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to a techni que *8ffctive for use in a technique for relieving fallures or

defects devel oped in a dynam c RAM (random access
storage capacity., The defect relief technique has been djsclosed in

Japanese Patent Application Lai d-Open Nos. 4-181589 and mmmmﬁMHmmmwmn a
sem conductor nenory rel ated to SERCIEREATIEN ent Appl i catl n No
4-181589, the conventional relief of defects or failures develaped in
units of warmrlE re® THE KINVENTEON (data |ines or digit |ines) cannot be
carried out. In order to relieve dc failures, a normal circuit is divided
into a plurality SEMESONDYCTIOR: MEMORYNBDEY IfdE &NDaMEMOBYr MOPMSry mats are

formed so as to correspond to the nenory bl ocks. Wen
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BACKGROUND OF THE INVENTION

The present invention relates to a
semiconductor memory device and a memory module using
it, and principally to a technique effective for use in
a technique for relieving failures or defects developed

in a dynamic RAM (random access memory) having a mass

storage capacity. The defect relief technigue has been
disclosed in Japanese Patent Application Laid-Open Nos.
4-181589 and 61-150200.

In a semiconductor memory related to Japanese
Patent Application Laid-Open No. 4-181589, the
conventional relief of defects or failures developed in
units of word lines or bit lines (data lines or digit
lines) cannot be carried out. 1In order to relieve dc
failures, a normal circuit is divided into a plurality
of memory blocks (memory mats) and spare memory mats are
formed so as to correspond to the memory b;ocks. When
defects are produced in the memory blocks of the normal
circuit, such memory blocks are all replaced with the

spare memory mats.



defects are produced in the nenory bl ocks .of the normal ~circuit, g JUN‘@QB
menory bl ocks are all replaced with the spare nenory mats. 2 JUN 199 2
SUMVARY OF THE | NVENTI ON The aforenentioned defect relief technique is
intended to formspare nenory nmats OFI%ng circuit scale within a single
sem conductor chip. However, the efficiency of usage thereof is not so
high. This is because defects can be relieved to sone extent by the
conventional technique for relieving themin the units of the word lines
or bit lines. Thus, since nost of sem conductor chips do not use the spare
menory bl ocks even if the spare nenory bl ocks are provided, the areas
occupi ed by them substantially increase. It has been revealed fromthe

di scussions of the inventors of the present application that since the
probabi | i t ySGHMARY eQF THR| INVENRIQHe units of the nennry bl ocks is not so
great in practice, it cannot be said that_ such a relief gajns the
superiority over the %@%eaﬁwmﬁ@ﬁ@hhp%ﬁﬁnQﬂ#ﬁﬁkt%ﬁll%ﬁlb%c ?bq%%ah%oned as
defective ChIpS Nanely, since the occupied are ncrease

seni conduct BRE@RIES £ foﬁ%r$Eﬁﬁ?tWEP?ﬁ%cﬁaY%l? f1azgg ?hécﬁhﬁber of
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efficiency of usage thereof is not so high. This is |
because defects can be relieved to some extent by the
conventional technique for relieving them in the units
of the word lines or bit lines. Thus, since most of
semiconductor chips do not use the spare memory blocks

even if the spare memory blocks are provided, the areas

occupied by them substantially increase. It has been
revealed from the discussions of the inventors of the
present application that since the probability of defect
relief in the units of the memory blocks is not so great
in practice, it cannot be said that such a relief gains
the superiority over the case where the semiconductor
chips are abandoned as defective chips.

Namely, since the occupied areas increase in
the semiconductor chips that perform the block relief
and the number of semiconductor chips formable from a
single semiconductor wafer is reduced, the number of
products is not increased so far as a whole even if
defects are relieved in block units. On the other hand,

when only the conventional relief of defects in the



defects are relieved in block units. On the other hand, when only BReJUN 1998
conventional relief of defects in the 0 2 JUN 199 3 wunits of the word

lines or bit lines is nade, the area occupied by each sem conductor chip

is reduced correspondingly and hence 8Bhe nunber of the sem conductor

chips formable fromthe single sem conductor wafer can be increased. Thus,
even if the sem conductor chips that need to performthe above relief of
defects in the nmenory block units, are abandoned as the defective chips,

t he nunber of products is not so reduced as a whole. An object of the
present invention is to provide a sem conductor nenory device having

di versitiesnand ¢ B{@MorPdufesLapalia dfimhancingieubtiandied  product
yields using it. The above and ot her objects and novel features of the
present i ndddpiedvidy a0 8emiaaiwtod rang hies frddwyedig descri ption of
the present specification and the acconpanying draw ngs. A summary of a
typi cal onec®frddpondiesity and diessdeosse inunther prfesd application will be
briefly described as follows: Nanely, a circuit configuration is adopted
whi ch i ncl uskesi copdustad s tghighs nismmab keatfr oreddie coid¥ict ed such that an
internal address signal or a predecode signal_and a control signal are
supplied t$emigpndudtionivafputcauideringreasqd. e URidree’? stnkre

semiconductor chips that need to perform the above
relief of defects in the memory block units, are
abandoned as the defective'chips, the number of products
is not so reduced as a whole.

An object of the present invention is to
provide a semiconductor memory device having diversities
and a memory module capable of enhancing substantial
product yields using it. The above and other objects
and novel features of the present invention will become
apparent from the following description of the present
specification and the accompanying drawings.

A summary of a typicél one of the invention
disclosed in the present application will be briefly
described as follows: Namely, a circuit configuration
is adopted which includes a plurality of memory mats
each constructed such that an internal address signal or
a predecode signal and a control signal are supplied
through a first input buffer circuit, the address signal
or the predecode sighal is decoded by an address

selection circuit to thereby select a memory cell in one



or the predecode signal is decoded by an address selection circuit to

t hereby select a nenory cell in one 0 2 JUN 1996 - 4 or plural uBid sUNr 4308
each nenory array in which nmenory cells are provided in matrix form at
points where a plurality of word limest and a plurality of bit lines
intersect, and a second input buffer for receiving a signal to be witten
into the nmenory cell, an output buffer for outputting a signal read from
the nenory cell and storing nmeans in which malfunction information is
witten, are provided to thereby substantially cut off the supply of power
to a sense anplifier and its corresponding nenory cell based on the

mal functi onor ShMEd 1 SEPf €8l # Forh hea G Qiidnigr yreaSay Aae oxleli ¢ty memdie above
nmeans, when a dc failure or defect occurs in the correspondi ng nenory

mat, such aceEI®ryregpreaiddd o andtrival formseparstiotts fwlewetders and used
as a sem conductor nenory device which nmakes the best use of the renaining
portions. Aplurakity obf anotdelitgpiand amplwfaliky ohvieit i bines$ scl osed in
the present application will be briefly described as follows: Nanely,
there are proetskecta prdralsegond vk yowaier &rh tefRIYiRIed such that
an internal address signal or a predecode signal and a control signal are
suppl i ed thebarml at®ibetvwritpen bikP ckheiMRRREY FHel adth R%ERYnal or the

buffer for outputting a signal read from the memory cell
and storing means in which malfunction information is
written, are provided to thereby substantially cut off
the supply of power to a sense amplifier and its
corresponding memory cell based on the malfunction

signal stored in the storing means.

According to the above means, when a dc
failure or defect occurs in the corresponding memory
mat, such a memory mat can be electrically separated
from others and used as a semiconductor memory device
which makes the best use of the remaining portions.

A summary of another-typical one of the
invention disclosed in the present application will be
briefly described as follows: Namely, there are
provided a plurality of memory mats each constructed
such that an internal address signal or a predecode
signal and a control signal are supplied through a first
input buffer circuit, the address signal or the
predecode signal is decoded by an address selection

circuit to thereby select a memory cell in one or plural



predecode signal is decoded by an address -selection <circuit to thereby
select a nmenory cell in one or plural 0 2 JUN 1998 - 5 wunits fromeach
menory array in which nenory cells are provided in matrix formatﬂﬁoﬂlﬂﬂsﬂ%
where a plurality of word lines and a plurality of bit lines intersect and
each conprising a second input buffer for receiving a signal to be witten
into the nmenory cell and an output buffer for outputting a signal read
fromthe nmenory cell; storage circuits provided so as to correspond to

the menory mats and in which address information are witten; and a
plurality of sets of input/output termnals at which the address

i nformati onyj $t §OFPGkedachi hémdPy adef £5Sifi gnathfRemeesi gaalsngreach nenory
mat to detect that a nenory mat assoclated with the address information
has been sepestededt brrebyryrl fdemi ag pbentgpehateoa plutakisecofid i nput
buffer or the output buffer of the corresponding nenory mat and which are
associ ated woté 1lheeseandyanplsralttyrdf ngitolinesaboveraeahsand

sem conductor nmenory device in which a desired address is assigned to

each storageachrcomprisingba secandeiinputl bufferefonsraceiBdngdant

sem conductor nenory device, which performs the relief of failures or
defects in shgRalotOthe wekbEgn HAEQ, the REBAEW. CALLuAREr§noPUEPYErt her

typi cal one of the . )
buffer for outputting a signal read from the memory

cell; storage circuits provided so as to correspond to
the memory mats and in which address information are
written; and a plurality of sets of input/output
terminals at which the address information is compared

with an address signal for designating each memory mat

to detect that a memory mat associated with the address
information has been selected, thereby validating the
operation of the second input buffer or the output
buffer of the corresponding memory mat and which are
associated with the memory mats.

According to the above means, a semiconductor
memory device in which a desired address is assigned to
each storage circuit, can be obtained and utilized as a
redundant semiconductor memory device, which performs
the relief of failures or defects in units of the memory
mats, as needed.

A summary of a further typical one of the
invention disclosed in the present application will be

briefly described as follows: Namely, a first



invention disclosed in the present application will be briefly described
as follows: Nanmely, a first 0 2 JUN 1998 6 sem conductor nenory ﬁfvbﬁeﬂmﬂ
having a plurality of nenory mats each constructed such that an p é I
address signal or a predecode signalk &ne& a control signal are supplied
through a first input buffer circuit, the address signal or the predecode
signal is decoded by an address selection circuit to thereby select a
menory cell in one or plural units fromeach nenory array in which nenory
cells are provided in matrix format points where a plurality of word
lines and a plurality of bit lines intersect, and a second input buffer

for recel Vidughi &rduidr tnfénQ?rWdetvtlQ:ré 'H?atvoiﬁd"% Wanloc%l lof aferfddput

buffer for outputtlng a signal” read fromthe nenory cell™ and storing nmeans

in which mydfuncddan dstCHrrB%tﬂéH‘ dith WHdt &fh iatee fHAViietk d4x t her eby
substantially cut off the supply of power to a sense anplifier and its

correspondigigiiEINyy £ Jdedwsit eidrul rald unadomirolsiginplalstaxreed in the
storing neans; and a second sem conductor nenory device having a plurality
of nmenory sudpliiedertialgh ra diinfs tguimgiu torbu fif ¢thes iatmudet ety nat s,
storage circuits provided so as to correspond to the plurality of menory
mats and i raddreds addnesls o1 rifhy muedacade sikdnalents dArreded bwlany of sets

of |nput/ouafut termnals at which the address information
ress selection circuit to thereby select a memory

cell in one or plural units from each memory array in
which memory cells are provided in matrix form at points
where a plurality of word lines and a plurality of bit
lines intersect, and a second input buffer for receiving
a signal to be written into the memory cell, an output
buffer for outputting a signal read from the memory cell
and storing means in which malfunction information is
written, are provided to thereby substantially cut off
the supply of power to a sense amplifier and its
corresponding memory cell based on the malfunction
signal stored in the storing méans; and a second
semiconductor memory device having a plurality of memory
mats identical in configuration to the above memory
mats, storage circuits provided so as to correspond to
the plurality of memory mats and in which address
information are written, and a plurality of sets of
input/output terminals at which the address information
is compared with an address signal for designating each

memory mat to detect that a memory mat associated with



is conpared with an address signal for designating each nenory mat to

detect that a menmory mat associated with u2 JUN 1996 7 the addressg juN 1998
i nformati on has been selected, thereby validating the operation of the
second input buffer or the output buffer of the corresponding nenory mat

and which are associated with the nenory mats, are both placed on a

singl e nmounted substrate. Further, a defective or faulty nenory mat is
electrically separated fromothers in the first sem conductor nenory

device. In the second sem conductor nenory device, address information
associated with the faulty nenory mat is witten into its corresponding

storage ci kgidi haardssexhebrahtgdahanker seaal seasseedat etewiebly the faulty
menory mat and t he above input/output termnals associated with the nenory

mat in theyvagcaadingekheobgeehelonentr yhdegeceondr énpatneatféert orone anot her
on the nmounted substrate so as to correspond to one another. According to
t he above weansntphe bacded ofewheonducespomdimgymgaeiryemaiknapnd rel i eved on
the nmounted substrate in conbination with the first sem conductor nenory
devi ce whi Wbigdi Bget hesbicistedswitbotbigcmemon¥ndaySdedit€e bokbwhi ch fail ures
or defects exist in nmenory mat units. It is therefore possible to enhance
subst ant i aplpceddonot sémgdenmoensednenbsyrate. Further, a

defective or faulty memory mat is electrically separated
from others in the first semiconductor memory device.

In the second semiconductor memory device, address
information associated with the faulty memory mat is
written into its corresponding storage circuit and
external data terminals associated with the faulty
memory mat and the above input/output terminals
associated with the memory mat in the second
semiconductor memory device are connected to one another
on the mounted substrate so as to correspond to one
another.

According to the above means, the second
semiconductor memory device can be relieved on the
mounted substrate in combination with the first
semiconductor memory device while using the first
semiconductor memory device in which failures or defects
exist in memory mat units. It is therefore possible to
enhance substantial yields of semiconductor memory

devices.



devices. -8- JUN 1999 BRI EF DESCRI PTI ON OF THE DRAW NGS The i nvention will
be described with reference to the acconpanying drawi ngs wherein: Fig. 1
is a schematic bl ock diagram showi ng one enbodi nrent of a sem conduct or
menory device according to the prese® -invention; Fig. 2 is a blogkJUN 1998
diagramillustrating one exanple of a nenory mat enpl oyed in the

sem conductor nenory device shown in Fig. 1; Fig. 3 is a fragnentary
circuit diagram depicting one exanple of a nmenory array enployed in the
menory mat shown in Fig. 2; Fig. 4 is atimng chart for describing a
schematic operation of a dynam c RAM according to the present invention;

Fig. 51is %iﬁ(%s%mf&q%ﬁ]aﬁ}; i yNes ray show ng one exanple of the
dynam c T is applied; Fig. 6 is a layout plan of
the remaining half SREDI Yy &€ Bdn SHOVI NGe tdes @bIved exbep| eeDéréheedynamn ¢

RAM shown in Fig. 55 Fig. 7 is a schematic block diagram illustrating
anot her enpgdi HENAcOSmpPavEihg ol gs wiwemeindevi ce according to the

present invention; 0 2 JUN 1998
Fig. 1 is a schematic block diagram showing
one embodiment of a semiconductor memory device
according to the present invention;
Fig. 2 is a block diagram illustrating one
example of a memory mat employed in the semiconductor
memory device sﬁown in Fig. 1;

Fig. 3 is a fragmentary circuit diagram
depicting one example of a memory array employed in the
memory mat shown in Fig. 2;

Fig. 4 is a timing chart for describing a
schematic operation of a dynamic RAM according to the
present invention;

Fig. 5 is a layout plan of a half memory array
showing one example of the dynémic RAM to which the
invention is applied;

Fig. 6 is a layout plan of the remaining half
memory array showing the above example of the dynamic
RAM shown in Fig. 5;

Fig. 7 is a schematic block diagram
illustrating another embodiment of a semiconductor

memory device according to the present invention;



9 Fig. 8is acircuit diagramshow ng one exanple of an output buffer

i ncluded in each of an output buffer circuit OBC and a data inpub/outﬁui
buffer 10B both shown in Fig. 7; Fig. 9 is a schematic block diag Zmll 398
illustrating a further enbodi nent of-a senmiconductor nenory device
according to the present invention; Fig. 10 is a circuit diagram show ng
exanpl es of an address conparison circuit, an output selection circuit
and an output driver shown in Fig. 9; Fig. 11 is a schematic bl ock di agram
depicting a still further enbodi nent of a sem conductor nenory device
according to the present invention; Figs. 12A and 12B are bl ock di agrans

showi ng one enbodi nppg, 0§ asnEMBLycOREulicagesnr dhogihg dhe present
invention; Fig. 13 is a block diagramillustrating another enbodi nent of a

menory nodgkempteosdi 88 batptie bpfeeeninchbuéedi dn; e&ch. of4ans a bl ock
di agram depicting a further enbodi ment of a nenory nodul e according to the
present isuepuitobufFeg. cibcustaOBCoanBaatdaba dsputi/bihgus hufhed of
assenbling a nmenory nodul e according to the present invention; - 10

IOB both shown in Fig. 7;

Fig. 9 is a schematic block diagram
illustrating a further embodiment of a semiconductor
memory device according to the present invention;

Fig. 10 is a circuit diagram showing examples
of an address comparison circuit, an output selection
circuit and an output driver shown in Fig. 9;

Fig. 11 is a schematic block diagram depicting
a still further embodiment of a semiconductor memory
device according to the present invention;

Figs. 12A and 12B are block diagrams showing
one embodiment of a memory module according to the
present invention;

Fig. 13 is a block diagram illustrating
another embodiment of a memory module according to the
present invention;

Fig. 14 is a block diagram depicting a further
embodiment of a memory module according to the present
invention;

Fig. 15 is a flowchart for describing a method

of assembling a memory module according to the present

invention;



0 2 JUN 1990 Fig. 16 is a block diagramshow ng a still further enbodi nent
of a sem conductor nenory device according to the present invention; Fig.

17 is a schematic configurational view illustrating a still further

enbodi nent of a nenory nodule accordithhg-to the present invention; E;g.ubB 8
is a schematic configurational view showng a still further enbodi o f‘gg
a nenory nodule according to the present invention; and Fig. 19 is a
fragnentary schematic view of a nenory board showi ng a nenory storage unit
enployed in a conputer systemto which DRAMs according to the present

i nvention are applied. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

Fig. 1 is a schematiggdl oGk id a0rABAO @ 4k ardEh@iogliaresiof a

sem conductor nenory device according to the present invention. Respective
circuit bfhpokfer redbl isder & Ngenareorfdratest orersosy nigeiceseni conduct or
substrate such as nonocrystalline silicon by a known technique for

manuf act urdewp |l iseyn tonthe tpresemit eigredgredian x cuit. The sem conduct or nmenory
device according to the present enbodi ment roughly conprises eight nenory
mats MATO t hrough MATRg. &7 iigpu /sahignatic menfgwr athiorakontewl circuit.

The input/output U2 JUN 1998 - 11 )
illustrating a still further embodiment of a memory

module according to the present invention;

Fig. 18 is a schematic configurational view
showing a still further embodiment of a memory module
according to the present invention; and

Fig. 19 is a fragmentary schematic view of a

memory board showing a memory storage unit employed in a

computer system to which DRAMs according to the present

invention are applied.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a schematic block diagram showing
one embodiment of a semiconducfor memory device
according to the present invention. Respective circuit
blocks in the same drawing are formed on a single
semiconductor substrate such as monocrystalline silicon
by a known technique for manufacturing a semiconductor
integrated circuit. The semiconductor memory device
according to the present embodiment roughly comprises
eight memory mats MATO through MAT7, an input/output

interface and a control circuit. The input/output



interface conprises address input buffers-XAB and YAB, a data inp@Q/ Jul p1998
buffer 10B and a nmul tiplexer MPX. The control circuit conprises a control
circuit CONT for generating various control signals and timng signals
required to activate internal circuitslinm response to control signals

I RAS, /CAS, /VWE and /CE supplied fromexternal termnals, a nmat decoder
MATDEC for producing a signal for selecting each of the nenory mats, an
output control circuit OBC and a refresh control circuit REFC. Here,

synbols / (slash) affixed to the control signals /RAS, /CAS, /W and /COE
are used as an alternative to overbars each of which represents that a

low | evel imidr Bo@CddivSr i S8l addy sdbsinmite bt fisr iXABIdnd/BE® gener ates a
backbi as voltage to be “supplied to the substrate in response to a source

vol tage suppli£didpoeyaun put |bustent 0B smd ce muol tigpleexeerM@Xal . The
substrate bias circuit VBBGis not restricted in particular but is

activated so as to chmangeontwoX apiabddit ycaipsigas @ eprt svbstrate current
according to an operation node in response to a control signal supplied
fromthe comtiratitiCeNTtf@ONFenerat ingibaaTiRus Ak S 1Drakd gnal or
the like and to keep a substrate potential substantially, constantf. In the
present enboimirgtsigrrleereayied §2 a¢thaty ieciat ‘¥+’E)‘1’H’t’ﬁ% ¥} ght
enery nBtSrgggg%égrggggog%gofLE&&&E?L /R&g, /CAS, /WE and /OE

supplied from external terminals, a mat decoder MATDEC

for producing a signal for selecting each of the memory

mats, an output control circuit OBC and a refresh

control circuit REFC. Here, symbols / (slash) affixed

to the control signals /RAS, /CAS, /WE and /OE are used

as an alternative to overbars each of which represents

that a low level is of an active level. A substrate

bias circuit VBBG generates a backbias voltage to be

supplied to the substrate in response to a source

voltage supplied from an unillustrated source voltage

terminal. The substrate bias circuit VBBG is not

restricted in particular but is activated so as to

change the capability of supplying a substrate current

according to an operation mode in response to a control

signal supplied from the control circuit CONT or a

substrate potential monitor signal or the like and to

keep a substrate potential substantially constant.

In the present embodiment, one memory mat is

finally selected from the eight memory mats MATO through
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MATT. An input/output I/O corresponding te the selected one nmenory mat is
electrically connected to the data i nput/output buffer 10B through the
mul ti pl exer MPX. Nanely, when data are input and output to and fromdata
termnals DO through D3 in 4-bit unitslas-in the present enbodinent, the
data are simlarly respectively input and output to and fromthe nmenory
mats MATO t hrough MATT in 4-bit units in correspondence to the data
terminals DO through D3. Each of the menory nmats MATO through MAT7 is
regarded as equivalent to a single sem conductor nenory as will be
described later. O address signals supplied through the address buffers

XAB and YA ' f L SHH | i f th
an anﬁ?%ﬁog\ﬁ%%&n Yo &S Rdddl gl dHdes et O e

menory mats an address signal Y used for selecting

each bit |idie. afdnd 5 REA | Vel on SRl d£ ¥ e tadd tihe tHerduta mats MATO
t hrough MAT7 through internal address buses. Further, an address signal

for speci fyiid‘;ﬂz@/ouﬁ(}ﬂﬁﬂ Wt f ) X0 Hrddh nEre rmyu Inteit sl O NBX ough MAT7 s
decoded by the mat decoder MATDEC, which supplies a mat select signal to a

sel ect ter Mamd1 VS wercaddr Dfaddei nprenoand nattpMAT® tand utghovideta No
particular restrictions are inposed on the mat decoder MATDEC where the
ei ght menortye metrsa MATID t thioogdh NI Timaré-histe it s diss cin bt aRAEN S| nee,
however, for exanple, an X 13 system address signal js conposed of two
bits and a embodiment, the data are similarly respectively input

and output to and from the memory mats MATO through MAT7

in 4-bit units in correspondence to the data terminals

DO through D3. Each of the memory mats MATO thréugh

MAT7 is regarded as equivalent to a single semiconductor

memory as will be described later.

Of address signals supplied through the

address buffers XAB and YAB, an address signal X for

selecting a word line of each of the memory mats MATO

through MAT7 and an address signal Y used for selecting

each bit line are respectively supplied to each of the

memory mats MATO0 through MAT7Y fhrough internal address

buses. Further, an address signal for specifying or

designating one of the memory mats MATO through MAT7 is

decoded by the mat decoder MATDEC, which supplies a mat

select signal to a select terminal MS of each of the

memory mats MATO through MAT7. No particular

restrictions are imposed on the mat decoder MATDEC where

the eight memory mats MATO through MAT7 are used as

described above. Since, however, for example, an X-



system address signal is conposed of one bit and they are decoded by the
mat decoder MATDEC to select one nenory mat, the aforenentioned mat

decoder MATDEC can be regarded as a kind of predecoder. A bIochpUggrﬁﬁSBf
one exanpl e of each nenory mat referrEl to above is shown in Figs 2. An
input buffer for taking in or capturing the address signals XAD and YAD
and mat sel ect signal M supplied through the above internal address buses
and the various control signals generated fromthe. control circuit CONT
is provided regardless of the fact that each of the nenory mats MATO
through MAT7 is forned as the single sem conductor nenory, in other words,

the af or eMeid e dadiiliLss JHill alss B YAS 1o Wird i af &y or ed.
ec

This is b use a three-stat’e output function including an output high

i mpedance Qfyet el HAREINEIGHYL iW [dokigosdd (dFe drikebiits gridviled in the

i nput buffer and when a dc Tailure occurs in the nenory mat, the output

of the i npyrdddRIddd By drghimdthideduder iMAERRMG® tseledtecine cal ly isol ate
the nenory mat fromothers, thereby preventing dc current fromsteadily

fl owi ng t hmosgdr ¢t hea t nerhey \a foatemeiiel aned ma taslraode MATDEG @Rgerke i ng
voltage Vcc of an internal circuit typified by a Y decoder is supplied
through a swigatde’s\\&s Rurkiret ,ofa predecod®@ suK t 99~ plate voltage VPL of a

menory array is also supplied through a switch SW ;gnil r to the above
swi tch. A block diagram of one example of each memory

mat referred to above is shown in Fig. 2. An input
buffer for taking in or capturing the address signals
XAD and YAD and mat select signal MS supplied through
the above internal address buses and the various control

signals generated from the control circuit CONT is

provided regardless of the fact that each of the memory
mats MATO through MAT7 is formed as the single
semiconductor memory, in other words, the aforementioned
address buffers XAB and YAB or the like are formed.

This is because a three-state output function
including an output high impedénce of a clocked inverter
circuit or the like is provided in the input buffer and
when a dc failure occurs in the memory mat, the output
of the input buffer is brought into high impedance to
electrically isolate the memory mat from others, thereby
preventing dc current from steadily flowing through the
memory mat. Due to the above reason, an operating
voltage Vcc of an internal circuit typified by a Y

decoder is supplied through a switch SW3. Further, a



Simlarly, a half precharge voltage HVC supplied to a half precharge

circuit included in a sense anplifier iis also supplied through a switch

SW2. A fuse Fuse opens or burns when a dc malfunction or failure occy? JU 109
the menory array or the |ike and storles +nformation about its failure. On

the one hand, such information about its cutoff is sent to a swtch

control circuit so that each of the switches SW, SW and SWB i s brought

into a cutoff state. Further, the output control circuit OBC shown in Fig.

1 is brought into output high inpedance through the output buffer and the

i nput and output buffers of the input/output buffer, each of which

i ncludes a et QIPWe TR it Ae isan| gmifipaisedlescri bed
above, areEE%?ﬁEB1oug into oufbut ﬁ?gh i npedance. The aéﬁress si gnal XAD

sent through ddiRyH tPWwi tuH fowl @imGUidr ito> umepldedrd Gwirtoh decoder where a
single word line of the nenory array is selected. A word |ine driver is

al so i ncl udgthiIm g, % deacieirecHir geaddrldssyesiHiGals Ul isshtta lrough the
input buffer circuit is supplied to a Y decoder where a Y sel ect signal
for four pairs mfedtvgenentarit hincludess iof & leenaemanplifiesy is f or med.
The Y select signal is transferred to 15 - 5z JUK 19~~ a columm sw tch for
connect i ng &l compldmshttrnodgh 4 isvwitaf S nenory array, which are

included in the sense anplifier, to their correspondiqg i nput / out put
A fuse Fuse opens or burns when a dc

malfunction or failure occurs in the memory array or the
like and stores information about its failure. On the

one hand, such information about its cutoff is sent to a
switch control circuit so that each of the switches SWl,

SW2 and SW3 is brought into a cutoff state. Further,

the output control circuit OBC shown in Fig. 1 is
brought into output high impedance through the output
buffer and the input and output buffers of the
input/output buffer, each of which includes a three-
state output function in the same manner as described
above, are both brought into oﬁtput high impedance.

The address signal XAD sent through the input
buffer circuit is supplied to an X decoder where a
single word line of the memory array is selected. A
word line driver is also included in the X decoder. The
address signal YAD sent through the input buffer circuit
is supplied to a Y decoder where a Y select signal for
four pairs of complementary bit lines of the memory

array is formed. The Y select signal is transferred to



| ines. The input/output lines are electrically connected to the

i nput/output buffer so as to correspond to the input/output buffer. In the
present enbodi nent, X- and Y-system redundant circuits are al so prqudgﬂN ﬁﬂs
al t hough not shown in the drawi ng. Thk5 X system redundant circuit includes

a storage circuit for storing a failure address therein and an address
conparison circuit. The stored failure address is conpared with the input

X address. Wien they msnmatch with each other, the X-system redundant

circuit selects a word line corresponding to the input address as it is.
When they match with each other, the X-system redundant circuit prohibits

a_nor el i Gl fufd Olty; ) B4 b AR e |4 Vbl dritén ey OB pULS a i gnal

for selecting a spare wor erefrom The same circuits as descri bed

above are al SQProwides hemd e at ray st dredirslaitichidedi in Wen a nenory
access to a defective or failure bit line is detected by the Y- system

redundant cdegsl tampher e systen iertnsntespornding stmps/diepwiper at i on of
selecting the failure bit line by the Y decoder and alternatively fornms a
signal for 1seéectiTige aibpht)oumepwt ovinesl ase eebpateicdBbly A fragmentary
circuit diagramshow ng one exanple of the nmenory array is shown in Fig.
3. In the comeectedi g, theuinpotfotipws, bufifehas? sadfto cophl esRORGry bit
| i nes, sense anplifiers and precharge

to the input/output buffer.

In the present embodiment, X- and Y-system

redundant circuits are also provided although not shown

in the drawing. The X-system redundant circuit includes

a storage circuit for storing a failure address therein

and an address comparison circuit. The stored failure

address is compared with the input X address. When they

mismatch with each other, the X-system redundant circuit

selects a word line corresponding to the input address

as it is. When they match with each other, the X-system

redundant circuit prohibits a normal circuit from

selecting a defective word line and outputs a signal for

selecting a spare word line therefrom. The same

circuits as described above are also provided in the Y-

system redundant circuit. When a memory access to a

defective or failure bit line is detected by the Y-

system redundant circuit, the ¥Y-system redundant circuit

stops the operation of selecting the failure bit line by

the Y decoder and alternatively forms a signal for

selecting a bit line provided as a spare.



circuits related to these, etc. are typically illustrated by way exanpl e.

The sane draw ng

wi th each

bl ack box.

a pair of

illustrates a so-called shared sense systemin whi gi% JUR
menory arrays ARY-L and ARY-R are disposed on the |eft

sense anplifier as the cenrtéb. - O these, the left array ARY-L is
shown as described above whereas the right array ARY-R is represented by a

and right si

Further, circuit synbols are affixed only to MOSFETs t hat
constitute each circuit associated with a pair of conplenentary bit |ines
BLL and /BLL, as representative ones. A dynamc type nmenory cell ¢

onpri ses

_ address sel ection MOSFETs Qm and a pair of information storage
capacitors Cs. The 9;’;“?rQ&mSﬂEQrgdéiﬁééitS@Ls&%axﬁns%ﬁf &ei s .
|y connected to 1ts corresponding word |ine i and the drain

el ectri cal

thereof isexghgtérbeathy fenOeet 88rh9 iSsE6wWhESNOREGNY3DI t Thi bhre /BLL.
Each information storage capacitor Cs is electrically connected to

source of ghmeadda®shg, sebeet woRdMDERES, QowoCpakrsebectrodes of the 0 2 17

JUN 1998 -

i nformation storage capacitors Cs are nade conmon and

with the ptemplembhagey\VPit Eaobspasensé binplifhessBandapderBREIPS

di sposed i
i ntersect

n parallel as shown in the same drawing and_is caused to
eachudtheredstadetiodthaserdetct oare typically

illustrated by way example. The same drawing
illustrates a so-called shared sense system in which
memory arrays ARY-L and ARY-R are disposed on the left
and right sides with each sense amplifier as the center.
Of these, the left array ARY-L is shown as described
above whereas the right array ARY-R is represented by a
black box. Further, circuit symbols are affixed only to
MOSFETs that constitute each circuit associated with a
pair of complementary bit lines BLL and /BLL, as
representative ones.

A dynamic type memory cell comprises a pair of
address selection MOSFETs Qm aﬁd a pair of information
storage capacitors Cs. The gate of each address
selection MOSFET Qm is electrically connected to its
corresponding word line WLi and the drain thereof is
electrically connected to its corresponding bit line
/BLL. Each information storage capacitor Cs is
electrically connected to the source of the address

selection MOSFET Qm. Other electrodes of the

t he

suppl i ed

o8



keep a bal ance in capacity of each bit line, for exanple. The

conplenentary bit lines BLL and /BLL are electrically connected to their
correspondi ng input/output nodes of each sense anplifier by smﬁtchaﬁ.JUN'ﬂﬂg
MOSFETS Q and @. The sense anplifirel7cenpri ses N channel MOSFETs G and

Q@ whose gates and drains are respectively electrically cross-connected to
one anot her and brought into latch configurations and P channel MOSFETs

Q7 and (B whose gates and drains are respectively electrically connected

to one another and brought into latch configurations. The sources of the N
channel MOSFETs ® and 6 are electrically connected to a comon source

line CSN JReosAuEess OfothgePeaPanned:s\EBTETe fllaandofiionr anal ectiically
e llhne

connect ed %o a combn sour CSP. As is shown on the conmpn source

line CSP bypweye@fwithUsheapigte Qoppuge $PLich MOSFET QL4 for the P
channel MOSFETs is provided. Wien a timng signal SAP is brought into a

low | evel, the powergagw pghr MPBFEIt Qlineés BLLneddoyiBabdikence supplies a
voltage required to active each sense anplifier. The 4 2 JUN 1998 - 18

conmon soudgepbisad CHNpasadbieat ed shownt he dhehaamel dryebrETend6isnd Q6 is
provided with an unillustrated N channel MOSFET, which supplies a circuit
ground pot eausal kn dntsomewkt Rathnetbpsrasi BREEPAi 4H. OFAeEr8@r to provi de

st abl e sense operations by ) . .
keep a balance in capacity of each bit line, for

example. The complementary bit lines BLL and /BLL are
electrically connected to their corresponding
input/output nodes of each sense amplifier by switches
MOSFETS Ql and Q2. The sense amplifier comprises N
channel MOSFETs Q5 and Q6 whose gates and drains are
respectively electrically cross-connected to one another
and brought into latch configurations and P channel
MOSFETs Q7 and Q8 whose gates and drains are
respectively electrically connected to one another and
brought into latch confiqurations. The sources of the N
channel MOSFETs Q5 and Q6 are électrically connected to
a common source line CSN. The sources of the P channel
MOSFETs Q7 and Q8 are electrically connected to a common
source line CSP. As is shown on the common source line
CSP by way of illustration, a power switch MOSFET Ql4
for the P channel MOSFETs is provided. When a timing
signal ¢SAP is brought into a low level, the power
switch MOSFET Ql4 is turned on and hence supplies a

voltage required to active each sense amplifier. The



t he power switch MOSFET for activating these sense amplifiers, a power
switch capable of supplying only a relatively small current whengq g 98
correspondi ng sense anplifier starts its anplifying operation, @' rﬁﬁ%ﬁ?
into an on state, and a power switch MBSFET capabl e of supplying a large
current when the difference in potential between each pair of bit |ines

BLL and /BLL becones large to sone extent according to the anplifying
operation of the sense anplifier, is turned on, whereby the anplifying
operation of each sense anplifier is stepwise carried out. In order to
activate and deactivate the above sense anplifiers and prevent the dc

current frognhbRvWwss rcénliHQS@SﬁS§9§béi§Qe&ﬁ%btﬁ EREONYchHAaAneD whi ch a dc
failure has occurred as wll be described later, the power sw tch MOSFET

Ql4 and t hgokrkesans H88dQé0Ls pteadaey bLtnganguhbElusbrataed Nff state
based on the malfunction information MF stored due to the burning of the

above fusechhNaAelyMOSPETpOWREcEVWSLEP1 MESFETCcQBduahdgdoind - 19 the |ike
are also used so as to serve as the power switch shown in Fig. 2. The
prechar ge pbtettiatomposeilsofi aiMSFETe Qpperabioshbimingrcuiting the
conplenmentary bit lines and sw tches MOSFETs @ and QI for supglying t he
hal f precharge vol t Ageck¥€rt bot heoeddpl ehahiar §epee PPARE3tigns by

the power switch MOSFET for activating these sense
amplifiers, a power switch capable of supplying only a
relatively small current when the corresponding sense
amplifier starts its amplifying operation, is brought
into an on state, and a power switch MOSFET capable of
supplying a large current when the difference in
potential between each pair of bit lines BLL and /BLL
becomes large to some extent according to the amplifying
operation of the sense amplifier, is turned on, whereby
the amplifying operation of each sense amplifier is
stepwise carried out.

In order to activate'and deactivate the above
sense amplifiers and prevent the dc current from flowing
in those associated with a memory mat in which a dc
failure has occurred as will be described later, the
power switch MOSFET Q14 and the like are used for
steadily bringing them into an off state based on the
malfunction information MF stored due to the burning of

the above fuse. Namely, the power switch MOSFET Ql4 and



provi ded between the input/output nodes of each sense anplifier. The gates
of these MOSFETs @ through QI are commonly supplied with a precharaﬁ Eﬁ%\
signal PC. The precharge signal PCis fixed to a |ow | evel basedudn Jefte

mal function information MF and is aFs@%used to turn off the MOSFETs @
through QI or the like. Simultaneously, the switch SW activated so as to
supply the half precharge voltage HVC itself is also brought into an off
state in the same manner as described above. Thus, the cutting off of the
hal f precharge voltage HVC itself is carried out to cope with or

correspond even to the case where such a dc failure that a signal path for

suppl yi ng thbe1bhrbf apeeghapgeswal s8gesHYE sersboas- ehecpbwed relative to
the circuit ground potential or the source voltage or the |ike, occurs.
MOSFETs Ql2wandhQBowaAnshi Filge a.colum switch switch-controlled by a
colum select signal YS. In the present enbodi nent, four pairs of bit
lines can be sel ect@debpracbangkeciotuih sempesedi ghah MQSFET2031. p J; 1
199 Therefore, the columm select signal YS is commonly supplied to the
gates of tFerVEBPETschoerihgngothancospleRrasapyobidcd1P8EWRBA i nput/ out put

nodes of four sense anglifiers corresponding to.the hmo pgirs of bit
li nes showAvikchRe MAREEAEa@PngnByhdyfer sHPRI¥LALI She BAdLt he

unillustrated remaining two pairs of bit lines. . . .
precharge vogtage gVC to the comp?ementary bit lines 1is

provided between the input/output nodes of each sense
amplifier. The gates of these MOSFETs Q9 through Q11
are commonly supplied with a precharge signal PC. The
precharge signal PC is fixed to a low level based on the
malfunction information MF and is also used to turn off
the MOSFETs Q9 through Q11 or the like. Simultaneously,
the switch SW2 activated so as to supply the half
precharge voltage HVC itself is also brought into an off
state in the same manner as described above. Thus, the
cutting off of the half precharge voltage HVC itself is
carried out to cope with or cofrespond even to the case
where such a dc failure that a signal path for supplying
the half precharge voltage HVC is short-circuited
relative to the circuit ground potential or the source
voltage or the like, occurs.

MOSFETs Q12 and Q13 constitute a'column switch
switch-controlled by a column select signal ¥S. 1In the
present embodiment, four pairs of bit lines can be

selected by a single column select signal YS.



Thus, the four pairs of bit lines and four pairs of input/output lines I/O
are respectively connected to one another through such switches MOSFETs. A
timng chart for describing a schenmatic operation of a dynam ¢ RAM )
according to the present invention-i20shown in Fig. 4. One exand] _d@ﬁéﬁg
read operation (READ) is illustrated in Fig. 4(A). Arow (row systemn
address signal ADD is captured in synchronismwith a |low |level of a row
address strobe signal /RAS and decoded to select a word line W.. Prior to
the selection of the word line, a precharge signal PC is brought into a

| ow  evel and a pair of bit lines BL and /BL holds a half precharge

vol tage i ntRetbPatéNIthét 8bLumhf sbhecosdghaneyssisekemmedlya nemory cel
el ectrically connected to, for exanple, the bit line /BL of the

conpl enent ghigpbiédl toeshBlLgavds/ BE thesrOSEEEd famadihbecslamad i nformation
held in the nenory cell is OV, then the potential at the bit line /BL is
reduced byswivcHes poouidbdrgetsbaneimpuh/ohtpbkt nbdre OSBLfo@n the -21- 02
JUN199~ other hand, the bit line BL to which no nmenory cell is connected,
hol ds t he hehfepamphafjersotoagespynéhnghbostheetupppaiirer ofcbiitati on
signal (common source line) CSN is rendered lowin |evel, the

anpl i fi catLbnesoskrers &8 she esmendraingch¥nKay sfdelépstrp&ieBnse

anplifier start an anplifying gperation to |ead.the hi [ i /BL on the
o i ¥ gedpremaining two pairs o? it T?nes.

|l ow | evel 3Pdethg unfshmstra
Thus, the four pairs of bit lines and four pairs of
input/output lines I/O are respectively connected to one
another through such switches MOSFETs.

A timing chart for describing a schematic
operation of a dynamic RAM according to the present
invention is shown in Fig. 4. One example of a read
operation (READ) is illustrated in Fig. 4(AR). A row
(row system) address signal ADD is captured in
synchronism with a low level of a row address strobe
signal /RAS and decoded to select a word line WL. Prior
to the selection of the word line, a precharge signal PC
is brought into a low level and a pair of bit lines BL
and /BL holds a half precharge voltage in a floating
state. If the word line is selected, a memory cell
electrically connected to, for example, the bit line /BL
of the complementary bit lines BL and /BL is selected
and the stored information held in the memory cell is

0V, then the potential at the bit line /BL is reduced by

AV due to a charge share with the bit line /BL. On the



| evel . Further, the MOSFETs Q7 and (B on the P channel side start an
anplifying operation in response to the activation signal (comon source

line) CSP brought into a high level with a delay to raise the bit line BL

on the high level side to a high |evePlsuch as the source voltage Yg.JUW 1998
the shared sense anplifier described above, the MOSFETs QL and 2 or B

and 4 on the side of the nenory array in which no word lines are

selected, are turned off in response to a |low | evel of a select signal

SHRL. or SHRR before the sense anplifier starts its anplifying operation. A
signal for anplifying the sense’ amplifier is witten into the selected

menory cel loth&ankayd, acigs osi poi€msi ato dhidh ancimembty asedbri bged with
the bit line /BL is re-witten (refreshed) into its corresponding

i nf or mat i oncshveaged capords othofhdhe precmaygeerdltadge hough not shown in
the draw ng, a Y- system selecting operation is thereafter carried out so -
2 2 - p 2 JUGt99~ tHébemnthepsenseanphi fiemadctbyathenseignakd bit |ine
is outputted. One exanple of a wite operation (WRITE) is illustrated in
Fig. 4(B). fcomwolirooucgetbige hdebsks rer@eledDrYsikapevebd the
synchronismwith a low level of a row address strobe signal [RAS in the
sane nmannerampkifbeatipedMAPOTES R %@@d@@d°$ot%%l%c@h%naﬁ}ds+@%e°@1.

the sense amplifier start an amplifying operation to
lead the bit line /BL on the low level side to a low
level. Further, the MOSFETs Q7 and Q8 on the P channel
side start an amplifying operation in response to the
activation signal (common source line) CSP brought into
a high level with a delay to raise the bit line BL on
the high level side to a high level such as the source
voltage Vcc.

In the shared sense amplifier described above,
the MOSFETs Q1 and Q2 or Q3 and Q4 on the side of the
memory array in which no word lines are selected, are
turned off in response to a low level of a select signal
SHRL or SHRR before the sense amplifier starts its
amplifying operation. A signal for amplifying the sense
amplifier is written into the selected memory cell.
Namely, a ground potential 0V of a circuit associated
with the bit line /BL is re-written (refreshed) into its
corresponding information storage capacitor of the
memory cell. Although not shown in the drawing, a Y-

system selecting operation is thereafter carried out so



Al t hough not shown in the sane drawing, a precharge signal PCis rendered
low in level prior to the selecting operation of the word line, and a pair
of bit lines BL and /BL holds a half precharge voltage in a floating -B
state. Next, the operation of selectirnd2the word line is perfor rrecu(grm\“a\%
read signal of AV is obtained at either one of the pair of conplenentary

bit Ilines BL and /BL and anplified by the corresponding sense anplifier.
The original stored information is witten into a selected nmenory cell so
that a refresh operation is perfornmed. Upon the wite operation, a wite
enable signal /VE is rendered lowin level. Correspondingly, an input

buf f er becopggtehheshpyer0bavabhds sgnihaton thei selscyedl bis supplied to
the corresponding pair of input/output lines I/O A colum (columm system
address si gpgl oABPutEe@aptured in synchronismwith a low Ievel of a colum
address strobe signal /RAS and decoded 23 - 02 ~uN 199 to forma sel ect
signal YS for a pair oOfiecerphphentfiry writeéi operatrhon, (WVRETEY| éBn swit ches
MOSFETs Q12 and Q13 or the like are turned on so that the_sel ected

conpl ement ai ¥1lbstratadsiBLFaad ABB)in RhEC¥of FR¥pORAFRG) AEABE§Sarray and

their correspondin air of input/output lines I/QO are respectiyely
connect ed t&ignal gﬁgthér?aPhBFéﬂoFé,SgPﬁEéoPhEmmY?Fa §ié;ﬂ§l$F§eY

transferredo%oat?gwsggggggg E?LébngESHBRGVEREaEX th same manner
as described above and decoded to select a word line WL.
Although not shown in the same drawing, a precharge
signal PC is rendered low in level prior to the
selecting operation of the word line, and a pair of bit
lines BL and /BL holds a half precharge voltage in a
floating state. Next, the operation of selecting the
word line is performed and a read signal of AV is
obtained at either one of the pair of complementary bit
lines BL and /BL and amplified by the corresponding
sense amplifier. The original stored information is
written into a selected memory'cell so that a refresh
operation is performed.

Upon the write operation, a write enable
signal /WE is rendered low in level. Correspondingly,
an input buffer becomes effective or valid so that a
write signal is supplied to the corresponding pair of
input/output lines I/O. A column (column system)
address signal ADD is captured in synchronism with a low

level of a column address strobe signal /RAS and decoded



lines BL and /BL, the |level held by each storage capacitor Cs of the
menory cel
wite signal. Layout plans of menory arrays showi ng one exanple of t
dynami ¢ RAM to which the invention is 28pplied, are shown in Figs.

is changed to, for exanple, a high I evel corresponding to the

(2 m doo8

The dynamic RAM according to the present enbodinent is not restricted in
but has a storage capacity of about 64Miits. The chip | ayout

parti cul ar
pl ans drawn by left and right halves (L,
side are shown in Figs.

R) of a chip long fromside to
5 and 6. A Y save or relief circuit provided in
the center of the chip is showm so as to overlap on both draw ngs.
relief circghteosmuseselocsaybgndl Y&l fewea spant fofictomplanefaatyre

The Y

devel oped in units of each pair of conplenentary bit |lines as described
Sensei tanbinés er sTmnsl, | tipeit ¢oldputswineses WOIFETE (PLarangr ovi ded
with two nenory arrays as the center. - 2 4 - p 2 SUN 199S An address
| ayout or &3%3 gemethe wl ike bareesernd@domi sh tipatickkessedeleted a one-bit

above.

unit as one exanple. The nost significant bits /X12 and X12 of an X
addr ess ar ecompLemgrir¥y Rt ubpees sBeanf ofBL al P oWe® SPEESSPORGHRSSS

signals /XIl and XI| are respectively assigped to nenory arrays divided
into two grRRPRIEcAr HRY 2Rt CHftH P rersp?fg@ 1w/f)E%E

| ower

hal f

bR rka
specified b

another. Therefore, since the write signal is
transferred to the selected pair of complementary bit
lines BL and /BL, the level held by each storage
capacitor Cs of the memory cell is changed to, for

example, a high level corresponding to the write signal.

Layout plans of memory arrays showing one
example of the dynamic RAM to which the invention is
applied, are shown in Figs. 5 and 6. The dynamic RAM
according to the present embodiment is not restricted in
particular but has a storage capacity of about 64Mbits.
The chip layout plans drawn by'left and right halves (L,
R) of a chip long from side to side are shown in Figs. 5
and 6. A Y save or relief circuit provided in the
center of the chip is shown so as to overlap on both
drawings. The Y felief circuit is used to save or
relieve a malfunction or failure developed.in units of
each pair of complementary bit lines as described above.

Sense amplifiers and input/output lines (SA &

I/0) are provided with two memory arrays as the center.

as the center.

A

h [ i i d j d i ng. _Th i gh
menory ar r ayAPYFAPYERY n}%ngﬁZi{%Lgﬁgg%%%gﬁ?%PH%QfdégggﬁcEg&ﬂQg ond® € 9Nt



four and addresses /X10 and X10 are respectively assigned to the divided
ones. The address X10 assigned to the four nenory arrays on the |ower side
L is showmm by way of illustration as relative magnitude. Although not N
shown in the sanme draw ng, addresses—/ X9 and X9 are respectivelynassﬂ@nﬁﬁg
to menory arrays provided by two, which are divided wth each sense
anplifier as the center. Addresses /X8 and X8 are respectively assigned

to menory arrays divided with each sense anplifier as the center. A row
decoder XDEC and an array control circuit ARYCTRL and out - of - mat

i nput/output lines 1/O provided in the longitudinal (vertical) direction

of the chimnr&s@pesss vEAyocoPt | $6s bgnment dviVerb&Diesor Xoedewdtlr and a
mat control circuit MATCTRL, and out-of- mat input/output |ines.

| nput / out pudni adéeedaarade rimi d sone2bit wivit lds osecéxasplieput Thed out put
buffers on the address and I/ O sides are provided in the

| ongi t udi nahdst exigmif hgantepies OX12handhXb2 Af radsXadddxedstarehe nenory
mat indicate the direction of addresses. Nanely, refreshes are

successi vel §sebgreéddtouantepped $hde d¥raedianlevem sége Fo bBEEBRFFN the
sane drawi ng, Wien the refreshes are performed in turn in the direction

i ndi cat ed byigmels af¥bhsaRAohkli A nECSRRBE HY W ngSs8989dc}R| BEMGF¥

reached. Th§§fa§; é?&i egD£thnggSgéguégséé£C£§déiépgnwith the Y

decoders YDEC as the center. A lower half specified by
the X11 is omitted in the same drawing. The eight
memory arrays divided into the two groups are divided by
four and addresses /X10 and X10 are respectively
assigned to the divided ones. The address X10 assigned
to the four memory arrays on the lower side L is shown
by way of illustration as relative magnitude. Although
not shown in the same drawing, addresses /X9 and X9 are
respectively assigned to memory arrays provided by two,
which are divided with each sense amplifier as the
center. Addresses /X8 and X8 are respectively assigned
to memory arrays divided with each sense amplifier as
the center.

A row decoder XDEC and an array control
circuit ARYCTRL and out-of-mat input/output lines I/O
provided in the longitudinal (vertical) di;ection of the
chip respectively comprise a word driver WD, an X
decoder and a mat control circuit MATCTRL, and out-of-

mat input/output lines. Input/output interface circuits



all the refreshes can be conpleted in 1024 cycles by sinultaneously

sel ecting nenory mats designated by the addresses X12, Xl | and X10, for
exanpl e, and sinultaneously refreshing the eight nmenory mats. An address ‘
assignment in the colum direction is £artied out in such a nannerﬂgh \ ﬁﬂ%'
the nost significant bits /Y12 and Y12 of a Y address are assigned to"th

|l eft and right sides with the Y relief circuit interposed therebetween.
Address signals /Y11l and YI|l are assigned to the nenory arrays divided

into the left and right sides with the X decoder XDEC and the |ike as the
center. Further, the /X10 and X10 are assigned to each individual nenory
array. |n tdhigprasenipuwniad merdputt e fffealse drs thl \dddiedsitan@iBi bl ocks,

whi ch are used as the nenory 199 - 2 6 - 0 2 JUN nats. The nenory accesses
are finall ysiohry isate qurtovidedunint shef tdmg itardima st x Wgmdhinthe whol e i's
divided into eight blocks by the X12, XI| and Y12, for exanple, nenory
arrays di vicstkdry dforhealdvige+ he | ongitudinal direction by the Y decoders
YDEC are respectively regarded as_a single nenory mat, ip Figs. 5 and 6.
Further, when it is diqwsl aff isiafll kurdB NG RAt (HAL1GHE Y rs of bit
lines wthin each nmenory array as descrj bed ove and allow the sel ected

bit lines tHISFAIHLOAMALSSIRS + NP+ (FRFDEHNT ¥ Hudr esses are

successively carried out toward the direction from top
to bottom in the same drawing. When the refreshes are
pefformed in turn in the direction indicated by the
arrows shown in the same drawing, 8192 cycles are
reached. Thus, if the memory access is restricted, then

all the refreshes can be completed in 1024 cycles by

simultaneously selecting memory mats designated by the
addresses X12, X11 and X10, for example, and
simultaneously refreshing the eight memory mats. An
address assignment in the column direction is carried
out in such a manner that the most significant bits /Y12
and Y12 of a Y address are assigned to the left and
right sides with the Y relief circuit interposed
therebetween. Address signals /Y1l and Y1l are assigned
to the memory arrays divided into the left and right
sides with the X decoder XDEC and the like as the
center. Further, the /X10 and X1l0 are ass;gned to each
individual memory array.

In the present embodiment, the whole is

divided into eight blocks, which are used as the memory



respectively reduced by one bit. Therefore, the above address assignnent

is perfornmed such that the X12, X11 and Y12 are respectively set. to the .
X1, X10 and YIl. In this condition, the single nmenory mat may benacg@wgﬁgk
in 4-bit units. However, if this proted®img exerts bad influences on the
menory access, such as an increase in |oad inposed on a word driver due to
an increase in the nunber of conplenentary bit |lines associated with a
single word line and an increase in the nunber of nmenory cells connected

to the word Iine, then the nmenory arrays nmay be configured so as to be
suitably divided in the word line direction. Thus, various enbodied

confi gur at irgnss canrhe et ehcfedde lap0 Hinadf1y hear pis@routarimys. - Ul
iU\9g~ - 2 7 Wien the single nenory nmat is specified by the X address
si gnal and drer sY el ditas mengnalmas dedtraérbearhe alimides s Mididieds i s pl aced
in an input waiting state and the finally-selected menory mat is

det er mi ned iupom eidlst iblppdks Hierdfeordd 2 widl @and ¥, sfowylexampdey mat i s
activated based on the final mat select signal, the nenory access is

del ayed. Thsmothea rmays\diwideddnesousdalang ndeopandi bidingle

simul taneously effected on two nenory mats specified by the X address, of

the above &irgrtirtmdry the o dRAQdfnsS YORC iAiFUtYSRRGRR L REY er

regarded as a single memory mat in Figs. 5 and 6.
Further, when it is desired to simultaneously select the
four pairs of bit lines within each memory array as
described above and allow the selected bit lines to
provide outputs as they are, the X and Y addresses are

respectively reduced by one bit. Therefore, the above

address assignment is performed such that the X12, X11
and Y12 are respectively set to the X11, X10 and Y1ll.

In this condition, the singie memory mat may be accessed
in 4-bit units.

However, if this processing exerts bad
influences on the memory accesé, such as an increase in
load imposed on a word driver due to an increase in the
number of complementary bit lines associated with a
single word line and an increase in the number of memory
cells connected to the word line, then the memory arrays
may be configured so as to be suitably div;ded in the
word line direction. Thus, various embodied
configurations can be adopted as the layouts of the

memory arrays.



associated with the single nenory mat designated by the input of the Y
address is nade valid so that the final single nenory mat is operated.

Therefore, since only row system selecting operations are perfornengr UM “ﬁ%
other nenory mats, a refresh operati &7 is carried out as it were. 9 a

single menory mat designated by the X address alone and including a

row system address selection circuit and an input buffer for inputting an
address signal and the |ike may be brought into an operating state. Wen
done in this way, the X address for specifying the word line, which is
supplied to the inside of the menory mat, and the Y address are kept

of f - bal ance. However whehe thel ginglehmembetyweean tise sipeicifliiededbyarthenor d
lines within each nenory array can be p ~ ~~~ 199 - 28 optim zed by neans
or contrivanaddresshsagnalmaads ther Y addirgsisngignglluesl idegcafibed rs of bit
lines to a single Y address and perform ng nenory accesses in units of a
plurality aboietsa & eaddaesshésapileceidodh dinadn®wmtoMadid neniséditeent

showi ng a seni conductor nenory device according to the present invention

i s shown i andi ghe7 fiRadgaciiedecsiesc MeMoBofRE diFore e M@ ds SRO™dr awi ng ar e

used for describing the relationship between the nenory mats, the
mul ti pl exeddSVRRPARD t AEEREQTLoUMHED QQ%ﬁﬂqpelééﬁgiﬁmﬁémorY mat

is activated based on the final mat select signal, the
memory access is delayed. Thus, the row-system address
selecting operations are simultaneously effected on two
memory mats specified by the X address, of the above
eight memory mats. Further, the input/output buffer

associated with the single memory mat designated by the

input of the Y address is made valid so that the final
single memory mat is operated. Therefore, since only

row—system-selecting operations are performed on other
memory mats, a refresh operation is carried out as it

were.

Only a single memory.mat designated by the X
address alone and including a row-system address
selection circuit and an input buffer for inputting an
address signal and the like may be brought into an
operating state. When done in this way, the X address
for specifying the word line, which is supplied to the
inside of the memory mat, and the Y address are kept
off-balance. However, the relationship between the bit

lines and word lines within each memory array can be



in Fig. 1. An output selection cut-off circuit showm in the sanme draw ng
conpri ses the mat decoder MATDEC and the output control circuit OBC. Thg Wﬂg
out put selection cut-off circuit has the function of perform ng congﬂpﬂ'%n
the normal operation of the data i mpw¥ output buffer 10B in response to
failure or mal function information MFO through 7 from faulty or inperfect
menory mats, mat select signals from the nat decoder MATDEC and a control
signal outputted fromthe control circuit and bringing an output buffer

into an output high inpedance in response to an output operation given
fromeach inperfect nenory mat. Nanely, when the output selection cut-off

circuit isophif@zeRl byoR@adki 07, cohe riivpncebulsien afs thenediaisa fioxput / out put
buffer is brought intdo an operating state and the output o sv~ - 29 Isis -
buf fer is heeughtngntao pduredtipyt ofi pairspedabde Upioesa toma tsdngder at i on.
Upon a read operation, the input buffer is brought into an output high

i npedance andddhre s soandu pelrfofreri nigs mMemowrgyhta coess esn ioparmdttisngstaat e.  Wien
no menory i s accessed, the input and output buffers are both brought into
t he out put pliuglaliifyeddndd.tswhe@t¥ca read instruction or designation.is

issued fromthe corresponding inperfect nenory mat ueﬁﬁit e read
operation in additi o tSEhamer i6pdlackos idgFamicf ane oﬁd}t’" fer is

brought into the output high inpedance. . .
g showing a %emicé%dugp%r memory device according to the

present invention is shown in Fig. 7. Respective
circuit blocks shown in the same drawing are used for
describing the relationship between the memory mats, the
multiplexers MPX and the input/output circuit IOB shown
in Fig. 1. An output selection cut-off circuit shown in
the same drawing comprises the mat decoder MATDEC and
the output control circuit OBC.

The output selection cut-off circuit has the
function of performing control on the normal operation
of the data input/output buffer IOB in response to
failure or malfunction information MFO through 7 from
faulty or imperfect memory mats, mat select signals from
the mat decoder MATDEC and a control signal outputted
from the control circuit and bringing an output buffer
into an output high impedance in response to an output
operation given from each imperfect memory.mat. Namely,
when the output selection cut-off circuit is in normal
operation, the input buffer of the data input/output

buffer is brought into an operating state and the output



Each mat select signal forns a signal for the selection of a nultiplexer
provided so as to correspond to input/output circuits I/00 through JJ(Kiﬁﬁ @ﬁg
each menory mat. Wien an input/output buffer is provided in the datigl 3

i nput/output circuit of each nenory™md® as in the case of the

af orenenti oned enbodi mrent and the function of forcedly bringing it into an
out put high inpedance based on the mal function information is provided,
the corresponding multiplexer can be omtted. Wen such a nmultiplexer is
provided to the contrary, the aforenentioned input/output buffer can be
omtted from being provided on the nenory mat side. Nanely, the sane

out put hi gbuf fleedascerasgiesintbean abovpuhehige tmpedadcebypeach

mul ti pl exer. When done in this way, a control signal inputted to each

mul ti pl exewriser egaradeilons alUpof 2 réafi~operation,otbeninphtsi gnal obtai ned
by AND ng mal function information MF froma nenory mat and a corresponding
mat  sel ecbu§fgnals Breougbti intpagranvbPubxhiplesmBedaneecanputhecontrol
circuit OBC and the output buffers included in the data, input/output

buf fer | OBOREPYhoRKEERT Fig. PBOUGht {RECOARPAPCEBRLPSI SERFEui t WPRBL sel ect

signals M5O and Ms57, shown as typical ,ones by.way, of .illustration and
nalfunctioﬁoiHFBPﬁﬁtﬁﬁnaﬁFEﬁﬁﬁé'Nﬁ eaéEBEFa?ég R%FR“tthgggegfgﬂéﬁs and

suppl i ed fﬁggkugkkhgﬁir?E g gDEtiut high impedance. When a

read instruction or designation is issued from the
corresponding imperfect memory mat upon the read
operation in addition to such operation control, the
output buffer is brought into the output high impedance.
Each mat select signal forms a signal for the

selection of a multiplexer provided so as to correspond
to input/output circuits I/O0 through I/03 of each
memory mat. When an input/output buffer is provided in
the data input/output circuit of each memory mat as in
the case of the aforementioned embodiment and the
function of forcedly bringing it into an output high
impedance based on the malfunction information is
provided, the corresponding multiplexer can be omitted.
When such a multiplexer is provided to the contrary, the
aforementioned input/output buffer can be omitted from
being provided on the memory mat side. Namely, the same
output high impedance as described above may be created
by each multiplexer. When done in this way, a control

signal inputted to each multiplexer is regarded as a



mat s MATO and MAT7 are respectively supplied to AND gate circuits d and
&. Unillustrated other mat select signals and mal function information
associated with the signals are also supplied to their correspondi ng @Q;ﬁuﬂ 1a¢
circuits in the sane manner as descri B8d-above. Signals outputted fromt
AND gate circuits G and & and the wunillustrated other simlar gate _
circuits are supplied to an OR gate circuit G3 fromwhich a nask signal
MBK is produced. Although circuit synbols of MOSFETs shown by way of
illustration overlap with those shown in Fig. 3 to prevent the circuit

di agram from becom ng conplex in the sanme drawing, they are used to

i npl enent §gﬁafalesiﬁhaIUbbtéﬂﬂéﬁibySAdemgimeléuabtéosignal VE and an

out put enable signal /OE are supplied to an AND gate circuit &4 where - 31
an out put £APbemhtsbgnEF €Fomsafmemedy haheépd aheoerespendingumasnabl e
signal /OE is highin level when a read operation is designated according
to a high kelett sefighh&.wite enable signal WE, each output buffer is
brought into a non-operating state. Further, the cagntrol signal OCis
rendered low in | evehR Phrcgyhcﬁﬁé§F§ﬁ1Qﬁtﬁxampéﬁﬁl@gthSfoPﬁ U§ignal /CE to

active each output buffer. VWhen, however, geg? ﬁ acce d a nade to an
i nperfect RERBEY nﬁ#rcalﬁapﬁﬁnéﬁﬁoﬁhﬁrOPEPPGr §hg 17 SAd*8 mat sel ect

signal M %red232h13£8%9outpu¥ buffer IOB is shown in Fig. 8. 1In

the output control circuit, mat select signals MSO and
MS7 shown as typical ones by way of illustration and
malfunctioﬁ information MF0 and MF7 associated with
these signals and supplied from unillustrated memory

mats MATO and MAT7 are respectively supplied to AND gate

circuits Gl and G2. Unillustrated other mat select
signals and malfunction information associated with the
signals are also supplied to their corresponding gate
circuits in the same manner as described above. Signals
outputted from the AND gate circuits Gl and G2 and the
unillustrated other similar gate circuits are supplied
to an OR gate circuit G3 from which a mask signal MSK is
produced. Although circuit symbols of MOSFETs shown by
way of illustration overlap with those shown in Fig. 3
to prevent the circuit diagram from becoming complex in
the same drawing, they are used to implemept separate
circuit functions.

A write enable signal WE and an output enable

signal /OE are supplied to an AND gate circuit G4 where



hi gh | evels so that the mask signal MSK is rendered high in level. Thus,
even when the wite enable signal WE is rendered high in |evel and the
out put enable signal /CE is rendered lowin |evel, the gate of a P channel
out put MOSFET QL of the correspondifgdbutput buffer is supplied with a
hi gh | evel through an OR gate circuit G5 in response to the high | evel of
the mask signal MSK and the gate of an N channel output MOSFET @ t hereof
is supplied with a low level through an AND gate circuit G/ in response
thereto. Therefore, an output termnal DO of the correspondi ng out put
buffer is brought into an output high inpedance. CQutput buffers connected
to other tdn emitfaita deyddialsidilal lo®ugh lod merds sNanmealyt hevheszare manner as
described above. - 32 p 2 ~Ut~ INS A schematic bl ock di agram show ng

anot her entiddi rertputf emaddd coirghsct ofOEvdrohi glevicdl exsdorvhiey 2ot he
present invention is shown in Fig. 9. A schematic entire block of the

seni conductmradremena e de drbignatad Aqpar Btk dfa highgtevekenory mat
fornmed therein are jllustrated in the sanme draw ng. However,. ot her

sem conduct®r FgOTEL te B e HE R hd'E o 83 ﬁf‘@'sig‘}ﬁ by t1%n are

Serm conduc BROYRHory Y R SIRRAES 1P HACE - TR ®, W11 ons di f1er ent
fromthose ceorg)tI £t ledsiignna;[ 1h olot eins]'; Croenrgéjecl:[ ed 1IN ldee\yéfein
synchronism with a low level of the signal /OE to active
each output buffer.
When, however, a memory access is made to an
imperfect memory mat, a malfunction or failure signal
MFi and a mat select signal MSi are both brought into

high levels so that the mask signal MSK is rendered high
in level. Thus, even when the write enable signal WE is
rendered high in level and the output enable signal /OE
is rendered low in level, the gate of a P channel output
MOSFET Q1 of the corresponding output buffer is supplied
with a high level through an OR gate circuit G6 in
response to the high level of the mask signal MSK and
the gate of an N channel oﬁtput MOSFET Q2 thereof 1is
supplied with a low level through an AND gate circuit G7
in response thereto. Therefore, an output terminal DO
of the corresponding output buffer is brought into an
output high impedance. Output buffers connected to
other three data terminals D1 through D3 are set in the

same manner as described above.



shown in Fig. 1 are principally illustrated in the same draw ng. Thus, an
i nput buffer supplied with address signals and control signals, a control
circuit and a substrate voltage generating circuit, etc. which are

necessary for the sem conductor nenory3device, are onitted. F@spifiij““ “ﬁﬁ
circuit blocks shown in the same drawing are fornmed on a single

sem conduct or substrate such as nonocrystalline silicon by the known
technique for manufacturing the sem conductor integrated circuit in the
sanme manner as descri bed above. Each of nenory nmats enployed in the present
enbodi ment i s conposed of a nenory array, an X decoder, a sense anplifier
and a Y decoder configui@slemat fc MIGEX dbapsimnéhawiyg samotherto t hose
shown in Fig. 1. Since -33- pZJUN199~ the present enbodinment is set forth
on the assusmbodiménatof tai semseshductsavnerony devieé aecdérdengntioa
swtch circuit are omtted so as to be able to cope with the case where a
failure occtine presech imvenyiomtisAshoeughnaFpart? cul drsekenate€ion is not
made in the present enbodiment, the number of nmenory mats is_ set to four
as a whol e emtirepbtocktpfit the neembeor@ecteesPRBRTY cAfBhER YRRt 3 ext end as

they are so as to be supplied to their correspon iqﬁ gafg ingét/output
circuits ICfmi@h@%@ghl@€8395T%esﬂ%ﬂéei%%%??5u?%ﬁt OEFeL Ut FBF T fir ough

| OB3 associated with the nenor mats are elegtricall nected to their
correspondiﬁbIUStratEd fn the Zame rawing. ﬁowever,yogggr

semiconductor memory devices according to the present
invention are principally used as the failure save or
relief memory employed in the semiconductor memory
device shown in‘Fig. 1. Therefore, portions different
from those employed in the semiconductor memory device
shown in Fig. 1 are principally illustrated in the same
drawing. Thus, an input buffer supplied with address
signals and control signals, a control circuit and a
substrate voltage generating circuit, etc. which are
necessary for the semiconductor memory device, are
omitted. Respective circuit blocks shown in the same
drawing are formed on a single semiconductor substrate
such as monocrystalline silicon by the known technique
for manufacturing the semiconductor integrated circuit
in the same manner as described above.

Each of memory mats employed in ;he present
embodiment is composed of a memory array; an X decoder,
a sense amplifier and a Y decoder configured in a manner

substantially similar to those shown in Fig. 1. Since



separate data termnals DO t hrough D15. Nanely, the four data termnals
are respectively provided so as to correspond to the data i nput/output
circuit associated wth each nenory mat. The si xteen data term nal g&au“ Eﬂ&
t hrough D15 are provided so as to ccrﬁéspond to the four sets of d

i nput/output circuits 10BO through 10B3. An EPROM for storing addresses for
an inperfect or faulty nenory mat therein is provided to principally
relieve its failure or malfunction in a nmenory mat unit. The EPROM
enployed in the present enbodinment is not in the sense of being renewable
(erasabl e & progranmable) but in the sense of using an electrically
writabl e merer preekhti dapbdéakntoishattOf3rdbNoh988e as3dmperphnoyed in the
known EPROM Nanely, the EPROMis used as a ROMfor disabling an

ul traviol ethaaysteiasusgd fomcsmenngheresklarfi,capdbke ehdwaiting data
therein only one tinme. An EPROM control circuit is of a control circuit
for witingwdach cntgunheaEPRQNu&médréQdBﬁgtptbetﬁéﬁéfﬁ@nFoﬂﬁewlﬁﬁe

sem conduct or nenory device is nposed of the above four nmenory mats, for
exanpl e, ﬁbﬁrCEE?sWéGﬁﬁrﬁsééléﬂ18d6F€§§ésl§eF359 PRREE YhAas -+ associ at ed

wi th each of the nennrx mat s MATO t hr ou MATT ,of .t he ,sem conduct or nmenory
devi ce shown in Fig. At hgﬁﬂhaafPéétBFPlgﬁdFééﬁF&EtépnwﬁétH@ &S hree bits

are in the present embodiment, the number of memory mats is
set to four as a whole and input/output lines of the
respective memory mats extend as they are so as to be
supplied to their corresponding data input/output
circuits IOBO through IOB3. The data input/output
circuits IOBO through IOB3 associated with the memory
mats are electrically connected to their corresponding
separate data terminals DO through Dl15. Namely, the
four data terminals are respectively provided so as to
correspond to the data input/output circuit associated
with each memory mat. The sixteen data terminals DO
through D15 are provided so as to correspond to the four
sets of data input/output circuits IOBO through IOB3.

An EPROM for storing addresses for an

imperfect or faulty memory mat therein is provided to
principally relieve its failure or malfunction in a
memory mat unit. The EPROM employed in thg present
embodiment is not in the sense of being renewable
(erasable & programmable) but in the sense of using an

electrically writable memory cell identical to that



valid or invalid, are assigned to each nenory mat so as to correspo qzto a
single word line. Sixteen nenory cells are connected in total in th& alii 1998
of the four nenory mats. When the four nmenory nmats are all used for
failure relief, for exanple, the addreddes assigned to each nenory mat and
the flag bit indicative of validity of the addresses are witten in
accordance with a conbination of 0 and 1. Wien a nenory access i s nade,
the above word line is selected and address signals and flag bits
associated wth the four nenory nats are read out and supplied to an
address conparison circuit. The address conparison circuit conprises four
conmpari son ghpLeyé& in3tde-kRown JEPRGNI9 xamebgpotile nBPROMeashusedory mat,
where the address signals inputted thereto and address information read
fromt he EPROM areMcpopadesablteg daheuitogvbotetsrandeeraadngid at this
time, an output indicative of the result of address conparison is rendered
inval i d. Naffehgtiohi shergofragedt capakienef awnbhbRg %taggbagﬁt-ni nto 000 or
the |ike due to being unused for the failure reljef fro being sel ect ed
when a menoeylyeeneetime. 00Bni EPRONBeEPREEAL QRERUAR 48dPEsd FBR EBicifying

a menory mat_ conprises an X address and a Y ss, .the_precedent!|y-
i nput X addf&E8ui fPFsVIEBHﬁﬁréﬂtﬁﬁ%ﬂt?héhﬁdﬁggég apﬂfBFﬁafpgn} | f they

mat ch each other _at this tine, a
herefrom.

When the semiconductor memory device is
composed of the above four memory mats, for example,
four bits comprised of addresses set by three bits
associated with each of the memory mats MATO through

MAT7 of the semiconductor memory device shown in Fig. 1

and a flag bit indicative of whether the three bits are
valid or invalid, are assigned to each memory mat so as
to correspond to a single word line. Sixteen memory
cells are connected in total in the case of the four
memory mats. When the four memory mats are all used for
failure relief, for example, the addresses assigned to
each memory mat and the flag bit indicative of validity
of the addresses are written in accordance with a
combination of 0 and 1. |

When a memory access is made, the above word
line is selected and address signals and f}ag bits
associated with the four memory mats are read out and
supplied to an address comparison circuit. The address

comparison circuit comprises four comparison circuits



row system sel ecting operation of a nenory mat associated with its
matching is perforned. If it is judged fromthe input of the Y address
that it is of a msmatch address, then the nmenory mat is not finally

sel ected and hence only a refresh oper2ion is carried out mﬁthiﬂ@ﬂhdU“‘ﬁBa
correspondi ng nenory mat. A conpare match or coincidence signal forned in
a nenory mat unit by the address conparison circuit is supplied to an

out put selection circuit. Nanely, when a nmenory access associated with an
inperfect nmenory nmat is nade, one of the nenory mats in the sem conductor
menory devi ce according to the present enbodinent in - 36 (r) 2 JUN 19ik
pl ace of theoiressdePindei®readmimenso me aessedvlier ¢ hehabaddrelsscri bed manner
and hence the operation of any one of the data input/output circuits is
made valid,sigheErebinputied ecloer eteachropeaddians i snipermather. readircuit
diagramillustrative of exanples of the address conmparison circuit, the
out put sel ebtomntheiERRON awel compangdi ditemrthe Shaanbih 7 gnad®. As  one
circuit CAMB in the address conparison circuit,is , showm as a

represent atimeabid valy Uiis|timer an RtRUpA G Fa byl Shehhar e stk ess

signals Al2 and /Al2 is captured through transfey, gate FETs t hr ough
Q4 switch-@bmidress BRMRAT bFPR Nt Drikk %fne%t’ofi%%{’r‘ﬂ- anﬁa’ggﬁbw ERYF and its
| nverted SL%Q%Lédgmgg épg;ent a memory mat brought into 000 or the

like due to being unused for the failure relief from

being selected when a memory mat set as 000 is

specified.

When an address for specifying a memory mat

comprises an X address and a Y address, the precedently-

input X address is first compared with the address

information. 1If they match each other at this time, a

row-system selecting operation of a memory mat

associated with its matching is performed. If it is

judged from the input of the Y address that it is of a

mismatch address, then the membry mat is not finally

selected and hence only a refresh operation is carried

out within the corresponding memory mat.

A compare match or coincidence signal formed

in a meméry mat unit by the address comparison circuit

is supplied to an output selection circuitt Namely,

when a memory access associated with an imperfect memory

mat is made, one of the memory mats in the semiconductor

memory device according to the present embodiment in



information stored in the EPROM cell is of a low level indicative of O,

for exanple, the P channel MOSFET QL and the N channel MOSFET
corresponding to the address signal Al2 are turned on. \Wen the address
signal Al2 is lowin level at this tide,—a match or coincidence sjgnal is..
outputted as a low level. If the address signal Al12 is high in | 2IJUNFEE&
a msmatch signal is outputted as a high level. Wen the information

stored in the EPROMcell is of a high level indicative of 1 to the
contrary, the P channel MOSFET @B and the N channel MOSFET Q4
corresponding to the address signal /Al2 are turned on. Wen the address
signal /Aldlisxrd @¥ ithd @¥flerfezt! mendrd Hdt \igd aticeddesi timehea match or

coi ncidencé signal is outputted as a lowlevel. If the address signal /Al2
is high inademeldeddreibea] masmmdic lamsd dgrealce $heutopertedd s of rgh | evel . An
operation for perform ng a conparison between each of other address

signal s Al®rencdf Al®e ateta Aldpumutaiut avid duifter i imddestvdlddl i n each EPROM
is also simlar to the above conpare operation. Wen al]l the bits of the
three-bit adwrehy s grrlte A0 nead@per tiPmetscPeffir®ase i nf or mati on, an

OR gate circuit G produces a conpare coincidence sugnal |l ow in | evel and
nmakes the operation & Gifewil fiaIFIWrl WRsRGVe & é‘d‘tai%e%\lé?él y, the

output driver transfers signals on input/oytput lines |I/O.t.o an out put
terﬁina| qthq1address comé%é?son é}rc it, th outpdl se{ectlon P

circuit and an output driver is shown in Fig. 10. As
one circuit CAM3 in the address comparison circuit is
shown as a representative by way of illustration, a pair
of complementary address signals Al2 and /Al2 is

captured through transfer gates MOSFETs Ql through Q4

switch-controlled based on information stored in an
EPROM cell and its inverted signal. When the
information stored in the EPROM cell is of a low level
indicative of 0, for example, the P channel MOSFET Ql
and the N channel MOSFET Q2 corresponding to the address
signal Al2 are turned on. When the address signal Al2
is low in level at this time, a match or coincidence
signal is outputted as a low level. If the address
signal Al2 is high in level, then a mismatch signal is
outputted as a high level. When the information stored
in the EPROM cell is of a high level indicgtive of 1 to
the contrary, the P channel MOSFET Q3 and the N channel
MOSFET Q4 corresponding to the address signal /Al2 are

turned on. When the address signal /Al2 is low in level



response to a low | evel of an output control signal We-/OE. If even one

bit msmatches with the information and thereby a m smatch signal is
produced, then the OR gate @ forms an output signal high in |evel. ‘.
Therefore, the output of an OR gate~-G37constituting the output sﬂl@cﬂ@%nﬁﬁ&
circuit remains at a high level regardless of the Iowlevel of the contro
signal WE-/CE, whereby the output driver remains at an output high

i npedance. Although circuit synbols affixed to the gate circuits shown by
way of illustration overlap with those shown in Fig. 8 to prevent the
circuit diagram 2 JUX 199% - 38 from becom ng conplex in the sane

drawi ng, theytahe used, homhkBhesentosapadaneecsignal fisnoutpatted
schemati c bl ock diagramof a further enbodi nent of a sem conductor nenory
devi ce accagdiangoolet/be .pr gsenhei addnessnsignafhovAli2n iBi pighlinRespecti ve
circuit blocks shown in the same drawing are used to principally describe
the rel ati Geseilp haewneanmtisaatehosygnadt ¢ sandtbuptiebfoaspat hdighcuits 10B
shown in Fig. 9. A mat selection circuit shown in the same draw ng

conpri ses aevERROM an address conparison circuit and an output selection
circuit such as those shown by the specific circuits in.Fig. 10. The

addr ess conpari son ciPic@PPEeI@SARar 8T P&Fﬁ@F@lgﬂdﬁe§§mPﬁF&Fﬁ&tion stored in

t he EPROM a .
b%%w%en each of other address signals A10 and /Al0 and

All and /All and information stored in each EPROM is
also similar to the above compare operation. When all
the bits of the three-bit address signals Al0 through
Al2 match with the information, an OR gate circuit Gl
produces a compare coincidence signal low in level and
makes the operation of the output driver valid or
effective. Namely, the output driver transfers signals
on input/output lines I/O to an output terminal Dj in
response to a low level of an output control signal
WE-/OE. If even one bit mismatches with the information
and thereby a mismatch signal is produced, then the OR
gate Gl forms an output signal high in level.

Therefore, the output of an OR gate G2 constituting the
output selection circuit remains at a high level
regardless of the low level of the control signal
WE-/OE, whereby the output driver remains ;t an output
high impedance. BAlthough circuit symbols affixed to the
gate circuits shown by way of illustration overlap with

those shown in Fig. 8 to prevent the circuit diagram



mat address corresponding to the failure address information and pﬂﬁ%uggg‘mg&
or fornms a signal for selecting one of nmenory mats provided as spares.

Each signal outputted fromthe address conparison circuit is also sent to
the output selection circuit fromwhi3® a select signal for naking

effective the operation of an input/output circuit associated with a

menory mat to be replaced in place of the inperfect nenory mat is forned.

Al t hough input buffers are not shown in the same draw ng, address signals
transferred to the individual nenory mats are captured through the input
buffers. 0 2 JUN yec' - 39 Each mat select signal is used to finally

sel ect cnuffgﬁngébémﬁnér@wmpigxfpmrtm@nmamerﬂmawim@,thheyaddee@sedultiplex
systemin which the X address signal and the Y address signal are input
and the X gsldimsbemént t $€pat atlelr esscu st afsignkens o t he correspondi ng nenory
mat as the address for the nenory mat, as described above, when matching

i s obtained by the Xaaschesatit opkock adiagr 3y seent afl@F eBSI sel ecti ng

operation is perfornmed by its corresponding negory mat. If patching is
obt ai ned evkodbyenheof adsembeondRREORMEMPLY / S0Y e 2FFEEFENFstOsel ected

correspondi ngly and hence one nepory mat |s _fin y selected.in place of
the inper f ke Réﬁ%??tnﬁPYenF¥°¥hbsYz%ﬂﬂ?e§§ %%%ngiihes§e§ﬁgﬁgbﬂ?y t he

rowssystem, . addl ess) SekeCLh 09 OPET AL O0ahe BPLY PRYPY-8NdsBENES 2
principally describe the relationship between the memory
mats and input/output circuits IOB shown in Fig. 9. A
mat selection circuit shown in the same drawing
comprises an EPROM, an address comparison circuit and an
output selection circuit such as those shown by the
specific circuits in Fig. 10.

The address comparison circuit compares
failure address information stored in the EPROM and a
mat address correspdnding to the failure address
information and produces or forms a signal for selecting
one of memory mats provided as'spares. Each signal
outputted from the address comparison circuit is also
sent to the output selection circuit from which a select
signal for making effective the operation of an
input/output circuit associated with a memory mat to be
replaced in place of the imperfect memory mat is formed.
Although input buffers are not shown in the same
drawing, address signals transferred to the individual

memory mats are captured through the input buffers.



refresh operation is effected on such a nmenory mat.
enbodi nent of a nenory nodule according to the present

in

accesses are made in units of 16 brtd? ~In Fig.
devi ces each equivalent to that shown in Fig.

Fi gs.

Bl ock di agrans of one
invention are sho

12A and 12B. Fig. 12A indicates a nenory nodule in which

12A, sem conduct or menory
1 and in which nmenory

accesses are nade in units of 4 bits, are provided as body nenories so as
to be parallel-connected to one another as four in total. Thus,
accesses are performed in units of 16 bits as a whole. Gher 0 2 JUG -

sem conductor nenory device shown in Fig. 9 defined as one relief nenory

is combined With thgaéRuhabod¥lefEN®igesl Fsgusé@Btonflinaleég a nenory
nodul e in which nenory accesses are performed in units of 18 bits in

total, whiebe6®nphéstedlotq mat 16rbmnt shanfloparneyobytsaP®. andnPthe

t he nmeno

corresponding to two bits. Therefore, sem conductor menory devi ces each
equi val enad@pesbahul shplexi ayftem inawdich theéck addpvessaseensdéds are nade

in

units of 4 bits, are provided as body nenories so as_to be

par al | el -andntbeed addomesanbghat asef ippufnapdt hhe XTAddregfeOfenory
accesses are perfornmed in units of 18 bits as a whQle. A half storage area

cor r esponthag¥t addrpesr éfnprRFAgNedotBi £Rej RO RESBBAYIRENBRPOLY whi ch t he

mat as the address for the memory mat, as described

above, when matching is obtained by the X address alone,

a row-system address selecting operation is performed by

its corresponding memory mat. If matching is obtained
even by the Y address, then an input/output circuit is

selected correspondingly and hence one memory mat is

finally selected in place of the imperfect memory mat.
If the Y address mismatches, then only the row-system
address selecting operation is performed and hence a
refresh operation is effected on such a memory mat.
Block diagrams of one embodiment of a memory
module according to the preSent invention are shown in
Figs. 12A and 12B. Fig. 12A indicates a memory module
in which memory accesses are made in units of 16 bits.
In Fig. 12A, semiconductor memory devices each
equivalent to that shown in Fig. 1 and in which memory
accesses are made in units of 4 bits, are provided as

body memories so as to be parallel-connected to one

another as four in total. Thus, the memory accesses are

performed in units of 16 bits as a whole. Other

ry
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parity bits are stored, is not used. O her sem conductor nenory device
shown in Fig. 9 defined as one relief nmenory is conbined with theufz' Vﬁ; _
body nenories. Here, nenory nmats, which are five in total, are JUN 1298
respectively used so as to correspond4fo"the five body menories. However,
two of 1/O bits whose parts are nondefective articles (e.g., two bits of
four bits are nondefective articles) or two DRAMs (each of which is x 1
bit type) which are a generation before, my be nounted. 0 2 JU! t99~ -
41 Al though no particular restrictions are inposed on the body nenories,
faulty or inperfect nenory nmats are respectively selected to the body
MEenori es ofemidyndictofuiéhery déeidodyhormpineBigy ed piefived am a nounted
substrate such as a printed board or the like <constituting a nmenory

modul e. A édnserebief anemory ism combimedontiemcehed foueakddpf the defective
menory mats provided within the body nenories one by one to thereby

prohi bit amembsiesti al access frombeing nade to each faulty nenory mat

and prevent a dc current fromsteadily flowing into the faulty nmenory nat

due to the cutoff ofFighel @BovRdpemkess c? rReMer AP FEe ot ptiBFi gh i npedance
For the APRGTHEAGFGSRAF AP cOSK BPBRES | Hh oFP EFRCRT (b pbrs pY cddresses

total, which comprise data of 16 bits and parity bits PO

and Pl corresponding to two bits. Therefore,

semiconductor memory devices each equivalent to that

shown in Fig. 1 and in which memory accesses are made in

units of 4 bits, are provided as body memories so as to

be parallel-connected to one another as five in total.

Thus, the memory accesses are performed in units of 18

bits as a whole. A half storage area corresponding to

the remaining two bits in the body memory in which the

parity bits are stored, is not used. Other

semiconductor memory device shown in Fig. 9 defined as

one relief memory is combined with the five body

memories. Here, memory mats, which are five in total,

are respectively used so as to correspond to the five

body memories. However, two of I/0 bits whose parts are

nondefective articles (e.g., two bits of four bits are

nondefective articles) or two DRAMs (each qf which is x

1 bit type) which are a generation before, may be

mounted.



Data term nals of each of the body nenories are parallel-connected to data
termnals of each nenory nat, which are associated wth those of bﬁEJUN 1998
relief menory on the nounted substrate. Thus, when an access to

i nperfect menory mat in each body menotl is nmade, the nenory mat provided
inthe relief nenory is accessed so that the input and output of data are
performed through the data term nals commonly provided on the nounted
substrate. 0 2 JUN 199% - 42 As in the present enbodi ment in which each
body nenory to be relieved in a nmenory block unit is replaced by the

menory mat provided in another relief menory, the relief nmenory mat |arge

incircuit scale is mMathduyhmes igaredduladyresumirotidns iard herefore
possi ble to reduce an area occupi ed by each body nenory and increase the

nunber of nEPYIed WP Hommly endnoames , siavdlty semi iopeifact nedery Menory
mats in which failures occur in units of word lines or bit lines, are

relieved byndts ldrd mresshotdarlciscidatedid ddie ROADHMRRATELIeHtPE he
comerci al stage as nondefective ones. The nenory mats that cannot be
relieved by hene buiBurtiherediridndy inemintie syl PR OBI def ect i ve
word lines or bit lines is greater than the n er_of _spar rd lines or
bit |ines drounfed Gubft REUTEHRAS G g:&tqé{?qﬁref Ure %Sﬁ%d as bei ng
' nperfect (ggﬁgégkuting a memory module. A fuse is blown out in

correspondence with each of the defective memory mats

provided within the body memories one by one to thereby

prohibit a substantial access from being made to each

faulty memory mat and prevent a dc current from steadily

flowing into the faulty memory mat due to the cutoff of

the above power circuit and the output high impedance of

the input buffer or the like. 1In the relief memory,

faulty addresses for the faulty memory mats are stored

in an EPROM thereof.

Data terminals of each of the body memories

are parallel-connected to data terminals of each memory

mat, which are associated with those of the relief

memory on the mounted substrate. Thus, when an access

to the imperfect memory mat in each body.memory is made,

the memory mat provided in the relief memory is accessed

so that the input and output of data are pgrformed

through the data terminals commonly provided on the

mounted substrate.



units of menory mats w thout being abandoned as in the conventional
exanple and the fuse is blown out in this condition. Wen they are ﬁze&@f&mg%
the nenory nodule, they are conbined with an additionally-prepared f
menory so as to be substantially conﬁe?%iélly avai l abl e. Thus, product
yi el ds can be substantially enhanced as a whole. A block diagram of

anot her enbodi nent of a nenory nodul e according to the present invention
is 02 JUN 1998 - 43 shown in Fig. 13. The present enbodi nent is intended
for the use of a nenory nodule in which nmenory accesses are nade in units
of 32 bits. Therefore, sem conductor nenory devices each equivalent to
that shown in Fig. 1Asanﬂuithmk@mésemﬁrmxybcathws@simrmhmueeémhunits of 4
bits, are provided as body nenories so as to be parallel-connected to one
anot her as idghtmeémot wt td . be Trekievdd henpraenerestleckrenperidrmed in
units of 32 bits as a whole. O her sem conductor nenory deV|ces each
shown in FizgplRerRd ibpdthe nemcTRinal PEIDIIRD R ANRERDT nkel#ffh the eight
body nenories. The relief_of the defective nmenpry pats,in the body

menori es | SPERPTH 4 ahe FehiR L FRRCTH e Jeﬁ‘fb%‘%il%n‘f“s%‘b% ?ﬁak?ggs 12A and

128 and its, description vill, thetefore be opf tigd:, Fagh,pl the body

possible to reduce an area occupied by each body memory
and increase the number of memory chips formable from a
single semiconductor wafer. Memory mats in which
failures occur in units of word lines or bit lines, are
relieved by built-in redundant circuits and can be

brought into the commercial stage as nondefective ones.

The memory mats that cannot be relieved by the
built-in redundant circuits when the number of defective
word lines or bit lines is greater than the number of
spare word lines or bit lines or due to the occurrence
of a dc failure, are regarded as being imperfect ones in
units of memory mats without being abandoned as in the
conventional example and the fuse is blown out in this
condition. When they are used as the memory module,
they are combined with an additionally-prepared relief
memory so as to be substantially commercially available.
Thus, product yields can be substantially enhanced as a
whole.

A block diagram of another embodiment of a

memory module according to the present invention is



menory nodul e does not necessarily need to. have one faulty nenory mat.
Nanely, the inperfect nmenory mat may exist in each body menory SOK&SJU“ 1998
fall within the range of the nunber of nmenory mats provided in each relief
menory. Even when two faulty nenory a3 ®xist in each body nenory in Fig.
12A, for exanple, they can be relieved. At this tinme, input/output
termnals associated with the two nenory mats in the relief nenory are
paral | el -connected to input/output termnals DO O 2 JUN 1998 44 through
D3 for each body nmenory, which are simlar to the input/output termnals.
A non-defective chip wwth no defective nenory mats is used for at |east
one body nsrawry iof Rike rlehmi Mg griesss thahbaEimeEritesis |limtemadedody nmenory,
each nenory nmat assigned to the sane address may be regarded as faulty.
Upon such faddridssiuse iaf tehimemeage madule Han bddhchwamdnys ageesses
substantially brought into a non-operating state and alternatively all the
nmenory nat L6 mase rigl juwi teemdt 32 dridsi mihentfard v s atPt hat t he
witing and reading of data DO through D15 or the |ike are  perforned. In
doi ng so, MeSARAA deviqsd qarfbapigrkenspitthat spssimiFi&ent from a bus

driver increases in B the nenory nodul e of the present .enbodi npent, thereby
causi ng vard™t i Gh#HiFh@RAQF a@eR&Sses 35 t“?‘?éfeefld} émlets St

bits, are provided as body memories so as to be
parallel-connected to one another as eight in total.
Thus, the memory accesses are performed in units of 32
bits as a whole. Other semiconductor memory devices
each shown in Fig. 9 defined as two relief memories are
combined with the eight body memories. The relief of
the defective memory mats in the body memories is
similar to that made in the embodiment shown in Figs.
12A and 12B and its description will therefore be
omitted.

Each of the body memories mounted on the
memory module does not necessarily need to have one
faulty memory mat. Namely, the imperfect memory mat may
exist in each body memory so as to fall within the range
of the number of memory mats provided in each relief
memory. Even when two faulty memory mats exist in each
body memory in Fig. 12A, for example, they can be
relieved. At this time, input/output terminals
associated with the two memory mats in the relief memory

are parallel-connected to input/output terminals DO



desirable that the addresses assigned to the faulty mnmenory mats in the
body nenories are distributed within the nmenory nodule. A bl ock db
|

a further
is shown

menory nodul e in which nenory accesses

enbodi ment of a nmenory nodul e according to the present

Rl Bos

in Fig. 14. The present embo##nent is intended for the use of a

are effected in units of 16 bits in

the sanme manner as in Fig. 12A. Since a sem conductor integrated circuit D
- 45 device is nmass-produced using a photographic printing

there is a high possibility that a failure is physically

devel oped in the sane position as in the case where flaws are made in a
mask patterthrduyt 3 £aSach sy neweyy, whidh aweedsinilaelte®ve each
faulty menory mat assigned to the sane address, is nanufactured
nunbers. | nthéel mmesAnit mnbock meiria 14 he Hathn-niafirdeisve edrip haliing t he
faulty nmenory mat assigned to the sanme address physically as descri bed
above are usedlefectivgenémpryidratss is uspd idemlY y1gast omededy order to

2 JUN MA
t echni que,

avoi d i nconveni ence that the | oad or burden_inposed on

n

| ar ge

the specific

address as RRRIrY rofn the irRmARinerthzeq RQBAFEINIONRRI y, the address
signals Al2 and All inputted to the body neg?ﬁéaare reversa.gaégmtted

bet ween two body menot? RACHORIRY LAY ¢

Qﬂrxrmgt ass

to the same address may be regarded as faulty. Upon
such addressing in this case, all the body memories are
substantially brought into a non-operating state and
alternatively all the memory mats in the relief memory
are simultaneously selected so that the writing and
reading of data DO through«D15 or the like are
performed.

In doing so, however, a load imposed on a
specific address as seen from a bus driver increases in
the memory module of the present embodiment, thereby
causing variations in memory access. It is therefore
desirable that the addresses assigned to the faulty
memory mats in the body memories are distributed within
the memory module.

A block diagram of a further embodiment of a
memory module according to the present invention is
shown in Fig. 14. The present embodiment is intended
for the use of a memory module in which memory accesses
are effected in units of 16 bits in the same manner as

in Fig. 12A. Since a semiconductor integrated circuit



addresses, another nmenory mat is logically selected according to t , a

rel ati onship that addresses inputted fromthe outside are reverselg)e2 JUN E@%

supplied even when a failure occurs in a nmenory nmat assigned to the sane

address physically in the same body éfory, whereby the addresses can be

relatively changed to separate addresses when the nenory mat is regarded

as the nmenory nodule. - 46 A flowhart for describing a nethod of

assenbling a nmenory nodul e according to the present invention is shown in

Fig. 15. In a chip selection process, it is determned or judged in Step

(1) whether a failure occurs. If the answer is YESin Step (1), then a

def ect - fr e@e@iieel S sShapEepreduzeda uedmg at ethotoyr apdfiectpnietimadduct . 1f it

is judged in Step (2) that of those having failures or defects, one is

regarded agedmdiigue,a thairleurie anhdlyhp poslsiididlilty ithania Ladflume ds | i nes or

bit lines, it is then shipmented as an on-chip relievable non-defective

product. Thhhysicaddy devieloped iins tihges@imealpasd td arhigs sigl ddie B1RS® ocess

for a dynam c RAM having an on-chip relievable function. The function of

per f or m ng whegr £liaws Beevaade tiffe andasky Pt I udint $H9FS GREGverfory mat s

is provided in the present enbodj ment. Therefore, g%'it is judged in step

(3) that abesy memogwabwdich ngedshd® F&ddevéd eadh %We‘"}%‘% associ at ed

with a nmenory nat,reggfded ?F . .
mat assign to the same address, is manufactured in

large numbers.

In the present embodiment, the body memories
each having the faulty memory mat assigned to the same
address physically as described above are used. A
change in address is equivalently performed in order to
avoid inconvenience that the load or burden imposed on
the specific address as seen from the bus driver is
increased. Namely, the address signals Al2 and All
inputted to the body memory are reversely inputted
between two body memories. Owing to the changing of the
addresses, another memory mat is logically selected
according to the relationship that addresses inputted
from the outside are reversely supplied even when a
failure occurs in a memory mat assigned to the same
address physically in the same body memory, whereby the
addresses can be relatively changed to sep;rate
addresses when the memory mat is regarded as the memory

module.



faulty is blown out. It is judged in Step (4) based on the electrical
separation of the faulty nmenory mat from others whether a dc current (Ileak
current) falls within the allowable value. Thereafter, the nmenory nmat is
transferred to the foll owi ng nodul e-a4&enbling process as a non-def, t@ﬂ@
product relievable on a system 0 2 JUN 1998 - 47 1In the nennrylné@ﬁlL
assenbl ing process, a check is perforned on the relationship between the
nunber Fm of the relievable nmenory nmats and the nunber Rmof faulty nenory
mats in each body nmenory. If Fm< Rm then a body nenory is conbined with
arelief menory. At this tinme, as the body nenory to be conbi ned
therewith, is sel ectped ohechder ef dr addgeoitei seta afietiéd ofi the reli ef
menory is brought into an active state to avoid overl appi ng of addresses
in the cordssamting a fremtdyy meodule ntcowdingath theepresert, to maintain
hi gh-speed driving power on the relief nenory side. The selected one is
regar ded asneemeneon yisroshden i Fige 134 nmelnad ngthpoS®iepeiPBrning a
changi ng between addresses in the body nenory and using the sane in the
above- descpibeessmniteris sdet evnbrepted. Judged t e SHeR (ngV%§§h§baces

overlap each_other in Step (6 t he overlapping.of the sane address spaces
is broughtaifﬂkﬁué%rQP¢¢%ﬁ1thﬁfc%m%i%%ﬁY%ﬁ t%gﬁohgd F%Bt?gé’chips,

whereby the resultant ong is regardec ?5mgh€ggué§ 290mpleted non-

defective product. If it is judged in Step (2) that of
those having failures or defects, one is regarded as
having a failure on-chip relievable in units of word
lines or bit lines, it is then shipmented as an on-chip
relievable non-defective product. The process until now
is identical to a chip selection process for a dynamic
RAM having an on-chip relievable function.

The function of performing separation between
the memory mats in units of the memory mats is provided
in the present embodiment. Therefore, if it is judged
in step (3) that a mat relievable failure has occurred,
then a ROM fuse associated with a memory mat regarded as
faulty is blown out. It is judged in Step (4) based on
the electrical separation of the faulty memory mat from
others whether a dc current (leak current) falls within
the allowable value. Thereafter, the memory mat is
transferred to the following module assembling process

as a non-defective product relievable on a system.



defective product. If the mx of the non-defective products cannotuggJUN 1998
made, then a chip conbination is changed. A block diagramof a stil

further enbodi ment of a sem conductor nenory device according to the

present invention is shown in Fig. 4647The function of 0 2 JUN 1998 48
checking the DC current using the function of electrically separating the
faulty nmenory nmat from others is also additionally provided in the present
enbodi ment. Nanely, the function is also used for supplying an electric
signal equivalent to the blowing of the fuse Fuse for electrically
separating the above faulty nmenory mat and thereby cutting off the dc

current in each MenpfyrHBimébiy nb@liEé oissedbbigfaprocesesfoa supplying a
DC current check signal is provided on the nenory mat side. The signa

suppl i ed tbhééghiﬁh?eb‘f@ﬂﬁéd bh nenhé or @bat henshipebetvéencthen signal M
based on a signal fromthe fuse Fuse and a logical OR signal to thereby
control swhtmbes EMiof S¥Reanel S¥Bahhel mémotykmwatsnan@etheonembest function,
the DC current check signal may be supplied froma probe upon probing.
However, |Rmdofiefanlthisemayy nhabs iheesahchbpdy PemofrEr el YEa¥Ri Fable for a
test on a sem conductor wafer. Thus, a DC current check signal generating
circuit isRmprbbpded badyheepprdehs éﬁﬁbﬂﬂﬁénY?tV%énrﬁlﬂEfc%??gﬁg'

At this time, as the body memory to be combined
therewith, is selected one wherein only one set of I/O
in the relief memory is brought into an active state to
avoid overlapping of addresses in the corresponding
faulty memory mat with each other, i.e., to maintain

high-speed driving power on the relief memory side. The

selected one is regarded as a memory module. At this
time, a method of performing a changing between
addresses in the body memory and using the same in the
above-described manner is also adopted. When the same
address spaces overlap each other in Step (6), the
overlapping of the same address spaces is brought into
zero from the combination with non-defective chips,
whereby the resultant one is regarded as a module non-
defective product. If the mix of the non-defective
products cannot be made, then a chip combination is
changed.

A block diagram of a still further embodiment
of a semiconductor memory device according to the

present invention is shown in Fig. 16. The function of



exceeding the allowable value is detected, a test node is set based on an
address signal and a control signal and a DC current check si gnapz’s\wN 1398
supplied in units of nmenory mats, thereby detecting the dc currerit” flow ng
in a semiconductor nenory at that-t#8eT If the dc current remains
exceeded the allowable value, it is then O 2 JUN 1990 - 49 understood
that a dc failure or defect does not exist in the correspondi ng nenory mat
and the cause that the dc current flows in other nenory mats exists. Wen
a nmenory mat in which the dc failure exists, is designated, the plate
voltage VPL, the half precharge voltage HVC and the source voltage Vcc or

the like ohE BEJ-EREENE NPsindpUEierfuscbionghf into the out put
hi gh inpe%gégéfgé desc??bed above in the present nenory mat. Thus, since a

dc currenggatpiésilyosegatating ohé foghrylieesony mae presence of the dc
failure and the dc current in the sem conductor nenory becones the

al | owabl eo¥ypbde ©& 4SS, a8@btilondhlyupeovided oimdthe pxesentn the nenory
mat. In the present enbodinment, the dc failure_in the_nenory mat units can
be si npl yemhbodtiment . byNamepyy phefEunthiorhis apboe WESE f&Fght tines when
the menory mat is divided into eight_as described aggveb \When the dc
current deepphgingeanhelhetrir| sianRd ¢aNL¥abenFeEQ 5RBE;PFR¥ANE of the

above el g eSS e ran oy alSccd1§ LphHLEshg CRUNGpbOLOXT St
faulty memory mat and thereby cutting off the dc current
in each memory mat unit. Therefore, a signal line for
supplying a DC current check signal is provided on the
memory mat side. The signal supplied through the signal
1ine forms the above malfunction signal MF based on a
signal from the fuse Fuse and a logical OR signai to
thereby control switches SWl, SW2 and SW3 and the like.
| In the above test function, the DC current
check signal may be supplied from a probe upon probing.
However, if done in this way, then the function is
merely available for a test on a semiconductor wafer.
Thus, a DC current check signal generating circuit is
provided in the present embodiment. When a dc current
exceeding the allowable value is detected, a test mode
is set based on an address signal and a control signal
and a DC current check signal is supplied ;n units of
memory mats, thereby detecting the dc current flowing in

a semiconductor memory at that time. If the dc current

remains exceeded the allowable value, it is then



in an indirect control circuit such as an input/output circuit cwuzfgugiﬂﬁm
and such a defect is judged as an unrelievable one. A schematic

configuration view of a still further enbodi nent of a nmenory nodul e _
according to the present invention 4% shown in Fig. 17. In the nenory 0 2
JUN 1998 50 nodule according to the present enbodi nent, body nenories
and a relief nmenory are placed on the surface of a nounted substrate such
as a ,printed board or the 1like. Nanely, when the nenory nodule shown in
Fig. 12A or Fig. 14 is configured, the body nmenories are nounted thereon
so as to be divided by two fromside to side wth the relief nenory as the

center. Ear&i‘eéét%é& N&ha @' SU: 041 1ke 16} | @E£ SEEDEYes Snet cexistainy
0O a

connect ed® erm nal group connected to input/output terminals of each
body memry, ba?p{é%&%%giﬂ&n@fytmlém.tm catige sthatdthei 4g, four sets
gr

of 1/0O ternmna ps for the rTelief nmenory are respectively indicated by
a singl e chjfent A1 &HOWN i Bthée hemoky dnagsaesistskig. 12A and Fig. 14,
the respective I/Otermnal groups for the relief nmenory are respectively
connected so as to WE@ﬁFQSﬁ@mdrYOmAUuininpbchobhpuﬂctéaﬁiﬁéﬁs for the body
menori es. A.schenatic configurational viewof a still fﬂrtﬁgife”bOdi”E“t
of a nenpeyisedyl ¢sadesighatedo the plate voltage VPL, the

precharge voltage HVC and the source voltage Vcc or the

like are cut off and each input buffer is brought into

the output high impedance as described above in the

present memory mat. Thus, since a dc current path is

forcedly cut off regardless of the presence of the dc

failure and the dc current in the semiconductor memory

becomes the allowable value or less, the dc failure is

found to exist in the memory mat. In the present |

embodiment, the dc failure in the memory mat units can

be simply found out by simply performing the above test

eight times when the memory matlis divided into eight as

described above. When the dc-current does not reach the

.allowable valﬁe or less as a result of the above eight

tests, a defect such as a dc failure is found to exist

in an indirect control circuit such as an input/output

circuit or the like and such a defect is judged as an

unrelievable one.

A schematic.configuration view of a still

further embodiment of a memory module according to the

present invention is shown in Fig. 17. In the memory



present invention is shown in Fig. 18. In the nmenory nodule according to
the present enbodi nent, both surfaces of a nounted substrate such a8 22 JUN 1998
printed board or the like are used. Nanely, four body nenories are
mount ed on the surface of the substraf@ shown in Fig. 18(A). A single
relief menory is nounted on the back of -51- y2 JUN 199 the substrate
shown in Fig. 18(B). In the sane manner as descri bed above, each I/O1line
group for the relief menory is electrically connected to a term nal group
connected to input/output termnals of each body nmenory by printed wring
provi ded on the reverse side. Since a nenory nodule relieved by the relief
menory andmadiBava¥cofBilifet6otpesptesénboambdefiémeénte podgucts can be

pl aced on the nounted substrate whose surfaces are identical in size, a
si ngl e nenmepodéescandaa beliefnmembyynaxenplahed asnthe swvdfireei ncl udi ng
the relief nmenory and the nenory nodul e conposed of the non-defective
products. EPRaMnenntedt enhishahtef suchi gh- @oPragsedapprréaProhhgnd control
signals are provided on the nounted substrate on the Qpposite_side of the
term nal éﬁgap. ¥amelywhwhea thefBemar¥ BPAHlRefBPYmaf HRG-al2ford-1ine
or bit-line failure unrelievable by a bujlt-in redundant circyit occur on

the body nekoFydsi 44 ast 6pnfaguerdrythe PREYNBRBPY 1RSJAFE, MPHBYBan be
(el12ve Dipcklig bl Sk TETBLY izhed ROIE LR R, Skals 10 (e
with the relief memory as the center. Each I/O line
group for the relief memory is electrically connected
to a terminal group connected to input/ouEput terminals
of each body memory by printed wiring or the like. 1In

the same drawing, four sets of I/O terminal groups for

the relief memory are respectively indicated by a single
line. As shown in the block diagrams of Fig. 12A and
Fig. 14, the respective I/0 terminal groups for the
relief memory are_respéctively connected so as to
correépond to four input/output terminals for the quy
memories.

A schematic conf;gﬁrational view of a still
further embodiment of a memory module according to the
present invention is shown in Fig. 18. 1In the memory
module according to the preéent embodiment, both
surfaces of a mounted substrate such as a grinted board
or the like are used. Namely, four body memories are
mounted on the surface of the substrate shown in Fig.

18(A). A single relief memory is mounted on the back of



~termnals associated with each nenory mat provided in the relief nenory
are respectively connected to the input/output termnals of each body
menory in the menory nodule, the corresponding relief is limted E2 tgg 98
case 52 z JUN 1990 - where the faitubk occurs in each body nenory pp e@
under the above connection relation. A fragnmentary schematic view of a
menory board show ng a nenory storage unit enployed in a conputer system
to which DRAMs (dynam ¢ RAMS) according to the present invention are
applied, is shown in Fig. 19. The present nmenory board is of a nmenory board
which conprises a plurality of menory nodul es according to the present
invention. #h@lsusdttatof sipaedkapedr pdyls (enor i Bs Enel sahe ehammenor i es
according to the present invention are nounted on each nenory nodul e. The
body nenorassdescr ibed raboed, neach i B arine|goup ciot yeheorgkeke®d to one
another by wires or conductors on each nenory nodul e, The body nenories
and the relmemoryehorékectr ecablineeennetrddi? e stpiRERbrgHR¥R buses in

t he conputer system by connectors on each menory_nodul e. _Their connection
i s perfor meenyeeEedr e ninPhe/owtRinect R 1D PhefFCh RPRE BEERTY sl ot s
for the nenpry board, of, nmenor iﬁ;ﬁions in the nmenor) stor€$e uni t

provi ded wi P¥iRrineed oty %9%Y THUsEDE e YeSRi $39% of JtBFAR of

Infornatlonmégégyamg S{gg?effgégg é? éﬁg relief memory and a memory

module composed of non-defective products can be placed
on the mounted substrate whose surfaces are identical in
size, a single_memory device can be formed by mixing the
memory module including the relief memory and the memory
module composed.of the non-defective products.

EPROM write terminals for high-voltage
application and control signéls are provided on the
mounted substrate on the opposite side of the terminal
group; Thus, when a dc failure of a memory mat and a |
word-line or bit-line failure unrelievable by a built—iﬁ
rédundant circuit occur on the'body memory side after
assembly of thé memory module, they can be relieved by
the relief memory when a non-used memory mat exists in
the relief memory. Since, however, the input/output
terminals associated with each memory mat provided in
the relief memory are respectively connectgd to the
input/output terminals of each body memory in the memory

module, the corresponding relief is limited to the case



conputer systemor the like is determ ned according to the nunber of the
body nenories nountable on the nenory board or each nmenory nodule. 0 2 JUN
1999 - 53 The body nenories accordi ng to the present enbodi menf] &rth 48
limted to the case where they are Ts2d Tn conbination with the relief
menories when inperfect nenory mats exist therein. Nanely, other nenory
mats can be effectively utilized in theory in a state in which only faulty
menory mats have been electrically separated from others. However, if done
in this way, then no storage areas exist at specific addresses of
addresses assigned to the sem conductor nenory, thereby inpairing

oper abi | i t whdde ithd B iEfnre couwmeniiantedah Wody meneach plhaeed y as a

partial product as in the case where a half storage area including the
faul ty menundemttshe sshoserl asnneatizn dce Ngdriegdry, when a dc failure occurs
and the nunber of defective word lines or bit l[ines is greater than the
number of spare word A ifragrentrny |sghemati haiev Qbradgeeneen ragdg

addresses conti huous upon usage may be utiljzed, by siﬂggg bl owi ng a fuse
cor r espondi TRPH NG 2 RERATY rAROLAID Wbk e EHNGYRE 1 FHPTRYE®E nenori es

T A Lo SRS TRl e L TRl G o i where ey
present invention are applied, is_shown in Fig. 19. The
present memory'board is of a memory board which
comprises a plurality of memory modules according to the
present invention. A plurality of packaged body
memories and relief memories according to the present

invention are mounted on each memory module. The body

memories and the relief memories are electrically
'coﬁnected to one another by wires or conductors on each
memory module. The body memories and the relief
memories are connected to address buses or data busés in
the computer system by connectors on each memory module.
Their connection is performed by inserting the
~connectors into their corresponding slots for the memory
board, of memory sections in the memory storage unit
provided within the computer system. Thus, the capacity
of storage of information into a storage device in the
computer system or the like is determined according to
the number of the body memories mountable on the memory

board or each memory module.



each of the relief nenories can be utilized as a separate sem conduct or
menory. Since the sem conductor nenory according to the present eﬂygdbwwnﬁﬂa
is equipped 0 2 JUNt99~ 54 wth the EPROV desired addresses carr e
assigned onto the system Nanely, a de%iTed address can be assigned by
conbi ning an address assigned to a nenory array of each nenory mat and an
address for specifying the corresponding nenory mat. In a smal

m croconputer system such as an el ectroni ¢ notebook or the |ike, other
menories such as ROM etc. and input/output devices are assigned to a
relatively smal|l address space. Therefore, a desired address, which does
not overlap wth eactheadsbdsmenodies RAddardine $o kdhe ceredent assi gned and
used by sinply witing data into the EPROM provided in each sem conductor
menory uporentdualimmerats A g mest . 1 ifintsed tte e ccase whdre heheépdgrerenori es and
the relief nmenories according to the invention of the present application
can be brourged adbowtondsinat idre witde thherel iefeynener igedvk@nt he parti al
products as described above and they can be utilized as address-assi gnabl e
menori es asimgsifest (vemens dakrerex Modthergin dsNapely supshehtial Iy

.enhanced as is in the case in which the bod%}nenaries and the relief
merori es arReRATY RS | FAN RAEHERT BV ELY b ht £28% HRnEPSORBdtRe? Furt her,

each state in which only faulty memory mats have been
electrically separated from others. However, if done in
this way, then no storage areas exist at specific
addresses of addresses assigned to the semiconductor
memory, thereby impairing operabiiity.

It is therefore convenient to utilize each
memory as a partial product as in the case where a half
storage area including the faulty memory mats is used as
invalid. Namely, when a dc failure occurs and the
number of defective word lines or bit lines_is greater .
than the number of spare word lines or bit lines, a half
storage area having addresses continuous upon usage may
be utilized by simply blowing a fuse corfesponding to-a
memqry mat associated therewith.

| The relief memories according to the present
embodiment are not limited to the case where they are
used in combination with the body memoriesi Namely,
each of the relief memories can be utilized as a
separate semiconductor memory. Since the semiconductor

memory according to the present embodiment is equipped



relief nmenory elimnates the need for the devel opnent of a speci al

product. Nanely, the nenory nodule can be formed by sinply noving @r2 JUN‘mqg
transporting the nenory mats U N 199 55 and the input/output interfaces

in each body nmenory as they are. Furt®®rT the remmining storage circuits

such as an EPROM etc. and address conparison circuit and the |I|ike may be
desi gned anew. In this case, however, a |arge burden is not produced
because a circuit scale is snall. Operations and effects, which can be

brought about fromthe above enbodi nents, are as follows: (1) Acircuit
configuration is adopted which includes a plurality of nenory mats each

construct edyit3ladhe IEHROM), idésimal aliteasesicamibeorass pyreetkomtso  si gnal
and a control signal are supplied through a first input buffer circuit, the

address si gid systidwe. NameEioode siepialed sadibmstedcdary ke askirgred sel ecti on
circuit to thereby select a nenory cell in one or plural units from each
menory arrdy igomthirdmarEmwraddnsds agsl gnrdieied memeEy rakrdvref at  poi nt's
where a plurality of word lines and a plurality of bit lines intersect,
and a secEREh meRomuMay Fnd anecaddheRrp £ FRECHYIRG wh®ten into the

menory cell, an output buffer for outputtig%lﬂﬁfsignal read fromthe nmenory
cel | and steRTTRFBAHNG Mengs £ Mata f Uittd oitd 1 AT OHPESFitten, are

provi ded system such as an electronic notebook or the like, other
memories such as ROM, etc. and input/output devices are
assigned to a relatively small address space.
Therefore, a desired address, which does not overlap
with each address in the ROM or the like, can be

assigned and used by simply writing data into the EPROM

provided in each semiconductor memory upon above
assignment.

Thus, the diversity of the body memories and
the relief memories according to the invention of: the
present application can be brought about as in the case
where they-are used as the partial products as described
above and they can be utilized as addreés—assignable
memories as well as the case where product yields are
substantially enhanced as is in the case in which the
body memories and the relief memories are utilized in
combination to form each memory module. quther, each
relief memory eliminates the need for the development.of
a special product. Namely, the memory module can be

formed by simply moving or transporting the memory mats



to thereby substantially cut off the supply of power to a sense anplifier
and its corresponding nenory cell based on the mal function signal ngu@N ﬁmﬁ'
inthe storing SUNisle - 56 neans. Thus, an effect can be brought about
that when a dc failure occurs in the 8drresponding nenory mat, such a
menory mat can be electrically separated fromothers and used as a
sem conduct or nenory devi ce which nmakes the nost of the renaining
portions. (2) An effect can be brought about that a plurality of nmenory
mat s each constructed such that an internal address signal or a predecode
signal and a control signal are supplied through a first input buffer
circuit, thenddghiestnpigalt it t et ¢ faeeodin seaptalbody meEmmdedady an
address selection circuit to thereby select a nenory cell in one or plural
units from ey anenorsunthery, i thevhr era ivelmg ystoetdge arierguiovs dewkclin matri x
format points where a plurality of word Ilines and a_pluyalitg of bit
| i nes i nt eraecan ERRQMC hetcongnd saddr ess xRl ¥gen Gufdwit fand riedeRi ving a
signal to be witten into the nenory cell and an output buffer for
out put ti ng bike gy bPedesioned mnenorln ceris cager HR¥RYPTuid s provi ded
so as to correspond to the nenor naii and in which address jnformation

f

are wittelBRTGRPE PRk i RYL BrAMELHPETANRT At PLEICU or3FHEE stRt whi ch

t he addresssﬁg{ffnatlon i s conpared

Operations and effects, which can be brought
about from the above embodiments, are as follows:

(1) A circuit confiquration is adopted which
includes a plurality of memory mats each constructed
such that an internal address signal or a predecode
signal and a control signal are supplied through a first
input buffer circuit, the address signal or the
predécode signal is decoded by an address selection
circuit to thereby select a memory cell in one or plural
units from each memory array in which memory cells are
provided in matrix form at points where a plurality of
word lines and a plurality of bit lines intersect, and a
second input buffer for reéeiving a signal to be written
into the memory cell, an output buffer.for outputting a
signal read from the memory cell and storing meaﬁs in
which malfunction information is written, are provided
to thereby substantially cut off the supply of power to
a sense amplifier and its corresponding memory cell

based on the malfunction signal stored in the storing



wi th an address signal for designating each nenory mat to detect that a
menory mat associated with the address information has been select@&,JUN “ﬂﬁ
thereby validating the 0 2 JUN 1998 - 57 operation of the second I nput
buffer or the output buffer of the-c®bresponding nenory mat and which are
associated with the nenory mats, are provided, thereby making it possible
to obtain a sem conductor nenory device in which a desired address is
assigned to the corresponding storage circuit and to utilize it as a
redundant sem conduct or menory device, which relieves failures in units of
menory mats, as needed. (3) An effect can be brought about that a first
semnm conducthean8enDTHugeVane elfifectig canpber dlrbughéf aboatothatawbesaeh
constructed such that an internal address signal or a predecode signal and
a control dsi §adlluzeeoscppki éd theoaghrespondingnpemopyf mat, sucBuit, the
address signal or the predecode signal is decoded by an address sel ection
circuit toatmemeby me¢l cen demedecyréchllynseparategl fram @§Pe3Sfrom each
menory array in which nenory cells are provided in nmatrix format points
where a pl 8prdl uspdopswer §emigeadugh@ramgrery| feyi6e Whdchi Aé&etnt ersect ,
and a second input buffer for receiving.,a signal to be witten into the
nenory ceIFPeaﬁoéﬁtﬁﬁttB@fF@Paﬂﬁﬂnﬁupﬁﬁgﬁpﬁé'a signal read fromthe nenory

cell and storing neaqi)i&n effect can be brought about that a
‘plurality of memory mats each constructed such that an
internal address signal or a predecode signal and a
control signal are supplied through a first input buffer
circuit, the address signal or the predecode signal is

decoded by an address selection circuit to thereby

select a memory cell in one or plural units from each
memory array in which memory cells are provided in
matrix form at points where a plurality of word lines
and a plurality of bit lines intersect and each
comprising a second input buffer for receiving a signal
to be written into the memory cell and an output buffer
_for outputting.a signal read from the memory cell;
storage circuits provided so as to correspond to the
memory mats and in which address information are
written; and a plurality of sets of input/output
terminals at which the address information.is compared
with an address signal for designating each memory mat
to detect that a memory mat associated with the address

information has been selected, thereby Validating the



whi ch mal function information is witten, are provided to thereby
substantially cut off the supply of power to a sense anplifier anﬂgitﬁﬂ“ﬁge
correspondi ng nenory cell - 58 - 0 2 iUN 1995 based on the malfu i
signal stored in the storing neans; —aAd a second sem conductor nenory
device having a plurality of menory mats identical in configuration to

t he above nenory nmats, storage circuits provided so as to correspond to
the plurality of nenory mats and in which address infornation are witten,
and a plurality of sets of input/output term nals at which the address
information is conpared with an address signal for designating each nenory
mat to detgperababnachefReys8Bbndasapatabadfert brt bReaddtess i nformation
has been selected, thereby validating the operation of the second input
buf fer or bh£fent pfit thaf Eerrespvhéingrmespopdinay andnwhychaergnd which are
associated with the nmenory mats, are both placed on _a single nounted
substrate,aaadciatdéfwithvehermemquym&bﬁnr?rﬁaprp§léﬁéctﬁgééﬁby separ at ed
fromothers in the first sem conductor nenory device, address information
associ at edmakingt he passihlenbaoehtahd AsSKRLIEPBAUFEPE MEROLYr r espondi ng

storage «circuit in the second'seniconductor,nennrﬁﬁdevice %gd ext erna
data terni A8V§C8séBcVRiER @i ERSLRRIf 2GR §SSndRoAyShENedndOt f8Cabove
i nput/output termn associ ated wi t i.n theasecond

] th t
seniconducFBFrﬁﬁﬁBPalgngEBIQEE EbRABL eangoggggiéﬁg?ﬁeﬁt as

redundant semiconductor memory device, which relieves
failures in units of memory mats, as needed.

(3) An effect can be brought about that a
first semiconductor memory device having a plurality of

memory mats each constructed such that an internal

address signal or a predecode signal and a control
signal are supplied through a first input buffer
circuit, the address signal or the predecode signal is
decoded by an address selection circuit to thereby
select a memory cell in one or plural units from each
memory array in which memory cells are provided in
matrix form at points where a plurality of word lines
and a plurality of bit lines intersect, and é second
input buffer for receiviné a signal to be written into
the memory cell, an output buffer for outputting a
signal read from the memory cell and storing means in
which malfunction information is written, are provided
to thereby substantially cut off the supply of power to

a sense amplifier and its corresponding memory cell



on the nmounted substrate so as to correspond to one another, whereby the

second sem conduct or

t he nount

ed substrate in conbination with the first sem conductor (ngndl

menory device o 2 JUH 199% - 59 can be relieved on

) 1008

device while using the first sem cond®cTor nenmory device in which failures

exist in
subst ant i

relieved
savi ng or

menory mat units, thereby making it possible to enhance

al yields of sem conductor nenory devices. (4) An effect can be
brought about that failures in units of the word lines or bit lines can be
by a small circuit scale by providing redundant circuits for

relieving the failures in units of the word lines or bit

i nes

wi t hi n t hebaBa®ron athedyma Bfithd tioradsirgrssl ssaaodd aim cihre us tomimlg subst ant i al

product vyields can be enhanced by conbining the present

relief with the

relief of ndendaidnd es secdn®e smwiggnduttonmenory evaes Ravkihig@ neans
referred to above is provided with an input electrode for inputting the
same el e@¥umakignadf amendwsh mats ukdentoirahi o manbigvsatiepitl ently
witten and the input electrode is supplied wth the electric signal based
on probi ngthR IPAIRYIOI BiHes » STHRTFIRI FHFN B PEXTE18R 5Q A %i nal |

making it possible to bring about_an effect fthat éhfn function of

t her eby
efficient

5P RABKIFRRPUCED FRrREIT H Iihefpy memory mats an

which address information are written, and a plurality
of sets of input/output terminals at which the address
information is compared with an address signal for
designating each memory mat to detect that a memory mat
associated with the address information has been
selected, thereby validating the operation of the second
input buffer or the output buffer of the corresponding
memory mat and which are associated with the memory
maté, are both placed on a single mounted substrate, and
a defective or faulty memory mat is electrically
separated from others in the first semiconductor memory
device, address information associated with the faulty
memory mat is wriﬁten into its corresponding storage
circuit in the second semiconductor memory device and
external data terminals associated with the faulty
memory mat and the above input/output terminals
associated with the memory mat in the second
semiconductor memory device are connected to one another
on the mounted substrate so as to correspond to one

another, whereby the second semiconductor memory device



mat units can be added. U 60 2 JUN 199 - (6) ILn the first sem cond
two sem conduct or nenory devices having failures ab
mats provided at the sanme position physically
for designating nmenory nats

menory devi ce,

from one

anot her to thereby regard equivalently-different menory

iR

exi st and address signals
are inp@ted fromaddress termnals different

mat s as

faulty as seen froma second sem conductor nenory device, whereby an

ef fect can be brought about
distributed so as to

can be
del ayed.

pr esent

the scope or gist of the invention. In a dynamc RAM for exanple,

t hat burdens as seen fromthe bus driver side
prevent a nmenory operation from becom ng

Thus, the invention nade by the present inventors, has been

descri bedcapebef iredlikeyedy onhe heenbadite8ntsbstivateein tbebimaéibnon of the
application is not necessarily limted to the above enbodi nents.
It is needliehs the £dysthasemieopdokiapngememozy Bevieeewhilllieousiadgparting from

addr ess

signal s oth¥ £idst seticonductkey memouypKde¥dcer ém whdghedsidargsnal s
i ndependent of each other. Since a nenor%ﬂnat to be sel ected can be judged

from an a@¥i€s$s in AGTOIYnmaki ¥nd&Se, tHREG

hBakdagi fite@OREDLE Fat

can be

activated even when the Y address . sgg%ned t.o its _correspondi ng address

. s
for the mERBARCEaSUPStagtigl yields o

iconductor memory
devices.

(4) An effect can be brought about that
failures in units of the word lines or bit lines can be
relieved by a small circuit scale by providing redundant
circuits for saving or relieving the failures in units
of the word lines or bit lines within the memory array
and the address selection circuit and substantial
product yields can be enhanced by combining the present
relief with the relief of the failures in the memory mat
units. | |

(5) Each storing means referred to above is
provided with an input electrode for inputting the same
electric signal as when malfunction information is
equivalently written and the input electrode is supplied
with the electric signal based on probing or a control
signal supplied from each external terminal, thereby
making it possible to bring about an effect that the
function of efficiently detecting dc failures in memory

mat units can be added.



menory, the above EPROM an EPROM constructed on the 0 2 JUN Isis 61
precondition that re-witing is perforned, or a fuse may be used ?ﬁza 1998
storage circuit for storing each address of the nenory mat. In thi c&g%, -
the fuse may be one nelted by allowin§Odrrent to flow therethrough as well
as blown by a | aser beam Since the stored information is relatively snal

as is in the case of 16 bits or the |ike as described above, an increase

in occupied area presents no problemas conpared with the case where the
EPROM i s nounted, thereby elimnating the need for addition of a

manuf acturi ng process. Layouts of a nenory array, a sense anplifier and a
decoder in each neno(g)n@h ahd Eaystt senficovdocyornmenooy devémeeonduct or
chip can take various nodes or forns. The present invention can be w dely
appl i ed t otwoasewicsondurtondmemorynéavigededprésgsfiehluseshatabove dynamic
RAM a static RAM an EPROM or a flash EPROM _etc. Advantageous effects
obt ai ned bypemgpycartsnpsovéfiegdhati kpencfRrBA BPSEF4SBIPRESERalpYesent
application wll bhe briefly described as follows: Nanmely, a circuit

confi gur at B8AStsaBdopeededni eAInaePubes éeEFEPQFFpﬁ BEMOR¥NBAFSmat s each
constructed such th an inter redecode si gnal

anda contr8F€ %PQHS?EQrgrgﬁpﬁﬁaggsﬁﬁggggﬁgﬁi%? ZkfgkﬁﬁPpSGPWePne
another to thereby regard equivalently-different memory
mats as faulty as seen from a second semiconductor
memory device, whereby an effect can be brought about
that burdens as seen from the bus driver side can be
distributed so as to prevent a memory operation from

becoming delayed.

Thus, the invention made by the present
inventors, has been described specifically by the
embodiments. However, the invention of the present
application is not necessarily limited to the above
embodiments. It is needless to say that many changes
can be made without departing from the scope or gist of
the invention. 1In a dynamic RAM, for example, address
signals or X and Y addresses may be supplied'from
address terminals independent of each other. Since a
mehory mat to be selected can be judged from an address
input in this case, only the specified memory mat can be
acti§ated even when the Y address is assigned to its
corresponding address for the memory mat. In a relief

memory, the above EPROM, an EPROM constructed on the



circuit, the address signal or the predecode signal is U2 jo 199 %ﬁ
decoded by an address selection circuit to thereby select a mem)r{] elUIN i\%s
one or plural units fromeach nenory array in which nmenory cells are
provided in matrix format points whef @ plurality of word lines and a
plurality of bit lines intersect, and a second input buffer for receiving
a signal to be witten into the nenory cell, an output buffer for
outputting a signal read fromthe nmenory cell and storing nmeans in which
mal function information is witten, are provided to thereby substantially
cut off the supply of power to a sense anplifier and its correspondi ng
menory cel lprduarti tdrort ehatal fervwatiitdmesiigngle rftcomedl i on e Bisg imay neans.
Thus, when a dc failure occurs in the corresponding nmenory mat, such a
nenory nat beanugss ad ectstiamde clgparidt £oT sdmGiererdhRdd@EaCh

sem conduct or nmenory devi ce whi ch nakes the best use of the remaining
portions. Ahf menaty mEt qedor thid Sasfoh W HUSR @Y R&IQP] hat an

i nternal address_signal or a predecode sjignal, .and control si | are
suppl i ed t HRkifd absfiaflsltowirrq)uﬁuvoﬁﬁr’ffertqziér%ﬂ tt,hetnrfeta}hrcfﬂ‘}%%s‘a%i or the
predecode signal is decoded by an address sel.ecti.on ircuit to. thereby
sel ect a metorRL} |PY A o]rﬂas%‘?/ BRa® -l Sﬁ’lﬂﬁet gd}er osfﬁoera‘% e “}a%lré‘gy in

whi ch nennr%gc¥2{§%fgéay small as is in the case of 16 bits or the
like as desqribed'above, an increase in occupied area
presents no problem as compafed with the case where the
EPROM is mounted, thereby eliminating the need for
additioh of a manufacturing process.

Layouts of a memory array, a sense amplifier
and a decoder in each memory mat and layouts of memory
mats on a semiconductor chip can take various modes or
forms. The present invention can be widely applied to
various semiconductor memory devices such as the above
dynamic RAM, a static RAM, an EPROM or a flash EPROM,
etc.

Advantégeous effects obtained by typical ones
of the invention disclosed in the presenﬁ-application.
will be briefly described as follows: Namely, a circuit
configuration is adopted which includes.a plurality of
memory mats each constructed such that an ;nternal
address signal or a predecode signal and - a control
signal are supplied through a first input buffer

circuit, the address signal or the predecode signal is



provided in matrix format points where a plurality of 0 2 JUN ISIi "'ﬂ§3EE3
word lines and a plurality of bit lines intersect and each conpri %gJ
second input buffer for receiving a signal to be witten into the nenory
cell and an output buffer for outpnﬂtq g a signal read fromthe nenory
cell; storage circuits provided so as to correspond to the nenory mats and
in which address information are witten; and a plurality of sets of

i nput/output termnals at which the address information is conpared wth
an address signal for designating each nmenory mat to detect that a nenory
mat associated with the address information has been sel ected, thereby

val i dat i ng ddmededhdiyatainoaddir eislse sedeartd oinngitr cwiftf dio dherebyout put  buffer
of the corresponding nenory mat and which are _associated with the nenory
mats, are meddated mem@rabygelinkinngnier ogoPdivsiad U ists £ &AEHR conduct or
menory device in which a desired address is assigned .to the corresponding
storage ci MaAArYaddray di whi€h megory ceddgndd® %§(9Y11@6’1‘|3d or nmenory

device, which perfornms the relief of failures.in unts menory mats, as
needed. A ﬂqartsrtl’%efrﬂfébﬁd:uﬁodﬁ‘tﬁeﬁ’&efedévip(}é”ﬁ;\ﬁWgo wargi #3SP of menory

T A S S o B SR 3 el o0 oo
input buffer for receiving a signal to be written into
the memory cell, an output buffer for outputting a
signal read from the memory cell and storing means in
which malfunction information is written, are provided
to thereby substantially cut off the supply of power to
a sense amplifier and its corresponding memory cell
based on the malfunction signal stored in the storing
means. Thus, when a dc failure occurs in the
corresponding memory mat, such a memory ﬁat can be
electrically separated from others and used as a
semiconductor memory device which makes the best use of
the remaining portions.

A plurality of memory mats each constructed
such £hat an internai address signal or a predecode_
signal and a control signal are supplied through a first
input buffer circuit,.the address signal or the
predecode signal is decoded by an address selection
circuit to thereby select a memory cell in one or plural
units from each memory array in which memory cells are

provided in matrix form at points where a plurality of



circuit, the address signal or the predecode signal is 0 2 JU 1992-\)%‘4\993
decoded by an address selection circuit to thereby select a nenory cell in
one or plural units fromeach nenory %gngy in which nenory cells are
provided in matrix format points vhett a plurality of word lines and a
plurality of bit lines intersect, and a second input buffer for receiving
a signal to be witten into the nenory cell, an output buffer for
outputting a signal read fromthe nmenory cell and storing nmeans in which
mal function information is witten, are provided to thereby substantially
cut off the supply of power to a sense anplifier and its corresponding
menory cel wordaddshesn arte argllfunadtiiton off dridl ldin@sed ntensacts@a®d ng  neans;
and a second sem conductor nenory device having a plurality of menory mats
i denti cal ie@atoreomprristing a seadnd dedpt RURHEF fRls reorvEdY @ rcuits
provided so as to correspond to the pl uralit]1y of ﬁrmr mats and in which
addr ess i nfsdar@di &P % Wadithamh indR D SHIMFIA5H e aéléi ShHOYTk / out put
termnals at which the address infarnmation kféggg$ rqg wi th an address
signal for PWEEGFERE P R Hghdt w182 5 R &&° A SRSy mat
associated wi.th the address infornatio 4) e e%, eby
val i dati ng G ’op?e U3 %n %lfr(ﬁfetssepcroonvcf'rh.epira]lzsu %D%ufthZréogér:rtet eor%&d%out buf fer
of the corrgspondifg, JIRP And™in A M AL AseRsimhebiidle the menory

written; and a plurality of sets of input/output

terminals at which the address information is compared

with an address Signal for designating each memory mat

to detect that a memory mat associated with the address

information has been selected, thereby validating the

operation of the second input buffer or the output

buffer of the corresponding memory mat and which are

associated with the memory mats, are provided, thereby

making it possible to obtain a semiconductor memory

device in which a desired address is assigned to the

corresponding storage circuit and to utilize it as a

redundant semiconductor memory device, which performs

the relief of failures in units of memory mats, as

needed.

A first semiconductor memory device having a
plurality of memory mats each constructed such that an
internal address signal or a predecode signal and a

control signal are supplied through a first input buffer

circuit, the address signal or the predecode signal is



mats, are both placed on a single nmounted substrate. 02 JUN 1995 gg \ )
Further, a defective or faulty nenory mat is electrically separag JONoi998
others in the first sem conductor nenory device. In the second

sem conductor nenory device, address”i®f 6 mati on associated with the
faulty nmenory mat is witten into its corresponding storage circuit and
external data termnals associated with the faulty nenory mat and the
above input/output termnals associated with the nmenory mat in the second
sem conductor nenory device are connected to one another on the nounted
substrate so as to correspond to one another. Thus, the second

senm conductducodeEd iy dayiak s se et imredioruite todihex@bsubstrate in
conbination with the first sem conductor nmenory device while using the
first senisedrehictomenomy ycaldviice dne wii ALYEA] et e dxam §8Chenory mat
units, thereby maeking it possible to enhance substantjal_vyields of

sem conduc MA@ SE ate Vit sdh i ghainenay die et &% REPYHAES 9}t the word

lines or bit Ijneiacan be relieved with %_sw%pl ckgguit(;gg!e by _
provi di ng rMefmdarfod® iR e RATG & et B YN i1 es in units
el ect i on 414 CURLUTRRATE Bt rEttER Y1 e T el oy
conbi ni ng tihneptﬂ'.r ebsue{gelreéérefré@é{bitxtbe Jeéi.fr{affté hSe written into

the memory cell, an output buffer for outputting a

signal read from the memory cell and storing means in

which malfunction information is written, are provided

to thereby substantially cut off the supply of power to

a sense amplifier and its corresponding memory cell

based on the malfunction signal stored in the storing

means; and a second semiconductor memory device having a

plurality of memory mats identical in configuration to

the above memory mats, storage circuits provided so as

to cofrespond to the plurality of memory mats and in

which address information are written, and a plurality

of sets of input/output terminals at which the address

information is compared with an address signal for

designating each memory mat to detect that a memory mat

associated with the address information has been

selected, thereby validating the operation of the second

input buffer or the output buffer of the corresponding

memory mat and which are associated with the memory

mats, are both placed on a single mounted substrate.



failures in the menory mat units. a' 2 jug 199 66 Each storing ggagﬁ 1998
referred to above is provided with an input electrode for inputttirg “e :
same electric signal as when mal function information is equivalently
witten and the input electrode is Sufplifed with the electric signal based
on probing or a control signal supplied fromeach external term nal

whereby the function of efficiently detecting dc failures in nmenory mat
units can be added. In the first sem conductor nenory device, two

sem conductor nenory devices having failures at nenory nmats provided at
the sane position physically exist and address signals for designating
menory mat Buatberppat deflectiven addfasityemenanysmatfierent from one anot her
-to thereby regard equivalently-different menory mats as faulty as seen
from a secehdcteiradhyuseparabadr fromeotherswher ehg BiF8Ens as seen from

the bus driver side can be distributed so as to preyent a nmenory operation
from beconFRgigendyegoromemgrk devices7 YMAthESSEEANHED IS . 1. A

sem conduct or .nenmpry conprising.. an extgrnal datg output termnal; a
plurality SPMAERBAYCHRESMERERYofeRAFEn AGSrESFenBfprmation

associated with the faulty memory mat is written into
its corresponding storage circuit and external data
terminals associated with the faulty memory mat and the
above input/output terminals associated with the memory
mat in the second semiconductor memory device are
connected to one another on the mounted substrate so as
to correspond to one another. Thus, the second
semiconductor memory device can be relieved on the
mounted substrate in combination with the first
semiconductor memory device while using the first
QEmiconductor memory device in which failures exist in
mémory mat units, thereby making it possible to enhance
substantial yields of semiconductor memory devices.

| Failures.br défeéts in units of the word lines
-or bit lines cah-be relieved w;th a small circuit scale
by providing redundant circuits for'saving or relieving
the failures in units of the word lines or bit lines:
within the memory array and ;he address selection
circuit. Substantial product yiélds can be enhanced by
combining the present relief with the relief of the

failures in the memory mat units.



cell array, a sense anplifier and a data output buffer; a defective mat
information storing circuit; and a plurality of switch circuits*gﬁaﬂ.os :
which is provided between said data output buffer and said exterﬂ Ha %3@
output termnal, wherein a predeterﬁiﬁéd'smﬁtch circuit connected to a
detective nenory mat in said plurality of menory mats is controlled by
said defective mat information storing circuit so that an output state of
said predetermned switch circuit is nade to be floating state. 2. A
sem conductor menory accord-ling to clanor. 1, further conprising;, a
power circuit having a power switch wherein said power switch is nmade to be
off state on the baSkshobtaningtpeansi gefervedshpdabievecibve mat
information storing circuit so that, as to said defective nenory mat, a
power currembviided wétbard iepsé enprtirde £pE bpRyERiBg. the game
sem conductor nenory according to claim2  wherein first agdress signals
are suppl i edecsrégchionadarg whenr BRLEYNEEIRBARYORRRS1PEr 18e| ecting a
menory cell in said_nenory cell uct or nenor accor di ng
it pLif

rray. .4. A semicon
Lo ol ai m 3STATPRENITBFRSLRY APHetDlel TPHRPLFRCERE d8cOHEPY Fdcei ves
second addr ess gianals and Suppligsy3gkhn pEEBELY Uil dBhd Bhurality of
signal supplied from each external terminal, whereby the
function of efficiently detecting dc failures in memory
mat units can be added.
In the first semiconductor memory device, two
semiconductor memory devices having failures at memory
mats provided at the same position physically exist and
address signals for designating memory mats are inputted
from addréss terminals different from one another to
_ theréby fegard equivalently-different memory mats as
faulty as seen from a second semiconductor memory
deviée, whefeby burdens as éeen from the bus driver side
can be distributed so as to prevent a memory operation

from becoming delayed.



-68 5. A sem conductor nenory according to claim4 wherein said"%gfggqimgs
mat infor_nation storing circuit 1includes fuse elenents each of which is
provided to each nenory mat. 5. A mencry nodule ccrrr=sing: a first

sem conductor nenory having a first external data output termnal and a
plurality of first nmenory mats; a second sem conductor nmenory having a
second external data output terninal -ffd a plurality of second nenory
mats; and a relief sem conductor nenory having a third external data
output term nal connected to said first external data output termnal a
fourth external data . output terminal connected to said second external

said thira WESTRS CLABMER 38, 00T Y stead” of “a def ect! ve memory fat in
said first memory mats so that a data is red out fromsaid third nenory
Terory mat is sel edved: iTQTAEaAYRELR inafiil MommBRC iR PN 2% eeond
menory mats so t A& extriImelscrtd @@ﬁ?ﬂﬂbﬁ@%@%ﬂ@burth menory mat to said
fourth external datplavhdytyt 8fMddbry hath e28hconditich hanamengeseor di ng
toclaimeé cell array, a sense amplifier and a data output buffer;
a defective mat information storing circuit; and
a plurality of switch circuits each of which is
provided between said data output buffer and said external
data output terminal,
wherein a predetermined switch circuit connected
to a detective memory mat in said plurality of memery mats
is controlled by said defective mat infeormation storing
circuit so that an ocutput state of said predetermined
switch circuit is macde to be floating state.

O);

2. A semiconductor memory according to claim 1,

further comprising:

a power circuit having a power switch,

wherein said power switch is made to be cff state
on the basis of an output signal of said defective mat
information storing circuit so that, as to said defective
memory mat, a power current flow to said sense amplifier
is prevented.

3. A semiconductor memory according to claim 2,
wherein first addresg signals are supplied to each of said
plurality of memory mats for selecting a memory cell in
said memory cell array.

4. A semiconductor memory according to claim 3 ,
further comprising a decoder, wherein said decoder
receives second address signals and supplies select
signals with said plurality of switch circuits.



wherein each of said first and second sem conduct or
address input termnal with a first pin name according to a

ext er nal

menories has QZiJIUﬂt 1998

package pin arrangenent and a second external address input termnal wth

a second pin nanme according to said package pin arrangenent,

wherein a

first address signal is supplied to said first external address input

t er m nal
addr ess

of said first

sem conduct or -M¥nory and sai d second external
i nput t er At nB SERIEANELSIN AESRITY: ARCRT 6L NFehbr FlaiMerein a

second addr edrerdignadaid GePettedet magaia foraaibexsesnthgaddreasti nput

t er m nal
addr ess

It Rae B FLERIE A B b oo PRk SR

I,
-69 8. A seReIOYIUEDF- menory according to claim7 wherein said fir
sem conductor nenory includes a first decoder and said second
sem conduct or menogy ,includes a ond decoder, wherein each of sai
and second decoders’, %“eE‘%‘\‘Fg%Y %C?%Jef?rgimgﬁdss&ggnd address signal s,
wherein said firsé fd&ﬁﬁs&mmmdwéim@omhaetegta Sigsal exderhadai d
plurality otafriar 6h-PEE0F¥rARhS 1KY %??Ejurégig%fl?i R f8e S EC

select signals with_ _sai grpl ural it
sem conduct or men%r?eﬁee

ol second nenory, hats. -
T R GE 7 SReTORMo T PG @ FRFPBRE

seni conduct exteernaly datd wigsout terminal and a plurality of secernd

memory mats; and

a relief semiconcductor memory having a third
external data output termiral ccoonectad to said first
external data output terminal, a fourth external data
output terminal comnected to said seccnd external data
output terminal, a third memoxzy mat and 2 fourth memory
mat,

wherein said third memory mat is selected inst=a
of a defective memory mat in said first memory mats so
that a data is red cut from said third memory mat to said
third external data output terminal, and

I
199
st

d first
and

ond nat

wherein said fourth memory mat is selected instead -

of a cdefective memory mat in said second memory mats so
fourth external data output terminal.

7. A semiconductor memory according to claim 6,
wherein each of said first and second semiconductor
memories has a first external address input terminal with
a first pin name according to a package pin arrangement
and a second external address input terminal with a second
pin name according to said package pin arrangement,
wherein a first address signal is supplied to said
first external address input terminal of said first
semiconductor memory and said second extermal address
input terminal of said second semiconductor memory,

- that a data is red 'out’:'_'from said fourth memory mat to said

wherein a second address signal is supplied to said

second external address input terminal of said first
semiconductor memory and said first extermal address
input terminal of said second semiconductor memory.



a programcircuit and a conparator, wherein said address conparat ¥ .
receives said first and second address signals and output signals %f Ué‘aﬂgl%
program storing circuit, wherein said conparator supplies third nmat sel ect
signals with said third and fourth nmenory mats. 10 . A sem conductor nenory
according to claim9., wherein said nodule includes a substrate having a
mai n surface on which said first sem-c&hductor nenory, said second
sem conductor nenory and said relief menory are nounted. 11 . A
sem conductor nenpry_according to claim9 wherein, said nodule includes a
substrate having -Sonf SEREEOACHE AW AERAUTY 3¢FQFA4BH EBnddaddr Tmenory and
sai d second seni whatedtorsatehof irat esamiiobaducandt temony himctudéace on
uhi ch sal daf @i EE00deLS BRIUAE fedorddDOetddondubtd? medbry
sem conduct,or _repory according to clal m 10, erein sald progr circuit
i ncl udes atRIULRT |2 aFEFOPFo e ROM wherein a wite control
terminal for saiwheekder rdansl 1of psaidamieble aRAMsecquidvideddenssai d
substrate. : L cangu r ! or di 0 Gl.ai rein each
of said pl tﬁe%%ﬁv;eszﬁ%lfgs?ﬁn%#ora%%%cg#%c%ﬁ%ggsg fs]clrggiﬂn%’rroér&y&cell array,
a first sense Wherein said first decoder supplies firstmat select

signals with said plurality of first memory mats and said

second decoder supplies second mat select signals with

said plurality of second memory mats.

9. A semiconductor memory according to claim 8§,

whereln said relief semiconductor memory includes
a program circuit and a comparator,

wherein said address comparator receives said first
and second address signals and output signals of said
program storing circuit,

wherein said comparator supplies third mat select:
signals with said third and fourth memory mats.

10 . A semiconductor memory according to claim 9,

wherein said module includes a substrate havizig a
main surface on which said first semiconductor memory,
said second semiconductor memory and said relief memory
are mounted.

11 . A semiconductor memory according to claim 9 ,
wherein said module includes a substrate having
one surface on which said first semiconductor memory and
said second semiconductor memory are mounted, and the
other surface on which said relief memory is mounted.



anplifier and a first data output buffer, wherein each of said plubgait
second nenory mats includes a second nenory cell array, a second
anplifier and a second data output buffer, wherein, as to a defective
menory mat in said plurality of first menory .mats, an output state of
said output buffer is made to be floating state, and wherein, as to a
defective nenory mat in said plurality0ef second nenory mats, an out put
state of said output buffer is nade to be floating state. 14 . A

sem conductor nenory according to claim 13, wherein each of said plurality
of first menory matd . Ansemdeoriddtet nmmery sactobdinbetei aledmh10f said

plurality of seconq,h@%rgg_rny é’g_ﬂi& ﬁ’*‘ggLa‘ﬂeEl?&?lzfﬁf’?%W, rz Lt ch, wherein,

of
1998

as to said defective menory mats,
said first p(ﬁﬂe@c ‘gﬁﬂ;l ér ameHe ffMstate so that a power current
flowto 4 2 JUN 199BRereih sa d:xssmecmwiail teriminprleviay eseid@nd wherein,
as to said deff u d ry mats,
sai d second poeé\é&y%fggﬁy %S ES% {gatbgggg at('a{; p%éa'/regr) current
flowto saic '?rpl ifier is pr event ed. 15 . A sem conductor nenory

conprising: an external data output termnal;

13 . A semiconductor memory according to claim 6 ,

wherein each of said plurality of first memory mats
includes a first memory cell array, a first sense
amplifier and a first data output buffer, |

wherein each of saidplurality of second memory mats
includes a second memory cell array, a second sense
amplifier and a seccnd data output buffer,

wherein, as to a defective memory mat in said
plurality of first memory mats, an output state of said
output buffer is made to be floating state, and

wherein, as to a defective memory mat in said
plurality of seccndé memory mats, an output state of said
output buffer is made to be floating state.

14 . A semiconductor memory according to claim 13,

wherein each of said plurality of first memory mats
includes a first power switch,

wherein each of saidplurality of second memory mats
includes a second power switch,

wherein, as to said defective memory mat in said
plurality of first memory mats, said first power switch
is made to be off state so that a power current flow to



a plurality of nmenory mats each of which has a nmenory cell array, a sense
anplifier and a data output buffer; and a defective mat infornatiﬁg 1998
storing circuit, wherein, as to a defective nenory mat in said p répvtﬁ
of menory mats, an output state of said output buffer is nade to be
floating state on the basis of an out put signal of said defective mat

i nformation storing CIrCUIt . A-8ém conduct or nenory according to

claim15, wherefn_each | r nor. ts has a power
switch, and V?(?éT%I% %s gq'(?gjde sac‘H‘%(/\é&tlrr‘égrrgrya}rfrlxalcitm sai dtpg.wer 255 tch

is made to be off whareim ta® LAsF3idf d@é?&%ﬁ)d’f—e s e
defective mih%][ﬁ]% i‘?}}"é’f‘s@dﬁdd'ﬁxeﬁbwuﬂrﬁtss%ahats@cmﬂmow SeHECH ow to
said sense a gl besac|> ds?éaegélgg DEOPry gg&e&sw &how to

said sense amplifier is prevented.

15. A semiconductor memory comprisings:

an externmal data output terminal;

a plurality of memory mats each of which has a memory
cell array, a sense amplifier and a data output buffer;
and '

a defective mat information storing circuit,

wherein, as to a defective memory mat in said
plurality of memory mats, an output state of said output
buffer is made to be flocating state on the basis of an
output signal of said defective mat information storing
circuit.

16 . A semiconductor memory according to claim 15,

wherein each of said plurality of memory mats has
a power switch, and ‘ _

wherein , as to said defective memory mat, said power
switch is made to be off state on the basis of said output
signal of said defective mat information storing circuit
so that a power current flow to saild sense amplifier in
said defective memory mat -is prevented.



