2157038 "A SEM CONDUCTOR MEMORY". The present invention relates to

sem conductor nenory which is constructed of a nonolithic senicondﬁi&kﬁ5‘7C315<%
integrated circuit. In recent years, the demand for a sem conductor 5

menmory having a |arge capacitance is increased greatly with the progress in
sem conductor technol ogy and the devel opnent in the technique of use for

t he sem conductor device. In the case wherela=Read Only Menory (ROM 10l

having a large capacitance is to be manufactured a nunber of problens :

arise. For exanple, the nunber of s to _be coupled to data |ines

is increased with the increase i ft ?ﬁ@IE§HBP9T9§p§@MP§H Mor eover, the
undesired 15 stray or parasitic capacitance, which is Ilable to be coupl ed

to ihe data lines, is |nohRasgdelihl LUGehSERa381L0ckE oYMk, gkl or

menory cells. As a result rea &r afi on; angi ng

rate of the dat a\eﬁb%aumcmaghcaagtkaétha me dﬂxbaoha@ﬁ§c29eh\xcanae&ee£ed

menory cell, is restricted by the relatively | arge capacitance of
lines. In otherleQQ&atbhechbuh@g ability of the data |ines by the
selected nenory cell is relatively reduced. - 2 -

In recent years, the demand for a semiconductor
5 memory having a large capacitance is increased greatly
with the progress in semiconductor technology and the
development in the technique of use for the semiconductor
device.
In the case where a Read Only Memory (ROM)
10 having a'large capacitance is to be manufactured a
number of problems arise.
ﬁor example, thg number of memory cells to
be coupled to data lines is increased with the increase
in the memory capacitance. Moreover, the undesired
15 stray or parasitic capacitance, which is liable to be
coupled to the data lines, is increased with the
increase in the number of the memory cells. As a result,
when in a data read out operation, the changing rate
of the data signals, which are fed to the data lines
20 by a selected memory cell, is restricted by the
relatively large capacitance of the data lines. 1In
other words, the driving ability of the data lines

by the selected memory cell is relatively reduced.



The signal lines such as the data lines are frequently elongated when it is

I ntended to increase the nenory capacitance. In this case, since the
signal lines thensel ves have not negligible resistances 5 and since
undesired capacitances having relatively large values are coupled to the

si gnal Ilnes these |ines experience relatively long signal delays. In the
case Where it is desired to manufacture a seniconductor integrated circuit
devi ce~havi ng a 10 | ar ge capacitance, 7t4is desirable to scale down the -

. Circuit elenents or wiring layers constructing the sem conductor integrated

circuit device with Ei\Hfﬁ@ tq ghlqghgg @u%%rggtxhgfdg@geg%geéugpeas to

prevent a reduction in the rication yield being caused
crystal defect of £ Peg&dh ﬂ?aé&?sﬁﬁéﬁfattﬁgffHEE%d@E Eﬁﬁl%%g%Q%@UCtor
substrate fronlbelng substantla y increased, and the power consunption

from being greatlyhé NeéReSEcagd®i sdgdal | inesHiicasedl ed ndewrneave 20
relatively high resistances and hence experience |long signal delays. In

order to make thesi@spbniimsgs rihemodl ved i lghve apacideyicey iBOd eqgudls thaces
hi gher than that of a | owcapacitance ROM it is necessary to elimnate 25
the adverse af f ecandnsinge chnde sired seabayi tancess|haviing redadtivedyi n t he
driving ability of the data |ines by the nenory cell and by the increase
large values are coéoupled to the signal lines, these
lines experience relatively long signal delays.
In the case where it is desired to manufacture
a semiconductor integrated circuit device having a
10 large capacitance, it is desirable to scale down the
circuit elements or wiring layers constructing the
semiconductor integrated circuit device with a view
to achieving a variety of pbjects such as to prevent
a reduction in the fabrication yield being caused by
15 the crystal defect of a semiconductor substrate, the
area of the semconductor substrate from being
substantially increased, and the power consumption
from being greatly increased.
The signal lines thus scaled down have
20 relatively high resistances and hence experience
long signal delays.
In order to make the responding rate of a
high-capacitance ROM equal to or higher than that of
a low-capacitance ROM, it is necessary to eliminate
25 the adverse affections which are caused by the

relative reduction in the driving ability of the

data lines by the memory cell and by the increase



- 3-inthe delay tine periods of the signal lines. On the other hand, the
defects of the nenory cells raise special problens in the high-capacitance
ROM 5 It is well known frominformation theory to use an error
correcting code which will be shortly referred to as "ECC'. W have
conceived that a circuit for correcting error by the use of the (S
af orenenti oned 10 ECC (which circuit will be shortly referred to as the
"ECC circuit") is built in a sem conductoB senory. It is an object of the
present invention to provide a sem condcutor nmenory which is capabl e of
inmproving the fabrication yield. 15 It is another object of the
present inventién tbepdevhdetiameeperbadacebr thensignahi hnes.capabl e of

i mproving the function of built-in ECC circuits and to sinplify the circuit
construction thereof. 20 On theg othggohandg thet AefprEseff theeREMBRYt here
|5 provided 2 SeTh§andusLe" SJBIRLY bRChYChD%in( BhenOLHI BbhY: 2LnTE™" Y

ROM.
5 It is well known from information theory
to use an error correcting code which will be shortly
referred to as "ECC".
We have conceived that a circuit for
correcting error by the use of the aforementioned
10 ECC (which circuit will be shortly referred to as the
"ECC ciréuit") is built in a semiconductor memory.
It is an object of the present invention
to provide a semicondcutor memory which is capable of
improving the fabrication yield.
15 It is another object of the present .
invention to provide a semiconductor memory which
is capable of improving the function of built-in
ECC circuits and to simplify the circuit construction
thereof.

20



inamtrix formin one sem conductor chip for 5 storing one set of data
having check bits; (b) a selecting circuit for selecting those of said

pl ural.~oenory cells, which are grouped into one set, in response to the
addreSs Si gnal s; and 10 (c) an error correctlng code circuit
formed: Lp'sald sem conductor chip and adapted to be fed with one set of
data whi'ch are read out of the menory_cglls sel ected, wherein each set of
the data is stored in 15 the plural nenory cells mhich are spaced from each

ot her farther than one of sai d nmenory cells. - The present invention
will now be described i nPGFe% %?9dE?aF?eb%r%%?“Bfl%&%ﬁﬁﬂ%ﬁvﬁQQquference to

Show ng 5 4 PP oPERYERSH of nr P HORRUE G Betoly She Lh%lrzv"c' are specified
S o] ogr M PaoM N9cdhea chIGHL &y | 05k ey MR LnEdde P o]
gure 1S ac I cul rams ovmng n
X-decoder; Figype, 4mé§r§xcf6§1¥!' fn dbRET 88 SEONE NGk Sr YerIGS ol |
5 storing one set of data having check bits;
(b) a selecting circuit for selecting
those of said plural memory cells, which are
grouped into one set, in response to the address
signals; and
10 (c) an error correcting code circuit
formed in said semiconductor chip and adapted to
be fed with one set of data which are read out
of the memory cells selected,
wherein each set of the data is stored in

15 the plural memory cells which are spaced from each

other farther than one of said memory cells.



Figure 5is a circuit diagramshow ng an ECC circuit; 15 Fi gure
6 is a circuit diagramshowi ng an exclusive OR circuit; and Figure 7 is a
diagramillustrating the operational wavefornms of the circuits of Figures
2A to 2C." 20 Referring to Figure 1, the ROM showy I-s equi pped
with four menory arrays M ARY1 to M ARY4, and has a nenory capacitance of
about 1 negabits as a whole. Each of thesmenory arrays MARY1 to MARY4 is
conposed of the nmenory arrays, which are arranged in 512 rows x 608 25
colums, and has a nenory Ttapaxiels@mte inventGon @fil3lhpR9b6ebdkscribdlie
circuit blocks shown are respectively forned in a sem conductor substrate
by the wel |l -known M¥@adiaw detaidt dyr attiyn@gft exlampdeewitherafeangeaeht of the
maj or circuit blocks is made to 5 correspond to the actual geonetrica
arrangenment on tthe FGATWMVENG @dnTFre WPEEE1IPAsUl ated gate field ef fect
transistors (which will be shortly  referred to.as ".NDgFETs" for .
constructing each of the &¥¥Hf& biiScls PAPER Fizfruis diaALA eﬁgﬁvlﬁﬁde

N- channel type unless oth i Se S i.fied. The respective nenory arrays

M ARY1 to M%,RRYZF preferre% Vgorm o%e%Ofo,

Figures 2A, 2B and 2C are specified circuit
diagrams showing the circuit blocks DSAl, M-ARYl,

- MPX SA, MPX, and DSA3 of Figure 1;

3
Figure 3 is a circuit diagram showing an

l'

10 X-decoder;
Figure 4 is a circuit diagram showing a
Y-decoder;
Figure 5 is a circuit diagram showing an
ECC circuit; . .
- 15 Figure 6 is a circuit diagram showing an
exclusive OR circuit; and
Figure 7 is a diagram illustrating the
operational waveforms of the circuits of Figures 2A
to 2C.
20 Referring to Figure 1, the ROM shown is

equipped with four memory arrays M-ARY1 to M-ARY and

4'
has a memory capacitance of about 1 megabits as a whole.

Each of the memory arrays M—ARY1 to M-ARY, is composed

4
of the memory arrays, which are arranged in 512 rows x 608

25 columns, and has a memory capacitance



have their row addresses selected by X decoders X-[err] and X-[err] and
their colum addresses selected 15 by a Y-decoder Y-DCRlL. The two
X-decoders X-[err] and X-[err] have such word drivers as will becone
appariénit fromthe follow ng description and generate 2 (= 1024) decoded
out put signals by decoding row address 20 signals [err] to [err]. The
X-decoder X-[err] is arranged between the two nenory arrays M ARY1l and

M ARY2 which are arranged at the | eftéhand side of the draw ng, whereas the
X-decoder X-DCR2 is arranged between the nenory arrays M[err] and M[err]

whi ch are arranged t i ght nd; gi 0 dg @, 0 he 512
decoded out put g?g%é?éaggnggg%éd bgﬂghgliggggo%ééggfE%@?gfgh%%blied

comonly to ther@%ﬁ@&%i@@ﬁ?Y?o@hégYin a seficoRd@chbl eslibstratd ke se, the
512 decoded out put “signal s"generated by the X-decoder X-DCR2 are applied

commonly to theehRrMREY 1akhays MbEeeircand Whiegtatidg Yreekoigie Y-[err]
generates 32 decoded output 5 signal s by decodi ng col um address signals
[err] to [err] ahef areabigement biil thpl magps férchitobleck$ bsemadspectively
coupled to the nenory arrays M[err] to MJ[err]. The nul tiplexors [err]
to [err] ame nudersgspandvéot thececiyadopenmesiicahedrrangyRenhion he

mul tiplexors MPX 1 to MPX4 10 is fed with the 32 decoded signals of the
Y- decoder the semiconductor substrate.

The insulated gate field effect transistors
(which will be shortly referred to as "MOSFETs") for
constructing each of the éircuit.blocks are of an
10 enhancement mode N-channel type unless otherwise
specified.
The respective memory arrays M-ARY, to M-ARY,
have their row addresses selected by X decoders
and their column addresses selected

X-DCR, and X-DCR

1 2
15 by a Y-decoder Y-DCR, .

The two X-decoders X-DCR., and X-DCR, have

1 2
such word drivers as will become apparent from the

10 (2 1024)

following description and generate 2
decoded output signals by decoding row address
20 signals A0 to Ag. The X-decoder X—DCRl is arranged
between the two memory arrays M-ARY1 and M-ARY2 which
are arranged at the left hand side of the drawing,
whereas the X-decoder X-DCR2 is arranged between
the memory arrays M-ARY3 and M—ARY4 which are arranged
25 at the right hand side of the drawing. The 512
decoded output signals generated by the X-decoder

X-DCR1 are applied commonly to the memory arrays M-ARY1



Y- DCR . One is selected from 32 colums by each of the nultiplexors [err]
to [err]. ..Since each of the nenory arrays M ARYl to M ARY4 has 608 .
colums, 19 colums are simltaneously sel ected fromeach nenory array in
response 15 to one Y-decoded output signal. In accordance with :.t\he'-'
construction so far described, 38 nenory cells are sinultaneously “selected
in response to one X-decoded output signal Tamd one Y-decoded out put signal .
for anplifying the inform ation signa

20 - A ifier SA _
(or the data si gnZ%efi‘dS%?’W&-s' Séﬁgﬁe&t‘&? by e IfefSCPIed Pusepéceagnpds

constructed of a dj ' jreut The ,sense anplifier SA is made
operative to anpl %{/Jﬁagég/dola%yageﬁedi%fdeerceondceg g%%meta\ﬂéeﬁpt"hée ata™8rynil ,

which is read out f gﬂgaﬁgﬁgyﬁhégygyszyuig% p%%%ehgm@&ned ref erence /

-8- voltage. In order to cause the voltage erence, “%hich is to be

anpl i fied, to accurately carrespasshdro YTRORARa0Est Be dakaqshonatHlead
out of the nenory cell and to reach a desired level within 5 a

relatively sHort perdrelofbyt idesodig reflamnerdrelssageghs1seh Notoal angr
absol utely constant level but at a relative level. In other woPds, tha
ref erence voltage filsvesdritat. sudtuld ipdlexeras MPX .calor ¥8pONdreorespectively
coupled to the memory arrays M-ARY1 to M-ARYq. The
multiplexors MPX1 to MPXQ are made operative to act as
column switches. Each of the multiplexors MPX1 to MPX4
10 is fed with the 32 decoded signals of the Y-decoder
Y-DCR1. One is selected from 32 columns by each of the
multiplexors MPX1 to MPX4. Since each of the memory
arrays M-ARY1 to M-ARYA has 608 columns, 19 columns are
sinultaneously selected from each memory array 1in response
15 to one Y-decoded output signal.

In accordance with the construction so far
described, 38 memory cells are simultaneously selected
in response to one X-decoded output signal and one
Y-decoded output signal.

20 A sense amplifier SA for amplifying the inform-
ation signal {or the data signal) which is generated
by the memory cell selected is constructed of a
differential circuit. The sense amplif;er SA is
made operative to amplify the voltage difference

25 between the data signal, which is read out of the

memory cell, and a predetermined reference



the potential at the colum to which the menmory cell 10 selected is
coupl ed. The colum lines of the nenory arrays are fed with reference
voltagQi¢Ln order to set the reference voltage at a proper |evel, 15
there @re provided dumy cell arrays [err] to [err]. which respectively

correspond to the menory arrays M[err] to M[err] . The dumy cell arrays
[err to [err] are coupled to the cqunn_jQpQ§ of the corres- pondi ng nenory
arrays. The dunmy cell arrays [err] 20 and DSA2 are respectively

sel ected by thooXtdeeodelds Xrden [tk &g dihe vollteagturmyf tstencg ays [err]
and [err], which are arranged at the |eft hand side of Fig. 1, and the
dummy cel | arr #pdchsAs &9d beSABPP LiHii@R art® faafe®2s corresgonrde ri ght
hand side, are alternatively selected -. 9 -_in response tqg the highest

bit signal [erP &Pt FETREAFICESIG GRS TEM! FEIRTYt AL 18Dits The
durry Cel! a1 Aaelsy Hhytndd S beaonttl Sh S LRSI e orOry
L e, st MO RS, MARE it A0 SeU e i Gt fegoc
coupl ed is set not at an absolutely constant level but at

a relative level. In other words, the reference

voltage is set at such a value as to correspond to

the potential at the column to which the memory cell

10 selected is coupled.
The column lines of the memory
arrays are fed with reference voltage.

In order

to set the reference voltage at a proper level,

15 there are provided dummy cell arrays DSAl to_DSAa

which respectively correspond to the memory arrays

M-ARY, to M~ARY,. The dummy cell arrays DSA,

are coupled to the column lines of the corres-

to

DSA4

ponding memory arrays. The dummy cell arrays DSAl

20 and DSA, are respectively selected by the X decoders

2

X-DCRl and S—DCRZ.

The dummy cell arays DSAl and DSAZ, which
are arranged at the left hand side of Fig. 1, and

the dummy cell arrays DSA, and DSA,, which are arranged

4
25 at the right hand side, are alternatively selected



to the nenory arrays M ARY3 and M ARY4, are selected 10 when t he
respective row lines of the nenmory arrays M[err] and M[err] are sel ected.

The respegtive colum lines of the menory array MARY1l of Fig. -I ar'
paired with the respective colum |ines of the nenory array M[erf] 301 t he
ot her hand, 15 the nmultiplexor [err] is paired with the rrultllp__!__e or
[err]. In the data read out operation, the sane signal as that which is

fed fromthe Y-decoder Y-DCRL to the multiplexor MPX is also fed to the
mul tipl exor [errPRR A§sponssylto, thee hslesiﬁsfarHﬁﬁfSiegnaSAAgs_dfeotr%) X with
the data signal to be anplified by way of one of the multiplexors MPX1 and
MPX3 and with th@9CErEFeRiNadiSt Age B8 ApyP bf1Q Heitet her nul t i pl exor.

Li kewi se, the colgmm.lines g; the nenory array MARY2 are paired with the

columm |ines of ths RN §SArr afFaks M ARY4, and the mul tiplexors MPX2
and MPX4 are pai rD«gg and 1)% - vm#%\h %ach ot her.. Tcge datq%em nals of 38 bits,
which are read out af PRe 38 ate A% HRGEFI F t3F T of
the X-decoged OUMQE.tRYSi gpal ﬁ_alrﬁc} Sf%r f stehj_e th-edéa(‘:d%ded t% c out put si gnal s,
are anplified by the Sense anplif'er SAZANT are fed o an BTGt so

that their errorgogreia@sreet elebiekids S Gy i dard N dldf il Al s of 38
bits fed to the ECC circuit, the 32 bits are 3 4

are selected by the X-decoder X—DCRZ. On the contrary,

the dummy cell arrays DSA3 and DSA4, which are coupled

to the memory arrays M-ARY. and M-ARY are selected

3 4’
10 when the respective row lines of the memory arrays

M-ARYl and M-ARY2 are selected.

The respective column lines of the memory array
M-ARY1 of Fig. -1 are paired with the respective column

lines of the memory array M-ARY On the other hand,

3°
15 the multiplexor MPXi is paired with the multiplexor
MPX3. In the data read out operation, the same

signal as that which is fed from the Y-decoder Y-DCR,
to the multiplexor Mle is also fed to the multiplexor
MPx3. As a result, the sense amplifier SA is fed

20 with the data signal to be amplified by way of one
of the multiplexors Mle and MPX3 and with the
reference voltage by way of the other multiplexor.
Likewise, the column lines of the memory array M-ARY2

are paired with the column lines of the memory array

25 M-ARY,, and the multiplexors MPX, and MPX, are paired



used as the data signals whereas the remaining 6 bits 10 are used as
the parity signals. In response thereto, the ECC circuit generates the
data signals of 32 bits, which have their errors corrected. The information
si gnal's*(er ‘the output data) of 32 bits having their errors corrected by

t he ECC\15, circuit are fed to a nultiplexor MPX which is provided to
reduce the nunber of the external termnals of the ROM The respective 8
bits of the output data signals of 32 bitdlare selected by the action of
the nultipl exosrifleredch dhkedata signals of 8 bits 20 are fed through
an output buffer DOB to the external termnals DO to DO/ of the ROM As a
result, the data signBhe d4tad2sbgnelsfofhdBEeltsi rwbithameet rams ofuerr ed
sequentially four times to the external termnals [err] to [err]. For these
sequential outplittpedbipengry2cells agdeetedsignarspanseatie® AN are used.
The ROM is equipped with_a_Y decoder Y-DCR2 for decoding the address
signal § [err] @hdther¥Tdecaded QrEPpEekbFNpLEr PRSPt @ fofBrali-Gg§Cded
controll ed by the decoded fi gnal s which ars geneéat ed bg t he 'Y decoder
Y-DCR2. 5 As” LBEPUL (LGRSt ndTRafTPST GharfsPHr TRS BPPS apBPddfdEcut i vel y

(50 10 the oxtef et eLal Bgkor R0 8cPL, LA RECRLIENEE WAL e Lagt et
changed. The F§¥4iéo?£§9t§8u£9p@gemkée 89r@99£?331n the signals
of 38 bits fed to the ECC circuit, the 32 bits are
used as the data signals whereas the remaining 6 bits
10 are used as the parity signals. In response thereto,
the ECC circuit generates the data signals of 32 bits,
which have their errors corrected.
The information signals (or the output data)
of 32 'bits having their errors ﬁorrected by the ECC
15 circuit are fed to a multiplexor MPXO which is
provided to reduce the number of the external terminals
of the ROM. The respective 8 bits of the output
data signals of 32 bits are selected by the action

of the multiplexor MPX The data signals of 8 bits

0'
20 are fed through an output buffer DOB to the external

terminals DO0 to DO7 of the ROM. As a result, the

data signals of 32 bits of the ECC circuit are trans-
ferred sequentially four times to the external terminals

DO0 to DO7. For these sequential output operations,

25 address signals AlS and Al6 are used. The ROM



10 buf f er ADB. Thi s address buffer ADB receives the external address
signals A0 to Al16 through the external termnals in order to generate the
internal address signals [err] and [err] to [err] and [err] at true and.

fal se [evels, which signals are-to be fed to the decoders. 15 The addréss
buffer ADB has its operations controlled by a chip select signal Ce which
Is fed froma control circuit CNT. This control circuit CNT generates the
chip select signal Ce in response to an tkternal chip 20 sel ect signal CE
which is to be fed to the external term nals. The control circuit CNT is
provided with a signal nerat of.  (not s oy, _ eratin r echarge

pul ses [err] and wgfhegggﬁgglggﬁéfgggn%rg?%@ée%e{;r?eﬁlﬁﬁéﬁn@e{%rﬂq ¥ as

Sl gnal's whi ch are POGETPS g PRE BHE Pad Th6m B S L DT e, The

signal s which are required £bm t he address

signal generator f@asJ8Rer 8peREt2ons cohBollE&NByIEnPUESESad L gty be
constructed of a circuit for detecting the change in the | evel of at |east

one of the addresswhiighalaze] GEBRErheeleby] thadvadevodebl e-BCRLUI T AIGh as a

pul se generating circuit. The precharge pulses [err] are set“at a high
| evel 10 5f or xesnddet éhei detapeigodlef ofi A2 bhts dhe cinseadiosily
fed to the external terminals DO0 to Do7 in accordance

with the fact that the states of the address signals
A15 and A16 of 2 bits are consecutively changed.
The ROM is also equipped with an address
10 buffer ADB. This address buffer ADB receives the
external address signals A0 to A16 through the external
terminals in order to generate the internal address
signals a, and 50 to 316 and 516 at true and false
levels, which signals are to be fed to the decoders.
15 The address buffer ADB has its operations controlled
by a chip Qelect signal Ce which is fed from a
control circuit CNT.
This control circuit CNT generates the chip
select signal Ce in response to an external chip
20 select signal CE which is to be fed to the external
terminals. The control circuit CNT is provided
with a signal generator (not shown) for generating
precharge pulses ¢pc and with such signal generators
¢X-Gen and ¢y-Gén as will become apparent from

25 Figures 3 and 4.



signals are fed to the termnal CE and when at |east one of the signals
[err]. to [err] of the address signals [err] to [err] is changed while the
chip select signals are being fed. 15 To the nmenory arrays,

t here gre/yespectively coupl ed such precharge elenents as wll be nade
apparent- fromthe | ater description. The data lines (i.e., the colum
lines) of the respective nenory arrays ark2reset by the fact that the
precharge 20 el enents are operated by the precharge pulses [err] The
data can be read out Ehtehagfirspeedibpalhevhach ehret rekeirespdst ithe dat a
lines are forcibly reset irrespective of their previous |levels. The
precharge pul sest§enz} signalsgenscdtPsF pésthei ggnizol cincve ts€hge
anplifier. - 13 - _The ROMis used as a _character generator for producing
Chi nese char ac@®t sfed FremphheerAdsesEnBUEA8Fa®PBr is displ ayed with

di splay dots which are arrangeg inamtrix formof 32 rows and 32 col ums,
5 for exanple. STREeSYAB2L cFEBFTREQN| FRE FRReEAELNSi gnals of 32 bits x

32 bits the QM oan. be, sorgd) wih 1024, ghacagter atterns, Referring now

to the specifiT ciTcurts py arrays and the sense "anplifier shown

in 10 Figures 2A-40; 2GotNge FERRE ¥gathaYenMhberih and Melenrbs

at least one of the address signals AO to A16

a suitable circuit such as a pulse generating circuit.

and

The precharge pulses ¢pc are set at a high level

10 for a predetermined period of time when the chip select
sicnals are fed to the terminal CE and when at least
one of the signals A, to A of the address signals

0 14

A, to A is changed while the chip select signals

0 16
are being fed.

15 ' . To the memory arrays, there are respectively
coupled such precharge elements as will be made
apparent from the later description. The data lines
(i.e., the column lines) of the respective memory
arrays are reset by the fact that the precharge

20 elements are operated by the precharge pulses ¢pc'
The data can be read out at high speed by the
fact that the respectivg ?ata lines are forcibly
reset irrespective of their previous levels. The

precharge pulses ¢pc are also used for resetting

25 the sense amplifier.



are made to have a substantially identical construction. The nenory array
M[err] has 512 word lines [err] to [err] which are el ongated in the
vertical direction of Figure 2A The 512 word lines of the nenory array
15 M ARYT are made common with the 512 word lines of the menory afray--

M ARY2 which is shown in Figure 1. Likew se, the nenory array M ARY3 has
%12 word lines which are elongated in the vertical direction. The 512 word
lines of the nenory array M ARY3 20 =-aié al so made comon with the 512
word |ines which are provided in the nenory array M ARY4 shown in Figure 1.
The respective word [ines are deened as row |ines. The menory array M ARY

has an earth line and a deha RbMei¥hi68da4€ 25chafiOrdAtfshdmtdie for
hori zontal direction of Figure 2A and which are alternately arranged. As

shown, the - 14 prdducsing iohd n€a@ ichatrheteast.h | The pheteas dheosecond
line [err] is the data |ine. In Figure 2A, the respective earth lines are
desi gnated at sufficha@adtereds diespleyedcwitd dasalkiyndetarehilesi gnat ed at
5 suffix D. The data lines respectively construct the colum |ines.

The nenory array MasRengsd Hingdr datrixs fope e§3 3eorgws RnAed2 @8lwmBS been

descri bed above. In the nory arra hﬂ[errk of Figure 2A
5 for example. ° Since one letter regulres the data

signals of 32 bits x 32 bits, the ROM can be stored
with 1024 character patterns.
Referring now to the specific circuits of the
memory arrays and the sense amplifier shown in
10 Figures 2A to 2C, the memory arrays M-ARY1 and M—ARY3
are made to have a substantially identical construction.
The memory array M-ARY1 has 512 word lines W0 to w511
which are elongated in the vertical direction of
Figure 2A. The 512 word lines of the meméry array
15 M—ARY1 are made common with the 512 word lines of
the memory array M-ARYZ which is shown in Figure 1.
Likewise, the memory array M--ARY3 has 512 word
lines which are elongated in the vertical direction.
The 512 word lines of the memory array M—ARY3
20 are also made common with the 512 word lines
which are provided in the memory array M-ARY4
shown in Figure 1. The respective word lines
are deemed as row lines. Thg memory array M—ARY1
has an earth line and a data line which are

25 elongated in the horizontal direction of Figure 2A

and which are alternately arranged. As shown, the



10 however, one data line is nade to substantially correspond to two

colum lines, as wll becone apparent fromthe foll ow ng description. As
a result, the number of the data |ines bel onging to the nenory array M ARY
s set . a-g “not 608 but hal f that anpunt 1 15 i .e. 304. The ROM can be

hlghlyllntegrated by reducing the nunber of the data |ines. The

respect\l ve-data lines of the nenory g ray M ARY1 are coupl ed through the
mul ti pl exor MPX1 to common data | ines [err] and [err] and so on. Si nce

t he 20 substantial one data line constructs the two colum |ines, 16
(i.e. 32/2) data fliixsss Yigve |G4p ertitie @ag thadd neo whereaspshe second conmon
data line, e.g. [err]. In the nenpry array M ARY1l, nenory MOSFETs 25

[err] to [err] ardi®mgd % thespada \ﬂe‘ﬂ? corrIé’sﬁéﬁ(‘;\“'teo2 heth6des of the
word and data |ines. Each of th as its gate

connected with t FERETESoffT] adﬁfﬁ ﬁ‘ﬁ? qetss‘gd‘l’a&i P&nﬁé‘é?éﬁf i th the

correspondi ng datarhl | ne atr}ld |rts sou% e ?ncne(it .ed wW_th the. correg aondi ng

earth line. respec Re AF 17es &R Fﬁg P@?ﬁg Ve earth

lines with the exgegndi,pp of the earth line Ga0 which is arranged at the end
portion of the menory array M ARY1, there are

The data lines respectively construct the
column lines.: The memory array M-ARY1 of Figure 1
has the 608 column 1inas, as has been described
above. In the:memory array M-ARY1 of Figure 23,

10 however, one data line is made to substantially
correspond to two column lines, as will become
apparent from the following description. As a result,
the number of the data lines belonging to the memory
array M—ARY1 is set at not 6b8 but half that amount

15 i.e. 304. The ROM can be highly integrated by
reducing the number of the data lines. The
respective data lines of the memory array M-—ARY1
are coupled through the multiplexor MPXl to commoa_
data lines CD0 and CD, and so on. Since the

20 substantial one data line constructs the two column
lines, 16 (i.e. 32/2) data lines Do t© D,;g are

made to correspond to one common data line,

e.g. CDO.

In the memory array M-ARYl, memory MOSFETSs

25 Mo to M31 are formed to respectively correspond to

the nodes of the word and data lines. Each of the



«

commonl y connected the drains and sources of the respective nenmeory MOSFETs
[err], [err], [err] and so on which 10 are connected with an identi cal

word |ine. The earth lines and the data |ines are constructed of/the
sem conduct or regions which are integrally fornmed with the sem conduct or
regions constructing the sources and drains of the nenory MOSFETs. = Each

of these nenory 15 MOSFETs has its threshold voltage predetermned in
response to the information "0" or "1". Jhe mul ti pl exor MPX1 i s constructed
of : transm ssion gate MOSFETs which are substantially interposed between
the data |lines and the common data 20 |ine; and switch MOSFETs which are

i nt er posed bet ween némor e MRIEETS Mg tity igatse amhrecdedwitdartthle | i ne
[err]. The data lines [err] to [err] are coupled to the conmon data |ine
[err] through transPPEESSRPRRARS WSERRNS erifs G igy qensictiede #idtr §8€ t he
mul ti pl exor. 25 The comon data |ine {err] I s connected with one of the

i nput termnals of $PEFS np14ate line Iarﬂadc st FAUTREs PENECLeS Wi

are connected with the commpn

- 16 -_earth line t hrough sw tch
VCSFETs [err] to [€17F S CTPRRRAEAS SATHR T ches Mo P4 § SSPEAER Rave
their gares respectdygyiisds A Ll P{é;féj&dz]&é WAlth e @ino enei ch
re generated Dy the addr ess decoder err
exception of the earth line Gao which is arranged at
the end portion of the memory array M—ARYl, there are
commonly connected the drains and sources of the
respective memeory MOSFETs MO' Ml’ M2 and so on which
10 are connected with an identical word line. The earth
lines and the data lines are constructed of the
semiconductor regions which are integrally formed with
the semiconductor regions constructing the sources and
drains of the-memory MOSFETs. Each of these.memory
15 MOSFETs has its threshold voltage predetermined in
response to the information "0" or "1".

The multiplexor Mle is constructed of:
transmission gate MOSFETs which are substantially
interposed between the data lines and the common data

20 line; and switch MOSFETs which are interposed between
the respective earth lines and a common earth line
CGa’ The data lines Dao to Da15 are coupled to the
common data line CD0 through transmission gates
MOSFETs Sao to Aals which construct the multiplexor.

25 The common data line CD0 is connected with one of the

input terminals of the sense amplifier. The

earth lines GaO to Gals are connected with the common



shown in Figure 1. The decoded signals CO to Cl15 are generated by
decodi ng the address signals Al10 to Al3. The MOSFETs [err] to [err] have
their gates fed with the decoded signals [err] to [err] and the decoded
signals 10 f[err] to [err] which are generated by logical circuits (not
shown) which are made receptive of the address signal [err]. It is
necessary to conplenmentarily switch the switch MOSFET, which is coupled to
the earth |ine arranged at one side ot fige-data line to be selected, 15

and the switch MOSFET which is coupled to the earth |line arranged at the
other side of that data line. It is also necessary to render the switch
MOSFET, such aseewéhMISFRETCGgr througbuswiteh WOBERTHOSE TtosQgoupl ed to the
earth line interposed between the two data |ines, 20 en the menory
MOSFET i nt er pos #8158t @e&nash&Cleant BWLitf8e8nd one of the data lines is to
be sel ected and when the nemory MOSFET i nterposed between that earth |ine
and the other data Iiné FsMpéFégsséhecF8d$a1SFBFVQXEHﬁFE,9?H§5decoded

' I ' : 25 . | sf | gt i hi
cxprossed by 1 hECPBREACRAY] Bc 41 ba it dacpipe° Shufade fots 85177 P

decoded sighal @Y chS sHeMplALkttReES! cAk §UGHaRLE! HScéé?IéOﬁ?&ﬁSfy the
p expressed by~“the followng |ogical equatrion ) [erk]
shown in Figure 1. The decoded signals C0 to C15 are
generated by decoding the address signals A10 to A13.

The MOSFETs an to Qa15 have their gates fed with the
decoded signals C0 to C15 and the decoded signals

10 C01 to C1500 wh{ch'are generated by logical circuits
(not shown) which are made receptive of the address
signal Al4' It is necessary to complementarily switch
the switch MOSFET, which is coupled to the earth line
arranged at one side of fhe data line to be selected,

15 and the switch MOSFET which is coupled to the earth
line arranged at the other side of that data line.
It is also necessary to render the switch MOSFET, such
as the MOSFET Qal’ conductive, which MOSFET is coupled
to the earth line interposed between the two data lines,

20 when the memory MOSFET interposed between that earth
line and one of the data lines is to be selected and
when the memory MOSFET interposed between that earth
line and the other data line is to be selected. For
example, the decoded signal C1500 is preset at such

25 a value as to satisfy the relationship expressed by

the following logical equation (1), whereas the



and 5 [err] (2). [err] In Figure 2A, the earth |ines,
whi ch are arranged above the respective data lines[err] to [err], are

sel ected by the AND signals of the decoded signals [err] to [err] and the
internal address signal 10 al4, whereas the earth lines, which are
arranged bel ow the respective data lines [err] to [err], are selected by
the AND signals of the decoded signals Q0 it -Cl5 and the address signal
[err]. The dunmy cells DS to DS a3 are respectively 15 coupled to the

d i , the d I
2 “only the i cHPPOSFS: RETARIG CaonE PARALEFLYCRERFPY caF I BUSh At st o
sinplify the illugtr h u r tLyc of :

Cé% W%. 1sf§ 8hg gg!a%?hh B?E Lx §e§9@? Eg £ﬁ9

MOSFETs dI and are-2 connected In"serfes w ach ot her and

whi ch are adaptedqulgglggnq%gg@abyeanahabgrngb address signal aa; and a
MOSFET [err] which is connectéd in series with the MOSFETs Qdl and Qd2 and

which is adapted to be switched hy t he decoded signal CO. 25 The
MOSFETs Qdl and d2 a¢gsg§ngﬁgdan Ha¥q stlfq gsans Si Ze"as thdf)éf the
menory MOSFETs of the - menory array. Mor eover, the MOSFETs (I
and Qd2 are and '

5 C = C,-a + C,*a,, = = =—=— - ==~ (2).

0l 0 14 1 714

In Figure 2A, the earth lines, which are
arranged above the respective data lines Dao to
DalS' are selected by the AND signals of the decoded
signals C0 to C15 and the internal addre;s signal
10 E;:, whereas the earth lines, which are arranged below
the respective data lines Dao to DalS’ are selected
by the AND signals of the decoded signals C0 to C;¢ and
the address signal ay,-
The dummy cells DSao to DSa31 are respectively
15 coupled to the data lines, the dummy cells having an
identical construction. In Figure 2A, only the circuit
of the dummy cell Dsao is specifically shown so as to
simplify the illustration. The dummy cell DSao is
constructed of: MOSFETs le and Q42 which are
20 connected in series with each other and which are
adapted to be switched by an internal address signal a:
and a MOSFET Qs which is connected in series with
the MOSFETs le and de and which is adapted to be
switched by the decoded signal CO‘
25 The MOSFETs Q41 and Q4o are designed to have

the same size as that of the memory MOSFETs of the



fabricated sinmultaneously with and in the sane size as those of the nenory
MOSFETs, which have a | ow threshol d vol t age. As a result, the conposed
conduct ance of these 5 MOSFETs (dI and Q2 when rendered conducting is
made 't 0 have about a half value of the conductance of the MOSFET having the
| ow t hreshol d vol tage when the latter is selected. Those of the nenory
MOSFETs, whi‘ch- have a high threshold voltage, are held in their
substantlally 10 conducting states i+rie&spective of whether they are

sel ected or not. As a result, the conposed conductance of the MOSFETs le
and d2 of the dumry cells is made to have a hi gher conductance of the
menory MOSFET haWnemRF¥ 3WXAY ¢ hr drRVesl ttfe MREETsh &4 atnsr Qldg 8&kect ed.
15 1In other words, the conposed conductance of the MOSFETs [err] and [err]

takes an i nt er mERRE LR R LAREQHE ¥ dhichit 2ttt & Toft en & sy eVBSFET
havi t he | t hol | t d f t FET
having the nigh TISSHA b TaReY SpoEre WG Soul-er Toel FF e rine

d [ t Il
ek ooeu not ERLERGE ] oA R ER e CORETUY RrBludt BRI (REELS
to have a syffi Gyeedgys ft% %{‘ﬁn&%uq}meréx{@é}éd“%mt%% q%nq\watea%es of

the MOSFETs Qdl and 25 a result, the conductance of the dummy
cell in the sel agdwsl SBAIE€,a ih£lf F{Rus W WHaThdRIteeRR 0Fe toet put node

DN of the dummy cell and the earth
MOSFET having the low threshold voltage when the latter
is selected. Those of the memory MOSFETS, which- have
a high threshold voltage, are held in their substantially

10 conducting states irrespective of whether they are
selected or not. As a result, the composed conductance
of the MOSFETs le and de of the dummy cells is made
to have a higher conductance of the memory MOSFET having
a high threshold voltage when the latter is selected.

15 In other words, the composed conductance of the MOSFETs
le and Qd2 takes an intermediate value between the
conductance of the memory MOSFET having the low
threshold voltage and the conductance of the memory
MOSFET having the high threshold voltage.

20 The MOSFET Qs of the dummy cell is provided to
reduce the power consumption at the dummy cells which
need not be selected. The MOSFET Qg has its size so
selected as to have a sufficiently higher conductance
than the combined conductances of the MOSFETs le and

25 de. As a result, the conductance of the dummy cell
in the selected state, i.e., the conductance between

the output node DN of the dummy cell and the earth



- 19 - potential point of the circuit is substantially equal to the

conbi ned conductances of the MOSFETs (dl and [err]. As has been descri bed
above, the MOSFETs QdI' 5 [err] and [err] which constitute the dumy cel
are forned simul t aneously with the menmory MOSFETSs. As a result, ilt*ﬂs
possible to avoid an increase in the nunber of the manufacture steps when
constructing the ROM Mreover, it is possilble to nake effective use of
such 10 well-known features of the fabrication technique of the o
sem conductor integrated circuit device that there are few characteristic
di spersi ons bet weepoteatdialcpotiingl efethe whirchiar €sssobstanedasly dQiaed.
More specifically, in the case of the characteristics 15 of the nenory
MOSFETs, e.g. the &ond&bet §008dnedecostugtenchangédtby NOFENsp@ysiams in
the fabrication conditions, simlar characteristic changes occur in the
MOSFETs [err] and Rgmpr]. As a result, the conbineﬂ f?ndgctﬁnces gf t he
MOSFETs dlI and Qd2 can b duced to apoyt a ha of the con uctance
of the memory MOSFETs hav g?ﬁe% REELRBFE 3BPYSgetiif t HORREDRI

substantially d anBencngaéﬁtug ghsggaglgggmhrs hggﬁgﬁijc€{gon cgpdltuﬁnSQS

Thus, it is possibl@2t i date a meno

Prechar ge MOSFETS E%ﬁhthﬁgehshgr te,]lt r%h@eagﬁsgy bgﬂﬁf’yp' edAéo tPeesma

| i nes, which MOSFETs are adapte e swtc e precharge
it is possible to avoid an increase in the number of

the manufacture steps when constructing the ROM.
Moreover, it is possible to make effective use of such
10 well-known features of the fabrication technique
of the semiconductor integrated circuit device that
there are few characteristic dispersions between the
circuit eiements which are simultaneously formed.
More specifically, in the case of the characteristics
15 of the memory MOSFETs, e.g. the conductances thereof
are changed by the dispersions in the fabrication
conditions, similar characteristic changes occur in
the MOSFETs le and de; As a result, the combined
conductances of the MOSFETs le and de can be
20 reduced to about a half of the conductance of the
memory MOSFETs having the low threshold voltage without
being substantially influenced by the dispersions
in the fabrication conditions. Thus, it is possible
to fabricate a memory which can enjoy a high yield.
25 Precharge MOSFETs QPO' QPl' QP2 are
respectively coupled to the data lines, which

MOSFETs are adapted to be switched by the precharge



-20- pulses [err]. These precharge pulses [err]are generated by the
control circuit CNT shown in Figure 1, as has been described above. The
precharge pulses [err] are set, as has been descri bed above, at the high 5
| evel for.a predeterm ned period of time when the address signals to be fed
from the-address buffer ADB. The control circuit CNT al so generates the
chip s&l ect signal Ce which is to be fed to such circuits as are shown in
Figures 3 and 4. The chip select 10- 2&Gignal Ce is set at a high level in
accordance with the fact that the chip select signal CE comng fromthe

outside of the Ifisedlga hi ghplLnel R 38 ¢t SirdndlnCeatlls set
is fed to the address tﬁHQer, t he déggﬁérs an other%%Focks.%Tﬁengblocks

15 are activatipg the resparsie dirduie lingh dwel ief Hikrehilp sel aak Signal
Ce and in activated in response to the |low | evel of the sane signal.

Thus, the unnecedssean ydemmeibaxbresaowsJ on Tfe tdredi@viges palwlesl g _can be
reduced by the controls of the respective 20 circuits by thgcchip sel ect
signal Ce. Referateigsefow am RgheernRleseridase ahgie . fiadr t8adBigh
constructed of: latch type anplifying MOSFETSs and b which have their
gates and d? ai nsl&Y¥oLsEiy ik REedekRFH&ch RaFe Etdmes whgd ©pe25  which

are connected with.the respective
address sf nals to be fed from the address buffer ADB.

The control circuit CNT also generates the chip
select signal Ce which is to be fed to such circuits
as are shown in Figures 3 and 4. The chip select

10 signal Ce is set at a high level in accordance with
the fact that the chip select signal CE coming from
the outside of the IC is at a high level. The chip
select signal Ce thus set is fed £o the address
buffer, the decoders and other blocks. These blocks

15 are activated in response to the high level of the
chip select signal Ce and in activated in response
to the low level of the same signal. Thus, the
unnecessary power consumption of the ROM as a whole
can be reduced by the controls of the respective

20 circuits by the chip select signal Ce.

Referring now to Figure 2B, a sense amplifier

SAdo is constructed of: 1latch type amplifying MOSFETs
Q4 and Q5 which have their gates and drains
cross-linked; and precharge MOSFETs Qg and Q.

25 whieh are connected with the respective



ST 21 - drains of the MOSFETs [err] and [err]. Since the precharge MOSFETs
@ and Q7 are made to have relatively high conductances, the paired input

and output term nals of the sense anplifier 5 [err] are precharged to a
hi gh | evel when the precharge pul ses [err] are generated, which level is
substantially equal to a power source voltage [err]. The paired input. and

output termnals of the sense anplifier SAdO are fed with the output .
si gnal s which cone from 10 the corresponddg-l eft and right hand nenory ™
arrays M ARY1 and M ARY3 by way of the conmon data lines [err] and [err].
Li kewi se, the sensgr%qmgiBEeEhEAQbS@ngeg WahA ghe out put signals which
cone fromthe nenory arrays 15 M ARY1l an 4M ARY: 5through t he comon data
lines CD1 and CD1. |In eacliglket hBenpiechagdgeanssrEne %iéh@goﬂp@f@td\éme of
the information in the menory MOSFETs is conducted by Tnplatihg inpurity
ions in the regi onza2hante clelatevedybbigbr reddubtashasnetise opaithed nenory
MOSFETSs. I n other words, the threshold voltage of the nenmory MOSFETs is
determ ned by the iimRRt @nd EHtPRS A8ERENGAS. oI EReosenge camphef 1¢Hr med
regions of the menory MOSFETs required to have 25 the high threshold

vol tage, for 5 SAdo are precharged to a high level when the precharge
pulses ¢pc are generated, which level is substantially
equal to a power source voltage Vcc' The paired
input and output terminals of the sense amplifier
SAdO are fed with the output signals which come from

10 the corresponding left and right hand memory arrays

M—ARY1 and M—ARY3 by way of the common data lines

and CD,.

0 0
Likewise, the .sense amplifier SAdl is fed with

CD

the output signals which come from the memory arrays

15 M-ARY1 and M—ARY3 through the common data lines

1 and CDl'

In each of the memory arrays, the writing

CD

operation of the information in the memory MOSFETs

is conducted by implating impurity ions in the regions
20 which are to be formed the channels of the memory

MOSFETSs. In other words, the threshold voltage

of the memory MOSFETs is determined by the impurity

ion implantations. Into the channel-formed

regions of the memory MOSFETs required to have

25 the high threshold voltage, for



- 22 - exanple, there are inplanted the inpurity ions which have the
conduction type inverted fromthat channel conduction type. No ion

impl antation for shifting the threshold value is conducted into the
channel?'S;‘ formed regions of the nmenory MOSFETs which are required to
have the-l-0w t hreshol d voltage. As a result, the binary signal "1" or "O"
can be witten in the nmenory MOSFETs. In this case, the threshold voltage
of the 10 menory MOSFETs, which is determ ned by the ion inplantations,
is made to correspond to the value "1"-oR2the binary signal. The | oy

t hreshol d voltage of the nmenory MOSFETs into which no ion has been

impl anted is mudxareker reipondare ifelgateé tbe impurgtyt henbi Waig¢hsi gnal
The read out operations are conducted by detecting whether the nenory
MOSFETs are rend&¥ SibsTontrari9n cbrBeiciPHgroedndnoBokBact FR§N Ghen t hey

20 are sel ected, t he voltage applied, between their gates _and sources.
I n ot her mnrds,Q?ﬂg)%ﬁ&P%UFYB%eraygohgnc6WP 8BbAG1PE £R agﬂéEfF8n of

PheC e e COTMES 0 Aot e ISP Yo ESFRTERERCELR LR Mhfialon e
5 formed regions of the memory MOSFETs which are

required to have the low threshold voltage. As a
result, the binary signal "1" or "0O" can be written
in the memory MOSFETs. In this case,
the threshold voltage of the

10 memory MOSFETs, which is determined by the ion
implantations, is made to correspond to the wvalvue
"1" of the binary signal. The low threshold voltage
of the memory MOSFETs'into which no ion has been
implanted is made to correspond to the value "0O"

15 of the binary signal.

The read out operations are

conducted by

detecting whether the memory MOSFETs are rendered
substantially conducting or non-conducting, when they
20 are selected, by the voltage applied between their
gates and sources. In other words, the read out
operations correspond to the detection of whether
the conductance of the memory MOSFET selected is
high or low. The reference for this detection of

25 the level is given by the dummy cells,



- 23 - as has been descri bed above. Next, the operations of the mask type
ROMwi || be described. Now, it is assuned that those of the decoded 5
signal s generated by the X decoder X-DCRL shown in Figure 1, which are to
be fed tothe word line W, for exanple, are set at the high I evel together
with those CO of the decoded signals generated by the Y decoder Y-DCRLl -
shown in Figure 1 by the suitable conbinations 10 of the address signals
[err] to [err]. Wth this assunption, the transfer MOSFETs [err] ,[err]
and so on, which are coupled to the data |1 Terr], [err] and so on, are
rendered conductive by the action of the decoded signal CO. Accordi ngly,
the nmenory MOSFETs 4% has [leer dembdidred ,alowk.[err] and [err], which have
their drains coupled to the data lines [err] and [err] and their gates
coupled to the word |ine Wiexdne theooperaticsst Réi thet mask tyipehReM whkly
can be selected. It is_determ ned by the address signal Al4 20 whi ch
nmenmory MOSFET M orP®md¢SCtiPe: sel ect ed and which the MOSFET M2 or M3 is
to be sel ected. For exa

signal al4 is set at the Eﬁgﬁhlé&eﬁgﬁﬁggéﬁﬁaggﬁgétgﬁ?hgzﬁéngg%?ggégﬁg?he
Sianal oot orthe v haiEke Tenesdhed By A o Mitoadn % BRAGCERCOH' BH
Figure 1, which are to be fed to the word line WO, for
example, are set at the high level together with those
C0 of the decoded signals generated by the .Y decoder
Y-DCR1 shown in Figure 1 by the suitable combinations
10 of the address signals A

to A With this

0 13°
assumption, the transfer MOSFETs SaO' Sal6 and so on,
which are coupled to the data lines DaO' Da16 and so
on, are rendered conductive by the action of the
decoded signal CO' Accordingly, the memory MOSFETs

15 Mg and M, and Mj, and M3, which have their drains
coupled to the data lines Dao and Da16 and their
gates coupled to the word line WO’ are brought into
their states in which they can be selected.

It is determined by the address signal A14

20 which memory MOSFET Mo or Ml is to be selected and
which the MOSFET M32 or M33 is to be selected. For
example, in the case where the internal address
signal a, is set at the high level in accordance
with the fact that the address signal A14 is set

25 at the high level, the decoded output signal C01

of the Y decoder Y-DCR1 is accordingly set at the

high level. As a result, the switch MOSFETs Qal'



hi gh | evel . As a result, the swtch MOSFETs [err] - 24 - [err] and so
on are rendered conductive so that the earth lines[err], [err] and so on

are set at the earth potential of the circuit. As a result, the
potential at the word line WD is applied between the gate and 5 source
of the mewory MOSFET ML of the two nmenory MOSFETs [err] and [err]. In

short} the menory MOSFET M is selectgd.- 1 And, the MOSFET MB3 is |ikew se
sel ected fromthose MOSFETs [err] and [err]. Wen the word line [err] is

sel ected, incidentally,_ 10 none of ihe decoded signals ich.wll raise
the potentials cﬂaﬁﬂé%rﬁlqrhéerf?‘{eoreﬁé’%‘%&Ctﬂ ﬁ@nﬁ%tartpﬁy M ARY3

to the high level i ener ated by, the coder _X- , 2aS S
descri bed above.e%t%hglr]ég?ﬁ tc’?am’onGealoT %hégesr?eqn%rf saﬁcgﬁgt ietlg%?'?ng 15

the menory array M ARY3 4§ s t e sel a¢t ;03 @fh1the tienmseeghligiwi | |
now be descri be cl’%égrleaa eorfgl'e%icﬁ%culAs has egn geélcri bed g?gve, tlhe

menory array MARYL (S &etCiatk iy the dpn i detdfedma il ghaest aaddr ess
signal [err] of the 20 address Signals A to A9 of 10 bits, which are

fed to thes X decgglefce oflthidlimend NP MOSFEE M defcthenitivo eemoadd MOSF ESisgnal
A9, the internal address signal a Is set at” the high | evel whereas the
addr ess M, and M,. In short, the memory MOSFET M, is selected.

0 2
And, the MOSFET M33 is likewise selected from those
MOSFETs M32 and M33.
When the word line W0 is selected, incidentally,
10 none of the decoded signals which will raise the
potentials of the word lines W512 to W1023 of the
memory array M-ARY3 to the high level is generated
by the X decoder X—DCRZ, as has been described above.
As a result, none of the memory MOSFETs constituting
15 the memory array M-ARY, is selected.

The selection of‘the dummy cells will now be
described in greater detail. As has been described
above, the memory array M-ARY1 is selected by the low
level of the highest address signal A9 of the

20 address signals Ao to A9 of 10 bits, which are fed
to the X deccder. At this time, in accordance
with the address signal A9, the internal address
signal 3; is set at the high level whereas the address
signal aq is set at the low level. On the contrary,
25 the memory array M-ARY, is selected by the high

level of the highest address signal A9.



signal [err] is set at the |ow | evel. On the contrary, 25 t he menory
array M ARY3 isselected by the high I evel of the highest address signal
[err]. .,~- 25 - Thus, in the case where the address signals A to A are
so set that the.menory MOSFET [err] coupled O 9 to the word |ines[err]
in the nenory array M ARY1 nmay be sel ected, the MOSFETs (dl and 2. af the
5 respective dumry cells constituting the dunmy cell array [eFr}-are
rendered conducting by the high |evel of tRé& i-nternal address signal [err].
As a result, the dummy cell array DSA3 is brought into its selectable
state. At this time, the dumy cell array DSA1 10 s not brought into
its selectable state becau?@“ﬁhe1adHPGS§a§?gH5?r39th§ %@d¥?ﬁ§I%W$W%U%I As
has been previously described, the pred @ ned ones of the respecti

dummy cell's, MM|CF|QHNﬁﬂ|ﬁan & e &ﬁﬁnf’ g Pepog ¥, MPSFRT; Mg §8UP ed
| bl | he_ dgt
ol cb b St o8 ool Siagy o 5 g hte°m%%o%§t i

specifically, the respe I've dec Osi"gnal's gener

Y-DCR1 are also fed,d Qsél@cg\QSFEBe[ qg{ds]Fqus g’r@y Cgkl ¢he As a result,
in the 20 case where the nenory MOSFET afd so on coupled to the
word line [erg] areasPaatifd dutthy cells constltutlng the dummy cell

array DSA3 are rendered conducting by the high level

of the internal address signal E;. As a result, the

dummy cell array DSA3 is brought into its selectable

state. At this time, the dummy cell array DSA1

10 is not brought into its selectable state because

the address signal ag is at the low level.

As has been previously described, the
predetermined ones of the respective dumﬁy celis,
which constitute the dummy cell array DSA3 in its

15 selectable state, are selected. In order to
select the data lines, more specifically, the
respective decoded signals generated by the

Y decoder Y-DCR, are also fed to the MOSFET Qs

1
of each dummy cell. As a result, in the
20 case where the memory MOSFETs Ml' Mis and so on

coupled to the word line W0 are selected, the

dummy cells DSbO' DSb16 and so on, which are coupled
to the data lines DbO' Db16 and so on of the memory
array M-ARY3, are accordingly selected. The dummy

25 cells coupled to the other data lines DSbl to DS

bl5
are left unselected. As a result, of the parasitic



dummy cells [err], [err] and so on, which are coupled to the data |lines
[err], [err] and so on of the nenory array M ARY3, are accordingly

selected The dunmy 25 cells coupled to the other data lines [err] to
[err]’are | eft unsel ect ed. As a result, of the parasitic - 26-
capacruaﬂces whi ch are coupled to the respectlve data lines [err] ,[err]
and sowon precharged through the prechar§e~MOSFETs, the parasitic
capaC|tQpces coupled to the data lines [err], [err] and so on do not have 5

their charges db&@b&h&edcbhrOw@hchhardu&ﬁupaealSo Thasrespecsipessi bl e to
elimnate the ineffective pomer consunptlon The nenory MOSFET ML has a
conduct ance whi diat@an ilnesdetgr,niD andascordaptecharaed hehnenehythe

i nformati on given, as has been descrlbed above. As a result, the charges at
the data |ine [@K@Fhawnﬁcwoﬁ§§T§eeﬁhﬁr@@ﬁaﬁgédctﬁPBé@htﬁhéeﬁr6€HE¥@@ MOSFET
[err], begins to be released, when the nennrﬁ MOSFET glls se*ected I n
accor dance wit h thé eh@@FﬁatF@ﬁslgbo Rich2RdsSBeBR €PoR8Y PAVEhat MOSFET

ML. The d cel er I th
VOSFET ML s e SRsgEh S ieshat et i shelshe ARl i B, Re o The
merory MOSFET, \¥%d§1 1% §l0 B%%gyﬂﬁg %% ellhqﬁa%@fQﬁgaihggfe&tlvénd the

conduct ance of th
power consumption.

The memory MOSFET M1 has a conductance which

can be determined in accordance with the memory

10 information given, ae has been described above.
As a result, the charges at the data line DaO' which
has been precharged through the precharge MOSFET QPO'
begins to beireleased, when the memory MOSFET M1
is selected, in accordance with the information

15 which has been stored in that MOSFET M, .

The dummy cell Dsbo, which is selected
simultaneously with the memory MOSFET Ml’ has an
intermediate conductance between the
conductance of the memory MOSFET, which is stored with

20 the information "1", and the conductance of the
memory MOSFET which is stored with the information
"0", as has been described above. As a result, the
charge at the data line Dyor which has been
precharged through the precharge MOSFET, begins to

25 be released, when the dummy cell DSbo is selected,
in accordance with the conductance of that dummy

cell.



menory MOSFET which is stored with the information "0", as has been

descri bed above. As a result, the charge at the data line [err], which
has been precharged through the precharge MOSFET, begins to 25 be _.-.
rel eased; when the dummy cell DSbO is selected, in accordance with the:
conduct ance of that dummy cell. - 27 - Figure 7 illustrates the /changing
behaviours of the potentials [err] and [err]l 34 Lthe paired data lines [err]
and [err] with the tine. A broken line illustrates the potential change
of the data line 5 [err;.to whi ch_ t he du cell is coupled. = On the
other hand, a single-dotted FFRES| 1| tLPSEER G Hict MRt ERNBIN S Rehgw igurishe
data line [err] when.t r EE] ML _i.s.stored_ with the.inoformation
"O", mheregs a]doubpg- gfrgggf¥ﬁggﬁfl§9t?59e¥5th3glﬁhe p%bf%$t$% 4 change of

the data |ine DaO Wﬁqae%h%agﬁ%PEyDNCSEEEE}@55]t$ﬁ6§t°r§db%%i9nt € e

I nformation "1". The sense 1 f1 8P anplifres thé potentia

difference between theupdirhedsdaha bbRenthigirtnandel 8E7ink naQeder; 4o feed
its anplified signal 15 to cormon data lines [érr] and [err]. In this

case, the linés [ermpl . ed ehikhothehaufiayackiness|eoup1é@. [erod ©fet he
menory array M ARY1l 8 not have their corresponding earth |ines
other hand, a single-dotted line illustrates the
potential change of the data line Do when the
memory MOSFET M1 is stored with the information "0",
whereas a double-dotted line illustrates the
10 poténtial change of the data line D.o when the memory
MOSFET M, is stored with the information "1".
The sense amplifier SAdo amplifies the
potential difference between the paired data lines
D.o and Db0 in order to feed its amplified signal
15 to common data lines D' and EET. |

In this case, the lines Da to of the

2 '° Dai5
data lines Dal to Da15 of the memory array
M—ARY1 do not have their corresponding earth lines
selected. As a result, the precharge level of

20 the data lines D,, to D.1s is held as it is in order
to prevent any ineffective current consumption from
being caused.

The data line Dal is discharged in response
to the fact that the memory MOSFET M2 is rendered

25 conductive by the selection of the word line WO’

for example, because the MOSFET Qal is conducting.



sel ect ed. As a result, the precharge | evel of 20 the data lines [err]
to [err] is held as it is in order to prevent any ineffective current
consunption from being caused. The data line Dal is discharged in response
to thg fact that the nemory MOSFET M2 is rendered 25 conductive by the
select{onfoT the word line [err], for exanple, because the MOSFET Qal is
conduckrhgj -28- As a result, the inefieggiye power consunption, which
woul d be_caused if the charge of the data |Iine left unselected, is
substantially reduced. Referring nowto Figures 5 and 6, the binary 5
signal inverted from therdihafssslgnathe ol 1L LQGFiste iROWART 1ARF UMP LIRS
menory MOSFETs constituting the nmenory. arrays ARY3 with a_viewto
reduci ng both th@hhﬁﬁbgPuég PRecBRERENE ES%SFR%E??nﬁylﬁ%eEiiF%i Tt and
t he power consunption in the ECC circuit, 10. More.specifically, in the
case of the neno ?f%C%ﬁEfEFEF? ’ofstﬁ@bﬁﬁﬁﬁg§a5}¥a§eRE§&§B, for example, is
to be stored with the bi | "1 ed k) i4d W the f[ijary
signal "0" which is i nveé1 e%rﬁ%ﬁ]ar%%é %?n%if ulls?s_g\rllglé"ﬁ'_r'hi' € Y l{!ﬁ‘l S y{/1vri ting
operation, 515  s3ghguek n¢Rrke3PeREMNEenkobt RErPi B25NaSi BPabe SEO6LEGT N the

menory MOSFET is al'ways fed fromthe left hand i nput and output termnals
of the sense anplisf wefitten in the memory MOSFETs constituting the
memory arrays M-ARY3 with a view to reducing both
the number of the elements constituting the ECC circuit
and the power consumption in the ECC circuit.
10 More specifically, in the case of the memory MOSFET
M0 of the memory array M-ARY3, for example, is to
be stored with the binary signals "1", it is written
with the binary signal "0" which is inverted from
the binary signal "l1". By this writing operation,
15 a level corresponding.to the binary signal stored
in the memory MOSFET is always fed from the left hand
input and output terminals of the sense amplifier,
no matter whichever memory array M-ARY1 or M-ARY3
might allow its memory MOSFET to be selected:
20 From the right hand input and output terminals of
the sense amplifier, on the other hand, there is
fed a level which corresponds to the binary signal
inverted from the above referred to one.
Figure 3 is a circuit diagram showing the

25 embodiments of the X-address decoders X-DCRl and -

X--DCR2 of Figure 1.



no matter whichever nenory array M ARY1 or MARY3 mght allow its nmenory
MOSFET to be selected. 20 Fromthe right hand i nput and output term nals
of the sense amplifier, on the other hand, there is fed a | evel mhich
corresponds to the binary signal inverted fromthe above refer rfé-d,. to one.
Figure 3 is a circuit diagramshow ng thé 25 enmbodi nents of ; the
X-address decoders [err] and - X-DCR2 of Figure 1. - 29 2> The
X-address decoder X-[err] is constituted by'a2 |drality of unit decoders
[err] to [err] which are made to correspond one-to-one to the word |ines
[err] to[err], wher eas ThgeXxadddeassddecdeer XXp¢Ry risicolmstituted
constituted by a plurality of unit decoders [err] to {err] whi ch are
sinlarly made to &8 PedPotid gl of- 3 t decreewsr #DLyngs PBre] t whiehr]

The respective unit decoa%er é:rc[ er rx]t%B[perr] have constructions ich are
i dentical to each MaRh° COIESFRPR 3 OBR 05 RBRs tPhEDE MeEht Ldneshe

unit decoder [err] ., Referring Figure.3, .the.unit decoder [err]is,.
constructed of: debﬁ{:oal‘JSI\I@SF%?nser[e%rsr %hteox[ éspfe\ﬁ/ﬁi gﬁca Ers%EBF#edlw th a
predet er m ned conbidzHdiaR Jkag bPf deesgesi,goal ng.[err] to
[err] and [err]; a precharge FETQ%%%&M%&BFShgggnég{:gé%gt \9\5&5112

to UDx1023 which are similarly made to correspond

one-to-one to the word lines W512 to w1023.

The res i i
pective unit decoders UDxo to UDx1023
have constructions which are identical to each
10 other. Figure 3 only shows the circuit of the
unit decoder UD_,..
x0
Referring to Figure 3, the unit decoder

UD is constructed of: logical MOSFETs Q10 to Q19

x0
which are supplied with a predetermined combination
15 of the address Qignals a, and EE to a, and _;;
a precharge MOSFET on which is connected between
the common drain of the former two MOSFETs and the
power source terminal Vcc; a cut MOSFET Q21;
and an output MOSFET Q22which is supplied with the
20 decoded signal through the cut MOSFET Q21.
The precharge MOSFET on has its gate fed
with the control signal (i.e. the chip select signal)
Ce, whereas the output ﬂOSFET 022 has its drain
fed with the output of the signal generator ¢x-Gen.
25 This signal generator ¢x—Gen is made
operative to generate its signal at a high level

in response to the address signals a, and 53 to



the common drain of the former two MOSFETs and the power source term nal
[err];, a cut MOSFET [err]; and an output MOSFET [err] which is supplied
with the 20 decoded signal through the cut MOSFET [err]. The precharge
MOSFET ‘20 has its gate fed with the control signal (i.e. the chip select
si gnal} \Ce,. whereas the output MOSFET Q has its drain fed with the output
of the s}gnal generator J[err]-Gen. 25 Thi s signal generator
[err]-Gen is nade operative to generate its signal at a high level in
response to the address signals a0 and a0 to - 30 - a9 and a9 if even
one group of the address signals [err] and3fetr] to [err] and [err] have
their levels varied. The output of the unit decoder UD wll now be
described in greater detail. If all 5 the address signals [err] to

[err] fed to the externak termnals, for exanpl a | ed. e | ow
| evel , the addre8s §P8n3951?eﬁyfntShfegffu?oggegggnééégégéké%%é%ﬁ%ddress
buffer ADB shown_in__4 ESlioFgg'fﬁdaEe ASGOr ghoglyi oLl edyipidde 1 ow level,

|
wher eas the addr &8s srgnél s [ ePr tod[err are accordingly varied
The output of the unit decoder UD_q will

now be described in greater detail. If all
5 the address signals A0 to A9 fed to the external
terminals, for example, are varied to the low

level, the address signals a, to ay to be

generated by the address buffer ADB shown in



to the high level. As aresult, all the parallel- connected MOSFEs [err]
to [err] are rendered non-conductive. 5 The common drains of the
-MOSFETs [err] to [err] are set at the precharge level, i.e., the high
level, as a result of the fact all of themare non-conductive. The/ !/,

hi gh-1 evel signal of the common drain is fed through the cut NCSFE@ @1 to
the gate of the output 10 MOSFET [err]. 31As a result, the output MOSFET

@2 is rendered pon-conductive. That .output. sjgnal_.of the signhal generator
[err]-Gen, whi chgfg‘p?eggf SECPREY SN e‘%eﬁl,e‘é %9’ e d lt%"geé i gh' &8l

for 3 predeter pgd LhHeo0SrLodalls = Ivh FSUMUENIINE faed hat the

. a
address signals are varied in tthe abdve

level output sigpgl+pt HhR§RISRLAALON ad &f Mleit | Saiy &t gHAd @k ithr ough
t he out put MOSFET Q22 to the word [ine Wo. I n other words, the word l[ine W

is set 20 at cbhgesekbacMos®rtls Q.AS b IEsUldre iteddeROSSHBhebRgSEL EGL .
the nmenory MOSFET which is coupl ed 3@ that brd line W. In the unit

decoder [eBr], aThar asmhbf dagins o dthe nmspsmy\mlogma_ gbeiwie;ret_t he gate
and source of 25 the output MOSFET [err]. This parasitic capacitance
- 32 - is charget theopgkhchhRegeutleMeSRER @1, tNwerhidie lmnglut af a he
signal generator [err]-Gen is varied to
result of the fact all of them are non-conductive.
The high-level signal of the common drain is fed
through the cut MOSFET 021 to the gate of the output
10 MOSFET Q,,. As a result, the output MOSFET Q22 is
rendered non-conductive.
That output signal of the signal generator
¢x-Gen, which is preset at the low level, is raised
to the high level for a predetermined time per;od
15 in accordance with the fact that the address signals
are varied in the above manner. This high-
level output signal of the generator ¢x-Gen is trans-
mitted through the output MOSFET sz to the word
line WO' In other words, the word line Wo is set
20 at the select level. As a result, it is possible

to select the memory MOSFET which is coupled to that

word line wo.

In the unit decoder UD_,, 2 parasitic capacitance
(not shown) exists between the gate and source of

25 the output MOSFET Q22. This parasitic capacitance



the high level after the parasitic capacitance has been charged, the word
line WD has its signal 5 accordingly varied to the high level. Since

t he parasitic capacitance substantially acts as a boot- strap capacitance,

t he gar@npplential of the MOSFET 22 is boosted to have a sufficiently high
|l evel ds'a result that the word line [err] is raised to the 10 hi gh
level . |\ As a result, the conductance of 32he out put MOSFET Q2 is increased
to a suﬁfkﬁiently high level. The cut MOSFET g%l is automatically rendered
non- conductive Stﬁ£%¥ﬁﬁ@o%$§??%$ tof t 6y MEEFEToRpthe PREAstREC

" capacitance, because its_gate is mmjntained 15 t the |l evel of the power

source vol tage [@4%put Qf thesigpal (genefRtRPcERTCeP115cVarig3pFavent the
h f th iti | t f bei ng. di sch d, _Wen th t put

of the si gnal i diben; EERTL BRESE LR, BEFaRAF SR PaRLERER DSl evel |t

the |l ow | evel, tg§é¥f§£%#é€§FEfﬁé}¥é?%afggédwngh¥slQ%Qrgg tQithe low leve

t hrough the outpu e case Qhere at | east one of the

address signals JexstaiRgl Pl varisabpostrd hoghheebbdh | 8Y8ke 2hel €ast one
25 of the MOSFETs [erf] " to [err] of the unit decoder [err] - 33 - 1is

accordi ngly rendssess Copdlusipy€itanddescpsurntdadly attkhasMaSEEde-[err]
to [err] is maiintained at the | ow

strap capacitance, the gate potential of the MOSFET

Q is boosted to have a sufficiently high level

22
as a result that the word line Wo is raised to the
10 high level. As a result, the conductance of the

output MOSFET Q,, is increased to a sufficiently high

level. The cut MOSFET Q21 is automatically rendered hon-

conductive by the bootstrap voltage fed from the

parasitic capacitance, because its gate is maintained
15 at the level of the power source voltage Voo As

a result, the cut MOSFET Q21 acts to prevent the

charge of the parasitic capacitance from being

discharged.

When the output of the signal generator ¢x-Gen

20 is returned from the high level to the low level,

the word line W, is accordingly lowered to the low

0
level through the output MOSFET sz.

In the case where at least one of the address signals

AO to Ag is boosted to the high level, at least one

25 of the MOSFETs Qlo to ng of the unit decoder Uon



| evel even if the MOSFET Q20 is rendered conductive by the precharge pul ses
Ce. The out put MOSFET 22 5 is rendered non-conductive by the

sl ow | evel signal at the comon drain. As a result, the word line [err] is
mai ntaied at the low level. Referring now to Figure 4 which shows/one
enbodi nent of the circuit of the Y address decoder Y-DCR 10 shewn jn
Figure 1, the Y decoder Y-DCRL is construct®¥d of unit decoders [erY]-to
[err] and logical circuits [err] to [err]. The unit decoders and the

| ogi cal circuits hoyeacomsdinglly aendeaspeddn@iatiivéent i calk comfbd &2ain
anot her. Figure 4 specifically shows the constructions of the unit
decoder [err] and ehetheoMRITERS @y ttqd ddyd is Tldniaiinedeaddehe[ @ow] s
constructed of: logical MOSFETs [err] to [err] which are connected in 20
paral l el wth one ¥Etheavemd kit MEFENEH§ dF wendez egr eeaductiined

conbi nati on of the address si gnal sé%{el;{é and [err] to [err&pand [err]; a
precharge MOSFET C&¥% YW AFsdatsitth %S t h& o NSRS ¥PSEEST Qppe

f MOSFETSs; . t FET 5 d out put EET 25 6 i ch
Coppl 1 et 5t he HoctemPLe, rae- Sorqdib e MR D ohiodeeey; Saopdl $he
t put MOSFET i i t i:nal .of .th
out put MOSFET et i Dsoihon Sl couBLe &, LS OUBL AL LGl ' 141
maintained at the low level.

Referring now to Figure 4 which shows one

embodiment of the circuit of the Y address decoder Y-DCR

1
10 shown in Figure 1, the Y decoder Y—DCR1 is constructed
of unit decoders UDyo to UDyls and logical circuits
LG0 to LGlS’
The unit decoders and the logical circuits
have constructions respectively identical to one
15 another. Figure 4 specifically shows the constructiens

of the unit decoder UDyo and the logical circuit
LGO.
The unit decoder UDyO is constructed of:

logical MOSFETs Q30 to Q33 which are connected in

20 parallel with one another and which are supplied with
a predetermined combination of the address signals
319 and 210 to a3 and a;3;i a precharge MOSFET Q34
which is connected with the common drains of the
former MOSFETs; a cut MOSFET Q045 and an output MOSFET

25 Q3¢ which is supplied with the decoded signals



has a construction simlar to that 5 of the generator [err]-Gen as to
generate a high-level signal for a predetermned tine period if any one
group of the address signals [err] and [err] to [err] and al4 has its |evel
varied: The output signals [err] to [err] of the respective 10 uni t
decoders -of Fig. 4 are partly used as the select signals of the
nulti'réxbys shown in Fig. 1 and partly applied to the gates of the MOSFETs
Q and [err] of the logical circuits [err] to [err]. The MOSFETs [err]
and [err] of ththreygbcthee clusgMOBFET ryy « s Heweouttput NORHET R @i ns
respectively fed wth the address signals [err] and [err]. Fromthe
sources of the Pas-ifecargd nvesrPied & [t iyt oferabm bfot e ogi cal
circuits, there are generated the decoded signals [err], [err] and so on
whi ch act as t h&lARBIoGRPETFEtoFo?, ~Gen. Theys | ¥4 Fa e ABadiadss
signal s[err] todé;r%}are varied to the | ow | evel whereas the address
signal [err] is i THE HIGh 93Rdiar i thdter nal address signal s

err] to rr d r f _| ress i j.g. 1 are
ccor di ngl§ varpedtre generSlpr gl A MRS LIRS

[err] to - 3§i?nhgr"fbraadp&%rdrelte@rnﬁmqm@ ridd | £6 34, tdy i gh | evel
-so that the parallel -connected MOSFETs B0 to 3 of the unit decoder [err]

are rendered n@PoGENEYCkh¥E address signals a,, and a,, to a,, and

10 10 14

al4 has its level wvaried.

The output signals C0 to C15 of the respective

10 unit decoders of Fig. 4 are partly used as the select
signals of the multiplexors shown in Fig. 1 and
partly applied to the gates of the MOSFETs Q37 and

Q38 of the logical circuits LG, to LG,.. The MOSFETs

0 15
Q37 and Q38 of the respective logical circuits have

15 their drains respectively fed with the address
signals a4 and EI;. From the sources of the res-
pective MOSFETs Q37 and Q38 of each ©of the logicél
circuits, there are generated the decoded signals
CO' ClSOO and so on which act as the AND outputs.
20 For example, if the address signals A10 to Al3
are varied to the low level whereas the address
signal A14 is varied to the high level, the internal
address signals a,, to a,; and EIZ fed from the address
buffers shown in Fig. 1 are accordingly varied to

a

25 the low level, whereas the address signals 10

to



whereas the output MOSFET (B6 is rendered conductive. 5 At this
time, the high-level signal is generated fromthe signal generator, . -
[err]-Gen_by the changes in the address signals. This high-levelfsﬁgnal of
the genefator [err]-Gen is transmtted to the gates of the MOSFETs-@7 and
@38 through the out put MOSFET (B6 10 of the unit decoder [err]. As a
result, the MOSFET (B8 is rendered conducttv® -The high-|evel address
signal al4 fed togth in o h 3 8, LS.ftadyqu h h same
MOSFET Q 38' In sm(raat’gétai@ h%ﬁ%-?%ggfggﬁ?%t VE?&%% tgtnd heUd %?gﬁh evel
15  decoded si ggled Dl ei& g8peiakedcByintbecdenpdeETy- BCRItoRef erri ng now
to Figure 5, which is a circuit diagram shown one embodi mfAt of fHe ECC
circuit of Figured,tie | ©gi€alepaeat UDN ChkeuirtnBkEetespondsoidu@Pive the
read signals [err] and[err] to [err] and“[err], and [err] and [err] to
[err] and [err] oth&Bedd tshéroutphe MOSBEY Qnrays randeded toodduan ihe.
syndrones [err] to [err] for designating the~error bits froma
predet er mi né&d conbi nat i okt othexctimevetBRshigh-level signFheipegpoerpved
parity check bits PO to P5 of - 36 - 6 bits of the information_of 38
bits witten in tfeomethe ys behaysIRRFEALRE] PyvErieBYptBBeFBARPABABY t he

data signals of 32 bits_and a suitable check
g the address sfgna s. T ?s high-level signal of the

generator ¢x-Gen is transmitted to the gates of the
MOSFETs Q37 and 038 through the output MOSFET Q36

10 of the unit decoder UDyO' As a result, the MOSFET

Q38 is rendered conductive. The high-level address

signal a fed to the drain of the MOSFET 038 is

14
fed out through the same MOSFET Q38' In short,

_the high-level output signal C, and the high-level

0

15 decoded signal C are generated by the decoder

0l

Y—DCRl .

Referring now to Figure 5, which is a circuit
diagram shown one embodiment of the ECC circuit of

Figure 1, a logical operation circuit ELG responds to

' =T ' g
0 and D0 to D31 and D31 , and

P, and 5; to P, and P, of 38 bits from the memory

arrays in order to form the syndromes S0 to S5 for

designating the error bits from a predetermined

20 the read signals D

combination of exclusive ORs.

25 The respective parity check bits P0 to P5 of



matrix. The follow ng Table 1 tabul ates one exanple of the check matrix:

Table 1 Check Matrix Bit Information Bits [err] 10

[err] S1° 1 1111 1 S2 [err] 15
S5 . - 1 1 1 1 Information Bits
[érr] .20 - 37 - . Parity Bits [err] [err] [err] [err]
In\the Table 1, flags 1 are attached to the 10 bits to be referred

to.The following table 2 tabulates a §pééified exanple of the witten data
W whi ch are toébbitsi iferthien informatoon ofr 3 bilts whd tRedsl el 12, the
incidentally, characters [err] to [err] are attached to the data signals,
memory arrays have their values predetermined by
the data signals of 32 bits and a suitable check
matrix.
5 The following Table 1 tabulates one example of

the check matrix:

Table 1 Check Matrix

Bit Information Bits

O.

Syn- Do{P1{P21P3|P4{P5|Dg|P7|Pg|Pg (Bp(R1|R 2[R 3|04
dromes
10 So T 1111111 1

W
. (Continued)
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Information Bits

5868710800 [20|21%223 242526 27|%829| B0 31
' SEE RN R 101
10101 10112 1
141 11 1(1]1 111 :§
=
20 |1 1 1111 1 11 g
o R o
1 1)1 1 1{1 1 1|35
ISk
1 1 11 111{1l1}12




15 whereas characters [err] to [err] are attached to the parity

signals. Table 2 (W [err] [err] [err] [err] - 38 - [err] The val ues. of
t-he respective parity bits are determned by the fact that those Bits, of
the data 5 signals of 32 bits to be witten in, which are designated

by the Table 1, are referred to. The parity-pits to be det er ni ned- are” set
at such values that_the exclusive OR values of the bit signals referred to

and the parity bitﬁ tg be_determ ne¢d 10 take "0". In other words,
the respective pari ey BYtB*5Fe so determined that the exclusive OR val ues
of the bits to bg pefgrrgd o gn yiew of the Table 1 take "0". For exanple,
the parity bit [¢rr9 ol tBe Fab#e 3b 2 is set in the follow ng
manner. I n ordef tjoisefl the parfty|bit [err], nore specifically, the data
bits [err] to [er+ bf 82 bitg ate feferred to in accordance with the first
row (i.e., the syndrpne|S )] off the RO Table 1. The exclusive OR of
the data bits thgs
5 1
1
1
1

In the Table 1, flags 1 are attached to the
10 bits to be referred to.

The following table 2 tabulates a specified
example of the written data W which are to be written
in the memory arrays. 1In -the Table 2, incidentally,
characters BO to B31 are attached to the data signals,

15 whereas characters BP, to BP. are attached to the

0 5
parity signals.

[
[
[
[
[
o
o
o
(]
o
o
o
Q
(]
=
')
)

w
o
w
.—l
w
'X)
w
W
w
>
tw
w
w
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]
~J
w
o]
Ve
w
W
o
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o
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i
o
[,
(Continued)
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"referred take the value "1". 1In accordance with this, the parity bit [err]
take the value "1". In other words, the exclusive OR between the data bits
referred to and the parity bit [err] is made to take - 39 - the value
"O'. Fn the following, the data are referred to on the basis of the
syndriones [err] to [err] appearing i~ gée-second to fifth rows of the Table
1 so that the parity 5 bits [err] to [err] are so determned as to have

t heir exclusive | U reduc tigo 0". In the case where the respective
B0y P B 26 g %%aw%l’
Frft

data bits of 3 { to e tshg val ues of the Table 2, all the
parity bits [e 0,[ 4rn] jane|mgde[ t0 Have the 10 value "I", as
tabulated in the sane Table. Ad is [apparlent fromthe Table 1 and the above
expl anations relating thereto, the |ogical equations for determ ning the
syndrones [err] to [err] are expressed by the follow ng equations (3) to

(8): 15 [err] [errmhel @anludseidfl 4y redpidtlivéOparity bits [a2el] (4);

determined by the fact that those bits of the data

5 signals of 32 bits to be written in, which are
designatéd by the Table 1, are referred to. The
parity bits to be determined are set at such values
that the exclusive OR values of the bit signals
referred to and the parity.bits to be determined

10 take "0". In other words, the respective parity
bits are so determined that the exclusive OR values
of the bits to be referred to in view of the Table 1
take "0".
For example, the parity bit BPO of the Table
15 2 is set in the following manner. In order to set
the parity bit BPO, more specifically, the data bits
B, to B

0 4' B1g 21 Bag 29

B0 to 831 of 32 bits are referred to in accordance

with the first row (i.e., the syndrome SO) of the

to B and B of the data bits

20 Table 1. The exclusive OR of the data bits thus
referred take the value "1". In accordance with

this, the parity bit BP, take the value "1". 1In

0
other words, the exclusive OR between the data bits

referred to and the parity bit BP0 is made to take



[err] - 40 - [err] [err] (5) [err] [err] 5 [err]
(6): [err].[err] (7) and [err] 10

Jferr] [err] 8). Incidentally, the
synbol s Terr] appearing in the above | ogical equations indicate an /i
excl usive OR operation. 15 The | ogical operation circuit FLG
shown in Fig. 5 is constructed of |ogical ~cBPctdits (not shown) for forning
such syndromes S to S5 as satisfy the above equations (3) to (8).

I nci dental ly, the sequencge of the exclusive OR operations of the 20

plural bits can betpgégp§u§elébted In order to determne the exclusive OR

f or t her ef

val ues of the four bits [e£n the {{éw1ng, é%gﬂggtd are reé%rfe

[err]

the output

the basis of the syndromes S1 to Ss appearing in the
second to fifth rows of the Table 1 so that the parity
5 bits BP, to BPg are so determined as to have their
exclusive OR values reduced to "0".
In the case where the respective data bits of
32 bits are set to have the values of the Table 2,
all the parity bits BP

to BP5 are made to have the

0
10 value "1", as tabulated in the same Table.

As is apparent from the Table 1 and the above

explanations relating thereto, the logical equations

to S

for determining the syndromes S are

0 5
expressed by the following equations (3) to (8):

15 Sy, =B, @B, ®B,@B,®D8, @B, 05,08,
@B,98,08,08,®5,® B,
@B@BPy - - - - - - - - - - -~ - = 3
5, =B, ®B,®B; @5, ®8; ®, O DF
@®5,®5,95,5,08,@O8,

20 @BP) = == = - - === - - - - - - - (4);

S, =B, ®B, OB, ® OB, DB ,ORy



- 41 - is fornmed by the first exclusive OR circuit, and the output [err
[err] is fornmed by the second exclusive OR circuit so that these two
out puf's .thus formed may be fed to the third exclusive OR circuit. As is
apparent 5 fromthe nutual conparisons of the equations (3) to (8),
the extlusive OR values of the bits [err] to [err], for exanple, appear
comonly in the equations (3) and (4). The exclusive OR value of the bits
B18 and [err] appears commonly in the equatToﬁ% 13) and 10 (5). In
order to reduce the nunber @ Bfi® Bﬁﬂ@@k D Ru@ &, 66AK jtuting the |ogical
operation circuit ELG therefore, the exclusive OR val ue shared anong the
respective equations may b r I nE@@wance by the commn _CircuiLt g5y .
respectively. 15 Q:jgﬁggggfbg?s,zwhich are established in Zé&énce
in the menory MOSFET, swi tch MOSFET and signal line to be selected, and the
substanti al defects, which Bre*rayus@lrdu@® @ ® of the circuit
3in b m??a;@i%gzomﬂ T8

by the undesired change .Che crrcuit ope ndi tions,
invite errors in the read d ~sh a 0 f to the ECC circuit.
Now, it is assumed t hat théwn&ﬁa)%%bﬁls&&?l?té‘i@%G@%th the wite data
Was appearing in the Table 2 are selected and that the read out data 25

R at tha® time make such er®bBEias are rabulated ~ -~ = - = = = - - (6) :

8, =B;®B, O OB,y ,DB,

@B,08;O8®B@®E, ®BP, - - - - (N
and
S; =B, @B @R, DB ;08,05,08,
10 | ©3;05,03,05,05,08,
@BP, - - -~ - ~-=-=-=====-- (8)

Inéidentally, the symbols &) appearing in
the above logical equations ind;cate an exclusive
OR operation.

15 The logical operation circuit FLG shown in
Fig. 5 is constructed of logical-circuits {not shown)
for forming such syndromes Soito S5 as satisfy the
above equations (3) to (8). Incidentally, the
sequence of the exclus;ve OR operations of the

20 plural bits can be freely selected. In order to
determine the exclusive OR values of the four bits

B, to B.,, for example, therefore, the output BOCD By

0 3’



v

-42 in the followng Table 3. In other words, it is assuned that the
seventh-bit -[err] of the read out data Ris changed fromthe valug ."0" to
the value - "I". Table 3 (R [err] [err] [err] [err] [err] 10 g “. 1 1
1 1 1 1 The logical operation circuit ELGin the ECC circuit"’

| ogically calcul ates the syndromes SO to S5 in accordance with the
equations (3) to (8) when it is fed with those4dafa (R). In the cal cul ating

15 procedures of deferm g .t hose rones .Le

?eve?th 3|E B7]|31%s Qe ¢ R FB EaFs psfégloﬁvfo %e%é%ﬁ%gé[e%hé g%%Srones
err] an err], n f

seventh bit B is $52%§?$%n$3058 ggﬁegagheté?ngégggge%ukﬁughaé bﬁed 4
respectively take 1peuy§eys thar tfBgeecis BRpRal chist Horhelsmsli b are

to be introduced Into t cal cul ating procedures of determ ning the - 43
- other 5yndr0nesfé§r£$:tﬁ@rfﬁlEﬁrékcdﬂdlb%rbh cAscaitesulhk, ithapparent
5 from the mutual comparisons of the eguations (3) to
(8), the exclusive OR values of the bits B14 to 517,
for example, appear commonly in the equations (3)
and (4). The exclusive OR value of the bits B18
and B19 appears commonly in the equations (3) and
10 (5). In order to reduce the number of the logical
circuits constituting the logical operation circuit
ELG, thereéore, the exclusive OR value shared among
the respective equations may be formed in advance
by the common circuits, respectively.
15 | The defects, which are established in advance
- in the memory MOSFET, switch MOSFET and signal line
to be selected, and the substantial defects, which
are caused during the operations of the circuit by
the undesired changes in the circuit operating
20 conditions, invite errors in the read out data which
are to be fed to the ECC circuit.
Now, it is assumed that the memory cells to
be written with the write data W as appeari;g in

the Table 2 are selected and that the read out data

25 R at that time make such errors as are tabulated



‘syndrones [err],[err], [err] and [err] respectively take the value "0".
When the read out data R tabulated in the 5 Table 3 are fed out, nore
specifically, the bit patterns of the syndromes [err] to [err] generated by
the | ogical operation circuit ELG are expressed by "010010". This bit
patterm becones coincident wwth the bit pattern of the syndronmes S5 to SO
I ndi cating 10 the seventh bit D in jtua check matrix of the Table 1.
In this check matrix, re specifically, t pattern of _the, syndromes S5 to
- 'S0 in the row of*% hé‘%r&ldﬂ ’bﬁ(p#aégjs"eas by PRHIPEADT WARITh 15 1Di nci dent
with the bit pattern of the syndronmes 15, . [erg] err] _geneated from
t he | ogi cal oper%ﬁ%ﬂr‘]e%:iff%% t .hﬁ—bsr%?erftf]% %%%n% c%‘f u%}%éé) {%aé h? hi% @ matrix
are deenmed to t : AN W d 1 uder @Ppras ettle f§ he, dable 1, the
res- pective si %:’I%%y%é%i%%“éré%et V\)I;th t he pl urealvg%Qlé 1 check bits.
The check bits set for one signal have a pattern which corresponds only to
that signal. In the event that the chegkiemtsix {ws the formtabulated in

the Table 1, the_bhit pattern. which is constructed of the 25 B
d ' ): - - Ci it
syodrones Lert) | 8piars) |etb] BB iy 1m0 mRm3IAGR 5 By 4R ?3
1l l111(jr1(0|0|1]|J0jO}{0 {0 (O |0 Y 1|1 8

BB gBoB0lR152B53B4|B5B6 B 7B 8B e [B0 B

1j1{1{1}1}0{0}{0f001}0 |1 i1 |0 |0

(Cont inued)

BP.|BP,|BP,{BP,|BP,| BP

10 1 1 1 1 1 1

The logical operation circuit ELG in the ECC
circuit logically calculates the syndromes So to Ss
in accordance with the equations (3) to (8) when it
is fed with those data (R). 1In the calculating

15 procedures of determining those syndromes So to SS'
the seventh bit B7 is used in the logical operation
to determine the syndromes Sl and 84, as is apparent
from the Table 1. As a result that the seventh

bit B, is charged from-“O" to "1", the syndromes 5,

20 and S, respectively take the value "1". There is

4
no error in the bits which are to be introduced

into the calculating procedures of determining the



“

to the positions of the error data bits of the read out data R The
syndronmes [err] to [err] generated by the 5 | ogi cal operation =
circuit ELG are fed either directly or through inverters to the decodef :
DCR. Thi’ s .decoder DCR is made operative to decode the syndromes [err]t to S
in order to generate the decoded signals indicative of the error units.
The decoder 10 DCR is constructed of AND gates G to G31 which are
made to correspond one-to-one to the data stghals of 32 bits. The
respective AND getlesr[eyn]irpme[sesb]. ﬁavest;;hélnrd ﬁe,s-peé‘tsl \i’erl%pl}tts'
determned as to detect 15 the different bit patt rns Eahof t he
AND gat es gener as¥BArfaBesQE Irefel,, SynP&ss 5hé'e(§é’te<§P di ng
thereto are erroneopus, and the "1" level if those bits are erroneous. For
exanpl e, the AND"@%P% [Brr] generat es the " 1" | evel signal, if the 20

first unit (or the fi _rsghglﬁg 8" gnal SI gna atpgl tsa!bQ.P]aJ%edjfm?’%:r@ ts is

erroneous, and otherw s eveI apparent from

both the gonnect jggseshouneand t%%tch%w%raéemfcmey Tahlee Pt The

respective outputs F thé deco t’he out puts of the

AND gates [err] Lotkerhk %&dthe sy%rbxﬁe&es nftQy rgat |q¥hé¥ét&‘ed a5y JeHeo[ err]
of the read out data

logical operation circuit ELG are expressed by
"010010". This bit pattern becomes coincident with
the bit pattern of the syndromee S5 to SO indicating
10 the seventh bit D7 in the check matrix of the Table
1. In this check matrix, more specifically, the
pattern of the syndromes S5 to SO in' the row of
the bit D7 is expressed by "010010", which is
coincident with the bit pattern of the syndromes
15 S5 to S0 geneated from the logical operation circuit.
Here, the blank columns in the check matrix are
deemed to take the value "0".
As will be apparent from the Table 1, the res-
pective signals of 38 bits are set with the plural
20 check bits. The check bits set for one signal have
a pattern which corresponds only to that signal.
In the event that the check matrix has the
form tabulated in the Table
1, the bit pattern, which is constructed of the

25 syndromes 55 to S0 fed from the logical operation



"R are respectively fed to the exclusive ORcircuits [err] to [err]. These
exclusive OR circuits [err] to EOR31 formthe error-corrected output data
[err] 405 D31 which are to be fed to the nultiplexor [err] shown in

Fig.- 17 Lf an error exists in.the seventh data signal shown in the Table 3,
for ekanple, the output of the AND gate G5 accordingly takes the value "1"
so that_t-he seventh signal read out 10 erroneously as the above val ue
"1" is inverted fromthe value "1" t6 fe val ue "0" by the exclusive OR

circuit EOR . °£PCQEQeEL&OquﬁP;gglgq%q S 9Nl & don &P rdmcted-drie the right

val ue. The ECC Circuit i1s ena to correct the error of 1 bit but

di sabl ed to copgeghet BesekhOhsObs2 thle B Didata bids dhecroase where the
ECC circuit is provided in order to correct the error of 2 or nore bits,
the constructi ppaliSoGenBlat@ared, and the nunber 20 of the elenents is
increased. In this case, noreover, the parity bits have to be
substantial ly increasede Bypdrémelsoss dme exdrievatearbdell e of the inside
of the |ogical operation circuit ELGand the exclusive OR circuit to be
used fob the elogicedr opetriagionEircuit ELG arghefes@ifhee GRS Uit is
constructed of - 46 - p-channel type NCSFETselerQ; to [err] and n-channe
MOSFETS or through inverters to the decoder DCR.

This decoder DCR is made operative to decode
the syndromes S0 to S5 in order to generate the decoded
signals indicative of the error units. The decoder

10 DCR is constructed of AND gates G0 to G3l which
are made to correspond one-to-one to the data signals
of 32 bits. The
respective AND gates G0 to G31 have
their respective inputs so determined as to detect
15 the different bit patterns. Each of the AND gates
generates the "0" level, unless the data bits
corresponding thereto are erroneous, and the "1"

level if those bits are erroneous. For example, the

AND gate G, generates the "1" level signal, if the

0

20 first unit (or the first bit) signal of the data
signals of 32 bits is erroneous, and otherwise the "(o"
level signal, as will be apparent from both the
connections shown and the check matrix of the Table 1.

The respective outputs of the decoder DCR,

25 i.e., the outputs of the AND gates G0 to G31 and



[err] to [err]. The MOSFETs [err] and [err] and the MOSFETs [err] and
[err] are respectively arranged in series, and tne MOSFETs [err] and [err]
and the MOSFETs [err] and [err] are 5 | i kewi se arranged in series. The
junction between the MOSFETs [err] and [err] and the junction betwgen the
MOSFETs Qo4 and On3 are inter-connected in order to generate and out-put
QUT. The MOSFETs [err] and [err] have_their gates respectively fed with
i nput signals a and 10 b, and the NCSFE% [err] and [err] have their
gates respectivetlyefedfertmhtinpubisisgByl $oaBapdolf. tOe rie@ doblwer dadd, the
MOSFETs [err] and [err] have their gates respectively fed with the input
signal s a and b,Rantet hespEeFEYSlgpIeghdoQtBehgrelugdve PR cigguass
respectively fed with the input signals b_and a. Now, when both the input
signals a and b B?Bgatot RBRpgh ThESP E&FdMsivRe OROSREFVLLSr EPRand T err]
are rendered conductive to yary the output to the low ("0") level.
When both the in%§§3si ﬂﬁWstgeaﬁﬁrfﬁ'c°Er§F§g§t°Pﬁ8u i §RtRePel % he MOSFETS
Lerm] 2rael o] 81 GRIGE Senon- ERNGUG ke chd WRHRIR R  Npte ot put OUT
€ e T nput signal "a“(or a

to the | ow | evel J3Moreover, when ut Is"& the | ow
l.evel and the ingut . sigpak;B (9r bld $,2 ;e e heMOSFET
[err] (or [err])ggiﬁ tgg NngET [e?r] ?b?r gf? fagrg ?gh ggegeg%nguctive in
order to boost thgtoutpghaPUnbont he Rhghraeval 3, fWheRxample, the

output of the AND gate G, accordingly takes the

6
value "1" so that the seventh signal read out

10 erroneously as the above value "1" is
inverted from the value "1" to the value "0" by the
exclusive OR circuit EOR,. 1In otheriwords, the data

signal D, is corrected to the right value.

6

The ECC circuit is enabled

15 tc correct thé errof |
of 1 bit but disabled to correct the error of 2 or
more bits. In the case where the ECC circuit is
provided in order to correct the error of 2 or more
bits, the construction is complicated, and the number

20 of the elements is increased. In this case, moreover, °
the parity bits have to be substantially increased.

Fig. 6 shows one specific embodiment of the

inside of the logical operation.circuit ELG and the

exclusive OR circuit to be used for the error correction.

25 _ The exclusive OR circuit is constructed of



- 47 - the input signals a and b have their |evels thus nade coinci dent,
the output QUT is varied to the low level. In the case of inconsistency,
the output- QUT is raised to the high level. 5 - The exclusive OR
circui't, shown has a small nunber of elerments (e.g. 8) and allows no current
to fldw-between the power source voltage Vcc and earth so that its power
consunption is very low. The |ogical operation circuit ELG of the ECC 10
circuit performs such | ogical operationg as are expressed by the foregoing

| ogi cal equations (3) to (8) so as to formthe syndrones SO to S5, as has

been described aboye.- In othe rds, .a nunber of the exclusiv
operations are PerférrEd Fﬁpﬁhgogg&&éaPpIS%O gperaPFoH'EF?EﬁFf.ﬁ%ég%gfng
t he excl usive circuit sho i_n,Fi as e~l ogical . GLr GHEL
constituting tﬁgnﬂo&fb§%4dpe?2pfo%6§??2§ingLeégiPpﬁeégﬁegﬁ%ogng gsto

construct the |egi cal, OREr atirQn rGisheWicl v@h yaa20an k8l ahi ¥ekYesmakhynunber
of the elenents ard to ré&duce the power consunption to a relatively |ow

level . As has been desrHTeed W bhqref eraneeche MogrEes2o Moagever, she data
read out of the |efthand i np® and o®fput terminals of tRé respeﬁélve sense

25 anpli f5i er s ldlkwayis hacoram ga dpdsi tsieveaephase Tast guhcpepn] bewheeras t he
data read out of the righthand i nput and output term nals al ways becone a
negati ve- phase the MOSFETs Qp2 and Qn1 and the junction between the
MCSFETs QP4 and Qn3 are inter-connected in order to
generate and output OUT. The MOSFETs Qn1 and an have
their gates respectively fed with input signals a and
10 b, and the MOSFETs Qn3 and an have their gates
respectively fed with input signals a and b.

On the other hand, the MOSFETs Qp and Q

1
hzve their gates respectively fed with the input

p4

n

ignals a and b, and the MOSFETs sz and Qp3 have their
15 gztes respectively fed with the input signals b and a.
Now, when both the input signals a and b are
at the high ("1") level, the MOSFETs Qn1 and an are
rendered conductive to vary the output OUT to the
low ("0") level. When both the input signals a and
20 b are at the high level, the MOSFETs Q5 and Q , are
rendered non-conductive to likewise vary the output
OUT to the low level,
Moreover, when the input signal a (or a) is
at the low level and the input signal b (or b) is
25 at the low level, the MOSFET Qp3 (or Qp1) and the
MCSFET Q

ph (or sz) are rendered conductive in order

to boost the output OUT to the high level. When



-48- output [err] as a result that the inverted information is witten in
the righthand nmenory arrays M[err] and MJ[err]. Accordingly, the data
read out .of the sense anplifiers can be fed as they are to the exclusive 5
OR circuits in the logical operation circuit ELG so that this cifeuit ELG
can be further sinplified. The respective informati on and parity ‘signals
constituting one set of the data are extrgcted fromthe respective nenory
‘groups each of which has 32 10 menory~c s (i.e., the nmenory MOSFETS).
The 32 nenory MOSFETs have their respective gates coupled to one word |ine
and their drains ahd soputesigoridectednidnbsbavesthasrwiévebe seen rdaden

Fi gure 2. The nmenory MOSFET are sel ected one by one 15 fromthe
respective nenoryceénicigestipstne puspofis@UToisheaneedded shignkdw ¥k irom
the X decoder X-DCR 1 or X-DCR2 and the decoded signals fed fromthe Y
decoder R-[err]. 1P [RetRPASecSeiNFRBSAPHEPSY or tRBSPYTRS BYT the TasHeeti ve
menory cell groups of the. r FETs to 20 be selected are identica
to each other. %ﬁ 8Pﬁe31%§?3§¥e he plural signals constituting one set of

data are reag out of the ngggrgxggﬁgggg ggiEQr@E?tl9ﬁ9&f2h$%efvgﬁgi§2 ones

and which are coupled to one word I'i'fne _ _
| arge-capacity meppiyof oifhe18RRAkkt hkC gl Cah YRRa 218608Cho 1 Sutiabl &40

occur simultaneously in
flow between the power source voltage VC and earth so

c
that its power consumption is very low.
The logical operation circuit ELG of the ECC
10 circuit performs such logical operations as are
expressed by the foregoing logical equations (3) to
(8) so as to form the syndromes SO to SS’ as has been
described above.: In other words, a number of the
exclusive OR operations are performed in the logical
15 operation circuit.
By using the exclusive OR circuit shown in
Figure 6 as the logical circuit constituting the
logical operation circuit ELG, it becomes possible to
construct the logical operation circuit of a
20 relatively small number of the elements and to reduce
the power consumption to a relatively low level.
As has been described with reference to
Figure 2, moreover, the data read out of the lefthand
input and output terminals of the respective sense
25 amplifiers always become a positive-phase output Dn'
whereas the data read out of the righthand input and

output terminals always become a negative-phase



t he pIuraI'nenDry cells which are adjacent to each - 49 - other. Thi s
defect is caused by the inconpleteness which is inevitable in the IC
fabri-cation techni que. The mask films, which are nmade of photoresist for

sel eetivel y etching insulating and/or conducting films, 5 for exanpl e,
are notvalways produced to a satisfactory |evel because they are adversely
affected-by the irregularity in their material or by dust. If the defects

such as undesirabl e roughnesses or Tﬂﬁ? frol es exist in the pattern of the
mask filmworked, they are 10 transferred to the insulating or conducting
films to be worked, by SMatagvskeréshM thdd {de IR ddd Mdohe wsed for
inplanting inpurity ion%, these inpurity ions may be introduced into the
undesired portipg wiittensusfege of ghtieasememnduciraraysibstarmt e 014 may not

15 be introduced into the desired portion. The sem conductbr substrate
. to be used int rMnsRY:gl | y hasosdihgay defleetdaten greaad crutstat el exdnashi ch
Wl deteriorate the characteristics of the sem conductor elenments to be

formed thereon.applifiers can bé¢nfed|as gehenpane tehdd srearrus e
sem conductor elenments and the wiring |ayers have fine sizes so as to
ensure the hi ghOFneé&geaitdnin the hogdsal toPer it ifmIGIRF Wt GY& it el ements

are liable to be included in the a of one_defect.
that thgs circu?t 5{8 can be further simplified.

The respective information and parity signals
constituting one set of the data are extracted from
the respective memory groups each of which has 32

10 memory cells {i.e., the memory MOSFETs).

The 32 memory MOSFETs have their respective
gates coupled to one word line and their drains and
sources connected in series, as will be seen from
Figure 2. The memory MOSFET are selected one by one

15 from the respective memory cell gfoups in response to
the decoded signals fed from the X decoder X-DCR1 or
X-DCR2 and the decoded signals fed from the Y decoder
R-DCR1. In this case, the orders or positions of the
respective memory cell groups of the memory MOSFETs to

20 be selected are identical to each other. In other
words, the plural signals constituting one set of
data are read out of the memory MOSFETs which are
located at every 32 ones and which are coupled to one
word line.

25 In the large-capacity memory of the monolithic
IC type, a defect is liable to occur simultaneously in

the plural memory cells which are adjacent to each



25 For the mask-type ROM shown in Figures 2A to 2C, it is
possible tq switch the col um switches MOSFETs [err] and[err], for exanple,
in response to the - 50 - common decoded signal CO and to f eed the,
outputs of the colum switches MOSFETs [err] and [err] to the dlfférent
sense anplifiers. In this case, the pieces of information of the menory
MOSFETs [err] and [err], for 5 exanpl e, cangbhe_si nul taneously extracted
by boosting the potentials of the word line [err] and the decoded signals
[err] and [err] to the high level. In this case, however, the nenory
MOSFETs adj acent é¢oheach Olthes defectel ectelised Apcand ngloompilke epessi bility
that the 10 pi eces of information of 2 or nore bits simultaneously
extracted becone eriomebsisinevifablresin tuee biG faird dad it dcecheded -i n t he
ECC circuit, as has been descri bed above, ny parity bits are required.
Incidental ly, in Ihe Base WhbPe tWel Ho@RS r"@ﬁlet HaAheg orssisg Jofi t
correcting abilit t he, nupber of the, arlt bits is significantly

increased to twi ce®ifet htfberethterhizilahing jad{ar WQ&%”EbéééH§e t he

substantial data r aC| ancs i s, substantjall redu ce
According to’ the gé’gs%? El’ﬁl onn°t azlwaryosupbro?duc?aetdg %% & qé& ‘6 PR ECc

circuit 'S constriighed 94l SARA! SedhiGlblf y St Dlyg! hthe

irregularity in their material or by dust. If the
defects such as undesirable roughnesses or pin holes
exist in the pattern of the mask film worked, they are

10 transferred to the insulating or conducting films to
be worked by that mask film. If the mask film to
be used for implanting impurity ions, these impurity
icns may be introduced into the undesired portion of
the surface of the semiconductor substrate or may not

15 be introduced into the desired portion. The
semiconductor substrate to be used intrinsically has
such a defect, e.g. a c¢crystal defect which will
deteriorate the characteristics of the semiconductor
elements to be formed thereon.

20 In a large-capacitance memory, the semiconductor
elements and the wiring layers have fine sizes so as
to ensure the high integration. As a result, a
plurality of circuit elements are liable to be
included in the area of one defect.

25 For the mask-fype ROM shown in Figures 2A to

2C, it is possible to switch the column switches

MOSFETs S

20 and S

a1’ for example, in response to the



plural menory cells forned in scattered positions on the sem conductor
chip. 25 The specific circuits shown in Figures 2A to [err]

will new be described in greater detail. The adjacent nenory cells (i

the menory MOSFETS), - 51 - e.g. the MOSFETs [err] and [err] are not

si nul t aneousl y sel ect ed. In the event that the respective colum sw tches
MOSFETS, are switched in response to the dg@ferent decoded signals, it not
bei ng possible to 5 extract anything btt The information of 1 bit. In
the event that such groups are forned, it is possible to sinmultaneously
extract the inforomnoondetopédraighat sC agi nce fded gricupsstgre svede t o have
simlar constructions, there are alwa s fornmed between two 10 menory
MOSFETs to be setBete@lsnehsul hehperMesrkhe W%ﬂ MQSFET® 5 can
constitute one si de of one rou lfg}%resu , the distance between the

menory MOSFETs t®% E\e%%’f’fec? Elsﬁagm% Fvel l’Pa‘rkc};‘e's Ve WM RAFEESwor ds,
th | | bit t t the.l data f ECC

extracted from i eherDsREReess Thr REASs PSR T acnd e 1551 11 ons

on the chipy T ?a:ﬂ{:i’éal cHgfgetLy uf?%%?ou?%eéixres {c? rggoasttelq,%ranner

are scattered into plural groups o he error ts 20
included in one group.PéndasfsCcan PRerREHECHi fO W(?Oéﬂd the decoded

signals CO and CO1 to the high level. In this case,

however, the memory MOSFETs adjacent to each other

are selected. Accordingly, the possibility that the
10 pieces of information of 2 or more bits simultaneously
extracted become erroneous. If these two bits are

to be corrected in the ECC circuit, as has been
described above, many parity bits are rquired.
Incidentally, in ‘the case where the ECC circuit having

15. a 2-bit correcting ability, the number of the parity
bits is significantly increased to twice the number.
Therefore, this is not practical because the
substantial data storage capacitance is substantially
reduced.

20 According to the present invention, one
group of data to be fed to the ECC circuit is
constructed of the signals which are read out of the
plural memory cells formed in scattered positions on
the semiconductor chip.

25 The specific circuits shown in Figures 24
to 2C will now be described in greater detail._ The

ad jacent memory cells {(i.e. the memory MOSFETs),



1 bit at the nost. Thus, even the ECC circuit having a |ow error
correcting ability (e.g. 1 bit correcting ability) can correct the . error
bit. “As d result, the fabrication yield of the seni conductor nan(yQZS
can be'significantly inproved. 1n the sem conductor nmenory shown'in Figures
2A to 2C, a desired nunber of the nenory /| -52- MOSFETs are sel ected
fromthe plural nmenory MOSFETs (i.e. the nenory cells) coupled to one word
line so that a necessary nunber of bits cah be fed to the ECC circuit by

t he single addressing operation.. Thus, 5 the informati on can be read

out at a relatived yghighe PESTETd ™M Vi of . tdhe fat sttt thhe oBeEyci rcui t
has a | ow correcting ability as in%he above it can be used to sinplify the
circuit constructseleated so 1Ih thedusnt dhaturdier refspele ipar cby ubnt s. As
aresult, it is possible to enlarge the data storage capacity. In a

nmodi fied form irns¥heckes NPIFERATY rovH tlress InAnespR@set e MOBFETS [err]

and [err] may be repl aced 3%%a si ngl e MOSFET whi ch has a conduct ance 15
equal to the conbiheP et et DFBRHES + id MISFEPS NghiPCI§ Siib leepPaces.

|nLhe case pher e, I{ 1e, POSPIRLS, '8l HSAITANIR AULT LYY 0B, the

the event that such groups are formed, it is possible
to simultaneously extract the information of plural
bits. Since the groups are made to have similar
constructions, there are always formed between two

10 memory MOSFETs to be selected such a number of the
memory MOSFETs as can constitute one side of one
group. - As a result, the distance between the memory
MOSFETs to be selected has a relatively large value.
In other wérds, the plural bits constituting the

15 data fed to the ECC circuit are extracted from the
memory MOSFETs which are formed in scattered
positions on the chip. The plural defective cells
formed in a concentrated manner are scattered into
plural groups of data. As a result, the error bits

20 included in one group of data can be reduced to about
1 bit at the most. Thus, even the ECC circuit having
a low error correcting ability (e.g. 1 bit correcting
ability) can correct the error bit, As a result,
the fabrication yield of the semiconductor memory

25 can be significantly improved.

In the semiconductor memory shown in

Figures 2A to 2C, a desired number of the memory



be om tted. Al ternatively, the NCS#ET [err] can be omtted by applying a
signal such as the address 20 signal a9 to one of the MOSFETs [err] and
[err] and.a signal such as the decoded signal [err] to the other. In this

nodi f aﬁlon there is no increase in the power consunption. Furt her nor e,
the inforngtion to be witten in the menory array M ARY3 and M ARY4 need 25
not be -nverted. In this nodificationr, showever, it is necessary to nodify
the ECC circuit. It will be appreciated that the ECC circuit cannot be
one - 53 - sh iR SFlgur e 0 |l Led not
only to a vertlcgpQFE%g %agkg CIQ? 9¥%§0Qban§agthd@Wﬁ?pybﬁb%ﬁﬁ%jw or

EAROM in additiqg 0 tth% aRAve yo ceehanr edub@eROEbzent alo pRSKi ROM ut al so
a ranmdom access nenory (i.e K@ Mor eover, the arrangenent of the nenory

cells to be storedaw Tahnlélc@rsalarl_i)l h@m(blelﬂcblﬂ‘dlbmgspaéhtMebf‘éé)t60ﬂ$élE@l(tl ng
one set of data may be nade such that the nmenory cells are 10 spaced
alternately by atilreadtt oyetak themleAbtdnessingsodenaniow. ourTWPplication
No. 83.01289 (Serial No. 2,116,389) fromwhich this Application has been
di vi ded. 5 the information can be read out at a relatively high
speed.
In view of the fact that the ECC circuit has
a low correcting ability as in the above it can be
used to simplify the circuit construction and so
10 reduce the number of the parity bits. As a result, it
is possible to enlarge the data storage capacity.
In a modified form, in the circuit shown in
Figures 2A to 2C, the MOSFETs Qd1 and de may be
replaced by a single MOSFET which has a conductance
15 equal to the combined conductances of the two MOSFETs
which it replaces. In the case where it is possible
to increase the power consumption the MOSFET Qs may
be omitted. Alternatively, the MOSFET QS can be
omitted by applying a signal such as the address

20 signal a9 to one of the MOSFETs Q and Qd2 and a

d1
signal such as the decoded signal C0 to the other.
In this modifcation, there is no increase in the
power consumption. Furthermore, the information to
be written in the memory array M-ARY3 and M-ARYA need
25 not be inverted. In this modification, however, it

is necessary to modify the ECC circuit. It will

be appreciated that the ECC circuit cannot be one



L C L MS * - 54 - CLAIMS. 1. A sem conduct or menory
including: (a) a plurality of nmenory cells arranged in a matrix formin one
sem conductor chip for storing one set of data having check bits; 5

(b) a selecting circuit for selecting those of said plural ngnbry cells,

whi ch are grouped into one set, in response to the address signals; and (c)
an error correcting code circuit forned in shid seniconductér-ehrp and
adapted to be fed with 10 one set of data which are read out of the nenory
cel I's sel ected, ghbgrein eeghrsed, of the data is stored in the plural nenory
cells which are spaced fromeach other farther than one of said nenory
cells. 15 2. A semhéeopeiesd Of IRV tyidre e rdiveg dppidled Mok, wherein
each of said nenory cells in made of a read only nmenory cell. 3. A
sem conduct or nembyytaczoveftpcdb type mdslorR@QY dndd taharr dgramucibie a
transfer circuit for 20 sequentially transferring the error-corrected data
whi ch are fed fROM 62i@. cEPRPM coF rRAROMY pdeddi i tto the above

5 referred to horizontal mask ROM but also a ramdom
access memory {(i.e. RAM). Moreover, the arrangement
of the memory cells to be stored with plural bits
(including parity bits) constituting one set of
data may be made such that the memory cells are

10 spaced alternately by at least one of them.

Attention is drawn to our APplication
No. 83.01289 (Serial No. 2,116,389) from which

this Application has been divided.
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CLAIMS.
1. A semiconductor memory including:

(a)‘a plurality of memory cells arranged in
a matrix form in one semiconductor chip for storing
one set of data having check bits;

(b) a selecting circuit for selecting those
of said plural memory cells, which are grouped into
one set, in response to the address signals; and

(c) an error correcting code circuit formed
in said semiconductor chip and adapted to be fed with
one set of data which are read out of the memory cells
selected,

wherein each set of the data is stored in
the plural memory cells which are spaced from each
other_farther.than one of éaid memory cells.

2. A semiconductor memory according to claim 1,
wherein each of said memory cells in made of a read
only memory cell.

3. A semiconductor memory according to claim 1
or 2, further including a transfer circuit for
sequentially transferring the error-corrected data

which are fed from said error correcting code circuit.




