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BACKGROUND OF THE INVENTION

The present invention relates to a
semicondueeor memory device and a memory module using
1t, and prlnclpally to a technique effective for use in
a technique for relieving failures or defects developed
in e dynamie RAM (random access memory) having a mass
storage capacity. The defect relief technique has been
disclosed in Japanese Patent Application Laid-Open Nos.
4-181589 and 61-150200.

In a semiconductor memory related to Japanese
Patent Application LaidQOpen 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. In order to relieve dc
failures, a normal circuit is divided into a plurality
of memory blocks (memory mats) and spare memory mats are
fofmed se as to correspond to the memory blocks. When
defects are-produced in the memory blocks of the normal
circuit, such memory blocks are all replaced with the

spare memory mats.
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of nmenory bl ocks (nenory mats) and spare nmenory mats are formed so as to
correspond to the nmenory bl ocks. Wien defects are produced in the nmenory
bl ocks of the normal circuit, such nmenory bl ocks are all replaced with the
spare nenory mats. -2- SUNN%RY OF THE2| RVENTI ON The af or enent i oned
defect relief technique is intended to formspare nenory mats of | arge

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 nenory bl ocks even if the spare nenory bl ocks are
provi ded, the areas

SUMMARY OF THEE INVENTION

The aforementioned defect relief technique is
intended to form spare memory mats of large circuit
‘scale within a single semiconductor chip. However, the

. 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 bj 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 praétice,.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
-s1ngle semlconductcr 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



occupi ed Ry thegm substantially increase. It has been revealed fromthe

di scussions of the inventors of the present application that since the
probability of defect relief in the units of the nenory blocks is not so
great in practice, it cannot be said tha? Such a reli ef gai ns the
superiority over the case where the sem conductor chips are abandoned as
defective chips. Nanmely, since the occupied areas increase in the

semn conductor chips that performthe.block relief and the nunber of
sem conductor chips formable froma single sem conductor wafer is reduced,
the nunber of products is not increased so far as.a whole even if defects
are relievedyn tl &F the WordOlines orhéithddaeswisnmadey the @3®fent i onal
relief of defects in the. -3- units of the word lines or. bit lines is
made, the ar@acupied by each semiconductor chip is reduce

correspondingly and hence the number of the

semiconductor chips formable from the single

semiconductor wafer can be increased. Thus, even if the
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
gpecification and the accompanying drawings.

A summary of a typical 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 inpﬁt puffer circuit, the address signal
or the predecode'signal is decoded by an address

gelection circuit to thereby select a memory cell in one



occupi ed Ry each sem conductor chip is reduced correspondi ngly and hence

t he nunber of the sem conductor chips fornable fromthe single

sem conduct or wafer can be increased. Thus, even if the sem conductor chips
that need to performthe above relief 8f 4d8fects in the menory block units,
are abandoned as the defective chips, the nunber of products is not so
reduced as a whole. An object of the present invention is to provide a

sem conductor nmenory devi ce having diversities and a nenory nodul e capabl e
of enhanci ng substantial product yields using it. The above and ot her

obj ects and novel features of the present invention will becone apparent

from the fol |gigig s aini s Aror éduh memaoryt axFay fincshiah ARFQ
acconpanyi ng drawi ngs. A sunmary of a typical one of, the invention

di scl osed in ddElprasenprapmedan matdix frmateMLHS KGR s fol | ovs:
ooy mats plurality of word Llines and a plurality of Bif Fimdd! !ty o
| 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

correspbnding 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



each constructed such that an internal address signal or a predecode signa
and a contro]l signal are supplied through a first input buffer circuit, the
address signal or the predecode signal is decoded by an address sel ection
circuit to thereby select a nenory cel = 5n-one -4- or plural units from
each nmenory array in which nenory cells are provided in matrix form at
points where a plurality of word lines and a plurality of bit |ines

i ntersect, and a second input buffer for receiving a signal to be witten
into the nenory cell, an output buffer for outputting a signal read from
the nenory cell and storing neans in which malfunction information is

;"g ;t gg’nsgr: \P:FP%% dﬁf’otﬁgeééﬁrrﬁéﬁoﬁyl@iﬁ?}imlwhmh mdnionshecalk®|3ref power
nplifier and its corresponding menory cell based on the

mal function 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 6utputting 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 deﬁice, which performs
the relief of failures or defects in units of the memory
mats, as needed.

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

briefly described as follows: Namely, a first



signal stqQred in the storing neans. According to the above neans, when a dc
failure or defect occurs in the corresponding nenory mat, such a nenory mat
can be electrically separated fromothers and used as a sem conduct or
menory devi ce whi ch makes the best use—=o0f the remaining portions. A sunmary
of another typical one of the invention disclosed in the present
application will be briefly described as follows: Nanely, there are
provided a plurality of menory mats each constructed such that an interna
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 i s deqiaddinit Aies > Pevideomaniingial Flaralldtybpts sleserrya

i'n one or - b-

menory cell pl ur al
mats each constructed such that an internal address

signal or a predecode signal and a control signal are
-'suﬁplied 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 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 cﬁt 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 correspond to
the plurality of memory mats and in which address
information are writfen, and a plurality of sets of
input/output terﬁinals at which the address information
is compared with an address signal for designating each

memory mat to detect that a memory mat associated with



unitss from each. menory array in which nenory cells are provided in matrix
format points where a plurality of word lines and a plurality of bit |ines
i ntersect and each conprising a second input buffer for receiving a signal
to be witten into the nmenory cell and~ah Butput buffer for outputting 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 input/output term nals at which the address
information is conpared with an address signal for designating each nenory
mat to detect that a nenory mat associated wth the address information has

been sel ect eGnd IS/ 3infbrniatd onhhaspbesn seleicted $&em®PY nput buffer
or the output buffer of the corresponding menory mat, and which are

associ at ed wiydl jidut inythe rogexraticrocd fge ¢aqanRd R er, or

seniconduptor_nennry device in which a desired address is asa@gﬂﬁp to each

storage circuhe cetpuie mififemef dhe fanLespengding memory ma
which are associated with the memory mats, are both
placed on a single mounted substrate. Further, a
defective or faulty memory mat is electrically separated
from others in the £irst semiconductor memory device.
In the second semiconductor memory device, address
informatioh aésociated 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 féilures or defects
exist in memory mat units. It is therefore possiblé to
enhance sﬁbstantial yields of semiconductor mémory

devices.



redundant _sem conductor nenory device, which perfornms the relief of
failures or defects in units of the nenory mats, as needed. A summary of a
further typical one of the invention disclosed in the present application
will be briefly described as follows: Na®ety, a first -6- sem conduct or
menory device having a plurality of nmenory 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 nmenory cell in one or plural units fromeach nmenory array in which

menory cel | s gATRP DRSCRIPTIONT®F THE DRAWINGSOi nt's where a plurality of
word |ines a%;1r1ﬂTNTHTTV‘ET'BTF__——_——_——E

The invention will be described with reference
to the accompanying drawings wherein:

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 Qne
example of a memory mat employed in the semiconductor
memory device shown in Fig. 1;

Fig. 3 is a fragmentary circuit diagram
depicting one exampie 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 dynamic RAM to which the
invention is applied;

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

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

ﬁemory device acéording to the present invention;



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 menory cell and storing nmeans in which malfunction information is
witten, are provided to thereby substén?iélly cut off the supply of power
to a sense anplifier and its corresponding nenory cell based on the

mal function signal stored in the storing neans; and a second sem conduct or
menory device having a plurality of nmenory mats identical in configuration
‘to the above nenory mats, storage circuits provided so as to correspond to
the plurality of nmenory mats and in which address information are witten,
and a plurality of setsiqf. i /20 wimeu itte diiagram ghopdingh Afe addr ess

information is conpared with an address signal_for, desi%pa%gggleach menory
mat to detectesidmgler ofran outputaduffien dncjuded in each o

dutput buffer circuit OBC and a data input/output buffer

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 thé.present inventibn;

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:;



-7- the address;informati on has been sel ect ed,

operation of the second input buffer or the output buffer of the

correspondi ng nenory mat and which are associated with the nmenory mats,
bot h placed on a-single nounted subst rat¥® Turther, a defective or faulty
Is electrically separated fromothers in the first sem conductor

menory nat

menory device. In the second sem conductor nenory devi ce, address

i nformati on associated with the faulty nenory nat
correspondi ng storage circuit and external

t hereby validating the

is witten into its
data term nals associated with

ar e

the faulty menmory mat and the above input/output term nals associated with

the menory nmat in the seopndéers eorbhogkordiagran haning & &onn

one anot her

according to the present invention;

Fig..l7 is a schematic configurational view
jllustrating 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 semiconductor 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

ected to
on the nmounted substrate so as to corre%§€nd to one anot her.
Accor di ng t o fumrtkénvenbedinent ef @ @ARE YR ATIONHE

relieved on the :

YA&fevi ce can be



mount ed supstraje in conbination with the first sem conductor nmenory device
while using the first sem conductor menory device in which failures or
defects exist in menory mat units. It is therefore possible to enhance
substantial yields of sem conductor nemo¥ly Tevi ces. -8- BRI EF
DESCRI PTI ON OF THE DRAW NGS The invention will be described with reference
to the acconpanying draw ngs wherein: Fig. 1 is a schematic block diagram
showi ng one enbodi nent of a sem conductor nenory device according to the
present invention; Fig. 2 is a block diagramillustrating one exanple of a
menory mat enpl oyed in the sem conductor nmenory device shown in Fig. 1,

interface comprises address input buffers XAB and YAB, a

data input/output buffer IOB and a multiplexer MPX.

The control circuit comprises a control

circuit CONT for generating various control signals and

timing signals reqﬁired to activate internal circuits in

response to control signals /RAS, /CAS, /WE and /OE

supplied from external terminals, a mgt 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 seleéted from the eight memory mats MATO through



Fig.-3 is.a fragmentary circuit diagram depicting one exanple of a nmenory
array enployed in the nenory mat showmn in Fig. 2; Fig. 4 is a timng chart
for describing a schenmatic operation qf]%%Qynanic RAM according to the
present invention; Fig. 5is a |layout pl of a half nmenory array show ng
one exanple of the dynamc RAMto which the invention is applied; Fig. 6 is
a layout plan of the renmining-half nenory array show ng the above exanple
of the dynamic RAM shown in Fig. 5; Fig. 7 is a schematic bl ock di agram

il lustrating another enbodi mrent of a sem conductor nmenory devi ce accordi ng
to the present invention; -9-

MAT7. An input/output I/O corresponding to the selected

one memory mat is electrically connected to the data
input/output buffer IOB through the multiplexer MPX.
Namely, Qhen data are input and output to and from data
terminals DO through D3 in 4-bit units as in the present
embodiment, the data are similarly respectively input
and output to and from the memory mats MATO0 through MAT7
in 4-bit units in correspondence to the data terminals
DO through D3. Each of the memory mats MATO through
MAT7 is regarded as equivalent to a single semicoﬂductor
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 MATO through MAT7 through internal address
buses. Further, an address signal for specifying or
designating.one of the memory mats MATO0 through MAT? 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 MAT?7. 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-



Fig..8 is a cirguit diagramshow ng one exanple of an output buffer

i ncluded i'n each of an output buffer circuit OBC and a data input/out put
buffer 10B both shown in Fig. 7, Fig. 9 is a schematic bl ock diagram
illustrating a further enmbodi nent of a skkiTonductor nenory device
according to the present invention; Fig. 10 is a circuit di agram show ng
exanpl es of an address conparison circuit, an output selection circuit and
an out put driver shown in Fig. 9; Fig. 11 is a schenmatic 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 djagrans
showi ng one LEAddfés s drgma) Todompeardref e Pite Pt
invention; Fig. 13

. is a block diagramillustrating another embgdiment of a
nennry'nndulesfgg@mdéagrégsf@fgmabsbmtc¢mgqggd(9@ one bit an ey

are decoded by the mat decoder MATDEC to select one
memorf mat, the aforementioned mat decoder MATDEC can be
regarded as a kind of predecoder.

A block diagram'of one example of each memory
mat referred_tb_abové is shown in Fig. 2. An input
buffer foégééﬁihg in or capturing the address signals
'XAD and YAD and mat select signai?ﬂé supplied through
the above internal address buses and the various control
signals generated from the control circuit CONT is
ptovided regardless of the fact that each of the memory
ﬁats MATO through MAT? is formed as the single
-semiconductor'memory, in other words, the aforementioned
éddresé buffers XAB and YAB or the like are formed.

This is because a three-state output function
including.an.output high impedance of a clocked inverter
circuit or the like is provided in the input buffer and
wheﬁ 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
éreventing 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 ¥

'decodér is supplied through a switch SW3. Further, a



Fig.-14 is.a block diagramdepicting a further enbodi nent of a nmenory
modul e according to the present invention; Fig. 15 is a flowhart for
describing a method of assenbling a mempry nodul e according to the present
i nventi on; - 10 - Fig. 16 is a bl ock ' agram showing a still further
enbodi mrent of a sem conductor nenory device according to the present
invention; Fig. 17 is a schematic configurational viewillustrating a stil
further enbodi ment of a nmenory nodul e according to the present invention;
Fig. 18 is a schematic configurational view showng a still further
enbodi ment of a nenory nodul e according to the present invention; and

plate voltage VPL of a memory array 18 also supplied

through a switch SW1 similar to the above switch.

Similarly, a half precharge voltage HVC supplied to a

half precharge circuit included in a'sense amplifier is

- also supplied through a switch SW2.
| 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 SW1,

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 output 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



Fig. 19 ig a fragmentary schematic view of a menory board showi ng a menory
storage unit enployed in a conputer systemto which DRAMs according to the
present invention are applied. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Fig. 1 is a schematic bl ockldi &gram showi ng one enbodi nment of a
sem conduct or nenory device according to the present invention. Respective
circuit blocks in the sanme drawing are formed on a single sem conductor
substrate such as nonocrystalline silicon by a known technique for
manuf acturing a sem conductor integrated circuit. The sem conductor nmenory
device according to the present enbodi ment roughly conprises eL%ht menory
mat s MATO t hpough uMAT widien ot couhpet ingt ehkacomplengnsaxtr SiLtcircuit .
The i nput/out put interface conprises address input buffers XAB and YAB,
a lines of the memory array, which are included in the

sense amplifier, to their corresponding input/output

lines. The input/output lines are electrically

connected to the input/output buffer so as to correspond

- to the input/output buffer.
In the preseﬁt 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 ¥-

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.



data input/output buffer 10B and a nultiplexer MPX. The control circuit
conprises a control circuit CONT for generating various control signals and
timng signals required to activate internal circuits in response to '
control signals /RAS, /CAS, /WE and /€Eléupplied fromexternal termnals,
mat 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, synmbols / (slash) affixed to the control signals /RAS, /CAS, /WE and
/| CE are used as an alternative to overbars each of which represents that a
low I evel is of an active level. A substrate bias circuit VBBG generates a
backbi as voltage to beASEQQb#@ﬁthgytber&ubetdaagram showbdngeong a source
vol tage supplied froman unrllustrated source voltage termnal. The
substrate bi@§aﬁP1§“5E VBEGnkemoR§t areayr ist sdown par Figul dr ban fhe
-activated so as to change the capability of supplying a substrate current
accordi ng togameO@eERHing) Fode wordedjoese twoaPadfer OF

a

complementary bit lines, sense amplifiers and precharge
circuits related to these, etc. are 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 qenter.
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 and a pair of information

' storage capacitors Cs. The gate of each address
selection MOSFET Qm is glectrically connected to its
correéponding word line WLi and the drain thereof is
electrically connected to its corregpdnding bit line
/BLL. Each information storage capacitor Cs is
electrically connected to the source of the address

selection MOSFET Qm. Other electrodes of the



signal supplied. fromthe control circuit CONT or a substrate potentia
moni tor signal or the like and to keep a substrate potential substantially
constant. In the present enbodinent, one_nenory mat is finally selected
fromthe eight meémory mats MATO throughl7 = 12 - MAT7. An input/output |/0
corresponding to the selected one nenory mat is electrically connected to
the data input/output buffer 10B through the nultiplexer MPX. Nanely, when
data are input and output to and fromdata term nals DO through D3 in 4-bit
units as in the present enbodiment, the data are simlarly respectively
I nput and output to and fromthe nenory mats MATO t hrough MAT7 in 4-bit
units in corjpgpendeien storagedzapacitorsals BUet AREBGROMIONEAER of the
menory mats MATO through MAT7 is regarded as e%uivalent to a single
sem conduct ogupplied with the plate voltage VPL.
Each pair of bit lines BLL and /BLL is

disposed in parallel as shown in the same.drawing and is

caused to intersect each other as needed in order to

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 Q1 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 configurations. The sources of the N

channel MOSFETs Q5 and Q6 are electrically 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 Q14 is turned on and hence supplies a

voltage required to active each sense amplifier. The



menory as-w ||l be described later. OF address signals supplied through the
address buffers XAB and YAB, an address signal X for selecting a word |ine
of each of the nmenmory mats MATO t hrough MAT7 and an address signal Y used
for selecting each bit line are respectid®l¥y supplied to each of the nenory
mats MATO t hrough MAT7 through internal address buses. Further, an address

signal for specifying or designating one of the nenory mats MATO through
MAT7 is decoded by the mat decoder MATDEC, which supplies a mat sel ect

signal to a select terminal M5 of each of the nmenory mats MATO through
MAT7. No particular restrictions are inposed on the mat decoder MATDEC
where the ei HymiBHEourEs I IvET TSt ramsgiciatEd aridh dhe & hetgloed above.

Since, however, for exanple, an X- - 13 - ]
MOSFETs Q5 and Q6 is provided with an unillustrated N
channel MOSFET, which supplies a circuit ground
potential in unison with line operation timing.

In order to provide stable sense operations 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'sta:ts its amplifying operation, is brogght
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 Q14 and



syst.em address signal is conposed of two bits and a Y- system address
signal is conposed of one bit and they are decoded by the mat decoder
MATDEC to sel ect one nenory mat, the af renenti oned mat decoder MATDEC can
be regarded as a kind of pr edecoder. ¢k di agram of one exanple of each
menory mat referred to above is shomn in Fig. 2. An input buffer for

taking in or capturing the address signals XAD and YAD and nat sel ect

signal Ms supplied through the above internal address buses and the various
control signals generated fromthe control circuit CONT is provided

regardl ess of the fact that each of the nenory mats MATO t hrough MAT7 is
forned as thens ndke e almucsed sOM@sy o ﬁ%t"f?erasw&b@s Pq

af orenenti oned address buffers XAB and YAB or the like are forned. This is
because a t hrssd-tsthatshost dut Fignctd.on i ncl udi ng an out put high i npedance of

then a dc fai lure occurhe PreRbARERHHRHLE GRNTGReGOF S WERFEPGLET and
for short-circuiting the complementary bit lines and
switches MOSFETs Q9 and Q11 for supplying the half
precharge voltage HVC to the complementary bit lines is
provided between the input/output nodes of each sense
amplifier.. The gates of these MOSFETs Q9 through Qll
. 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 jtself is also brought into an of £
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 correspond 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. In the
present embodiment, four pairs of bit lines can be

selected by a single column select signal ¥S.



of the |aput byffer is brought into high inpedance to electrically isolate
t he nennry mat from ot hers, t hereby preventing dc current fromsteadily
flowi ng through the nenory mat. Due to the above reason, an operating

vol tage Vcc of an internal circuit typi A%d by a Y decoder i's supplied
through a -switch SWB8. Further, a - 14 - plate voltage VPL of a nenory
array is also supplied through a swtch SWM simlar to the above sw tch.
Simlarly, a half precharge voltage HVC supplied to a half precharge

circuit included in a sense anplifier is also supplied through a switch
SW2. A fuse Fuse opens or burns when a dc mal function or failure occurs in

the menory aihateFore)e thikcoluthns selesti signad: ¥én 1§b@lggmqqn$1yf S lure o
t he one hand, such information about its cutoff is sent to
supplled to the gates of the MOSFETS forming column
switches provided between input/output nodes of four
sense amplifiers corresponding to the two pairs of bit
lines shown in the same drawing by way of illustration
and the unillustrated remaining two pairs of bit lines.
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(A). A row
(row system) address signal ADD is captured in
synchronism with a low level of a row add;ess strobe
signal /RAS and.decoded to select a word line WL. ?rior
to the selection of the word line, a precharge signal PC
is brought iﬁto a low level and a pair of bit lines BL
and /BL holds a half precharge voltage in a floating
étate. 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



swi tch control circuit so that each of the switches SWM, SW2 and SWB is
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 input and output buffers of the2lnput/output buffer, each of which
i ncludes a three- state output function in the sane manner as descri bed
above, are both brought into output high inpedance. The address signal XAD
sent through the input buffer circuit is supplied to an X decoder where a
single word line of the nenory array is selected. A word line driver is

al so included in the X decoder. The address signal YAD sent through the

i nput” buffer circuit i is@dqt:aaa cfiechwher memoYysekeddt isi gnal for
four pairs op&bﬁﬁpbéﬁgﬁtgﬁ%pgqi ﬁ%%gssgfq?he menory arrayyis formed. The Y
sel ect S|gnabgﬁiéagya§f§khgg Qe half precharge voltage.

When the sense amplifier activation signal
(common source line) CSN is rendered low in level, the
amplification MOSFETs Q5 and Q6 on the N channel side of
the sense amplifier start an amplifying operation to
lead the bit line /BL on the low level side to a low
ljevel. 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
tﬁrned 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 OV of a circuit associated
with the bit line /BL is re-written {refreshed) into its
corresponding information storage capacitor of the
Memory cell. Althoﬁgh not shown in the drawing, a Y-

system selecting operation is thereafter carried out so



- 15 - ascolum switch for connecting the conplementary bit I|ines of the
menory array, which are included in the sense anplifier, to their
correspondi ng i nput/output lines. The input/output lines are electrically
connected to the input/output buffer so2& to correspond to the

I nput/out put buffer. In the present enbodi nent, X- and Y-system redundant
circuits are also provided al though not shown in the drawing. The 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. Wen they m smatch with each other, the

A eaeg o R e e g T ayst am T ecunant
circuit prohish teutputdie@l circuit fromselecting a defective word line and
outputs a signal for selecting a spare word |ine tQ:eiroq r(%rHITme issarre
One example of a write opera
illustrated in Fig. 4(B). A row (row system) address
signal ADD is captured in synchronism with a low level
of a row address strobe signal /RAS in the 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



circuits as descri bed above are also provided in the Y- system redundant
circuit. When a nenory access to a defective or failure bit line is
detected by the Y- systemredundant circuit, the Y-systemredundant circuit
stops the operation of selecting the f%ﬂ?%fé bit line by the Y decoder and
alternatively forns a signal for selecting a bit Iine provided as a spare.
- 16 - Afragnentary circuit diagramshowi ng one exanple of the nenory
array is shown in Fig. 3. In the sanme drawi ng, four word lines, two pairs
of conplenmentary bit |lines, sense anplifiers and precharge circuits rel ated
to these, etc. are typically illustrated by way exanple. The sane draw n

_ ) g
i |l ustrates a eS| £balwredimek ¥ fiama Pain @f RARALRAMALY ARY- L
and ARY-R are disposed on the |eft

bit lines. Thus, the column switches MOSFETs Q12 and
Q13 or the like are turned on so that the selected
complementary bit lines BL and /BL in the corresponding
memory array and their corresponding pair of
input/output lines I/O are respectively connected to one
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.
Laﬁout 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
particuiar 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 relief 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.



and right>sides, wth each sense anplifier as the center

array ARY-L is shown as described above whereas the rightcirﬁgssithE?iLEft
represented by a black box. Further, circuit synmbols are affixed only to
MOSFETs that constitute each circuit asdcirated with a pair of Y

conpl ementary bit lines BLL and /BLL, as representative ones. A dynamc
type menory cell conprises a pair of address selection MOSFETs Qmand a
pair of information storage capacitors Cs. The gate of each address

sel ection MOSFET Qmis electrically connected to its corresponding word
line W.i and the drain thereof is electrically connected to its

cor r espondi ng bidadrieas NBoutEanh dsafignmenitowidilobegdeseribedomitd | s
g{ﬁg?rgfgL{¥Q§gnnected to the source of the address sel ecti on MOSFET Qm
acdedd@ade in a one-bit unit as one example. The

most significant bits /X12 and X12 of an X address are
assigned to an upper side U and a lower side L. Address
signals /X1l and X1l are respectively assigned to memory

~ arrays divided into two groups set by eight with the ¥
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 reiativé 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) direction 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



- 17 - information storage capacitors Cs are nade common and supplied with
the plate voltage VPL. Each pair of bit lines BLL and /BLL is disposed in
parall el as shown in the sane drawing and is caused to intersect each other
as needed in order to keep a bal ance imZmpacity of each bit line, for
exanpl e. - The conplenentary bit lines BLL and /BLL are electrically
connected to their correspondi ng i nput/output nodes of each sense anplifier
by switches MOSFETS QL and 2. The sense anplifier conprises N channel
MOSFETs (b and Q6 whose gates and drains are respectively electrically
cross-connected to one another and brought into | atch conflguratlons and P
channel MOSFRLcHIasA Gt Wi oudtiuts barfif edsaions tivee adsinesst iand

electrically connected to one another and brought into |atch

confi gur at i onsideB e prpa ded time uha:ﬁam@tuv%m#é"@ tBnding are

electrically connected to a common source |ine CSN. The sources of the P
channel . center of the chip.

Arrows affixed to the mémory mat indicate the
direction of addresses. Namely, refreshes are
successively carried out toward the direction from top
to bottom in the same drawing. When the refreshes are
performed 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 columﬂ'direction is carried
out in such a manner that the most significant bits /¥12
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 Y11 are assigned
to the memory arrays divided into the left and right
sideé with the X decoder XDEC and the.like as the
center. Further, the /X10 and X10 are assigned to each
individual memory array.

In the present embodiment, the whole is

divided into eight blocks, which are used as the memory



MOSRETs Q7 and .8 are electrically connected to a common source |ine CSP

As is shown on the common source line CSP by way of illustration

a power

switch MOSFET Q14 for the P channel MOSFETs is provided. \Wen a timng
flgnal [err] SAP is brought .into a | ow+ éel5 the power switch MOSFET Q14 is
urned on and hence supplies a voltage required to active each sense

anplifier. The

- 18 - commpn source |line CSN associated with the N

channel MOSFETs @ and Q6 is provided with [
; _ _ _ an unillustrated N chann
MOSFET, which supplies a circuit ground potential in unison with IiﬁL

operation timng.

In order to provide stable sense operations by the power

switch MOSFET f.or aGi ' o . 2
of suppl yi ng n}ﬁ_ﬁéy aclﬁﬂee?’gﬁ%;{/*ms%@bs%ﬁWﬂﬁam,caa:mﬂerom:trch capabl e

smal | current when the correspondi ng sense

units of the memory mats. When the whole is divided

into eight blocks by the X12, X1l and Y12, for example,

memory arrays divided by four along the longitudinal

direction by the Y decoders YDEC are respectively

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 Xll, X10 and Yll.

In this condition, the single memory mat may be accessed

in 4-bit units.

However, if this processing exerts bad

influences on the memory access, such as an increase in

lcad imposed on a word driver due to an increase in the

number of complementary bit lines associated with a

single word line and an jncrease in the number of memory

cells connected to the word line, then the memory arrays

may be configured so as to be suitably divided in the

word line direction. Thus, various embodied

configurations can be adopted as the layouts of the

memory arrays.



anplsifiers,start,s its anplifying operation, is brought into an on state,
a power switch MOSFET capabl e of supplying a |large current when the
difference in potential between each pair of bit Iines BLL and /BLL becones
| arge to sone extent according to the~adpl I'fyi ng 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 fromflowi ng in those
associated with a nenory mat in which a dc failure has occurred as will be
described later, the power sw tch MOSFET Ql4 and the |ike are used for
steadily bringing themgnhehotae eﬁhgibamembayemabn1§h§Pﬁ§FﬁaﬁétPXnthe
informati on MF stored due to the burning of the above fusg. Nangl , the
power switchyMa@@res@l4igndl and the Y address signal as describe

and

above, a Y address is placed in an-input waiting state
and the finally-selected memory mat is determined upon
its input. Therefore, when only the single memory 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 ijs made valid so that the final
single memory mat is operated. Therefore, since ohly
row-system selecting operations are performed on other
memory mats, a fefresh 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 puffer 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 supplieé to the
inside of the memory mat, énd the Y address are kept
off-balance. However, the relationship between the bit

lines and word lines within each memory array can be



19 - the like are also used so as to serve as the power switch shown in
Fig. 2. The precharge circuit conposed of a MOSFET Ql1 for short-circuiting
the conplenentary bit |lines and switcheg MOSFETs @ and QL1 for supplying
the half precharge voltage HVC to the ¢ ﬁpTenentary bit lines is provided
bet ween the input/output nodes of each sense anplifier. The gates of these
MOSFETs @ through QL1 are commonly supplied with a precharge signal PC
The precharge signal PCis fixed to a | ow | evel based on the nmal function

information MF and is also used to turn off the MOSFETs @ through Q1 or
the like. Sinmultaneously, the switch SW2 activated so as to_su

. pply the half
prechar ge vohpegfistE byysmkané sonl sonbr bughees nFBCR2B3 BEAPR ?ﬁythe sane
manner as descri bed above. Thus, the cutting_of

- : : : L f.of . the phalf prgcharge

Vol Lage FVC abeBhing aaplicdlshy o8 BBbESWBENDLF LiRFRsHond SYERIEL  he

case where Sgcgdirggsf2hhu;2r%ggkiggshgggLypgégeLgésSHHpLXEQQ of a
plurality of bits, etc.

A schematic block diagram of one embodiment
showing a semiconductor 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 MF0 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 ;n output
opération given from each imperfect memory mat. Namely,
when the output éelection 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



t heshal f .qprechgarge voltage HVC is short-circuited relative to the circuit
ground potential or the source voltage or the |like, occurs. MOSFETs QL2 and

QL3 constitute a colum switch switch-controlled by a colum sel ect signa
YS. In the present enbodinent, four paiR8 of bit |ines can be selected by a
singl e col um sel ect signal YS. - 20 - Therefore, the colum sel ect

signal YS is comonly supplied to the gates of the MOSFETs form ng col um
swi t ches provi ded between input/output nodes of four sense anplifiers

corresponding to the two pairs of bit |ines shown in the sane draw ng by
way of illustration and the unillustrated remaining two pairs of bit |ines.

Thus, the fopfepakr $0beBsnt EAtodad batpupahigholupRpanceulpar fines |/0
pectively connected™to one
write operation. Upon a read operation, the input
buffer is brought into an output high impedance and the
output buffer is brought into an operating state. When
no memory is accessed, the input and outpﬁt buffers are
both brought into the output high impedance. When a.
read instruction or designation is issued from the
corresponding imperfect memory mgt upon the read
operation in addition to such operation control, the
§utput buffer is brought into the output high impedance.
Fach mat select signal forms a signal for the

selection of a multiplexer provided so as to correspond

| to input/output circuits 1/00 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.
Wwhen 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. wWhen done in this way, a control

signal inputted to each multiplexer is regarded as a



anotsher through such switches MOSFETs. A tim i bi

_ : _ : timng chart for describin

zﬁgagaplchperatlon of a dynam c RAM according to the present inven?ign S

S| 4&2 |%. 4. One exanple of a reag g eration (READ) is illustrated in

mﬁ?h I). I row (row systen) address™s gnal ADDis captured in synchroni sm

" morg Ifﬁ; SlelP?{oa :omgﬁddrefs strobe signal /RAS and decoded to sel ect

: : rto e selection of the word line, a h '

PCis brought into a low level and a [ [ [ O it S
\ ( pair of bit lines BL and /BL

hal f precharge voltage in a floating state. If the word line is sePgL?Zda a

menory cell electrically connected to, for _exanpl [ [
. . ! 3 ) t
conpl ement ar golktolli s&gn8lL ebﬂaiBedibYséNBéPSdggﬁguPﬁggggg£eglPﬁfé?h&?{o;he

held in th ' : ,
reduced bye[gigggﬁdgszohz gxémégegﬁéggyﬁﬁéﬁn%hal3??0%?§39kh955§§m?§; s
select signal. '

A circuit diagram of examples of the output
control circuit OBC and the output buffers included in
the data input/output buffer 10B is shown in Fig. 8. 1In

~ the output control circuit, mat select sighals MS0 and
MS7 shown as typical ones by way of illustration and
malfunction 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 cofresponding 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
producéd. 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 implement separate
circuit functionms.

A write enable signal WE and an output enable

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



hpﬁﬁs-tgghﬁglPaggécLQEQEI50:igge?Lv&gnm?LghsggsgegnrYi?ell o onpeored:
shane (eormon seurce fTng) oS enoeied fow' Tovl [ he arpl oot
anpl i fying operation to lead the bit line /BL on the ?g\?v:el/e[ Side to
low | evel . Further, the MOSFETs Q7 and B on the P channel s?deSISe 0.8
anplifying operation in response to the activation si I e
line) CSP brought into a high level with a delay to rnge EﬁgnEF? fpurce
on the high level side to a h I ne BL
(e s e sqpb gl Coperons gt ool kessrFiseln anaiEe o oo an
turned of f i RHeL TP lehablleowilgmad! /@E:I g,gsgﬁg&prigq Ié:ggﬂee% %rl-leenseal ected, are

read operation is designated accordihg to a high level

of the write enable signal WE, each output buffer is

brought into a non-operating state. Further, the

control signal OC is rendered low in level in

synchronism with a 1ow 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 correspénding 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 output MOSFET Q2 thereof is

supplied ﬁith a low level through an AND gate circuit G7

in response thereto. Therefore, an'output terminal DO

of the correéponding 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.



SHRL or SHRR before the sense anplifier starts its anplifying operation. A
signal for anplifying the sense anplifier is witten into the sel ected
menory cell. Nanely, a ground potential .QV of a circuit associated with the
bit line /BL is re-witten (refreshed) PR G its correspondi ng i nformation
storage capacitor of the nenory cell. Al though not shown in the draw ng,
Y- system selecting operation is thereafter carried out so - 22 - that
an anplification signal for the selected bit line is outputted. One exanple
of a wite operation (WRITE) is illustrated in Fig. 4(B). A row (row
systen) address signal ADD is captured in synchronismwth | gw | evel of a

row address strobe sigaalscheadtic bheckadéaSﬁﬁﬁeFhaglagséPPgeﬁrabove and
decoded to select a word |ine VL.

embodiment of a semiconductor memory device according to

a

the present invention is shown in Fig. 9. A_schematic
entire block of the semiconductor memory device and an
enlarged block of a single memory mat formed therein are
illustrated in the same drawing. However, other
semiconductor memory devices according to the present
invention are principally used as the failure save or
relief memory employed in the semiconductor memory
device showh 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 addrgss
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 kpown technique
for manufacturing the semiconductor integrated circuit
in the same manner as described above.

Each of memory mats employed in the present
embodiment is compoéed of a memory array, an X decoder,
a sense amplifier and a ¥ decoder configured in a manner

substantially similar to those shown in Fig. 1. Since



Al t hough .ot shown in the sane 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 woPd M ne is performed and a read
signal of AV is obtained at either one of the pair of conplenmentary bit
lines BL and /BL and anplified by the correspondi ng sense anplifier. The
original stored information is witten into a selected nenory cell so that
a refresh operation is perfornmed. Upon the wite operation, a wite enable

signal /VWE is rendered lowin |evel. Cbrrespondingl¥ an in u%ébuffer

becones ef f eghievpreisent! iethbodimeat: dswsete LorghaPri he,g8eu 8™ he

correspondi ng pair of input/output lines I/QO. A CO'”%%@%SO| w%'systen)
I

address si gnahaADRY 4 scapmled Eori BasyineheanFehififh 3 b® of a col umn
address st rObsi:istlc%n?:lir/cﬁqSt aar::de cci:?nci%cii:ee% so as to be able to cope with
the case where a failure occurs in each memory mat.

Although a particular restriction is not made
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
maﬁs are electrically connected td their corresponding
separate data terminals DO through D15. 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 I0B0 through IOB3.

An EPROM for storing addressés 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 the present
embodiment is not in the sense of being renewable

(erasable & programmable) but in the sense oﬁ using an

electrically writable memory cell identical to that



- 23 - toforma select signal YS for a pair of conplenentary bit |ines.
Thus, the columm swi tches MOSFETs QL2 and Q13 or the |like are turned on so
that the selected conplenentary bit lines BL and /BL in the correspondi ng
menory array and their corresponding pa?ﬁ Of input/output lines I/0O are
respectively connected to one another. Therefore, since the wite signal is

transferred to the selected pair of conplenentary bit lines BL and /BL, the
| evel held by each storage capacitor Cs of the nmenory cell is changed to,
for exanple, a high level corresponding to the wite signal. Layout plans

of menory arrays show ng one exanple of the dynam ¢ RAMto which tgg
cordi ng

igV?Réion iseﬁﬁﬂggﬁ . id @hghewewnnEPROM. 5Nanelg. the EPROM d SREGe

present “enbodi nent is not restricted in_particular byt has a storage

capacity of aRoat ROMVFirS disabling an ultraviolet rays erasing
functién thereof and capable of writing data therein
only one timé. An EPROM control circuit is of a control
circuit for writing data into the EPROM and reading it
therefrom.

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 ijndicative 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
mémory 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 flag 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
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one example. The nost signifi mnbi an access nmade in a one-bit unit as
assigned to aBre@ERon i.Q&Q Ho;;gn; he;zrlx;z anghX12 of an_X address are
X1l are respective?? ggs?gned tg me i gﬂ§r§§§.§ﬁ§ﬁ§§§ [ x11 and
by eight witigighal¥ inputted theretgogﬁdaggg¥252|%h%ggmggggntﬁgagrOUps set

from the EPROM are compared. When the flag bit is made

jnvalid at this time, an qutput indicative of the result

of address comparison is rendered invalid. Namely, this

is made to prevent 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 ¥ address, the precedently-
input X address is first compared with the address
information. If they match each other at this time, a
row-system selecting operation of a memofy 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 memory mat is not finally
selected and hence only a refresh operation is carried
out within the corresponding memory maﬁ.

A compare match or coincidence signal formed
in a memory mat unit by the address comparison circuit
is supplied to an output selection circuit. Namely,
when a mémory 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.



decoders YDEC as the center. A lower half specified by the X11 is omtted
In the sane drawi ng. The eight nmenory 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 assitg@®@d-to the four menory arrays on the
| ower side L is showmn by way of illustration as relative nagnitude.

Al t hough not shown in the sanme draw ng, addresses /X9 and X9 are

respectively assigned to nmenory arrays provided by two, which are divided
wi th each sense anplifier as the center. Addresses /X8 and X8 are
respectively assigned to nenory arrays divided with each sense anplifier as

the center. ﬁlra% ¢2cea@ 1MeCreed aemaryamatoisr accessedi iNARRETRL and
out-of -mat i Aput/output lines I/O provided in the Iongitudin%l vertical)

di rection of abpyecllialcTatied manriey andpiieseea thér QPEFAFPIVNEE ZRYX decoder
and a mat control circuit VATCTRL, and °“t1°f'-%gtig“%g%goggagt,lineS-
I nput / out put gt &ff ahe datauiinput/output circul

whereby a write or read operation is performed.

A circuit diagram illustrative of examples of
the address comparison circﬁit, the output selection
circuit and an output driver is ;hown 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 ig of a low level
indicative of 0, fbr 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
sigﬁal Al2 is high in level, then a mismatch signal is
outputted as a high level. When thg information stored
in the EPROM cell is of a high level indicative 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



25 - such as input and output buffers on the address and 1/0O sides are
provided in the |ongitudinally-extending center of the chip. Arrows affixed
to the nmenory mat indicate the directioy of addresses. Nanely, refreshes
are successively carried out toward the BiTection fromtop to bottomin the
" same drawi ng. Wen the refreshes are perfornmed in turn in the direction
.indicated by the arrows shown in the sane draw ng, 8192 cycles are reached.
Thus, if the nmenory access is restricted, then all the refreshes can be

conpleted in 1024 cycles by simultaneously selecting nmenory nmats desi gnat ed
by the addresses X12, X11 and X10, for exanple, and sinu]taneous

refreshing the ehobttimapra match on coimeidencsiyHIRdt 1% ?“EpEggﬁﬂn
direction is carried . . )
as a low level. If the address signal /Al2 is high in
level, then a mismatch signal is outputted as a high
level.

An operation for performing a comparison
between each of other address signals Al0 and /AlO 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/outpﬁt lines I/O to an output terminal Dj in
response to a low jevel 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 gafe G2 constituting the
output selection circuit remains at a high level
regardless of the low jevel of the control signal
WE./OE, whereby the outpﬁt driver remains at an output
high impedance. Although circuit symbols affixed to the
gate circuits shown by way of illustration overlap with

those shown in Fig. 8 to prevent the circuit diagram



out in sueh a manner that the nost significant bits /Y12 and Y12 of a Y
address are assigned to the left and right sides with the Y relief circuit

i nt er posed t herebet ween. Address signal% /YI'l and YI|l are assigned to the
menory arrays divided into the left and 9i§ht sides with the X decoder XDEC
and the like as the center. Further, the /X10 and X10 are assigned to each

I ndi vidual nmenory array. In the present enbodi nent, the whole is divided
into eight blocks, which are used as the nenory - 26 - mats. The nenory
accesses are finally carried out in units of the menory mats. \Wen the
whol e is divided into eight blocks by the X12, Xl| ,and

menory arr ay ¥ rd ibdeoriing compdleandnt kael sAgL FIANAN i they %%reb$l§t 'Y
decoders YDEC are respectively i .
to implement separate circuit functions.

A schematic block diagram of a further
embodiment of a semiconductor memory device according to
the present invention is shown in Fig. 11. Respective
circuit blocks shown in the same drawing are used to
principally describe the relationship between the memory
mats and input/output circuits I0B shown in Fig. 9. A
mat selection circuit shown ih 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 comparisonacircuit compares
failure address information stored in the EPROM and a
mat address corresponding 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
replaéed 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.



regarded as a single menory mat in Figs. 5 and 6. Further, when it is -
desired to simultaneously select the four pairs of bit lines within each
menory array as descri bed above and allow the selected bit Iines to provide
outputs as they are, the X and Y addr&s$8s~are respectively reduced by one
bit. Therefore, the above address assignnent is perfornmed such that the
X12, X11 and Y12 are respectively set to the XI|I,- X10 and YlII. In this
condition, the single nenory mat nay be accessed in-‘4-bit units. However,

if this processing exerts bad influences on the nmenory access, such as an
increase in |oad inposed on a word driver due to an_increase_in the nunber
of conplementary bit |igges masoseaeet mighad ssnysedwsPdfipraélind an

i ncrease in the nunber of nmenory cells connected to the word | ine,.then the
Menory arraygelfeytbeneonknguyenatofaom shsefourt ABMOTH PAREd i ™ Beor d

:ine di rection. Thus, va[ious enbodi ed cogtigugggi ”%dﬁ%@sges§88236d as t he
ayouts of thaddress multiplex system 1n whic
and the Y address signal are input and the X address or
the Y address is assigned to the corresponding memory
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. 1f matching is obtained
even by the Y address, then an input/output circuit is
selected correspondingly and hence one memorx mat is
finélly 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



2ddrcas Si gnai and the v address signal as deseribed above a v address |
paced 0 S0 oot v tind {ats and Tl sl ooy T2
i C , ! e single menory mat is
s vatod based on (1t el et gnal fhe ey ccess I
he above o ght memory mats. Further. the input/output. buff Kagdress, o
i ; o ' uf fer associ
g operations are perforned on other
one relief memory is combined with the four body
memories.
Fig. 12B indicates a memory module in which
memory accesses are perf@rmed in units of 18 bits in
total, whicﬁ 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 parallél-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 memorj 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 of which is X

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

mounted.



menofy mats, a refresh operation is carried out as it were. Only a single
menory mat designated by the X address al one and including a rowsystem
address selection circuit and an input buffer for inputting an address
signal and the like may be brought i n+o4an-operating state. Wien done in
this way, the X address for specifying the word Iine, which is supplied to
the inside of the nenory mat, and the Y address are kept off-bal ance.
However, the relationship between the bit lines and word |ines within each

menory array can be - 28 - optim zed by means or contrivances such as a
means for assigning a plurality of pairs of bit lines to a single Y address

and performng nemory aeEESSER h8 pRttsceiad pestaictjons ares, etc.

imposed on the body memories, faulty or imperfect memory
mats are réspectively selected to the body memories one
by one. Further, the body memories are provided on a
mounted substrate such as a printed board or the like
constituting a memory module. A fuse is blown out in
correspondence with each of the défective_memory mats
provided withis 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 dhe to the cutoff of
the above power circuit and the output high impedance of
the input buffer or the iike. In the relief memory,
faulty addresses for the faulty memory mats are stored
in an EPROM thereof.

Dasa 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 relisf memory is accessed
so that the input and output of data are performed
through the data terminals commonly provided on the

mounted substrate.



A schemat k€ bl ock di agram of one enbodi nent showi ng a sem conduct or nenory
devi ce according to the present invention is shown in Fig. 7. Respective
circuit blocks shown in the sane drawing are used for describing the

rel ati onship between the nenory mats, the multipl exers MPX and the

I nput/output circuit 10B shown in Fig. 1. An output selection cut-off

circuit shown in the sane drawi ng conprises the mat decoder MATDEC and the
output control circuit OBC. The output selection cut-off circuit has the

function of perform ng control on the normal operation of the data
I nput/out put buffer 10B in response to failure or malfunction information

MFO through 7 from faulfy pf tH@eifexdntrembodimeant; imwhighe®ach gnal s from
the mat decoder MATDEC.and a control signal outputted fromthe control

circuit and hsédyginmemery ops e el feved riro amenniitbiagh Yiidedshce in

response to an output operation given fromeach inperfect ”E”nyéfai-

Nanel y, when tdplacédlby seheatémory mabfpreyided tin AnQLhRy nkf
memory, the relief memory mat large in circuit scale is
not formed in each body memory. It is therefore
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-inlredundant 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 substahtially commercially available.
Thus, product yields can be substantially enhapced as a
whole.

A block diagram of another embodiment of a

memory module according to the present invention is



operation;,the input buffer of the data input/output buffer is brought into
an operating state and the output - 29 - buffer is brought into an

out put hi gh i npedance upon a wite operation. Upon a read operation, the

i nput buffer is brought into an output” ﬁ%ﬂfinpedance and t he output buffer
I's brought into an operating state. Wien no nenory is accessed, the input
and output buffers are both brought into the output high inpedance. Wen a
read instruction or designation is issued fromthe correspondi ng i nperfect
menory mat upon the read operation in addition to such operation control,

the output buffer is brought into the output high i npedange. Each nat
sel ect signa@hbwﬁninanﬁggnaw.fomhmh@ngﬂa&ﬁiamhogﬂmﬁnﬁuﬂﬁiﬁP@f@% ovi ded so

as o cort esr}%r:td tth(; iur;peu tc:fglg I[r)ul:etmo(;:iyr ?nlgéusl.el /icrp wﬂrc%” %bamlo/r%s a%fce%%(é@
are made in units of 32 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 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 ﬁhat 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 iﬁ Fig. 127, for example, they can be
relieved. At this time, input/output terminals
associated with the two memory mats in the relief memory

are parallei-connected to input/output terminals DO



menoky mat . When an input/output buffer is provided in the data

| nput/output circuit of each nenory nat as in the case of the

af orenenti oned enbodi nent and the function of forcedly bringing it into an
out put hi gh i npedance based on the malf dftion information is provided, the
correspondi ng nul tipl exer can be omtted. Wien such a nultiplexer is
provided to the contrary, the aforenentioned input/output buffer can be
omtted frombeing provided on the nenory mat side. Nanely, the same out put
hi gh i npedance as descri bed above may be created by each nultipl exer. Wen
done in this way, a control signal inputted to each nmultiplexer is regarded
as a - 30 throtigh 93 Fotndachbbaidye themp rAfiDivhd cirelaren simdd arnfter mat i on MF

froma nenory mat "and a correspondi ng mat sel ect signal. .

' the input/output terminals. A non-defective chip with
no defective memory mats is used for at least one body
memory of the remaining three body memories.

In each body memory, each memory mat assigned
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 mgmory
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 FPig. 12A., Since a semiconductor integrated circuit



A ciecuit +di agram of exanples of the output control circuit OBC and the

OB is shown in
Fig. 8 1In the output control circuit, mat select signals MSO and MS7 shown
as typical ones by way of illustratiorr &% al function information MFO and
MF7 associated with these signals and supplied fromunillustrated nenory
mats MATO and MAT7 are respectively supplied to AND gate circuits Gl and
&. Unillustrated other mat select signals and nmal function information
associated with the signals are also supplied to their correspondi ng gate
circuits in the sane nmanner as described above. Signals outputted fromthe
AND gate ci r guivtizeClsaRdsS2 pradulded usiinigust phoedgrapbi cs Priingingat e

circuits are supplied to an OR gate circuit G3 from which a mask sh%pal VBK

out put buffers included in the data input/output buffer

i s produced. pildnidegie cithritiel isy@bhlighopossdbiid tyhshatop a1y

e 1

illustration overlap with those shown in Fig. 3 to.prevent the circuit
di agr am f r ompgaddald y devedoped time themsamea Bofg.t e RS i@ |Y§'€d

i mpl emrent separate

qq?e

where flaws are made in a mask pattern. In this case, a

body memory, which needs to relieve each faulty memory

mat assigned 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'qhanged to separate

addresses when the memory mat is regarded as the memory

module.



~ Circwit fumctioms. A wite enable signal VE and an output enable signal /OE
are supplied to an AND gate circuit &4 where - 31 - an output contro

signal OCis formed. Nanely, where the output enable signal /OE is high in
| evel when a read operation is designété& according to a high level of the
wite enable signal WE, each output buffer is brought into a non-operating
state. Further, the control signal OCCis rendered lowin level in
synchronismwith a low | evel of the signal /CE to active each out put
buf fer. \When, however, a nenory access is made to an inperfect nmenory nat,
a mal function or failure signal MFi and a mat select signal MSi are both
brought into high | evelas faowichalr tt fermdeisceiipiag poret8OdeRfer ed hi gh

assembling a memory'module according to the present

invention is shown iﬁ Fig. 15. In a chip selection

process, it is determined or judged in Step (1) whether

a failure occurs. If the answer is YES in Step (1),

then a defect-free one is shipmented as a completed 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 cgrrent) 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.



in | avel . *FThus, .even when the wite enable signal WE is rendered high in

| evel and the output enable signal /OEis rendered fowin |level, the gate
of a P channel output MOSFET QL of the correspondi ng output buffer is
supplied with a high I evel through an-ORTgate circuit G6 in response to the
hi gh | evel of the mask signal MSK and the gate of an N channel output
MOSFET 2 thereof is supplied with a low | evel through an AND gate circuit
G7 in response thereto. Therefore, an output term nal DO of the

correspondi ng out put buffer is brought into an output high inpedance.
Qut put buffers connected to other three data termnals Dl through D3 are

set in the same manner gs (RS HdMAY M@ule assemddingApscieefdd & bl ock

di agram show ng anot her enbodi nent of a sem conductor nenory device

according tocheck is performed on the relationship between the
number Fm of the relievable memory mats and the number
Rm of faulty memory mats in each body memory. If Fm <
Rm, then a body memory is combined with a relief memoryf
At this time, as the body memory to be combined
therewith, is selected one wherein only one set of 1/0
in the relief memory is brought into an active state to
avoid overlapping of addresses in the correspondiqg_
faulty meﬁory mat with each other, i.e., to maintain
high—épeed 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
addréss spaces overlap eéch 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



the presentc invention is shown in Fig. 9. A schematic entire block of the
sem conductor nenory device and an enl arged bl ock of a single nmenory mat
formed therein are illustrated in the same draw ng. However, other

sem conductor nenory devi ces accordi ng #8 the present invention are
principally used as the failure save or relief nmenory enployed in the

sem conductor nenory device shown in Fig. 1. Therefore, portions different
fromthose enployed in the sem conductor nenory device shown in Fig. 1 are
principally illustrated in the same drawi ng. Thus, an input buffer supplied
w th address signals and control signals, a control circuit and a substrate

vol tage genepfabbRYng! EREI DC plierenbi nhingethecEuBaE§oRoPLt he seni conduct or
menory device, are Omtted. Respective circuit blocks sh

0 in the sane
drawi ng are EQEEE@i@ElaySBagheasénbcbhgugﬁﬁltguﬁgﬂPéfeméﬁgﬁr8§
nonocrystalline silicon by the known techni que for uf act urLag t he
seni conduct obthetregiat also additionalh¥ Pﬁﬁﬁlﬁﬁﬂnépngged%(?#.ebgd above.

embodiment. Namely, the function is also used for
supplying an electric signal eqdivalent to the b;owing
of the fuse Fuse for electrically separating the above
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
ﬁemory mat side. The signal supplied through the signal
line forms the above malfunction signal MF based on a
signal from the fuse Fuse and a logical OR signal to
thereby control switches SW1, 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 6n a semiconductor wafer.
Thus, a DC cﬁrrent check signal generating circuit is
provided in the present embodiment.' wWhen 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 signa; is suppiied in units of
'memorj 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



Eacheof nmerory mats enployed in the present enbodi nent is conposed of a
menory array, an X decoder, a sense anplifier and a Y decoder configured in
a manner substantially simlar to those shown in Fig. 1. Since - 338 -
the present enbodinent is set forth on #Be~assunption that it is used for
saving or relief, a fuse and a switch circuit are omtted so as to be able
to cope with the case where a failure occurs in each nenory mat. Although a

particular restriction is not made in the present enbodi nent, the nunber of
menory mats is set to four as a whole and input/output |ines of the

respective nmenory mats extend as they are so as to be supplied to their
COFFeSpOﬂdingeggggtkgarkggﬁ:Euacctaﬁmhta beBaefactugnescrat eKesHatd

i nput / out put cui rough |1 OB3 associ at ed mﬁthtgh% QEQDE%
the corresponding memory mat and the cause tha
current flows in other memory mats exisgs.

When a memory 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
1ike 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 de
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.prgsent
embodiment, the dc failure in thé memory mat units can
be simply found out by simply performing the above test
eight times when the memory mat is divided into eight as
described above. When the dc current does not reach the
allowable value 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. 1In the me@ory



mats*are electrically connected to their corresponding separate data
termnals DO through D15. Nanely, the four data termnals are respectively
provi ded so as to correspond to the data input/output circuit associated
with each menory nat. The sixteen data t58 minals DO through D15 are
provi ded so as to correspond to the four sets of data input/output circuits
| OBO through 10B3. An EPROM for storing addresses for an inperfect or
faulty menmory mat therein is provided to principally relieve its failure or
mal function in a menory mat unit. The EPROM enpl oyed in the present
enbodi nent is not in the sense of being renewabl e (erasable & programmabl e)
but in the sgpa1ef aédording toethel paiesentr embbddmentsr podyl | identical to
t hat - 34 - enployed in the known EPROM Nanely, the EPROM is used

memories and a relief memory are placed on the surface

of a mounted substrate such as a printed board or the

l1ike. Namely, when the memory module shown in Fig. 12a

or Fig. 14 is configured, the body memories are mounted

thereon so as to be divided by two from side to side

with the relief memory as the ceqper@gaEach I/0 line

group for the relief memory is electrically connected

to a terminal group connected to input/output terminals

of each body memory by printed wiring or the like. In

the same drawing, four sets of 1/0 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 respéctive 1/0 terminal groups for the

relief memory are respectively connected so as to

correspond to four input/output terminals for the body

memories.

A schematic configurational view of a still

further embodiment of a memory module according to the

present invention is shown in Fig. 18. 1In thg memory

module according to the present embodiment, both

surfaces of a mounted substrate such as a printed 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



as a*ROM fiqr disabling an ultraviolet rays erasing function thereof and
capable of witing data therein only one tine. An EPROM control circuit is
of a control circuit for witing data into the EPROM and reading it
therefrom When the sem conductor nmenofysldevice is conposed of the above
four menory mats, for exanple, four bits conprised of addresses set by
three bits associated wth each of the nmenory mats MATO t hrough MAT7 of the
sem conductor nenory device shown in Fig. 1 and a flag bit indicative of
whet her the three bits are valid or invalid, are assigned to each nenory
mat so as to correspond to a single word line. Sixteen nenory cells are

connected in t0 ' fs 4 18 d.ourg (ByNOr in&ife Sékeen ramewour
menory mats atrheé g%"}ﬁél};slte%% or atfllu&re rdel [ ef(,rmfor exanpl e, the addresses

assi gned t0 eAchy JEPINedBibeVY), (¥t |/ tiind rpfiusp ifior ofhe/atelfiaf) of the

addresses are witten 1 n accordance with a conbination of 0 and 1.

' memory is electrically connected to a terminal group
connected to input/output terminals of each body memory
b& printed wiring provided on the reverse side. Since a
memory module relieved by the relief mémory and a memorf
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 signals 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-in
redundant circuit occur on the body memory side after
assembly of the memory module, they can be relieved by
the relief memory when a non-used memory mat exists in
thé relief memory. Since, however, the input/output
terminals associated with each memory mat provided in
the relief memory are respectively connected to the
input/output terminals of each body memory in the memory

module, the corresponding relief is limited to the case



When*a nenory access is made, the above word line is selected and address
signals and flag bits associated with the four nenory mats are read out and
supplied to an address conparison circuit. The address conparison circuit
conprises four conparison circuits - 5%~ corresponding to each nmenory
mat, where the address signals inputted thereto and address information
read fromthe EPROM are conpared. Wen the flag bit is made invalid at this
‘time, an output indicative of the result of address conparison is rendered
invalid. Nanely, this is made to prevent a nmenory mat brought into 000 or
the Iike due to being unused for the failure relief from being selected
when a Menor yhstte ttie £2ilQQe vcepesi fine¢achhbedynneaerys Plagepecifying a

menory nmat .
under the above connection relation.

A fragmentary schematic view of a memory board
showing a memory storage unit employed in a computer
system to which DRAMs (dynamic RAMS) according to the
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
connected 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 buses 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 menmory

board or each memory module.



conpri ses:an X address and a Y address, the precedently- input X address is
first conpared with the address information. |If they nmatch each ot her at
this time, a rowsystem sel ecting operation of a nmenory nat associated with
its matching is performed. If it is ju®fed fromthe input of the Y address
that it is of a mismatch address, then the nmenory mat is not finally

sel ected and hence only a refresh operation is carried out within the
correspondi ng nenory mat. A conpare nmatch or coincidence signal forned in a
menory mat unit by the address conparison circuit is supplied to an out put
sel ection circuit. Nanely, when a nmenory access associated with an

i nperfect menory mat | Thededyo memoir iise accesdingatts ithe B eS&Rtconduct or

menory device according to the present enbodi ment in - %P -
embodiment are not limited to the case where they are
used in combination with the relief memories when
imperfect memory mats exist therein. Namely, other
memory mats can be effectively utilized in theory in a
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 operability.

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 corresponding to a
memory 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 memories. Namely,
each of the relief memories can be utilized as a |
separate semiconductor memory. Since the semicoqductor

memory according to the present embodiment is equipped



pl ace of tthe inperfect nenory mat is accessed in the above-described manner
and hence the operation of any one of the data input/output circuits is
made valid, whereby a wite or read operation is perforned. A circuit
diagramillustrative of exanples of tfﬁa%ﬁkﬂess'conparison circuit, the

out put selection circuit and an output driver is shown in Fig. 10. As one
circuit CAM3 in the address conparison circuit is shown as a representative
by way of illustration, a pair of conplenentary address signals Al2 and

[ Al2 is captured through transfer gates MOSFETs Ql through Q4
switch-controll ed based on information stored in an EPROM cel] and its

i nverted si gndlth \When REROM nfdesiotedaddresses cahdemiamandd D a | ow

| evel indicative of 0, for exanple, the P channel MOSFET QL and the N
channel MOSFEReQBysietes pdianely i @ 198 igRf AAArEsHA2Pe A1 MWGRd on.

When the address signal Al2 is lowin level at this ti ¢l or
coi nci dence $iyyreembining An tadfzess /P9 1£0 1§ ‘?%or}ea)'dcﬁa}:e@ dE

each memory mat and an address for specifying the
corresponding memory mat. In a small microcomputer
system such as an electronic notebook or the like, other
memories such as RdM, etc. and input/output devices are
assigned to a relatively small address space.

Therefore, a desired.addreés, 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 address—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. Further, 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



signal Al2iis hi.gh in level, then a msmatch signal is outputted as a high
| evel . When the information stored in the EPROM cell is of a high |evel
indicative of 1 to the contrary, the P channel MOSFET B and the N channel
MOSFET Q4 corresponding to the address™s¥ymal /A12 are turned on. Wen the
address signal /A12 is lowin |evel - 37 - at this tinme, a match or

coi nci dence signal is outputted as a low level. I'f the address signal /Al2
is high in level, then a msmatch signal is outputted as a high |evel. An
operation for perform ng a conpari son between each of other address signals
A10 and /A10 and All and /Al and information stored in each EPROM i s al so

simlar to thamabwe TRFPE/SuERe ain e faben il leadie Hudys mematie ashr ee- bi t
-address signals Al10 through

they are. Further, the remaining storage circuits such

as an EPROM, etc. and address comparison circuit and the

like may be designed anew. In this case, however, a

large burden is not produced because a circuit scale is
small.

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

(1) 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 signal is decoded by an addrésé 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 pluraliﬁy 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 amplifief and its corresponding memory cell

based on the malfunction signal stored in the storing



Al2 match*with the information, an OR gate circuit Gl produces a conpare
coi nci dence signal lowin |evel and nmakes the operation of the output
driver valid or effective. Nanely, the output driver transfers signals on
i nput/output lines I/Oto an output ternd®matr Dj in response to a | ow | evel
of an output control signal WE./OE. If even one bit msmatches with the

I nformati on and thereby a m smatch signal is produced, then the OR gate Gl
forms an output signal high in level. Therefore, the output of an OR gate
& constituting the output selection circuit remains at a high |evel
regardl ess of the low |l evel of the control signal WE. /OE, whereby the

out put drivermé£m@i NSTis Ara®Ué PEécti cam i bepeuicought mhaudthat i8R Zynbol s

affixed to the gate circuits shown by way of illustration overlgghg%th

t hose shown idc FEgil@ré copeereninttike ctorrespendifih femory mat,
a memory mat can be electrically separated from others
and used as a semiconductor memory device which makes
the most of the remaining portioms.

(2) An 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 signél is
decoded by an addréss selection circuit to thereby
select a ﬁemory 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 writteh 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 1nput/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



- 38+ from becom ng conplex in the sane drawing, they are used to

I npl ement separate circuit functions. A schematic bl ock di agram of a
further enbodi mrent of a sem conductor menory device according to the
present invention is shown in Fig. 11— Rdspective circuit blocks shown in
the sane drawing are used to principally describe the relationship between
the nmenory mats and i nput/output circuits 10B shown in Fig. 9. A nat

selection circuit shown in the same drawi ng conprises an EPROM an address
conparison circuit and an output selection circuit such as those shown by
the specific circuits in Fig. 10. The address conparison circuit conpares

failure addr ggse ddtignHE UhesSlsdicefhd inphe BREGdramt dheaoudddtess
corresponding™to the failure address information and produces or fornms a

signal for sejyHen®Dtheicormeeponding menardedads afgh L. ClEAA? si gnal

outputted fromthe address conparison circuit is also,
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 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 wﬁere a plurality of word lines
and a plurality of bit lines intersect, and a 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



sent :to the output selection circuit fromwhich a select signal for making
effective the operation of an input/output circuit associated with a nmenory
mat to be replaced in place of the inperfect menory mat is forned. Although
i nput buffers are not shown in the same 3 awi ng, address signals
transferred to the individual nmenory mats are captured through the input
buf f ers. - 39 - Each mat select signal is used to finally select one
menory mat fromthe four nmenory mats. In the address nmultiplex systemin
whi ch the X address signal and the Y address signal are input and the X
address or the Y address is assigned to the corresponding nenory mat as the
address for tyasd@eN ke tma PRrmtasion lsidraio\sdonade d nrdthenistPL bt ai ned
by the X address alone, a row system address selectin%ioperation i S
performed by 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 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 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, 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 written 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



its corresponding nenory mat. |If matching is obtained even by the Y
address, then an input/output circuit is selected correspondingly and hence
one menory mat is finally selected in place of the inperfect menory mat. If
~the Y address nismatches, then only the +ow syst em address sel ecting
operation is perforned and hence a refresh operation is effected on such a
menory mat. Bl ock diagrans of one enbodi nent of a nmenory nodul e according
to the present invention are shown in Figs. 12A and 12B. Fig. 12A indicates
a nmenory nodule in which nenory accesses are nade in units of 16 bits. In
Fig. 12A, sem conductor nenory devices each equivalent to that ip

own in
Fig. 1 and i reashibeh meldnimved one shes mouategd Subs trates g cpmiination,

provi ded as body nenories so as to be parallel-cgﬁg&cted %3ﬁ$neiggfther as
four in totalwitkhushe tiHer steranmicondupsor MEROTY AFVHGE WhihG (45 16 bits

whol e. h . . . .
2 & Whete (%hé”first semiconductor memory device in which failures

exist in memory mat units, thereby making it possible to
enhance substantial yields of semiconductor memory
devices. _

(4) An effect can be brought about that
failures in units of the word lines or bit lines can be
relieved by é 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) Bach 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
méking it possible to bring about an effect that the
function of efficiently detecting dc failures in memory

mat units can be added.



- 40+ seni.conductor nenory device shown in Fig. 9 defined as one relief
menory is conbined with the four body nenories. Fig. 12B indicates a nenory
nodul e in which nmenory accesses are perforned in units of 18 bits in total,
whi ch conprise data of 16 bits and parit§0-bits PO and P1 corresponding to
two bits. Therefore, sem conductor nenory devices each equivalent to that
shown in Fig. 1 and in which nenory accesses are nmade in units of 4 bits,
are provided as body nenories so as to be parallel-connected to one anot her
as five in total. Thus, the nenory accesses are perforned in units of 18
bits as a whole. A half storage area corresponding to the renaining two

bits in the body menory( gy mhiwde tfiestarseni dunduchor semasy, devigs, used.
O her semiconductor nmenory device shown in Fig. 9 defined as one relief
memory is corgidasemiddndietds \wenmry devices having failures at
memory mats provided at the same position physically
exist and address signals for designating memory mats
are inputted from address terminals different from one
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 specificélly 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
memory mat to be selected can be judged from an address
input in this case, only the specified memory mat can be
activated even when the Y address is assigned to its
corresponding address for the memory mat. In a rglief

memory, the above EPROM, an EPROM constructed on the.



menory es. *Here, .menory mats, which are five in total, are respectively used
so as to correspond to the five body nenories. However, two of I/O bits
whose parts are nondefective articles (e.g., two bits of four bits are
nondefective articles) or two DRAMs (eacht of which is x 1 bit type) which
are a generation before, may be nount ed. -41- Al though no particul ar
restrictions are inposed on the body nenories, faulty or inperfect nmenory
mats are respectively selected to the body nenories one by one. Further,

t he body nenories are provided on a nounted substrate such as a printed
board or the like constituting a menory nodule. A fuse is blown out in

cor r espondengsy ¢édhd £ ofhdherslafeiing inenpenfomted prawialetise AN t he

body nenories one by one to thereby
be used as a storage circuit for storing each address of
the memory mat. In this case, the fuse may be one
melted by allowing current to flow therethrough as well
as blown by a laser beam. Since the stored information
is relatively small as is in the case of 16 bits or the
like as described above, an increase in occupied area
presents no problem as compared with the case where the
EPROM is mounted, thereby eliminating the need for
addition of a manufacturihg process.

Layouts of a memory array, a seﬁse amplifier
and a deéoder 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.

Advantageous effects-obtained by typical ones
of the invention disclosed in the present application
will be briefly described as follows: Namely, a circuit
configuration is adopted which inclqdes 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



prohisbit a.subst.antial access from being made to each faulty nenory mat and
prevent a dc current fromsteadily flowing into the faulty nmenory mat due
to the cutoff of the above power circuit and the output high inpedance of
the input buffer or the like. In the rel%f menory, faulty addresses for
the faulty nmenory mats are stored in an EPROM thereof. Data term nals of
each of the body nmenories are parallel-connected to data term nals of each
menory mat, which are associated with those of the relief nmenory on the
nount ed substrate. Thus, when an access to the inperfect nenory mat in each
body nenory is nmade, the nenory mat provided in the relief nmenory is

accessed SO tduodd® by Rl A8t eds Pelenftidat @ iamom ifetiootnet el ough t he

data term nals comonly provided on the nounted substrate,.
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
means. Thus, when a dc failure 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 rémaining portions.

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



- 42+« As i.n the present enbodi ment in which each body nenory to be
relieved in a nenory block unit is replaced by the nenory mat provided in
another relief menory, the relief nenory mat large in circuit scale is not
formed in each body nenory. It is theref6ék e possible to reduce an area
occupi ed by each body nenory and i ncrease the nunber of nenory chips
formable froma single sem conductor wafer. Menory 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 conmercial stage as
nondef ecti ve- ones. The nenory mats that cannot be relieved by the built-in

redundant ci ggdd 3 i) andge ahwikealdt ydeifediiitya inesd integsest Bind | ines is
greater than the nunber of spare word Iines or bit lines or due to the

occurrence oleattl@dnpriging & @acegd depuds budifiey ifogerRSOivaRGs & n units

of menory mats w thout being abandoned as in the conventional exanple and

the fuse i s kjigmalowo ibe 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
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 semiconductbr_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
thé 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



condition.*Mhen ¢ hey are used as the nenory nodul e, they are conbined with
an additionally-prepared relief nenory so as to be substantially
comercially avail abl e. Thus, product yields can be substantially enhanced
as a whole. A block di agram of anot her~edboti nent of a menory nodul e
‘according to the present invention is - 43 - shown in Fig. 13. The
present enbodi nent is intended for the use of a nenory nodule in which
menory accesses are nade in units of 32 bits. Therefore, sem conductor
menory devi ces each equivalent to that shown in Fig. 1 and in which nenory
accesses are made in units of 4 bits, are provided as body nenories so as
to be paral | elecsde® Becan address aelectioni gircuit it Aherghls, the nenory

accesses are performed in units of 32
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 pluraiity 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
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 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 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.



bits \as a whol e.. O her sem conductor nenory devices each shown in Fig. 9
defined as two relief nmenories are conbined with the ei ght body nenories.
The relief of the defective nenory mats in the body nenories is simlar to
that nmade in the enbodi nent shown in Frg83 12A and 12B and its description
will therefore be omtted. Each of the body nmenories nounted on the nenory
nodul e- does not necessarily need to have one faulty nmenory nmat. Nanely, the
i nperfect menory mat may exi st in each body nenory so as to fall within the
range of the nunmber of nmenory mats provided in each relief menory. Even
when two faulty nmenory mats exist in each body nenory in Fig. 12A, for
exanpl e, theypgande, £l depestivé ohifadlte memguy /matt dig terninal s

associ ated with the two menory mats in the relief mem)rg/_ are

par al | el - conngré@er ical Dpusépat gted tfrom refhe® in the first
semiconductor memory device. In the second
semiconductor memory device, address information
associatéd 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 té 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
semiconductor memory deviée in which failures exist in
memory mat units, thereby making it possible to enhance
substantial yields of semiconductor memory devices.

Failures or defects in units of the word lines

or bit lines can be relieved with 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. Substantial product yields can be enhanced by
combining the present relief with the relief of the

failures in the memory mat units.



- 44 + through B3 for each body nenory, which are simlar to the
I nput/output termnals. A non-defective chip wwth no defective nmenory mats
is used for at | east one body nmenory of the renmining three body nenories.
In each body nenory, each nenory mat assh§med to the sane address may be
regarded as faulty. Upon such addressing in this case, all the body
menori es are substantially brought into a non-operating state and
alternatively all the menory mats in the relief nmenory are sinmultaneously
selected so that the witing and reading of data DO through D15 or the |ike
are perforned. In doing so, however, a |oad inposed on a specific address
as seen froma bus drivedch Net@fises nearnsaefismred oy dbowE dshe present
enbodi ment, thereby causing variations in nenory access. It is therefore
desi rabl e t hagréhded deists esn aispumn ezl ect nade R tinputting the same

electric signal as when malfunction information is

equivalently written and the input electrode is supplied

with the electrié signal based on probing or a control

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 address terminals different from one another to

thereby regard equivalently-different memory mats as

faulty as seen from a second semiconductor memory

device, whereby burdens as seen from the bus driver side

can be distributed so as to prevent a memory operation

from becoming delayed.



menoryy mat's i n tshe body nenories are distributed within the nenory nodul e.

A bl ock diagramof a further enbodi nent of a nmenory nodul e according to the
present invention is shown in Flg 14. The present enbnd;nea%—qigggggﬁ
for the use of a menory module in whi ch nory access‘eﬂiﬁr%‘iﬁﬁrf i
units of 16 bits in the same manner as in Fig. 12A. § nce REBLACED 1

integrated circuit - 45 - device is mass-produced _photogr aphi-c——
printing technique, there is a high possibility that a fallurg 9r ap :
physical l'y devel oped in the sanme position as in the case mh ﬂ ‘ “““
made in a mask pattern. In this case, a body nenory, mhich seve

each faulty ngEaTyISECLARMEDNES to the sanme address, is nanufactured |n
| ar ge numbers.

1. A semiconductor memory device comprising:

a first input buffer fof receiving an address
signal thereih;

an address selection circuit for selecting a
memory cell based on the address signal input through
said first input buffer;

a second input buffer for receiving therein a
signal to be wrltten into the memory cell;

an output buffer for outputtlng a SLgnal read
from the memory cell;

a sense amplifier connected to the memory cell
so as to obtain the read signal;

sforing circuit for writing malfunction
information thereln, and

a power cut-off circuit for interrupting an
operating voltage to said sense amplifier in response to
the malfunction signal stored in said storing means;

wherein outputs produced from said first and -
second input buffers and said output buffer are brought
into high impedance based on the malfunction

information.

2. A semiconductor memory device according to
claim 1, further comprising:

x\._
\
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In the present embodi ment, the body nmenories each having the faulty menory

mat assigned to the sane address physically as described above are used. A

change in address is equivalently performed in order to avoid i nconveni ence
that the | oad or burden-inposed_on theé §Eb61fic address as seen fromthe

bus driver is incre | t he address signals TaAd E§§ d
to the body nenory Z@ﬁ!ﬁ‘mm im tted between two |b s%%g HAS].B jn
to the changing of t L _y" Ether menory mat i{s_| oglk P*#ﬁfpln eg

according to the relationship t hat ‘addresses i nputted fromthe outside are
reversely supplied even when a failure occurs in_a nenory mat assi,gned to
the same address physi @alrledundanite cixeaito fprnERdieVifge faly UL Fe &%ﬁresses
can be relatively changed to separate addresses when the neno&y mat is

ory

regarded as tind tmeiofr worddllimes and bit lines to which the me

cell is connected.

3. A semiconductor memory device according to
claim 2, wherein said storing circuit includes an input
electrode for inputting an electric signal corresponding
to the malfunction information, said input electrode
being supplied with the electric signal formed based on

a signal supplied from an external terminal.

4. A memory module having a plurality of
semiconductor memory devices, comprising:

a plurality of memory mats included in first
semiconductor memory devices of said plurality of
semiconductor memory devices respectively, said each
memory mat comprising:

| a first input buffer for receiving an
address signal therein;
an address selection circuit for
:selecting a memory cell based on the address signal

input through said first input buffer;

a second input buffer for receiving

therein a signal to be written into the memory cell;

- —

This Sheet Has Been Reﬁa’ced :
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- 46-* A fltowchant for describing a nmethod of assenbling a nenory nodul e

according to the~pL§§§g£dLg¥§ntion Is shown in Fig. 15. In a chip selection
process, it is determ ne —-udged in Step (1) whether a failure occurs.

If the answer is "ml m then— ®Uefect-free—ane is shippented as a
conpl eted non- de it is judged irTHEE GWEER)HASIBEEN)] t hose
having failures or defectsa regarded as havilng a REPLA@EB on-chip
relievable in units of word Ilnes or bit lines, it Ss—tten shi-prented as an
on-chip relievabl e non-defective product. The process until nowis

identical to a chip sel ection process for a dynam ¢ RAM having an on-chip

relievable function. The fung ldiithxft wfff@rmﬁmg: mmm lresi@nal he
menory mats in units of the menory nats is provided in the present

enbodi nent . Hi@fen tHe iMenory widdd in step (3) that a mat relievable
failure has occurred,

a sense amplifier connected to the memdry
cell so as to obtain the read signal;

storing circuit for writing malfunction
information.therein: and

a powef cut-off circuit for interrupting
an operating.voltage to said sense amplifier in response
to the malfunctlon signal stored in said storing means,

wherein outputs produced from said f1rst
and second input buffers and said output buffer are
brought into high impedance based on the malfunction
formation; and

second semiconductor memory devices of said

plurality of-semiconductor memory devices including
redundant memory mats for respectively relieving
defective memory mats in said first semiconductor memory

devices.

5. A memory module according to claim 4,
wherein external data terminals corresponding to the
defective memory mats in said first semiconductor memory
device and external data terminals corresponding to said

redundant memory mats in said-second semiconductor

ThlS Sheet Has Been Repl

I lll!



t hen-a ROWlf use .associated with a nmenory mat regarded as faulty is bl own
out. It is judged in Step (4) based on the electrical separation of the
faulty menory mat TTonrofhers whether a dc current (leak current) falls
within the aIIowabI W’”Thereaﬁer The nenory mat is transferred to
the foll ow ng nDdu cess as a non- def| C
relievable on a system n the nmenory mdi%ﬂ‘%% gé%:ess,
a check is performed on the refatTonshlp bet ween t h¢_nu Bt t he
relievable menory mats and the nunber Rmof faulty nenory mats in each body
menory. If Fm< Rm then a body nenory is conbined with a relief nmepory. At
this time, asndnsrpaibyigemiye (conrecsditednaaniher 9t 3daAt one

wherein only one set of I/Oin the relief nmenory is brourg into an active
state to substrate so as to correspond to One anothe
’_’/__.._—————’
eet Has Been Replaced

T i



avoi ¢ overl.appi ng of addresses in the corresponding faulty nenory mat with

each other, i.e., to maintain high-speed driving power on the relief nmenory
side. The selected one is regarded as a nmenory nodul e. s tine, a

met hod of performng a changi ng between addresses in the Higys
using the sanme in the above-described manner is also adgpted.p

address spaces overlap each other in qupg(G), t he over | appt
address spaces is brought into zero fromthe conbinati on with non-defeée
chips, whereby the resultant one is regarded as a nodul e non- defective

product. If the m x of the non-defective products cannot be nade, then a

chip conmbination is changed. A block diagramof a still further enbodi nent
of a sem cor@ycto nory device according to the present Tnvention 15
shown in Fi & {16.{ G function of
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- 48 - chefoki ngH—he—BG—current using the function of electrically
separating the f %é ﬁedf romothers is also additionally provi ded

in the present e the function is also u ,
an electric signal the bl owi ng of the fuse & SHEET HAS B ,fv
el ectrically separ ove fau é}ysrrermry mat and tlher ebREPLAGEDNG oOf f

the dc current in each rrem)ry mat uni herefore, a signal lTine for
supplying a DC current. check signal is provided on the nmenory mat side. The
signal supplied through the signal line forns the above nmal function signal

MF based on a sigfiall Trom({he TuSeé Fuse and a rogl car-OR sTgnar—ro TTier eby

control switches $M, SW2 and SWB and the L ke?dn the abodg test furicti on,
the DC current ché¢ck signa pliedsE Hta probe ugdn probing.
However, if done in this y, tten th fun% mos nmerely &Railable fior a
test on a sem congluctor waf'er. @ &
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Thus,* a DC=curﬁeﬁ%—eheGk“ngnal generating circuit is provided in the
pr esent enbodl Whien a dc current exceeding the allowable value is

detected, a test eedd on an address si gnal (afHlS n
si gnal and a DC ¢ ignal is supplied in unitfs"of. ﬁfﬁ@i'"-:
t her eby detecting t flown |n a sem conduCt+er—Aesn

time. If the dc current renalns exceeddd19he al | owabl e val ue, it is then
- 49 - understood that a dc failure or defect does not exist in the
correspondi ng menory mat and the cause that the dc current flows in other

menory mats ege Whe menory mat | &hlch the dc failure exists, is
desi gnated, t SV age VPL, the f precharge vol tage HVC and t he
source voltage Vcc or the like are cut off and each input buffer is brought
i nt o ARY-L  Q4deSAP 5p g 10 ARY-R
BLL| _r}n Qﬁ 9]_ 99 Uﬂl_
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t he out put.hi gh .i npedance as described above in the present nenory mat.

Thus, since a dc current path is forcedly cut off regard] p$5 gflEEThﬁAS BEEN
presence of the dc failure and the dc current in the se

becomes the all owabl e value or less, the dc failure is f s

the menory mat. In the present enbodlnent the dc failure in the nenory nat
units can be sinply found out by S|nnyy9perforn1ng ‘the above test eight
times when the nenory mat is divided Into eight as descri.bed above. Wen

the dc current does not reach the allowable value or |esg as sult of

t he above eight tests, a defect such as a dc failure is floundjt@exist in
an indirect control circuit ysuchyas ap i nput/output circus the |ike and
such a defect is judged as 4 un ellecable

view of a still further enbddiurent ofSa me

present invention is shown ijng. 172 Int
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- 50~ modul e according to the present enbodi nent, body nenories and a
relief menory are placed on the surface of a nounted rate such as a
printed board or the like. Nanely, when the nenory no Q'HQSSHEE"PHAB EEE;{ 12A
or Fig. 14 is configured, the body nenories are nount D be
divided by two fromside to side wt relief meno
Each 1/Oline group for the relief m Is electrically connected to a
term nal group connected to input/output term nals of each body nmenory by
printed wiring or the like. In the sane drawi ng, four sets of I/O term nal
groups for the relief nenory are respectively I ndicated by a single |ine,.

As shown in the bl ock diagrans of HF/ Fig. 14, the respective I/0O
term nal groups for the relief e ctively connected so as to
correspond to four.input/output termnals for ‘the body
FAR-END SIDE ARRAY Y RELIEF
CONTR(\)L CIRCUIT SA{ & [/0 CIRCUIT

<

ADDRESS SIDE | - L —s
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menori es. * schematic configurational view of a still further embodi ment of

a nenory nodul e according to the present invention is : I n
t he nenory nodul e according to the present enbodi nent, Tm lSHgﬁr e nlE
nount ed substrate such as a printed board or the likejare quch;j ;
four body nenories are nounted: on thzyﬁgtface of the sSUDSTTate~shewa.il
Fig. 18(A). A single relief nmenory i nted on the back of - 51 -"the

substrate shown in Fig. 18(B). In the same nanner 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 nenory by
printed wiring provided on the reverse side. Since a nenory nodul e relieved

by the relief nenory and a nenory
- FIG. 6

Y RELIEF |
CIRCUIT - SA&IL/0

\\\\\\\\\\\\\\i\iiﬁfﬁii“‘



nodul ® conposed ©of non-defective products can be placed on the nounted

substrate whose surfaces are identical
be formed by m xing the menmory nodul e i ncluding the relnggv
menory nodul e conposed of the non-defective products. EP

for high-vol ttage application and cont
nount ed substrate on the opposite sid

in size,

the term na

a single nenory device can

signals are prewuid

MAl s

group Thus

a

dc failure of a nmenory nmat and a word-line or bit-line failure unrellevable
by a built-in redundant circuit occur on the body nenory side after

assenbly of the modul e _they can be relieved by the relief frenory
when a non-used — ef y. Since, hgwever, the
i nput/out put ter TETTDI 85 provi ded iinjthe
relief nmenory ar L hel i pp out put terriphals of
each body nenory| ¥ brr psgbnfdiing relief ijs|linited
to the case = =3 =
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- 52+« where the failure occurs in each body
A fragnentary schematic
a nmenory storage unit enployed in a conputer
RAMs) according to the present
The present nmenory board is of a nmenor

of menory nodul es according to the pﬁdy

connection rel at

i on.

i nvention are

vi ew of

éH%t'invention.

systemto
appl i ed, .
board which conprises a pruratt+#y
A plurality of

a

VY

packaged body nenories and relief nmenories according to the present

i nvention are nmounted on each nenory nodul e.

The body nmenories and the

relief nmenories are electrically connected to one another by wires or

conductors on each nenory nodul e.

The body nenories and the relief nenories

are connected to address buses or data buses in the conputer system by
connectors on each nenory nodul e.

FIG. 8
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Their* connection:is performed by inserting the connectors into their
corresponding slots for the menmory board, of nenory sectd ons;ji; the wenory
storage unit provided within the conputer system Thus; the" anaCIt of

orage of i nf Gwisiteetdlas Boen Beglacet or age device in the O ETEES BEEN |t he
Ilke is determ jmunmﬂumm o 'the n of the .M] 3 “Dun abl e
on the nenory b nory noddl e? - b3 - oo, ' L es
according to the present enbodinment are not linmted to the case where they
are used in conmbination with the relief nenories when inperfect nenory mats
exi st therein. Nanely, other nenDr%F?ir canigzaeffectively utilized in

theory in a state in which only fa ts have been electrically
separated from ot hers. However, if done in

MEMORY MAT
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this way, then no storage areas exist at specific addresses of addresses

assigned to the sem conductor nenory, thereby inpairing operability. It is

therefore co —tt each nenory as a parti gl—proeuet—as—it e
S.BEEN hs

case where a hal & Stat 896 ranSas i ncl uding the faul ty medqoiH)S GHEET iHA
M E Shber of spare roa—tThes or bit

i nval i d. hbnelj IEH E} Il ure occahs and the nunbgr of AERLAGEDVe wofd
: _
m vi ng addresses conti nuous upon usage may be

lines or bit | t han t H8
lines, a half
utilized by sinmply blowi ng a fuse corresponding to a nenory mat associ at ed
therewith. The reliéf nenories acc d! to t resent enbodi ment are not
limted to the case where they arefu M C ation with the body :
menories. Nanely, each of the relief nmenories can be utilized as a separate

seni conduct or meFe~YMAT ABDRESS: COMPAROSON of IRCUdnor-y—accordirmg—-toit he
present enbodi nent i s equi pped
| a  'EPROM CELL
- _ |
A10— CAMl.(ADDRESS COINCIDENCE)
1 \COMPARISON CIRCUIT
/A10— _
EPROM CELL
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- 54+« wth the
Nanely, a desire
to a nenory array
correspondi ng ne

i

tlgag iee!’n epl

addresses can be assigned onto the system

ac

assi gned by conbi ni
mat and an address

il

el ectroni c notebook or the I|ike,

mal |

m croconputer s

ot her

| nput/ out put devices are assigned to Hl

Therefore, a desire
the ROM or the |ike
t he EPROM provi ded

Thus, the diversity
to the invention of
case

FiG. 11

7

)

nori es such

atively smal

RO

M etc. and

addr ess space.

gned

f—aetar-ess—whieh—dees—het—evertap—wth—each—address in
can be aspi gneg ed 51 sinplfy wting data into
each sen] cendctuf ToTy fopoT Bve aSSTONTTRAL .
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where' theys are used as the partial products as described above and they can
be utilized as address-assignable menories as well as the case where
product yields are substantially enhanced as is in the case, i -
body menories and the relief menories are utilized in pamhi

each rrermry_mduJ—e.—FuH—heF—each relief menory elim nbTHIS Slﬁa‘nﬂéﬁ BEEN. ‘t he

devel opnment OTTran t d Nanqlzy]gt he nmenory npdul eREaquEDformed
by sinply novi ng the nenory mats - 95——aid—tire

i nput/out put- in ch body nenory as they are. Further, the
remai ni ng stora ch as an EPROM etc. and address conparison
circuit and the Iike may be designed anew. In this case, however, a large
burden is not produced because a circuit scae=rg snal

ES
>0 —
SEX —0 O
a="" l--~>————-o‘:<='L
B (Ye)
[To]
> O — =~ 0 =
S E ? > b
855 o~ % §§5 O«
0 —0 —
0= 0 = = o
> =
5 - " ~
- . o
= >} o = L >~ | -
o =5 | o5 = JET | oS
=2% | o1 m a=x | o {
™ SmX & o =1 |__ 0
Lt 0n= I—-o——-———Oc - o o a
— ,
o
. -0 r~ > -0~
>_§:F 05 >3 J‘D?
S=— 0 o D= o a
y
=3 0 5 =2 T | >,
> l o= X -0
l 40 | 40
N - i ¥773
- <€ <C
=3 23S
g3 23%
<mU;uJ <P2Qu
Y- 1= NIxEO
DO BE
o Sur o b= o i
ok ol aZo=

FIG. 12A
FIG. 128



Cperafions‘and effects, which can be brought about fromthe above
enbodi ments, are as follows: (1) Acircuit configuration is adopted mhlch

addr ess si gnal_orapredecode—signa

through a flrs,h§ hmﬁﬁéé ld%drCU|t

signal is deco S selec13ﬁmBC|rCU|t to thereby: select - T
menory cel | nits fromeach nmenory array in which nmenory
cells are provi ornlat points where a plurality of word |ines
and a plurality of b|t Ilnes I ntersect, and a second input buffer for
receiving a signal to be witten into the nenory cell, an output buffer for

outputting a signal read from theaaepnory cell and storing neans in which
mal function information is wiften, : ' hereby substantially
cut off the supply of power-toja s ' arjd}its correspondi ng
menory cell based on the mal fuhcti oh psrorrag=—stpiel | he=gtoring
<
O
>0
=Y. O
D= 0
> =
-
g : °
= £ | o
> |
L S5 O
ud = I-o-—-——o
-4 | |
Ll [ ]
[o |
1*
z | 2
> | +—0
o 4
-
<
C') =
h o > O -
-5 <4—0 &I
om o -
N
S
T n
LL o =
= 9 3
>0 =
22 o B
[TW]
o= O |__
2= o
é 1 o) =
= g [ o
o a2 | o
| T
= |4 8 H——o
S T
w o«
=im = | DY
=) > |
> a8 S
= 8 H—o0
o= -
S
Q.
Zw0
< = o
a7 >0 O
i o 5355 =’
= &= o _|
a I
<~ O




- 56 + means. Thus, an effect can be brought about that when a dc fallure
occurs in the correspondlng menory mat, such a menory nat can be ;.
electrically separated fromathers and used as a sem conguc

devi ce which makes the nost of the remai ni ng portions. (2THM&SHEF@£A @EﬁN
br ought "about th'él!lsﬁ' Emﬁhﬁﬁ ﬂg/igmats each const|uct éREPUAGED hat &
I nternal address dec gnal and a cont mot—sTgmar ar e
supplied through “ uffer circuit, the address signal or the
predecode signal is decoded by an address selection circuit to thereby

select a nmenory cell in one or plural units fromeach nmenory array in which
menory cells are provided in matrix format points where a plurality of

¥ -‘.'

=)

word |ines and a pluralp-y=gf bit |ines intersect and each
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conpr i si ng7a sen@smxumeuammul&ga for receiving a signal to be witten into

the nmenory ceII buffer for outputting a sig
menory cell; wm![@ prOV| ded so as to correspon (‘)"s F’ @ém
h

mats and in mhlc rmation are witten; and a fl uralPth cnfe
of input/output termnals at whi ch the address |nfornat|on I's conpared with
an address signal for designating eachh ry nat to detect that a nenory
mat associated with the address informatio een cted, thereby
val i dating t{(18TART -SCREENINGgr ati on of the |npq7 ffer or the output
buffer of th& Torregponarng nenory mat an #re aSSoci ated with the
menory s, are pr&ided(1)thereby making it pOSSIb|e to obtain a
sem conduct or _peffory devwce N0 which a desired address is assigned to the
NO FAILURE ¢ _
~_ (2
YES IS ON- :
CHIP REL!|EVABLE NO
LINE PEFECTIVE
2 ' (3) -
-~ MAT RELIEVABLE NO
YES| DETECT ¢
CHIP ” N LYES
SCREEN! CUT OFF ROM FUSE
STEP | OF MAT

(4)

SOURCE CURRENT
< SET VqALUE 1] ¢

: Lves
COMPLETED (RELIEVABLE )  SYSTEM Y oerecrive A
NON-DEFECT I VE NON-DEFECTIVE REL{EVABLE PRODUCT
| PRODUCT \ PRODUCT ) probuct )
. o 4 . 1
B RELIEVED CHIP CHANGE IN CHIP
PRODUCT COMB | NAT ION COMBINATION
Rm ; NUMBER OF RELIEF NO
MEMORY MATS Fm<Rm ¢
Fm ; TOTAL NUMBER CHIP 7ES
MODULE FAILURE MATS ‘
ASSEMBLY "BLING ONLY ONE SET OF] | CHECK ADDRESS SPACE

STEP 1/0 OF RELIEF MEMORY FOR RESPECTIVE CHIP

FAILURE MATS TO BE
INTO ACTIVE STATE TO
MAINTAIN HIGH-SPEED ggugéuzn WITH EACH
DRIVE POWER ON RELIEF
| MEMORY SIDE

(6)

SAME
ADDRESS SPACES
OVERLAP ?

OVERLAPPING OF SAME
ADDRESS SPACES IS
BROUGHT TO ZERO BASED
ON COMBINATION WITH :
NON-DEFECTIVE PRODUCTS |

— NON-
ZDEFECTIVE PRODUCTS
SN MIXED ¢

MODULE NON-DEFECTIVE ,
| \_PRODUCT r




correspondrng storage circuit and to utilize it as a redundant
sem conduct or nenory device, which relieves failures in units. of. nennry

mats, as needed.. (3) An effect can be brought about that fifef '
seni conduct or ﬂ‘\‘éfmw—deaf%e—haw ng a plurality of nemory pHHiS SHEET. HAS BEEN-
constructed su tgﬂ% asrhe signal or a predecodﬂEpLA(r;ED and
a control S|gna rst input buffer——crreorts—the

addr ess si gnal bm HIHH s decoded by an address sel ection
circuit to there nory cell in one or plural units from each
menory array in which nenory cells are provided in matrix format points
where a plurality of word |ines and a pl urallty of bit lines intersect, and
a second input buffer for receivi nF@n T&e witten into the nmenory
cell, an output buffer for outputtifng mgna ad fromthe nenory cell
and storing neans in which mal function information is witten, are provided
to thereby substantially cut off the supply of power to

ﬁe{ageﬁlroug%ffl
e signal

: ADDRESS
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a sense anplifier and its correspondi ng menory cell - 58 - based on the
mal function signal stored in the storing neans; and a second sem conduct or
menory device having a plurality of nmenory mats identical _in configuration

to the above mesery mats, storage circuits provided so as tHiSSHEET SIS BELIP
the plurality of,. nnrﬁ mats and in which address inforngtion gg gt en,

and a plurality n d out §FY19er mi nal s at whi dh—t-he—ade-e65
information is ci address signal for designating each nenory

mat to detect th associated with the address information has
been sel ected, thereby validating the operation of the second input buffer
or the output buffer of the corresponding nenory nmat and which are
“associated with the nenory mats, are both placed on a single nounted
substrate, and :

(SURFACE OF.)
SUBSTRATE /.
-GROUPS OF 1/0

SIGNAL LINES

]

TERMINAL[ADDRESS AND CONTROL SIGNALS, :l
c

1/0 SIGNALS, POWER, GROUND, etc.
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a defective or faulty nmenory mat is electrically separated fromothers in
the first senm_conducter—mrenory devi ce, address infornmation associ::__gt ed with

the faulty nerfory LSSBeMﬁ fad i Nto its corresponding

the second seni ﬁgmu ' m device and external datg'

associated with t ry- mat t he above i npd
W 18219

associated with t in the nd sem conductor ne
are connected to one another on the nounted substrate so as to correspond
to one anot her, whereby the second sem conductor menory device - 59 -
can be relieved on the nounged substrate in conbination with the first
semi conduct or nenori devi cex}l e usi ng the#~st sem comduct or nenory

device in which fai Rh‘.ﬂe’s.exhsEi n menory matgunits, thereb# making it
<L = [/p ] —J |
L. & o< o X
[y = = (Zy--]
=) = oW << O
~—— S ') ~——
) =
— W ]
- y —L—
N=Z o .
- 25 & Rer g
>5 - e == 0° :g
a= L ‘ == —
o Li w
28 Q| =89 55 |
N~ | E32| oo —T
: oo Q. <L
- wxS 32 ]
/: Egg 55\2>""):
LA
> (e
x| EEZ & -
as L o ow= 11 5
o bd = END )
D= S aso —-| &
i o b~
- - D L D= - (4]
~ —] us | =
g = ol =
: [ = e [ =
.‘fl e o= - E
E: : N E o =l
— i
S =S [ = = —___| ~
e o N =9 ]
- _ NZ
O i - o T
£ | /= e —
ouwl 9 e uw=
o= — U A_ w2 o —1 |
24 E 22 —1—
= e UM a3z &ax
<< = v B D= ‘
] & d/r_': <8 & —]
172 TS o
2o = S —
S& R ]| —1_|
<\J

188

FI1G.



enhancte substantial yields of sem conductor nenory devices. (4) An effect

can be brought about that failures in units of the word lines or bit |ines
can be relieved by a small circuit scale by providing redundant circuits
for saving or—+elieving—thefailures in units of the wor ._h%r EPHi BEEN.
lines within -&Bseshrgqqpagﬁ aﬁrea}%egnd t he address sel ecti on |Ci'FelL L iah) =
substantial pr m n be enh@gyqgd by combiningijthe p E -
with the reIieﬂ HMHDI mes in the nmenory mat units. (5) Each storing
means referred ovided with an input electrode for inputting
the sanme electric signal as when mal function information is equivalently

witten and the input electrode is supplied with the electric signal based

on probing or a control signal supplied fromeach external term nal, '
t hereby making it possible to bring about an effect that the function of
efficiently detecting dc failures in nenory
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mat ﬁﬁ+fs~ean be added. - 60 - (6) In the first sem conductor menory
devi ce, twe.- sem conductor nenory devices having failures f $?1 et-S
s@gﬁ%&%r

provi ded at the same position physically exist and addres HAS BEEN
designating nenory mats are inputted from address term nals_di BEAGHED from
one another to thereby regard equivalently-different nenory mats as fault
as seen from SEMECONDUCPORCMBMOBY OPENEGEr ANBcMEMORY\\MOPEEE an ef fect can be
br ought about USENG BHEJSAMEas seen from the bus driver side can be
distributed so as to prevent ‘a menory operation from becom ng del ayed.

Thus, ~the invention nmade by.the present inventors, has been descri bed

specifically £§é&£§bﬁﬂ@9qiﬁﬁWﬁfscﬁﬂgﬁﬁfr’ the invention of the present

Input/output terminals of a first

semiconductor memory device in which failures or defects
exist in units of meﬁory mats and iﬂput/output terminals
of a second semiconductor memory device having redundant
memory mats are connected to one another on a mounted

substrate to thereby relieve the failures in the memory

~~. mat units. A power source is substantially cut off from

supplying to a faulty memory mat.

—

— 1accd

il

g
Sy

B gy
Aty Gj’e

4

4

"
oy

i
TNy
-
A YN

oF
Y



appli cation is not necessarily I|iTHIS SHEED HASRefpYe e
needl ess to say that nany changgs canﬁgqgmgge w t hout departing_fraomth
scope or gist of the invention. TH a tdymane—RAMd f or gaﬁle. aHHA¥
signals or X and Y addresses may be suppl i ed from addr e TS

i ndependent of each other.. Since a nemory Q#?EﬁéﬁﬁfEEd can be j udged
from an addr esEMICQNDUCTOR H@Q%@E‘@rﬁ%/ %'@%‘E nenory mat can be
activated evars@THRSAME ddress is assigned to its correspondi ng address
for the nenory mat. In a relief menory, the above EPROM an EPROM
constructed on the - 61 - precondition that re-witing is perforned, or

a fuse may be used ' for storing each address of the
menory nat. §%e§£§%2g$hse may be one nelted by allow ng current to
flom1therethrough aS\M¥nput/outPUt terminals of a first

e in which failures or defects

semiconductor memory devic

exist-in units of memory mats and input/output terminals

of a second semiconductor memory device having redundant

memory mats are connected to one another on a mounted

substrate to thereby relieve the failures in the memory

mat units. A power source is substantially cut off from

supplying to a faulty memory mat.

Figure 12A

i

This Sheet Has Been R

L




as blown by a | aser beam Since the stored infornatior
as is in the case of 16 bits or the |ike as described|
occupi ed area presents no probl emas conpared with thg casenﬁrjl r ? 490
is mounted, thereby elinmnating the need for addition otbata ﬁfgé AL
process. Layouts of a nmenory array, a sense anplifier

menory mat and | ayouts of nenory mat s q /n| sem conductor Chl p can take
vari ous nodes or forms. The present invention can be widely applied to
vari ous sem conductor nenory devices such as the above dynam c RAM a
static RAM an EPROM or a flash EPROM etc. Advantageous effects obtained
by typical ones of the invention disclosed in the present application wll

be briefly SCri bed as TolToOWs: Namely, a circuit confrguration 1's ddopted
whi ch |ncI u 5 a rality of menory mats each constructed such that jan
I nt er nal 2 bss|&qnal or a predecode signal and a contrql
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signal are supplied through a first input buffer circuit, the address .
signal or the predecode signal is - 62 - decoded by :' duur

circuit to thereby select a nenory cell in one or plura (aM§ﬁ%é§§§# P
menory array in which nenory cells are provided in matr|{x for

where a plurality of word lines and a plurality of bit |9%%'Tntersect """

a second input buffer for receiving 62/8 nal to be wrltten into the rrem)ry
cell, an output buffer for outputting a S|gnal read fromthe nenory cel

and storing nmeans in which mal function information is witten, are provided

to thereby substagt+eatt+y—-ett-—off—the-svppty—of—poner-to—=a-senseanptiif i er
and its corresponhlng menory cell based on tEi Ifunctionggignal stdred in
t he storing neansi Thus, il urerOs® S in the &
D020 —
oSO =
22— Qm
—CD U+ — L
<J > = L.
[2 W T
= ZzD
< < S—cn
-R- .......... -R- ey
-
o ! )
o
=
£ \W
i |V o«
=
3 L)
00 = Q <
> N o
>0 7
1
(o =
(TR]
&) o~ L
%75 H o A
N Za
Liz=
nN=<
. ¥ e
\ : | o
L = | 25 -
< o
> o« d
o o o
2 =< =)
= t - = <
= i o a2
N £ 2
o = i >
= =
= Lt o
S %) o
— et —
— frd = —
= 23
s |y =8 7
S |8 >0
— Nno
L. =51
Z |==
o
0O
S 188V, «E 51 52
1 .. P=ldlD 4 R eeeesee O
| = :mug—é&_{&\
| = oL
: Z5—
| —Do
13 > q > 4 P
= 2 W
- <
fo— odJdy
= w>o > > o
G oowm o.c<c
= = Ske=
o o—<C 17s) O=C
= = -= oc o —
L oG8 SOw
Em<— }
O=wnl




correspondi ng nenory mat, such a menory mat can be electrically separated
- fromothers and used as a sem conductor nenory device whi ch nekes the best
use of the remaining portions. A plurality of rrermry-nai:‘s::ea&h-_:eﬁﬁs :
such that an internal address signal or a predecode j |§EB!LA@EMEMTSBEET
signal are supplied through a first mbuffer cirguit, the address
signal or the predecode signal is dec by an addrslateel QCHJIOMMSJ t
to thereby select a mermory cell in one or plural units SO eae=TEn
array in which nmenory cells are provided in matrix format points where a
plurality of 68 53d lines and ayggurality of bit lines intersect
and each co |§|[ 2 ond i nput buff for receiving a signal to be
witten into the nenory cell and an qutp
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buffer for outputting a signal read fromthe menory cell; storage circuits
provided so as to correspond to the nenory nmats andif I

information are witten; and a plurality of sets of|i lhﬁii?%?ﬁsﬂéﬁhi_als
at which the address information is conpared with aft addresé myﬂé
designating each nenory mat to detect that a nenory € associ-at-ed-w t

address informati on has been seIecteQ/]ghereby val i dati ng the - Oper
t he second input buffer or the output® buffer of the correspondi ng nenory

mat and which are associated with the nenory mats, are pfovidedl thereby
making it possible to obtain a sem conductor nenory devi¢e i whﬁch a
ch

desired address is assigned,to the coyrespondi ng storage i€ and to
utilize it as a redundant serfi copductbr nenpry d erff orns t he
relief of failures in units|df nor = mats, fas n

sem conduct or nmenory device}lh ng a>plural Ly
constructed such that an
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I nternal address signal or a predecode signal and a control signal are
supplied through a first input buffer circuit, the address-stgaats
predecode signal is - 64 - decoded by an addr s RloBMENTSHEET
t hereby select a nenory cell in one or plural unjjts array
in which nenory cells are provided in matrix for
plurality of word lines and a pluralbf39of bit | o
second input buffer for receiving a signal to be witten into the nmenory
cell, an output buffer for outputting a signal read fromthe nenory cel

and storing neans in which mal function information is witten, are provided

to thereby substantially cut off t |y power to a sense anplifier
and its correspondi ng nenory cell /@E;gn mal function signal stored in

t he storing
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means; and a second sem conductor nmenory device having a plurality of
menory mats identical in configuration to the above nenory mats, storage
circuits provided so as to correspond to the plurality—of. mats and
in which address information are witten, and a pl uripRebVASEVERT SHEET
I nput/out put termnals at which the gzdress i nformatjj on is corﬁ?re‘d Wi

address signal for designating each 62h8ry mat to dql esfe .t RaT. MAYRRE v
associated with the address infornmati on has been sell hetehy——

val i'dati ng the operation of the second i nput buffer or the out putjbuffer of
t he correspondi ng nenory mat and which are associated with the nenory mats,

are both placed on a single nounted substrate. - 65 - Further, a
defective or faulty nmenory mat is/_;ﬂ,i&‘icaé/ separated fromothers in the
first .
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sem conductor nenory device. In the second seniconductor menory devi ce,

address information associated with the faulty neno

its correspondi

with the faulty nenory mat and the above input/outp
with the nenory mat

t o one anot her

* Llsmpdtten.into
mmmsmsgﬂ@sﬁt d

t terrgnals associfat ed
cted
It her .

ng storage circuit and external data

in the second se
on the nounted substr

ductor ne

0 as to co

AAY

Thus, the second sem conductor nenory device can be relieved on the rount ed

substrate in conbination with the first sem conductor

using the first
menory mat unit

of sem conducto

lines or bit I|i

redundant circu
b

word |ines or
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within the nmenory array and the address selection circuit. Substantial
product vyields can be enhanced by conbining the present relief wth the
relief of the failures in the nmenory nmat units. - —=Eaeh. '
nmeans referred to above is provided with an input el fEEHACtnEN&

the sane electric signal as when mal tion informatffon is U|valentl
witten and the input electrode is sézﬂﬁied with the eP@etrJ
on probing or a control signal supplied fromeach ext
whereby the function of efficiently detecting dc failures in nmenory nmat
units can be added. In the first sem conductor nenory device, two

sem conduct or nenory devices having failures at nenory nmats provided at the
same position physically exist and
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address signals for designating menory mats are inputted from address
termnals different fromone another to thereby regard

equi valently-different nenory mats as faulty as seen froma second
sem conductor nenory devi ce, whereby burdens as seen flfomti r
side can be distributed so as to prevent a nenory oper aﬁ%‘%&?@#ﬁgg@
del ayed. REPLACEMENT SHEET - 67 - 9f¥& IS CLAI MED |

menory device conprising: a first input buffer for r ede By jﬁ,addrﬁEE
signal . therein; an address selection circuit for selecting a nenory cel

based on the address signal input/t?yqﬁ?h S?E? first input buffer;
s '
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a second i nput buffer for receiving therein a signal to be witten into the
menory cell; an output buffer for outputting a signal read fromthe nenory

cell; a sense anplifier connected to the nenory cell —as tg:-obt dai.n_the
F;INACEMEW?% n;

read signal; storing circuit for witing nmal functio
and a power cut-off circuit for interrupting an operjating zm*s I d
sense anplifier in response to the nddAlhct i on si gn Datkaoreg..? sal

storing neans; wherein outputs produced fromsaid fi
buffers and said output buffer are brought into high i npedance based on the

mal function information. 2. A sem’Fp'y@t or mry devi ce according to
claim1, further conprising: -
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-68- "a redundant circuit for relieving failures in uni o;-q--m- weEd=t-iress-
bit lines to which the nmenory cell is connected. 3. A smmﬂmﬁﬁ‘b&ﬁﬁb
devi ce according to claim?2, wherein said storing cirguit i ngg 5y 490K

el ectrode for inputting an electric signal correspondiingatea..Che..self-unet
information, said input el ectrode being supplied with
formed based on a signal supplied frb Tv?bﬂi external termnal. 4. A nenory

on

nodul e having a plurality of sem conduct-er—RerBry—devees—cofpifi Sing: a
plurality of nmenorly mats inclfided | ﬁ-a'_"—n:sT sem]conducl or ir'lem)ry deyj,ces of
said plurality of kgm conduct pr oefoly™efrtes respectovelfy; sald ch
menory nat conprisj &: a firsf Epytayutter fof recei g fJan address signal
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an address selection circuit for selecting a nenory cel
I nput through said first
for receiving therein a signa

addr ess si gnal

out put buffer for outputting a signal

anplifier connected to the nenory cel

storing circuit for witing mal functi

cut-off circuit for
anplifier
nmeans;

interrupting an o
in response to the mal function signal

wherein outputs produced fromsaid first and second input buffers
and said output buffer are
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brought into high inpedance based on the nal function formation; and second
sem conductor nenory devices of said plurality of sem conductor nmenory .

devi ces including redundant nmenory mats for respectiv 11ﬂ115n7¥;jf*f=‘
defective nenory mats in said first seniconductor nenpriFFGAFEMENT IHEET
menory nodul e according to claim4, wherein external pata t: r‘,nm ,@‘

corresponding to the defective nemor}3/t8s in said fifH&ehi-conductor:
menory devi ce and external data termmnals corresponding to said redundant

menory mats in said second sem conduct or -70 - nmenory device are
connected to one another on a nmounted substrate so as to correspond to one
anot her. 6. A sem conductor nenory conpri sing: -
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an external data out put termnal; a plurality of nenory nmats each of which
has a nenory cell array, a sense anplifier and a data qutput buffer;.and.a
defective mat information storing circuit, wherein, as Qgpmgmmr@mﬁy‘

mat in said plurality of nmenory mats, an output state sai d out ﬁo f f
I's made to be | ow i npedance so that tais delivere bé@m_za],_dﬁ_ el
an out put state of

menory mat to said external data o termnal, and
defective nenory mat in said plurality of menory nats,

said output buffer is nmade to be high inpedance on the basis of an out put
signal of said defective mat information storing circuit. 7. A

sem conduct or nenory according to claim®6, wherein each of said plurality

of menory mats has a p.ﬂmn-lqs%\‘/‘vitch, and wherein, as to said defective nenory
mat, said power switch is ge—to—tre—uff—srars-ohthe—bas+5 |of said out put
signal of said defectilve m—mitormaI O StorRg—ertedr |s |that a power -
current flow to said gensefanplifier in sai e1fecti94§ e Tlis
prevent ed. - >_g| -0
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REPLACEMENT SHEET 6. A sem conductor menory conpri sing;
‘out put term nal; 7

an external data
a plurality of nenory nmats each of mhlch has a nennry ceI

array, a sense anpllfler and a data output buffer; and
information storing circuit, wherein, as to a normal ne
plurality of menory mats, an output of said outp

be | ow i npedance so that a data is d red fromsaid
sai d external_data output-term nal, and i as

mat in sai BW&REISQEEEUfN@rmry mats, an t at 5 sai d

: t put buffer
I's made to be hig |npe lance on the ba5|s of an %ut t ol of [

def ectipe mat inf ot storing circuit. put signal of said
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7. A semiconductor nenmory according to claim6, wherein each of said
plurality of nenory mats has a power sw tch, and whereig. .--as Lo&a.id “ )
defective nenory mat, said power switch is nade to be fggﬁ_gbg S
basis of said output signal of said defective mat infor
circuit so that a power current flow t /p sai d sense anpl
defective nenory mat i s prevented. 6/4%eni conduct or
claim7, wherein first address si gnal s are supplied to each of said
plurality of menmory mats for selecting a nenory cell in said nenory cel
array. 9. A sem conductor nenory according to claim8, further
conprising a decoder, wherein said decoder receives second address signals

and supplies mat sel ect signals V\AFIgpI u7€ty of menory mats.
[ J
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10. “A seni conduct or menory according to claim9, wherein said defective mat
Pnformati on storing circuit includes fuse elenents each of which is
provided to each nmenory mat. 11. A sem conductor neno y«&ﬂﬂp_hSLﬂg

external data output termnal; a plurality of nenory 3@ Hihas
a nenory cell array, a sense anpllfler and a data output buf

defective mat information storing CI1¥&B and a plur ey QR BV %EB
circuits each of which is provided be eén sai d dat a ourpet=hu L& and

sai d external data output terminal, wherein a predeternined switch cir
connected to a detective nmenory mat in said plurality of nmenory 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. 12. A sem conductor nenory according to claim 11, further

‘conpri sing;
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a p'dwer circuit having a power sw tch, wherein said power sw-tch is nmade to
be off state on the basis of an output signal of said qefective ! mat .

information storing circuit so that, as to said defectify ﬂﬂ% Wl."&-—
power current flow to said sense anplifier is prevente .ﬁE ME SHEET

sem conductor nenory according to cl f& wherein fi ajat@erlSNMsml
are supplied to each of said pl urallw menory mats $fersel ol lTQ: g
menory cell in said nenory cell array. 73 14. A sem conduct or mem)r
according to claim 13, further conprising a decoder, wherein said decoder

recei ves second address sigaal s and supplies select signals with said
plurality of sw tctL_m rcui t&15. A semiconductor nenory accordl ng to claim

14, ouw Z )
b — =
gy oo = 5E
[
i Ex 2 58
o o - 2= > -
o0 29 =¥
no S o -5
\ = —_
— - —
. ’: =0
> o
= B =245 sS4 1
28 H = = 1
Qy \§: =0 '
~—1 | Eo= —
Ll J=C U
£ | - 0. = O <I
] =& S5 | =
: ]| =Eg ]
=2 = z3E o =
[ J TE] xnNo o
0= = 850 — c
: s v wE [T 2
DV el 2
| = o o 1=
9 ’ = c= 1 =
= 1= . | £
= E E:u o bl
s | =8 BT ®E 2., g
o+ oLl ™ - _[
(1)) o= \[_—_ o) <C 5
- NZ=
28 N 828 o, 7 1
= /I___'_' S —= —___
oo — |
> : Wi $E oo [
2g =5 - 25 S
S Sa& U =8 86 — ]
D o3 == S —
A E— — —
és et x4 - |

18A
188

FIG.
FIG.



wherein said defective mat infornation storing circuit includes fuse -

el enments each of which is provided to each nenory natfmzé" TENOTY—AoUT| e
conprising; a first sem conductor nenory having a fi sp 4 M5F7§§F§T
output termnal and apluralityof first nmenory mats; 8 ggn??eﬂjp_ clt or
menory having a second external data output term nal d-pt-ural-tty--of
second nenory mats; and a relief sewig?myuctor menory having a thirtd
_external data output term nal connect€dd 1o said first external data output
termnal, a fourth external data output term nal connected to said second
external data output termnal, a third nmenory mat and a fourth nenory mat,
wherein said third nenory mat is selected instead of a defective nenory nat
in said first menory mats so that a data is red out fromsaid third nenory
mat to said third external data output term nal, and

MEMORY
MODULE

CONNECTOR



wher ef'nsai d fourth nendi'y mat is selected instead of a defective.enhi
mat in said second frenory mats S0 fHhat _a data is _red out ﬁé@#“géﬁggfgg&ﬁﬂ

nmenory mat to said fourth external | #HIGRS nal . 17. A

sem conductor nenory according to gl ai mﬂi 1’; SrBZEN each of QaﬂdNBVrm‘and
second sem conductor nmenories has ‘a~fmisd ,l'é nal- gddress input term nal
with a first pin nane according-to a. package pin arrangenent 74 and a

second external address input termnal with a second pin nanme according to
sai d package pin arrangenent, wherein a first address signal is supplied to
said first external address input t¥rmnal of said first sem conductor
menory and sai d second external address input termnal of said second

sem conduct or nennrg wherein a second address signal is supplied to said
A semiconductor memory comprising:

an external data output terminal;

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

a defective mat information storing c¢ircuit,

wherein, as to a normal memory mat in said plurality
of memory mats, an output state of said output buffer is
made to be low impedance so that a data is delivered from
said normal memory mat to said external data output
terminal, and

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

7. A semiconductor memory according to claim g,

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 said sense amplifier in
said defective memory mat is prevented.

8. A semiconductor memory according to claim 7,
whereln first address signals are supplied to each of said
- plurality of memory mats for select:.ng a memory cell in
said memory cell array.

9. A semiconductor memory according to claim 8,
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seconhd external address iLnpu inal of said firs Ory
and said fi'f'st” external addr¢d#is ISHEETmsnBEm of -s |ﬁ§P§é§§N@N§eﬁﬁE§3’n uct or
menory. 18. A sem conduct or nor YRERLAGEPI ng tp clajm 17, \h%

first sem conductor nenory i oder Msaggﬁsr!‘c?een

sem conductor nmenory includes a second decoder, I rst

and second de ode ecel ve said figst .and s cond. addr ess SI als, and
wher ei n sai d i 8sAeCPdRTy {ji R said

pl :Jral ity of | tec_eihre@wqcﬁnmhﬁdm §ai@m®mdisumlewngu selsatond nat
sel ect signal g. it n 19. A

sem conduct oramg}%%t cﬁ%ﬁ%?%fﬁgg W r'el i ef

sem conductor nenory includes a programcircuit and a conparator, wherein
said address conparpgoraAr sesivenduditdy inmahiony dccordingddocesiading®gl s and
output signal 2,9t o33 CAPUFBA L Waf' {fFotmation storing circuit

includes fuse elements each of which is provided to each
memory mat. :

11, A semiconductor memory comprising:

an external data output terminal;

a plurality of memory mats each of which has a memoxy
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 memory mats
is controlled by said defective mat information storing
circuit so that an output state of said predetermined
switch circuit is made to be floating state.

12. A gemiconductor memory according to claim 11,
further comprising:

a power circuit having a power switch,

wherein said power switch ig made to be off 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.

13. A semiconductor memory according to claim 12,
wherein first address signals are supplied to each of said
plurality of memory mats for selecting a memory cell in
said memory cell array. '
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and fourth menory mats. 20. A sdieg ] ,

wherein said nodul e i ncludes a substrate od mai
said first sem conductor nenory, said.second sem cond
relief nmenory are nounted. 75 21. semi conduct or tress s [ '1 0
claim 19, wherein said nodul e includes a substrate haV|ng one surface on
whi ch said first sem conductor nenory and sai d second sem conductor nenory
are nmounted, and t hk4ot Acgsemiicbnductornmenioryaiadcoxidiaig mealain Adunt ed.

22. A sem Con?ﬁéﬁ R danae%d@za W Mes£id aabggerogram
circuit includes agn el ectr gr
eives secC a es s:.gnals supplies select
s:l.gnals with said plurality of switch circuits.

15. A semiconductor memory according to claim 14,
wherein said defective mat information storing c¢ircuit
includes fuse elements each of which is provided to each
memory mat.

16. A memory module comprising:

a first semiconductor memory having a first external
data output terminal and a plurality of first memorymats;

a second semiconductor memory having a second
external data output terminal and a plurality of second
memory mats; and

a relief semiconductor memory having a third
external data output terminal connected to said first
external data output terminal, a fourth external data
output terminal connected to said second external data
output terminal, a third memory mat and a fourth memory
mat,

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

wherein said fourth memory mat is selected instead
of a defective memory mat in said second memory mats so
that a data is red ocut from gaid fourth memory mat to said
fourth external data output terminal.

17. A semiconductor memory according to claim 16,
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
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menory cell array, a first sense anplT4ier and a first I ]
wherein each of said plurality of second nenory mats, i ncl udes a second
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wherein a second address signal is supplied to said
second extermal address input terminal of said first
semiconductor memory and said first external address
input terminal of said second semiconductor memory.

18. A semiconductor memory according to claim 17,

wherein said first semiconductor memory includes
a first decoder and said second semiconductor memory
includes a second decoder,

wherein each of said first and second decoders
receives said first and second address signals, and

wherein said first decocder supplies first mat 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.

19. A semiconductor memory according to claim 18,

wherein said relief gsemiconductor memory includes
a program circuit and a comparator,

wherein said address conparator 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.

20. A semiconductor memory according to claim 19,

wherein said module includes a substrate having a
main surface on which said first semiconductor memory,
. said second semiconductor memory and said relief memory
are mounted.
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whereibn each of "said plurality cﬁmg%ﬂ + TEID is incl udes a second power
swtch, wherein, as to said def ctlveh -h saifj ffirst
menory mats, said first power Sw-tch to be of f ||sSREPIAGEMENREHRET
power current flow to 76 said sense anpsifier 1s prgvent eﬁgﬂgr@%/

as to said defective menory mat in sai-d plurality of sgcléatel: )
flow to said sense anphifpeg mﬁ?rérérb‘ TR
conprising; an externa data OUt:léf g:géna ; ura | q% nenory Jyn%ts

sai d second power svmtch IS made to be off state so th

each of which has a nWHEF@iD: 88 seRSY | Bf BuPsEr@te (having put

buffer; and 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.

22. A semiconductor memory according to c¢laim 20,

wherein said program circuit includes an
electrically programmable ROM,

wherein a write control terminal for said
electrically programmable ROM is provided on said
substrate.

23. A semiconductor memory according to claim 16,

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 memorymats
includes a second memory cell array, a second sense
anplifier and a second 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 second memory mats, an output state of said
output buffer is made to be floating state.

24. A gemiconductor memory according to claim 23,

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

wherein each of said plurality of second memorymats
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
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sai d defective mat information storing gl rcuit. 26. A& :conduct.Qr.. Nt gy
according to claim25, wherein each of id pluralit PO yrats=head a
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is made to be off state so that a power current flow to
said sense amplifier is prevented.

25, A semiconductor memory comprising:

an external 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 floating state on the basis of an
output signal of said defective mat information storing
circuit.

26. A semiconductor memory according to c¢laim 25,

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 said sense amplifier in
sald defective memory mat is prevented.
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WHAT IS CLAIMED IS

1. A semiconductor memory device comprising:

a first input buffer for receiving an address
signél therein;

an address selection circuit for selecting a
memory cell based on the address signal input through
said first input'buffér; B

a second input buffer for receiving therein a
| signal to be written into the memory cell;

an output buffer for-outputtinng,signal read
from the memory cell;

a sense amplifier coﬁnected to the memory cell
so as to pbtain the read signal;

storing circuit for writing malfunction
information therein; aﬁd

a power cut-off circuit for interrupting an
operating voltage to said sense amplifier in response to
the malfunction signal stored in said storing means;

wherein outputs produced from said first and
second input buffers and said output buffer are brought
into high impedance based on the malfunction

information.

2. A semiconductor memory'device according to

claim 1, further comprising:
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a redundant circuit for relieving failures in
units of word lines and bit lines to which the memory

cell is connected.

3. A semiconductor memory device according to
claim 2, wherein said storing circuit includes an input
electrode for inputting an electric signal corresponding
to the malfunction information, said input electrode
being supplied with the electric signal formed based on

a signal supplied from an external terminal.

4. A memory module having a plurality of
semiconductor memory devices, comprising:

a plurality of memory mats included in first
semiconductor memory devices of said plurality of
semiconductor memory devices respectively, said each
memory mat comprising:

a first input buffer for receiving an
.address signal therein;

an address selection circuit for
selecting a memory cell based on the address signal
input through said first input buffer;

a second input buffer for receiying

therein a signal to be written into the memory cell;

I
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an output puffer for outputting a signal
read from the memory cell;

a sense amplifier-connected to the memory
cell so as to obtain the read signal;

storing circuit for writing malfunction
information therein; and

a power cut-off circuit for interrupting
an operating voltage to said sense amplifier in response
to the malfunction signal stored in said storing means;

wherein outputs produced from said first
and second input buffers and said output buffer are
brought into high impedance based on the malfunction
formation; and

second semiconductor memory devices of said

plurality of semiconductor memory devices including
redundant memory mats for respectively relieving
defective memory mats in said first semiconductor memory

devices.

5. A memory module according to claim 4,
wherein external data terminals corresponding to the
defective memory mats in said £irst semiconductor memory
device.and'external data terminals corresponding to said

redundant memory mats in said second semiconductor
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memory device are connected to one another on a mounted substrate so as to
correspond to one another.

6. A semiconductor memory comprising:-

an external 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 normal memory mat in said plurality of memory
mats, an output state of said output buffer is made to be low impedance so that a
data is delivered from said normal memory mat to said external data output terminal,
and

wherein, as to a defective memory mat in said plurality of memory
mats, an output state of said output buffer is made to be high impedance on the basis

of an output signal of said defective mat information storing circuit.

- T A semiconductor memory according to claim 6,
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 said sense amplifier in said defective

memory mat is prevented.
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8. A semiconductor memory according to claim 7,

|

wherein first address signals are supplied to each of said plurality of

memory mats for selecting a memory cell in said memory cell array.
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SEMICONDUCTOR MEMORY DEVICE AND MEMORY MODULE
USING THE SAME

_ ABSTRACT OF fHE DISCLOSURE

Input/output terminals of a first
semiconduétor memory device in which failures or defects
exist in units of memory mats and inbut/output terminals
of a second semiconductor memory device having.redundant
memory mats are connected to one another on a mounted
substrate to thereby relieve the failures in.the memory

mat units. A powér source is substantially cut off from

supplying to a faulty memory mat.

Figure 12A



