparatus according to
two different addresses in one cycle.
according to Cl aim 24, wherein each of
I ncl uding six transistors. 27.
wherein the nmenory cycle tinme for
period as the nenory cycle tine for

a timng specification. 28.

lines and said pairs of said gl obal
are connecied electrically to each other at the tine of

26.

bit Iines
readi ng data. 25.
Claim 24, wherein data are read into
A sem conduct or appar at us
said nenory cells is a SRAM

A sg 9) onductor nmenory appar at us,
ﬁié{)era’i? can be defined in the sane
RQuo ead and wite operations in
A sem conduct or

menory appar at us

according to Claim27, wherein said contlnuous read and wite operatlons

are perforned for the sane ad.
apparatus according to c g

oper ati ons aiGOPB/ENTHRNALr
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G aim27, wherein there is no menory cycle for performng only the wite
oper ati on.
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