"A Seni conductor Memory" The present ‘i nvention relates to a semiconductor

menory and nore particularly to a read 5- only nenory (hereinafter _
-referred- to as ROW). Wth the recent devel opment in sem conduﬁ,bgB.%\S--
. techni.gues and. sem conduct or devi.ce application techni ques, there has been

“an.incréasi ng demand for- a sem conductor menory which has a 'l arge
- capaqity.' -10 - To obtain a ROMw th a large capacity, var
- problerMs nust be solved. In' a. -ROMwi th &.l arge capacity, for exa /
large nunber of nenory cells are connected to each of datalines. n. .
. consequence, the data line may be 15 undesi.rably coupled with stray .or -
parasitic capacitance of relgtively |large value. !
the content of data stored in2aSeEREOREUCkRROMPWOEY i's j udged according to
whet her, after the stray and parasitic capacitances coupled to the data 20
~line are precharged, the selected nenory. cell discharges the electric. .
charge in its capacit e -3 ifizcal Ly, data in the selected-
menory cell is judgedqg%%EFﬁgg%%téﬂ&ﬁgghgg,Eé??éggtgg'g
[ine |s raf secsdnf} Rrdfuctdl’ WibEy aRAImS2L! Bart REus L £G! € 4oPREY CC! |
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5 only memory (hereinafter referred to as: "ROM").

- With the recent development in semiconductor

~ techniques and semiconductor déVice-appliéatioh-

techniques, there has been ‘an increasing déméng-for a
semiconductbr-memory-which~ha5’a-large.capacity{

_ 10 ._ .~ To obtain a ROM with a Iarge-capacity, various

' 'i::} | ~ problems must be solved. - |

. | |  In a ROM with a-la:ge.capacify; for éxample;.a' .
large number of meﬁory.éelis are:cqnnecfed to:éach of
data lines. .Ih-consequencé,-the data.line'may Be,_l

15_ ﬁndesirably coupled with stray or parasitic

&_j 1 capacitance-oflrelatively-largé value. In the ROM,
for.example, theiconfent'of data siored in a selected-_
memory cell is judged acco:ding'to-whether, after the
stray énd parasitic capaciténces,c§upled-to the~data

20 nline-are precharged.'the~sé1ected=memory cell

i : discharges the electric ¢harge-ih itS'capécitance,'

More specificaily;'the-data in the selected memory

cell is judged adcording-to'whgther;’after.the y

potential of the data line is raiséd to a |

25 predetermined value, the selected memory cell causes

}n the ROM for exanple,

€ potential of the data



-the data line potential to be |ower than the predeterm ned val ue. Since a
\ a large capacity-has data lines undesirably coupled with stray or .

_ Jc capaci tance of relatively large value, 5 the selected nenory
cell uires a conparatively long tine to nmake the data Iine potential . -
~becone | ower than a predeterm ned value. ~ As a.result, a ROM which has a

| arge capacity requires a relatively | ong tinme to read out data froma /7y
‘desired menory cell and this is 10 dﬂsadvantageous Mbr eover, .in a ROM \-J
having a | arge capacity, the stray or parasitic capaC|tance coupled to the
data |lines nay have large val ues. Ther ef or e, |t takes a. “considerably

y t f t he wh h t T
RSERTRL ALY e BB EBe 36 KO ADNBRcEhan HBRet of mi ned val ue.  In
| latively | time
| fC ?Qiegﬁﬁn‘?fedﬁ&?%%e b yad .o %3'&%2 gl JRRH! BoTaBape) 21 vely Long tine
I S de%a\;:%@ﬁ:;ﬁ hils gﬂ‘iap‘i% E'ai’ﬁyot:oh ie@%@ﬁ gfBL{, fromvarious

--p0|nts of n addi tion, any de ect I n“menory S becones a serious

- probl em Rar idaGals3tli¥ idapadR@dneay ok relh%&sralyamasgéyvaiﬁe,
Previously, "a circuit has been known from

5 the selected memory cell regquires a comparatlvely long |

. par g

time to make the data line potential become lower than |

a predetermined value. As a7resu1t;-e-ROM which has

a large capac1ty requ1res a relatively long time to -

read out data from a desired memory.cell and_thlslls'
10 dlsadvantageous..e

Moreover, in a ROM having a 1arge capac1ty.-

thelstray or parasitic capacitance coupled to the data,
lines may have large values.  Therefore, it takes a.
considerably long time from - the time when precharglng _
15 of the capac1tances is started until the data line
potential reaches a predetermined-value. In g)“
consequence, a ROM having a large capac1ty requires a
relatively long time from one data output operation to
the subsequent.data output operation.
20 : It is desirable that.the~pcwet_consumption of
the ROM be small from various points of view.
In addition, any defegt.in-mempry:cells :
becomes a.serious problem particularly ih a ROM having
a large capacity. - |

25 g Previously, a circuit has been known from



-3- information theory, in which data error is corrected by enploying an
~error -correcting code. This circuit will hereinafter be referred to as_an -
"ECC.circuit". W have ttied to i mprove 't he production yield of a5
- sem conductor nenory by incorporating an ECC circuit in a one-chip
seniconductor menory thereby to redress a defective nenmory cell. It
obj et f the invention to provide a sem3--conductor nmenory capabl e of a
‘hi gh-‘s#eed operation, and 10 with relatively |ow power consunption.
According to imfopnation theeryi om twieichidapa ovited bs sevioerikdty nenory
~.including: (a) - --a first-data line; (b) first and second earth lines
.correspondlngﬁmﬁlgﬁ}wgﬁ§nf¢¥%ﬁr(Eﬁ%#¢¢?kﬁ9(die- aTlpi sired ¥eyd owidehor y

cells prOV|ded bet we ta line-angd said first earth:line and
- bet ween said h%;g{nﬂg ai? %#ﬁir%%‘?

of first word |ines ﬁé nect q%mnih 20 a elect| t er m nal ne of
_"t he nenory ceI | s prov‘? ‘-ﬂv% ‘ﬁ |’d“?rl'?‘§? eapro%gc %nsyallecl |Cff£s)t earth
fine and g %&&#%%ﬁ%&% glﬁédn&fe%% Bic%{;??i??@ﬁ%( %ﬁ'ﬁéc PL Oy fied df-‘lft y\een

sai d flrs ear I ne: -~ a second a line;

.25 (f) t h' cSﬁ’e-a&Q'l;IS %xﬁfh@ﬁ&ﬁ@tér rh‘%‘e'in NG L0 $Ad &k %%’Fb&?ﬁ@e

~ine; (9) a plurality of nennry cells prOV|de bet ween sali.
memory cell. _

3&.2 _ It is an ohject'of the invention to.provide a'semi-
conductor memory capable of a hlgh—speed operatlon, and
10 with relatlvely low power consumption. | N
Accordlng to the present invention there is prov1ded

a semiconductor memory 1nclud1ng.

{fa)  a flrst data line;
(b) flrst and second earth 11nes correspondlng to sa1d
" 15 fﬂrst data llne- _ .
T(C) a plurallty of memory cells prov1ded between sald
flrst data line and sald flrst earth line and between said
first data line and sa1d second earth line;
(d) .a plurality'of firstdword lines each connected.with
20 2 selectlng term1na1 of one of the memory cells prov1ded
between sa1d flrst data 11ne and sald f1rst earth line and.
a selectlng terminal of one of the memory cells prov1ded
.between sa1d flrst data line and sald second earth line;
(e) a second data 11ne, |
25 (fi ~ third and foﬁrth-earth lines corresnonding to sard
| second data line; B | o |
(g) a plnrality.oflmemory cells provided'between'said
second data line and said third earth line and between said

second data line and said fourth earth line;

FRADRA oEGH FHHEIRY  aplurality



. 'second dafta line and said third earth |line and between said second data
line ang-said fourth earth |ine; - 3a - (h) a plurality of -second
word | i each connected with a selecting termnal of one of the nenory
cel|'s ROY)ded between said second data |ine and said third earth line and
~a-sel ecttng terminal of one offtﬁ@ menory cells provided.5 between said
second data line and said fourth earth line; (i) first, second, thirdy
and foymhh dugmplwrad ilbynes, secdond wordd risinekimegcic addnprahaded thet ween™”
~said first data line and said first earth I'ine.and having its selecting .
ternm nal sedeodingd teormsiaial foifr Sned wfmthvomenorescells (pevidedecond dumy
cell provided betvieen said first data li-ne and said second earth |ine and -
havi ng bietwesal sadidhgeacond datacdime anf 152 idi thied grrdunipadind 13 ne; (1)
athird dummy cell provided between said second data |ine and said third
earth ISedectiaohiarminals ofeORG Gy U MEBRTYC d’?ﬁﬁ&%’%‘ﬁ“ﬁ%& said third
. du rd line; . “a foyrth.du ell. provided bet . sai d second
dat-d | FEYaRE & @fsﬁﬁqn?? Ll:tan H%rer%h‘% %aa%/(?n%’lf]?tgh seeé}lé%lfﬁr:&gn%'er ni nal

cconnected to said.fourth dumpy . 'rga(#{%]d éﬂi #ké”¥%§%F”th

- c'_orrpensfé‘ﬁi ng_%ﬁl’r%l}l't ;éecécg))r?(nyé'ct ed’vi&ta;_ sal ¢ thi r%’mﬂ Js ourt’h” dummy word

I'ines regpectivel R0 diliily &LHAPFHdANE Bt wser ¥ a6 Srbstagid al |y equal

to the value of the capaci'tance connected to said first word line will be -

- line and said first earth line and having its selecting oo,
terminal connected to said first dummy word lines}

10 (k). a sécond-dummy'céll provided betﬁeen said first data

line and said second earth line and hdving its selecting
terminal connected to said second dummy word line;

(1) a third dummy cell providea between said sécohd data

) iine and said third earth line and having iﬁs.selécting

15 terminal connected to said third dummy:word iine: -
(m). a.fourth dummy cell provided between said'éécpndidata
line.énd said.fourth earth iine'and having its“selecting.l
términai connectéd-tb said.foﬁrﬁh.dﬁmmy word line;
(n) third and fourth compensating circuits connected to

20 said third.and_fburth duﬁmy word linéé respectively so that a
capacitaﬁce having a:valué suSstantially equal to the value
of the éapacitanée connécted_;o said fi;st word line Qill be
_cohnécted_fé each of said.third ahdzfourth éﬁﬁmy word lines:
(o) firsf aﬁd second édmpehsatiﬁg circﬁits conhecfed ﬁo

25 said first and second dummy word linés respective1y so thét
a capacitancé having é'value subétahfially equal to the value
of the.capacitanée connected to said seéond word line ﬁill be

- connected to each of said third and fourth dummy'wofd_lines;
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connected to each of said third and fourth dummy word lines; (o). . . first
and second conpensating circuits connected to 25 said first and second =

~dummy word |ines respectively so that a capacitance having a val ue ~
substantially equal to the value of the capacitance connected to.'saiag' ();
second word line will be connected to each of said third and fourth

word. Aes; - 3b- (p) a differenfjal anplifier circuit having one

i nput™¥erm nal connected with said-first data [ine and the other input.
termnal conngoted i td e ek HecoN skl £F 1d &5 1 i { Maving il GGigdo
circuit having output term nals connected 5 with said first and second word
|l ines and outyesmimdIricdirectsdaaittd sdid Riatst fdatd ,1iIRCc @l dHY ret s
fourth dummy word |ines; whereby when said selecting circuit operates such
t hat the pot dmpwl teErmiTelbfcamerted stitorahid reecarsd Matler dugld; tema he

~selection potential of the nenory cells and the potential of said third or
fourth dummy ¥ d | isnéeleringtitenithhadne iqwipyottanmmizals eanneatisd d
or fourth dummy cell,_ the change in potential: at the selecting{terninal of

sai d third® o¥RudtddimA e AN (P HPE UG dines ian Gt R e ng

£a'he sol ebr APIRERAd T ARG FlrAtr, St BRI AT B o o
_selecting cireuid f¥§£§§95 such that t he potential of one -
| o whereby when said'selecting'circuit opérates such
that tﬁe.potential of one of said first word lines is
10 brought-tb the selection potential of the memory cells aﬂd
the potential of said third or fourth dummy word line is
brought to the selection potential of s&id third.or_fourth
| _i::, duﬁmy céli; thé'cﬁange in poténtiai at the selécting
terminal of said third or fourth dummy cell.té.be_selected.
iS is made substantially equal to the'change“in potential at
‘the selecting terminal of a memory tell ﬁo bé.éélécted, by
said third or fourth coméénsating_éircuit, and when said
selecting circuit operatés such that the ﬁotehtial of one
- of said second word lines is brought to the selection
20 potential of the memory cells and'the”poténtial of said
first or second'dummy word line is'brought to the
selectibn.potential of said first or seédnd dummy ceil,
. the dhahge in potential at the-selecting terminal of .
said firstlor second dummy célllté be selected_is made
25 substantially equal to fhé change in pétential at the
selecting terminal of a memory ceil té be selected, by

said first or second compensating circuit.



" change *

- of said second word lines i's brought to the selection 20 potential of the -
..menory cells and the potential of said first or second dunmny word line is
brought"f t he selection potential of said first or sécond dummy cell, the
spotential at the selecting termnal of said first or second
dtz-ny c to be selected is nade 25 substantially equal to the change in
—-potential-at the selecting termnal of a menory cell . to be selected, b -

- said first or second: conpensatlng eincHit. -4- The present invention™*

“wi I'l- now be. described in.greater detail by way of. exanple with reference to

-th oy di f
Lhe scoompanying il Bogeeet Byt sEhoyL | fod BEORKSELEBUA O agram of &
the bl ocjs %&W&fraétsm %{;\R}’éy aheesagagké PiéﬁY{:Sfél—ehEeDtéRYAf the

‘bl ocks G\ and the sense anplif A shown 1 n FIg,

Fig. 3 itheisicabmeasyinygi drawihess eHBLEYRE-in a MOSFET; Fi g 4 isa
| ogi cal symbol di-agram of an exanple of an inverter circuit; Fig. 5is a

:CIrCUIt dlagran1ofFﬂ@ eXaﬁpI& ﬁSochfcaﬁcﬁidedmdgtam of a

5 - preferred form of ROM;
Figs. 2A and ZB are detalled c1rcu1t diagrams

of the blocks M-ARY, to M-ARY,, the__blocks-D-_ARYl._ to !

1 4
' D-ARYé, the blocks CWI to CW4 and the sense_amplifier

SA shown in Fig. 1;

T . ot

10 Fig. 3 111ustrates circuit symbols employed

in a MOSFET;

Fig. 4 is a logical symbol diagram of an
example of an 1nverter Circuit, |
o Fig. 5 is a c1rcuit diagram of an.example
15. of an X decoder-
| Fig. 6 is a graph showinglfhe:operations
. of_the circuit shown in Figs. 2A and 2B;
Fig. 7 is a circdit diagram of_ah_example
of ay decoder Y-DCRl, |
20 Fig. 8 is a c1rcuit diagram of an example
of an exc1u51ve OR circuit; _
Fig. 9 schematically shows an example of

‘an ECC circuit;



Fig. 6 is a graph show ng the operations of 2he circuit shown in Figs. 2A
and 2B; Fig. 7 is a circuit diagramof an exanple of a Y decoder Y-DCRl; 20

'Fig. 8 is a circuit diagram of an exanple of an exclusive ORcircuit; Fig.

-'dlagran1of an exanple of a multiplexor MPX and an output buf fer DOB; -
11-i s a} bl ock di agramof an exanple of an address transition detector\

9 schematically shows an exanple of an ECC circuit; Fig. 10 is a ci

and a ontrol signal 5 generator CSG Fig. §2 is acircuit di agram of an

exanpl e of an address buffer ADB; Fig. 13 is a waveform di agram for
expl ai ning the operation of the address transition detector ATD;, 10. .
Flg 14 is a circuit diagramof an exanple of an OR circuit; Fig. 15 js a

~circuit diagramof. an ®&p/10 dfs an direcaitediagram bf Engexiﬁpna 8f£ci rcui t

-diagranlof a Y decoder Y- 15 DCR2 and an address buffer ADB; Fig. 17 is a.

L7

- diragram f or explalmmmmMde aipeoudputi buffernPOBivi sion manner ;

and Fig. 11 is a block dlagram of an example of an
address transitlon-detector ATD.and a_control slgnal
. 5 generator CSG; _ _
'_g_; Fig. 12 is a circuit dlagram of an example of

an address buffer ADB,
Fig. 13. is a waveform diagram for explaining -
‘the operation of the address transition detector ATD;
10 Fig. 14 is a circuit diagram of an e#émple of

an_OR'circuitg

Eig‘F15.is a cifcuit diagram of an example of
an inverter circuit; - _-
Fig..ls is a éircuit diagram of a Y decoder Y-
15 DCR2 and an address buffer ADB;
[ ' Fig. 17 is a diagram for explalnlng how data
are taken out in a time leiSlon-manner, and
- Fig. 18 is‘ﬁ-wavefbrm.diagram for explaining.
the operation of each of the address transition
20 detector ATD, the control signal generator CSG and the
ROM shown inﬂrig.-i.- S .
Referring to Fig{ 1, the mask ROM has four
memory arrays M-ARY; to M-ARY, and has a memory
capacity of about one megabits as a whole. Each of

25 the memory arrays.M:--ARY1 to M-ARY4 has memory cells



Fig. 18 is a waveform di agram for expl ai ni ng the operati.on of each of the

address transition 20 - detector ATD, the control signal generator CSG and l*

"t he M-shown in Fig. 1. Referring to Fig. 1, the mask ROM has four menory
arrays [MARY[err] to MARY4 and has a menmory capacity of about one. megabits
.as a Each of 25 the menory arrays M ARY1l to M ARY4 has nenory
-cells

\-6. arranged-in 512 rows by 608 col ums. Accordingly, each of gﬁy-
‘menory-arrays MARY[err] to M ARY4: hasga nenory capaC|ty of 311,296 bit

The circuit blocks shown in Fig. 1 are formed 5 on a single sem conductor,
substrate ‘by known seniconductor integrated cirtcuit techniques. In ..
addi tion, the arrangenent of -essential circuit blocks is drawn in Fig. 1 so
as to praChr&ahb;dcanra&aoadwtObyheoaceunhmnsLangxaeatdihglypf on .

‘a-sem conductor 10 substrate. Each of the nenory arrays MARY[err] to

M ARY] er r | eashcofstheumesioby ardapanMeABY| ctiot MaARY) rbasdaes a dumy cel l
~array for formng a reference voltage in the readout operation. 15

- An addressmbmbtwrCABBCi#UrOfeéélvﬁﬂg biteinal address signals AO to Al6

delivered fromthe outside, .
_ The circult blocks shown in Flg. ‘1 are formed

5 .on a. slngle semiconductor substrate by ‘known
semiconductor integrated circuit techniques-.'-ln
'addition,'the'arrangement of:eseengial.circuit'blocks
is drawn in Fig. 1 so as to orgctically-eorrespond'to
the actual-arraagement-thereof on a~semicon&uctor o

10  substrate. L

1 1-.6 _M'*f-ARY‘;- is

constituted by a dynamic circuit and includes.a dummy

Each of the memory arrays M~ARY

cell array for forming a reference voltage in the
readout*operation; '

15 An address buffer ADB, for receiving external

e

address signals A, to 316 delivered from the outside, o/

is constituted by a static circuit and forms internal
| address signals a;, ¥; to a,¢., ¥;g, each pair of the

lnternal address-signale'being constituted by true and
20 false levels. = The address. buffer ADB has its- |

operation controlled by a chip selecting slgnal'cg

delivered from the outs1de.

Thelinternel address signals ag, aa'toeag,,ag-
are-transmitied to X decoders X-DCR, and X—DCRZ;-

25 whilet the internal eddreSS signals 330 EIa'tofalg,

Ni]

o



Is constituted by a static circuit and forns internal -address signals
alerr], [err] to [err]. [err] , each pair of the.internal address signals
bei ng constituted by true and 20 = false levels. The .address buffer -
“has its wperation controlled by a-chip selecting signal [err] deliy
fromthe outside. The internal address signals a[err], [err] to a9,
are=t!l'snitted to X decoders X-DCRerr] and X-DCR2, 25 whilst the . .
-i.nterrmaf address signals a[err] [err] to:al3, 7. [err] and a[err], [err]
to al6; al6 are transnitted to Y decoders Y-D@R[err] and Y-DCR2. Each of
the address decoders X-DCR1, X-DCR2, Y-DCR[err] and Y-DCRlerr] is -forned by
a static circuit. 5 - To row address selecting lines (word |ines)

in the nenory arr ; err 0 ARY4, 15024 _( ' 0 rd line
gelecting signais%gzeggégﬁhéd %EECﬁMLFEGfOFﬁédg?ﬁVg%gﬁﬁﬁagg%%eigm?also '
‘servi.ng as word ”d&%d@%&%eﬁibcﬁ’Dgﬁ?e&Lbcﬁnq X-DCRlerr] that receive the

i nternal 10 address signals aferr], [errPto a9, [err]. - In these . _
signals, 512 kinds . of worgaldhn@£seheCadagessdaaksabosRApER, | he-peRlegoder
X-DCR[err] are applied to- 512 word lines Werr] to V%l[err]} respec%lvely,
in the nmenory arr DR, ARYE  ¥ROCK., AR? formelebleht shatficseflecuit The ot her
512 kinds of 15 mordlline sel ecfiing signals forned in the X decoder

: 5 '~ . To row address selecting lines (word lines) in

f g_; the memory arrays M-ARY; to M-ARY,, 1,024 (QIO)Ikinds
‘ | of word line selectihg.signals are applied which are
formed in the X decoders (aiso serving as word line
drivers) X~-DCR; and X-DCR, that receive the internal
| _'10 ' address signals ajy, §; to ég; dy-  In these signals,
‘::} | " 512 kinds of word line selecting signals formed in the .
X decoder X-DCR, are applied £o 512 word lines W, to
.'WSII' respectively,'in the memory-arrays'M-ARYl and
'M-ARY2
15 word line selecting signals formed in the X decoder

on the left-hand side. The other 512 kinds of

~ X-DCR, are applied.tp 512 word lines LD tq w023’
. respectively, in the memory arrays M-ARY3 and.M-ARY4l
on the right-hand side. -
| Moreover, in accordance with the.interﬁal
~ : 20 address signals a,, &;, which are the highest order
bits, the X.decdde:s X-DCR, and X-DCR, form dummy word
line selecting signals for selectihg_dummy cells from
dummy arrays D--ARY3_and-D--ARY4 on the right-hand side
"when selecting memory celié from the memo:j arréys |

25 - M-ARY, and M-ARY, on the left-hand side,_;ndlform

1



'X-DCRerr] are applied to 512 word lines W12 to W023, respectively, in
the menory arrays M ARY[err] and M ARY4 on the right-hand side. Moreover,
in-accordance with the internal 20 address signals a9, [err], which are

Ltﬁe-hig order bits, the X decoders X-DCRerr] and X- DCR2 fornldunny

- word | el ecting 5|gnals for selecting dumy cells fromdumy arrays: .= -
.D- ARY3 V' D- ARY4 on the.right-hand side when selecting menmory cells fre:z-j

-.the nmenory arrays 25 N$ARY[err] ‘and MARY[err] on'thée |eft-hand side d

form 8. dummy word line selecting S|gﬂals for selecting dummy cell s from
dummy arrays D-ARY[err] and D-ARY[err] on the left- hand si-de when
sel ecting nmenory ceIIs fromthe menory arrays M ARY3 and N$ARY4 on the

T fer e aaapBBevSveRs Hap.pFRecsbE RtEhata R BREFCLERS AW LE s

.of ‘decoded SbgﬂissfromEﬁﬁﬂm f % gsanggy aLhay _H&@RY% rEﬂ tp ? ARY[ err]

- has 608 col umMmsS as nmenti one néequen 'y, 8ol Unm swi es CW 10

and CM are gapfar thedwh&nt Be1decod dmamse? éeigsnﬂloﬁntﬁéemmfss decoder
-Y-DCRL so that 38 colums are simul faneously selected from each menory

-array in respepagst #-ARY_danadpdagirgnah. theTbegnbyhahbesméurm swi't ches
;-C[err] and CW2 output si-gnals delivéred froma _

5 The Y decoder Y‘-DCR1 recezves the four-blt
-internal address signals 310’ alo to a13. a13 and . &‘J

" forms 16 kinds of decoded signals. Each of the '
memory arrays MrARYl to M-ARY, has 608 . columns as

mentioned above. Consequently,-eolumn swltches CW1

10 and.cWa are controlled by the decoded signals formed

'in the address decoder Y-DCR;, so that 38 columms are
siﬂultaneoﬂde selected from each memorY*srray in.
response to one decoded signal. Thereby, the column
switches cwl_and CW, output signals delivered from a
15 - total of 76 memory cells (or. dummy cells) in the
| memory arrays M~-ARY, and'M—ARYé on the left-hand side, e
ﬁhilst’the column switches*cws.and CW, output signals
delivered from a total d£;76 dummyecellsf(or memory
cells) in'the memory arrays M-ARY3;ahd'M;ARY4 on the
26_ .right-hand side. o |
o - A sense amplifier SA whlch receives the
.w.signals from the ‘column switches CW; to cw# comprises
e total of 76 dynamic dlfferentlal-amplifier cireuits.
:The'76 dynamic differential sﬁplifierdcifcuits are

25 . divided into 38 sets each formed by twbndynamic



15 total of 76 menory cells (or dummy cells) in the nenDry arrays
N$ARY[err] and MARY2 on the left-hand side, whilst the colum switches CMB
and CW out put signals delivered froma total of 76 dummy cells (or m
ceIIs) |n the memory. arrays M ARY[err] and M ARY4 on the 20 rlght'ﬁéad?
si de. sense anplifier SA which receives the signals. fron1the col ums—
switcheg CWM to CWM conprises a total of 76 dynamic differential anplifier
circui -The 76 dynamic differential anplifier circuits are-25 divided:
“into 38 sets each fornmed by two dynamic- 9. defferential anplifier _
circuits. The respective output signals of the two dynamc differenti.al
anplifier circuits of each set are made common to each ot her through
respective transfer insulated-gate 5 field-effect transistors
‘(hereinafter ref erréafferagtiw%sml}fma cippuite. t o Theirespecting shown)
which is effectively a latching_circuit -having a data_hol ding function.
One-of the differenPPiPul BLOPRLE EfrEBFt§w€oa¥¥?@iﬁ|¢ﬁffﬂﬁ?Qﬁ&aland t he

transfer MOSFET 10 - LI ondi n &her hﬁ hei r ratlons controll ed
by the Internal addPEBLIEESRAFLERRLER Of FRED B THE TG ROGION o Gt
differential anplifjgfogl Eﬁ%hgﬁnge&i}gc%ﬁ%eéPQHQfé‘P izﬁé\fﬁé’é&-’\éﬁeﬁ are

control |l ed

| 5 field-effect transistors (hereinafter referred.to as
_; &J;. . ' "MOSFET") ana sﬁpplied td a circuit'(not shown) which
| is effectively a latching ¢ircuit_having a data .
" holding function. One of thé differential amplifier
circuits constituting one set and‘the.transfe: MOSFET
l 10 corresponding_thereto.have.their opg:ations_contrblled 
1::’ by the internal address signal a,,, whilst the
.operations of the qther;differentiai_amplifier.circuit
and the correspdnding-transfer MOSFET are controlled
by the internal address signal EIZ. ~ Accordingly, in
15 the readoﬁt-operation of the ROM, either of the two
differential amplifier circuits determine by the
interna; address signals Ay, EIZ operates to supply
its output to the circuit (not shown) which is _
effectively a latching circuit.. Consequently, in.fhe'
200 readout operation of the ROM, 38 output signals are
‘delivered from the sense_amplifier sA. |
In the case where 76 memory cells are §a1ected
from the memory arfays MéARYl_and.M-ARYz on the left-
hand side in response to the word liné selecting

- 25 signal delivered from the X decoder X-DCR, and 76.

1
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nal address signal [err]. -Accordingly, in 15 the readout
the ROM either of the two differential anplifier circuits

‘the internal address signals a[err], a[err] operates to
utput to the circuit (not shown) which is effectively a

cuit.. Consequently, in. the 20 readout operation of the
put signals are delivered fromthe sense anplifier SA. Int

r] on the left- hand side inypgsponse to the word line
signal delivered fromthe X decoder X-DCR err] and 76.

- 10. dummy cells are selected fromthe dummy cell arrays D-ARY[err] and -
“the right-hand side in response to the dummy word line -
gdainmye [deldise drfer melected FromddhexXdpomy, cehd mErpysti ve
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sel ecting si

- .dynamc 5

the nmenory.c

ch correspond to these mempry cgells through_t
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dynam c diff
address sign
5
10
15
20
25 .

- switches CW; to CW,. 1In these 76 dynamic .
differential amplifier*cirduits, 38 dynamic
'differential-émplifier circuits are seiected_by the
internal address signals ay,e 874- Each of the 38
‘differential amplifier circuits amplifies the

' pofential difference betweeh the'signal.éuppliéd.fram
'thé correéponding mémory cell and the siéﬁal.supplied
from the dummy cell corresponding thereto. 1In other
words, gaéh of the 38 differential amplifier circuits
cbmpares the potential of the signal supplied from the
corresponding selected memory cell and the reference
voltage of the signal Suppli?d:frOm the dummy cell
corresponding to the memory cell in order to detect
ﬁhether“ihe data étored in the memory ceil is a binary

'signal "1" or *0".

The 38-bit data detected in the sense

amplifier SA is transferred to the ECC circuit through

rom

y:



"differential anpllfler circuits anplifies the potential di fference betmeen
t he signal supplied from 15 t he corresponding nenory cell and.t .
supplied fromthe dumy cell coriresponding thereto..- In other
of the 88 differential anplifier circuits conpares the potenti al
si gnal supplied from the correspondi ng sel ected nenory cell and the
'tef;tg;ge 20. voltage of the signal supplied fromthe dummy cel

~correspdnding to the nenory cell in order to detect whether the data stored
i.n the nennry.cell is a binary signal "I" or "0, The 38-bit data detected
in‘the sense 25 'anplifier SA'is transferred talthe ECC circuit through
a-circuit (not. shown) which is. effectively a Iatchlng circuit. As wi il

be described later with reference to Figs. 2A and 2B, this latching circuit

is formed by 38 unit ahichi9q ?h&EUbhaP)ehﬂléﬂdihtﬂffeééfbeﬂﬂi5 fhtching

latching circuit conprises a main anpli an I nverter
effectively a 1atchi pg -buitli onas wh132pBi Hedakanks tsee§8wbtﬁ H@fé’ré:ﬁ?@

Gut i's defined as data signals, and the other six-bit data is defined as
parity check bits. +BheigeC QaAr andt 280r thtes 1atthingOcirdait i@ dforiheditsy

the corrected one in the case where the supplied 38-bit data has any error,
i.e. data dlfferent BBommmhaﬂahahlhgenlmcutten |sIQUPQGLEdono each unlt
- 5 latchzng circuit comprises a main amplifier and an
%fj : 1nverter and has effectively a latching functlon. A
'~ 32-bit data in the: 38-b1t ‘data read out is deflned as.
'data'slgnals. and the-other six-blt datah;s defined as
parity check bits. .The;ECClgircuit-COerCts erfor

10 data and outputs the;éorrected_one in the-case:where_

'the'supplied-38-bi£ data has any_errdr; i.e., data
' differeht from what has been.wfitten is supplied to
the ECC circuit. n - " '
| ' Thé?Ecc-circuit is formed by a static circuit.
¥‘;' ' .15 -Morebver,_in order to_allqw_é static output signal to
be delivered from the ECC éircuit,.the létchihg
circnit is provided, és deécribed above, which
receives the output-signal from each dynamic
&ifferential'amplifiqr'circuit-and-forms a static
20 output'signal'andtaISO serves as a main.amplifier.
| . The 32-bit daté-gignals.correctedthr a
possible érfor_by'the ECC circuit are transmitted to
" an output buffer DOB by a multiplexor MPX, eight bits
by eight bits, in four stagés.. For such a time

25 division operation, the external address signals A g



the ECC circuit. The ECC circuit. is formed by a static circuit. 15
‘Moreover, in order to allow a static output signal to be delivered fromthe

" ECC cir, , the latching circuit is provided as described above, which
réecei vg e output signal fromeach dynamic differential anplifier circuit
-~and fo static 20 out put “signal and al so serves as a main anplifier.

The 32- data. signals corrected for a possible error by the ECC circu

are transmtted to an output ‘buffer DOB by a nultipl exor MPX, eight. bitSwby
eight bits, in f our st ages. For such a ty 25 divi'sion operation, the
~external address signals Al15, 12 Alerr] “"are enpl oyed. | nternal

. address signals a[err][err] and a[err] [err] formed based on the respective
external address signals Alerr] and Alerr]: are supplied to the Y decoder

- Y-DCR. The Y. dego Gsré( &yéd. decnslasridie dadrewsd Wighalisn g &zaddr ess
~signals to forn1¥ ki nds of control signals. The nultlplé or HRPX i s

- controlled by témfa)#g SffmedD b sBd Vg e rebpaicafivec extyertalpl y
 detern1n|ng the lLe of ‘each of the external address signals Alerr], and
Al6, it is 10 agiesss|signakel andidsig et ecisyippldieds thr dinet Ne 32- b|t

"data S|gnals delivered fromthe ECC circuit and
. .decoder Y-DCR2 The Y decoder ¥Y~DCR decodes the

rx
5 supplied internal address signals to form fbur klnde )
- of control signals. The multiplexor MPx.zs- W
'COntrolied.by-the four-kiﬁds of control signals. |
Therefore. by simply determining the level &f each of

the externel-address-signals AlS and Als,_it is

10 ' possible to select a desired eight bits from the 32-

bit data signals deliverednfrom-the ECC circuit and
~ output the same in parallel. Moreover, by properly
changing the external address signals A 15 and'Als. it
'is also possible to output all the 32-bit data
15 signals, eight bits by eight bits, in four stages.
The output buffer DOB is formed by a static
circﬁitrand-has a tristate output function including a
“high-~output impedance state. |
An address transition-detector ATD for
20__ receiving address signals deiivered from the address
. 'bﬁffer~ADB.and a'controlfeignal generetbr-CSGfare |
pfovided in order to form control signals peceesary
. for ‘the operation of each of the dynamic memory arrays
M-ARY, to M—ARY4, the sense aﬁplifier SA, e.g. a

25+ timing signal for precharging and a timing signal for



output the sane in parallel. Nbreover by properly changi ng the external
address signals Alerr] and A[err] i s al so possible to output all the,
32-bit. data 15 signals, eight blts by eight bits, .in four stages. TEEELE}
output buffer DOB i's formed by a static circuit and has.a tristate o ]
functiop including a hi gh- output ‘i npedance state. -An address transiti

‘det ec{orj ATD for 20. receiving address signals delivered fromthe .address
- buffer~ADB and a control signal generator CSG are provided in order to form
control signals necessary for t he operation of each of the dynamc nmenory
;arrays MARY1 to MARY[err] the sense anplifier 3. eg. a 25 timng signa
for precharging and a timng signal for .13. di scharging. The address
transition detector ATD detects the change in |evel of either one of the

internal address S|gnqé§s é%Pé(D aﬁnﬁﬁq¥£igéé§1 %&E%ﬁ ?gie%géﬁréigand

then fornms one trigger pul & The “control S|gna gen I ves

the trigger pulse and JOrQyarbAliiRldR! & NRARIOHS oid e&‘hsnEe@QOFﬁe

operation of each of ‘the nenory array e sense anplifier

1, the follow ng S'gnaiﬁté¥ﬁhfﬂﬁaﬁré§%'Hﬂgﬂ%&%ﬂ%ﬁt&bﬁi LN@h@0khe éh&b”‘”g
'signal 10 : for controlling the precharglngobnd d|§charg|ng

selecting- 51gna1 CE and then forms one trlgger pulse.

: v 5 The control signal generator_CSG_recezves the trigger
| ' pulse and.form varieus sighals hecessary for the
readout operation of eachtof the memory arrays and the
sense amplifier.t In Fig. 1, the following signals
" are shown as representatiVes'thereof- ‘a timing signal
f _‘::)- | 10 - E;E for controll1ng the precharging and dlscharglng of
- .the memory arrays and the sense ampllfler- a tlmlng
signal.ﬁx for regulating_the word 11ne-se1ect1ng
timing; and a-tiﬁing signal éPAl.for regulating the
- activating timing for'the sense;amplifier SA.
| %_Jt o 15 _ The ROM_ehown in Pig. 1 isuemplqyed as a
| circuit for generating Chinese character patterns in
which one character-patterntis constituted by 32x32
.bits. Accerdingiy, tﬁe ROM is able to.Store hp to
1,024 character patterns. _
20 ' Essent1a1 circuit blocks of the ROM will now
be -described in greater detail.
In the folldwing_description, circuit symbols
shown in the drawings ﬁill be used as illustrated in
Fig. 3 rn order to simplify the drawings. Referriﬁg

25 to Fig. 3, a circuit symbol accompanied by a letter P



the menory arrays .and the sense anplifier;  a timng signal [err] for
regul ating the word line -selecting timng;, and a timng signal [err] for
regul ating.the activating timng for the sense anplifiéer SA 15 The
ROM showp~if\ Fig. 1 is enployed as a circuit for generating Chi nese

.char act qiterns in which one character pattern is constituted by 32x32

-bits. ofdingly, the ROMis able to store up to 1, 024 char act ef <:>-

~ patterns. Essential circuit blocks of the ROMW | now be N
described in greater detail. 1n the follow ng description, circuit synbols .
. shown i-n the drawings wll be used as illud4rated in Fig. 3 in order to
sinplify the draw ngs. Referring 25 to Fig. 3, acircuit synbo
acconpanied by a letter P 14. denotes an. enhancenentfnode_P?Qhannel

MOSFET; a circuit synmbol .acconpanied by a letter N designates an _
enhancenent - nod€laRtem il sphancemensitode. F-channe] §€éoﬁpani ed by a

letter X represents an 5 (ggcenent mod chann whi ch has a
thr eshol d vol t PP o Yo & A oo N, ke LgnAteRnBE  Th
'”e;”e’?yoar r\"’l‘gs K‘Aﬁ%\(alnée%\ezdj%%% %-éﬂ%%nei”%s%ﬁ-' Maf 34c3reuiiown in }

“greater detarlr
) ' symbol accompanled by a letter X represents an

S enhancement-mode N—channel-MOSFET which has a
sthreshold velsage made high so as to be in the OFF
state at all times. | o | |
The memory arrays M-AKYl'to ﬁ-ARY4_and the

‘sense amplifier SA are shown in greater detail in

10 Figs. 2A and 2B. Each circuit is constituted by a;

CMOS (complementary MOS) circuit composed of a P-
channel MOSFET and an thhannel MOSFET.
Figs. 2A and 2B show detailed circuits_of the
memcry'arrays arfahged on the right-hand,siae of the
15 sense amplifier sa in.Fig. 1, for example, the memory jg)
arrays MFARY3 and M—ARY4. .Accordingly, 512 word
lines,ii.e.'the'word'lines W5y, to W1023, are.formed
from the top to the bottom. These words lines are
employed for the memory arrays-M-ARXs and M;ARY4 in
20 common. . | |
The memory arfays M—ARYI and MPARYz ghown by
blocks have practically the same constructions as
those of the memory arrays M-ARY, and M-ARY 4"
'Aeeordihgly; sihiiar'to'the'memory arrays M-ARY, and

25 'M—ARY4, 512 word lines, i.e. the word lines Wb to



. Fig. 1, for exanple, the menory-arrays M ARY[err] and M ARY4.

.10 Figs. 2A.and 2B. Each circuit is constituted by a CMOS
(conpl enentary MOS) circuit conposed of a P- channel MOSPET and an

N-channel MOSFET. Figs. 2A and 2B show detailed circuits of the MENDLY--
arrays arranged on the right-hand side of the 15 sense anplifier; '

. Accorgdiagly, 512 word lines, i.e. the word lines W12 to WL023 are- :
from%be top to the bottom These words ltisnes are enpl oyed for the nenory -
‘arrays M ARY3. and M ARY4 in 20 common. The nenory arrays MARY[err] and -
‘M ARY[ err] shown by bl ocks have practically the same constructions as those
of -the nenory arrays MARY[err] and MARY4. Accordingly, simlar. to the
menory arrays Mﬁ?fﬁfﬂuqeaﬁnrmgﬁ invitary e fsrhand: ¢idenmemorye arra¥svor d
lines W to ...are formed in the left-hand side nenory arrays
M ARY[ err] and MARD andhwM-ARYy fhewn BYe BloGkSy arrays and the durmy
arrang from

. .arrays have earth lines and data |ines DL at el
right to left. An eart q|Wﬁ?9§y|§fq%¥%n§Eda§$Fhg“FWVyFrFPﬁé ﬁﬁﬁ a data
tine Dtlerr] is fonged adne SePodd ifiGes HieBarlnble g TkLahgga "er

the earth lines % nes are atelry arrang
S. from right to left. An-earth ‘1line G0 is formed as

the first line, and a data:'line DL, is formed as the
second line. Then, in the similar manner, the earth
liﬂes and'the data lines are alternately errangedz an
earth line Gl is placed next to tﬁe'data line-DLo, and
10 a data line DL, is placed next to the earth line-Gl.
_i::}i . ' . Storage MOSFETs (memory cells) M, to M, are
formed at the respective-intersections'between the
word lines and the data lines.. |
Each storage MOSFET is an N—channel device and
15 -éas its gate connected to the corresponding word line
kJ2 and its drain connected to the corresponding data line
| and.moreover.its sburce connected to. the corresponding
earth line. Accordingly, except for the earth line
G, at an end, one data 1ine.DLo_has the drains of .

0
line W512' connected thereto in common, whilst the

20. different storage MOSFETs M. and Ml,-on the same wogd

earth line G, has the sourées of different. storage
MOSFETs-Ml'and Mz, on the same word line Wblz': |
connected thereto in common. These earth and data -

25 lines are constructed of the semiconductor regions



earth line (Ierr] S pIaced next to the data line DL[err], and 10 a data
line DL[err] is placed next to the earth line Jerr]. Storage MOSFETs
(menory cells) M to M are forned at the respective intersections betwen
-the wordKkiynes and the . data |ines. Each storage MOSFET is an N-channel

: deV|ce ! 5 has its gate connected to the corresponding word |ine and
' inected to the corresponding data |ine and noreover its soyrse
- t he correspondi ng earthléine. Accordlngly, ‘except for the)
-earth line Go at an end, one data line DL[err] has the 'drains of 20 .
different storage MOSFETs Merr] and ML, on the same word line W .

- connected thereto in common, whilst the earth |ine G has the sources of
-d|fferentWbtshagﬁewtsFEQSaNﬂYaﬁﬁrWFérV?thoﬁhﬁheeséﬁenﬁbﬁﬂ°¥lne connect ed
thereto in conmon These ,earth and es are constructed of the

sen1conduEFSF°P§gFSHEtltuféngmﬁPEh’ﬁPEcFﬁtEﬁFaFF?QPﬁrﬂﬁd tHeth the
duct titut h d d f th
VOBFETe. - PednEy: POSPETES Fhabdck 9aLUs OHhiRE EECRPEOREE peci ol 1y Tor i
t act .Lhegl | the dat
f?gegcand%9h8g§P%Q%¥ t? thgéé%%Sykﬁfé Egbggégégénng Y, ?t"isepogs?ble
to 'ngreaéieEE?leiﬁgréBhﬁQc@ﬁﬁ&?eng'example, the data. lines

and the drains Qf the memory MOSFETs. " Accordingly,

it is possible'to increaseathe-integration.degree'of

the memory arrays; Each of'these.memornyOSFETA-has

ité threshold voltage predetermihed in response to the
10 information "1" or "O". | |

As shown,-éight data lines are connected to

one ‘input/output terminal of a single;dynamic.'
differential amplifier circuit through a plurality of
switching.MOSFETs. Therefore, it canlbe considered

15 that a single membry array ia'constituted by'a
‘plurality of memory cells connected to the eight data
lines, a plurality of.precharéing MOSFETs, described
Iater,.proéided-in-relation to the“eighf data lines,
and a plurality of discharging.MOSFETS¢ It can also

20 be considered that in correspondence to the unit
memory array, a single unit dummy celi array is
constituted by a plurality of dummy cells connected to
the eight data lines. Moreover, iﬁ_can be considered
that a unit column switch is constituted.by a

25 plurality of switching MOSFETs provided between the



“the nenory afrays. Each of these nenory MOSFETs has its threshold voltage
predetermned in response to the. 10 information "1" or "O'. As showa,
ei.ght data lines are connected to one.input/output. term nal of a ;
dynani c--di fferential anplifier circuit through a plurality of sw 0 :
MOSFETS. Therefore, it can be considered 15 that a single nenory array
is consyituted by a plurality of nenory cells connected to the eight data
lines)™a plurality of prechargi ng MOSFETs; 1descri bed | ater, provided in
~relation to the eight data lines, and a plurality of dischargi ng MOSFETSs.
~ Tt can also 20 be considered that in correspondence to the unit nenory
~array, a single unit dummy cell array-s constituted by a plurality of
dummy cel | s conredghtd dada Hdngisglendddhe dymamic ayffegentialt can be
considered that a unit, colum switch is constituted by a 25 * plurality of
swi t chi ng MOSFEPPRIAFliefe FiF&iden t he 17. eight data lines and the -
dynamc differential anplifier cirguit. Each data line |s tually used by
the nemory cells forned EE?I‘FR’[ %@t&pﬁéPesilﬁe%agﬁé’mBHeSn{’thﬂg me?—‘%ﬁlﬁre)
;Egz)re ST nglns, _t ge sﬁ%ﬁg s;y%cgﬁe:d; Jno rt%%d u%'i:etrhesild%\'\q hs® Ivggwtegeg.zequ;he ' '

5 PFigure) thereof and the-membry cells formed on the

: v lower side thereof. Accordingly, a single memory -
- array has 304 data lines. Ih conséquence,.é-single
memory array is formed by 38.memory arrays And 38 |
dummy cell arrays. In correspondence thereto, a
10 single'columﬁ switch is formed by 38 column switches.
‘::) Therefore, the memory arraysM-ARY1 tg M-ARY4.are
constituted by 152 mempry arrays and 152 dummy cell
afraYs._ The column switches cwi.and ¢W4 are formed
by 152 column switches.. | | '
15 o The memory arrays have substantially.the same
&,) construction, also the dummy cell arrays have _
substantially the same constfuction,-and-moreover, the
column switches have substantially the same
construction. | |
. 20 ' -Each dynamic differential amplifier circuit is
proQided between a column switch CWCO: a dummy_cgil
array.Dso and a memory:array Mso'on one-hand and a
‘column switch Eﬁﬁ;. a.dummy.éell array'BEE-and a

memory array Esa'which correspond to the former switch

- 25 and arrays respectively on the other. Since there



fjarray has_304fdata lines. ~ In Cdnsequence ‘a srngle nenDry array is forned a
by 38 nenory arrays and 38 dumnmy cell arrays. I'n correspondence thereto, a

10  si colum switch is formed by 38 column switches. Therefore, the _
“RENOry V'S NrARY[err] to M ARY4 are constituted by 152 nenory: arrays and'
% 152 du ell arrays. . The colum switches CWerr] and CWM are forned by
'-i52 col

switches. 15 ' The menmory arrays have substantially gsf
. sare construction, also the dunmy cel8.arrays have substantially the sa
‘construction, and noreover, .the columm swtches have substantially the sane.
.construction. 20 .. Each dynam c drfferentral'anplifier circuit is
provi ded between a colum switch COACO, a dumny cell array DS[err] and a -
menory araxg S dynamig mmﬁh\ﬁ mebifﬁrm‘-' s newit@\C[thede a dummy cel |
array DS and a nenory array [err] whjich correspond to the former switch 25
‘and arr ay3F® e5peset b 3R ntR Qn%%rdes°¥§?ﬁﬁa§ e are 76 "dynani c

differential anpljfier cirquits ereg are 76 S, eac formed as descrrbed
~above. For t'he's Qr othe | 83 ?y°ft$£ B nﬂ‘%rfi’\'/% Sets in the 76

_ sets .narre* Da. l:? ?dé ent rrplé uits, the
.operatron%y ﬁgéreln}éo'ﬁ ro? ;%/ th‘léélr'en rnéa %Eflcﬁ cgsrgnal
: 5 dlfferentlal amplifier circults, the operatlon of '

.whzch ‘are controlled . by-the internal address-slgnal
ay4’ 76 column swltches CWC, to CWC37 and CWC0 to -
EWE;; connected to the input/output terminals of the
dynamic differential amplifier circuits; 76 memory

10 arrays MS, to MS,;, and MS; to Ms37faand 76 dummy cell

array's"DSo to- DS37 annd DS° to DS37

Reference symbols PDO to PD37 and PD. to PD

o 37
: denote-precharging-and discharging_circuits
respectively.  Each précharging'and discharging -

15 circuit is formed by a pluralityﬂof precharging
MOSFETs and a plurality of dlscharglng MOSFETs '._ua
provided in relatlon to- the elght data 11nes.

The eight data IlnesaDLo to DLTHare-made-
common to each other through P-channel MOSFETs_SOIto

20 Sil'COnstituting'a-colﬂmnfswitch-and~a:e connected to.
one infut terminal'ef-the-sensé amplifier SA,. ' The
column switch is formed by a-éerieaécircuit consisting
ofﬁthe-MOSFETs:SB to s11 which seleét-four data lines

~and the MOSFETs S0 to S, which select two data lines -

25 for each. In other words, the column switch is formed



alerr]; 76 colum switches CWJerr] to CWC37 and CWCJerr] to CWC37
connected to the input/output termnals of the dynamic differential
anplifier circuits; 76 nenory 10 arrays Ms[err] ‘to Ms37 and ry to
M537; ‘and 76 dummy cell arrays DS[err] to DS37 annd [err]. to erence' 
'synbols PD{err] to PD37 and PD[err] to PD37 denote precharging '
dlscgﬁ;?lng circuits respectively. . Each precharging and di scharging 15 -
circ is: formed by a plurality of prechggglng.NCSFETs and a plurality of
di schargi ng MOSFETs provided in relation to°fhe eight data |ines. The eight
data lines DL[err] to DL[err] are nmade common to each other through -
P-channel MOSFETs. So to 20. SI constituting a colum switch and are

eonnected to ong 'ngeafﬁiﬂifabfOirébﬂl§ﬁ9531933i£§'er {%{e%#gﬂﬁbs The

colum switch is Yt or y a series-circuit consisting FETs ~

Sferr] to S whightrel mesries’ sdaandl s Qeéreaﬂdrﬁé& OfSHHeén Shes rdated- S[err]
whi ch select two data |ines 25 for In other words, the col um

switch is fornegline H8, by sepeotedity wﬁusreEhéiamnnmmcmwiﬁchesFkyve
.exanple, if the NCSFETQ S[err] and S are turned ON, then the data |ine
PLlerr] is sel ethedfuncthos, ofhdecoding coiumhezddoessedhe fltcis orhud :
-decodi ng col um addresses. It is thus 5 possible to reduce the nunmber of-
‘Wi res requi Ped pgps1b1e to reduce the number of w1res required for :
‘ Lg : connecting the address buffer ADB and the .address
decoder Y-DCR,, so that the IC chip can be reduced in .
size. -
| Each of the earth lines and'thé dataflinés is.
10 prcvided with a precharging MOSFET for receiving the
‘::) precharging signai Z;E'delivefedffrdm the control
b ' signal generator CSG in order to precharge the stray
and parasiiic-capacitanceé.connected thereio. ‘As
shown,-prechérging P-channel MOSFETs P0 to_P8 are
15 proﬁided-between the respective eafth-and'data lines
‘and the power source voltage Vtc for receiving the .
precharging signal-z;E; _ _
Moreover, a discharging MOSFET is ﬁrovided
_'between each earth line and earth potential of the
20 circuit. Discharging N-channel MOSFETs Do.t° D, are
provided between the earth lines Go to G4, shown as
representatives, and earth potential, respectively.
To the gates of the respective discharging MOSFETs-DO
to Dy eight selecting.signals ¢Sd to ¢S7 formed by

25 decoding the column address signals are applied in



'connectrng t he address buffer ADB and the addr ess. decoder Y—DCRi, so that
~the I'C chrp can be reduced in size. Each of the earth lines-an

. -prech
or.der.

" bet ween

for receiving the prechargi ng signa

g signal [err] delivered fromthe control signal - gen

Irnesaﬁgzio provi ded with a precharging MOSFET f or recei ving
p

the' respective earth and daE% lines and the power sour
Moreover, a dischargin

provi ded between each earth:line and earth'potentral of ‘the 20
Di schargi ng N-channel. NCSFETS Derr] to D are provrded bet wee

lines G
respectl

addr ess

signal generator CGS shown in Fig. 1.- The plurality of prechargrng NCSFETs

_and t he
| 5

10

15

20

25

d the data -
the .

erator CSGin -
: recharge the stray and parasitic capacitances connected thereto.
"As shown, precharging P-channel MOSFETs P[err] to P8 are 15

provi ded
ce voltaggzb
g MOSFET I's

circuit.
n the earth

a .
\é?h io t gates of ﬁe respgéiﬁvggﬂrsc rging NEEFETS D to D4,

e ght Se'tﬂﬁ 'ﬁ!&\i&igmﬂlg&xa][ QSr]beitr@ formed® IFEEHYY céntrodecodi ng the col um
signals are applied 20. synchronismwi th the timng signal

lerr], regﬂyuam\génerdﬁurtcllruhaynyﬁﬂ Higyr 1. -being forned in the control

The plurality of precharglng MOSFETs and the

'plurality of d;scharg;ng MOSFETs constltute the above-,

descrzbed precharg;ng and discharglng circu;t PDSO.
When the-tlmmng-slgnal_¢s is brought into the
high level state from the low level state, the eighte'

selécting-siQnals'éSb to ¢S7 are applied to the

corresponding discharging N~channel MOSFETSs. At this

time, in the eight selecting signals ¢s°-to ¢S7 only

‘one selecting signal corresponding to the column

address. signals is made hlgh, and the .other seven
selecting signals are made low..

COnsequently. one dlscharglng MOSFET is

selected from the discharglng-MOSFETs_Do to Dslin each

of the precharging and discharging.circuits.PDO to
PD, and ?33'to ?3;;“end.is tgrned ON. A# this time,
the other discharging MOSFETs are held OFF. |

The selection of the memory cell Mi'will how
be deecribed in greater deteil.

After each of the data and eerth lines is.
predharged, the output signal dellvered from the Y-
decoder ¥-DCR, causes the MOSFETSs sbuand-sa.to turn ON

and other MOSFETs 8;, S;, S5, S, and Sy to 8); to. turn




5 - plurality of discharging MOSFETs constitute the above- described _
‘prechargi ng and di scharging circuit PDS[err]. Wen the timng signal [err]
~is brought into the_high'level state fromthe low | evel state, the eight - -
selecting signals [err] to S7 are applied to the 10 correspondi ng
-'disc%ii?ing N-channel MOSFETs. = At this time, in the eight selecti

sign y [err] to [err] only one selecting S|gnal corresponding to the
col um™address signal s is made hi gh, and the ot her seven sel ecting signals
“are nmade |ow. 15 ' ~ Consequent ly, o> discharging MOSFET is sel ected
 fron1the di schar gi ng MOSFETs E{err] to Dferr] in each of the precharging
and discharging circuits PD{err] to PD37 and [err] to PD37 and is turned

fﬁ slef“ec; o PP HE B0 Gufbe O, "o RIS MR ) e e
_ . A

_ ,s-'ﬁ;ﬁial del f\?;reggprg%n Eﬁg @E\L od% %r% err[l L%%@?hwmﬁg gtjglrmrj}
and S to turn Ghhep alaeﬂaegii&% WEFETS © 3l OFE. S| Wdnsequleditily, and

Slerr] to S[err] to turn B OFF. - On the other hand, the selec |ng
signal [err] caHeesnple #b&éhaf othe mﬁ'eﬁetanéwﬂéi\lﬁ%dahhetﬁbher

di schargi ng MOSFETs to turn OFF. Consequent |y,
5+ data line. DL0 are electrically connected together.
\r - Moreover, the electric charge stored in the stray and
éarasitie capacitances-cohnected to-the'earth line Gl'
. is discharged through the-discha:ging MOSFET Dl‘
Thﬁs,_the éarth-line'Gliis selected, and.fhe poteniial
y 10  thereof is brought to the earth potential of thé-_
O circuit. | |
| In the ROM, one data line, e.g. ihg data line
DL, , is mutually used by the memory cells-fbrmed on
the uppef side thereof and the memory_célls-formed bn_
15 the lower side thereof.
| ' In the case where one of the memory cells
formed on tﬁe lower side of data line Dno.'i.e; one of
the-memofy_cellszprovided betweeh'the data-line DL0
and the earth line Gl_isfselected. fheadischérginé '
20 MOSFET’Dl is turned ON by-éhe selecting signal ﬁSI'
and the earth line G, is selectedgl.-The:eby, the
plurality of.memory-ce1133providgd between'the data .
line DL, and the earth-line-GI'are made selectable. -
When the desired word line w51§ is brought to a

25 selection level, e.g. the high level, by the output



~one input node of .the unit sense anplifier SAlerr] and the 5 data line
~DL[err] are electrically connected together. Mreover, the electric charge
stored in=khe stray and parasitic capacitances connected to the-earth line
G is dis@hatged through the discharging MOSFET D1. Thus, the earth |ine

-i's selech@d/ and the potential- 10 -thereof is brought to the earth
spotential of the circuit. In the ROM one data line, e.g. the data | i ney
~ DL[err], is mutually used by the menory cells formed on the upper S|de--u

t hereof and-the nenory .cells. fornmed4® 15 - the | ower side thereof. In the
case where one of the menory cells formed on the tower side of. data line
.DL[err], i.e. one.of the menory cells provided betvieen the data |ine .

Pl P A old 5 Bt A, 5, el 01 B NS,

Tnereby, ihe pluald el FRANIY M RaEPRRIREN o et 2 11 ne

‘DLlerr] and AT ne™ are m sel e esired word
|1 ne V512 e ididilof Are Hata e Droh I eg Dcaﬁtﬂnt&gg Begh |evel,, by
- the out put . signal fromthe X dec&er err the menory cel
- Merr] i saféalcﬂﬁaeciifﬂé)mﬂ o Erdinged ifiny aafcdﬂals&aé ¢ikhs tae Bhea
5 stored in the selected memory  cell. Ml . Thus. a
'aignal in accordance with the data stored in the - W’

selected memory cell Ml is transm;tted to one
input/output- terminal of the sense amp]ifier SI\..0
In the case where one of the memory cells

10  formed on the uppercSide'ofethe data 1ine"DLo, i.e.

' one of the memory cells formed between the data line
DL, and:the_eafth-lineeeb. e.g. the memofy cell M,, is
selectea,-the'discharging MDSFET*DO is ﬁurned ON by
the selecting s;gnal éSO and the earth line Go is : e
15 selected, thereby allow1ng the memory cell MO to be |
| selected in the same manner as in the case described -
above. |
In the ROM, twO"MOSFETs_ccnstituting;a=dummy |
cell are prcvided'in-se;ies.between each data line and -
20 the corresponding earth line. | |
) More specifically, with respect to the data
line DL,, MOSFETs DC,, and DCy, constituting a dummy
. cell are provided between the data line DL, and one
earth line Gy corresponding thereto, and MOSFETs DCyj -

25 and DCy, constituting a dummy cell are provided



| ower. side of the data line. DL. The potential of the . data line DL[err]
changes in accordance with the data 5 stored in the selected nenory cell
Merr]. . Thus, a signal -in accordance with the data stored in the selected
nmenofy €ell Merr] is transmtted to one input/output term nal oL\the sense
anpli-fier SAlerr]. In the case where one of ‘the menory cells 1g5>forned on
‘the uppey side of the data |line DLO, i.e. one of the nmenory.c ‘or med
bet wedwt he data line DL[err] and the earth line Go, e.g. the menory cel
‘M)[err] is selected, the discharging MOSFE2B.Do is turned ON by the
selecting signal [err]. and the earthline G is 15 selected, thereby
allowing the nenmory cell Merr] -to be selected in the sane manner as in the .

case described above. In the two _MOSFETs constituting_a. dummy cell are
provided in serbekwetn tas daks LR, Dl ans Ehe) othete easithedisRdtng ear t h
Iine: More specificall ith . respect to the data |ine DL[err] MOSFETs

D err] and DCU%°5E$E?$#Q%$?mf§f _ cel | are provided between the data

bcerr] 2% h ell are pre etueen the dat
Doerr] 25 1 and borer rjeRk RS SO Wiy 3011555

l%Et ween the. dat@héiﬁ@sﬁ’f‘@rﬁ&of‘%&_I'iﬂzooz},hg:éeﬁéﬁdtiﬁ%agir_xg the same.

5 size as the memory MOSFETs and are formed-

.L{T _ 'simultaneously with the memory MOSFETs having a low
thfesﬁold voltage. Moreover,'thesé MOSFETs have_the
éame-constructioné_ | | |

The following is a description of a dummf cell
10 selecting operétion.  In the selection of afdummy__'

’: ‘::> cell, thé-foilow;ng;signals are'emploYed: the highest _

| order address signal A, in the~externa1 rdw-address |

signals, and the lowest order signal Alb in the_colﬁmh:
addresé signals used in forming ﬁhe selecting éignals_

15 ¢SO tb és7,-as described above. . More specifically,

the highest order'externai addresS-signal Ag.is_used
to determine whether a dummy cé11 shou1d ﬁe selected
from the dummy arrays on the-fight-hand side or left-
hand side. Thewlowest_o:der external address signal

- 20 Alolié-used to.determine-whethef-a-dumm} cell should

be selected from the dummf #rrays_formed.on the upper N
side or lower side of a data liné.- - The lowest order
external address signal AIO' in the sélecting signals
¢SO to ¢S7' is an address siénal'to determine whether

25 the discharging MOSFETs connected to the earth line on



C.OI’ resp
MOSFETS

The f ol

" aln the &

hi ghest

form ng
More sp

ondi ng t hereto. Series MOSFETs cbnstituting a_dummy cell, e.g.

t he

and DC02, are MOSFETschaving the sanme 5 size as the nenory
MOSFETs and are formed sinultaneously with the nmenory -MOSFETsS having a | ow

lsltage. Mor eover, these MOSFETs have the sane construction.
O

order address signal Ag in the external row address signals,
the | owest order signal Alerr] in t3g colum address signals

used in

gis a descrlptlon of a dummy cell 10 ° selecting operation..
gction of a dumry cell, the follow ng .signals are enployed:

t he selecting signals 15 . [err] to S[err] as described above.

ecifically, the highest order external address signal

Alerr]

is used

shoul d
si de of

to deternine whether a dummy cell shoul'd be selected fromthe dummy arrays
on the rihghtuppen side off & djata ine shonld behdurmedsONoeder  ext er nal
address signal 20 Alerr] is used to detern1ne whet her a dummy cel
be sel ecthal dhashaneing HRSERTHRoRNRGRS 3@ lﬂ?ﬁéh §-|1@G @ | over
agata e, The Ly e ennal stgess Sgnal o inhe © 7
_ the di schargl ng. ]!VDSprEa'I;&fcoen'neﬁ_} ecL&oo atc‘m:”r sr tsq.gma es Oarllxd th2e4_ '
5 word 11ne-se1ectxng timing signal 6x_are decoded to
form four kinds of dummy word line'driving'signéls
8200 Pa1v Paos Par
The selecting operation of a dummy cell
constituted by the MOSFETs DC,, and DCy,, will now be
10 described in greater detail. |
Each of the data and garﬁh-lines is precharged -
in the same manner as in the case of the above- 
Aescribed'memoéy ceil seleéting opération.. ’Thé
.MOSFETs Sb and Sg are-turned'ON-by-the“output éignal g
15 from the ¥ decoder Y-DCRI,'ana_thefaischafging MOSFET
Dy is turned ON by the selecting:signal-¢51 to select:
thé'earth line Gl.--'Thereby;ithe_data line DLO is
electrically*condected to tHe-input iermihal of the g
unit sense amplifier SAj, and thefpotehtia1-of_the
20 earth line Gi is brought to earth potential. Whén
the seleéting:signal'éalfis-brought to a selection
levelg'e;g;-the.high-leVel, in order to select the
above-menfioned dummy cell, the MOSFETs'Dc03 and DCO4
are turned ON. | | _
25 . As described above, each of Ehe MOSFETSs



~ the upper side of a data line should be turned ON or the discharging

- MOSFETs -connected to the earth line on the | ower  side of the dataline
should be turned ON. In-practice, the two address signals and the 5 __ word:
line selecting timng signal O are decoded to form four kinds of . I
‘word_line driving signals The selectlng operation of a dumy cel
.constituted by the MOSFETs Dl err} and Dl err], will now be 10 :
in ghedter detail. Each of the data and earth lines is precharged in the
'same nanner as in the case of the above- 2?escr|bed nmenory cell selecting
oper ati on. The MOSFETs S[err] and S[err] are turned ON by the out put
signal 15 fromthe Y decoder Y-DCR1, and the discharging MOSFET D is
turned ON by the sel ecting signal [err] to select the earth line GL.
-Thereby, the dJdonstitoeing[ ar hming eblPlt iscal MGSEETREY G t thé heameput -
termnal of the unit sense anplifier Slerr], and the potential of the 20
earth line { edze ias ltheuglemory HQSFBTpoaedtfermed b&mmﬂtaﬁnou&lpcting

-signal [err] is brought to a selection al level, -e.g. the high-Ievel,
- order to sele&@thh6h&bm#@owvhﬂp§ﬁ§ﬂsdhﬂﬂ?n9e%I1°Vh§hR£!¥Qm% w)ags and

DC[err] are turned ON. 25 As descri bed, above, each of the MOSFETSs
L and moreover has the same construct;on as those

5 MOSFETs. Thus, the conductance of a dummy cell '
- measured when it is sélected,li,e. the combined
| conductance of the MOSFETs DCg, aﬁd DCp, in the ON
state, is a_Value-gubstantially-half the« conductance:
of a memory MOSFET arrangéd to have a low threshold

vdltage-measured when it is selected. A memory

MOSFET arranged to have a high threshold voltage

rémainé substantiaily'OFF whether it is being selected .

or not. ‘Accordingly, the ébnductancewof_the-dummy.

cell is larger than the'conductance of the memory

15 MOSFET arranged to have a high threshold voltage
measured when it is selected. _ In other words, the
conductance of the dummy cell is an intermediate va;ue_
between the conductance of the memdry.MDSFEi having a
low threshold voltage and that-ofrthe memory MOSFET

20 having a high threshold voltage. | |

|  The electric dharge stored in the stray and

parasitic capacitances of the data -line by precharging

is discharged in acco:dance-&iﬁh thé:conductance of

the selected dummy cell. _.in other ﬁords,fthe

25 potential of the data line DL, gradually lowers in



- .ON st at

25. constituting a dunny cell is a NCSFET haV|ng the same size as the o
menory MOSFETs and formed simultaneously with the nmenory MOSFETs having a
llow t hreshol d vol t age and noreover has the same construction as those 5
MOSFETs. «~\ Thus, the conductance of a dumy cell neasured when it is

sel ected{Of). e. the combined conduct ance of the MOSFETs DCO3 and DC04 in the
s a val ue substantially half the conductance of -a nmenory J=
arranged o have a low threshold 10 vol t age measured when it is sel ecte

‘A menory MOSFET arranged to have a g gh threshol d vol tage.remai ns.

- 'substantially OFF whether it is being selected or not. Accordingly, the-
~conduct ance of the .dumy cell is larger than the conductance of the menory
15 MOSFET arranged to have a high threshold voltage neasured when it is
sel ect edecorbneh@itnotHe, chbh@ueeasduet scenef auRydeary.cell is an

I nt ermedi-at e val ue between the conductance of the nmenory MOSFET having a

| ow t hreshol d-vaktogainglly, heheopotbntimlvof &08&td 2fne having a high

. threshol d voltage. The electric charge stored.in the stray and parasitic
capacituaasnre&-WhehdatdummyeCBylpcenhacgedgﬁherdtecﬁarged i n accordance
with the conductance of the selected.du cell. I n ot her. mords t he 25
potentlablettgﬂeieaﬁa ingermefiatp ypiuea eyweenetheln . :

5 potential of a data line measured vhen a memory MOSFET*'
| having a low threshold voltage and connected thereto - . RS
is selected hnd.the.potential of the data line | |
measured when a memory MOSFET having a high threshold
voltage and. connected thereto is selected. |

10 o In the readout operation, when a memory cell

is selected from the unit-memory array MS, on_the;
right-hand side of the unit sense amplifier SAO; the_“"'
- dummy cell corresponding to the above memory cell is -
sélected from: the unif dummy'cell'arraY“EEE on the

15 1eft—hahd side of the unit sense amplifier'sAd. '-For: ' .
instance, when the memory cell M, is selected from the
unit ﬁemory array Ms,, a dnmmyfcelllconnected to the
data Iino'ﬁfg'oorresponaing-to the data line DL, is
selected in the unit dummy cell array'ﬁsa on the left-

20 hand side of the unit sense amplifier SA,. More
specificaliy;'in.thé unit dqummy cell’array'5§;'oh'the
Ieftrﬁana side of the tnit=8eﬁse amplifier SAof3a |
dummy cell is se;ected*which'is provided between the.
earth line connected with the discharging MOSFETs -

25 adapted to turn ON in response to the selecting signal



. 26. accordance with the conductance of the dumry cell. Accordingly, the
potentlal of a data |ine measured when a dummy cell connected thereto is
selected is an internedirate val ue between the 5 potential of a data |ine
measured when a nenory MOSFET having a |l ow threshold vol tage and connected
thereto is selected and the potential of the data |ine nmeasured whe é‘\ -

 menj FET having a high threshold vol tage and connected thereto |9(J
sel ebi=@d. 10 In the readout operation, when a nenory cell

”selected fromthe unit menory array NB[err] on the right-hand side of the.

. unit sense anpllfler SA[err], the dummy 2e] | . corresponding to the above
-menory cell is selected fronlthe unit dummy cell array [err] on the 15
left-hand side of the unit sense-anplifier SA[err]. - -For instance, when

“the nmenory- c A I d—ffﬂn1the unit nmenory array MS[err], a
dummy ceII E%WEM%% #o ?ﬁ%sd§§%§||ng Dilerr] correspondlng to the data

Iline DL 'is sel ectedpnhg patentibideFeneckhtal 1aHel SLI ] eyl eft- 20
-hand side of the unit se%%%eanpllfler SA[err]. Eb SBZ€€?%€aTIy, in the

unit dummy celdlud ridy aBShedehcenwike kabt dEQBdsﬁbﬁedointbﬁeunlt sense .
.anplifier SAlerr], a dummy cell is selected which is provided between the
-earth |ine canﬂem&ed‘membryheednsahdrgsngruﬁEEEESeaSto enapigputo turn ON

in response to the selecting signal
5 terminal of the unit sense amplifler SAO .. -On the

st other hand, the potential of the data line DL, becomes
a value in accordance with the:conductance of the
selected dummy'cell, i.e. the reference potential, and

is transmitted to the other 1nput term1nal of the unit

sense amplifier SA0

In the ROM, a compensating éircuit.is-provided
to each dummy.wbrd.line in order tolprevent'
malfunction. = The compensating-circuit is constitﬁted'
by two MOSFETs arranged to have a high threshold
'&J‘. 15 voltage. More-specificaily, two MOSFETs are éeries—
gonneqted between a data line and the corresponding
earth line, and the gate of each MOSFET is connected
to the corresponding dummy word line. With reépect
to the data line DLj, MOSFETs DD, and DD, having a

20 high threshold voltage and constituting a compensating

» 'circuit are series-connected between the data line DL,
and one earth line Go corresponding thereto, agd
MOSFETs DDj, and DD°4-having a high threshold voltage
and constituting a compensating ciréuit'are series- |

25 connected between the data line DL, and the other



27. and the data line DL. .The potential of the data line-DL[err] ‘becones a
~val ue i accordance with the data stored in the selected nenmory cell and is-
transnytded to one input 5  termnal of the unit sense anplifier SAlerr].
.On' th Yﬁt er hand, the potential of the data line DL[err] becones a val ue
. in accQrdance mnth t he conduct ance 8B.the sel ected dumy cell, i.e. the
reference potential, and is transmitted to the other input. ternlnal of
-unit 10 sense anpllfler SAlerr]. In the ROM a conpensating circuit is
provi ded to eac |Iﬂ§fln order to prevent malfunction.” The

IJCﬁnpeEs?E?ﬁ ?QBE|91|§°E%ﬁ§P?P |
~ 15 FET -
Lo;ﬁched'betmee "ggpﬁrlabéaaigggﬁeagg #%% %%g?E%F dZﬁﬁgr S?;AFZ the .
0ot o T SRER-MEREihg GOVDRS! b LRELERILESBRIA Ty word 10

~high thr | bpgeiand QQ@ﬁtfég b8Yide COOMBERSAE circuit are
series- cgﬁﬁgéggggbgtmeén t he data ?ne El[err] and oﬂggearth line err]

~.correspoggiagither et nacandfwm&meswrerebﬁswdum@ra] 4 -having a high
threshol'd voltage and constituting a conpensating circuit are 'series- 25
connect edolnpensatihgecdataiti s Ettengedand bave o2 Heigh .

threshold voltage as mentioned above  so ‘that the
MOSFET will not be turned ON even3if.a=selec£ing._ - o L*)_
signalnis applied to.the dummf'word line connected to_-.
10 the gate thereof. The MOSFETs ccnstituting_each |
compensating circuit are formed simultaneously with .

fhe memory MOSFETSs.

The;dummy-cella provided-oc;the uppef side of
a data line are connected to the. dummy word line to
15 which the ccmpeneating circuits:prcvidea on the lowef-
side cf the data line are conneCted; Whilst_ﬁhe~dummy .
cells provided on the lower eide of a data line are .
connected to the dummy word line to which the
compensating circuits provided onsthe-upper side of
20 the daﬁa'line are connected. | |
| With respect to the data line DLO, the gate
electrodes of the respective MOSFETs Dc01 and . DCqp -
constltuting ‘a dummy cell;are connected to their -
~corresponding dummy word lines DW,, and DW,,

25  respectively, and the gate electrodes of the

BE BYeTRECMOSFETs arranged to have a high



28. earth line (err] corresponding thereto. The other data |ines and the
data lines on the left-hand side of the sense anplifier SA are sinmfal
provi ded with.respective 'conpensating 5 circuits. Each of the
constituting a conpensating circuit is arranged-to have 'a hi.gh thres |
voltage as nentioned above so.that the MOSET will not be turned ON even if
a selgctling. signal is applied to the dummy word |ine connected to 10 t he
.gat e €reof. The MOSFETs constituting each conpensating circuit are _
~formed sinmultaneously with the menory MOSFETSs. The dummy cell s provi ded-on-
the upper side X#speckive IMOSFETs DRy andkePDyy consgitupingrd. line to 15
whi ch the conpensating circuits provided _on the | ower. side of the data |ine

are connect ed, SAMPERSALIRG GIFFHY Bre AU SPARECHRE tOnERedFde of a data
|1 ted to t d d lJ t | ch t ti o

3“5, ouit s provi GERFRAPRAME R iy e Adned Ji50and phaghr o LBnle: ed
/th ' t t [ t t .

Fespect  ve. Moorts ftifen. Ehe gt 1 deii il oF hE' 24EReRLIPES, o

connected tg t MASFERE RELOMHA DBt 1355 aVihimy e PY1Zna

those of the MOSFETs DD,; and DD, cbnstitﬁtiné a
E &“5 compehsating'circuit are connected to their
- | éorresponding dummy word lines-DW21 and DW, 5.
Thus, between a data line and the earth.line
;0 corresponding-thereto, one MOSFET.is connected to éne
dummy word line in the ééme manner as one word linég
_<::’ , Accordingly,'the £ota1 numbexr of'the MOSFETs conﬂected _'_
to one word line equals that of the MOSFETs connected
to one dummy word line,  These'MOSFETs are formed
15 simultaneoﬁsly. Thereby, thesé MOSFETS-ﬁéve gate
insulating films equal to each:other in-filﬁ ﬁhickness
-¥ﬁ; o and dielectric constant. Moreover, these MOSFETs
| have substantially the same overlapping amounﬁ.between
éach gate eiectrode and_ﬁhe.COrresponding source |
20 regién‘and that between each gate electrode #nd thé
correspondiné dréin.region. ¢onsequeht1y, theée.
ig _ MOSFﬁTs have-substantially the same value in the
MOSFET capacitance comprising the capacitapce formed
between each gate elect:ode“and the corresponding

25 source region, the capacitance formed between each



--dumy wor d

25. respectively, and the gate el ectrodes- of :the 29. reépectlve MOSFETSs -
-DDferr] and DD err] constituting a conmpensating CIrCUIt are ‘al so connect ed
~to their correspondlng dumy word lines DWerr] and DW2. -In the same

_yanner, thg.gate el ectrodes of the respective 5 MOSFETs DCO3 and DC[err]
.-constitut
~constitut

dummy cel | and those38f the MOSFETs DD[err] and DD err]

£ g8
g i
W conpensating circuit are connected to their correspondin
| nes DW21 and DW22. Thus, between a data line and the earth'a

lline 10 corresponding thereto, one MOSFET i s connected to -one dunny'mord-'

- line in gheeSelBcERBAL a8 €HE &Bfﬁehb@ﬁdiﬁ?C@fdiﬂgié’giéﬂ,e awd-al ‘number of
t he MOSFETs connected-to one word |ine equals that of the MOSFETS connected

' to one doghgrveagatistancesThesThéEeEbTe, aegualizing 1fhe totald t aneously.
‘Thereby, these MOSFETs have gate insulating filns equal to each other in
filmthi nkmbes afdMOSEE®st cophechedapermitébthevealuehefe MOSFETs have
substantially the sanme overl appi ng anount between each gate el ectrode and
“the cor regpeﬁatﬁgcg5u¢een29tedr§g| andumayt Mexd shinecand e gat e el ect r ode

‘and the carresponding drain re Consequent | t hese MOSFETs have
subs§antP§IF?PFﬁétéﬁﬁﬁsvSPBQeF%eghE°NEE¥@ﬁgc%b%ﬁ|¥%ﬁ@% conpr|5|ng t he

'icapaCItaansiantiglly equal to each other. _ _
1t is possible to make the-éaloé'of cﬁeu*"
capacitance of'é duﬁmYVWOra line constituted by the .
capacitances of the respective MOSFETs connected |
10 thereto and that of the-capacitance'of a word line:
constiﬁuced'by the capacitances of the respective

'MOSFET33eimilarly'conhected thereto subetantiallyff

equal'to'eachiother. In other words, it is possible
to make.the value of the capacitanCe-ofia-dummy word
15 line which.ie to be a ldad’capacitance with respect to-
the X decoder (driver) and that of_thefcapacitance.of
a word line which is to be a 1oadlcapacitance with ;;“
respect to the X decoder-(dfiver) substantially equal
to each other. When applying an output signal to a
20 word line, the X decoder applies an output signal to-
the corresponding dummy word line sﬁbstantially
simultaneously. |
Accordingly, 1t is possible to make the- change
in potential of a word line when it is rising to the -

25 sgelection level in response to the output signal from



source

betmeen each gate eIectrode and the correspondi ng 25 region, the
capaC|tance formed between each 30. gate el ectrode and the correspondlng
drain reglon and. ot her capacitances. Therefore, equalizing the tot;

nunber “of MOSFETs connected pernits the val ue of capacitances

-conneC'EQ(?

a du word line and that 5 of capacitapnces connected to a word I{né
be sL antially equal to each other. It i °possible to nmake the val ué ot
the- acitance of a dummy word line constituted by the capacitances of

the. respective MOSFETs connected 10 thereto and that of the capacitance

(of a vord |ine 109t idedcited arid 1A R 065 polenttis’ BFPeRLl ve MOSFETs
S|ntlarly connected thereto substantially equal” to each other. I'n ot her

words, it i's possridspdmingaunky Word lind When2daciisaRaginl todefgy wWord
15 I|ne which is to be a load capacitance with respect to the X decoder

(driver) and t resledtiidre lJeedciirarespains® war dhei oatplitCBighalofbema | 0ad
capaC|tance W th respect to the X decoder (driver) substantially 'equal -to

gach ot her . &b;ﬁ%ﬂ‘?ﬁ?rarﬁqhﬁt@m%ldwalewlatmeaChopdhbrne t he X
decoder applies an output SI%P to the correspondi ng. durmy word |ine

substantialy si mul t anddu lso poss1b1e to make the voltage
) applied to the gate of theamemory_MOSFET to be
o . _ ' selected and the voltage-npplied.to.the gate.of the
"MOSFET of the dummy cell to be selected substantially.
equal to each other at all times. Consequently, the
10 conductance of the selected dummy cell becomes an
1ntermediate value between the conductance of the
selected memory MOSFET having a load.threshold voltage
and the conductance of ‘the selected memory MOSFET
;having a high'thresnold voltage. -

In other words, in

15 the readout operation of the'ROM, the potential of a
| data line measured when a dummy cell connected thereto
is selected will never be loner than the potential of
a data ;ine measured when a memory MOSFET having a low
threshold voltage and connected thereto is_selebted or
20 higher than the potential of a data line measured when
| a memory MOSFET having a high threshold voltage and
connected thereto is selected. - Accordingly, it is
. possible to prevent malfunction. |

| ' The above-described discharging MOSFETs D0 to

25 D4 prevent wasteful consumption'of'current by



ﬁAccordineg, it is possible to. make the Change in potential of a word line_
‘when it is rising to the 25 sel ection l'evel in response to the output

signal f/ 31. the X decoder and the change in potential of the .

cotrespg g dummy word line when it is rising tothe selection level in
- respons@ .9/t he output si gnal fronttgf X decoder substantially equal to

‘each other. 5 It is also possible to nmake the vol tage applied,

:'the gate of the nenory MOSFET to be sel ected and the voltage applied to\
“gate of the MOSFET of the dummy cell to be selected substantially equal to

each ot hagrefirddird NBSscha P e R  cdpit ikancdediudince of the

" sel ected 'dumy cell” becones an internedi ate val ue between the conduct ance
of the setespertiveiatad/ Eid ledeth ires asot tselexit@dl volrrge and the
_conduct ance of the selected rmenory MOSFET having a high threshol d voltage.
I'n ot her sizelof ieacddb of tﬂmsea&ﬁrErmdl@ttcnrD@fia reacdROVhatthe potential of
a data |ine neasured when a dumry cell connected thereto is selected wll
never be theesondugtancge f cthe NOSFER mpasnyedwhempddr dé Wen a nenory
MOSFET haying a_| ow threshol d vol tage and connected thereto is selected or
20 - i ghts sHERLEIRNELE hATIET JFhan dehat 9h@ MQF@&’W@? a memory MOSFET

- having a m £L§£H wtgﬂc&gojtqﬂg and

Thereby, the time constant in’ dlscharglng the .
electric charge stored in the stray or paras:tic
capacztance-connected to a data line is substantlaliy

10 determined by the capacitances and the conductance.cf -
a storage MOSFET measured when it is in the -selected -

state.'cr'substantially-by the capacitances and  the

conductance of a'dummy cell measured when it is in the
selected state, i.e. the combined conductance of the

_twc MOSFETs connected in series.



connected thereto is sel ected. Aecordlngly, it is p055|ble to prevent
mal function. The above-descri bed dlscharglng MOSFETs D to-25 - D4 prevent
wast ef ul consunption of current by 32. prohibiting discharging otf R
.capaC|tances of the respectlve data and earth ‘lines not sel ected. P
.each of these MOSFETs Dlerr] to D is such that the conduct” of -
_ET measured when it is ON5 ‘is sg%f|C|entIy | arger than that. of a
' FET nmeasured when it is ON. Ther the tinme constant .in
dlscharglng the electric charge stored in the stray or parasitic _

capaci tance connected to a data line is substantially 10 deterntned by

the capacitances and tthQ°ﬂ6§§EQQC%oﬁﬁtitﬁt@ﬁ?géaéﬂﬁﬁ 1 egeghen it
fs in the selected state, or substantiatly by fhe capaC|tances and t-he

conduct ance of Fogedy staulltanedUBEY WHEH thei fiehdry MOSPEPS] €d state, i.e.
the conbi ned conductance of the two MOSFETs connected in series. 33. The
- MOSFETs consti t rhergfexeh dhengouemhnafacturing_process will not be '

more complicated._ ‘Moreover, by the_simultaneous
2 | 5 formation; if there_ahould oe any.change in.__ |
characteristics, e.g. conductance:of memory.MdSFEfa
R ' owing to manufacturing condition yariations,_the |
'MOSFETs constituting the dummy.cells-have_the_same
change in their characteristics. Therefore, it is
_ 10 pOSSlble ‘to make the conductance of each dummy cell o
y‘[:} substantially half the conductance of a memory MOSFET
hav1ng a low threshold voltage which turns ON when .
selected, independently of variations in manufacturing
conditions. Accordingly, it is possible to
15 manufacturera memory with a:high production_yield.
&J- | The.writing of data into each memory MOSFET isl
| effected by implanting.impurity ions into-a.region for
forming the channel of the memory MOSFET. More
- specifically, the threshold voltage of a memory MDSFET
.20 is determined by the impurity_ion implantation, For
example, into a region for forming the channel of a
memory MOSFET required to have a nigh-threShold o
voltage, impurity ions. having a conductivity type
opposite to that.of_the_channel are implanted. _ The

25 region for forming the channel of a memory MOSFET



'forned simul taneously wi th the nmenory MOSFETS. Ther ef or e, the ROM

nanufacturlng process will not be nore conplicated. Mor'eover, by the’

si mul t apée 5 formation, if there-should be any change in

char ac ics, e.g. _conductance of menory MOSFETs owi ng to nmanufacturing
condi tf riations, the MOSFETs constituting the dummy cells have the

in their characteristics. Therefore, it is 10 possi bl e ng-
onduct ance of each dummy c@#Bl substantially half the conducta

of a neﬁnry MOSFET having a |ow threshol d vol tage which turns ON when

sel ect ed, |ndependently of variations in manufacturing conditions.

| g‘ﬁﬁﬁLﬂ% " grikae B! 7P PrdoR Jﬁigeaﬁﬁﬂﬁoveigﬁgﬁiﬁs”fgg%s%h. s " EQCL ed
mirory voskEYectRE b ehRTiph  sRplsbER Bn, Br PHIEERRS BN R rernry

MOSFET 2045, b3 pflhebB108HebY (AR bMBUGLIY, i 98 a@%@rg For exanpl e,

~.into a region or formn the channe
~high threghekd ¥obiadey siBHRA! Y1MOBE haw B6it8 SOREMSEY ViMbYFEYPE OppoSi te

& menory reqU|red to have a

.to that of the channel "are i npl anted. 25 region for formng the
. channgl OﬁnatHEEDbisHCSEEI ‘thrédhold voltage of a memory MOSFET

determined by the ion implantation is ‘made to |
. correspond to the blnary signal_”l“, whllst“the"low
threshold VOltage of:a storage:MOSFET*hot:subjected to
the'ioo impiantation is made to correspond to the
10 -blnary 51gna1 “0"

. The readout operation is effected by detecting'

.whether a memory MOSFET selected is substantia11y~
turned ON or OFF by the voltage'applied-between the
 gate and source thereof. In other words, the readout
i5 operatlon corresponds to the detection of whether the
conductance of the selected memory MOSFET is large or g‘,
_email.' The refeFGnce used for the detection of the
size of the conductance ie given by the dummy cell.
" An exampie of a method'of manufactﬁriog-MOSFETs
20 used in the ROM will now be described in greater
detail. | | N
'A'gateliﬁsulating fiim is formed on'a = -+
semicon&uctor substrate (or'well'regiOn).'and a
polycrystalllne silicon layer is formed thereon.

25 Then, the polycrystalllne silicon layer is etched so as



‘required to have a | ow threshol d voltagé is not'subjécted to the ion
I-npl antation for shifting the threshold voltage. As a-result, it

inpossible to wite a binary signal "1" or "O' into a nenory NCSFE'.:",
case, the threshold vol tage of a menory MOSFET determnined by me
-|nplantat|on is made to correspond to the binary signal "1", whil st

this

thres
s mad

t here

of snall.

he | ow

‘i,o vol tage of a storage MOSFET not subjected to the ion i npl ant ati on
o correspond to the 10 bi nary sggnal "O'. The readout operation
- is-effected by detecting whether. a menory MOSPET ‘sel ected is substantlally
turned ON or OFF by the voltage applied between the gate .and source

of . I n other words, the readout 15 operation corresponds to t o
det-ecti on of whé&ehdormha Gomsusﬂ&#¢§°§?-thewééhechedPﬂtMDry8t€£$£§é|s | ar ge

-The reference used for the detection of the size of the

he

conduct ance is gﬁ#éﬁ°ﬁyIFN@rdGﬁﬁfté§PF1n9Aﬁh§xﬁﬁﬁFeeéﬁcﬁrﬁé?hbaeéfas a

manuf act uri ng MOSFETs 20 used in the

detadil. A gate i
well region),
Then, the polycrysta
i 5
S
| " 10
_ 15
20
25

now be described in gr

ol BGUECENEeg 1P, ARl Bnyﬁaéérﬁﬁghﬁﬁc?ﬁ? £oFRed 1ok

e RRlYEUSLALL BRpSillcan (Lavec, s, LataRy. thepggn.

ne s con ayer 1’s che
source and drain regions are formed in a self-aligning

manner ueing-as-a mask the polycrystalline silicon
layer constituting the gate electrode.

A heat treatment is carried out in order to
form an ‘interlayer 1nsu1at1ng film. The heat |

treatment undesirably causes diffusion of the source

eat er
(or

and drain regions formed on-the'semiconductor.substrate*

(or well region). Thereby, the gete~e1ectrode and the
source'region,'and:the-gate electrode and the drain.
region-are undesirably oVerlappeo_with“each=other,'3
respectively. COnsequentiy, the MOSFET has.
caéacitances such as the_capacitance formed between the

gate electrode and the source region and that formed

_between-the gate-electrode and the drain region,

" The memory MbSFETs,-the MOSFETs constituting
the-dummy cells-and.the-MOSPETsnconstituting the
compensating circuits are simultaneously formed by the
manufacturing technique -described above. - Moreover, if
necessary, the channel forming region of the MOSFET is
subjected:to-the-ion.implantation for shifting the .

threshold voltage as described above.



"35. to forma gate electrode” Wth the polycrystalline silicon | ayer _
constituting the gate el ectrode used as a mask, a source region and a drain.
region are formed on the sem conductor substrate (or well ‘region). The 5

..source d drain regions are fornmed in a self-aligning manner using as a-
mask t - ycrystalline silicon |ayer constituting the gate el ectrode. A
-heat t gﬁ nt is carried out in order to forman interlayer insulating--
film he/ heat 10 treatnent und®sirably causes diffusion of the Sogzzk
and dr awn-tegions formed on the sem conductor substrate (or well region).

Thereby, the gate el ectrode and the source region; and the gate el ectrode’
and the drain region are undesirably overl| apped with each other, 15
respectively.  CBhecsense| 3mplifiendidy imscenprituted &y uch as the -
capaci tance formed between the ggée el ectrode apd the source region and
that for&bagbe dEeanieditferenttal AmpLitiencctrenit (9% on, The nenory
MOSFETs, the, FETs consii%u qu %$ 't he du$g¥.cells and t he MOSFETs
const i t UFFRGYHRIcBNPLARGL i 5£’CY REH t EFP tRE RS RYIRAY) 3%F%d by the
manuf act yri ng_t | gue_desgribed abpve. reover, _if necessary, the .
channel PBonPhoMactal 81 e Fer R r-giel AT BETEIAY o2 BT mpl antat i on
FOr g 14400 hliingOcer | MhePky! By 0t 498, 25 described above. |
- : ‘The dynamic differential amplifier circuit is.

constituted by P-channel.MOSFETs Qi; Qz-and'thhannel_

MOSFETs Q3, 04, st;;fA 1atchingfeircuit'is conetituted

By two CMOS inverters;each_compesed'of-the P-ehannel
10 MOSFET Q; (Q,) and the N-channel MOSFET Q, (Q,), and

the ).‘t.-'chann'el-MOSFI?.'-I"(1\-6 as a power switch is provided

between the soufcee.of the MOS?ET Qé and-Q4 and earth’
to form a dynamic circuit. | As will be described later
in detail, in 6rder'to'precharge,iin.a.shcrt period of -
15 time,_the_stray or parasitic'cepacitance connected to-a
" data line, precharging of a data-line is also effected
from the sense amplifier side. For this purposej the
sense amplifier is provided with the P-channel MOSFET
Qs,.whidh-is-provided between_the-electrode of the
20 respective:HOSFETs*Q3'and Q serving as sources in the
.Ordinary operating state ana'theesupply voltage-vcc.
Astiming-signal'formed-oh'the.basis of the timing
signai ¢531=for eontrolling the operation of the sense
emplifier and the internal address signal_a14=is-

25 applied to the gates of the respective MOSFETs Qg and



36. The sense anplifier SAlerr] is constituted by a S|ngle dynam c
differential anplifier circuit for receiving a signal delivered f \ihe
unit menory array MS[err] or M err]..and a reference signal delivgied, from
the 5 .unit dummy-cell array DS or DS[err].  The dynamic differential
"anpllfler circuit is constituted by P-channel MOSFETs - 1 ,2 and N:channel
MOSFEFSY Qerr], 4, Qerr] -Alatching circuit is constltuted by two CMOS
“inver Me#s each conposed of the P-channel - 1@7, MOSFET err] ( and the
‘N-channel MOSFET @B (), and the N-channel MOSFET Q6 as a power switch is
provi ded between the sources of the MOSFET B and 4 and earth to form a
dynamic circuit. As will be described later in detail, in order to
precharge, in a Qgort The isignal mpplieds mh&imﬁngysbgnphrierhed by
~capaci tance connected to a data line, precharging of a data'line is also
ef fected from t IROmRMNING H1q himing GégnalF&@Agh#gdpahsoéeterhelsense
“amplifier is provjded with the P- channel - MOSFET B, which is provided

bet ween the el e® Heigneb @y 4 respect i ve I\/DSFETS Qerr] and Q4 serving

o g Soonal 1 ormad on it SRR HaHed' SRR s” sRHRR, kppPitiy 511 A
S L A ahgn e s RS e e A s
CIFVT] and amplifier in the latching circuit MA, via_the transfer
o~ N-channel MOSFETs Qg and Q. A timing signal based on
a timing signal ‘paz and the internal addrese signal
a3, is applied to.the gates of the respective transfer
10  MOSFETs: Qg and Q4. A timiné signal formed by _ |
.‘::, ' combining the timing signal ﬁpAz'and the interna;_
o addrese signal a,, is applied to the gates of_ihe
-_reépective-transfet MOSFETs Qg and Q4.
One sense amplifier (not Shown).is supplied
15 : with a timing_31gna1 based on the timing signal ¢PA1
i\, -and. the internal address signal Eiz,zand the output
signal therefrom is transmitted to the input/output
terminal of the main amplifier in ﬁhe latching circuit
‘MAj via a pair of transfer 'MOSFETs (not shoﬁn). The
20 timing signal based on the timing signal épAz and the
* internal address signal al4 is applied to the gates of
the pair of transfer MOSFETs._ _
Thus, in the two sense amplifiers, only the

sense amplifier selected by.the-external address signal

25 a,, is supplied with the timing signa1.¢PAl for



_._._.37: Qerr]

trmn

sign vymthe sense anplifier SA[err] 5 is transmtted to the
i'nput {put termnal-of the main anplifier in-the latching circuit MA[err]
cviat Yransfer N-channel MOSFETs ~and (0. A timng signal based on a
timng signal [err] ~and the internal address signal a4 is applied to~.- .
~the.gates of the respective transfer &O MOSFETs Q and err]. /\tréshg':
~.signal forned by conbining the rinin%_éignal. [err] = and the internal o
address signal aferr] is applied to the gates of the respective transfer
MOSFETs [err] and [err]. One sense anplifier (not shown).is supplied 15
- with a ti geRdvat¥ng! thassense hip1iEtery SithahadPEidn Anéniperndternal
.- address si gnal , and the output signal therefromis transmtted to the
i nput/out putpher Bigaklobft Rhisnselaopedl senseé namprifbéehigg circuit MA[err]
via a pair of transfer MOSFETs (not shown). The 20 - timng signal based
on the titkragssighed tor theamdinhemphifien| vialdthestsamsfér [ err] is applied
..to the gates _of the pair of transfer MOSFETs. Thus, in the two sense _
~anplifier MOSERFs cantseidedabyl thectimingcsianal #pe, ext ckmatheddr ess
. signal_ - o - ' : - :
g 5 two sense amplifiers, only the sense amplifier selected
by the external address signaI'Ai4 operateé, and  the o
_ . L o ' : ' o
output signal therefrom is supplied to the main
‘amplifier. Therefore, in the 76 sense amplifiers,
only 38 s;nsé'ampiifiers operate in the readout
10  opera£ion.-"Aécbrdingly, there are provided only 38
latching circuits each including a main amplifier.
For the sake 6f'q1arity; it is assumed that"
each sense amplifier is supplied with the timing signal
$ppy 2nd the transfer MOSFETs provided between the
15 sense amplifier and the main amplifier are supplied _
with the timing signal éPAZ' In other words, what is QJ_
illustrated is an imaginary state where the unit sense
amplifier and the transfer MOSFETs have been selected
by the external address signal A;,- In addition, the
20 following description will be given oﬁ the assumption -
that this imaginary staté is maintained. |
Fig. Glshows_the'dhanées with time of the
poteniiélé Vb‘ande;fof the ﬁair of data lines DL, and
' DL, selected from the unit ﬁeﬁbry'array MS, and the
25 unit dummy cell'array ESO shown in Figé. 2A and- 2B.

The signal applied is a- tining signal formed by conbining the - .
gnal [err] and the. internal address signal a[err]. The output o

e



25 a[err] is supplied with the timng signal [err] for 38 activating

the sense anplifier. In addition, only the output signal of this selected
sense anplifier is transmitted to the main anplifier via the transfer _
MOSFETs controlled by the timng signal PA2[err] In the 5 two sense ™~

anplifiers, only the sense anplifier selected by the external addres

sign 4 operates, and the output signal therefromis supplied to
mai n olifier. Therefore, in the 76 sense anplifiers, only 38 sense
anplifiers operate in the readout 10 opeﬁ%&ﬁcwl Accordingly, there are

provided only 38 latching circuits each including a main anplifier. For the
sake of clarity, it is assuned that each sense anplifier |s supplied with

the timng signal and t hg, g %’IS%GI’ m‘ﬁlﬁ Q.&%\é %%%f%?eﬁ h_gFégagesense

ahplifier and the main anpliftler "are supp [err].

| n ot her wpr_ds Wt entild U Qt}%%glgé'?arjhave%g%ﬁ Eﬁ %ﬁg uni t

sense anplifier and the transfer n se € externa

‘&ddress signal Addwmy devifldi tio tHeh®tHer Hapldl, oW eaedaaer-aaw-agsw" be
. given on the assunptlon that this imaginary state is maintal ned. Fi g

shows the changesimne tiegresentis tthe mMaﬁ@blahsFMBeﬁndaiebE]tﬁé &QEapalr Of
~fdata lines DL[err] and
| 5 line DL, when data *0" is being written into a memory
'&a;' MOSFET, whilst a two-dot-and-dash line represents the
change in potential of the data 1ine.DL0 when data "1"
is being written into a memory MOSFET.
Each memory MOSFET has a conductance which is
10 determined in accordance with the data stored therein
‘::) as described above. = Therefore, the electric charge in
the data line DL, precharged befqrehand is stafted to.
be discharged in accordance with the data stored in a
memory MOSFET when the same is selected.
15 A dummy cell selected simultaneously ﬁith the
selection of the corresponding memory MOSFET has, as
described above, an'intermediate.conductance between |
the conductance of é memory MOSFET storing data "1" and
that of a memory MOSFET storing data "0O". Therefore,
20 the electric charge in the data line EE; precharged
beforehand starts to become discharged in accordance
with the conductance of a dummy cell when the same is

H

selected.

' ‘Accordingly, the potentials of the respective
25 data lines DL, and-ﬁﬂa change as shown.



. Di[err] selected fromthe unit nmenory array Ms[err] and the 25 unit dumy -
~cell array [err] shown in Figs. 2A and 2B. 39. In Fig. 6,-a broken line -

represepts the change in potential of the data line [err] connected mnth
- the dugmpcells. -~ On the other hand, .a one-dot-and-dash |line represents L
.. the ch in potential of the data 5 line DL[err] when data "O' is belng-
S wittendi/to a nenory MOSFET,. whil st a two-dot-and-dash |ine represent '

“change in-potential of the data line DL[err] when data "1" is bei ng W ¢l
“into a memory MOSFET.  Each nenory MEET has a conduct ance which is 10
‘determined in accordance with the data stored therein as described above.
Therefore, the electric charge in the data line DL[err] precharged

bef or ehand t d data stored
bef orehand |18 St ahedad A CalibFERRLH A, RalSERELAN the SS1 ddlfe da1 2 cell
sel ect ed §i FELESREQUBLYwdbhthECps et e6F | @Ak 11 1idWs CHd Sefugthigs menory

MOSFET has, as descri bed above, ‘an internedi ate conduct ance bet ween t he

conduct aneﬁe0£m§1ﬂ£ﬂaayvm&§ 8i SFeP@néi@ ! €o "the amslhiri hapDf £errerory MOSFET = =
storing data " Therefore, 20 the electric charge |n the data line

[err] prﬁﬁhﬁhgedﬁbefhaebhhdgschrcsxtqu§cone dlscharged I n accordance mnth'
-the conductance-of a dunmy cell when the sare is - _

5 . As shown in Figs. 2A and 2B, a P-channel MOSFET
07-for'short~circuiting is provided between a pair of
input/output terminals of the senseﬁamplifie:. - The
short~-circuiting MOSFET Q, is held ON while the data -
line is being precharged, by the=timing_signa1 $PC’

10 As will be described later in detail with reference to .

cFig. 7, the MOSFETs constituting each unit column.
switch are all held ON during-the precharging period by |
output signals-yo, Yy and ybo to Y11 delivered from
the_f dgcoder Y—DCRz. Accordlngly, the following data
15 lines are elecﬁrically connected to- gach other: a data
line connecting one input/éutpuc términal of'the_sense. .\J.
amplifier and the column switch CWCO; i.e. a conmon
data line; a common data line connecting'ﬁhe other
input/output tefminal of the sense aﬁblifier and the
- 20 column switch CWE'Z each of the data 1ines formed in
the memory array MS and the: dummy cell array DSO, ‘and
each of the datallines formed in the memory array MS0
and the dummy cell array'5§5: Therefore, the
potentials of the respective data and-épmmon data ;ines

25 precharged can be made substantially equal to each



sel ected. Accordingly, the potentials of the.respective 25 data lines
DL[err] and [err] change as .shown. 40.. .The sens anplifier 8A[err]
anplifies the voltage difference between the pair of data lines a :
transnits the anplified voltage difference to the: min anpllfler

unit-latching circuit M err]. 5 - As .shown in Figs. 2A and’ a
P-ch | MOSFET Jerr] for short-circuiting i's provided between a alr “of
i nput¥eélt put terminals of the sense. anplifier. The short-cifcuiting

MOSFET O[err] is held ON while the data |i41e is belng -precharged, by the
timng-signal 10 As will be described later in detail with reference to
Fig. 7, the MOSFETs constituting each unit colum switch are all held ON.
during the precharglng period by output signals y[err], y[err] and y[err]
‘t'o del i ver eco¥he®n t heAs alcxesiht v-i%cis Poseddile 4@ \imprever sheowi ng data
15 lines are electrically connected to each other: a data .line
“connecting one PPRRAYHRE RReedof e A he sense amplifier and the colum

St R A R g R
o Eh et A e | i R il the 11
-5 data line DL0 formed on the left-hand side thereof:are
 'i,J madé different in potential from each other by the
precharging operation, for examplé; when the potential
oflthe data line DL, is ﬁaﬁe-hiéher'than that of the
data line Bia'by the precharging operation, the readqut
10 operation of-thé-ROM is retarded as follows.

':‘::> _ For instancé, in the case where a memory MOSFET
is selected which storés,data'“1" and has its drain
connected to the data line DL,, the potential of the
data line DL, starts to iower.from a value higher than

15 the pqtential'of the data.line ﬁfa; In_éonsequence, a
relatively long time is required until the potential of
‘the data'line'DLo becomes lower than the potential of
the data line ﬁE"having the'selected dummy cell
‘connected thereto. Accordingly, in order to

20 accurately read out data from a memory MOSFET, it is
necessary to set a relatively_long time from the time
whén.the memory MOSFET and the corresponding dummy cell
are selected until the corresponding unit.sénse |
amplifier is actuated.'. As.a.result, the speed of

25 operation of the ROM is reduced.



~‘each of the data lines formed in the nmenory array MS[err] and the dummy .
-~ cell array DS[err]. Therefore, the potentials of the respective data and
‘common /de |l i nes 25 precharged can be nade substantially equal to each:
- 41, As a result, it is possible to inprove the operating speed of
~ the t he case mhere the data line DL[err] formed on the right- hand
“side of“the sense anplifier SA[err] and the 5 data line [err] fornedg
‘the left-hand side thereof are made different in potential from each ot\ee
by the precharging operatlon for exd2wple, when the potential of the data_
line DL[err] is made higher than that of the data.line [err] by the
“prechargi ng operation, the readout 10 -operation of the ROMis retarded as
follows.. For innstance, in the case where a nenory MOSPET is sel ected which

stores data "1" A¥he REOVisiqn &f) %r?é’ﬂré'd"’cié'cf’ﬁéiﬁﬂt MOSFRESD err], the

heren LZ'%@H‘%’ S PUARIRLE 1S e Ere %rr'ﬁc’?eﬁgé%ﬁg"ﬁ?svg'a”?eP;?.hﬁé y
| t d i t DL b '
Tonar 't hah rﬁ o o1 HEoyred e RN ol 08 3ol SBERCVLEN UL O3 iy
cel | CO“"S&E %ﬁ%ﬁrﬁ?fwwmm rdéﬁ\d}'&d%str‘ﬁ'rzﬁnd %ﬁeuratel y read out

data from a nenor
-3 correspondlng dummy cell are selected, the’ potent1a1 of

the data line DL, and that of the data line B_; change ' ;J
frém'substantially the samexvaiue. " More specifically, |
from.theatime~whénﬂthe selection is made;.the potential
of the data line DL, is a value higher or lower th#n

10 the potential of the data line ﬁra in accordance with

the data stored in the memory MQSFET.-  Accordingly;'it
- is poséible;to accurately read out data even if the
senéé'amplifier is actuated in é'shért-period.of tiﬁe
~ after the selection of tﬁe memory MOSFET and the
-15' corresponding dummy cell. Aé-a result;_iﬁ is poésibie
to increase the speed of oPerationlof the ROM.

The sense amplifier SAO has a relativelyghigh
'sénsitivity,_since'it is constituted by a differential
amplifier circuit. Accordingly, if the sense |

.20 - amplifier is actuated when the'potehtial_diffefencg. |
| betweenathé;data lines DL, and ﬁfafis relatively small;
thefgense ampiifier is able to amplify the potentia1 u
difference without any malfunction. In other words, it
is possible to actuate the sense amplifier in a

25 relatively short period of time after the selection of



necessary to set a relatively long tine fromthe:tinme when the nmenory
MOSFET and the correspondi ng dummy cell are selected until the -
correspondlng unit sense-anplifier is actuated. As a result, the &
.25 operation of the ROM.i s .reduced. 42. "The provision of the
short -circuiting MOSFETs permits the potentlals of the precharged pai
.dat g ; s DL[err] and [err]. to be substantially equal to each other. -
Conse ntly, when a nefrory MOSFET and the 5 correspondi ng dunmy cell are
sel ected, the potential of the data'line QYferr] and that of the data line-

[err] change fron1substant|ally the sane value. - Moire specifically, from: -

the time when the selection is nade, the potential of the data line DL[err]
is a value. higher or .lower than 10 the potential of the data line [err]
i h accordance wkhé mémouwt eelloand the tdwrespondividSidubmy od1aqr gongly, it
is possible to accurately read out data even i'f the sense anplifier is .
actuated in a shBat pbhei z-sqa@@utlmeaﬂmn tole the ROM ararofbet madeenor y I\/DSFET

and the 15 - correspondlng dupmy cell.. ~As a result, it is possible to

i ncrease the spBt@hsF bbe?@??@n of the RON. The sense anplifier SAlerr] has
a relatlvely hi gh sensi ce if is constituted by a differentia
anplifier circuit. ﬁ} f%%b} wing 3dyantage is o feredyby f°m1n9

5 each sense amplifier as a dlfferentlal amplifier
_ Kx; ' circuit and arranging it such that when, for exammple,.
word lines in the memory arrays M-ARY; and M-ARY, on
the“right-hand side as viewed in Fig. 1 are selected,
the corresponding dummy word lines in the dummy arrays
10 D-ARY, and_D-ARYz on the left-hand side are
O simultanebusl.y seledted .
| | Namely, when the potential of a wbrd-line
changes from the non-selection level to the selection . .
‘level, the potential change is'undesirébiy:transmitted-
15 to one déta line via the unfavourable capacitance

. coupling between the word line and the one data line. -

. Thereby, the potential of the Qne.data line is
undesirably changed. However, substanﬁially
simultaneously with £be-selection of fheﬂword.line, the

20 corresponding dummy word line is selected. |
Consequently, the potential change of the dummy word
line, i.e. the pbtential changé from the non-selection
level to the selection level, is,also.tfansmitted to
the other data line via the unfﬁvourablé capacitance

25 coupling between the dummy word line and the other data



20 anplifier is actuated when the potential difference between the data
llines DL[err] and Dierr] is relatively small; the sense anplifier is able
to aaphify the potential difference wthout any malfunction.. In other
wor'dsa it is possible to actuate the sense anplifier in a 25 relatively
; t Yefiod of time after the sel ection of 43. the nenory cell and the
) f’oondlng dummy - cell, so that the: readout operation of the ROM can gres.
. mate_Hi gher .in speed. The fol | owi ng advantage .i s offered by forming 5 o
~each sense anplifier as a differentigl anplifier circuit and arranging it
~such that when, for exanple,. word l'ines in the nemory arrays M ARY[err]
and M ARY4 on the ri ght-hand side as viewed i'n Fig. 1 are selected, the
correspondi ng dunmmy word lines. in the dummy arrays 10 D-ARY[ err] and
D-ARY2 onimnee | efticchrddngilye ahe porehtiatoosl yhecbtheeddat@nel y, when the
potential of a word line changes fromthe non-selection level to the
‘sel ecti olinevdls, alllse modestirablyhshgaged .und®ber pbtentiahsmitted 15 to
one data |ine via the unfavourabl e capacitance coupling between the word
| i ne and chaagenefdibe longecdatheldpy, aﬂﬁetbéteﬁfl sheopthes @ﬂbadata line is

unde5|rably changed. Howev r %ubstantl Z
line are the ‘same in phase. Sinc the sense ampllfler

5 for amplifying_the=potential difference between the
pair of data lines is constituted bj substantially a
differential amplifier circuit, the undesirable
potentlal change in each of t%. pair of data 1ines is
hardly amplified. Accordingly, it is possible to

‘10 obtain a ROM which ié substantially free from

malfunction.
~ By providing the compensating circuits as shown |
- in Figs. 2a and 2B, it.is-possible-to-dbtain a
sgmicon@uétor memory with greater reliability.-' ‘
15 "More'épecifically, the‘caéacitance.formed
between the data line and the word line is
- substantially constituted by the capacitance formed
between the draiﬁ region and the gate elegtrode of ﬁhe;
memory MOSFET formed on thg—upper side of the data line
20 and that formed betweén-the.drain'region of the gate
eleétrode of the memory MOSFET formed on the lower side
_of'Ehe'data'line. On the other %and, the capacitance
formed between the other data line and the dunmy word |
line is substantially constituted by the capacitance

25 formed between the gate electrode and the drain region



sihﬂltaneously with the selection of the word line, the 20 correspondlng
~dummy word |ine-is selected. Consequently, the potential change of the,

~dumy word line, i.e. the potential change fromthe non-selection |e MO
‘the setection level, is also transmtted to the other data line via/thg, -
unf.avourabl e capacitance 25 coupling between the dummy word line and the
ot hey"tat a l'i ne. Accordingly the potential of the other data line is
- al soWesirably changed.” The potential change of the one data line and
that ‘of the other data line are the sane4sny phase. . Since the sense

anplifier 5 for anplifying the potential difference between the pair of
data lines is constituted by substantially a differential amplifier

- -circuit, the undesirable potential change in each of the pair of data l'i nes
s hardl y anplofiearh ofacwe MOSFETs jconnectedsitpl this data 3knein a RON
~which is substantially free from malfunction provi di ng the co ensatlng
circuits as shvitr iORERMRSFEA gy Fheg dummy; §eﬂés§P9ISnFoM98F§Tnla

-sem conduct or. nenor reater religbili

specifically, € ' &Eb trfed ﬁ@ﬁﬁ@e%¥958 EgﬁgEFFn8r32%°Fﬂﬁdmord
line is subst a [ aénlélo ons 'aro' 2 #?H&g&aght ggﬁgngggﬁdtgegggﬁn _t:he

vdraln regi on éh e ga
5 other, the-oapacitances:formed between the gate.

f L;? | electrodes and the_drain.regions'of these MOSFETS
| respectively have #alues sﬂbstantially equal to each
other.= Moreover, ‘since ;pese MOSFETs are
51mu1taneously formed, they have gate-drain
10 capac;tances (capac;tanoeseformed between the gate -
"::> electrodes and the drein-regions; respectively)

o substantially equal to each other 1ndependently of
manufectur;ng condition veriations.- Consequently. the' '
value of the capaoitenoe formed between the one data .

15 1line and the word_line and that of the capaoitence
formed berween the-other dara line and the dummy word
1ine_can be made substentially equal to each other
independently of manufacturing condition variations.

As a result, the change in potential of_theuone=date
20 line caused by the-ohange,;n potential of the word 1ine
| epd-the change in potential of the other data line
 caused by the chenge@gn'potential'of the dummy word
line can be made eubstantially equal'to_each_other.
éince.these changesiin potential_of the pair of data

25 lines are the same in phase, these changes are not



- subs

‘nmenory MOSFET formed on the upper side of the data line 20 and that

. formed between the drain region of the gate el ectrode of the nmenory MOSFET
~fornmeg—qn the |l ower side of the data line. =~ On the other |and, the ,
capagi faRce forned between the other data line and the dunmy word line is =
t\Jal | y constituted by the capacitance 25 formed between the gate -
ode and the drain region 45. of each of two MOSFETs connected £03
ata line, i.e.- one MOSFET in t'he dummy: cel | :and one MOSFET .in t hehw#
conpensating circuit. . Since thes% MOSFETs are forned so as to be

- substantially equal in dinmensions t 8 each 5 other, the capacitances
formed between the gate el ectrodes and the drain regions of these MOSFETs
respectively have val ues substantial |y equal to each other. Moreover,

- since t%ﬁ@éﬁ&%ﬁqﬁrﬁﬂi@mawﬁua&«r&@&dm&h@yﬂﬁmga&e’ drain 10

capaci tances (capaci‘tanCes. fornmed between the gate electrodes and the
drain redirrft @HNRGititdng thebseanle ampliggeal uheteach ot her '

i ndependent |y of manufacturing condition variations. Consequently, the
- val ue ofaddvardiapdci,t drtcd sf possdbilet weeobthdnonec sémieondfctoki ne and t he
word line and that of the capacitance formed between the other data Iine
and t he mameny wivith iise moxe B&lﬁabéesubstantlally equal to each ot her

5 In the senise amplifier SAO, the differential

el.ec
thi-s

amplifier circuit is formed go as to constitute a
.latching circuit. 'Thereforei it is'possible'tb_ |
amplify tiie potential difference between the date lines
to a predetermined potential in a relatively short '

10 period of time, so that the speed of the readout

"operation of the ROM can be increased.  In addition,
since the_latchihg circuit is preferably constituted'by
a CMOS circuit..the potentielstof a peir of dete lines
can be amplified to the eupply voltage and earth
15 potential, respectively. o . |
Between a pair of input/output terminals of the'
main amplifier in the latching eircuit MAO are prov1ded
precharging MOSFETs constituted by P-channel MOSFETs
Q;o and Qii. together with a short-circuiting P-channel '
20 MOSFET Q2 for.making_the'ﬁrecharging-levels'of these
_ MOSFETs-ﬁniform, This shqrt-circuitiﬁg.MOSFET"QIZ has
substantially the same function as the short-circuiting
MOSFET Q. described above. A timing signal Bg is
'.applied to the gates'of'the respective MOSFETs Q;0 to |

25 Q4,-



I ndependently of manufacturing condition variations. As-a result, the
change in potential - of the one data 20 | i ne caused by the change
- potential of the word |line and the change in potential of the othegr
| ine caused by the change 4 potential of the dummy word |line can
“substagptially equal to each other. Since these changes in potentia
pai r gof ydata 25 | ines are .the sane in phase, these changes are not 46.
subst™wftially anplified by the differential anplifier circuit constituting
the sense anplifier unit. Accordingly, it is possible to obtain a -

-semi conductor menory which is nore reli a#le. 5 : I'n the sense
anplifier SAlerr], the differential anplifier circuit is forned so as to
ponstitute a latching circuit. Therefore, it is possible to anplify the

‘bot elnt i al Fli-ffﬁr encioggé\ﬁ?eiw%%]qﬁ%ig%%%%e%g 'eargopﬁrd c]z.ltceriéi al in
arelatively short - ; ' eadout
C ti f Lk be i . | ddi,t i ' t ffe |"at chi
oProuit Ts. profEFEprOeih e IEEGE Firoutf BTUHe Hhne st s of 3
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potential, respec etween a Pair nal's of the
. is constituted by a latching circuit comprising two

S '5  (CMOS inverters each composed of a P-channel MOSFET Q3
E ~ (014) and an N-channel MOSFET Q115 (Q176) and an N-__'
channel MOSFET Q18 as a power switch. ' ‘

The output signal from the main amplifiefffi.e.
the output signal taken.out.from a node NBO,'is appiied
i::,lo to an inverter which is cbnstituted by a P-channel
| MOSFET Q,, and N-channel MOSFETs Q,, and Q,, and
functions ‘as a tristate circuit. The inverter outputs
.a signal-BLO.- A timing signal sla is appliéd'to the |
gate of the N-channel MOSFET-Qzl and the gaté'of the
k_; 15 MOSFET Qg for controlling tﬁe opefétion of_the,
differential circuit. = During the period when the
~timing signal ﬁla is high, the differential ciréuit
amplifies the signal transmitted from tﬁe sense
amplifier Sa, and latches thé.same.. Accordingly, a
20 static output signal BLo'is deliﬁered‘from the latching
| circuit MA, constituted by the inve:ters and the maih
ampiifier.. . |
fhe main amplifier is provided with a P-channel
MOSFET Q,, haviﬂg the same function as the MOSFET Qg in

25  the sense amplifier SAO.‘ It should be noted that when



-'naln anplifier in the Iatchlng circuit MA[err] are prOV|ded pr echar gi ng

"MOSFETs constituted by P-channel MOSFETs J err] and Qerr] together with a
short-circuiting P-channel 20 MOSFET Q for making the precharging

) s of these MOSFETs uniform This short-circuiting MOSFET Qerr] has

S ntially the sanme function as the short-circuiting MOSFET (Jerr]

. dgstcr/i bed above. A timng signal [err] is applled to the gates of thej

resgective ‘MOSFETs (Jerr] to 25 QL2 47.- The main anpllfler S

-constituted by a dynamc drfferential anplifier circuit in the sane nanner
~as the sense anplifier SAlerr].. "4Bs shown, the main anplifier is. '
constituted by a. latching circuit conprising two 5 CMOS inverters each
conposed of a P-channel - MOSFET Clerr] ([err] ) and an N-channel MOSFET

Qerr] CﬁlG)and an N channel AMOSFET power switch. The out put
si gnal ‘theodnpRe /etpusnsermipal PféthFhEaSBtBEPléfgﬂﬁli?aken out froma

‘node NB[err pl.ied 1 o.an i onstituted by a
P‘Chandédnggpg?hpgﬁﬁpg' § Ngyﬁaﬁné g EslfegF#aaiﬁwferr] and

e R SRS b T iy 25 %@Lﬁffem; -

- 5. the MOSFET 017. in order to increase the speed of

and th%&%%rgfmtgh%flihe MoSRE Lk Eher G0 288! bekebdat Bpogperati on of

t he _
ké |
precharglng. '
Moreover, whlle the main ampllfler is be;ng
precharged, the-timlng signal éia is held low. In
adaition, since the node NB, is held at the high level

10 by the precharging, the MOSFET Q;9 is also turned OFF.

COnsequently, ‘the level of the output signal BL, having -
been delivered from the inverter before the precharging
of the main amplifier is held by the stray or parasztrc
capacitance coﬁpled'to the line for transmitting the

15 output signal BLoiand the stray or parasitic : : ‘'
capacirance of the MOSFETs 019 and.on. Aecordinglj.
even when the main amplifier is being precharged, the
same output signal as that delivered-before'the
precharging is'delivered from the inverter.

20 ~ The output signals BLO to BLy, delivered from

 the latching'circuit MA, to MA37.are“supplied_to

inierters IV such as shown in Fig. 4, respectively, to
form signals D" to Dj; " and P to Py formed by
inverting the phase of the ohtput‘signals BLy to BLgq,

25 respectively, and signals Do' to D31' and P, to Pg.



differential circuit. During the period when the timng signal [err] is
high, the differential circuit anplifies the signal transmtted fromthe
sense anplifier SA, and |latches the sane. - Accordingly,. a 20 statie,
out put signal BL[err] is delivered fromthe latching circuit MA p ;ZJ -
constytuted by the inverters and the main anplifier. The main anpl ST,/

provi fled with a P-channel MOSFET QL7 having the same function as th '
[err] ™w#n 25 the sense anplifier SAlerr]. It should be noted t hat when
48. the input/output terminal of the main anplifier is under precharging,

~the timng signal [err] - is held | ow Ggmgsequently, the MOSFET [err] - is
turned ON, and the precharging of the main anplifier is also effected from
5 - the MOSFET QL7 in order to increase. the speed of precharging.
Moreover, while the main anplifier is being precharged, the tin.ng signal
[err] is heleorvaspondﬁnadd¢ttMm ogtpue srgnatnkﬂmgﬂﬁnrﬂL'is held at the
hrgh I evel 10 y the precharging, the MOSFET [err] is. dl'so turned OFF.
Consequent | yThFﬁE gigpa. ﬁfaﬁhesmlp\»ﬁd stqrithe Brizguit (RGQ g tden del i vered

fromthe inverfer before the precharging of the main anpllfler is held by
t_he stray orSphpegpent stade; t%‘?\%%”&ﬁﬁ) E@)‘Q’b t heltt idfe Hoobe m@tedi tting the

that each of the 1nverters IV is a static CMOS 1nverter.
5 . constituted by a P-channel MOSFET and an N-channel
MOSFET such as shown in Fig. 15. |
fig. 5 shows a preferred form of citcuit of fﬁe
X decoder x--DCRl shown 1n Fig. 1.
The X decoder x-DCR1 is constltuted by a.
]‘::}o plurality of decoders.'_ The Figure shows the clrcﬁlt.
o of one of'these decoders. A selectlng signal for
selecting a word line-is formed in three stages. = More
'specifically; address signals are deeoded in three |
stages. . o
K%j 15 The internal eddress signals'a4.to ag and EZ'io_i
Sg'are decoded by a decoder cireuit constituted by a
plurality ef NAND circuits. The Figure shows the
circuit of one of the plurality of NAND circuits. A
' _— CMOS NAND circuit.is constituted by P-channel MOSFETs
. 20 Q4 to Q35 ,and N-channel MOSFETs Q. to Q4+ The NAND'.
circuit is supplied with the internal address signals
a, to &5 as shown. |
The iﬁternal'eddress-signals.az,fsz end a3,'E;
are supplied to the decoder circuit constituted by four

25  two-input AND circuits. 1In this decoder circuit, the



- .15 output signal BL[err] and the stray or parasitic capaC|tance of the
=[s [err]19 and Q0. Accordingly, even when the main anplifier is
Precharged, the same output. signal as that delivered before the

‘to BL37 delivered from the |atching CIrCUIt Nﬁ[err] to Merr] are
supp ied to inverters |V such as shown in Fig. 4, respectively, to for
‘signals [err] to [err] and Plerr] to P[err] formed by inverting t he padk _
-of the output signals BL[err] to BL [err], 25 respectively, and signals

- .Dlerr] to D31 ‘and PO to Plerr] = 49. Correspondlng to the output signals
. BL[err] to BL37. These signals aree§9pplled to the circuit ECC in the
~subsequent stage, described |ater. It is to be noted that each of the

. inverters IVis a static CMOS inverter 5 constituted by a P-channel

- .- MOSFET and,an N-ch MOSEET ,such_a h in ELa. 15, 5 shows a
preferregnﬁﬁﬁﬂ(ﬁ:a gf@ﬁatsdﬁnf%g §r8e§8§8§g§ tﬁFES?P]&§ﬁ8§ﬁgln Fig. 1. The

X decoder rr] ,..s constl r y . ef coders. The

Fi gure sﬁGﬁgggﬁ[%bDrCU|tldF oné oquggggcgécgﬁLH gghﬁAPgnggtlng signal for

sel ecti ng 3 i0ad L dsd degmqs”a-taaae-ﬂﬁaeﬁr- MR&%&B&&&PC&”%

address 'signals are thr e
' c1rcu1t delivers the decoded slgnal a00 of hlgh 1eve1-
5  ("1™) and the decoded signals aOl,t°_a11 of low level 'j'-. | _dtj
("0"). |
A tﬁo—inputhAND'circuit is'ccnstitnted'by P~
channel MOSFETs Qo 043 and N—cheqnel'MOSFETs Q44.
Q45 - ' One input terminal of this NAND circuit is

- 10 sdpplied with the cutput signal of the CMOS NhND '

circuit phase-inverted by the inverter IV ’ ‘while the
‘other 1nput terminal is supplled wnth the decoded
sxgnal ag0° 'This NAND circuit forms selectlng signals
for four word lines. These selecting 81gnals are |
15 applied to the gates of fcuf word line driVing circuits
DV, to DV, reepectively; each.comprieing a P-channel
. MOSFET Q6 and N-channel MOSFET Q47 which are connected

to form an inverter.

yar/ging i s delivered fromthe inverter. 20 o The output signals .



stages. 15

‘ The internal address signals aferr] toa and to
[err] are decoded by a decoder circuit constituted by a plurality of NAND
circuits. The Figure shows the circuit of one of the plurality of . ),
circuits. A CMOS NAND circuit.is constituted by P-channel MOSFETs 10
'to [err]> -and N-channel MOSFETs (@B6 to 041. The NAND circuit is s | ed
with g% internal address signals [err] to [éerr] as shown. The internal
addr ssignals aferr] and a3, af[err] arg supplied to the decoder .circuit
constituted by four 25 t wo-i nput AND ci duti t s. In this decoder circuit,
t he 50. internal address signals are decoded to form decoded signals a00
to all.  For instance, when each of the internal address signals -and

is "1", the decoder_ciriﬁg1*é¥%ﬁﬁ§¥1%4%¥%§#u€¥3q%£ﬁ naIF%ESBE%Qigh_LeveI 5

("1") and the decoded signhd

NAND circuit
MOSFETs (44, _ [ ; ; | -
supplied wth thpurdf Oty &f G Ofrdudit LMOS TN eGioae iRbase- fgverted by

the inverter

gecoded

o}

10

15

20

25

err] &Je

C1A ?toﬁinput.ﬁ

| OB By achaelcRETSRIL  Qaeag I channe

e Input termnal of this NAND circuit"

V1, while the other input termnal is supplied with the

further supplied with the word line sélecting timing
signal éx. In the decoder ci:cuii, the internal address
signals ag, Ea'and ay, Ez'are decoded, and the decoded
signals formed bj the decoding are delivered as word line
selecting signals dwoo'to ¢w11 in synchronism with the
word line-selecting timing signal'éx.' For instance,

when both the internal address signals'Ea and EIfare made

high ("1"), the decoder circuit delivers the high-level

word line selecting timing signal éWOO in synchronism
with the word line selecting timing signal ﬁx.': At this
time, the word line selecting timing_signals éWOl"¢W1O
and éw11 are held low. .. | ' |

The four kinds of word line selecting timing
signals éwoo to éﬁll formed.in synchronism with the word
Iine'selécting timing signal éx are £rapsmitted to the
drains of the P-channel MOSFETs Q¢ ©Of the respective
driving circﬁits-bvo to DV,, respectively.

Thereby, when all the internal address signals a
to aé'are made low ("0)", in other words; when all the
internal address signals &, to &y are made high ("1%),
the MOSFET Q¢ in the driving circuit-DVd is turned ON,

and in synchronism with the selecting timing signal dx,

o



.signal aferr]. ThIS NAND circuit forms selecting signals for four mord
1 nes. hese selectlng signals are 15 applied to the gates of four mprd

P
I.\

~line d g circuits DV[err] to DV3, respectively, each conprising a

-~ R-chanhel; FET Q46 and N-channel MOSFET Q47 which are connected to form-

an inv er. 51. The internal address signals a[err], [err] and a[err],’
[err] are supplied to a decoder circuit constituted by a plurality of AMR -
circuits. The decoder circuit is Eﬂgther supplied with the word |ine{J/
.selecting timng 5 signal [err] ‘I'n the decoder circuit, the internal

~address signals a[err], a . and al, [err]. are decoded, and the decoded _
signals forned by the decoding are delivered as word line selecting signals

[err] tQnd HilghdlevelnGirdigeleitihg tamingd signalrsgl ect §gg tim ng signal
[err] For |ndshtance 10.  when bott?tthe |E?erggia 636533 signals [err]

- and [ err Jtramsnipceditgh thel 'Word hd me deariacmheumsd-elru Fs t heghi gh- 1 evel
~word line selecting timng signal [err] in synchronlsnlmﬁ h the word |ine
~ sel ecti na thesuid sitdrealpdtemtiial off thie s:ctndnﬂ,:l._n'ehwomn.dehl.he tbheecti ng
timng signals [err] [err] 15 and [err] are held low. The four kinds of -
word |i ndigh deaviedg whien g ssitihea menozny ]cetld Bedertivgndeved-synchroni sm

‘with the mnrd line selecting timng signal Jerr are transmtted to the
5 Each word line is conn cted with an N;channel _

MOSFET for holding the potential of the non-selected word o -
1ines at earth potential on the opposzte side to the
correspcnd;ng word line driving c1rcuit. - The gates of -
the MOSFETs are supplied with signals formed by phase-
10 .invertlng the word line selecting timing signals éWOO to

¢w11 supplied to the word 11ne drlving circuits

corresponding thereto, respectively. For exampie; the
word line'Wb connected to the driving circuit DV, is
connected.with.a'MOSFET Ql7o'having its gate supplied{
15 with a signal z;;; formed by phase—inverting'the timing
signal #.,,. Thus, the_potential.acfoss a word iine not 3
selected, e.g. the word line W,, is held at éarth_ |
potential by the MOS?ETS Qg and Q93+ - Accbrdingly, it
is possible to prevent‘selectién of any undesired word
20  line, such as multiselection of word lines, so that

possible malfunctions can be feduced. It 15 posslble to

readily form the timing slgnals‘aﬁoo to ¢w11 by, for
example, phase-inverting the t1m1ng signals ﬁWDO to ‘Wll
by means of the respective inverters.

25 - . The following advantages are offered by the



drains of the P-channel MOSFETs (46 of the respective 20 drrvrng crrcurts
DV[err] to DV3, respectively. Thereby when all ‘the internal address N
signals ao to a are nmade low (O", in other words, -when all the interﬁ%f?
addr ess_.si gnal s [err] to [err] are made hi gh ("I'"), the MOSFET Q46 in(tA®,
drivipgecircuit DV is turned ON, 25 and in synchronismwi th the select
tim-g ignal [err], 52. the high-level word sel ecting trnrng si gna
Terr]™ transmitted to the word Iine. [err] via the MOSFET Q46. As a -
result, the potential of the word line Wé3] rises to the: high | evel which.
i's the nenory cell-selecting level. 5 . Each word line is connected
W th an N-channel MOSFET for hol ding the potential of the non-selected word

]I ines at earth 4)ot ent | al t he Otggqosi][ Si gﬁg the c rreigondl ng word

15 ne driving ci nﬁu?ﬂﬁﬁ qﬂé;: o (o4 § BBPI-8d3%Pt h signal s
formed by phas vert S Ie [ ti 0.3l I

[err] to [err] sup %bt()é#yk%éﬁiﬁMqéhgﬁﬁa%ﬂ %g gbrggftggénggsgggd?ng
thereto, respe +54ad@) e the word |ine WO connected to the:
~driving circui tcéé[')%// eérllr]ﬂiis:&(r:onnect ed with a MOSFET QL70 having its gate
supplied 15 with a sigiwdt1derid id Porivle RRAPRevRNe’ birBdubkeohi BiENg
signal [err] Thus, the potential across a word |ine not selected,
e.g. the wBd |lame wilstéfuhablhnk mardion in the IC chip, so that the IC

C A " chip can be made more compact.' The decoder circuit can
be constituted_by, for example, a pldraiity of AND

circuits. If a multiplicity of internal address signals
are attempted to be-decoded by a single'ANb circuit, the

10 AND circuit is inevitably constituted by a multiplicity

of MOSFETs, which disadvantageously réquires a relatively
large area. 'COnsequently, it is difficult to make the
lateral arrangement pitch of the AND circuits coincide
with the word line arrangement pitch in the_membry _

15 arrays. o

Ih order to transmit fhe-selecting_signals
delivered from the AND.cireuits to the cbrresponding ﬁord.
lines, it_is necessary to enlarge the word line _

~ arrangement pitch;.for exemple.'- Inesudh a ease, the '

20 distance between the adjacént word lines enlarges,
causing wasteful blank portions to be produced in the IC
.chip, On the other hand, in the X deccder, the iniernal
eddréss signals arejdecoded by-combinations of a
plurality of small decoder circuits. Since a small

25 decoder circuit can.be constituted by fewer MOSFETs, the



potent|a| by the MOSFETs O[efr] and QL73.  Accordingly, it is p055|ble to |

pr event sel ection of any undeS|red wor d 20 i ne, such as nultlselectlon
of i nes, so that possible malfunctions can be reduced. . It is _

. possilyf & jto readily formthe timng signals [err] . to [err] by, for
-exanphkes” phase-inverting the tinmng signals [err] to [err] by means of the
respective inverters. 25 The follomﬁng advant ages are offerec‘@j,.
t he 53. arrangenent where .the internal address signals are decoded i'™a -
plurallty of stages as in the case &#«the X decoder illustrated. Flrstly,

it is possible to prevent production of -5 any wasteful blank portion in

“the | C chip, so that the 1'C chip can be nade nmore conpact. - The decoder

“circuit can be const. t,ut ed b& for lurality of AND,circuits.

If a nul GeFReS: rt)F ult: CARPe, FaR Y FQFg E?e‘&tf-@n’ﬂ?% L WER  decoded.
b bl db
D A e RSk, L 0L o

398 8! Shcord BIIGIIIN ik pblssibid thl cHlthckOwdBEBEL oD aET 2!, ar T angenent

piritch of cuits c nC| e wtht I ne arrangenment pitch in
_the nenngbrgionsaqhaxge &@ Qﬁ@g‘t()transn1t the selectlng S|gnals

5 Secondly, it is. possible to reduce “the load on .

one internal address signal line, so that the potential- \ﬁ‘

change'of-the internal address signal can be made fastef..
This is because since the decoder circqit requires fewer
MOSFETs for'reeeiving one internal address signal, the

16 'lqed.copnécted'toethe'wire for £rah§mitting-the-internal

address signal is reduced.

Fig. .7 shows a part of the circuit of the Y
decoder  Y-DCR; shown in Fig.gl. The Figure Showseone;'
decoder unit in the decoder circuit_whicﬁ'fbrmsnfhe

15 decoded signals Ydo to Y,; to be eupplied to the MOSFﬁTs
Sg to §;, constituting the column switch shown in Figs.

-~ 2A and 2B. The decoder circuit for forming the decoded
signals Yy to Yy, is constituted by-foﬁr-decoders.
Althbugh the-Figure?shows-only-the_deceder-fbr,fbrming’

20 the decoded signal Ybo, the étherathree decodersaare~

.constituted in substantially the-same manner as that one
illustrated. o | -

‘The decoder is constituted by MOSFETs Qgq toe054
and inverters V5, IV53. A two-input NAND Qate-is-

25 constituted-by ﬁhe'parallel-conhected P-channel MOSFETs

¢



dellvered fromthe AND circuits to the correspondlng mord Ilnes s
‘necessary to enlarge the word |ine arrangenent pitch, for exanple
such a case, the 20 distance between the adj acent word lines er\a
causi ng .wast eful bl ank portions to be produced in-the 1C chip. On the
ot her lgnd, in the X decoder, the internal addr ess. S|gnals are. decoded by
conbl;'ons of a plurality. of smal | decoder circuits. ~Since a snmall 25
decod®wfcircuit can be constituted by fewer MOSFETs, the ~ 54. decoder
circuit can be readily formed so as to matgg with the di.stance between the
adj acent word lines. Accordingly, it is poSsible to reduce wast ef ul bl ank
portions in the IC chip. 5 ' Secondly, it is possible to reduce the
l.oad on one internal address signal line, so that the potential change of
the internal addr§sand gngl ananthe weddebasbahect8@SN-EhaRikél MOSFEFE t he
decoder circuit qui res “fewer MOSFETs for receiving one internal -address
si-gnal , the 10 anoadldc gect eWhea the decededr sigm!]s'rf'f&&i bg fdrmed| ctlnal
address signal is reduce Fig. 7 shows a_part of _the cffcuit of the Y
decoder Y-DCR[eMHtQﬂM§hqaﬂﬁfP§g Signal¥hééElngea jodre orpplitedder thet in

"t he decoder circuit which forns the_ 15 ecoded signal s Y[erré to [err]
to be supplied tBNg3fesrETdhe P-channel MOSFETs Qg is.provided

5 series to the parallel-connected.MOSFETs 051 and 052,
while the N-channel MOSFET Qg, is provided in parallel to
the series-conhected MOSFgTs.st and Qss- The timing
signal éPc is applied to the gates of the respective

10 '~ The output signal from this logical gate circuif_

is passed through thé-inyerte:s-xvz and Ivé to form the
decoded signal Yyq. o
The decoded signals Y, and Yi to be eupplied'tb _
the MDSFETs'so to s, constituting-ﬁhe column switch shown
L 15 in Figs. 2A and 2B are also formed by two decoderse
similar to the decoder shdwn in Fig. 7. Each decoder
receives a one-bit internal addrees signal and the timing
signal épé and forms the-decoder'signals'Yo and Y;.
The timing signal'ﬁpc is held high during the
20 precharging period when the precharging signal'Z;E'is
';? held low in order to precharge the data lines.
' ._ COnsequengly; the decoded signals Yo ¥; and Y50
to Yll-are all'mede low. 'Accordingly; the P-channel
MOSFETs S, to S, constituting the colﬁmn.switch-are all

25 turned ON. - In consequence, during the precharging -



. [err] to [err] constituting the colunn smntch shown ‘i n Figs. 2A and 2B
The decoder circuit for forming the decoded signals [err] to =~ is
cons Rt ed by four decoders. Although the Figure' shows only the decoder
for “Ring 20 the decoded signal [err], the other three decoders are
cons ted in substantially the same manner as that one illustrated. The
- decod I's constituted by MOSFETs [err] to [err] and inverters |V2, {
~A'two-input NAND gate is 25 constltuted by the paraIIeI connect ed koo
P- channel MOSFETs 55. [err] eﬂst[ewr] ‘and the. series- connect ed
N- channel - MOSFETs [err] and [err] ~ When--the decoded signal YOO is forned,
- the internal address signals [err] ~and a - are applred to the NAND gate.
~ The P-channel MOSFETs [err]- is provided in 5 series -to the
par al | el pexiodct e MISRYTOr paraaitie (capaeitanges ofcitheodega 52 is
provrded in paraIIeI to the series-connected NCSFETS 053 and b4. The
timng sties @4 rthe SHERY i H"‘\}'atsn"éﬁfa asitance @?fb’@éﬁd\/éQVDSFETs 050

t: E?oggéowe sopman Aath Fines HER Pied ”r%q% W’ﬁé‘l TR V00 The
| 0 Y ET _
conet 1t TS Prfanks and dy SiRE e arkld %95% e 0 [e”]

5 precharging signal Z when it is low, and moreover,_the

above-mentiéned~capac1tances are precharged from the 3 . .QJ
sense.amplifier side via the MOSFETs constituting the
column switch. |

is

As shown in Figure 18, the timing_signal Boat

10 held low during the precharging period. As a result,

 the MOSFET Qg in the sense ‘amplifier SA.0 is turned ON, so
that the supply voltage is applied to ene electrode
of the respective N—channel MOSFETs Q3-and Q- The
poientialé of the data lines are applied to the gatee.of
15 the respective N-channel MOSFETs Q, and Q, via the P-
channel MOSFETs constituting the column switch which are
turned on by the éecoded sighals-yo, yl_and.yoo_and ¥i1°
As the potentials of the .common data lines are raised
through the préchaxging.of the data lines and the common
20 data lines effected.by-the-precharging_MOSFETs, the N-
| channel MOSFETs 03,and 04 are turned ON.  As e':esult.
rthe.stray and paresiticueapacitances of the data lines
are precharged via the MOSFET Qsh_the N-channel MOSFET Qq
(04) and the MOSFETs conetituting'ﬁhe column switch..

25 The capacitances coupled to the commonfdata lines and the



15 -in Figs. 2A and 2B are also formed by two decoders simlar to the

decoder shown in Fig. 7. Each decoder receives a one-bit internal address
signal .and the timng signal PC and forns the decoder signals [err] and Y1. -
The timing signal [err] is held high during the 20 precharging pe

when tlae precharging signal [err] is held lowin order to prechar

_ data@(fﬁts. Consequently the decoded signals YO, Y1l and to Y are al
| ow. “weCcordingly, the P-channel MOSFETs S O to SlI| constituting the
colum switch are all 25 turned ON | &a cOnsequence, during the .
prechar gi ng period, the stray or parasitic capacitance of the data |ines,

‘and the stray or parasitic capacitance coupled to the conmon-data |ines
are precharged by the precharging MOSFETs PI, P3, P5 and P7 which are turned
- ON by the 5 paeahajifieBJaseopiecherged wefhétptécﬂ%iﬁl%ﬂ&fé#%e“ the

above-nmenti oned capacitances are precharged fromthe sense anplifier side -
via the MOSFETSromnbothuéhdg dfethel dabasyineh. Asy st predidigingls, the .
timng signal [err], is 10 held low during the precharging period. As a
result, the MOSHETAgtai binee threeghnthe fpreckuyginmg INOSEETNMnd aHeat t he
supply voltage [err] is applied to.one el ectrode of the respective .
N-channel MOSPeense ampiiifier}. it imcppesible o rHisédcthontdata rndnear e
applied to thepgates oi : L -
- 5 tentials to a desired value in a short period of time,

.x“/ so that the speed of operatidn.of the ROM can be
-increased. - '

Fig. 9 is a schematic illustration of an example

of the ECC circuit shown in Fig. 1. o

A logical operatioh.circuit ELG receives the 38-

; s erm: B~ ' _— s - — =
bit signals DO Do__to D31 . 931 and_Po. Po to Pg,

. delivered from the memory arrays and formé-syndrames S

5

. «

_ _ - "0
to 8¢ for indicating error bits by exclusive ORs of
predetermined combinations.

A 15 _ In the 38-bit data written in ‘the memory arfays,

the six-bit parity check bits Py to Pg have their
respective values previously set in accordance with the
32-bit data signals and a pfoper check-matrix.

Table 1 below shows an example;of the check

matrix.



. signal

15 - the respective N-channel MOSFETs [err] and [err] via the P- channel
MOSFETs tonstituting the colum sw tch which are turned on by the decoded.
r] [err] and y00 and [err]. As the potentials of the commobn data.

ai sed through the precharging of the data |lines and the comon
20 dg ines. effected by the prechargi ng MOSFETs, the N channel MOSEETs
[err] nd [err] ~are turned ON. - As a result, the stray and parasit i §-
"capaci tances of the data lines ar&®recharged via the MOSFET [err] thedws
~ N-channel MOSFET [err] ([err]). and the MOSFETs constituti-ng the colum
switch. 25 . The cdfsltie ahces cdpred madnie conmon data |1ines and the

“lines

. 57. e precnar ged by UNegDEE [ O elenEnts Trom both ends.o'f- |
“the |[dats | Bhb. By thus precharqi nqn{')jhgﬁg%fg&qi %gégt.hrouqh t he precharging
- MOSHETs IRersgnisg papl pf il ar {pi i p $pp0gsilly 5.0 i 9gyt ey data line 5
- pot en¥yrdizo deQji r & EB&I d¢ Bn &)s8prt?| pdi @d'ﬁdfﬁ tl%riaq) el%hht the speed

tEe C-B.Ii mfitl ncijeased] Fijg. |9 1§ a gchenatic
ag lexa | € 0 e:C_C(_:i cuitt _dhow.inlFig.l 1. 10

A | ogi cal eragi ciycult. ELG|redsi Yos|tshd 39- bijt silgnalls [err] [err] .
to D . P _ : o i"]ﬁi k! 3’494—-@--\#9#-4&fmmfhe_ne,rmry arrays
- and ;forms.s;yndr prres| fefr]jtof[efrn] |f indigatijngg grrpr bitls by exclusive
of : ' . ' ' _
S¢ BERES eI EIE
Ss L | 1 1 IR N
CONTINUED
D14{P15|P16|°17 | P18|P19|P20|P21|P22{P23|P24|P25|P26|P27 .
1 14} 11 1) 1} 1} 1 '
1 | 1] 1 it1 | 1|1
1
1 -1 11 1] 1 1 1 11 ~
1 1] 2 RN
v} b b ol i
| ~ _CONTINUED
Parity bits . |
Dyg{P29|P30|P31|P0|F1{P2]|%3["4|Ps
131 ' 1
1
1 1 1
| 1
{
: 1 1 ‘1
1 {11141 1.




predet er mi ned conbi nations. 15 1n the 38-bit data witten in the
menory arrays, the six-bit parity check bItS [err] to [err] have their _
respective val ues preV|oust set in accordance with the 32-bit data si s
and a proper -check matrix. Table 1 be|OMIShOMB an exanple of the che%%???é-
N 58 Table 1 Check mafrix Bit™’

ion bits Syndrom D D D D D7 1D D D [err] : o

D. [err] [err] CONTI NUED Paritygbits [err] [err]" -59- In Table
1, a flag lis added to each of bits to be checked. . ,

In Table 1, a flag 1 is added to each of blts

to be checked
Table 2'below shows an example of data W to be
wrltten 1nto the memory arrays It is to_be noted that.
5 -~ in Table 2, data 51gnals:are denoted.by eymbols Bo'to

B,,, while parity signals are'designated by symbols

&¢; BP0 to Bp5.

w

11 “12 14

.1::> - o | o o .CONTINUﬁD
B1g B4 B1g| B1o 24 B2yl Bzz|324 324 25}327'
! ;- 1|1 1 1 |l io io i i . | 0 !0 '

13

CONTINUED

p.| BP,| BP
| ‘324 329‘330|B34 394 BPJ sz 8P4 4 4

T e e el ol fa ]




) TabIe 2 beIom1shom5 an exanple of data Wto be MW|tten |nto the: menory -
: >>, |t is to be noted that 5 . in Table 2, data signals are denot ed.
s [err] to B31, while parity signals are designated by synbols

7.6 [err]. Table 2 [err] CONTINUED  60. The val ue of - each parlty bit

-fS|gna Sto be witten.
‘t e conbi ned excl usive OR value of the 5

- The parity b|t to be. obtalned has a val ue such gt
bit ‘signals checked and the?

parity bit to be obtained will be "0". - In other words, each parity bltf?sa

'set so that the conbined exclu5|VE5Q9%vaJue of the bits respectively
checked according to Table 1 will be ™"0". For exanple, the parity bit

[err] in Table 2 is set 10 .as follows. Nanely, for setting the parity

The 5Tbl o a E e fof n i, 3F, S0 R RRRRRL 0 FCY T

(syndromndeiddy Und 34 & linai dded s usd er%? €i2e39-4ala dalas checked

rs "1."

ore,

e 15 parity etermned a

] 1"

Mor e,

~speci fi C@idﬁalé heo 15 iviithidn er-nle I;sazsmy i hﬁ H&Qwaqldéal vﬂsOR of the

a value such that the comblned excluslve OR value of the .

.10

15

20 -

bit signals dhecked and the parlty bit to be cbtained
will be “0". In other words. each parity bit is set so
that.the comblned_exclusive OR value of the bits _
respectively checked according tc-Tableﬂl_will‘bea“O",

For example, the parity'bit.BPo_in Table 2 is set

as follows. Namely; for'setting the parity bit BP,, the

data bits Bo to 84, B;4 to By; and 328 to B,g are checked
in the 32-bit data bxts B, to 331 in accordance with ﬁhe
first line (syndrome~so) of Table 1. The;exclus1ve OR
of these data bits checked is "1".  Therefore, Ehe
parity bit'BPo is determined as 'i“. More specifically,
the-parity bi£ BP0 is set so that the exclusive OR of the
data bits checked and the parity bit BPO will be- “O" -

* Then, in the-simear manner, data are checked on

the basis of the second to fifth lines (syndromes Sy
through 55) of Table 1, and €he-parity-bits BPy to BPg

are-detetmined so that the exclusive OR with respect-to

~ each parity bit will be- '0"'

25

In the case where each of the 32-b1t data bits is
set to be such a value as shown in Table 2, the parity

bits BPO to BP5 are. a11 *1" as shown in the Table.



data bits checked and the parity bit [err] mﬁLI.be "O'. Then, ‘in the
~simlar manner, data are checked on the basis of the second to fifth |ines
(syndrones[err] 20 through [err]) of Table 1, and the parity bitsg-fje Tr] to

- [err] are determned so that the exclusive OR w th respect to egef; ity

o bit will be "O'. In the case where each of the 32-bit data bits\-s-Set to
be such a value as shown in Table 2, the parity 25 bits [err] to [err]
ar g | -"1" as shown in the Table. . 61 As will be clear fromTable 1 and -
-t he evious description relating thereto, |ogical formlae for calculating.
the syndrones [err] to [err] are givenéby the following fornulae (3) to
(8): [err] (4) .62. It will be noted that in these |ogical -fornmulae, the

mark [err] denotes an. exclusive OR operation The |ogical operation
circuit ELG shown in Fig. 9 is constituted.:- | ogLca! ¢hik! pHévEcGHOt shown
. for 5 forning the myndidmke [dear 5O &]‘%X?a?i éflél ng tge above :
: : . e 1. for :
description relating thereto, logical formulae

. - given by the
calculating the syndrames 8o to Sy are g by

f011owing_formnlae'(3)_t9 (8):

so'_= 50@1'3'1@32@3;_@34@314@315@Bls
| ®zy, OO IO O ®st®_.
B OL S e
AL
S'1' = By ®35@Bs@57:@_33 @'514.@315@316
S, = By _ :
O . @5'17'®-322@323@?‘24@325@__30_
'.-@Bpl'.' S | - -
S; = BJ.@'BS@BB@B:.(:@BH.@Bu@B 18
- '®319®322‘@323@526®’327® 28
S o @330@331@)5’"2 o 1‘3 .
5, = B,® 36@59(9512_@313@ 15 i 18
-. @sz@sn@ 322®_Bz4-®?2s@ 27
- ®=; - Py
S4 < 336'376')'510@312@316® B?19_@ 20
| ' - - BP
® 233O B2s ®3,6 329.@331@ 4

- @& (3)

(4)

- » > » e

ve. (5)
(6)

(7

- S
Sg = 34@"33@311@31363176321@ 24
. By | _ -
@325@3527@_323_@ Bys B30 ® o
Ot | L

(8)



formulae (3) to (8) It wll be noted that it is p055|ble to select at
wi |l the order of conbining the exclusive ORs of a plurality of bits with"
. Accordingly, the exclusive ORs of e.g. the four bits [err] 10
be obtained in such a way that an output [err] [err] is forned
Py -means of a first exclusive OR circuit and an output [err] B3 is formgs
: f a second exclusive OR circuit -and then the forned two out pts§
are supplied to a.third exclusive ORggircuit. ~As will be 15 appar e
from conpari son between the formulae (3) to (8), the exclusive OR of the.
bits Bl14 to B17 appears in the fornulae (3) and (4) in.common. - The
" “exclusive OR.of the bits B18 and [err appears in the formulae (3) and (5) .
i n common. Accoltli wijL}, K bennotedr thatr inuthesecloghdtal Lormdlaei he | ogi ca
‘circuits constitutiag the logical operation circuit [err], the. exclusive:
'ORs commokheomank nﬁeaef—ﬁﬁyabeepﬁé\#éﬁm9Rf‘épmt means of nut ual

‘circuits, respectlvel The_def ect s, previous roduced in the nepory 25 .
MOSFETs, swit chi ngH #SaénBP§F§ﬁé$nV\H'Fﬁ%1{o£ showp i Figtcl and the

oracti cal ,def ect th t t b d bl h ‘
"n the o ;eﬁpﬁﬁsiaia#e%dbégaas%%h2S#fvi’ f et il 496 Teadout darato
be augpll Qngh%n§C§§ﬁh£8MéE 8o to Sg satisfying ‘the above |
| formulae (3) to (8). It will be noted that it is

possible to select at will the order of combining the

exclusive ORs of a plurality of bits with each other.

Accordingly, the excluSive ORs of e. g. the four bits Bo.
10 to B3 may be obtained in such a way that an output B0 (:)

B1 is formed by means of a first exclu31ve OR circuit and

an'output B2 (:) B3 is formed by means of a second
exclusive OR.circuit and then the fOrmed'two outputs_are'
.supplied to a third exclusive OR circuit. 'As will'be
15 apparent from comparison between the formulae (3) to (8).
| | the exclusive OR of the bits 314 to Bli.appears in the _;J
formulae (3)'ahd (4) in common. = The exclusive bR of the
bits B;5 and Bl§ appears in the formulae (3) and (5) in
i_commoh. Accordingly, inlorder'to reduce'the number'ofi
20 the logical cirCuitS'constituting the*locical operation
circuit ELG, the exclusive ORs common to the formulae may ' °
be previously formed by means of mutual circuits,
respectively. | _
- The defects prev1ously produced in the memory
25 MOSFETs, switching MOSFETs and signal wiring to be



5 . Assuntng now that.- menory cells in mhlch the Mﬁlte data VVas
shomn in Table 2 should have been witten are sel ected, and the readout -
data R at that tine is erroneous. as shown in Table 3 below, for exanple.
Further,. it will be assuned that the seventh bit B7 of the r eadout data-R

has c@ed from"0" to "1". Table 3 [ERR] [ERR]” [ERR[ 64. Wien tcgﬁj@ta‘”
rres

"R isi{ lied, the logical operation circuit 'ELGin the ECC circuit (C
out | O¥fcal operations on the syndrones [err] to [err] in accordance W th
the fornmulae (3) to (8). In the 5 opergéron process for cal cul ating the
syndrones [err] to S5, the seventh bit .[err]  is enployed in’'the |ogical

oper ati ons for cal cul ating the syndromes [err] -and [err] as will be clear

~from Tabl e 1. t !

(Lo £t 1 sPUSckaa bR PAE! priBL1LES AFYEELE Qubafd il {6 CLANGR.

The bits are nopperaedefubyahCindesirakes tRahbe Qee£ﬂiléikéﬁffesses for
c¢alculating the other syndrones [err]. .[err] 53 and S5 Ther ef or e,

gach of the syndperasitn cbndittons aﬂm[givé bﬁf@ﬁest  Othe Wedadle daaapout
data R 'such as shown in Table 3 - S _ :
to be supplied to the Ecc circult.

5 Assuming now that memory.. cells in which the wrlte
T-&_; : data W as shown in Table 2 should ‘have been wrltten are
selected. and ﬁhe-readout data R_at that time is
erronecus as shown in Table 3 heioﬁ, fdf example.
.Further, it will be assumed'ﬁhet the seventh bit.B7 of
. ‘the readout data R has changed from ”O"lto,"l".;
o B

. Table 3

ol B1l Baf B3| By Bs| Bg| Bv| Bg| Bg| Bio| B11| B12| B13| P14l 15
1f{1f{1|1{1fofo|2r}ojo| oy o0} 0| O} 1} 1}

(R)

16| B17/B18|B1g Bao| B21| B22| B23| Bag| Bas| Bagl B2 Bag Bao

- BP,| BP
Byq| B31] Pl BP1| BF2 BP3 P 4| BPs




15 is delivered, the bit pattern. of the syndrones [err] to [err] o
' d fronlthe Iogrcal operation circuit ELG becomes "010010". Thi s

- /grn coincides with the bit pattern of the syndrones [err] through
[err icating the seventh bit [err] in check matrix shown in Tabl e 1
bn th 0 check matrix, the pattein of the syndromes [err] to [err] i

.the row of the bit Dis "010010", which coincides with the bit patter3(:LLI
the syndronmes [err] - to [err] del i ver ed fromthe | ogical operatron circum™.
It will be noted that each of bl anl4ool ums in the check matrix is regarded.
as 25 "0". As will be apparent from Table 1, -a plurality. of check bits
-are set to each of the 38-bit signals. = The check bits set to .one si gnal -
~have a pattern correspondrng to only this._ si ~OmMng to the

- fact that the crfhen the data R a?r’raﬁ?gm}i%’ 1PH31=&B|e 1, the bit
patt t tuted b 0. S, del d f t he | I
et ot | PaRaRART %@%W&w&m}"f e SRniRe Bt STone ot “Phe
' t,-10 I Th d S
error ai‘i%’%ﬁ}ér rfqi%%u th]e Qﬁ:to%ret% I£SREC Y LY. e syndrones

to [err] ogrca opera | 68 Clr &8 T ELG are fed to the

decoder Jég%{ﬁéﬁ%é'd&éﬂ“tﬁ@EEdﬂHG%Qé“F%) (#3coder,DERedel i vers a decoded :

si gnal o |
' 5 operation process for calculating the syndromes S, to S,

the seventh bit Bﬁ!is empioyed in-the_logical ope:ations ' . N\
for calculating the syndromes.Si and S, as will be'clear' | |
- from Table 1. Due to the fact that the'seventh'Sit By

has changed from "0" to "“1%, each.of the sYndromes Sl'and

10 S, becomes. ."1". The bits are not erroneous which are

taken in the operation processes for calculafing the
other syndrohes éo, sz, 53 and'ss. - Therefore, each of
. the syndromes SO' 85, 85 and s5 beccmes ‘0" | |
¢« When. the readout data R such as shown in Table 3
15 is delivered, the bit pattern of the syndromes S5 to S, e
delivered from the logical operation circuit ELGWbecomes
 "010010". This bit pattern coincides with the bit
patterh of the syndromes 85 through Sg indlcating the
seventh bit D, in check matrix shown in Table 1. Ig the
20 chéck matrix;_the pattern of the syndromes S5 to §, in :
 the row of the bit D, is "010010", which coincides with
.the bit pattern of the syndromes ss_tofso delivered from
the_logical'operation'circuit. ‘It will be noted that
each of blank columns in the check matrix is regafdéd as

25 *o".




15 representative of the error digit by decoding the syndromes [err] to
Sb. The decoder DCR is-constituted by AND gates Go to G31 nade tq.
-correspond to the 32-bit data signals respectively. The AND gategy
- @31 have their respective inputs determined so as to detect bit 7 ;
~pattergs different from each other.. "Each AND gate delivers a "0" Teve

Ssign; vhen the data bit made to correspond thereto is not erroneous but.
del i a "1" level signal when the data bit is erroneous. For exanple
the AND gate lerr], as w1l be obvious fé®mthe 25 iIIustrated'connection
- and the check_natrlx shown in ~ 66. Table 1, delivers-a "1" level signal

" when the first digit (first bit) signal in the 32-bit data signals is
~erroneous but delivers a "0Q0" |evel signal when the signal is not erroneous.

i The .out puf8 ¥itlinbejappaEenbcfrop Tableel o 2 ppluratitnof
t AND, d. th t to B31 of th
readout data GRSES PAEE: 5 sxeegé- S8ih HF e dnfe Fiodaidors e |

L e R SO RS RS B

Fig. 1. For ¢ionehalCenis’ siBfagcventh data signal has an error- as. shomn in
‘Table 3, the out%htggf %he %%Dagate [err] becomes "1" correspondlngly SO

“that - the geventh Slgn@bing to the fact that the check matrix is

'? &,ﬁ . arranged as shown in Table 1, the bit patterns

- | constitutednby_the syndromes.Ss,to Sb delivered from the |
logical operation oircuit_ELG:shown-in Fig. 9 correspond
to the positions_of the error data bits in the readout ’

data R respectively.

_The syndromes 8 to S delivered from the logical

operation circuit ELG are fed to the decoder DCR. directly

and Via inverters.
- The decoder DCR delivers a decoded signal
15 representative of the error dlglt by decoding the
syndromes §y to S5 ; The decoder DCR is constituted by
AND gates Go to G31 made to correspond to the 32-b1t data
sighaie respectively. The AND gates G, to 631 have
their respective inputs detezmihed_so.as to detect bit
20  patterns different from each other. Each.AND.gate-
“ delivers a *o" level_sigoal when the_data'bit made to -
.oofrespond thereto is not erroneous but delivers a "1"
% - level signal when the data bit is ertoneous. For
example, the AND gate Go,.as will be obvious from the = .

25 illustrated connection and the check matrix shown in

i U
e eshibdhe. bt maataaadaen 14 ¢



_erkoneouély read out as "1' I's inverted fron1"1" to "0" 15 by the

~exclusive circuit EOR7. The value of the data signal [err] is revised to
the coprect value., It will be noted that the ECC circuit is able to correct.
the er for one bit but unable to correct the error over two or nore
*hits. \'\7 Np order to obtain an ECC.20 circuit capable of correcting thg.

- -error Qver two bits, it is necessary to provide a conplicated construci
- "so-that the nunber of elenents required is increased. Mreover, in suctree
case, it is necessary to greatly ggcrease the nunber of parity bits
" (redundant bits). 25 - Fig. 8 shows a practical exanple of the
-excl usi ve 67. OR circuit-provided in the | agical operation circuit ELG
and enpl oyed -for the error correction. The exclusive OR circuit conprises
'P- chanreblpOfFEdelficerp a '2*Qleveldshignainwbén MbeEFsrserdigiv [err] 5

- The MOSFETs [err] [err] and the MOSFETs [err] [err] are connected in
seri.es{first blig)sasdgnadndar thehd2hbbEdatpesrynapd dsd t he MOSFETs [err]

[err] are connected in_series. wnihe junction between the MOSFETs Q and
[err] sxgormeupukuti Salpwensca {Ae derekrsigpalyhencthe aignad nutual ly
.connect,ed to form an out put -OUT. | nput signals a and-b are applied to the:

gates &f PRE PEIPBEPPGe MOSFETS [err] and [err] whilst input signal's [err] :
a“§ [err] are The_outputs'of_the-decodér DCR, i.e. the outputs '

of the respective AND gates G, to G3; - and the data bits o/

By to By, of the readout data R are fed to exclusive OR
circuits_EORo.to'E0R31 respectively.' The exclusive OR

circuits EORO__to.EOR31 form corrected output data Dy to

.10 Dy, to be supplied to the multiplexor MPX shown in Fig.

. 1. For instance, if the seventh data signal has an
error-as_shown in fable_3, the output of the AND gate 66 -
becomes "1* correspondingly, so ihat the seveﬁ;h signal
erroneoﬁsly read out as "1" is ihver#ed'frcm.“l'.to “o"

15 by the exclusive circuit EOR,. - The vaiue of the data
signal Dg is revised to the correct value.

It will be noted that the ECC circuit is able to
correct the error for one bit but unable to correﬁt the
error over two or more-bité. "In order to obtain an ECC

20 circuit capable of correcting the'etrof over two bits, it -
- is necessary to prbvide a compliéated cbnsttuctidn, so

.that the number of elements required is increased.
_Moreoﬁer, in such a case, it is necessafy to'gteatly
increase the number of parity bits (redundant bits).

- 25 _ Fig. 8 shows a practical example of the exclusive



applied to the gates of the respective MOSFETs [err] and [err]. 15
. Moreover, input signals [err], [err] are applied to the gates of the
- respectlve MOSFETs [err] “and [err], whilst input signals b and a are -
-applied to the gates-of the respectlve MOSFETs .Q and [err].. '

input signals a and b are high 20~ "(1."), the MOSFETs [err] a ] -are
t'ur ny N, causing the output OUT to below ("O'). . On the con when
bot h'S input signals [err] and [err] are high, the MOSFETs [err] and

[err] are turned ON, simlarly causing the output QUT to be |low 25 :

~ \Wen the |nput signal a (or [err]) is 18{v and the - 68. I nput signal [err]
(or b) is low, the MOSFETs @3 (or ‘[err] and the MOSFET [err] {(or [err]
gare turned ON, causing the output OUT to be high. Thus, when the |evels

of -the '”p“teg ?ﬁ?&uﬁ;‘aﬁpﬂ gga mﬁ%géﬁ’]"'ei&fﬁi‘ {vidr TP me QT is

made | ow Se” Si gna cOI nci de W th each

ot her, the ogﬁgu&ng_g’%,é& g@fletﬁéggrrgp &bpé/@t%crl bed excl usive OR

Ti rCUIt has t he advan age of an extrene vy . smal | power, consurrptlon si nce
10 the circuit hasrnel éxelﬁbive|meiﬁcuﬁﬂcbdiﬁpﬁ£s @HdHnell OWs bet ween

the supply voltage V  and earth.
MOSFETs Qpl to Qp4 and N-channel MOSFETs in to Q
£} . 5 The MOSFETs Qp + Qpo and the MOSFI;TS nl’ an are:
~ connected in series. In the same manner, the MOSFETs
p3' Qp4 and the MOSFETs Q 3’ Q n4. 2re connected in
. geries. The junction between the MOSFETs sz and Q1
and the junction between the MOSFETs Qp4 and erB are
0-10 mutually connected to form an output OUT. Input signals
a and b are applied to the gates of the respective
MOSFETs Q , and Q. ,, whilst .mput s:l.gnals T and T are

applied to the gates of the respectlve MOSFETs Q3 and

_ .
Qna: _ : -
W 15 Moreover, input signals a, b are applied to the
| l'gates of the respective MOSFETs Qpl and Q b4 whilst inpu.t..
signals b and a are applied to the gates of the
respective MOSFETs Qp and Qp |
When both the input signals a and b are high
20 ("1"), the MOSFETs Q,; and Qo are turned ON, causing the
- output OUT to below ("0"). On the contrary, when both : .
the input signals '@ and B are high, the MOSFETs Q , and
Q4 2re t-t_zrned _dN . simila‘rly causing the output OUT to be

low.

25 When the input signal a (or @) is low and the



-I'n the | ogical operatlon CIrCUIt ELG in the ECC circuit, logical -operations
"such as shown by the above |ogical fornulae (3) to (8) are carried out in
.order to 15 formthe syndrones [err] to S5 as described above. More
.SpECIfI,a||y, a nultiplicity of exclusive OR operations are perforned in

' /ol operation circuit. By enploying the ‘exclusive OR circuit shown
i Fig.\ 8 as a logical circuit constituting the |ogical 20 operat|0j' '
circuit "ELG it becones possible to constitute the CIrCUIt with a L
relatively small nupber of elenents, and noreover, it is possible to reduce
"t he power consunption. Binary yﬁﬁﬁﬂs are witten into the nenory 25

- MOSFETs -constituting the menmory arrays MARY[err] and MARY4, .. 69. these
“bi nary S|gnals being fornmed by inverting the binary signals to be stored

t her el-:i(%%'ll P%%ﬁgagﬁe%gg %“pur@g ﬁsﬁwt S (o(}q'tdpé d to constitute

t he as to reduce the power @®@nsunp inthe ECC5
circuidg thé\/tﬁ@sﬁﬁ’le%f | cadd Yo 1P axtedltGarded o2 Bakeing Rh@ary signal "1" in .-
t he nmenory MOSFET |er In t nmenory array M'ARY3, tHhe binary signal "O - .

f or meghiput NOPr 51 bd Netdh Nar yriiiinathenl 'thes 1eviellisedf Ahe t he MOSFET M.
Thus, no matter which nmenory MOSFETs in the nenory arrays MARY[err] to .
MARY':&:;&HB sixwal esl ard Pradoidwidegritdy edach ot.her, the output - - ' .
5 OUT is made low. : On the other hand, when these slgnals
do not coincide with each other, the output OUT is made
high. . .
The above described exclﬁsive.OR'circuit has the
advantage of an extremely small power consumption, since

10 the circuit has only eight elements, ard no D.C. current

flows between the supply voltage Vcc and earth._
In'the logical operation circuit ELG in the ECC
- circuit,'logical'qperations'such'és-shown by the abeve.
logical fbrmulee (3) to (8) are carried out in order to
.15 form the syndromes=so to ss'as described:above. ; More _ o &;,
specifically, a multiplicity of exclusive OR operations
afe performed in the logical operation circuit. .
By employing the exclusive OR circuit shown in
Fig. 8 aé-a—ldgical circuit'constituting'the_logieal'
- 20 operaticn'ciréuit'ELG, it becomes poesible'to constitute
| the circuit with a relatively small number of elements, ' ' .
and moreover, it is possible-to-redﬁce the power -
consﬁmption. |
Binary.signals are written into the-memory

25 MOSFETs constituting the memory arrays M—ARY3-and-M-ARY4,



whi ch correspond to those of the binary signafs stored in the menory
MOSFETs are al ways delivered fromthe corresponding latching circuitsx
More specifically, the signals delivered fromthe respective |atchi
rcrrcurts 15 are positive-phase outputs Derr] at all tines, whil
i NvVerted by inverters are negative-phase outputs [err] at
_ ,  Accordingly, by sinply providing the inverters, it becomnes
possi‘M€ to supply the signals fromthe respective Iatchrng circuits to the
- exclusive OR 20 circuits in the l.ogical operation circuit- ELG so that
tHe | ogical operation circuit can be f®her sinplified. Fig. 10 shows a
practrcal circuit of each of the nultiplexor MPX and the out put buffer  DOB.
he output data Do to D fromthe ECC circuit 25 are transmtted to the '

buf f hi i b h I I
gﬂéﬁu;s gescrré?g&qééig n&ﬁé@%lé¥ﬁgﬁﬂﬂ FPEF%QOPY VFE %ﬂgﬁgguééﬁaﬁéogz
5y SRS S iditdatte Fcdie G SnEiei, ! S00LRR SRAPLOSHCL Ol T 5 one

set . Accor the 32 tristate cirduits are divide |ntEP?our sets.

For the sakengfbed 3 lef et sl R quirelas Ebhﬁk‘.itui:@rtﬁécﬁéé'é‘ﬂr&glﬁs' gnal

[err] in the output data [err] through D31 is shown in detall
The other 3las well as to reduce the power consumption in the ECC

-1% K,f 5 circuit. More-specificallyr to store, for exanple, a
s binary signal "1" in the memory MOSFET M, in the memory
array MFARY3, the binary signal "0" formed by inverting
the binary signal "1" is written into the MOSFET Mb
Thus, no matter which memory MOSFETs in the memory arrays

‘::Pu M—ARYI to M—ARY4 are selected, signals having levels -
which correspond to those of ‘the binary'signals stored in
the memory MOSFETs are always delivered from the
corresponding latching circuits. : More specifically, the
signals delivered from the respective latching circuits

\os 15 are pos1t1ve-phase outputs D ' at all times, whilst the
signals inverted by inverters are negative-phase outputs .
3;?-at all times. Accordingly, by simply providing the
inverters; it oecomes possible to supply the signals from
the respective.latching circuits to the exclusive OR

20 circuits in the logical.operation circuit ELG, so that

\ the logical operation-circuit can be further simplified.

{% _ Fig. 10 shows a practical circuit of each of the

; muitiplexor_MPx and the output buffer DOB.

e The output data Db to'Dai from the ECC circuit

25 are transmitted to the output buffer DOB, eight bits by

.....



10  tristate circuits have substantially.theeSénefCOnsfruction as the one.: -

.illustrated. The data signal [err] is passed through an inverter IV4 and
~transpitted to.the gate of each of a P-channel MOSFET 055 and -an N—channel
rferr] - The drains of 15 the respectlve MOSFETs [err] and [err]

_ tted to an output node [err] via a P-channel MOSFET [err] and an
N chg hél  MOSFET QB7, respectivelyo.Timng signals [err] to [err] arf 3}
~ fornmed”by an address buffer and the Y decoder Y-DCR[err] as shown in Fhe#.
- 20 16. The address-buffer is constituted- by two buffers AD and AD2.

. Since the buffers have the sane constriction, the circuit of only.the _

~ buf fer ABightr biits,s fhywwthen mivitdipl exor-MPX 88ch. #gcdestrdbedDl conprises a

-static circuit consisting of MOSFETs 136 .. . - The Y-decoder Y- 25
~ DCR| er r hexsdnunder £ our decoders YU err]. to YUerr] all having the = 71.
~sanme construction.  Therefore, only the degoder YUl i:'s shown-in Fig. 16.

- The decoder YU TEmIHSIPIRISHITH 09 somptituled Rys34 Eristpte

_ gonf idgur‘g:t i on .requi, rl)_%ggtr}_oigstpaetm al, sel, 3& ltvqntglhrér;o% &ESgng unI i ke t]he X
ecoder BRR err
~ablgto formetth.e t| %Ie%‘e% r3]2 tt(}l[sg_r % @irgggk?yggg onI y the

“inte naI ress S|gn rom t he addr €SS
diVided into four sets..

~For the sake of clarity only the tristate circuit . -’QJ_-
for receiving ‘the signal Do in the output data D, through | |

D31
10  tristate circuits have substantially the same

is shown ir detail in Fig. 10. The other 31

construction as the one illustrated.

The data signal D0 is passed through an 1nverter.-'.
IV# and transmitted'to the gate of each of a-P-channel
MOSFET o and"an.mbchannel MOSF@T QSB'i The drains of
15 fﬁelrespectiue MOSFETs Qg and Qsé.are connectedurc an
output node Oio'Via a P-channel MOSFET Qsé.and an N~
channel MOSFET 057._respective1y. ' |
N Timing_signals.édo to ¢,, are formed by an
addreés buffer and the Y decoder Y-DCR,, es shown in-fig;
20 16. The address buffer is constirutedlbg two buffers AD,
and AD,. . Since the buffers have the same conséructioni'
the circuit of cnly the buffer ADl is shown in detail in.u.
Fig. 16, The buf€er ADl ccmprises a static circuit ,1
consisting of MOSFETs 0136_t°'°163‘ | Ehe-Y%decoder_Xh

25 DCR, comprises . four decoderszU1 to YU4 all having fhe7

B 4



The Y decoder Y-DCRerr] receives the internal 10 address S|gnals [err]
[err] and [err] [err] and forms.four kinds of selecting signals by
decodi ng these signals. For instance, when both the internal addr
signals al5 and {err] are low ("O"), the timng signal [err] i
."The t'fjrm)signal [err] is supplied to the 15 gate of the N—cha

MOSF ferr ] in Fig 10. Moreover, the,timng signal [err] is |nverted
by a verter |1V5 and: supplled to the gate of the P-channel - MOSFET B6. -
~ Accordingly, when the tlnlng signal [err] is high, both the MOSFETs [err]
and [err] are turned ON Therefore, 20 the-data signal [err] is
transmitted t csdnee aprstrtactiionhar Dmﬁerefwhen-bheytthéngeebgenlrﬁgrii i's
~low, both the MOSFETs [err] and are turned -OFF, so that the output
node [err] heshawriigh Rigoed$nce Theddpendent ¥J, oﬁcmpsiSQSaMesgﬂﬂs Qp6 425
Eight tristate circuits, simlar to the above 72. tristate circurts, for
recei vi ng t he ¥ dhigehiandides §|&ﬁﬁpyiboCPBféguﬁﬁéleﬁnﬁFﬁEHr%Ggf@?n1one set

and controlled b %£¥3t|n1n | iThe Otheiég re al so-
di vi ded so t hdfiP g&ng5s gpat $Hnal s

Lol 1o 50 B i 8 otk el tﬁgszorégggﬁ%gr%gﬂéﬁ ‘s
| able to form the timing signals ¢°° to ¢11 by employing
j-iu; only the internal addréss éignals supplied from the

address buffer. ' | .
The Y decoder Y’-DCR2 receives the.internal
10 address s;gnals a5, a15 and a6 a16 and forms four
;'klnds of selecting 31gnals by decoding these signals.
!::> - - For instance, when both the internal address
s;gnals a,5 and al6 are low ("0"), the timing signal. ¢°°-
is made high. The timlng signa1.¢00=is supplied to the

15 gate of the N-channel MOSFET Qs7lin-rig.flo.- . Moreover,

the timing signai.ébo is invérted by'an inverter=IV5 and

supplied to the gate of the P-channel MOSFET Qg -
Accordingly, when fhe-timing-signal éoo is high,

both the MOSFETs Q.. and 057.are.turned ON. Therefore,

20 - the data signal D, is transmitted to the output buffer

" DOB. When the timing signal ‘00 is low, both the

' MOSFETs Qg and 057-are_tu£ned OFF,-so-that.the output -
node 0,, has a high impedance independently of the data
signal D,. '

25 - _Eight tristate circuits, similar to the above



tristate circuits. These tristate circuits are controlled by the other
-~ timng signals [err] to [err]. “In 10 addi ti on, output nodes of the
four (i%?tate circuits are nade conmon to data eight bits apart from each

otherY\Syuch as the bits [err] [err] - D16, D24 which correspond to each
ot her \CAccordingly, the total nunber of output lines fromthe nultiple
.MPX 1s eight.. 15 . The outppi buffer. DOB'is constituted by eight J§-
< output circuits provi-ded so as to correspond to the output lines. On
~one of the output circuits is shown in Fig. 10." The output buffer DOB. .
conprises two two-input 20 . NAND gates constituted by MOSFETs =~ ~ to

~ [err]  tristatencvirceiss]cfod recéiving athle ceimhstrimitt dagts put circuit

~.constituted by N-channel MOSFETs 67 Q8. The output signal of the inverter

- 1V6 forsigualegiBg thdDplapetcombined to ofermconmisetplandr MPX through the
output lines-25 _ is applied, to one input of the NAND gate constituted by

73. t hecomrbredked Jpy|the piming siqpal r&@t herThRERQMAakA put signal of

._ the i t | V7 f | V] th t put, signal, f the inverter V6 is
appl | cQSLEABHE FFPALEF THEAPAPYTRAEFATNE (AP APTREARIFETs [err] to
6 - Ln.5 ..additi SLlmy | gnal i | jed to the other i t .

of BacneBr? ReBEty, AR iA MU RN, S hls) DITNS Byg 0 dutf O1Ter TP
Thgn;‘the eight-bit data signals - - '

D24_to-D31f: ' L
'constituting one set are'sﬁpplied-fo thé'éorrésponding' _ N\
tristaté ciréuits;. These tristate circuits are ' |
controlled by the other-timing,signalsfdol-to.éiig'. In
10 addition, output.nodes of the Four tristate circuits are -

made:commdn_tO'data eight bits apart.framséach other,

- such As-tﬁe*bits-no,.Ds; D6 D24'which{correspond to
 each other.' Accordingly, the total numbef.of output
1ine§-from=the multiplexor MPX is eight. |

15 o The output buffer DOB is constituted by:eigﬁf _

o output circuits prbvided s0 as to correspond to the
output 1ine§; 'Only one of the_output:circuits'is shown
in FPig. 10.. o |

' The output buffer.DdB coﬁprisés-two tﬁb—inpﬁt.'

| 20 NAND gates.cohstituted“by-MOSfEIs~QS§'to Qe * four
inverters;xvg_tollvg-and a-pushepull.outputlcircuit
constituted_by.u-éhannel MOSFETS dé7"°68' ”The-outﬁut'
'signél of the~in?érter;lvg'forzreéeiving the output R
aignals ffoﬁ_tﬁe multipiexor'MPx through the output lines

25 is applied to one input_of the NAND gate constituted by



signals fromthe two NAND gates are transmtted to the gates of the out put
MOSFETs [err] and Q68 through the inverters 1V8 and [err], respectively. 10
The tinming signal [err] is fornmed on the basis of. reference sign TE\{err] '
and [err] S described later with reference to Fig.” 11, and th e%Zg . -
sel'ecgieng signal CE. The timing signal [err] is held | ow duri period "
N b chip is in the non-selected state and the period when 15 - the

~outp™Signals fromthe ECC circuit areBndefinite owing to the fact. that - °
new data signals are delivered fromthe latching circuits to the ECC
~circuit. -Wien the timing signal [err] is. nade |l'ow,: both the output

MOSFETs [err] . gre . turned OFF_in endent | y--of.- the- out put .20 - .
data from t heRCHHRERR H59 UenFFy%%@hég e%ﬁ&ﬂfo ﬁﬁu?“ BRFi nal Dn
(n=0 to 7) be mﬁq:ﬂepi'n S Gy Tr%%rre%belig.h QggsbBLg.;’o connect

0 an 0 ata bus TVj

t he' sém conduct®dr nenory y system comon S as well as
prevent indefdsy ﬂ%f&mmﬂéﬂe@ewerf@d Yied t EhBue of |
1I'i||ustrate§ﬂ#etai ed bl ock diagrans éfl apﬁélggdrgsgn?ran Ptign

detector and ﬁﬁgagguﬂngﬂtéﬂdaﬁytﬁyag@aa tn@igbsgggssbgmntanFgg; 1InThe
Jnternal address signals [err] to aferr] forned in the ddres§ buffer ADB
are fed 19 dddditiomuid timing signal Clier appildefecebi theyother¥he del ay
circuits [err] to DLC14 form-delay signals [err]' to a4' delayed with - _
respect to ‘input of each of thes¢ two NAND gates.-‘ The output o
: | signals from the two NAND gates afe transmitted to the
gates of the output MOSFETs QG% and'QGé'thréudh the
inverters'IVé and ivg, reséectively. o
_ 10  The timing'signal ¢HZ is formed on the basis of
.‘::> reference-gigﬁals ﬁpcs.and'éxs deééribéd*later witﬁ ; 
reference'tOjFig.'ll;'and-the-dhip'seleétingfsignal.fﬁi. 
Thé timing signal éaz_is.held.low.duripg the"peribd when
the chip is in the ﬁpn—selectéd'state and?fhé-pefiod_whéﬁ.
15 the output signals from thé ﬁcC circuit are indefinite
.g_/ ) owing to tﬁe fact that new data signals afe:aeliVéred
f;om-the latching circuits to the ECC circuit. When the _
timing signal ﬁHZ is made low, both the output MOSFETs
Qg7 énd'st are turned OFF independently of the output _i
20 data from the ECC circuit. 'Conseéuently, the external
'6utput terminal D, (n=0 to 7) becomes high in-impedance;
- .Thereby;_it is possible to connect thé“séﬁiconductbr”
| memory to any system of common data bus tYpé_aS'§e11 as’
prevent indefinité data from being delivered.

25 ' 'Pig; 11 ‘illustrates detailed block diagrams of



‘the internal address srgnals [err] to [err] ' The ‘i nternal addr ess

' fsrgnals [err] to [err] and the del ay srgnals a0' to [err] are fed to

" excl

e OR circuits [err] through EX14 10 respectlvely Each of the.
~outp ®f the exclusive OR circuits [err] through EX14 is supplied to an:
"OR gate |gircuit OR This OR gate circuit OR forns a trigger- pul se [err i AS

~the i nal’ "‘address signal [err] ghanges as 15 shown.in Fig. 13, th 3

- level s of the. respective input S|gnals [err] and [err]' supplied to th i
~exclusive ORcircuit [err] do not- coincide with each other during the del ay
. of the delay circuit [err]. As a result, the exclusive OR circuit [err]
~forms gneubaaressi eganspulien dedebidd anGOtHGSGOﬂdt'GD sDgnae delay.  This
"pulse is delivered as the trigger pulse [err] via the OR gate circuit OR .
_-Accordgsgbyatbhewaddhessetshowntinnrﬂgtettor ATD forns the trigger -pul se
[err] when either one of the internal apd address signals [err] to [err]
‘changes. 25 The internalaaddrcesshaiges DR, cboprj gefoxmed atnic circuit

75. in order to pernmit the address transition detector ATD to formthe
tr|ggeﬁhﬁuﬂéérﬁﬁﬁrPUffGEVQHBlFrFhgeéxF%rﬂ%}aédﬁ¥%%%1%®dbg¢@ﬁ%?s Lerr] to

- Al4 change asynchronqus ‘whi
- %14, espectgve ¥ Tﬁe delay circuits DLC0 to DLC14

- form delay signals~ao' to a14' delayed with respect to
the internal address signals ag to a;,. -'The'internal.
‘address signals ag to a14 and the delay signals ao' to

14' are fed to exclusive OR circuits EXq through Ex14,
.-lb. respectively. @ Each of the outputs of the exclusive OR

circuits Exo through_Ex14_is supplied to an OR gate

circuit OR. This OR-gate'circuit OR forms a trigger

pulse éapd | _ ﬂ

As the internal address signal a0 changes as

15 shown in Fig. 13, the levels of the respective input
signals ao'and ao " supplied. to the exclusive OR circuit | CL

EX, do not coincide with each other during the delay of

the delay circuit DLCO. - As a-result, the exclusive QR -
ecircuit EX, ~forms a pulse having a pulse width

20 corresponding-tO'the delay. This pulse is delivered as.
the trigger pulse ‘a 4 Via the OR gate circuit OR. |
Accordingly, the address transition detector ATD forms
the trigger'pulse.éépd”wheu,either one of the internal
address signals a, to a,, changes.

25 | The address buffer ADB comprises s-static_oircuit



constituted by a CMOS circuit conposed of P-channel:5 MOSFETs and
N-channel MOSFETs.. Fig. 12 shows an exanple of the static address b
constituted by a.CMOS circuit. Although the Figure shows only the/ dgr
buf f er_whi ch received the external address signal-[err] and forns\th
,address signals a and [err] conplenEntary to each 10. other, identical _
bufféers are provided with respegé to the other address srgnals The
- Fbuf fer with respect to the external address signal [err] is B
constttuted by P-channel MOSFETs [efr] to and N-channel MOSFETSs °

to [err], and two- 15  input.NOR gate circuit and si'x inverters. The
two-i nput NORnU@k@efi £6Upérmit StRe| addr&é s heddivs Pidci. e teiibre 3rms it@nal

[err] and the chip selecting signal [err]. The internal address signal
Ferr] del i vefesmf then thtggarepulasecdgg&léﬁmdibythéeﬁaﬂmmdddﬁa‘iET QLo4
.and the N- 20 channel MOSFET nd the internal address signal [err]
delivered frekgnadsi Ayetoeh, gorkanget asynghxorouslharwlelchV3SFET [err]

-and t he N-channel MOSFET [err - are transmtted_ to the X decoders"
X-DCR[ err] a@ﬂsmteﬁleé}ﬁeét yeirewit romporad ipfh P-ehadned er nal-

addr ess ‘si gnal err] del | d 2 nrth vert.er constrtuted y the
.P—channe% MOSRES 3 fl%ﬂ%%ﬁ

~ %4 (ghows jan ®ted to

the_address gra 'tlgatfete d?&séﬂghffer constituted by a CMOS'

&.f' | circuit._ Although the Figure shows only the address
buffer which reeeived“the external-address signal Ab and
forms the address signa;s a, and ao complementary to each

10° other, identical address buffers are provided with -

respect to the other address signals.

The address buffer with respect to the external
address signal A is constltuted by P-channel MOSFETs
Q00 t© Q;g7 and N-channel MOSFETs: Qj0g tO Q5. 2nd two~ -
lIlS input.NbR,gate circuit and six inverters... The two-input -

NOR gate-circuit is supplied?with the external address

signal.A.-0 and the chip selecting signal TE.  The

internal address signal a, delivered from the inverter

constituted by the P-channel MdSFET:QiO4-ahd'the N-

'r20 channel MOSFET.Qllzﬂandithe-ineernal-addressesignalfig

| delivered‘fram.the-inverter_constituted by the P-channel

..MOSFET Q47 and the NedhanneleOSFET Q115 are transmitted
to the X decoders X-DCRl-aﬁﬁ-X-Dcxz,-respectively. On .
the other hand, theninternal_address.signal;ao delivered

- 25 from the inverter constituted by the: P-channel MOSFET



"Sinilarly to the address buffer, the exclusive OR circuits in the address
‘transittoqQ circuit are 5 constituted by static circuits respectively.
' e, such an exclusive OR circuit as shown in Fig. 8 is enployed as

'_gate-ci

uit OR conprises MOSFETs [f£4r] - to[err] The OR gate OR -
conprises-two NOR gate circuits and one HAND gate circuit. =~ one NOR gl
“circuit is constituted by ‘the P-channel MOSFETs [err] - to [err] and
t he N-channel MOSFETs" to QL21, the other NOR gate 15 : ‘circuit :

conpri seg é.?‘eaﬂacmémicmm@m 08 i ceofdifsnit-ten el - tHSFETS [err]
Terr] [e} ‘and the. NAND gate circuit hpri ses the P-channel MOSFETs Q122

Q125 andaddress ctramet t MaSFdeRsed¥®8 ATH24 Each of the output :signal's of the

respective 20 exclusive OR circuits EX[err] to EX14 is supplied to the
"NOR gate circuit$imblarinctethritaddrgss dufien + Hhe exalo@iye ORircuits
are supplied to the NAND‘gate'circuit fromwhich the trigger pulse [err]

i s t akenchEeuitmelnothe pddress trpnrition digsudoAren Fig. 11 25

conpri ses two,pulse width sftretching circuits eact . 7/._constituted by a
stat?Pc cF?EﬁF%,uﬁﬁg'%ﬁ ??ﬂ%i?ﬁﬁl¥ﬁﬁég§ﬂ respectlvgiy. égr_

. example, such an exélusive OR circuit as shown in Fig. 8

is employed as each of the exclusive OR circuits. : _ ' \J _

The OR gate-circuit OR is constituted by such a
CMOS-circuit;as'shown-in-Fig; 14. More . specifically,
10 the OR gaté circuit OR comprises MOSFETs Qi16 to Q;,9-

The OR gate OR éampriseS-two NOR gate circuits -

and one NAND gate circuit. Oné_HOR'gate.cirbuit is
constituted by the P-channel MpSFETszIIG to Qllg.and the:
Nfchannel MOSFETSuollg_to'QIzl,“theIOthe: NOR-gate

15 .cifduit-compfises the P-channel MOSFETS Q;,5, Q;,g 2nd
the N-channel MOSFETs Qizé’ 0129.,and the NAND_gaté
circuit comprises the-P-dhannel.MOSFETs.0122,.6125.and
the N-channel MOSFETs 0123, Q04 '.

_ Each of the output signals of the respective -

20 é#clusive OR circuits EX, to EX,, is supplied to'the HOR -
gateﬂciréuits,'and-the ouéput Qignals from the'two:NOR '
.gate circuits ére éupplied to the HAND‘gate'éircuiﬁg'from'
whiéh fhe-t:igger.gglse ﬁabd.isftaken out. . .- |

The control signal generator CSG shown in Fig. 11

25 comprises. two puiée width stretching circuits each

e exclusive OR circuits. The OR gate circuit ORis constituted by,
S circuit as-shown in Fig,. 14. =~ Mre specifically, 10 the OR .



signal generator. The control signal generator CSG receives the tri gger

pul se [err] and forns. various timng Signals requrred to operate t he-

I'n-the Figure,.only 5 . essential timng signal's, .i.e.” various tim

srgnals such as nentioned above, are shown. in order to sinmplify iﬁeéL

- descriQtion. Fig. 18 shows waveforms of the ti m ng srgnals [err] or 1]
'[e.rr@rr] Lerr] [err] [err] and [err] 7the precharging signal [err] and -
the t™#ng 10 signal [err] are omtted in Fig.18 but these signals -[err]
and ~ are signals fornmed by phase-inverting the tinmng signals- - .and .

lerr] respectlvely In the two pulse width stretching circuits. PW\s and PWS2
shown in Fig. comstifated dy @ dhatic qigauid.1and on doterrsflecoptrodns the

.prechargi ng sig err] the ti mng si gnal - [err] formed by phase-inverting
the same, and Q{]ﬁ”q':{e ff gnaihg gantrol; edgnad IePegateratect he above-

- ”E‘Bthfd %?;,Léé’s %r% e | rr?rm ok vz&t U an Yormin v ydhg, dT“e |
P

: __\emdj Ejstgd "[soea:[s jf%&%ve a- pr ec?et erm ner} pultgleeh ﬁt &E}D?.gg\(;gﬁ%ﬁ#%é Eéﬁmg'n '

signat [erg] neiTéT er%’FZ%ﬂ?ﬁg'd&dﬂéy&C*HOWa%‘Mst RitRg" eggalql?f the |

Teference signa nsequently, the precharglngsi err]
rises in  78%uch as mentioned above, are shown in order to simplify
A the description. Fig. 18 shows waveforms of the timing

‘signals ‘xs'j Ppcs’ Px ’Spc-". foa1’ Ppaz’ Bra’
¢s and ﬁHZ.iaThe precharging eignallzgzeand the timing.
10 signal'zgfare omitted in,Fig._lS but these signals.];;;.
'and'z—Pate-eignals formed by phase-inverting the timing
‘::> - signals éPc'and ‘S' respectively. |
| In the two pulse width stretchlng clrcults pwsl
and.Pwsz_ehown in Pig. 11, one pulse ?1dth_stretching .
15 circuitePWSI forms'the,precharging eigﬁal 3;;} the timing
| signai ‘PC formed by phase-inverting the same, and the
reference signal-ﬁpcs requi:ed to generate.the-above- o
mentioned various signals from the internal centrble
'eignal generator. The reference eignal fpcs is a signal
20 formed by stretching the pulse width of the f:igger pulse
dapd by the pulse ﬁidthlstretching:circﬁit PWS, and is
adjusted so as to have a predetermined pulse width.
Moreover, the timingesignei épc.is.a.signal decaying in
synchronism with the rising'of the reference signal éPCS'

25 Consequently, the precharging signa_l ZPC' rises in



- synchrgni smwi th the decaying of the reference signal The precharging of
t he pagitances in the data lines forned in the nenory arrays and the
prechargi\ng of the sense anplifier are carried out when the precharging 5
signa\_Aerr] is low = Accordingly, the precharging time is restricted:in
accordance with the reference signal [err] forned by stretching the pul gg
~-wi dth of the trigger pulse The puIsEByAdth stretching.operation in theg
pul se width stretching circuit can be realized by the 10 . conbination &
~the delay circuits and the logical gate circuits. The other pulse w dth
‘stretching circuit [err] forms the word line selecting timng signal [err],
‘and the gpheheostshi @ieh trRerdecsging oof tEhgarefaienddesigime- 15
mentioned various timng signals fromthe internal control signal generator
-simlarl gﬁP%%. t heThef precizrgingadf [ ehe |capacitidmwreesfir ctloe d&dtgnal [err] is,
simlarly t he reference signal , a signal forned by stretching the
pul se wi tihesfformed riggthe pnémery [arrdys andl the ' preghargiagy ofi dt h
~adjusted to the tinme.required to raise_the level of the word |ines to the
selectioﬁh¢e%%$5%famhb1%%ﬂ%r?r%e$4§Fled qut when the BEsCharting signal

ener at or , recei - 1 he. above-.descrj bed t reference signal s err] - -and
?err signaf 3Pc is-low. Acco:éing-y, e pééc argf;é]éime %s_ ] '

restricted in accordance with the referenée:signal )

_ PCS T
formed by stretching the pulse width of the trigger pulse b :
¢apd’ The pulse width stretching operation in the pulse

width stretching circui® can be realized by"the~'
10 combination of the delay circuits and the logical gate

circuits.

The'éthef pulse ﬁidth Qtréﬁching circuit PWS,-
forms the word line”gelecting timing signal'di, and the
reference.éignal ﬁké required td.generate the above-

15 mentioned vérioué-timing*signals £rom the iﬁtérnél
control Signal'generator similarly'to the reference
signal ¢écs. The reference*signal'éxs is, similarly to
the reference signal ‘PCS; a signal fbr@ed by stretching
the pulse width of thé'trigéer-pulsé ¢aéd and has'a'pulée

20 width adjuSted'td the time required to raise'the.lévgl of
the word lines to.thé selection level of the memory

celis.



~and. forms the timng signals [err] [err] [err] [err] and [err] shown in’
Fig.- 18. 5 By thus formng the timng signals essential for
operating the ROMin the respective pulse width stretching circuits, it
possibhe to set the essential timing signals separately from each other,
that dagigning is facilitated and noreover, the following 10  adv,
are e(lg’ed Nanely,. since the reference S|gnal [err] for regulati
prech®™di ng peri od for the data Iines and t hereference signal [err]
regulating the time required to raise the level of the.word lines to the
sel ection 15 | evel of the menory cells a&e supplied to the internal
“control signal generator fromthe respecti'Vé pul se width stretching-
circuits, if the readout timing is determned on the basis of these two _
- kinds of reference signals, then it is possible to obtain a ROM capabl e of.

conducting 20 an aCCHﬁﬁI%mﬁi&%aﬁﬁ%ﬂﬁ%&o@pﬁﬁéhhqngene@QQSrSPEEeibEal|y,
the two pulse width stretching circuits PWg[err]:- and PWs[err] are

si mul t aneous| y-§1y nisbve~dbairdiede two' reffereheeaeighalbi ﬁé g ahaeﬁgﬁl se
w dth stretching circuit PWerr] shoul d change owi ng to fdf act u
condition 25 au&iﬂnﬁmymxhe1ﬂmmmmbamaghanes¢'cség theé ggtsélmndha ¢
Stretching circuit PMB[err] al so change In the s ﬁ

. shown in Fig. 18. _ :

SO

i_; 5 . By thus-fo:ming-the-timing aignals essential for
operating the ROM in the respective pulse width
stretching circuits, it is poasih}e to_eet the essential
timihg signals separafely from each other, so that

_ designing is facilitated and moreover, the following
i::! 10 advantages-are offered.

”  Namely, since the reference signal.épcs for
regulating the precharging-period for the data lines and
itheireference=signa1 éxs for regulating the time requi?ed
to raise the level of the word lines_to-the,selection |

15 1level of the memory cells are aupplied to-the.internal
control signal generator from the respective pulse width
stretching circuits, if the readcut timing is determined
on the basis of these two kinds of reference signals,
then it is possible to obtain a ROM capable of conducting

20 an accurate data readout operation. More specifically,

the two pulse width stretching circuits PWS, and PWS

1
are_simultaneously formed. Therefore, if the

2

characteristics-of'the-pulse width stretching circuit
PWS1 should change owing to manufacturing condition

25 variations, the characteristics of the pulse width



- For exanple
~enlarge ow
ref erenc¢” s

,relationr-?

“relati ond

Qg

B

D/

|f t he pul se mndth of -t he. reference srgnal Lerr] should
t o manuf acturing ‘condition variations, the pulse wdth
nal 5 also enlarges in the same manner. However, the
bet ween the two kinds of reference signals, for exanple
hat the reference signal {err] rises after a predeterm

time has\pasges after the. decaying of the reference signal [err]

mai nt ai ned

0

of the

the

|ndependently of the nmanufacturing condition varratro'

- Consequently, there is no possibility that, for exanmpl e, the tining srghal

[err] which rises in response to t

not generated owing to the manufacturing condition variat.ions.

wor ds,

the nt
reduce
prechar

when 25

! _ e decayrng of the reference signal [err]
© and decays .in response to the decayi'ng of the reference signal [err] is 15

| n ot her

it is possible to obtain a ROM which is substantially unaffected by

nglri{ aCéé&fé%ﬁ%gdé M{}]efgﬁtsa tagb%t oH ngc@qw'eie Yarld Gatirfzhar i ng si gnal

g signal [err] synchronized with

t

var1at10ns, the pulse width of the reference signal

also enlarges in the same manner. - However. the

relatlonshlp between the two kinds of reference signals,~

.for example, the relationship that the reference s1gna1

#xs

10

15

rises after a predetermined time has passes after-the

decaying,offthe reference signal ‘pcs' is maintained -

‘independently of the ﬁanufacturing condition variations;

Ccnsequently, there is no pOSSlbllity that, for example,
the timing signal ‘S which rises in response to the .
decaylng of the reference signal épcs and decays in -
response to the deceyinguof the reference slgnal éXS is
not cenerated-owing to the manufscturing'condition

variations. _In other words, it is possible to obtain a

ROM which is substantially unaffected by manufacturing .

20

25

condition variations. _ _ _ |
The decaying of the preCharging.signallzgzhisl-
controlled by the timing-signal.éa s&nchronized'with the
timing signal.ﬁéAl for activating the sense amplifier in
order to reduce the power consumpt;on. Thns,-the
arrangement. is such: that the precharging of the data
lines, the sense amplifiers are started at the time when

the signals'frcm the memory cells are amplified by the

mﬁ? NSkt {€r¢te f;ﬁns%_ctwmu REE tie SRIFerengd idiigrial n order to
e power consunption. Thus, the arrangenent is such that the.

g gloul® étillarde ding o sﬁmefmqﬂrifngercs:rmiﬂ:mmrted at the t| me
he signals fromthe nenory cells are anplified &;the




- 81.

“to ag
There

precharge the capaC|tances of the data |ines once disc
e, the stray and parasitic capacitances of the 10 dat
precharged i medi ately after the signals fromthe nenory cells ar
anplified by the respective sense anplifiers as described above.

sense anpl’ifiers respectively. For instance, if the precharging
not carried out after the signals fromthe menory cells are anplified by
the respective sense anplifiers, the electric charge in the stray and
~parasitic capacitances of the data lines connected with the menor
‘not . ae:ﬁfted will leak with tine. A conparatively |arge power

(S

5

Before the -

starting of this precharging operation,. t8ks:signal anplified in each sense

amplifier 15 is transmtted via the MOSFETs [err] and [err] to the main
anplifier in the respectlve | at chi ng circuit. Since the transfer MOSFETs
[err] and =~ are held uring the riod when the timng.signal [err] is
hel d” hi gh, thesgPaﬁa‘Pm%bﬁ?ﬁ'% esPeREivelEe ofAY Anstance, dfs et ed to

t he 20 main a fle the trans

the prechar g| n§ gg?i’?ﬁ% I‘?%’éscﬁgré?‘ir?wcﬁ Egtf?e‘[ tqﬁthi% ﬁggﬁadﬁalf]'f’g‘r F’}th s
made | ow. SO

fhat the pair

o? % {: %ﬁl} &?rl& tf}l'@senggdﬁrveta Héé‘lg%gn(?:'lt:he

i nput / out put 2&&?{@19@&,%& F@lé@tﬁ@m&aﬁ@rnar&eelﬁ%y @l v separated
L .

[

o .10

15

20

25

parasitic capacitances of the data lines connected with
the memory cell§ not selected.will leak with time. A
Eomparaﬁively large power is.réquired to again preéharge
the capacitances of the data lines once discharged.

Therefore, the stray and parasitic capacitances of the

data lines are precharged immediately after the signals.

from the‘memory'cells-are amplified by the respective .

- sense amplifiers as described above.

Before the starting of this precharging
operation, the signal amplified in each sense amplifier
isltransmitted via the MOSFETs erand Qq to the main
amplifier in the respective latching circuit. - Since the
transfer MOSFETs Q8 and 99 are held ON durlng the period
when the t1m1ng sxgnal ‘PAZ is held high, the slgnal
amplified in the sense amplifier is transmitted to the
main amplifier via the transfer MOSFETs Qg and Qg.  When
the precharging of the data lines is started, the timing-
signal ¢ paz is made low. Consequently, the MOSFETs QBl
and Qg are turned OFF, so that the pair of input/output
terminals of the sense amplifier and the input/output

terminal of the main amplifier are electrically separated



Ztransm tit

- 82. from each other. Accor dingly, there |s no possrbrlrty t hat the
' i nput/output terminal of the main anplrfrer is precharged by the
above-des d precharging of the data lines. 5 As described .
dater infdetai}t, the level of the word |ines i s brought - to the
non- sel ‘evel of the nenDry cells after the data in nenDry cel l.s-
‘the data lines in order to reduce the. power consunptronf
. the ROM\ e arrangement is such 10 - t hat, ‘as shown in Fig. 11, the
.ine selectlng timng signal [err] is delrvered via a gate circuit AND - .
.controlled by the signal [err] for activating the sense anplifier. Thus, as -
~‘the sense anplifier starts to oper®a, the |evel of all the word lines is '
~brought to the non-sel ection 15 | evel ~of the nenory cells. The operation
of the circuit will now be described with reference to the wavef-or ms- shown
~in Fig. 18. First of all, the external address signals [err] to 20  Al4
~are chanfremierch dethen. rea%FQﬂHdid!ﬁ]vaf r"é\ﬂr@eésré’&’ rl’ré"ﬁr?rl}D dtys.
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lines.

5 o 'Aé desCribed.later'in-detail,_the level_of the .: _ | ; Le; .
word lines is brought to the non—gelection level of the |
memory cells after the data in'meﬁory cells are.
transmitted to the data linesrin order to reduce the

power consumption of the ROM. ' The arrangement is-sueh

10 that, as shown in Figw.ll)"thQJWOTd line selecting timing
signal dx is delivered via a gate clrcuit AND controlled
by the signal ‘PAl for activating the sense ‘amplifier.
Thus, as the.sense emplifier starts to operate, the level
‘of all the wordﬁlines ie brought to the non-selection | ._'““

‘15  level of the membry-cells;'

- The operation of the circuzt will now be.
N described with- reference to the waveforms shown in Fig.
8. | | |
First of all, the external address eighalqzho.to

20 | A14 are changed“iﬁ-order.to read out data from desired )

memory cells. Thereupon{_ihe trigger pulsef#éPd i

generated-frcm-the-aﬂdress“transitien detector ATD.

6ne-pulse-width sﬁretdhingecircuit PWSl receives
the't:igger pulse"ﬁara-andffbrmslthe reference signal
¢PCS

25 for reguleting_the-precharging time of the data



83.. lines. On the other hand, the other pulse width stretching circuit .
PWs[err] forms, in response to the. decaying of the trigger puI 1 rr] the
word line selecting tinming signal [err] and the reference sig

havi ng a pul se width corresponding to the tinme required to r he | evel
of theword lines to the selection:level of the menory cel I's{ he ri sing
of t jord line selection timng signal [err] causes the pokenti
“wor d"%wefies connected with the desired nenory cells and 10. those of the
correspondlng dumy word lines to start to rise. v%en a predetermned tinme .
has passed after the change of the address signals, i.e. when the tine has
passed which i.s required to precharge.thggstray . and 15 parasitic

capaci tances of - the data |l ines and the sense anplifier, the reference

signal [err] decays.. In response thereto, the internal control signal
generator raises a timng signal [err] as well as decays a timng signal
[err]. The detngsng obn téice tothexy harghaltHeerothei pullser wiidthes t he

'precharglng of the data |lines and the sense anplifier. On the other hand,
the main anplisteetching teixauik WRy dorms ; deparespaonset ko theing of the
't-l mng signal .gségnngwbofeoi\:/}?er t;;]g%e-xl' rgue{slal¢ C'On,t' r%le swlog%réalllggner at or
apd
» selecting timing signal dx and the reference signal ﬁxs'_
. &*z | "5 having a pulse width corresponding to the time requlred
to raise the level of the word lines to the selectlon
.level of the memory cells. "The~rising of the word line
eelection timing signal ¢x causes the potentials of the
| i::, o word lines connected'With.the desired memory”oells and
| | 10 fhose of’ihe corresponding dummy word lines to start to
rise. | | | S
When a predetermined time has passed aftee the
change of the address signals, iee. when fhe time has
passed which is required to precharge the stray and
15 paraeitic-capaoitances of the data lines and the sense
amplifier, the referenoe-oignal éPCS decays. ;n. |
response thereio. the internal control signal generator'
'reises'a-timing signal ﬁs as well as decays a timing
signal é?c' ~ The decayin§ of ﬁhe-timing signal épc
- 20 terminates the precharging of the data lines and the
sense amplifier. On the other hand, the main amplifier
starts to precharge in response to the rising of the
timing signal bs.,
Moreover, the internal control signal generator

25 decays the timing signal ﬁla to the low level,

s of the -.



25 decays the timing signal [err] to the | ow | evel , 84, *

subsequent Jy~to the rising of the timng si gnal [err] to the high IeveI
Ther eby, t hﬁln anplifier and the inverter in the stage subsequent
thereto i'th|bave been * - previously energized are de-energized. 5
Cbnsequen | y//the potential at the nmode NB of n the main anplifier chan_es
“fromthe Yal ye delivered previously to the" precharging I evel (the suppl

-_voltage Vc Moreover, in-response to the rising of the timng 10 si
“[err]; the discharging MOSFETs of the earth lines connected wi.th the °
desired nenory cells and the discharging MOSFETs of the earth lines .
"connected with the dummy cells corrg gponding to the desired menory -cells
~are‘turned ON. -Further, the: tining S|gnal [err] decays at 15 this tine.
Consequently, the NCSFETS constituting the colum sw tches whi ch have.

connected all the data lines to the sense anplifier in order to precharge
the dat aghbBegueReLt €0SEh8SriSivGNGECthé. Otiﬂiiﬁ'@ﬁmﬁghﬂfmgéfﬁcﬁrtw| y the
~data lines connected with the desired nmenory. 20 cells*and the data |ines
_ connecteﬁightheveb.dunﬂyezeBYS rm&inwnhptﬁfieni&ndktheeuj menory cells. .

Accordingly, the data stored in one desired nenory cell is transmtted
inverter in the stage subsequent thereto which have been

' preViously energizeé are defene;gized. - _ | .
5 'Consequently. the potential at the mode'NB n©F | '_\4;
the main amplifier changes from the value delivered
prev1ously to the precharging level (the supply voltage
VCC ). . |
Mo:eover, in response to ‘the rising of the timing

| 10 '.signal ﬁs, the discharging MOSFETs of. the earth lines
| connected with the desired memory cells and the
discharging-MOSFETs of the earth lines connected with the
dummy cells corresfonding to the ﬂesired memorj cells'are
turned_ONr Further, the timing signal ﬁpc decays at ' o
15 this time. Consequently, the MOSFETs constituting the
column switches which have connected all the data lines
to the sense amplifier in order to precharge the- data
lines operate so as to connect to the sense amplifier
only the data lines connected with the desired memory .
20 cells and the data lines connected.with the dummy cells
-corresponding-to the desired memory-cells.e Accordinglj,
| the data stored in one desired'memory cell is transmitted
to one input/ontput terminal of the-corresponding sense
amplifier, as a change in potential of the data line, and

25 the reference'voltage from the corresponding dummy cell



to one input/output termnal of the corresponding sense anplifier,
change in potential of the data line, and 25 " the reference vol
‘the correspondi ng dummy cel | 85. is. transmitted to the-othe
. input/foutput terninal of the sense anplifier. = Mre specificalff
‘pot entj-al of the data line DLn connected with one desired nenory cef
'chan,_""'as shown by a broken l'ine or solid linein 5 accordancé With the
dat a;wbred in the menory cell, as shown in Fig.- 18. Next, the reference
signal [err] decays. By this tine, the potentials of the word lines
connected with the ) desired nenory cells have risen to a certain
extent. 10 " In response to the'gﬁbgying of the reference signa
~.[err], the internal control signal gener decays the timng signal [err] -
"This ternmi nates the precharging operation for the main anplifier. In S
synchronismw th the decaylng of the timng 15 signal [err], the

i-nternal contrpl “signal ere § t{ﬁ?&%{@d%§&% 1B§&rbff2£e

activating the sense anp se anpl starts to
anplify the pogjenié aémﬂl:ifféze ce Mt \aiie S A1 o, h%rliatp%tbh'E%lCB?”eCt ed
wi th the above-nentioned nenory cells and 20 t he correspondi ng one of the
data |ines conﬂestwltaw 1iné IBL atuatﬁxémt&i &fi&ﬂ\ dnEdeddlred. memory cell

P changes as shown by a broken line or solid line in
.;\J. 5 accordance with the data ‘stored in the memory cell, as
shown in Fig. 18. _ '
A Next, the reference signal ﬁxs decays. By this
time, the potentials_of the-word-llnes connected with-the
_‘::) | désired memory cells have risen to a certain extent.
| io . In response to.the-decayihg of theereferénce.fl
.signal.dxs,'the internal controI‘signal generator decays
the timing signal ¢ . This.terminates the7prechargin§5
operation for the main ampllfier. _
-g;; ' In synchronism with the. decaying of the timing
15 signal ¢S,-the internal control signal generator raises
the timing signal éPAl for activating the sehse |
amplifier. Thereby, the sense amplifier starts to
amplify the potential differeﬁce'between each of the data
lines connected with the-above¥mcntioned memory cells and
e 20' thc-corresponding one of the data lines;connected with _
o | the above-mentioned dummy'cells.
-In addition, the internal control signal
generator decays the word line selecting ﬁiming signal 6x
in synchronism with the rising of the timing-signalfﬁéAl.

25 In:other'words; the word lines are brought to the non- -



“In addi tion, the. i nternal control si gnal genefétor decays the word line
selecting timng signal [err] in synchronismwith the rising of the timng

signal [err)k

-86. selecyi'on
As descrifhe ove, as the sense-anplifier starts to operate,.. the =~ =
“potenti al hg/ data |ine DLn connected 5 with a desired nennry cel

h

ﬂnLargefy
- Figure.

data lines

i nt er nal

PA2 Thereby, the output signal

In-other words, the word |ines are brought to the non-
‘gvel . Thereby, the power consunptlon of the RONIls reduced

es/in accordance with the data stored therein as shown in¥fe
e potential difference between the above- nentioned pair of -
anplified to a certain extent by the sense anplifier,. the
control Q10 - hgnal generator raises the tlnlng si gnal
fro the sense anplifier is transmtted to

- the main anplifier. Subsequently to the rising of the tining signal [err]
the internal timng 5|gnal generator raises the 15 timng 5|gnal [err]

‘to the h ol
[ort] o neUiskRiBh RUBET, HeEREIDSAe) fobde habipPlofneel b0 B 00t

Jerr] t hESmarn anp

and the out put

si gnal thggsghtgggugggnlthe sense anplifier is anplified as well as I at ched-
and then transmtted to the ECC 20- «circuit. Mre speC|f|caIIy, t he leve

.at the node NB @k described above, as the sense- amplifier starts

10

15

20

25

to-operate;-the.potential of the-data-line-DLn connected —
with a desiredememory cell largely changeé in accordance . .
with the deta stored Eherein_as shown iﬁ the Figure.. |
When the potential differenée betﬁeen-the above~
mentioned pair of data-lihes-isﬂaﬁplified-to a,certain

extent by the sense amplifiet, the.internal control

signal generator raises the timihg signal éRAZ' Thereby,

the'oﬁtput-signal from the sense ambiifier_is ttansmitted

to the main ampllfler. | .
Subsequently to the rising of the timing signal

¢PA2' the internal timing signal generator-ralses the Q,;'

timing signél éla-to the high level again; In response

to the rising of the timing Signal'élg, the main.

amplifier and theeinverger are.activated; and the output

siénal—transmitted from the sense amplifier is amplified

as well as_iatched’and-then transmitted to the ECC

"

circuit. More specifiéally, the level at the node NB_ of -
the main amplifier dhanges from the precharging level to
the level cotresponding to the data read out from a
desired memory éeli. COnsequently, the inverter stops
delivering the old éaﬁalheld in the stray and parasitic

capacitances coupled to its output node and starts to



. n the nﬁin'anplifief changes fromthe precharging level to the level -
corresponding to the data read out froma desired nmenory cel

~ Consequently, the inverter. stops delivering the old data. held in - stray
and paragitic 25 capaci tances coupled to i t's output node and £t apts ¢
'87. dgliVer a new data. Moreover, the ECC circuit starts to del{|v new

"~ dat a §er delivering an |ndef|n|te dat a durlng a certain tine L1ed
by t €ime required for the inverter to 5 change its output content from

the ol d data to the new data and the delay of the ECC circuit itself. The "
timng signal [err] is held |ow during the tinme when the ECC circuit is
delivering an indefinite data. Consequent]|y, ‘during this period, the
-external output 10 termnal [err] to [e 'f'are in the floating state.
Thereafter, new data are delivered fromthe external output termnals.
~Moreover, the |nternal control signal generator raises the timng signal

[-err] to t he | eve 15 after decaying the tining S|gnal [err]
Yo the 1ow | ev%? gﬁ’ér%béfw q?etnaprechargl ng oper at ion for .the data lines and

the sense anplifier '5h6f355g¥1 the ECC circuit starts to deliver a new
) ' data.after'dellverlng an 1ndef1n1te-data-dur1ng-a certain
i v : time-determined'by the time required for.the.inverter-to:'
. 5 _.dhange its output content from the old data to the new
data and the delay of the ECC circﬁit-itself;-
) The-timing-signal'éﬁz is held low during the time
_ when - the ECC circuit is dellverlng an indefinite data.
-<::,- - ICOnsequently, during this period, the external output
10 terminal DO, to DO7 are in the floatlng state.
| Thereefter, new data are delivered frqm the external
output terminals. |
| Mereover, the internal control signal generator
Y ' ~ raises the timing.signal.ﬁpé;to the high level again.

15 after decaylng the timing signal. ﬁ ' to the low level.

PAl
Thereby, the precharging_operation for the data lines and

the sense amplifier is resumed.



"~ the externa

88. It will. be noted that since previous data is held by the i‘nverter in
t he stage subsequent to the main anplifier durlng the tinme fromwhen the
main anplifier de-energi zed until the sane i's again-energized by the 5
. Limng signal ] the output si.gnals Dn fromthe ECC circuit and the .
‘out put signalgs. ] fromthe respective external output termnals are
~previous datd. [The|following is a description. of the relationship betwfeny
Ss signals and t@8J10. output data DOn (n=0 to 7). frcwd
‘the external dytgut terminals. Fig. 17 shows the rel ationship between the
external. address signals [err] to Al6 and the output data DO When ei.ther
-one- of the external address S|gnals 15 Ao to Al4 chan the 32-bit data

are delivered frEmwhel fee rotedij thak singe |It}'éti’i<9&§vé‘ 'ill?ehszldbl t data

can be taken out fromthg. external out ut ter in fqur sets in atine
di vi si onP¥abherinvelkit é’ﬁ i L899 8 s‘?%ue;fggs s‘é'et F23& er ni ne which one

et oo, LR B S @Pif?%ﬁ%r% 6nd 28 Qilen BLTA0 Sy 0T L on O
ext ernal d?d%ﬂ% él%e&; aggnéeﬂ] ﬁﬁ‘ dl"zqeda tthﬂeerr] t hen

ei ght - err| - are vered fromth external 25
out pgt tefiAgl §1gmti de, i érotped i Rt fd B2l frofhl the- ECC
| circuit and the output signals Doh-from the respective . C e

external output terminals are the previous data.
The following is a deséription of-tﬁe' |
relationship between the external address signéls and the
10 output data Don.(n=0 to 7) from the extsrnal output

terminals. Fig. 17 shows the relationship bstween the

. external address signals Ao-to Ae and the output'data_
DO, _ L )
When either one of the external address signals.
15 A, to A,4 changes, the 32-bit data are delivered from the
ECC circuit as described above. The 32-bit data can be

)

taken out from the external output terminals in four sets
in a time division;manner. Mors specifically, it is
possible to determine Whidhtone of-the four sets shouid,
20 - be taken out, according to the combination of the
| external address signals Arg and.Ais. _
As shown in Pig. 17, if the external address
signals g and A,g are combined as at (:) then ezght-
bit data shown by Do((:)) are dellvered from the external

25 output terminals. If the external address signals A,¢



89 and Al6 are conbi ned as at subsequently thereto, then eight-bit
data shown by DO ( ) are delivered in a short period of tipe: ereafter,
in the sanme manner, eight- bit data shown by DQ([err]) ang eight-bi\ data
shown by.5  DO( [err]) are delivered successively in a ghort)per)iod of
tine. e reason why the data DQ(. ), the data DO([err]) {a d/{h ara
DX [ .are delivered in a short period of tine is that\the dat '
DO([e™) to DOQ( ) have al ready 10 re ed the out put nodes of the ECC
circuit by the tinme the data DQ([err]) is del i vered. The nenory cell

arrays, the dummy cell arrays, the sense anplifier and the |atching ci rcuit
are all constituted by dynamic circuits, whilst the other 15 . circuits are

constituted byarsd en]ré £6¢ tinitined iy iatt alguisigi@nt§ thereesy| tﬁénf or

the operations of t dynamic circuits argall fornmed inside the ROM by

detecting the efmgasitidate stiswe sy Dof(@)9, aree delliveredr danacshbit t he
ttmng of the starting of .the readout 20 access operation of the RON

Accordingly, Demcd csﬂrlpinea.d fTeEmea fteayt sinddhien same maaderi, epghati on can

be made substantially the sane as signals in a static ROM so that the -
handl i ng of t@ﬂ@ﬂﬂkc@?@@@&r@ﬁa@km edghthrbist datahghdwnt by i nt er nal

essentlal DO((:)) are delivered successively in a short period of
time. | i _

The reason why the data Do((:)), the data DO((:))
and the data DO((:)) are delivered in a short period of
time is that the data DO((:)) to.DO((:>) have already

3 100 reached the output nodes of.tne ECC circuit by the time

'1::} the‘data'DO((:)) iS'deliyered.'

o o '~ The memory cell arrays, . the dummy cell arrays,
the sense amplifier and the 1atching circuit are all
constitnted'by dynamic circuits, whilst the other

15 circuits are constituted ny static circuits. - The
internal timing signals required for the operations of
the dynamic circuits are all- formed inside the ROM by
detecting the changes of the address szgnals..i.e.-in
accordance with the timingiof the starting of the readout

200 access operation of the ROM. Accordingly, signals
supplied from the outside in the'readout operation can be
made.substantially the same as signals-in a static ROM,
so that the handling of the ROM becomes extremely easy.

On the other hand5 the internal essential

25 circuits, i.e. the memory cell arrays, the dummy cell



25 circuits, i.e. the menory ceII arrays the dummy cell - arrays and
. the sense anpllfler are consti‘tuted- by dynan1c circuits. Therefore, it is
'p055|ble to nmake the .power consunption snaller and the integration degree
he readout operation, the dynamic circuits are 5 precharged
pg the time required for the menmory- cell. sel'ecting operation.
as--the ‘'sense -anplifier, a highly sensitive--differentie
Zircuiit is enployed. Thgtefore, it is--possible to read outwd
0f the nmenory cells: at a extrenely hi gh 10 speed. Moreover, the
word. lines are brought to the non- selection |evel again after being
brought to the selection level of the menory cells-for a readout operation.

Ther ebyrrbs RRSCENEOREHER ARPL Dt er Nor EQbnst sttt ed W Whamildr €
specificalTy, 1f-the word lines~are not brought to thé ndn-selection | evel

agai n aifeaibel ngThepedbie} 0it his SHEEIBIY t@ Wik ftHpowrory cells for a
readout operation, a large ineffectively-consumed current undesirably flows.
for theohshnption smatbes.ad) the integrdiuion riscgarese hiigherhe case where the °
menory - MOSFETs [err] to [err] have data "O'" witten thereinin Figs.- 2A
" and 2BInwkbe, réadouticopevatidrctthé odymml@rqmqmmy MOSFET [err], the

word line [err] is brought to the selection |level (high |Ievel) and the
eabt h praehasged by utilizing the time required for the memory—

cell selecting operation. In addition, asnthe sense
amplifier, a. highly sensitive—differential amplifier
circuit is employed. Therefore, it is possible to read
out the contents oflthe memory cells at an extremely high _ -
10 speed. | | |
.Moreover, the-word lines aré-brought-to'the hon- | "~‘:;}
selectiph level again after being brought to the - '
seiection-ieﬁel_of the'memory-cells-fbf a readout - _
operation. Thereby, the power consumption_of-the'ROM_is
15 reduced. More specifically, if the woid lines aré not
brought to the non-selection level again after being : - N
brought to the selection level of the memory cells for a -
readout operation, a large ineffectiyelybconsumed_current
undesirably flows for the following reasons. |
20 For instance, in the case where Eheumehory--
MOSFETs M, to M, have data "0" written therein in Figs. -
2A and 2B, ‘when, in order- to select, for example, the
memory MOSFET MO' the wordfliné'wglz_is brought. to the _
seiection level (high level) and the earth line Gy is

25 Dbrought to the low level, the electfic'charge_stored in P -—



25 brought to the low level, the electric charge-stored in - 91. th
stray and parasitic capacitances of the data line [err] is discharged.
t he menory MOSFET [err].. In accordance therewith, the potential of the
I|ne [ert] gradually falls. By the way, the capacitances of the data |lines

hose. of the earth’'linés are all precharged beforehand. Therefore,

all 't Hata and earth l'ines except for the data line [err] connected wth
the se™€cted mermory cell and the earth I| e Go are held at-the precharging
level (high'level) at this tine. 10 ‘quently, wi'th respect to the
menory MOSFET [err], the el ectrode thereof connected to the data -1ine

gerr] is nmade to functlon as a source, and the el ectrode thereof connect ed

%o the earth |{pe g._r* g el'%glq,; e cogrbﬂﬁtﬁ&y@ Nf +heC| .' n_ ¥xe ween the

otential of the data y falls unti econeQ

~lover than theishdstinaeged! v erd ﬁéiﬁ:ﬁyemusrﬂﬁFET %Wak@o&aa%et to the
potential of the word line Wb12, the nenory MOSFETOM al'so turns ON. As a

result, the el enéréwithargee waﬂhiﬂ o e @atand iper L.t gtadapatit ances
of the earth line 20 G is also discharged via the nenDPy MOSFETs Mo and
ML. Thus, the falks.ofBY theawdyh |the @pcidtareesduaif] thiealdasa 1Ahes, Wi th
respect. to the nenory MOSFET M2, in the sane manner, the el ectrode thereof
on t he S|d% of apfcthose of “the earth lines are all precharged
4 ng o beforehand.- Therefore, all the data and earth lines
| except for the data line DLO connected with the selected
memory cell and the earth line G, are held at-the
precharging level (high leVeI)'at this time.
10 Consequently, with respect to the memory MOSFET M, the
‘::’ ~ electrode thereof connected to the data 11ne DLo is made
to function as a source, and the electrode thereof
connected to the earth line Gy is made to funCtion,as a
‘drain. Accordingly, when the potential of the data line
15 DL, gradually falls until it'becomes.lower than the
threshold voltage of the memory.MOSFET_Ml.with respect to'
the potential of'the.wordlline LY the memory MOSFET My
also turns ON.. As a result,_the.electric'charge stored
in the stray and parasitic capacitances of the earth line
20 G, is also discharged via the memory_MOSFETs-Mo_add M, .
: Thus, the level ,of the earth line Gl-alsc-gradually
é o .falls; 5130. with respect to the memory MOSFET M,. in. .
‘? | the same manner, the electrode thereof on the side of the

earth line Gi is madefte function as a source, . and the

25 electrode thereof on the side of the data line DL1 is .

<chre bt s e b 14
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Tesult
~the ne
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l'i nes

line G is made to function as a sburce,'and-the 25 el ectrode .

the side of the data line [err] is 92 ymade to function as a

.
wofd line W12, the nenory MOSFET [err] also turns. 5  ON. I'n .
uehce, the electric charge stored in the capacitances of the dat

err] is discharged via the MOSFETs [err] [err] and M and as a

cordingly, when the |level of the earth |ine G beconmes |ower than
ol d voltage of -the nmenory MOSFET [err] with respect to the level .

. ‘the potential of the data93me [err] also gradually falls. Then, -
mory MOSFETs [err] to [err] undergo the sanme phenonena as the menory
10 . MOSFETs ML and [err], so that the electric charge stored in the stray

s o PRACHIAL L f P, Cadctie il i e LT

el ec”ié}f'M%ﬁ%ﬁ‘#%@l%%@&&%&%&&-t%@{w afbaiasitic 15

capaci tances o

to &3

| folEkl5E 1 b DLWe Théihdisy MSEFEIONEL Y | Despedie|td it Mevatge

i nef fectively-consunmed current di sadvantageously flows. Mreover, in the
subsequent théagerd mm'-]top,- tHe e 1A \MOBRED M AHTIC tifins capaci t ances
b

“havi ng

been di schar ged e precharged again: "Accordingly, the power

CoNSUNpON onIn scomsieguende y therekaetric charge stored in- the

10

15

20

capacitances of the data line DL, is-diécharged'éia7the
MOSFETs Mg, My ahd.Mz and as a result, the potehtial of
the data line DL, also grsdually falls. ' Then, the memory
MOSFETs M3 £o M6.uhdergo-the same phenomena as the ﬁemory
MOSFETs Ml and Mé, so that'the eleétric charge stored in
the stray and parasitic capacitances of eaéh o£ the earth
]'.inés_Gz,.__G3 aﬁd'tﬁe-data lines DLZ' DL3 is undesirably
disdharged.' More specifically, also the electric charge
previously preéhargedfih-the stray and.paraéitic.:
capacitances_of each of thé data lines DL, - to DLg and the
earth lines.Gi'to-G3.is-undesirably-diégharged.
Consequently, a relatively large ineffectivelyhconsumed.._
current diSadvanta§é§usly flows;"Moreéver..in~the
subsequént rea§out operation, these stray and parasitic

capacitances having been discharged must be precharged

againl' Acccrdihgly, the power consumption is undesirably

25

increased.
Therefore, the level of the word lines is brought
to thé.ﬁon—sélectibn level again after the level of the -

word lines is brought to the seléction level and the data

data litnes [err|] to [err] and the earth lines G




Therefore, the level of the word lines is brought to the non-sel ection

| evel again after the |evel of the 25 word lines is brought to the :
sel ection | evel and the data - * 93. stored in the sel ected menory ceIIL
taken out to the data I'ine.: Thus, it is possible to reduce the nunber

t he abgye-nentioned nmenory NCSFETS to turn ON, so that the flow ng of a

| ar gd f fective cufrent can be 5 prevented.  For exanple, wth respect
to t h®wfenory MOSFET [err],. when the word |ine W12 is brought to-the

sel ecti-on | evel and the'nennry NCSFET.[ePPk is turned ON, the potential of
the data line [err] gradually falls. If the word line W12 is held at the
selection level as-it 10 -is, the potential of the data line [err] mﬂll

b | ' hal d_vol f
pecoe 1 oNer Aroreq o 1% S S kg tr R0 49" kMR SHREES MR
power consunpigfny ofsddie Ii{iMsas 1‘16}9 P53 181 ¢ ;Qﬁ ggofzﬁ%e’%ore ng of

the word lines 1s brought to non-sel ecti on eve
potential of tige %&M&t@enwmﬂyomm%ntbheumreﬁh%g mééage of
the menory MOSFET[err] with respect to the |evel of the word Iines. Thus,
the memory MOSiHel fidwilnglidf ahQlarger inifedtdve! cugr@aesthhepéo prevent t he
flow ng of a |arge 20 I neffective current.

5 prevented. For example, with respect to the memory .

o

AL MOSFET M,, when the word line Wg,, is brought to the

1
selection levelfand.the.memory'MQSFET_Mo.is turned ON,
the potential of the data line DL, gradually falls. If
the word line Wg,, is held at the selection level as it

10 i#, the potential of the data line DLO will become lower

_ ‘::)'- than.the.threshold'vbltage of_the storage MOSFET Mi with
respect to_the 1eve1 of the word lines, resulting in a
large power conshmption of the ROM as de;dribed above.
Therefore, the level of the word lines is Brought to the

15 non-selection level before the potential of the data line
DLo becomes lower than the threshold voltage of the
memory MOSFET_M1 with respect to the level of.the word
lines. ‘Thus, the mémory MOSFET Ml will not turn ON, and
it.is possible to prevent the flowing of a large

20 ineffective current.

The above desqription is that the word lines are
brought to the noh—selection ievel in order to prevent
the memory MOSFETs other thén-the selected memory MOSFET -
from undesirably turning ON. In order to allow the

25 potential of a data line to largely change in accordance



The above descrrptron i's- that the mord Irnes are. brought to the
‘non-sel ection level in order to prevent . the menory MOSFETs. ot her than the
i selec ad, menory MOSFET from undesirably. turning ON. In order-to allow1the _
% tial of a data-line to largely change in- ‘accordance  94. with |
the d stored in a selected menory MOSFET, however, it is desirable to.
brrng the word line to the non- selectron | evel before erther one of t
menory ‘MOSFETs M2 to M tuins ON. " For exanple, if the 5 " arrangenent ¥ .
“'such that the word line- [err] i s lewqught to the non- selectron |l evel after’
i't-is brought to the selection |level and before the nemory MOSFET M2 turns -
ON the nenory MOSFET [err] turns ON, and -the potential of the earth l'ine
[err] gradually falls. However, a considerahly 10 | arge. amount of .. :
el ectrr‘d-'-‘éh#tfe dater ataned Ha @ap&éﬁ%ﬁéeﬁ'ewryh@ﬁgﬂ'h line G needs to be
di scharged until, the potential" h Irnﬁ &ﬁrr] beconmes | ower ‘t han

the t hMOWeYeF it é@e%ﬁ%%ﬁ& 1 F e[ upr PR F@sﬁEEt to the |evel

‘_ f th d | f ly | d
Of U1 ORISR A Syt S 22k, SGPER. PRE OF thE BAATH: ne [err) s .
S“bSta'Hds]%lﬂuyﬁ ange%qugq\ﬁelmg @Nngl Yor tex pReSSkl enko take out to the data

line [err accor dance mr the ata stored |n the sel ected
”E@Pfyéﬂ?ﬂﬂéédéaﬁlls such that the word line Wg,, is brought to

the non-selection level after it is brought to the : _“ l;iy
selectlon level and before the memqry-MOSFET szturns ON, ;

the memory MOSFETHMi turns ON, and the potential of’the-.

earth linehGl grednally-falls. Howeverr a'eonsiderably

10 '_large'amount.of electric charge stored in the

capaéiténces of'the.earth-line Gl.neeas to be'diSCharged
‘until the:potential'Of Ene earthfline-ci becones_lower ;
' than_the-rhreehold voltage of’the;memory_MOSFET M:Ewith'
'respeeﬁ to thellevel.of'the'word line wslzr-therefore; it.
15 | takes a comparatively long period of time. During this

period,'the potential of the data line DL, is

0
substantially reduced. Accordingly, it iS'possible.to~_
take out to the data line'DLd a.large'leVel in accordance
with the data stored in the selected memory MOSFET Mo.
'2Q - In practice, as shown in Fig. 1I, the word line
selecting timlng signal é delivered from the control
signal generator CSG is controlled by means of the timingr..
signel éPAl for activat;ng the sense anplifier. Thereby;
the word lines are brought to the selection level, and

25 then, after a predetermined time has passed, the word -



- 20 In practice, as shown in Fig. 11, the mord l'i ne §elect|ng
timng signal [err] delivered fromthe control signal generator CSGis

control l ed by means of the timng signal {err] for activating the s éSﬁ |
~anplifier. Thereby, the word lines are brought t6 the selection | ki nd
¢

25 tphen, after a predetermined tine has passed, the word = 95. _
broug‘fj;o_the non-sel ection |l evel. "More specifically, when the sense
anpli™e#r is actuated, all the word |ines are brought to the non-selection
l evel. In the dumy cell arrays, the conpspsating 5.  circuits are OFF at

all times. |In other words, the conpensating circuits are constituted by-

t he MOSFETs, acconpani ed by a mark x, formed sinultaneously with the menory
FETs i n which binary signals "1" are witten. These MOSFETs equalize
the total nunildnesofarehbrbBgRETsolthe nonﬁseledtionehgwelknnqommrd i ne and’

t hose connected to each word line. Thus, it is possible to equalize the

stray and par&ﬂqghihgaéé&%t&hééstb8uﬁPé§etémPhéfﬂeﬁnisv@#%P¢¢¢ﬂyeﬂkﬁthose

~ connected to the word ljne, -so that the dunmry word |j and the word |ine
‘can be made edd® wegd hlﬁthérFl?FﬁgngnFﬁgtPS Eﬁﬁﬁsﬁ&?ﬁﬁl°n11EKP inthe

readout operation of the even if_the tim of select he wor d
I'i nes andpthe dunny m&PUtﬁnggmwg Sgﬁﬂnarfﬁgsdl faFgrRT %ﬁp nenDry

arrays t@? g%&%éﬁ a%%% Q%F at all tlmes.- In other words, the
.‘\*X' compensatlng clrcults are constituted by the MOSFETs, |
accompanied by a mark x, formed simultaneously with the
memory MOSFETs ‘in which binary signals 'l“_are written.
These.ﬁostTs equalize the total numbers of'the MOSFETS
”~ 10 connected'to.each.dummy word line and those connected to_
‘::; . each word line. ~Thus, it is possible to equalize the
stray and-parasitlc capaoitanees coupled to the dummy
word line and-those connected to the word liheﬁ'so that
the dummy word line and the word line can be made equal
15 in the rising timing to eaoh other. Thus. in the readoﬁt
operation of the ROM; even lf the timing of selecting the
word lines and the dummy word-lines is behind the _
discharglng of the memory arrays, the gate voltages of .
the memory cell and the dummy cell will be equal to each
20 other. Consequently, a voltage in accordance with the
- ' conductance ratio between the memory cell and the dummy -
i E ' cell is aﬁﬁlied between both the input terminals of the
\‘ sense amplifier, so_that.no_malfunetion will occur. Such
an arrahgement of memory cells and duﬁmy'cells can be.

25 used for ordinary static ROMs or dynamic ROMs.

are



”the neany cell. and the dummy cell will. be equal to each 20 ot her.
Consequent|y, a voltage in accordance with the conductance ratio between

“the menory. cell and the dummy cell is applied between both the input _
~term nals the sense anplifier, so that no mal function will occur. Such .
an arra nt of menory cells and dumy cells can be 25 used for -

or di nar tatic ROVsB.or dynam c ROME. - 96.- The conpensating circuit .

2 be const™Gted by a capacitor, since the conpensating circuit is requi g -
onIy to make the val ue of the capggltances connected to the dummy word-Ti ne
~and-that.of the capacitances 5 Anected to the word line substantially

equal to each other. .Mre specifically, the arrangenent may be such that a
capacitor is connected to the dummy word l'ine so that the value of the-

capaci tances Cayal Clnilolsdt r@ik‘hﬂ?taﬂgglP@tcgnsfzﬂ@uﬁé&a tgnces coupl ed_

to the dumy 1 ne are substanti y equal to each®other. It is

howevela pdesitod)! &iheeC dhe! idorpRnkaeingMBEPEat t NYsChé N%Sii-eby MOSFETs.  This
i's because if the val ue of ‘capaci tances of a nenory FET shoul d change .

owi Ng foRlyakicaiialies the Waluleaofurhegcapaditanoes &bandbtedvebue of

capaci tances of -a MOSFET constituting the conpensating circuit also

" sim | arthe dummyeworthddakeosad thamsoﬁothebbep801hakeeshe val ue of the

Ca%?CInggiited to the word line substantially equal to each R
| other.- More specifically, the arrangement may be such
that a capacltor is connected to the dummy word line so
that-the value of the capacitances coupled to the word
line and that of the capacitances coupled to the dummy

10 word line are substant:ally equal to each other. o N d-<:}d.
' It is; however, desirable toHconstitute the : it
compensating circuit by MOSFETs. This is because if the |

- value of cépaéitances of a memory MOSFET'ehould change
owing to variations in menufactnring'condifions,:ﬁne'

15 value of capacitances of a.MOSFET conStituting-the
compensating circuit'aiso similarly changes:; therefore,
it is possible to make the value of the capacitances
connectedeto the dummy word line and that of the:
capacitances'connected“to-the_wo:d'Iine-substanﬁially* '

20 _equal to each other independently of variations in
manufectufing conditions..'ﬁore:specificallyf”if; for
examnle, the overlapping amount between the'source region
and the gate electrode of a memory MOSFET and the |
overlapping amount befween fhe drain region thereof and

25 the gate electrode thereof should change owing to



connected to the dummy word I|ne and that of the capaC|tances connected to.
the word |line substantially 20 .equal to each ot her independently of
vari ationsin manufacturing conditions. Mre speC|f|caIIy, if, for exanple,
the overd appi ng anount ‘between the source region and the gate eIectrode ~
' . 'MOSFET and 't he overlapplng amount between the ‘drain region th
f he gate el ectrode thereof should change owing-to =~ 97. *°
_ Puring condition variations since9d«MOSFET constituting the .
_conpensatlng circuit is formed S|nultaneously with.the nmenory MOSFET, also.
‘in the- MOSFET constituting the conpensatlng circuit, the degree of 5 '
over | appi ng between the source region and the gate, el ectrodeand the degree
of . overlapm|u?§ﬂ&ﬁﬂ9§¥qﬂﬂ§'GPEF*tFQBIUHr H&iPﬂE'gﬁiBCEIECFQ%E% change in
t'he same manner as those in.the nme to_the %gnufacturlng

condi tion vaHQQHQﬁi$ dpﬁ ﬁ&ﬁ?enﬁ§tﬁggp8§§ Fggfﬁ formed ke the val ue

of capacitances of. .t he ap apce f FET '
constituting t%é““cl&r?pneer?sa |ng CI rcu;gt ?asgg’ng §/ %(fq%éll oéegc%é%ﬁ'ﬁm S
i ndependent |y I e n ti

possible to ma élj\3éa11n§e§:c}){fent he 1B§%tt'ihgaglitggﬁge’s ggﬁp?g e durmy

Wo [) dt i ?e sﬁnd 6J&t1aq$pitﬂaf vethen' dhecsoueuR! edgiont bRaVene gaae
su stantlially

P electrode;and the-degreeqof_overlapplng-between the drain
~ region and the gate electrode change in the same manher
as-those'inlthe memory MOSFET_dwing to the manufactufing_
condition variations.-lAecordingly,fit is possible to
10 make the3vaiue”ofucepacitences of the memory MOSFET and
‘::) that of cepacitances of'the_MOSFET eongtituting the’
| compensating-cifcuit sﬁbétantiéiiy equal to eech other
ihdeﬁendehtly of variaﬁionscin manufacturing conditions.
Thus, it is_poegible'tolmeke-the-value of the |
15 capacitances coupled to the dummy word line and that ef
| \M{ - the capacitances coupled to the word line substantially
equal to each other independently of variations in
manufacturing conditions. |
In the case where the éompensating circuit is
20° constituted-by-a.MbSFET¢ since it is only necessary to
| equalize the numbers. of'MOSFETs'connected to the dummy
word line and those connected to the word line, any
MOSFET can be employed, provided’ that the MOSFET has such

an arrangement that the gate thereof is connected to the

25 dummy word line, and the data line and the earth line are



‘equal to each ot her Tndependently of varjatiOns.ihjnanufacturing -
~conditions. In the case where the conpensating circuit is 20" constituted.

by a T, since it is only necessary to equalize the nunbers of MOSFETs
. connec p the dummy word line and those connected to the word |ine, any
MOSFET be enpl oyed, provided that the MOSFET has such .an arrangement...

e that. thg gdte thereof is connected to the 25 dummy word |ine, and thg
~data lindand the earth line are gog8. -made non- conductive. For ‘i nst
"the arrangenent ‘may be such that the conpensating circuit is not connected

'to the data line and the earth l'ine. In the case where the ECC circuit is
incorporated 5 in fhe ROM it is possible to substantially inprove the

. product |mﬂq|udw-cﬂndmm c Pttt cinstanzens thenaryangemeatemayr correcting

‘function of the ECC circuit. In the case mhere an ECC circuit is

i ncor porke esu¢in @m@Mi@mmt@r piip MOty conaestedy too defective

menory cell thereby to ipnprove the production yield, an ECC circuit having
the one-¥he Q#?inkﬂﬁrﬁﬂﬂl?kff?ﬁﬁ: (ﬁFW%QU|res for exanple four-bit

parity signals for ht - bi t _dat a; par| nal s for 32-bit data;
and ei ght - bi t pa?’?t@‘%q PET here 1"6}5e E‘?‘fé TOT PRI he nunber

of dgta b'téh swﬁgajiéwist£5§sible\to substantially improve the -
| ' product;on yield of the semiconducto:_memory ow1gg to the
etror cc#recting function'of'the ECC circuit.
In the case:where"an ECC circuit is incorperateau
in a_ohe-chip semiconductor'meﬁory to redress any'. |
10 defective memoryicell thereby to improve the-prqduction
yield, aﬁ ECC citcuit havihg the-one-bit.error correcting | f(:}_f
function.requi:es. forlexampie. foﬁr~bit parity signals“- o
for eight-bitfdata:'sixebit parity signals for 32-bit .
data; and-eight-bit_parity;signals forjlooebit data.

15 Thus, when the number of data bits is smaller, the

percentage of the number of parity blts with respect to o/

the whole is larger, so that the memory capac;ty of the
‘memory cell arrays decreases. On the other hand. if the
nunber of data bits is increased, 1t is necessary to
20 provide a large number ‘'of external terminals for the data
output; therefore, it is difficult to incorporate the ECC
_circuit'in the semiconductor memory. | e
The ROM is arranged such that data of a plurality
 of bits delivered from the ECC circuit are taken out in

25 several stages by means of the'multiplexor-MPx as



percentage of the nunber of parity bits with respect to the whole is

| arger, so that the nenory capacity of the nenDry cell arrays decreases.

‘On the other hand, if the nunber of data bits is increased, it is necessary
to 20 v provide a | arge nunber of external terninals for the dat a output
"theref re, it is difficult to incorporate the ECC circuit inthe
sem- ictor nmenory. The ROMis arranged such that data of a plurality’
bits Me vered fromthe ECC circuit are tgéen out in 25 several stages by
‘means ‘of the multiplexor MPX as . descri Bad above. Thereby, it is
possible to increase the number of data bits and reduce the" per cent age of

t he nunber of necessary parity bits with respect to the whol e wi t.hout

i ncreasing the e abidiviallt &ﬁ&?&ﬂﬁ'Siefiﬁhﬁoésibig:Eg'ﬁncrease the

Accordingly,. the menory capacity o € nmenory-arrays can be 1 ncreased.
100: "I n gener alpuniverd 0@l Hits! enlly peahaedene 9@9&&&8?@& Kt ects apt
to be produced sinultaneously in a plurality of nenory cells adjacent to
€ach ot her ar e nainberbWfaMeeessaryopatitypbitst Wtth respevtted! the. whole
i mperfectness of the IC nanufacturlng g

without increasing the number of output termlnals of the -

5 IC chip. - Accordingly, ‘the memory capacity of the memory '

;.KM/ arrays can be increased.

omtate we s
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-technlque For ‘exanpl €, such a’mask f|In1as conprising a photore5|st
“provided for selectively etching an insulation filmand conductor filmis
not n ssarily wel | processed owing to the ununiformity of the 10

and the adverse effects of dust. If the pattern of the processed
shoul d have defects such as undesirabl e unevenness and pinhol es, -
_the\ddfeftives are unfavourably transferred to the insulation filmand™§
or filmto be processed by 15 . the mask film |If there shoulda”,?
‘any defect in the mask f|In1eanoyKHPfor the inpurity ion inplantation,

inpurity ions are introduced into-an undesired portion on.the sem conductor

~substrate surface or the.inpurity ions are not introduced |nto a desi.red
portion. The: 20 _&&[PU r sdﬁ# I on the ot her
“hand, has def ects égﬁ t he carys af?&&%ﬁ%ﬁ?@b“ gs ‘defects to the
charact egd sid£6y qﬁemse&gWCg @c;q;garéﬁ,d&gae formed thereon. In the
Iarge capaC|ty enory, ‘sem conductor enents and wiring |ayers are
mini at ur sZRELLEINEGESIy tin a PliiraDiXyioF andiaiiecelansiaddsacent consequence,

a plurality of circuit -elements are apt to be included in one defect area.
Accor di ngbyeach pbtliet i drye o&ttieﬁaﬁab'he Ced | sfaar eextangilles tthebe produced in

~‘concentration. In

5 inevitable 1mperfectness of the IC manufacturlng

'technzque. For example, such a mask.film as comprising
a photorésist provided for selectively etching an
insﬁlation-film and conductor filﬁ-is not necessarily
well processed owing ﬁo'the ﬁnuniformity of the

10 material and the ad?erse effects of‘dusﬁ.' If the
pattern of the prgceséed mask film should have defecis ' (:;-'
| such as undesirable unevenness and pihholes. the

defectives are unfavourably transferred to the
insulation film and conductor film to be ﬁrocessed by

15  the mask film.. If there should be any defect in ﬁhe -

‘mask film employed for the impurity ion implantation, N
impurity ions are introduced into an undesired portion
on. the semiconductor substrate surface or theiimpurity
ions.are'not introduced intb a.desired'portion. . The

20 semiconductor substrate to belempldyed. on the other
hand, has defects such as the crystal defect which
brings defects to the characteristics of the
semiconductor elements to be formed thereon.

In the large~capacity memory, semiconductor

25 elements and wiring layets are miniaturized in order to



5 the readout operation of the RONl each of a plurality of nenDry MOSFETS
from whi ch data are sinultaneously:taken out is selected fromone of the_

menory cell arrays correspondlng to the sense anplifiers as describeg -
above. Mure specifically, aplurality of 10 bits fed to the ECC ci_gyf, |
are-;§:§F out fromthe nenory MOSFETs fornmed at positions.on the

sem ctor substrate distributed away from each other. The data r out
fromamfl urality of defective cells produced in concentration are.di spersed
in-a plurality of sets 15 of data. As &Qksult, the error bit included in
one set of data can be reduced to on the order of one bit ‘at nmaxi mum
Therefore, even an ECC circuit haV|ng alow error correcting capability
(correcting capability of one bit) s able to correct the error hit

Accordingly, itoP§apBseiBighes g%% Bt i oFR \CODRRBIRNGSye 3 RINFALISY yi eI d

f th duct [l he d 1.
gFrayg Z(raurjn tcgg : nggjrﬁﬁgol ¥}gxpeg§.g %g%g%r’ u’g‘gob%y{ﬁ‘aqﬁéc ’%1 rcli'{rﬂjr%/scest atic
: dout dat t ' b t it by:
Feaie dare a“ag?%ﬁ.tnérésfCgﬂ:es?%%e@agéﬁ T -
constituted by éFi? ﬁesiﬁabfeciépﬂét%-o&ﬁbéﬁr¥ﬂ éghﬁfétfgﬁumnf%

-p055|ble to sinp e construction ‘and operation of the ECC circuit.
5 the readout - operat;on of the ROM, each of a plurality

AN of memory MOSFETs from which data are simultaneously
. taken out is selected from one of-the.memory'cell
arrays corresponding to the sense'amplifiers.as
deecribed above. More.specifically,ea plurality of
, 10 bits fed to the BECC circuit are taken out from the
. -;<:} " memory MOSFETs formed at poeitions on the semiconductor
. substrate distributed’away'freﬁ each-othef. -The data
read out from a plurality of defective cells produced
-in concentration are dispefsed in a-plurality of sets «
15 of data. As.a-result, the error 5it-included in one
set of data can_be rednced to on the order of one bit
at maximum. Therefore, even an ECC circuit having a
low error correcting eapability (eorrecting.capability
' of one bit) is able to correct the error bit.
20 Accordingly, it is possihle-to substantially iﬁpro#e
‘the production yield of the semiconductor memory.
' If the memory cell arrays, the dummy cell -
arrays and the Sense'amplifier_are-constituted_by-,
dynamic circuits, static readout data and parity

25 signals can be supplied to the ECC circuit by providing

wl




.5 Moreover, .the current consunption can- be reduced by thus
-provi di the latching circuit. More specifically, if no latching circuit
i €| the changes of the sense anplifier output signals. caused by
the preBhaygi ng operation are undesirably supplied to 10 "'the ECC circuit.
- Consequent)y, the ECC.circuit is actuated when the operation.thereof is_not
. desired. The undesirabl e operation of the ECC circuit increases the cuj
- consunption. The provision of the latching circuit prevents the changed3wft -
. the output signals of 15 the sen3®@2wplifier caused by the precharging
“operation frombeing transmtted to the ECC circuit. Mre specifically,
during the tine when the menory arrays, the sense anplifier, and the nain
amplifier are being precharged, the output terminals of, the ECC circuit and
20 the maiptehing; eircuit. s bR eoRseaNeNCenthe EFG HAF@Hth ot her by the
tristate circuits. Therefo t he potential change af the output term na
of the naFﬁnahﬁlF?PﬁFlﬁﬂﬁgéghgyat - f%c?é%ﬁﬁ?mf%kﬁﬁ%ﬁ1o_r?s not |

transmtt glclé?t E"Pgagccieiéga&iﬁé‘,gg%g%g‘?i%%%,{i?é%f%é?e%e[)osg ble to preyent

. the ECC c “ronf bern 3roun , hence, it is
- possibl e LgnREeYeRioANah8CoEEPRLiON 6L CHEEEE SRR on: Since the .
static circurts are constltuted by L S
-5 . . Moreover, the current consumption can be .
reduced by thus providing the latching circuit. -Moré_' - W

spécifically, if no latching ci#éuii.is provided, the
changes of the sense amplifier output signals caused by .
- the precharging operation are.undesirably;éupplied to |
10 the ECC circuii. . Consequently, the ECC circuit is
actuated when ﬁhelgpefation theféof is noﬁ desired. i(;;
The'undesi:aﬁle'0pération of the ECC circuit increases_
the cu;rent'consumption. The provision of tﬁe laiching
circuit prevehts the changes of the-butbut signals of
15 the sense amplifier caused by the precharging operation
from being-trénsmitted-to the ECC circuit. More
specifically, during the time when the memory arrays,
the sense amﬁlifier, and the7main:amplifier are being
p:echarged}.the output terminals of the ECC circuit and
20 the main amplifier are substantiaily separated from
each other by the tristate circuits. Therefore, the
potential change at the output terminal §f the mﬁin_
amplifier caused.by the precharging operation is not
_ transmitted to the ECC circuit. Accordingly, it is

25 'poséible to prevent the ECC circuit from being



CMOS circuits, the power consunption of the ROM can be 5 reduced.”ln an
alternative construction an arrangenent  nmay be enpl oyed in which the
address buffer for receiving the external . address S|gnals'delivered
the outstde and the output buffer for forming the 10 output signa
deliv d to the outside are constituted by static circuits and the\q
circui:j’are all constituted by dynamic circuits. It will also be nob
t hat ‘™t he case where the address decoders ‘are constituted by static
circuits, the address selecting 15 -~ opermpBen is initiated i mediately.
after application of- the .external -address signals. This arrangenent has the
advant age that the nmenory arrays, the dummy cell. arrays and the sense
anplifier can be prechar ed by ut|I|2|ng the period fromthe application of
the external ad@ndesirablysiagtuptedsit hencee §§| det pessibledte cRER¥entThe

i nvention can be wi dely used for vertical nmask ROM rogrammabl e ROV

(el ectrically p@&g se RO\Ehe GUrZent: FPRERMRtLP erable RCNB in

addition to the above-d cr|b%g hot. i ntal ”B§§5F§¥@ on ? 23 ﬁossible
to nodify the arrangene §°3f ﬁesﬁg ch&EF“ ioﬁ SE} 3y§ ? e dumy

cel | arrays, thengensq Al G5 ps%ra@%mpéssads&Stﬁadnaﬁecgmé0'

signal generators.
5 reduced.

N\ ' In an alternative constructidﬁ aﬁjarrangement
may be employéd ih which the;address buffer for |
reéeiving the external address signals delivered ffom
the outside and the output buffer for forming the

- 10 output signals delivered to the outside ére conétituted

‘::} by si#tic'circuits and the other circuits afe.all

| constituted by dynamic circuits. fIt.will'also be noted-.
: that in the Ease where the address decoders are
constituted by static circuits, tﬁe address selecting
15 operation is initiated immediately after application of
.the external address signals. This arrangement has the
advantage that the memory'airaYs, the dummy cell arrays
and the sense amplifier can be-précharged by utilizing
the period from the application of the external address
20. signals until the selection of addresses.
~ The invention can be widely used for vertical
mask‘RDMsw programmable ROMs (electrically programmable
ROMs), or electrically alterable ROMs in addition to
the above-described horizontal mask ROMs. It is

25 possible to modify the arrangements-of the memory cell
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Attention is drawn to our copendl ng Appl i cation No ©83. 15593 (Serii al - No.
. 2,123,640) from5 which this application has. been divided. Attention is

_furth awn to Divisional Application Nos. 85.19908 and 85. 19909 (Serial
. Nos. ctively) also divided out of Application No. 85.15593. - - 105 - .
- CLAI A sem conductor nenory incl udi ng (a) - a first data.l .
- (b) rst and second earth |ines correspondl ng to said.fi rst dataﬁe;

~(c) a pl ural i ty of nmenory cell 51%' 6vi ded bet ween-sai d_ first data |

"and said first earth line and between said first data |line and said second
- earth ligi@aydd) the GunmnyllcdlY \arfayis ; sthewsehse resp Botteonnect ed 10
with a selecting terminal of one of the menmory cells provided between said
first dafe lddéressl deiclidis snddrhich ¢onferahes ignrel arenekpte¥sd nal of one
of the nenory cells provided between said first data | i ne..and said second

earth line; 15 (djttentipnddomtray &9 iThRE ¢99endingird and fourth earth

"lines corres ondln to
ApplféatloéJNo. 83.15593 (Serlal No. 2, 123, 640) from

-5 Wthh this application has been d1v1ded. Attentlon '
is further drawn to DlVlSlonal Appllcatlon Nos. §6. ‘”"W' f
85.19908 and 85.19909 (Serial Nos. %1%, 13 ,_Zi_é_':?_'ﬁ . U :
~ i b2,346 respectlvely) also d1v1ded out ofl | |

Application No. 85.15593.




said second data line; (Qg) a plurality of memory ceIIs provi ded betmeen
said second data line and said third earth Iine and 20 between said 3
data line and said fourth earth line;. (h) a,plurallty of secon
| i nes each connected with.a selecting termnal of one of the nenor
provi ded between said second data line and said third 25 earth lin
sel g#gng termni nal of one of the --1085- -nenory cel | s prOV|ded betmeen
sai cond data |'ine and said fourth earth line; (i) first, second, -
third and fourth dummy word lines; 5 (j) - a first dummy ceII prOV|ded
between sai d fGIAskMat a | i ne and said first earth.line and -having its
"selecting terminal connected to said first dummy, word_]ine; (k) a second
~durmy cel| proviYed betw%eﬁe§&F8"gPF§PFU??EREYI+?ﬁ4%@&93ald second ‘earth
dine and haV|ng sel ect er,m nal, ,connected to said second dumy word
line; (1) ¢ﬁfd duﬁﬁykggF% BPﬁﬁl&éﬁebetmeen said second data |ine and

said third earth i ne and. having.its 15 sel ec term nal connected. to
3aid third dunwykﬂ) 91 ¥ gd secon earéhr¥£nes corresponglng

sald first data 11ne-

5 (c) a plurality of memory cells prov1ded between

said first data line and sa;d first earth line and

between said first data line and said second earth
iine; . |
(a) a plnrelity of first Qord lines each connected
10 with.a selectingnterminal of one of the memory cells
1;:’3 provided between said first data line and said first
| earth 11ne and a selecting terminal of one of the
memory cells provided between said first data line and’
said_second earth linef- |
15 (e) : a second data line;
\»Q _ (£) - third and fourth earth lines corresponding to
said second data line; .
(g) - a plurality of memory ceilsvprovidedfbetween
said second data line and said third earth line and
< 20 petween said second data line and said fourth earth
line; . | | |
’ (h) a plurality of second word lines each connected

with a selecting terminal of one of the memory cells

- _provided between said second data line and said third

25 earth line and a selecting terminal of one of the

TN O R



" “of sai

' _tine (n) - .a fourth dunny ceII prOV|ded betmeen 'said second data |ine and
sai d fol th earth |ine and having its sel ecting" terntnal connected to.said

~fourthy 20 word line; (n) -thi'rd and fourth conpensating circuits

. ‘conn o said third and fourth dumy word |ines respectively so that a
‘capa |\ havi ng .a val ue substantially equal to the.value .of the i
capac\ tlange 25 connected to said fII’St wor d line will. be connected to"n

i'rd and fourth dunmy wort®8l ines; - ~107--(0) first and ™

"~ second’ compensat i ng circuits .connected to sald first -and second dumny wor'd

- lines mRweast idedls prdvinied bepweehasaddhadcomd detiaicl imbsimdt i al y equal
 to the value of the capacitance.connected to.said second 5 word-line will
be conmadide Eourttacarth skinefirst and second dunmy wor d I|nes (p). a
differential anplifier circuit havi ng one i nput t er mi nal connected W th
said fi(ddt dat firste secemd, othérdi apdt foartimaummnvetdd with said .
second data 10 line; and (q)- a selecting circuit having out put

terni ndlimesonnected with said first and second mord i nes and out put

terminals connected with said first, second,
5 (3) a first dummy cell prov1ded between said flrst

date line and sald.flrst earth line and'hav1ng its

seleeting.terminal'connected to said first dummy word -{‘J
line;
(k) -a second dummy cell provided between:said"first

10 data-line.and said.Second'earth.line and having:its. : '
selecting terminal connected to said second dnnmy word - -n:fﬂi
line; ‘_ R - A . O
(1) a third dummy cell prdvided.between said second

data line and. said third earth line and having its
15 selecting terminal connected to said third dummy word

line; |
(m) - a fourth dumﬁy_ceil nrovided between said
second*deta line and said fourth earth line and having
iﬁs seleeting terminai_connected to said fourth dumny
20 word line; | '
(n) h' thirﬁ-and'foufth eompensating circuits
.connecnedfto said third and fourth dummy_word lines
respectively so.that a cenacitanceihaving a_value
heubstantialii eqnai to the value of the'cepacifanCe.
25-connected to said first word line will be connected to

each of sald thlrd and fourth dummy word lines;
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third and fourth dummy word Iipes; 15 - wher eby when said _
sel ectiing circuit operates such that the potential of one of said first
word I'ines i's brought to the selection potential of the nenory celts an
the potential of said third or fourth dumry word line is brought
se;l—ectg'- n potential of said 20 ‘third or fourth dunmy .cell, the\¢ n

pot er at the selecting term nal Qfl i'd third.or fourth dummy cell to
be sewe#ft ed is nade substantially equal”to the change in potential at the .
selecting term nal  of a nenory cell to be selected, ‘by said third or fourth
25 conpensat i d@®)ci r c filrstamndvsaconsd ¢onpensatigaicindui top scnnestedch
that the potential of one of sajd second 11111111 111111 111111111111111
- 108 : word | itfeS$aid Fdifithend sefends daemyo wort ditien resnast ivedr y

cells and the potenti.al of sai.d first or, second .dummy rd line is brought
to the selectidf® % A S2R5C q:ﬁnifef itr?é’tm@r.asé(m%aéﬁﬁaaytﬁ@“@ﬂange
in 5 potential.a ecld 1 .nal.of . sald first. or secaond du

cell to be sel é:(?t ét(?terglafrlg%e%?u%g’[ea%[a]rag%afaglqc&aféogget%eedc%aon_gé"u”% sﬁ&tog‘:%/i al

at the sel gcti %faerlrﬂdaahiqfl'%gr?mmé&@g 0 hens@lrectad Astaigdirst or

second conpensating circuit. . ~ A sem conduct or nenory: according to.
¢laiml1, second dummy word lines; '
{\, (p) a differential amplifief circuit having one input

terminal connected with séid_fit#t data line and the
_othef input terminal éonnécted with said seccond dafa'
10 line} and | | -
(q) a selecting-cifcﬁit having output términals
_i:j)- _ conﬁe¢ted'with said fifst and second Qord.iihés'and-.-
outpuf te:minals conneqted'with said-first, éeéond, a
‘third and foﬁrth dﬁmmy'wérd liﬁes; |
15 ' | whereby when said selectin§ circui£'operatéé.
" such that the.potential of one of said first word lines
Q\/ ' is'bfought to the selection potentiél of the'memory |
cells and the potential.of said third or fourth dumﬁy
word line is brought to the_selection potential of said
20 third or fourth dummy cell, the chanée_in potentiai at

the selecting terminal df said third or fourth dummy

s

ceil.to-be_selected-is madé Subsfantially equal tO £he
change in pbténtial ét the'selecting terﬁina1 of ﬁ
memory cell to be selected, by said third or'fourth

25 compénsating ci;cuit, and when said'selééting circuit

operates such that the potential of one of said second

* [+ L M s *



~further including a plurality of .switching MOSFETs provi ded between said

first, second, third and fourth earth lines and the earth potential point
‘of tH#e Circuit respectively, wherein said swtching MOSFETs 15 provided - .

he earth li.nes connected with the nemory cell and dummy cell to be
nd the earth potential point of the circuit respectively areq

) | by -out put signals delivered fromthe selecting circuit. 20 ,
* A semGonduct or’ menory accor di ng Tol®aTm2 further i ncl udi ng prechar ™o

~_elements connected to said first and second data | i nes for precharglng 't he

| & | gt J o
of "sai dvPFASAAnEE gt Eanghe R %ﬁ??ﬁ?‘%g'r‘%%g’ﬁs e 42 coﬁg'r.nsggca
capaci tﬁ@&Sr&S%‘iﬁ:‘sedaﬁd) ihe dﬁﬁtéﬁﬁfgﬁdb@g £¥4d i Neecona 1 109 5

A sem conduc nennry accor gtoc erein each o sald first,

second, mﬂh@d fﬂgﬂig ﬁPSBﬁHEatb”QhQ'HE¥é6%1 LSt 3 IMOSFET the
h e

gate. of 'S connected to t

~sem Con%%%amﬂwt 6&£0£é¢aﬁataumy ee210f te d@{a?rfé’éi'im claims 1 to 3,
wherei'n each of sa

5 potent1a1 at the selectlng termlnal of sald flrst or

second dummy cell to be selected is made substantlally

equal to the change in potent1a1 at the selectlng : \wrt

termlnal of a memory ce11 to be selected by said first
or second compensating circuit.
10 2. A semiconductor memory according to claim |,

~ further including a plurality of switching MOSFETs

provided between said first, second,'third and fourth
earth 11nes and the earth potential p01nt of the

"eircuit respectlvely, wherezn said switch;ng MOSFETs
15 provided between the earth lznes connected with the
| memory cell and dummy cell to be selected and the earth
potential point of'the circuit respectively are turned
'ON bj output signals delivered_from_the eelecting
circuit. . | | | | |
20 3. A semiconductor_menory according.to claim 2
further including precharging elenents connected to
'said'first'end'second data lines for precharging the
same. |
4. A semiconductor memory according_to_claim 1,
25'wherein eecn.of said first, second; third_and fourth

compensating circuits comprises a capacitance connected

to the corresponding dummy word line.

AR

correspondi ng d word 5 line. 6.. A s
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-nenDry ceIIs conprises a nenDry NOSFET arranged to have a. hrgh threshold
vol tage or low threshold voltage 10 corresponding to the data stored.

t herein, and wherein each of said first, second, third and fourth dunny
ceIIs conprises two series-connected NCSFETS each having a 1Tow thresho,
' and-arranged to be substantially equal in size.-and characteri
menory MOSFETs. 7. A senrconductor menory according to
_ #n each of said first, secondt9%htrd and fourth dumy- word I|n
conprrses two dunmmy word Irnes one of the two dummy word |ines

consticuting sad {LIRtaduiTkade B e DAY S 1L 15, 02 ﬁ-q%fry-
word |1 ne belypge FOREElofl b LRSA0iESY, WiddIeT iR g ofsasin he (w0

dunhy word 1ines cons trng. said second ‘word 17 ne bei ng: connect ed

to the gate Oéorﬁ?ﬂéngétm& &McNQEEEE%nr&&%téétalmm detie Cge dogTy cel |

t he ot her- dummy -“word |ine being connected to the gate-of the other
MOSFET, one ofhide i&\ocduﬁautwr do ithes cortddpotidigg stinting hréed durmy word
| i ne being connected to the gate of one of the two MOSFETs constituting
sard thrrdsdunnyeS cel'l, ~the ot her dunny_mord l'i ne being connected to the

6. . A semiconductdr memory1ac:ording_to any one of

(:h ' : the.preceding'claims 1 to 3,._ wherein.each:of said

| .memory cells comprises a memory MOSFET afranged to have -
a high threshold voltage or low £hreshold voltage
10 corfesponding to the data eto:ed:therein.'and wherein
. each of saia first, secohd; third and fourth dummy
'ig:}' . cells compriSES two-series-conneéted.MOStETE each
” havingfa-Iow:threshold:voltage'ana arranged to be
substantially equal in size and dharacterxstlcs to the_'
15 memory MOSFETs. -

— | 7. A semiconducégr memory according to claim 6,
wherein each .of said.firgt, second, third and fourth
dummy word.;ines:compfises two. durmy word lines, one of
the two dummy word lines constituting said first dummy

29 word line being connecﬁed to the gate of one of the two

MOSFETs constituting said first dummy celi, the other
'Qummy word line being connected to the-gate of the
other MOSFET, one of the two dummy word.iihes |
constituting éaid_secoﬁd dummy word line being

25 connected to the gate of one of the two MOSFETs

constitutihg said second dummy cell, the other dummy

= € L- M § %



“gate of .the other MOSFET, “one-of the two dunny word lines constituting said"

four g my word |ine being connected to: the gate of one of the two
| gonstituting said fourth dummy cell., the other dumry 10 word line.
- bei lofinected to the gate of the other NCSFET 8. A sem conduct or

IMeNp according to claim7, wherein each of said first, second, third and
- . conpensating circuits is con§$|tuted by two NCSFETS * 15 one ofp®
tmo- dummy word |ines constituting’s 1 7 r st .dummy wor d i ne bei ng : W
connected to the gate of .one of the two MOSFETs constituting said. first

- conpensgbirag 13 Weling hoormidided WHYVLHET dak B £ cidippect ed to the gate
.of the other MOSFET, one of .the two dummy~word 20 Tines constituting said

second HOBFETYOlche iGE 1 NG @iy Woid 1iRe8a®n@ti®itighy the two
MOSFETs constituting said second conpensating circuit, the o6ther dummy word

line besagdcehied &iminy wrddlimebébrg 0bbaheBSEELo e Gatehe two dumy
-word lines constituting said third dumy word |ine being connected to the
gat e of ofinenef cfhehevtWwdOSRISEET®O sdnstitogingi daid thik8 dumhiyr d
.conmpensating circuit, the other dummy word |ine being connected to the gate
of tBe ocehdn MD@FEEM&xuﬂummxtupndwiInmﬂbeingdcbnneete@h&bl&hblng sai d
fourth du :

gaggyof the other MOSFET, one of the two dummy word

lines constituting said fourth dummy word.11ne being.
connected tolthe'gate of one_of the'ﬁwo MOSFETsd .
constituting said fourth dhmmy cell, the otﬁer dummy-='

10 wqrd Iine,bé{né connected to the gate of the other
MOSFET. . | .

8. A semiconductor memory according to claim 7,

wherein each of said first, secdnd, third and fourﬁh}*
cohpensating_circuits'is éonstituted-byftﬁo MOSF#TSrf
¢ 15 one of the two dummy word linesicdnétitutiﬁg said first
dummy word line being donnected-td the gafe of one of
the two MOSFETs constituting said first compensating : v
circuit, the other dummy word line being'connecteddtO'
the gate of the othér MOSFET, one of the two dummy word
20 lines-cbhsﬁifuting said second dqummy word line being .=
connected to the gate of one'of'ﬁhe-two-MOSFﬁTsa
' consiituting-said second compensating ‘circuit, the
other dummy word line being conngcted to the gate of
the other MOSFET, one of the two dummy word lines
25 ' '

constituting said third dummy word line being connected

to the gate of one of the two MOSFETs constituting said

AN



word |i-nee being connected to the gate of one of the two 5 MOSFETs -
constituting said fourth-conpensating circuit, the other dummy word line"
“being connected to the gate of the other MOSFET..O9. A sem co 2

menory according to claim8, wherein each of the two MOSFETs coffstht;
‘each of 10 said first, second, -third and fourth conpensating ci{ricurt
subs*:gsially-equal-rn si ze and characteristics to the nenory

A sel nductor memory according to clLahyy9,. wherein each of the two )
MOSFET: cpnsti;uting each of 15 sajd firs_, seconq,,third and_four;h _ _
Che momor y VSRS SORRSISETIGIEHETELhol BhooPERSE. HREY, OTROSRER,
bet een sai GG SRIFPTHHD EndERBCBREe caF L FF| REPSEN MOR RS e o
conoti U110 il S RESRA YBEISFELAY, BhASKLLRENE0 sRE SRSy

betueen a4 BEHAFHELEFHE MR 16 Lhe GpEE BF KBS LI HhoS

constituti £o ﬁﬁf&%&&m&t LogacesGrith Benpansetion irasiied bt ween
ata

sai d secon Ine and third garth |1 ne.
the other dummy word line being connected to the gate

i of the other MOSFET.

- 9. A semiconductor memory according to claim 8,

wherein each of the-éﬁd MOSFETs constituting each of

said first, second, third and fourth compensating

10
circuits is substantially-equal in size and
é;) ' characteristics to the memory MOSFETs..
10. A.semiconductor'hemory.according'to claim 9,

wherein each of.the two MOSFETs constituting each of
15 said first, second, third and fourth compensating
ci;cuits is substantially equal in size and
"characteristics.to the memory MOSFETs having a high
threshold voltage, the two MOSFETs constituting said
first compensating circuit being series-connected
20 between said first data line and second earth iine, the
two MOSFETs constituting said second compensating
"eircuit being series-connected between said first data'
line and first earth line, the two MOSFETs cohsaitutingl
said third compensating circuit being series-conneéted
25 between said second.data line and féurth earth 1line,
the'tWOiMOSFETs constituting said fourth compensating

circuit being series-connected btween said second data

-1ine and third earth line.
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