"A Sem.conductor Menory" The present invention relates to a sem conductor
menory and nore particularly to a read 5 only nenory (her ei naf 22k 5. 2. 3K cﬁ
referred to as "ROM'). Wth the recent devel opment in sem conductor

techni ques and seni.conduct or devi ce appl i cation techni ques, t here. has been

an increasing demand for a semniconductor menory which has a | afit q@pa0|ty
1000y - To obtain a ROMw th a | arge capacity, various pr must .
be* Ived In a-ROMwith-a | arge capacityl. for exanple, a |large nunber of
menorly cells are connected to each of data |ines. I n consequence, the
data |.ine may be 15 undesirably coupled with stray or parasitic
capaC|tance of relatlvely l'arge val ue. In the for exanple, the

content of data stored in.a $ §6Fé§°ﬁéﬁ6#9rc§PP°F¥ judged according to
whet her, after the stray and parasitic capacitances coupled to the data 20
line are precharged, the selected nmenmory cell discharges the electric

acharge inits capacitg& CSFNbEetspg&%R%%§kl¥e%%ggsd ta_in the selected

nmenory cell is judged 2 %otentlal of .the data -
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Jfauses
5 only memory (hereinafter refer;ed to as "ROM").

With the recent development in semiconductor
.techniQués and semiconductor device application
techniques; there has been an increasing demand for a
semiconductor memory which has a large éapaciﬁy;
10 o | To.obtain a_RdM with a large capacity[ vari@us'
B problems must be solved. |
'_- | ' In a ROM with a lafge capacity, for exﬁmple, a
<::’ large number of memory cells aie connected tb each of e
data lines. In consequence, the data line may bé
15 undesirably coupled with stray or'parasitic o | _ »
capacitance of relatively-large.valﬁe. In the ROM,
W for example, the content of data stored in a selected
memory cell is judged.accofding to whether, after the
stray and parasitic capacitancés-coupied'to.the data
20 iine“afe precharged, the selected memory cell

dischargeé the electric charge in its capacitance.

. e r :
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More specifically, the data in the selected memory
cell is judged according to whether; after the
'potential of the data line is raised to a |

25 predetérmined'value, the selected memory cell causes



the data |ine potential to-be |ower_than the'predeternined'vaf
"ROMwith a llarge capacity has data |ines undesirably coupled with stray or
parasftie capacitance of relatively |arge value, 5 t he sel ec

. cell yres a conparatively long time to make the data |ine
“beco r than a predetermn ned val ue. As a result, a ROM
large acity requires a relatlvely long tine to read out dat
desired nenory cell and this is 10 2di sadvant ageous." Mor eover,
haV|ng a large capacity, the stray or parasitic capacitance co
~data l.ines may have | arge val ues. Therefore -|t takes a cons
tinme fromthe tinme when precharging 15 g aC|tances

~until th&b &a@& te Jdng F@ﬁﬁpégaﬁe§€h€§ &°HF§d§ EPWF ﬁd val ue.:
conseque

from onePd
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Iy, circuit has been known from
the selected memory cell . requires a comparatlvely long

time to make the data line potential,become lower than

ue.” Since a

ted nenory

potenti al
whi.ch has a
a froma
“in a ROM . ,”ﬁ_
upled to the
|derably Iong
s started :
I'n.

ly | ong time
peratlon 20

-from various -

S a serious

' a predetermined value. As a result, a ROM which has .

e iarge capacity reqﬁires a relatively long_timeete .
read out data from a desired memory cell an§ this is-
disadvantageous. | |

'Moreover,_in a ROM having'a-large.eapacity,“
the. stray or para51tic capacitance coupled to the data
lines may have large values.. Therefore, it takes a '
considerablyelong time from the-timejwhen precharéing.

of the capacitances'is started until the data line

potential reaches a-predetermined.valuej In .
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consequence, a ROM having a large capacity requires a.

relativeiy long time from one-data'output operation to -

the subsequeﬁt data output;opefation;;-

It is desirable that the power qonsuﬁptionfof-
the ROM be small from various. points of view. |

In addition, any defecﬁnin=membry-Cells
becomes a serious.problemapaﬁticularly in a ROM having
a lerge-capacity.

Previously, a circuit has been known from



- 3- irnformation theory, in which data error is corrected by enpl oying an

error correcting code. Thi's cirecuit will hereinafter be referred to~a

"ECC circuit". W have tried to. inprove the production yield of 5/a~"

semi conductor menory by incorporating an ECC circuit in a one- chi /

semi-condcutor nenory thereby to redress a defective ‘menory cell. 'S an
%t of the invention to provide a se?1gonductor menory capable of a

. speed operation, 10 and with relatfvely | ow power consunption.

pocording o IRRoPREEESh LNUSEY| ofnt DRLEN! S0Ph ONLESY 22 SE8LFOOPLS 8 memor y

‘I ncl udi ng: fy’ of nenory toring a p ura ty of

sets of -data ﬁoﬁﬁﬂén&ncéﬁfgrbé6§reéélﬁ§)code,a BRiSCLiPGuetreii which
sel ects sone of sal d .nmenory cells to be fornmed into one set in response to

an’address sig@féindfier beCréDEr£@ar €6t aHJaROUECC ELHEGSLBUPP!ied with one
set of data read out fromthe selected nenory cells; 20 (d) atristate
circuit having a pl urwe|hg{veftnue@utotEmpruaéstnedpsu@\p)d:tiadnvyiéud hef
*corrected data delievered fromsaid error correcting code circuits; and (e)
‘a control Zi r@w@mimmﬂmmngnem@mtbbl1scgnabrabxn@om rl@¢¢|¢|grsm‘d
stristate circuit, wherein said tristate circuit brings its

~ out put tern1nhPsa|?ﬁ%r%@%Po%?mhﬁ°§@§PE°¥nm?@gﬁﬁn§%e¥%th%°c@ﬂ@¥%$ss#gnal

during a period
del i vered frogy o8l g SONLRbr! £EHL! during a p

It is an object of the 1nvent10n to provide a
o semiconductor memory capable of a'high—epeed operation,
- 10 and with relatively low power consumption.
According to the present invention there is

provided a semiconductor memory including:

,ta) a plurality of memory cells for storing a
' i::) plurallty of sets of data each hav1ng check bits;
15 {b) = a selecting circuit which selects some of said

memory cells tS be formed into 6ne set:in response to-an
address signal; _

(c) error correcting eode circuits supplied with one
set-of-data read oﬁt from the selected memory cells;

20 (4) . a tristate cifcuitjhaving a plurality of outpﬁt
terminals and supplied with the corrected data delievered
from said error correcting code circuits; aﬁd |
(e) a.cdnt;ol circuit for forming a.controi signal
for contrclling said tristate circuit,

25 . wherein said tristate circuit brings its output
terminals into a floating state in response to the control
51gna1 delivered from said control circuit during a period

substantially equal to the period from the time when one



substantially equal to the period.fromthe ti‘me when one  4--set of dat a

are-supplied to said error correcting code circuits until data

corresgdopgihng to the one set of data are delivered fromsaid error

correctfipg/jcode circuits. The present invention:will now:be described in 5
reater tail by way of exanple with reference to the acconpanyi ng

raw ngs, wherein:- Fig. 1 is a blqgck -circuit diagramof a preferred form
of ROM Figs. 2A and 2B are detarlgd circuit diagrans 10 of the blocks
MARY[err] to M ARY4, the bl ocks" D-ARY[err] to D ARY4, the bl ocks CWerr]
to CW asdtthé éenaeaaapBuppéneSAtghewndl#erg CPrrPFGlns clodgst r at es
circuit synbol s "enpl oyed in a MOSFET; .15 1g.- 415 a logica
synbol dcagpuwtefuahlixéﬁﬁﬁeC@Fr&ﬁPPﬁ@éPﬂéFcbFP@UPPE Beg. °§|§a§a0|rCU|t

di agram of an exanpl e @f an X decoder; aph _shaowi ng the -
oper at | oAgeofle?dveRedcErel sadfoRRTrR ﬁpﬁg c%&“&h& cﬁfﬁu Si's .a circuit

degramof an exanhhe ghogeXe 240URR YAONTH Gk 1 beRoALR iy O a0ram of -

5 greater detail by way of example w1th reference to the_
accompanylng draw1ngs, whereln | |
Fig. 1 is a block c1rcu1t dlagram of a preferred
form of ROM; '_ | ‘“ 'j o ' L : S
Figs. 2A and 2B are detalled c1rcu1t dlagrams-
10 of the blocks M--ARY1 to M- ARY4, the blocks D-ARYl_to
D-ARY4; the blccks CW1 to CW4-and.the sense ampllfier
SA shown in Fig. 1; B | |

'Fig. 3 illustrates circuit symbols employed’

in a MOSFET;
15 - Fig. 4 is a logical symbol dlagram of an
exampie'of an inverter circuit; | o
Fig. 5is a circuit diagramrof an example cf
an X decoder, | | ' ' S U
Flg. 6 is a graph show1ng the operatlons of
20 the c1rcu1t shown in Flgs. 2a and ZB- -
Flg, 7 is a circuit diagramfof en.eiempie of
a Y decoder Y-DCR,; ' | |
| | Figr 8 is a circuit diagraﬁlcf'eh_exemple of
an exc1u51ve OR c1rcu1t,
25 o Fig. 9 schematlcally shows an example of

an ECC cichit;



an exclusive OR circuit;®25 Fig. 9 schematically shows an exanple
.of an ECC circuit; Fig. 10 is a circuit di agram of an exanple of a -
~mul tiplexor MPX and an output buffer DOB; Fig. 11.is a block diagreg B }ah
exanpl e.:.of an address -transition detector ATD and a control signal v

gengrator CSG Fig. 12 is a circuit dlagran1of an exanpl e of an address
bugfér ADB; Fig. 13 is a waveform diagram for expl aining the operation of -
th ddress transition detector ATD; 10 = Fig. 14 is a circuit.

di agram of an exanple of an OR circuit; F|g.'15'is a circuit diagram-of an
.exanple of an inverter circuit; Fig. 16 is a circuit diagramof a Y decoder -
Y- 15 DCR{err] and an address buffer ADB; Fig. 17.is a diagramfor

‘expl ai ning how data arerigkenoois hNcirthi® didyPhmNofPan céxampre Rbg. 18 is
a waveform di agram for explaining the operation of each of the address

transition 20 dat maledpAéRort NPXcanir ah sugpat BafifentDoBLSG and t he ROV
-shomn in Fig. 1. Referring to Fig. 1, the mask ROM has four.
_ Flg. 11 is a block diagram of an example of an
s ‘address transition detector ATD and a control signal |
5 generator CsSG;
'Fig..lz-is.a.circuit diagram of an example of

an address buffer ADB:;

~ Fig. 13 is a waveform diagram for explaining
the operation of the address-transiﬁibn detector ATD;
10 | Fig. 14 is a cir#uit diagram of ah.examﬁle of
_ an OR clrcult, |
._(::> : o - Fig. 15 is a circuit dlagram of an example of
ol an. inverter circuit;
Fig. 16 is a circuit diagram of a Y decoder Y-
15 DCR2 and an address buffer ADB; |
Fig. 17 is a diagram for explaining how data
s ' are taken out in a time division manher; and

Fig. 18 is a waveform diagram for explaining
the operation of each of the adéress transition | |
20 detector ATD, the control signal generator CSG and the
ROM shown in'Fig. 1. | o
Referring to Fig. 1, the mask ROM has four
memory arrays MPARYI to M-ARY, and has a memory
capacity of abdut one megabits as a whole. Each of

25 the memory arrays M-ARYl to M-ARI4_has memory cells



o menory arrays N@ARY[err] to MARY4 and has a menory capacity of about one

megabits. 38 a whol e. Each of 25 the nennry arrays M ARY[err] to
N$ARY[er \has menory cells 6. arranged in.512 rows by 608 col ums.
Actor , each of the nmenory arrays M ARYl. to M ARY[err] has a menory

- capaci

on a single seniconductor substrate by known-seri conduct or

f 311,296 bits. The circuit blocks shown in Fig. 1-are fornmed 5

circuit techniques. 1n addition, thesarrangenent of essential

‘bl ocks is drawn in Fig.

I nt egrat ed

circuit

1 so as to pracfically correspond to the actual

arrangenent thereof on a semiconductor 10 substrate. -Each of the memory
arrays MARY1 to MARY4 is constituted by a dynam c circui't and .includes a

15

Alerr] to phendelf eaecfenbey btapst M-ARY

An"address buffer: for receiving externa

| BoCMABRRY | Uh&g &y a st

circuit and fornms internal address signal%-acz [err] to al6, [er
pair of'thmemnkgrnabaaddyeof 8ilgnaP6 békamg constituted by true and 20

fal se level s.

chip selectlng si gfhe cpgpth blocks shown in Fig. 1 are formed

10
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20

25

on a 31ng1e semlconductor substrate by known
semiconductor integrated circuit_techniques;- " In

additiOn,tthe arrangement of;essential.ci;cuit-blocks

- is drawn in Fig. 1 so as to-practically_correspond:to

the actual ‘arrangement thereof on a semiconductor

.substrate.

Each of the memory arrays-MrARYl to.MfARY4-is
constituted by a dynamic circuit and includes'a dummy
cell array for forming a referenoefvoitage in the
readout operation. | |

| An address buffer ADB, for'receiving-external
addfese'signals-ho to A, delivered from the outside,.
is constituted'oy a static circuit and forms intefnal

address signels aoi'ﬁa £° 316' EIE, eeqh pair of the

internal address signals being constituted by'true-and

false levels._'lThe address"buffer-ADB-has its; .
operation controlled by a chip selecting signal'cf
delivered from the outside.’ o |

The internel'address:signals aq, éS'to-ag, Ly
are transmitted to X decoders X-DCR, and X-DCR,,

whilst thetinternal address signals'a10 EIB to a13,

~dumy cel | a&&aﬁgeaorinf s121 POws: ngosneeJ.uﬁhaage A&éb&iﬁ?ﬁfpm operation.
' ' Al address signals

atic
r], each

‘The address buffer ADB has its_operation controlled by a




delivered fromthe outside. The internal address signals aO [err] to a9,
[err] are transmitted to X decoders X-DCR, and X-DCRZ, 25 whi | st the
I nternal address signals [err] [err] to [err], [err]. and [er'}‘\
[err] ta [err], [err] - are transnitted to Y decoders Y-DCR[ err] ahg./A -
Y-EEE;. Each of t he address decoders. X—DCR[err] X-DCR2, Y-DCR err |

Y- 0 err] is forned by a static circuit. 5 - To row address

sel ing lines (word lines). in the nenory arrays MARY[err] to M ARY4,
1,024 (210) kinds of word Iine selecting signdbs are applied which are
forned in the X decoders:(also serving as word tine drivers) X-DCRerr] and
X-DCR err] that receive the internal 10 address signals [err], [err] to
a9, [err]. I n these SI nals__512 ki nds of _word |ine selectlng signal s
formed in the X d@ggd@Rdx 8u5] t9r B1gppPie2T® tHANEHMItted &2 Yyerr] to

W11, respectivel t he ry_anr ARY[err] and MARY[err] on the
| eft- handpS|de %?ESESFﬁe?ngggl ﬁgsggﬁcgg &ord]llne selecglng]S|gnaIs
formed in the X decoder X Q@g[g@r h%[% %Fggéegeédd% &H

respectively, in the nenory arrays on khe rlg!}ﬂ hand
Si de. Moreover, 'Q-@@QPrQﬁBCQ—ﬂbhh EBebeﬁSé”ﬁ§ gosta@ﬂﬁréﬁfb§19na|5 [err],

Terr], which are t he Pghest orde
5 ' To row address selectlng lines (word 11nes) in
tﬁe.ﬁemory arrays M-ARY, to M-ARY,, 1,024 (210) kinds
-QJ' ' - of word line selecting signals are applied which are
| formed in ihé X decoders (also serving as.wordiline
drivers) X-DCR, and X-DCR, that receive the internal
10 address signals a;, J; to ag,.S;.. In'thesedsignals,
512 kinds of word line selecting signals formed in the

X decoder X-DCR, are applied to 512 word lines Wy to

'Wsll,'respectivély, in the memory arrays M-ARY, and
M-ARY, on the left-hand side. The other 512 kinds of |

15 word line 5é1ecting signals formed in the X dgcdder
x—DCRz'are applied to 512 word lines Wslé.to ﬁi023,
fespectively,.in the memory arrajs-MEAB!3_and,M—ARY4
on the right-hand side. _- ' '

Moreover, in accordance with-the.internal

20 address signalé ag, E;) which are thé-highést ordér.d
bits, the X decbders X-DCR, and x—ncn# form dummy word
line selecting signals for selecting dummy cglls from
dﬁmmy arrays-DéARY3 and D-ARY, on thé right-hand side
"when selecting memory cells from the memory érrays |

25 M-ARY, and MEARYZ on the left-hand side, and form



| “bits, the X decoders X—DCR[err]'ahd X-DCR[ err] form dumy word- line
--_selectlng si.gnal s for selecting dumy cells from dummy arrays D-ARY3 and
- D-ARY4 gn Xphe right-hand side when selecting nenory cells fromthe menory

arrays |

dummy
arrays D

M ARY[err] and M ARY[err] on the |eft-hand side, and fo

ine selecting signals for selecting dummy cells from

ARY and D-ARY[err] on the left- hand side when selecting

rm . Q

dummy
nmenory

-cells fromthe nenory arrays MARY[err] and M ARY4 on the right-hand S|de.

.5
- -signal s [err

The Y decoder Y-DCR[err] recgi ves the four-bit intern
1, [err] to [err], [err] .and fornms 16 kinds of deco

al’ addreSs:.
ded

- .signal s. Each of the menory arrays MARY[err] to M ARY4 has 608 col unms

-as nenti oned
- CWerr] are
Y-DCR{err] s

array in res

si.de, whi'l st
a total of 7
M ARY4 og th

above. Consequent | col umm switches CWerr]

dummy oweEd Bine heelaee sigpals for melesting damxé

and
ss decoder

; %sii‘%‘t £2om, Lﬁé“ﬁia%éaeg%ﬂ“ﬁ?”e%‘#i Se'zfe AR S T e TR T e
cw t 7
oy ce 1< Bpnd: AiSnonBeD' 4 €0k A0 Mlhary ot iRl R n"f%%ic
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€ ~ The Y decoder Y-DCR, receives the four-bit

internal gddress-signals'alo,'alo tq'als.'a13 apd

. forms 16 kinds of decoded signals. . Each of the

10

mémbry-arréysﬂu-ARYI”to'u6AR¥4 has 608 columns as

mentioned above. Consequently, column.switches~cwi

'énd'cwa are controlled by the decoded signals formed

"in the address decoder YbDCRi so that 38 columns are.

15

simultaneously selected from each memory'arraY-in
respbnse to one decoded signal. Thereby, tﬁe column
switches Cﬁl ahd'CWé_outpﬁt signals-delivered-from a
total of 76 memory cells (or dummy cells) in the
memory arrays M—ARYI and M—ARY2 on the left-hand side,
whilst the column switches CW; and CW, output signals

delivered from a total of 76 dummy~célls (or memory

cells) in the memory arrays M-ARY3_and'M-ARY4 on the

20

right-hand side.
A sense’ amplifler SA whxch receives the -
signals from the column.switches CW; to CW, comprises

a total of 76 dynamic differentia1 amp1ifier circuits.

 The 76 dynamic differential amplifier circuits are

25

divided into 38 sets_eéch formed by two dynamic

ells (or .
ft-hand

ered from.
M ARY3 and




20 ri ght-hand side. A sense anplifier SA which receives the signals from
the columm svitches [err] to CWM conprises a total of 76 dynamc . - .
differential anplifier circuits. The 76 dynanmic differential anplifier
circuits are 25 divided into 38 sets each forned by two dynanp€6..: 9.
difkgrential anplifier circuits.. ~-The respective output- sign “6f the
tw ynanmic differential anplifier circuits of each set are made conmon to-
eaC¥r ot her through respective transfer insulated-gate 5 field-effect
transi stors (hereinafter referred to as -"MOSFE®,) and supplied to a circuit
(not shown) which is effectively a latching circuit having a data hol ding

function. One of the differential anplifier circuits constituting one sef:-

and the transfer MOSFET 10 correspondi ng thereto have their operations .
controlled by the idifferantiak ampldifjer dimouitswhi | Thet tespgotiveons of
the other differential anplifier circuit and the corresponding transfer
.MOSFET are contr ol |-Rit tgnadse afa they dwes dyapgds diéferentiadcordingly,
PR i KM A e (R A AR AL A B
gopéfates to S“pp'y’ééﬁéé“@ﬂ¥8u4é’ééyiéééfvﬁ‘fﬂQﬂ@fe§h2W2L1%QESDgLEe- o
| 5 field;effect'iransistors (hereinéfter-refe:red to as
"MOSFET") ‘and supplied to a circuit (not shown) which
1 3 ' is effectively a-latching:circuit having a data
holding function1 One of the differential amplifier.
circuits constituting one set and the txansfer"MOSFET
10 éorresponding théret6 have thei; operations controlled
by the internal address signal a,,4+ whilst the
‘::) : -operations of the other differehtiai amplifier circuit
| And'the corresponding transfer MOSFET are controiled
by the internal address signal SIZ. llAccordinély, in
15 the readout operation of the ROM, either of the two
differential amplifier éircuits3determine_by the
internal address signals 514, EIZ operates to supply
~ its output to the circuit (not shown) which.is
. effectively-ajlafching circuit. ]?onsequently, in the
'20 " readout operation of the ROM, 38 output signals are
" o S delivered.fram the sense amplifier SA. -
|  In the case where 76 memory cells are'selécted
~ from the memory arrays MhARYl and M-ARYz'on-the left-
hand side in reéponse to the wordlline selecting

25 sgignal delivered from the X decodef,XFDCRl and 76



effective[y
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. and 76,
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a latching circuit. . Consefuently, in the 20 readout.
f~the ROM 38.output signals are delivered fromthe sense
lln the case' where 76 nenory cells are selected fromthe
y8 MARY[err] and MARY[err] on the left- hand side in response

line selecting 25 - signal delivered fromthe X decoder X-DCRL

10. dummy cells are selected fromthe dummy cell arrays
nd D-ARY[err] on the right-hand side in response to the dunmy
el ecting signal delivered fromphe X decoder X-DCR2, the
dynamic 5 differential anplifier circuits receive signals
romthe nmenory cells selected and signals delivered from.the
sel ected which correspond to these nmenory cells through the
chedumfecel lsoale/peletted| firomethe 78unyy acell 1&rraysfferentia
ircuits, 38 dynamic differential anplifier circuits are selected
rnaP-3B8¥5e80dsPgABY afethp, rightihandpeide oint nesponse
| anplifier circuits applifies the potentjial difference between
suppPi &her Apmmysworfcline, 8e8rting RiohRry delivered tFeemr| gnal

o e, WK Gel! xCBLkesPerdl i LICLELS: aynldy 0 hor Vor 0o, each
' differehtial amplifier'circuité'receive signals
.delivered_frcm the memory cells selected and signals
delivered ffom'the=aumhy cells selected which

correspond to these memorf cells through the column |
switches CW, to CW,. In these 76 dyhamic

‘differential amplifier circuits,ﬂaa dynamic

differential amplifier circuits are selected by the

internal-address signals a4 EIZ. 'Each-of=the 38 ;::}

differehtial'amplifie:"cirCuits-amplifies the
potential difference-betweeh the-signal.supplied from 
-the corresponding memory cell and the signa1 supplied
from the dummy cell correspoﬁding thereto. In other
words, each of the 38 differential amplifier circuits
6ompares-the §otentia1*of'the signal.Supplied from the
corresponding selected memory cell and.the-reference
voltage of the signal supplied-fram'the-dummy.cell
corresponding to the membry celi-in order to detect
whéﬁﬁer the data stored in the-membry cell is a binary
signal "1™ or *O“. . |

| The 38-bit data detected in the sense

:'amplifier SA is transferred to the ECC circuit through

o,



conpares the potential of the signal supplied fromthe corresponding -

sel ected nenory cel
fromthe dummy cell (
-whet her .the data stored in the menory cell is a binary signal "I" or
QThe 38-bit data detected in the sense 25 anpllfler SA i s transferreds

and the reference 20 voltage of the signal supplied

corresponding to the nenory cell in order to detect»’v\
ll ll'}

CCcircuit through- 11 . a circuit (not shown) which. is effectively

'a ching circuit.

As will be described | ater. with reference to Figs. 2A

and 2B, this latching circuit is formed by 38 unit llatching circuits. In
addi ti.on, each unit 5 latching circuit conprildes a main anplifier and an
i nverter -and has effectively a | at chi ng function. A 32-bit data in the

38-bit data read out

is defined as data signals, and the other six-bit data

nd ot Bﬁ?safhﬁf‘ibﬁ?aec%%%%lﬁ%%ﬁ D TR P N

has any error,

"fo the ECC CIrCUIt

Clﬁ?él%igl ff %@m.ﬂflr {8 \M&&ﬂ%dbq_gl%ew Wﬁ”rb?eé%@é' ed

CCcircuit is fo a static circul

Mor eover, in order tg,ab{gu R6tad @BUtNs %&Q@meoclaecdskl y8r Qéniaéerrb&he
ECC CIrCUIt t he Iatchlng :

5

- 10
15
- 20
25

38 unit latching circuits. 1In addition, each unit

Iétching“circuit'comprises-a main amplifier and an

inverter and has effectively a latching function. A

32-bit data in the 38-bit data read out is defined as
data signals, and the other six-bit data is defined as
parity check bits. The ﬁéc circuit corrects error |
data and ouﬁputs-the corrected-one~in=the case where

the supplied 38-bit data has any error, i.e., data

' different from what has. been written isfsﬁpplied‘to

the ECC circuit.

The ECC circuit is formed by a static circuit.

' Moreover, in order to allow a static output signal to

be delivered from the ECC circuit, the latching
circuit is provided, as described above, which

receives the output signal from each dynamic

'différential amplifier circuit and forms a static

'output signal and also serves as a main amplifier.

The 32-bit data. 51gnals corrected for a
possible errcr'by'the ECC circuit are transmitted to

'an output buffer DOB by a multiplexor MPX, eight bits

'by elght bits, in four stages.  For such a time

division operation, the external address signals A s



~circuit is provided,  as descri bed above, mhich.feceives'the'output si gnal
fromeach dynamc differential anplifier circuit -and fornms a static 20
,outputﬁ§'g_ak and al so serves as a main.anplifier. The 32-bit data signals

‘correc or a possible error by the ECC circuit are transnmtted to an

~out put Quifer DOB by a nultiplexor MPX, eight bits by eight bits, in four
stages. . *For such a tine 25 division operation, the external address . .z
~signals Al5, ~ 12. '‘Al6 are enployed. Internal address signals [err], [erriys

‘and [err], [err] forned based on the respeclive external address signals
Al5 ahd Al16 are supplied to the Y. decoder Y"DCR2. @ The Y. decoder Y-DCR2
-decodes the 5 supplied internal address signals to formfour kinds of

- control signals: The mul tiplexor MPX is controlled by the four kinds.of

control signal sy Thapgf aﬁ\glog»éaai Mutdeh8inhdapgss heihhyes &f . egeh of the
ext ernal address18ignals Al5 and Al16, it is-10 possible to k&l et? a

_desired eight baha &Lom sgg Formeiat vdaked ShyEReSréspeyeied éxosrhar ECC
cirtcuit and out put t B sa in parallel. Mor eover, by properly changi ng
t he external addua:essigdghalAlll neflnﬂla1 | aressappbipdstobtkety out put all

- the 32-bit data 15 signals, eight bits by eight.bits, in four stages.
_ L decoder YaDCRz. The Y decoder !EDCRz decodes the
5 . supplied internal address signals_tb form four kinds
'-of'control-signals. The3mu1tiplexot MPX is
éontrolled-by the four kinds of control signalé._ - N
Therefore, by simply determining the level of each of
. the external address signals A5 and A, it is |
10 - possible to select a desired~eight bits from the 32- .

- bit data signals delivered from. the ECC éircuit and -

‘output the same in parallel. Moreover, by properly
changing the external addresé_signals AIS and Als._it
is also possible to output all £ﬁ§-325bit data |
18 signals, eight bits by eight bits, in four stages.
. The output buffer DOB is formed by a static R
circuit and-haS'astristate~outpu£ function including a
hiéh—ohtput impedanée state.-q |
An address transition detector ATD for
20 :receiving address-signéls_delivered:from,the-add:ess
| buffer ADB and a control éignal genérator csé.are
provided in order to form control Sighals_néCessary
-for-the:operatibnvof each of the-djnamic memory arrays
M-ARY, to M—AR!4,.theasense ahplifier SA,. .e.g. a

. 25 timing signal for precharging and a timing signal for



The output buffer DOB is formed by a static circuit and has a tristate

out put function including a high-output i npedance state.. An address
transition detector ATD for 20 receiving address S|gnals del i ver egAf
the address buffer.ADB and a control. signal generator CSG are provi/d€

order to formcontrol. |

< ‘\

ﬂ

signal s necessary for the operation of each

d.'_'c menory arrays MARY[err] to MARY[err], the sense anplifier SA,
ew” a 25 timng signal for precharging and a timng signal for 13.
di schar gi ng. The address transition detector ﬁ§D detects the change in

I evel of either one.of the internal address sig

chip selecting signa

[err] and then forms one trigger pulse. 5 The

control signal generator CSG receives the trigger pulse and form vari ous

- si gnal s necessary Torg i nditadpp! OR%ieloddrebl SHaheltibheaRREBLYAEBYS

‘and the sense anplifi

er W ng signals are shown as

.representatives thereftectsd 'ﬁﬂmﬂfsz@aalinﬂievel off @4 theRt bakl bEIthae
prechargi ng and di scharging of the nenory arrays and the sense anplifier;

timng signal [err]
timng signal - [err]
“anplifier SA '

iferUl sidreed gnals la,neocsal gcandgthenchip and a

for regulating_the act|6%t|nglt|n1ng for the sense
selecting signal CE and then forms one trigger pulse.
The control signal generator CSG receives the trigger

pulse and form various signals necessary for the

I's [err] to [err] and t he

a

readout operation of each of the memory arrays and the

~ sense amplifier. In Fig. 1, the following signals

. are shown as representatives thereof: a timing signal

-3 ‘for controlllng the precharging and discharging of

PC

_.the memory arrays and the sense ampl;fler, a timing

‘signal éx'for regulating the word line selecting

" timing; and a timing.signal ¢PA1-for regulating the

'activating timing for the sense amplifier SA.

"5
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The ROM shown in Fig. i is employed as a
circuit for generating.Chinese charaeier patterhs in
which one character pattern is constituted by 32x32
bits. Accordingly, the ROM is able to store up to
1,024 character patterns. _ |

Essential circuit blocks of the ROM will now
be deseribed in-gfeeter detail,' | |

In.theefollowing.description, eircuit symbols
shown in the.draﬁings_will be_ueed as illustrated'in

Fig. 3 in order to simplify the drawings. Referring

‘to Fig. 3, a circuit symbol accompanied by a letter P
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15 . . . The ROMshown in Fig. 1 is enployed as a circuit for

¥ CGhi nese character patterns in which one character pattern is
#APy 32x32 bits.. Accordingly, the ROMis able to store up to

patterns. 20 o Essential circuit blocks of, the ROM-

described in greater detail. In the follow ng descrlptlon

circuit synbols shown in the dramﬁnQS\MII

in order to sinplify the drawings. ~ Referring 25 to Fig..3, a circuit

symbol acconpanied by a letter P.- '14. denotes an- enhancenent node

P-channel MOSFET; -a circuit synbol

be used as illustrated in Fig.

_ acconpani¥d by a |letter N designates an
--enhancenent - node N-channel MOSFET; and . a circuit symbol acconpanied by a -

|l etter X represents an 5° enhancenent mode N-channel MOSFET mhlch'has a

t hreshol d vol t age nade high s o be int F stat tinmes.
sineter &8 SihaRettentrreee Fapnt s

menory arrays M ARER ! 3 d Each cigoon oAs elé'tsggav\lgylg

$Pad gl AidofBanteE60 £ 18MLE o iR,

\-channel - MOSFET Eigncfedtindde Sﬁ%g&ﬁéi':%ismcwm A difeuit

greater detail
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_symbol accompanied by a letter x represents an

'enhancement-mbde=R-ehannel'MOSFET which has a

threshold voltage made high so' as to be in the OFF

state at all times. .

The memory arrays M—ARYI to M4ARY4 and the

“sense amplifier SA are shown in greater detail in

 Figs. 2A and 2B. Each circuit is constituted bv a

CMOS (complementary-MOS) circuit composed of a P-

'ehannel MOSFET and an N-channel MOSFET.
Figs. 2A and 2B show detailed- circuits of the '
'memory arraYS arrangedfOn the rightihand side of the

' sense amplifier SA in Fig. 1, for example, the memory

arrays M-ARY, and M-ARY, . t Abcordingly._Slz word

‘lines, i.e. the word lines Wy, to Wy4,5, are formed

" from the top to the bottom. These words lines are

employed_fbr the memory'arrsys-M-ARYsﬂand'M—ARY4 in
common . | : | '
Theiﬁemory'arrays M?ARYI and M-ARY, shown by
blocks have practically the same constructions as .
these'of'the mehory arrays M4AR!3 and M-ARY,.
Accordingly, similar to the memory arrays M-ARY, and
M;ARY;} 512 word'lines} i.e. the word lines Wb.to

The

LN



~menory arrays arranged on the right-hand side of the 15 sense anplif(gii};
SAin Fig. 1, for exanple, the nenory arrays MARY[err] .and M ARY4. ( ==
Accordingly, 512 word lines, i.e. the word lines [err] to [err], are _
fornmed fromthe top to 'the bottom These words |ines are enployed for the-
S menory-arrays MARY[err] and MARY4 in 20 -‘common. The nenory arrays
- [err] and M ARY[err] shown by bl ocks have practically the sane
c ructions as those of .the nmenory arrauys.M ARY[err] and M ARY4. -
~Accordingly, simlar to the menory arrays MARY[err] and 25 M ARY4, - 512
word lines, i.e. the word lines [err] to Jerr], are formed in the
- left-hand side nmenory arrays MARY[err] and M ARY[err] shown by bl ocks. The
nemory arrays dgh {hexrrinforred dns the deft-hang sddecmenoryaexrayscs DL
‘alternately arranged 5 _fromright to left. - An earth line G is forned
as the first IiWﬁékgumP%Fcﬂﬁﬁﬁxzmﬂ?qﬂﬂ<9¥1b¥99karned_as‘the'seCond li ne.

Then, i h iml T - th h i dthe d | i
“al i(:agr n:a'?e][ yeaflr ?nggtrj: ngﬂ?egéﬁépﬁ{ er%r%’ﬁssla&%;fg‘%”r‘?té’f%% %Et%ﬁglsg _Sé(%!r' ?ne
Diferr], and 10, Q?tfizlxéé‘letf' %r[cﬁ&%té %imﬁcﬁ.o;&%%rg}%tteﬁg Q@E%ggle'dne Gl.

.St orage MOSFETs (‘nenory ce _ are : respective
Tintersecti ofis batgpepidie ¥9tefd NS A Gdrth ddhne 'don*i% formed as

_the first line, and a data line DL, is formed as the
lsecond line. Then, in the similar manner, the earth
lines and the_data lines are alﬁernately arranged: an
earth'line-Gi is placed-ne#t to the data ling DL,, and

10 a data line DL, is placed'next to the earth.line-Gl.
Stbrage-MOSFETs (memory cells) M, to M, are
' : formed at;the-respectiQe intersectioﬁs between thé.
.<::’  word lines and the data lines. | |
| Each storage MOSFET is an N-channel device-énd
15 has its gate connected to the-corre#ponding word line
and its drain connected to the correéponding data line
O and moreover its source connected to the corresponding
| éarﬁh liﬁe. Accofdinglj, except for thg-earth line
Gy at an end, one data line DL, has the drains of
20 different storage-MOSFETs Mo an§ Ml,.on-the same word
line Wg,5+ connected thereto in common, whilst the
earth ‘line G, has the sources of different storage
MOSFETs Mi and Mz,*on the same word line w512'
connected thereto in common. These earth and data

25 lines are constructed of the_semiconductor'regions



Each storage MOSFET is an ‘N-channel device and 15  has its.gate connected

toth rrespondrng word line and its drain connected to the correspondi ng

dat a i “and noreover its source conrected to the correspondrng earth

linel xCLordingly, except for the earth line Go at an-end, one data |ine
DL[ eRr}7hds the drains of 20 different storage MOSFETs M €rr] and ML. on

the sase~word line W12, connected thereto in conmon, whilst the earth |ing-~

- G-has the sources of. drfferent storagfs.IVDSFETs Merr] and Merr], on the A -
~same word line Ws12, connected.thereto in common. These earth and ‘data’ 25”

. lines are constructed of t he' sem conduct or - regrons " 16 which are :

“integrally formed with the sem conductor rgg;ons constituting the sources

and. dr ai n¥hiich prednnegnaddy-forned with the, semippnductoryecones

oot nes b A e Y e’ e Bt ot S oy .
oF e e ﬁ/?é’ﬁ’%%?*sﬁra#l’%%he'&? e PECRRES | <t hr ehol 0
\s(r)to\tAﬁgeeP&"éﬁ%g#Woeﬂs&a{ﬁionn ct e(ftnhgcoé%ed%%r tg&%gut 1:t'er)rn 'rltal' bf.A:_{_

si ngI % dy'lﬂ@é%rically connecting, for example, the data lines.

: and'the_drainsaof'the-memory MOSFETs. - Aceord;ngly@ _
it is possiblefto”increase the integration aegree of f.l
the memory aﬁfay§.~ Each of_theee.membry MQSFETs.hae'
'.its threshold 6oltage'predetermined in reSponse_to.ihe
10 information "1* or "O”. |
As shown, eight data lines are connected to

one input/output'terminal of a single-dynamic

differential amplifier circuit through a-plurelity-of
‘switching MOSFETS. TﬁerefOre,'it can be eonsidefed
15  that a;single ﬁemory'e:ray-is consﬁituted'by a
~ plurality of memory cells connected to the'eight,data
| lipes, a pihrality of precherging_MoéFETs. described
1ater,'provided in relation to_ihe eight'date lines, -
and a plurality of discharging-MOSFETsc.'_It.caﬁfalsa_
- 20 be.eonsidered that.in correspondence to the unit .
memory array, a gingle unit dwmmy cell array ie'
constituted by a plurality of dummy cells connected to
- the eight data lines. Moreover, it can he considered
- that a unit column switch is constituted by a

25 plurality of switching MOSFETs provided between the



differential anplifier circuit through a plurality of smntchlng NCSF ]
‘Therefore, it can be considered 15 that a single nenory array.is .
constituted by a plurality of nenmory cells connected to the eight
lines, . a plurality. of prechargi ng MOSFETs, .described | ater, provide :
relatlon to the eight data lines, and a plurallty of dlscharglng MOSFETS.
'I n al so 20 be consi der ed that in correspondence to the unit renory
amedy, a single unit dunmy cell array is qgnstltuted by a plurality of
‘dummy cel ls connected to the elght dat a. | i nes.. Mor eover,. it can be
considered that a unit colum switch is constituted by a 25 plurality of
SWAtChlng MOSFETs provi ded between the N 17. eight data lines and the
~dynami c di ffer cslightt qutal iXirss Gind uile dymaimidaiad fiferentdadutual ly used by
“the nenory cells fornmed on the upper side (as viewed in the 5 Figure)

t her eof and t heampicfiiex eddredidrared on the lower side thereof.

“Accordingly, a single nenory array has 304 data |ines. I n consequence, a

'single nenory array i's Bashrelatyy Baewifomptaaldys used by ghenpeBery arrays.
In correspondence thereto, a 10. single coluqn switch is formed by 38

.col uMm swi t chescells formed on the upper side (as v1ewed 1n the S

5 Figure) thereof and the memory cells formed on the -
lower side thereof. 'Accprdingly;-a single memory
array has 304 data lines. In consequence, a single
memory array-is_fOrmed'by 38 memory arrays and g
dumhy cell arrays. -In correspondence thereto, a

10 single column'éwiﬁch is formed by 38 column switches.
Therefore, the memzry arrays'M.—ARY1 to MfARY45are
:<::’ | constituted by 152 memory arrays ﬁnd 152 dummy cell
: ' arrays. The coluﬁn-switches'CWi and CW, &ré,fdrmed;
"by 152 column switches.
'_ 15 The memory arrays have éubstantialiy the same
construction, also the dummy cell arrays have
. substantially-thé same .construction, and moreover, thé
column switches have substantially the same
construction.
20 - Each dynamic differential amplifier circuit is
provided between a column switch CWC,, a dummy cell
‘array bso and a memory array'Mso.on one hand and a
colﬁmn switch EWEG, a dummy cell array'5§5 and a
memory array Hsa’which cdrrespond to the former sﬁitch

25 and arrays respedtivély'on the other. Since there



~There of , the nenDry arrays M ARY to N¢ARY4 are constltuted by 152 menory.
arrays d 152 dummy cell arrays. The colum switches CWerr] and CW are
forned. by 152 col umm switches. 15 - - The nmenory arrays have
substantially the same construction, also the dummy cell arrays have
substantially the sanme construction, and noreover, the columm sw tches have
‘substantially the sane construction. 20 ' . Each dynam c differenti 'S
anplifier circuit is provided betweemg, col um:. switch CA\Jerr]; a dummy - N
cell array Dlerr] and a nenory array [err] on one hand and a colunn smntch
[err], a dummy cell array [err] and a nenory array: [err] which correspond
~to the former switch 25 and arrays respectively on the other. Since
there ldire 76 -dyifamiemadd £ferdrieiht anpl HfEr feirowive,uittrerd here are 76
sets each forned as described above. For the sake of clarity, the dramnng
shows onl yans Zetsets each 7formed as dgatyibegB abovavic 5 differential
anplifier circuits, the operation of which are controlled by the internal
addr ess. si gnal [e?‘?’]‘ the sdferdf sshatHes: (e |dxayiogcehanfd [err] to [err]

connected to, the_ input/poutput rm nal s of the d nanlc differenti al
anplifier ‘B’H'YEUWSS‘E nﬁ? 55 sets: namely, 38 dynamic . . .

5 differential. ampllfler circuits,. the operatlon of

which are controlled by.the_internal addressnszgnal
al4;‘76 column switches CWC, to CWC37 and CWCO to
CWE37 connected to the input/output terminals of the

dynémic differeﬂti&l-amplifiér circuits; 76 memory

10 arrays-MSb'to~MS37-andﬁMSO-to.MS37; and 76 dummy cell
arrays'DSOIt& D837 anndfbso to:DS37('
Reference symbols PD, to PD,, and ?56 to PD,,
denote precharging and discharging circuits. i

respectively. Each precharging and discharginé'_
15 circuit is fdrmed by a plurality of éfecharging.
MOSEETs and a.plurality of-discharging MOSFETs
provided in relation to the elght data 11nes.;_. I 'Q)
The eight data lines DL0 to DL7 are ‘made - |
| common to each other through P-channel MOSFETs So-to_
20 sll constituting'a.cblumnfswitch-anduare connected to
one input terﬁina1 of the sense amplifierzSAO;. " The .
column switch is formed by a series-ci:cuit cbnsisting
of the MOSFETs Sg to Sll'which'seleCt four déta 1ines,
and”the-MOSFETs'so to's7 which select two data lines .

25 for each. In other words, the'coluhn swiﬁch is formed



10 arrays [err] to M837 and. [err] to [err] and 76 dumy cell arrays -
[err] to DS37 and to DS Reference synbols [err] to PD37 and [err\ toO
PD37 denote precharging and discharging circuits respectively. ch/ v .
~prechargi ng and di scharging 15 “circuit-is formed by a pluralitytof
prechargi ng MOSFETs and a plurality of dischargi ng MOSFETs provided n °

r kion to the eight data lines. The eight data-lines{err] to [err] are
: ngzz,connon_to each other through P-channghy MOSFETs S to 20 . [err] o
gonstituting a colum switch and are -connected to one input termnal of the -
sense anplifier [err]. The colum switch is forned by a series-circuit . -
consisting of the MOSFETs [err] ‘to [err] which select four data |ines and
the MOSFETs [ety] at Plheamktyhbfh'teebeﬁkbwei'daﬁath Lnesp@d exdmpleach. In
ot her words, thé colum switch is forned 19. by a plurality of tree-like
circuits. FoﬁfexazpuesFEmstsgZHEBFEésakerthraad N, atkkens Ukl 323N . t hen
- the data. line [err] is selected. Thus, the columm swi tches have the .
-function of deaddbn@Lgoﬁsnseaéctedses;Thusoishehgelﬁmn-;Mi&#h#&ah!ﬁ#educe
the nunber of wires required for connecting the address buffer ADB and the
address decoderthe BoRretion ofaderprding crlpmpapd@Eessdficedlt nis|thus

5 possible to reduce the number of wires required for

b]

conngcting the address buffer ADB and"the_éddress
decodgr Y-DCRi, so that the ic chip can-be reduced in .
size. _ |
‘Each-of the earth lines and the data lines is
10 provided with a precharging MOSFET for receiving the
precharging signal B;E'Gelivered from_the_gontrol'

signal generator CSG in order td-precharge-the stray

~and parasitic capacitances-connected:the:eto, As
shown, precharging P-channel MOSFET#-PO.to PS are
15 provided between the respective earth and data lines
and the power sourCe-voitage Ve for receiving the
g#( : ' precharging-signaliig;;. . |
\ Moreover;.a dischérging MOSFET is'provided
between each earth line and earth potential of the
éo circuit. - Discharging N-channel MOSFETs_Do to D4_are
pfovided between the earth lines Gy to G4; shown as
representatives,‘and earth potential, respectively. |
To-fheggateé of the respective discharging MOSFETs D
to-D4, éight-selecting signals-éso to ¢s7 formed by

'25 decoding the column address signals are applied in



Each of the earth lines and the data lines is 10 prOV|ded wth-.a
prechar gi ng MOSFET for receiving the precharging S|gnal [err] delivered
- fromthe control signal generator CSGin order to precharge the stray and
par asi ¢ capaci tances connected: thereto. As shown, precharging P-channel
s(err] to [err] are 15 provided between the respective earth and _
'3 and the power source voltage [err] for receiving the prechargl_,_
Mor eover, a discharging. QgI%Tﬂ'ls provi ded between each eart hw:
. earth potentlal of the 20 “Circuit. Di schar gi ng N-channel
"MOSFETs [err] to D4 are provided between the earth lines [err] to G4; shown
as representatlves and earth potential, respectively. To the gates of the
respecti HOSHES St fini g i gred D S b pdcch v I's [err] to
[err] forfggé y 25 I“kgljécodl ng the ‘g%l urrgn ad %ss é'Eslllriz]nal S a]%g'aappl ied in
20.. synchgrei €imivg hsidwal i ﬁénﬂeﬁngnﬁbrrﬁal rin trespeertinad y the tining
signal [err] being fornmed in“the control signal generator CGS shown in Flg
- 1. The pl gighal ygehepstohaCqs nghdddsFETsFigd Yhe 5 plurality. of
~di schargi ng MOSFETs constitute the above- descri bed prechar gi ng ‘and
di schar gi ng ci rcuThe PpbRralhityl oficoreshagding MPSFETS angd dltht into the -

5 plurality of discharging MOSFETs constitute the above—

described precharging and discharging circuit PDs0
" When the timing signal ¢s-is brought into the , «
high level state from the low level_state, the eight
selecting signals éso to:¢S7 are spplied'to-the
| 10 corresponding discharging"N-channel-MOSFETs. At this
time, in the eight selecting signals éSO to ¢S7 only

one selecting signal corresponding to the column

address signals is-made'high. and'the-other seven-d.
selecting Signals are made low.
15 | COnsequently, one discharging MOSFET is.
. gelected from the discharging-MOSFETs Do-to Da_in~each
.of the precharging and discharging-circuits PDO to - _ . _';)
fD37 and'?ﬁafto ?ﬁ;;'and is turned ON.r.fAtithis time,'
the other discharging MOSFETs are held OFF.
20 The selection of the memory cell M; will now-
be described in greater detail. - | . |
- After each of the:data and earth lines is
precherged, the output signal delivered from the Y
decoder Y-DCR, causes the MOSFETs S, and Sg to turn ON':

25 and other MOSFETs 8;+ 83, Sg, Sq and_sg_to sll_to_turn



high level state fromthe |ow |l evel state, the eight selecting signals -

- [err] to [err] are applied to the 10 correspondrng di schargi ng- N-channel
MOSFETS. At this tinme, in the eight selecting signals [err] to il
one ‘'sel ecting signal- corresponding to the colum address signals i/
hiE::E and the other seven selecting signals are made | ow. . 15

quently, one discharging MOSFET is selected from the di scharging

Ts D to [err] in each of -the prechaé€|ng and di scharging circuits

- [err] to PD37 and [err] to [err] and is tned ON. -At. this tine, the -
ot her di schargi ng MOSFETs are held OFF. 20 _ The sel ection of the

menory cel | [err] mﬁll now. be described in greater detail. After each of
.the data and eg | bREERES Qﬁgf (ﬁ*&ﬁ ﬁi |vered from
- the Y decoder Y- err caﬁses Eég' ff@@$§éi err| t8 turn ON 25

and ot her MOSFEZgsk8' khel ais]:ha%inémwﬂniem{]té%ﬂﬁ éW dnd the 21. OFF.
On-the other hand, the selecting signal [err]*causes the dischargi ng MOSFET

D to turn ON aaﬂethaie&hefgﬂngchesgmg MSERs OFF ! urrcéiEanuently.
Consequently, one input node of the unit sense anplifier [err]-and the 5

data line [errbnerdnphecnodeabfythenunrtedenmgeampllfidresnﬁﬂandIﬁheelectrrc‘
“charge stored in the stray and
5 data line DL0 are electrically connected together.
Moreover. the electric charge stored in the stray and
jlk#, ' paresitic capacitances connected to the earth line‘.G_1
is discharged through the discharging MOSFET Dl
Thus. the earth line Gy is selected, and_the potential
10 thereof is brought ‘to the earth potential of the
_ circuit. | _ _.d
_di::} o . In the ROM, one dara line, e.g. the data line
o DL, ., is mutually used by the memory cells formed on
the upper side thereof and the memory cells formed on
15 the lower side thereof.
" In the case where:one of the ﬁemory cells
A formed oo the lower side of data line DL,, i.e. one of
the ﬁemory cells provided between the data line DL,
and the earth line_Gl_is seleoted, rhe discharging
20-_'MOSFET’D1 is turned ON by the-seleeting signal ¢51,
and the earth line G,. is selected. Thereby, the
plurality of memory cells provided between the daﬁa
line DL, and the earth liﬁe_Gl are made selectable.
When the desired word line Wsis is brought ro a

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



parasific capaC|tances connected to the earth: I|ne G is .di scharged through
the di schargi ng MOSFET [err]. Thus, the earth line Gis selected, and the

potent al 10 thereof is brought to the earth potential of the circuit. In
t he one data line, e.g. .the data line [err], is mutually used by the
-rrermrells formed on the upper side thereof and the menory ‘cells formed’
on 15° he lower side thereof. In the case where one of the nenory cellsj

formed on the | ower side of . data line [err], i.e. one of the nenory cells. ™ -

~ provided between the data line [err]22snd the earth line Gis selected, the
“di scharging 20 MOSFET D is turned ON by the selecting signal [err], and

the earth line d@ is selected. - Ther eby, the plurality of menory ceIIs
- provided between the data I'in err earth |ine re. made

sel ect abltignadefromk the X &F‘?&f{ ’%r@kﬂl etlg gall sel ecti on
| evel ,

. X- DCR2

bk ainrSeL oo e %ﬁ?romw&a' 3—%%%2&?22??% |

the | owver, side Q:{dé@f&ﬁté‘ éé&pi ]%agThe.ﬁg%ﬂeﬂt i}f1 tdze data line

“[err] chaﬁﬂe, I accor

nce wth t stored i-n the selected nenory

cell [errdhe aatWSiire DL, changes in accordance with the data -

5
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25

'stored in the selected memory cell Ml Thus,;a'

signal in accordance with the_data stored in the -

selected memory cell Mi is transmitted to one . -.' | W

input/cutput'terminal of the sense amplifier-SAb.

In the case where one of the memory cells
formed ch the.upﬁef'side of the data line=DL0,-i.e;-'
one of the memory cells formed between the data line

DLo'and the earth line GO’ e.g. the memcry-cell My, is

selected, the discﬁarging'MOSFETﬁDb is turned ON by
the seiectingjaignai $go and the earth 1ine'Gofia"
Selected, thereby allowing the memory cell M, to be
selected in the same manner as in the case described
above. . |

In the ROM, two 'Mosm'r's* cén'stitutihg a dummy
cell are provided:in series:between each data line and
the corresp6nding-earth'line. _

‘More epeCifically;*with reepect-to the-dafa
line DLO, MOSFETs DCy;. and DCoy constituting a dummy
cell are provided between the data 11ne DLO and one -
earth line G0 corresponding thereto, and MOSFETa~DCO3-

and DC°4 constituting a dummy'cell“are provided



signal in accordance with the data stored in the selected nenory cell [err]
is transmtted to one input/output termnal of the sense anplifier [err]. -
- In the case where one of the nenory cells 10 - formed on.the upper si-de of
the data line [err], i.e. one of the menory cells formed between the [ ay
~tine [err] and the earth-line Go, e.g. the nenory cell [err], is sel¢dfed)
tﬁ::jjscharging MOSFET D is turned ON by the selecting signal [err] ¥,
thgeLarth line Go is 15 selected, thereby allow ng the nenory cell [err]
to be selected in the same manner as .in t¥& case described above. In the
"ROM two MOSFETs constituting a dummy cell are provided in series between
“each data |ine and 20 t he corresponding earth line. Mre specifically,

wi'th respect to the data |j - : [ [
Surmy col T ar SRS ARER LIV o 299 phe stmel epr R BERy (e O
.[err] correspondin et o, ( €§EFETS [err] 25 - and [err] constituting
a dunmmy cell a?é%f#%é§%é%ﬁ8 té%?g etween the data line [err] and the other
~earth line G correspongipfed Weosh S NS S | tdelyiing e gdunmy

cell, e.g. the NCSFEng%erré, eumﬁT%rr , are NéngTs avi ng Eﬁeeggge :
- * the MOSFETs DC,; and DC,,, are MOSFETs having the same

-

5-. size as tﬁe memory MOSFETs and are formed
simultaneously with.thé memory MOSFETs having a low
¢ - threshold-voltage. Moreover,,fheée MOSEETs:have'the
saﬁe construction, |  '
. The following is a'descriptioh of a dummy cell
10 selecting operation. In the sélection of a dummy -
cell;'the'following'signais are employed: +the highest
!::} - ) order address signal.Agzin the external row address
| - signals, and the lowest ordér-sighal.nlo in the column 
address signals used in forming the selecting signals
15 ¢sb to ﬁs7,'aS'described above. More specifically, .
the highest order externa-l.address_-s_ignal'A9 is used
to determine whether a-dﬁﬁmy_cell-should-be:seiected_-
from the dummy arrays on the'right-héhd side or left-
_hand side. The lowest order external address signal
S 20 Ay, is used to determine whether a dummy cell should
| be selécted from the dumﬁy_arrays formed on the upper
side or'iéwer side of a data line. The lowest order
external address signal A,,, in the selecting signals
#g0 to g4, is an address signal to determine whether

25 the discharging MOSFETs connected to the earth line on



5 size as the nenDry MOSFETSs and are forned si nul t aneousl y mnth t he
menory MOSFETs having a | ow threshold voltage - Moreover, these MOSFETs
have the same construction. The following is a description of a dumy cell

107 cting operation. In the selection of a dummy-cell, the follow ng
signa dF e enpl oyed: the highest order address signal [err]. in the
- exter l!’rom/address signals, and the |owest order: signal [err] in the:

col um address signals used in fornming the selecting signals 15 ° [err] tiqu
.as descri bed above. = More specifica?gy ‘the highest- order external  address
signal {err] is used to determne whether a dummy cell: shoul d be sel ect ed
fromthe dumry arrays on the right-hand side or |left-. hand side. The

| t t dd 20 . ALQ d { o_det erni ne whet her -
a-°3’5?nw°£s ? SHBSFUShASCEF ca, artr Sinfrabaitd b8, Fisked R on the unper
.'sid | add

o e oPHR afhéfiaf seﬁeﬁé?ﬁé*g-eaﬁar@?eﬁ°¥@S£h%’er r{ﬂ?éi S Miress signal
to deternlﬂ§4yggﬁpe§13§ oft! eeg?gggaighgg é?‘ e to the earth

line on e upper si a data line's turned ON or the
di schar gi ng MOSFEfs gpasestes tRet beoeaaabebgnﬁ@mameaﬁ@wem de of the

data |ine should be tfurned ON.
S rd lzne selecting - timing - signal ¢ are: decoded to -
~ form four kinds of dummy word line driving slgnals_.
¢ a0’ ‘al' zaO' zal _
The selecting operation of a dummy cell
constituted by the MOSFETs DC,5 and DCp,, will now be
10 described in greater detail. :

Each of the data and earth lines is precharged

in the Same=manher as'in'the case of the above-. -

described memory .cell selecting operation. The
MOSFETs s0 and 58 are turned ON by the output slgnal
15 from the Y decoder YhDCRl, and the dlscharglng;MOSFET
D, is turned ON by the selecting:signal-ﬁSI'to_select -
the earth line G, . Thereby, the data_line-DLo_is | : _ N
electrically*conneéted_to the input"terminal of thé. | | o
unit sense amplifier SA,, and the potential of the
20 earth-line—Gllié brought to-earth.potential. : Whenﬁ
the selecting signal ¢a1 is brought to a selection
level, e.g. the high level, in order to select the
abovg—mentioned-dummy-cell, the MOSFETs-DCoé and DCy, -
are turned ON.. |

25 As described above, each of the MOSFETs .



In practice, the two address signals and the 5 word line selecting timng
signal [err] are decoded to formfour kinds of dummy word line driving
signals [err] [err] [err] [err] The selecting operation of a dunmy cell
constituted by the. MOSFETs [err] and [err], will now be 10 descrjbed in:
" grgater detail. Each of the data and earth lines is precharged in ’”Sane
mgjﬁpr as in-the case of the above- described nenory cell selecti :
opPwerfati on. The MOSFETs S and S are turned ON by the out put' si gnal-
fromthe Y decoder Y-DCR1l, and the di schay ging MOSFET D is turned ON by thew
sel ecting S|gnal [err], to select the earth line GL. . Thereby, the data
line [err] is electrlcally connected to the input termnal .of the uni t
. sense anplifier [err], and the potential of the 20 earth line- G is

' brought to eadisyiteringla duniercdlne i |ae MOSFETS h@Rdhgl Qhé] shmebrought to
"a selection level, e.g. the high level, in order to.select the -

_above-nenti orﬂe’cﬂ%ﬂﬂwﬂ'@elmemqm MOSHETES aner formed Bbvilannebusagd ON. 25
~'As descri bed above, each of the MOSFETs 25. constituting a dumy cell is
a MOSFET havi'igh r@%mm@%ﬁ%hmwaw@smtbrmmﬂdr wolltage

,S|nultaneowﬂg$d moreover has the same construction as those
5 MOSFETs. Thus,.the-conductance of a dummy cell
measured when it is selected, i.e. the combined |
. | conductanceuof the MOSFETs DCy3 and DC,, in the ON
| state, is abvalue.substantially half the conductance
of a memory MOSFET arranged to have a low threshold
10 voltage measured when it is eelected. A memory
MOSFET arranged to have a high threshold voltage
'fi::> f_ _ remains substantially.OFF-whether'1t is being selected
- or not. -Accordingly, the condnctance of.the-dummy'
cell is larger than the conductance of the memory
15 MOSFET arranged to. have a hlgh threshold voltage
measured when 1t is selected. - In other words, the
.conducrance of the dummy cell is an;intermediate-vaiue '
betﬁeen”the conductance of the memory MOSFET having a
low threshold voltage-and-that of the memoryaMOSFET
20 having a high threshold voltage.
The electric charge stored in the.stray-and
parasitIc capacitances of the data line by precharging *
is discharged in accordance with the conductance of
the selected dummy cell. in other words, the

25 potential of the data line DL, gradually lowers in



'mnth the menory MOSFETS . having a Iom1thresho|d vol tage and nDreover has t he

same construction as those 5  MOSFETs. Thus, the conductance of a dumy
red when it is selected, i.e. the combined conductance of the
rr] and [err] in the ON state, is a value substantially hal f the

cel |

asured when it is selected A menory MOSFET arranged to have a

,'hlgh t hreshol d vol tage remains ‘substantially. OFF whether it is bei ng -
_.selected or not. Accordingly, the cggductance of the dunny cel

than the conductance of the nmenory 15
threshol d voItage measured when it is selected. I n ot her words,
conduct ance of the dummy cel

i s . larger

MOSFET arranged to have a high

t he

is an internedjate val ue bet ween the

conduct ageeoel8ahbe wieh’ ¥hdOSbhdubeshog of! exet dumaRrobely ol t age ~and that of
the menory MOSFET 20. .- having a hi'gh threshol d voltage. The electric charge
stored in the stAayeaddnghyasthecpoapatnahnoésaodataelﬂnea line by
precharging is discharged in accordance with the conductance of the

:_selectedmeasnyedeWhen aldummmecehbrdgnnGHQEQSthepetenisal
[err] gradually lowers in

dummy Cepelected is an: intermediate value between the

5

10

15

20

25

potent1a1 of a data line measured when a memory MOSFET'-

having a low threshold voltage and connected thereto_
is selected and thetpotential of the’datalline |
measured when a*memory ﬁﬁéFET'having a high threshold
voltage and connected thereto is selected.:

| In-the readout operatlon, when a,memory cell

is selected from the unit-memory array MS, on the

. right-hand side of the unit senseramplifier'SAo, the

dummy cell corresponding to the above memory cell is.
selected from the unit dummy cell-array'ﬁ§' on ' the
left-hand side of the unit sense ampllfler SAO For-i
instance,;when the memory cell M1 is selected from the
unit'memory-array-Mso, a dummj cell connected to the

data 1ine=DLo'corresponding,to'the data line DLo-is

selected in the unit dummy cell array D5; on the left-

hand side of the unit sense amplifier SA.. More
speciflcally, in the unit dummy cell" array.Dso on. the
left-hand side. of the unit s..use- amplzfxer SAD. a
dummy cell is selected which is provided between the -
earth line connected with-the-discharging-MOSFETS'

adapted to turn ON in response to the selecting signal

of the data line .
26. accordance with the conductance of t he




Accordingly,. the potential of a data l'ine neasured when a dumy cell
connected thereto is selected is an internedi ate val ue between the 5-
potential of a data |line neasured when a nmenory MOSFET having a | ow ..

~threshol d vol tage and. connected thereto is sel ected and the potentiAl ,of
the data |line measured when a nenory MOSFET having a high threshol bl age
. af onnected thereto i's selected. 10 _ in the readout oper on;,
'wﬂg;ya menory cell is selected fromthe unit nmenory array [err] on the -
‘right-hand side of the unit sense anpli{&er [err], the dummy cell _
corresponding to the above nenory cell Ts" selected fromthe unit dummy cel
array [err] on the 15 | eft-hand side of the unit sense anplifier SA For

< instance, when the nenory cell [err] is selected fromthe unit nenory array

[err], a dungg Cehé eraN@st£d ige tBE_data line [err] corresponding to the
“data line [er ? is selected in the Uhit dummy cell array [err] on the left-

20, hand side of thPhenpdteaetiEl aoPl tie adaferkine detomeisf iacal |y, in
~the unit dunmy cell array DS on the |eft-hand side ‘the unit sense
anplifier [evalueainuatgorddhce swith echedats cdtaredriavitied bet ween t he
.earth line connected with the discharging MOSFETs 25 adapted to turn ON
“in response seleptedcremeryicelymnd is 2xansmitted to one input
; 5 terminal of the unit sense amplifier SAO._  On the
: other hand, the potential of the data line DL, becomes
ot a value-in_accotdance.with the_conductance_bf the |
selected dummy.cell,_ise. the refgrence pptential, and
is transmitted to the other input_ierminal.of the unit
0

10 | sense amplifier SA,.
| ' In the RDM,.a.cpmpensating'circuif is”prpvided
<::} . to each dummy word line,in'ordér to prevent
; .malfunction._ The compensating qircuit is_constituted
by two MOSFETs arraﬁged tq_have a high threshold |
15 _voltage. More specifically, two MOSFETs are seriésf_
connected between a data'iine and the corresponding
earth line, and the gate of each MOSFET is connected-
to the corresponding dummy-word line.; With respect
t?-the data line DLO,_MOSFEIs DDy, and DD, having a
20 high threshold voltage and ¢opstituting alcoﬁpénséting
circuit are series-connected between the data line bLO
and one earth line Go_corrésppnding théreto, ;hd
MOSFETs DDy, and DDy, having a high #hreghold'voltage
and constitutihg a coﬁpensating circuif are series-

25 connected between the data line DL0 and the other



and the data line [err]. The potential of the data l'ine [err] becones a

val ue in accordance with the data stored in the selected menory cell and |s
transmtged . to one input 5 termnal of the unit sense anplifier [err].

On the dqtiben hand, the potential of the data |line [err] ‘becones a value in
accordangc® With the conduct-ance of tie@, sel ected dummy ceII i,e. the. o
reference—potential, and is transmitted to the other input term nal of they

' unit- 10 * sense anpllfler [err]. In the ROM a conpensating circuit is’
. provided to each dummy word line in order to prevent malfunction. The o
. conpensat eagtbi 1inet Gj scovnespendbug bihenetMOSFETs arranged to have a hi gh

* threshold 15 voltage. -~ More s ecificall two MOSFETs are-series- '
. ‘connect ed betmeenThedathe¥|ﬁétﬁn inee %Qﬂré%ﬁdﬁ%##@ﬁ%ﬂﬁ&tPﬂlﬁkP and the

3 gate of each MOSFET i s connected to the cprrespondl dumy word l.ine.
Wth respEEFtTBaPﬁesHQ?a°F|Hﬁe[%??fe NRREES e %ﬁ% [err] having a 20

hi gh threshol | ta 8,8 d con o] circuit are

series- coﬁﬁQ&?EEQBeP ?%ewb #gﬂggngé]ggﬁ on‘%{.‘1 th line [err]

cor regpong pgj bt et OpaBROVOREE TaokfErL @t e6sdidigd 1 2 hign threshol d

© vol tage and constituting a conpensating circuif are serijes- connected
l_betmeen tBSmB@ﬁﬁathﬁé cﬁféﬁiénﬂstgfréﬁéﬁﬁ to have a high"

threshold voltage.aS-mentioned above;so thatfthe=

MOSFET will not be'turned ON even if”a'eelecting'
signal is applied to the dummy word line connected to - .:_ g}_

10 the gate thereof. The MOSFETs constituting each o
compensating circuit are formed simultaneously with
the memory MOSFETs. |

The dummy cells prov1ded on the upper side of

a data line are connectedlto the dummy word line to
15 which the compensating circuits provided on tne"ioweri'
| side of'the data line are connected; whilst the.dummy-
cells provided on the lower side of a data line are
connected to the dummy word line to'which.the I | L
compensating circuits provided on the upper side of
20 the data'line'are connected. l | |
| With respect to the deta line DLO, the gate
electrodes of the respective MOSFETs DC01 and DC02
constituting a dqummy cell are connected to their
'Mcorresponding dummy word Iines DW 11 and DW'l2

25 . respectively. and the gate electrodes,of the_.



.28. earth line [err] corresponding thereto. The other data |ines and the

data lines on the left-hand side of the sense anplifier [err] are simlarly
provided with respective conpensating 5 circuits.  Each of '
constituting a conpensating circuit is arranged to have a hi

vol tage as nentioned above so that the MBEET will not be turhedON even if
a gelypcting signal is applied to the dummy word |ine connected to 10 tne"
gaMe#ft hereof. ~ The MOSFETs constituting each conpensating circuit are

f or med simul taneously with thro nenory. MOSFETs. The dummy cells provided on
t he upper si deesiPestdatea MOSFETS BDggnandt BBy oconetitukingoad |ine to 15 _
. which the conpensating circuits provided on the |lower side of the data |ine
are connectexLCQMHqﬂﬂéaﬂﬂQ'&Gﬁﬁ?iﬁePF§ plLaoi gennertedcteobheisi de of a data
line are connected to the dymy word_line to i ch the compengating
circuits provﬁﬁﬁf%ﬁ?ﬁﬂd}qﬁ) | #0T6; 1358 PﬁgldﬁF SVnz'arei%o_ cted.
PRTEPUCt Gl S |38, U] o3 RS A008 B e BeTpRbeLeE, LTI v
corr espond 10 g i) | B RILT cBRUCPILRIRG o BGRG°LLE! tha 1
- those of the MOSFETs DD, and DD, constituting a
compénsating circuit are connected to their -
correspondihg.dummy word.linéé_nwzl and DW22.
| Thus, between a data line andiﬁhe_earth line
10 corresponding thereto, one'MQSFET is connected to one:.Q
dﬁmmy word line in the same manner as one word liﬁe{
Accordingly, the total numbéf_of the MOSFETs connected
~ | tb_one word line equals that.ofithe MOSFETs connected
-‘::> to one dummy'ﬁord line. These MOSFETs are formed '
15 .simultaneously. The£eby, these MOSFETs have gate |
-insulating.films-equal to each other in film.thickhess_
" and Q@ielectric constant. Moreover, these”MOSFﬁis
L - have substantially the same overlapping amount between
each gate electrode and the cérfesponding.source_.
20. region.and that bétweén each gate electrode and the
corresponding drain region; Consequently, thesé
MOSFETs have substantially the aame.value in thé.
MOSFET Capacitance comérising the capacitance formed
between each gate electrode and the corresponding

25 'source rggion, the capacitance formed between each



- 29. respectlve NCSFETS [err] ~and [err] constltutlng a conpensatlng circuit
~are al so connected to their corresponding dummy word |ines DWM1 and DWL2
“1n the’saﬂe manner, the . gate el ectrodes of the respective 5 MOSFETs [err]

tand [ onstltutlng a dummy cell and those of the MOSFETs DDO1 and DDO2
. const \kXx g a conpensating C|rCU|%oare ‘connected to their corresponding
S dunmy | i nes DW1 and .D\W22 Thus,. between a data |line and the earth

~line 10 correspondlng t hereto, one MOSFET is connected to one dumy wo
“tine in the same manner as one word |ine.. Accordingly, the total number of

3 the MShEte @eedcdd ahdd e\t reisponadt larhhﬁ-t're?ibhﬁ MpBFETs connect ed

_ to one dummy-word .line: . These FETs are torned 15
si mul t aeahier! apa citvandes. thm:HBEETseqﬁueigahg theuketabg filns equal
"to each other in f|In1th|ckness and di el ectric constant. Mor eover, these

- MOSFETSs numbers wifs MOSFETS y:dﬂne@&dependltapphﬁgvaﬂmenofbet ween each gate

el ectrode and the correspondln source 20 region and that between each
‘gate el capagidanses FO! 3@d@n§“&@£iﬂ°?§g'éﬁe an@okBa%uent |y, t hese

l MOSEETs have substantlally the sanme value_in,the MOSFET capacitance . S
com®x i siofy cARacdiFRGes qﬁﬂﬁ%@dtﬁbﬁmﬁgﬁ ediRegkPePll ectrode and the =

correspon%sr%%n%:l‘_ﬂlsyouerqcu%]_rgc | Oera]zch gt h&apam tance for rred bet ween each -

It il posslble to make the value of the:
capac1tance of a dummy word .line constltuted by the .
capac;tances of the ‘respective MOSFETs connected
10 thereto and that of'the;capacitance of a word line . -
constituted by the capacitances of the-respective..n- |
MOSFETs'simiIafiy connected thereto eubstantiaily.lz . R

equal to each other. In other words, it is possible

to make the Qélue of the capacitance of a dummy word .
15 line which is to be a load capacitance with respect to
the X decoder (drlver) and that of the capacitance of
~ a word 11ne=Wh1ch is to be a load capacitance with _ -
'respect to the x-decoder;(driver) substantially equal
to each other. Whenfapplying an"output sighalvto.aw o
20 word line, the X'éeceder applies an output signal to
the corresponding dummy word.line substantially _
~ simultaneously- ' B _ﬁﬁ . _
Accordingly; it is possible to make the change
in potentia;'bf a word line when it is rising to the

‘25 selection level in response to the output signal from



30. gate electrode and the corresponding drain region, and - other .
capaci t ances. Therefore, equalizing the total. nunber of MOSFETS -
connected pernmits the value of - capacitances connected to a du
line and that 5 ' of capacitances connected to a word line to be-

" sypstantially equal to each other-. It'ig possi bl e t.o make the val ue-of the
c_' I tance of a dummy word |ine constit led by the capacitances of the
r Msgfect i ve MOSFETs connect ed - . --- 10 thereto and that of the

capacitance of a word |line constituted by the capacitances of the

caual 1o cach ShPns, deBoplE XnEORRE"LRAbR L' follRRIAT OF the 1o \aive o

e capaci | ange:BheBoil4tiy Wlidiylioral 108eVoheh 1€ 19 Peatng od @paci {ance

with respect to the X decader river) and that of the capacitance-of a
word line whi glieetionddeveloas eaeﬁehbanee ¥hé hoti€pReCéigmal herom decoder

(driver) substantially equal to each other. Wen applying an--output signal
“to a - 20 waheé X decoder Xublstadeialdppl egquaiintouepch otleml to the
.correspondi hg dummy word |ine substantially sinmultaneously. Accordingly, it-
-i s'possi blse to make-- ite ishadge prspibdat kel makeathervoltagevwhen it is
NG O e S iea to the gate of the momogy MOSFET fo Be ° 9" from
selectedfand the voltage applied to £he gate of the
MOSFET of the dummy cell to be selected sﬁbstanﬁially._
‘equal to each other at all times. Consequently, the
10 conductﬁnce'of the selected dummy cell becoﬁes an
intermediate value between the cbnductance’of'the
selectéd memory.MOSFET'having a load threshold voltage
4::} _ and the conductance Of'éhé selected memory MOSFET
| haviné'a high ihreshold voltﬁgé.' lIn'other;wordsr_in
15 the readout 6peration of fhe ROM, the potential of a
data line measured when a dummy'cell connected thereto
is selected will never be lower than the potehtial.of
A . a data line measured when a memory MOSFET having a low
| threshold voltage and_connected_thereté.is selected or
. 20 higher than the potentiél of a data line méasured when
a memory MOSFET having a high threshold voltage and |
connected thereto is selected. | Accordingly, it is
possible io prevent mélfunction.

" The abéve—described'discharging'MOSFETs D0 to

25 D4'preven£'wastéfu1 consumption of current by



' 31. the decoder and the change in potential of the-correspdndihg duhny

word i ren it is risiing to the selection |level in response to the
out put dgpal fromthe X decoder substantially equal to each other. 5
- It i s al\sg/possible to make the voltage applied to the gate of .the nenory

MOSFET t 0 be sel ected and the vol t ageggapplied to the gate of the MOSFET of

the dummy cell to be selected substantially equal to each other at all 25

times. Consequently, the 10 conduct ance of the sel ected -dummy cel

- becones an intermediate val ue between the conductance of the sel ected

merory MOGhiohiwing ailswakrdirms ol dheldaage itancede ogoktuct ance of the

sel ected nenmory MOSFET having. a high threshold voltage.:  |n other wor ds,
in 15 thespsrinive datientanch exdrtthdiRed riote gedieetiedal offhe data line

. nmeasured when a dummy cell connected thereto is selected will never be

| ower t hareiizee gteanh aif dhesed MASHETR DypdouDyd ishench thatry MOSFET

having a | ow t hreshol d vol tage and connected thereto is selected or 20

hi gher thaﬁ%‘q @'&H‘@rﬁq%ﬁ of %%Mﬂﬁ%é‘%@ﬁe%ehtalﬁeﬁﬁr y MOSFET .

~havin §265h0| val t age and connected thereto is_sel ected.

Accor ngl Y2 prté\?éht h‘?a"l e PEROTYh¥OFEETe- descri bed
.dISChargl%L sure-rwﬂgg(it is -ON.

'Thereby; the time constant.in'discharging;the
electric charge stored in the stray or ﬁarasiti¢; |
capacitancéfconnected to a data line is suhstgntially

10 determined by the capacitances.and £he conductangg_of'
a storagefMOSEET.measured when it is in the selecged_
state, oﬁ'subgtantially by ﬁhe cépagitances'and.the'

conductance of a dummy cell measured whén it is in the

selected state, i.e. the combined conductance of the

two MOSFETs connected in series.



25 [err] prevent wasteful consunption of current by 32. prohibiting"

di scharging of the capacitances of the respective data and earth I|nes not.
- selected.  The size of each of these MOSFETs D' to D is such that %
_conduct-ance of the MOSFET neasured whenit.is ON5. is sufficien /y 173
thargthat of a nenory MOSFET neasured when it is.ON. Thereby, the
cdezzant in discharging the electric charge stored in the stray or
pa itic capacitance connected to a data Prne is substantially 10

determ ned by the capacitances and the conductance of a storage MOSFET
“nmeasured when it is in the selected state, or substantially by the

capaci tances and the C Gy gygbgaﬁﬁgogo gq§qg¥iﬁslFagﬁaé#ﬁﬁgw%gggfg CIS fn fhé-

" selected state, i.e. the conbl ned conductance o onnect ed

in series.”  GRyrmEde simiEEB%oa%ﬂngww RHeCAShofy MYsBLTE . are forned

'si mul taneously.-wi th the nmenory MOS Therefore, the RONInanufacturlng
.process will nethdye fortes &hieD Rosr iradu fachi £AYeprobys s ei 5l bt apeous

more complicated. - Mcreovc:, by theusimultaneous
5 formation, if there should be any change in
characteristics, e.g.'CondcctamceVof-memory MOSFETs
owing to manufacturing condition variations, the
MOSFETs constituting the dummy cells have the same
change.in their characteristics. Therefcfe, it is
10 possible to make the conductance of each dummy cell
substantially half the conductance of a memory MOSFET
haviné-a-low.threshold.voltage which turns ON_whcn
:(::} | seiected,-indcpendentlj of variations in manufacturing
cohditions.m Accordingly, it_islﬁossible to |
15 . manufacture.axmemory'with a high prodcction yield.
| Thc writing of data into each memory MOSFET is
_ &J' effected by implapting-impurity-ions into a region for
forming the channel of fhe memory MOSFET. More
specifically, the threshold voltage of a memory MOSFET
20 is determined by the-impurity ion implantation. For
example,_inﬁo a'region.for forming the=channe;'of a
memory MOSFET required to have a high threshold -
voitage,-impurity.ionthaving a conductivity type
opposite co that of the channcllare implanted. The

25 region for forming the channel of a memory MOSFET



of each Z
~having a l ow t hreshol d vol tage which turns ON when sel ected, |ndependently’
of variations in manufacturing condi t¥ns. Accordingly, it is -possible t®

5 fornﬁtlon |f there shoul d be any change in characterlstlcs e.qg.
conduct ance of menory MOSFETsS owi ng to nanufacturlng condi ti on varlatlons
t he I\/DSFonst|tut| ng the dummy cells have the same change in their

characte cs Therefore, it is 10 possible to nmake the conductance
cell substantially half the conductance of a menory MOSFET

15 manufacture a nmenory with a high production yield. The witing. of datamw

into each menory MOSFET is effected by inplanting inpurity ions-into a

f f f f |1
T oh orah e P8 Y of R B o Ml E ke a6 S0P LY
i on inpl a”%@ﬁé’@ted £8r4 ﬁéa{%elm é]%reslh%f taé@ G d | he channel of a

menory . re U|red 0 have a Tmpurity ions

having a Cemygﬁémwow&geppp%st@ f@sﬁmt ﬂé‘ebd‘d’ﬁfiﬁ“‘é &y e inplanted.
The 25 region for formng the channel of a nmenory MOSFET 34. required

to have a \pitéhaecoimdtyveidnge 5" nek ‘o) fticed inendry iMOBFEMI antation -
for shifting the threshold voltage. ‘As-a result, it is possible.to
‘5 In this case, the threshold voltage of a memory MOSFET
determined by the ion implantation is made to _ |
correspond to the binary signal “1?;,wh115t the low
threshold voltage of a storage MOSFET ﬁot-subjected to i : _ QJ
the ion implantation is made to correspond to'the_ _ |
10 Dbinary signal "0". | | : |
| ' Thé readout operation is_effeeted by detecting

whether a memory MOSFET selected is substantially .

turnel ON or OFF by the voltage-eppiied between the ..

gate and source thereof. In other words, the readout
15 operation corresponds to the.detectidh of wheihef:the

conductance of the selected memory MOSFET is large or

smell;. The reference dsed for the detectibn of the

size of the cdnductance*is given by the dummy cell.

o An example of a method of manﬁfacturing MbSFETs

.20 used in the ROM will now be deScribed.iﬁzgreater

detail. | o |
| A gate insulating £ilm is-formed on a -
semiconductor substrate (or well region), and a
pblycryétalline silicon layer is formed thereon. .

25 Then, the polycrystalline silicon layer is etched so as



wite a binary signal "1". or "O'" into a nmenory MOSFET. 5 In this case,
the threshol'd vol tage of a nenory MOSFET determ ned by the ion inplantation
“is-made to correspond to the binary signal "1", whilst the | ow threshold

voltage:of a storage MOSFET not subjected to the ion inplantation is Hee

to correspond to the 10~ binary signal- ' O'. The readout operation |
e.f"_ed by detecting whether a nmenory MOSFET selected is.substanti
#d ON or OFF by the voltage appl i ed. begsween the gate -and source

_thereof ~In other words, the readout 15 operation corresponds to the
det ection of whether the conductance of the selected menory MOSFET is large
or small. The reference used for the detection of the size of the
sconduct ance i s ¥ vEPrmByA tFRteUpgCtRede. An Witimthe polycryetad line
‘manuf act uri ng MOSFETs 20 used in the ROMw | |- now_be described in greater

detail. A gate ?*E&ﬁ%ﬁl}EF??I?ﬁ?%F*YH?&RF(i?%iQﬁ%ﬁ(ﬁ%ﬁﬁ$§F§F w88 2% @ (or
-wel.l region), ol staIIJne SI i €0 t hereon.. 25
“Then, the pol yc'P% a|$ % |’c%?11?'éy?? %ad%(fesg&o&s are SImed P m a
gate el ectrode. the\c'{xg,nlé&a‘pewfry&ﬁ@uaw G Wl ARgAlonNSt iyt 110 e

gate el ectrode Ulse
5 source and drain regions are formed 1n a self-allgning

_manner using as a mask the-polycrystalllne”silicon
layer constltuting the gate electrode. .
A heat treatment 1s carried out in order to
form an interlayer insulating film. The heat:
10 treatment undesirably causes diffusion of the source
and drain regions formed on the semiCOnductﬁr-substrata
___f. ' _(orawell region). Thereby; the gate electrode and the
1 l::> | source region, and tha Qate electrode and the drain .
regiOn are undesirablycovérlapped with each other,
15 respéctiveiy. COnsequehtly, the MOSFET has
| capacitances such as the capacitance formed between the
-L;; .gate eléctrode.and the sdurce region and that formed
between the gate electrode and the drain region,
| The memory MOSFETs, the MOSFETs cbnstituting-
20 the dummy cells and £haxMOSFETs constituiing'the
compensating circuits are simultaneously formed by the
manufacturing technique described above. R Mofeover, if
necessary, the channel fbrm;ng region of the MOSFET is
subjected to the ion implantatlon for shifting the

25 threshold voltage as described above.-



“mask, a source region and a drain region are forned on the sem conductor.
substrate (or well region). The 5 - source and drain regions are forned
“in a self-aligning manner using as a mask the polycrystalline silicon |ayer
h : ﬁsting the gate electrode. A heat tréatnment is carried out in order

) n interlayer insulating film The heat 10 = treatnent

un_de|y causes diffusion of the source and drain regions formed on thg¥s
~sem cenduct or substrate (or well reg3®n). Ther eby, the gate el ectrode alged
*.the source region, and the gate electrode and the . drain region are

" . undesirably overl apped wi'th each ot her, respectlvely Cbnsequently,

- the MOSFET has capacitances SUﬁP as the cggaC|tance f or med ‘bet ween the gate
- el ectrode and the ﬁufﬁﬁs?eﬂTB £187 1 $8g FRREEE YRR B gat e el ectrode

S PR e A LA P T
S'”“'ta”99§§L¥v£R ”Eds9¥?%fedﬁg£ﬁ é“fé&@ éﬁ%*EHﬂPQ?Qﬁﬁéi bove

Mor eover nece sary, ormng region o

subj ect edyk0 § e—gﬁ-nahgpgap;géfggcé ogléggi tdé‘ﬂu{ o rc]?5fron'i hiigs hol d voI tage-_

as describef a ove0 The sense anplifier I sconstl tuted by a.
5 unit qummy cell array DSO or.DSO.H“

The dynamic differential amplifier circuit is
. constituted by P-channel MOSFETSs Q. Qy aﬁd.ukchahnel - |
MOSFETs Q3.~Q41 Q- 'A.latching-cifcﬁit_is constituted _ 1¥J
by two-CMoQ.inverterS-each composed of the P-channel | ”
10  MOSFET Q; (Qz) and the N-channel MOSFET Qg (), and
the N;channel MOSFET Qg as a power switch is provided.

between the sources of the MOSFET Q; and Q, ‘and earth

to form a dynamic circuit. _As will be-described_latér
in detail,:in~order.to-preqharge, in é short period_of :
15 time, the stray'o?-parasitic c#ﬁaéiiénce connected to.a
data line, precharging of a.data line is also effgctéd
from the sense amplifier side." For this purpose, the P
.sense amplifie: is provided with the ?-channel MOSFET
05; which'is~provided'betweenfthé electrode of the _
20 respective MOSFETs-Q3.ahd-Q4.serVing as sources in the
ordinary operating staﬁe'and the supply-voltége Véc.
A timing signal formed on.fhe.basié of'the timing
signal éPAl”for controlling the operation 6f the sense
amplifier and the internal address signal a,, is

25 applied to the gates of-thenrespective-MOSFETs;QS and



single dynanmic differential anplifier circuit for receiving a sig
delivered fromthe unit nmenory array [err] or [err] and a refere
delivered fromthe 5. unit dummy cell array DS or [err]. The d
‘differential anplifier circuit is constituted by P-channel MOSFETS
and ‘N-channel MOSEETs [err], [err] [err]. A latching circuit is
i tuted by two CMOS inverters each conposed of ‘the P-channel 10

T [err] —and the ‘N:channel MOSFET [3gr.r] ([err]) and the N-channel
MOSFET [err] as a power witch is provided between the sources of the
MOSFET [err] and [err] and earth to forma dynamic circuit. As will be
described later in detail, in order to precharge, in a short period of 15
time, the strayQgs pzi&msitﬁgnadamlﬂatdsc@nrtd.mw sdgnaliafarnedcby
precharging of a datd line is also effected fromthe sense anplifier side.
For this purposeembiningethe £iming edgnalpdeydeadnthe dintepnahannel MOSFET
[err], which is provided between the el ectrode of the 20 respective _
“MOSFETs 03 and ?éh?ﬂs%; éaqsources |n t-he ordlnary operating state and

t h I I f the_b f inir
ignal Lerr]  for comtielaRY RSSHey diof COF PRBSSoABLERASEBhor i cr
‘and the | ngn e AGAR Vel Vo eSld lmb%t%ui%le WehirbiCod®ie dhib"e

respective

i,gnal

err]

amplifier in the latching circuit. MA, via the transfer
N-channel MOSFETs Q_8 and-Qg. A timing signal based on
a timing signal dPAz-gnd the intefnal address signal
a4 is applied to the gates of the'respectivé transféf
10 MOSFETs Q; and Qy. A timing -lsi.gnal formed by
combining the tiﬁinglsignal é?AZ and the internal
., _ éddtesé signal a4 is appiied.to the gates of the
"::> respective transfer MOSFETs Qg and Qq. -
One sense amplifier (no? shown) is supplied
15 with a timing signal based on £he1timing signal #,,,
. and the internal addreSs.éignal 3;:, and the output
gg; ~ signal therefrom is-transmitted.go the input/output
| terminal of the main amplifier in the latcﬁing circuit
MA, via a pair of transfer MOSFETs (not shown) . The
20 timing signal based on.the-timing signal ﬁPAz.and the
internal address.signal.EIZ is applied to the-gates of
the pair of transfer MOSFETs. o | K
Thus, in theftwo.sense'amplifiers. only the
sense amplifier-éelected_by the'eiternal_address signal

25 a,, is supplied with the-timing.signallﬁpAl for



37. Q. The signal. applied, is a tinming signal forned by conblnlng t he .
timng signal [err] and the internal address signal [err]. The output .
sign V‘R{on1the sense anplifier SA .5 is transmtted to the i nput/output
t-er gﬁ of the main anplifier in the latching. circuit {err] via the

tra fbr N-channel MOSFETs [err] .and Q. . A timng signal based-on a .
tim ignal [err] and the internal address signal [err] is applied to t
gates of the respective transfer 10 ,oMOSFETs [err] and [err]. A tlnlng
~signal formed by conbining the timing Signal [err] and the internal address.
. signal al4 is applied to the gates of ‘the: respectlve transfer MOSFETs [err]
and [err]. One sense anplifier (not shown) is supplied 15 with a tim ng

si gnal bag&dw&ﬁh& thel BenskOamplieietr.andThhsaddt tomal onlidr €6 si gnal
[err], and the output signal therefromis transnmtted to the input/output
term nal eiu-. de BRyAa2npEi this selebetedasehsagamplifieér [sr] via a pair of
transfer. MOSFETs (not shown). The 20 timng signal based on the timng
signal [etrhnamdtted kot theamadudampiifienavidethé txamsfe¥red to the gates
of the pair of transfer MOSFETs. Thus, in the two,sense anplifiers, only
the senseM@S§EWS|Gpnsepééﬁédbﬁytbﬁetéwiégna}gﬁﬂhrégﬁzS|g EEF [err] is

~supplied with the timng signal [err]. for .
PP 5 two sense amplgfie%s, ohly the sense amplifier selected

by the external address signal A14 operates, and the
.output signal therefrom is supplied to the main':_.' _ ) - ﬂ*"
amplifier. Therefore, in the 76 sense amplifiers,'
only 38‘sense-amplifiers operate in the readout
10. operatioha" Aocordingly,.there'are.providedzoaly 38
| latching circuits each'incltdiag'a,main'amplifier; '

' For the sake of clarity, it is assumed that.

each sense amplifier is supplied'with'theftiming signal
¢PA1' and the transfer MOSFETs provided between the |
15 sense amplifier and the main amplifier are supplied
with the timing'signal ﬁéaz,' 'In other words, what is
111ustrated is an imaginary state where the unit sense . .1:)_
amplifier and the transfer MOSFETs have been selected
by the external address signal A14 In addition, the
) 20 following description will be ‘given on the assumption -
that this imaginary state is maintained.._-'
Fig. 6 shows the changes with time of the
potehtials-Vb'and VD of the pair of data lines DLoeand
'fﬁgﬁseleeted from'the=ﬁnit memory array MS, and the-

25 unit dumﬁy cell array ﬁso ghown in Figs. 2A and 2B..



38. activating the sense anpllfler In addition, only the output S|gnal of
this selected sense anplifier is transmtted to the main anplifiervia the
~transfer MOSFETs controlled by the tinming signal [err]. In the A~ #two
sense .anplifiers, only the sense anplifier selected by the exter
st:jaI'A14 operates, and the output signal therefromis supplied to the

_ tanplifier.  Therefore, in the 76 sense anplifiers, only 38 sense
a fiers operate in the readout 10 ﬁéation. Accordi ngly, there are
provi ded only 38 Iatchlng circuits each incfuding a main anplifier. For the
sake of clarity, it is assumed that each sense anplifier is supplied with
the timng signal [err] and the transfer MOSFETs provided between t-he 15
sense anplifier and th agplPfbeakgﬁeliﬂgpthﬁgegéﬁgst{ﬁgtéﬁgé&FS|gnal
e

PA2. I n ot her mords' is illustrated is an Tmaginary state re-the
unit sense anplsf te%t&datlh%ft tﬁaSEseaN@@EETﬁa&enbeeaeaebeete@h@y t he

. external address I gnal ~I'n addition, th@ 20 follow ng description
W 'l be given %nidiﬁc%fnlérmt i oA that othew hangi nar gnetave-and+aashai ned.
Fig. 6 shows the changes with tine of the potentials [err] and of the

cpair of data |ivigfe [reprlesents| ¢he] chehget éd potenthaluoftthendataarray
“[err] and the 25 unit dummy cell array [err] shown in Figs. 2A and 2B.
5 1line DL, when data "0" is being written into a memory .
MOSFET, whilst a two-dot-and-dash line represents the
L/ change in potential of the data line DLodwhen data "1°"
is beingrwritten into a memdry MOSFET. | '
Each memory MOSFET has a conductance thch is
10 determined in accordance with the data stored therein
as described above. . Therefore, the electrlc charge in

.'ii::) the data line DL, precharged~beforehand is started to

i be discharged in accordance with the data stored in a
memory MOSFET when the same is selected.

15 . A dummy. cell selected 81mu1taneoue1y with the
selection of the corresponding7memory MOSFET has, as
described above, an intermediate conductance between |
the conductance of a nemory MOSFET storing data "1" and
that of a memory MOSFET storing data "0". Therefore,

20 the electriC'charge-in the data Iine'ﬁfa precharged
beforehand starts to becdme discharged in accordance
with the conductance of a dummy cell when the same is
selected.- | 1 _

Accordingly, the potentials of the respective

25 data lines DL, and ﬁra-change as shown.



39, In Fig. 6, a broken line represents the change in potential of the data

- line [err] . connected with the dumy cells. On the other hand, a-

nd- dash |ine represents t he change in potential of the data 5

when data "O' is being witten into a nmenmory MOSFET, whilst a.
d-dash line represents the change in potential of the data line .
_ data "1" is berng witten into a nennry MOSFET. Each nenory MOSFS
- has a conduct ance whichis 10 deternined in-accordance with the data- i
.stored therein as described above. “%nmerefore, the electric charge in the.
‘data line [err] precharged beferehand is started to be discharged in "

..accordance with the data stored in a menory MOSFET when the same is

sel ected. 15 1§§ker §hg£éﬁglﬁfgggtgg 095i¥%§%th the

sel ection of the gg?r@ '| menory as descri above, an

. internedi t t n a f FET storin
e Ted e eputlug ﬁ%‘*ﬁsﬁ.ﬁr tﬁwogiét 6208HEhaneRen] s MRFBAIMMBIET 5011 NG

the el ect kg ahpideied vVbetdgeadiifFerenker b ernechaigedmpeipiehand starts
to becone discharged in accordance with the conductance of a dumy cel

when the gamehies upditedatdhihge eddicadiey MAple potentlals of the respective 25
data l'ines [err] and [err] change as shown. _
' 5 - As shown in Figs. 2A and ZB. a P—channel MOSFET_
Q. for short-circuitlng is prov1ded between a pair of |
input/output termlnals of the sense amplifxer. n The S | ,
short—czrcultlng MOSFET Q7 is- held ON while the data
line is being precharged, by the timing slgnal'z;g.
10 As will be described later in detail with reference to
Fig. 7; fne.MOSFETs“eonstituting each unit column

gwitch are a11 held ON ‘during the: precharglng perlod by

output slgnals Yo yl. and YOO to Yll dellvered from.
the Y decoder YBDCRZ. Accord;ngly;.the following data
15 1lines are electrically conneeted-to-each.other: a data
line connecting”one=input/output terminal of the sense
amplifler and the column switch CWCO, i.e. a common'
data 11ne, a common data line. connecting ‘the other
1nput/output termlnal of the" sense amplifier and the'
20 coiuﬂn.switch CWC'Z each of the data’ lines: formed in
| the mempf?'erray Msoeand-the dummy cell array.Dso, and_
 each of the data lines formed in the memony:array iﬁﬁ;
" and the dummy cell array'ﬁgs; Therefore, the
potentials of the-respecpive.data and common data lines

25 precharged can be made substantially equal to each



-40. The sense- anplifier [err] anplifies the vol t age di fference bet ween_t he:
- pair. of data lines and transmts the anplified voltage difference to ’

main anplifier in the unit latching circuit [err] .5 As show( Ln/
Figs. '2A and 2B, a P-channel MOSFET [err] " for short-circuiting is prOV|ded'

between a pair of.input/output termnals of the sense anplifier.  The

pf arged, by the timng signal 10 As will be described |ater in detai
with reference to Fig. 7, the MOSFETs const’ituting:-each uniit columm. switch
are- all held ON during the precharging périod by output signals yo, [err],
and y00 to .[err] delivered fromthe Y decoder Y-[err]. Accordingly, the _
foll owing dat agdier. | | NE$ &rFefdBE! riCald ooudite b mprave ehker: a data
l'ine connectlng one i nput/ out put termnal “of the sense anplifier and the

colum switch {¥Pating spesd® BPEHIAIROMJ Ne; a common data |ine connecting
the other input/output termnal of the sense anplifier and the 20 ~ colum

_slg;z-circuiting MOSFET [err] . is held ON while the data l.ine is being
t

~switch [err]; each of Ihethateaseée nvererthsl data e nes Dl formed parr] and

t he dunmmy cell array [err]; and each of the data lines formed in the menory

array Ms and thhednngﬂytf:mndasi@ dfertte semmlﬁh@A@otﬂ@m rl'—hles of the

e

.respective data and conmpp_data |ines
5

data line DL0 formed on the left-hand side thereof are
made different in potential from each other by the
precharging operation, for example, when the potential
| of tne data line DL, is made higher than that of the
data line ﬁﬁ_'by the precharging operation, the readour
-;10 operation of the ROM is retarded as follows._

For 1nstance, in the case where a memory MOSFET
oy _ .is seiected which stores data "1" and has its drain
‘::) connected to the data line_DLo,.the potenriai of the'.

data line DL, starts to 1oﬁer from a 'value higher than

15 the potential of the data line ﬁia.- In-coneequence, a
relatively long time is required until the potential of

i{; the data line DL, becomes lower than the potential of
the data_line_ﬁts'naving the selected dummy cell
connected thereto. Accordingly. in order £o.

20 accurately read out data from a memory MOSFET, it is
necessary to_set.a relatively long time from the time
whenlthelmemory MOSFET and fhe corresponding dunmy_cell
are selected until fhe corresponding unit sense o
amplifier is actuated. As a result, the speed of

25 operation of the ROM is reduced.

i A e ar s+ a4



- 25¢ precharged .can be nade substantlally equal to each = 41. other. As a
result, it is possible to inprove the operating speed of the ROM In the
case where the data |ine [err] fornmed on the right-hand side of the sense
anpll$*ey [err] and the 5 - ‘data line [err] fornmed on the |eft-hand side
ther re made different in potential .fromeach other by the precharglng
oper , for exanple, when the potential of the data line [err] is made g
hi gher—than that of the.data line [err] by the precharging operation, tHg#
readout 10 operation of the ROMis4eetarded as follows:. For-instance, in
‘the case where a nenory MOSFET is sel ected which stores data "1" and has

Its drain connected to the data line [err], -the potential of the data line
[err] starts to |lower froma value higher.than 15 the potential of the
data line [err] The nrmvé@dwqmﬁw@e shostacivenitinggMOSFETEs required

until the potential of the data line [err] beconmes |ower than the potential

of the daPeTMif® [t&e POLRRK i & oF §§‘Ieeé’F§GhBEHﬁ9 pair efndatted thereto.

A di ngl.y. rd data f
voereT, | ines He e Bg s B8 AebteberS Ty parRi tor 8RFbNC 11 e when
the e HIFET 2 Q..t.g%.m&s,esmw agm@u.m WBLked’ SngCkg! o UNti ! the

correspondi ng unit sens
-5 corresponding dummy cell are selected. the potentlal of

the data 1ipe DL, and that of the ‘data line ﬁ_- change
from substautially:the same value. “More speclflcally;- ' ;j
from the time when the selection is made, the'poteutial |
of.the,data'liue DLd is'a'value higher.or'lomef than’
10 the potential of'the data lihe Bﬂa.im accordance with
" the data'etored.in-the memory MOSFET. fhcco:dingly, it.

is possible to'accurately read out dataleven if the

 mense ampllfier is actuated in a short period of time
after the selection of the memory 'MOSFET and the  *
15 correspondlng dummy cell. As a result, it is poss1b1e '
to 1ncrease the speed of operation of the ROM. _ N
The sense ampllfler SA.0 has a relatlvely high : o
sen91tiv1ty, slnce it is constituted by ‘a differential
amplifier circuit. | Accordlngly, if the sense
20 'ampllfler is actuated when the potential difference
between the data ‘lines DL0 and EE—'ls relatively ‘small,
_the sense ampllfier is able to ampllfy the potantial
difference without any malfunction. In other words,-lt
is possibie to'actuate_the sense amplifier in a |

25 relatively short period:of'time after the selection'of



anplifier is actuated. As a result, the speed of 25 - operation of the

ROM i s reduced. 42. The provision of the short-circuiting MOISFETS ~ S
‘permits the potentials of the precharged pair of data lines [err] ~_d‘:)}"ger_r]

to be substantially eqgual to each other. . Consequently, when a nergryr
MOSFEI~and the 5 . correspondi ng dumy cell are selected, the potential of
ty&%ata line DL and that of the.data line [err] - change O .

0% m substantially the same value.  Mre specifically, fromthe tine"

when the selection is. made, the potentialgaqf the data line [err] is a value. -'

hi gher or |ower than 10 the potential of the data line [err]. in
accordance with the data stored in the nenory MOSFET. Accordingly, it is
possi'ble to accurately read out data even if the sense anplifier is '
actuated in a thermemeryotelX andrethe teorndsponding idwnmyf celd .m8Pory MOSFET
and the 15 correspondi ng dummy cel . As a result, it is possible to

i ncrease the sthat tie orradoubropsratiomef the RO sanghe Mede [err] has a
-relatively high sensitivity, since it is constituted by a differenti al
“anplifier circhigher st oSRReRty, if the sense 20 “-anplifier is actuated

hen the potential  di (e epoe, et tecl Hife 8 d 0¥l Wy FMbAiS ] 1S
| S each #ense amplifier as a differential amplifier '
circuit and arranging it such that when, for exammple,
§4~ - word lines in the memory arrays MQARYa'and M-ARY;.on
the right-hand side as viewed in Fig. 1 are selected,
-the corfesponding dummy word lines in the dummy arrays

10 D-ARY andﬁD-AR!2 on the 1eft4hand side are

1
simultaneously selected. _ | _
‘::) | ' | © Namely, when the potential of a word-;ine
o changés from the non-selection level to the selection
level, the_potehtial change is undesirably transmittéd
15 to one data line via the'unfavoufable'capacitance
coupling between the word line and thé one data line.
Thereby, the potential of the one data line is .
.undesirablj"dhanged. However, substantially
simultaneously-with-the'séiection of fhe word line, the
20 corresponding.dummy word line is selected.
Consequently, the potential éhange of the dummy word
‘line, iJe. the potential change from the non—selection
level to the seleétion level, is also tfansmittgd to
the other data 1line via the unfavourable capacitance

25 coupling between the dummy word line and the other data

et b G— 4w



the sense'anplffier is able to anplify the potenfial di ff&rence Wi t hout any-

mal function. In other words, it is possible to actuate the sense anplifier
ina 25 relatively short period of tine after the selection of - 43. the
menor. | ‘and-the correspondi ng dummy. cell, so that tlie readout operation

of th can be made.- - higher in speed. The foll owi ng advantage is
of fer / formng 5 each sense anplifier as a differenti al anplifier
circuitTand arranging it such that when, for example, word lines in the A
nmenory arrays MARY[err] and MARY[eg4] on the right-hand side as viewed in
Fi.g. 1 are selected, the corresponding dummy word |ines in the dummy arrays
10 D-ARY[-err] and D-ARY[err] on the left-hand side are sinmultaneously - -
selected. Namely, when the poterntial of a word |ine changes fromthe

- non- sel eciine.| evRtcdbprdihelgel théi potenvinl ohetpotethidnl datmnge i s
undesirably transmitted 15 to one data line via the-unfavourable
capaC|tantbneouplahgobendganrahkymdhdngeﬁe ‘arthe hpoteretikek a | i ne. Ther eby,

the potential of the one data |ine is undesirably changed. However, -
substant|Ghﬂygslﬁﬁltbﬂe@%%l9ah#thlﬂﬁea%@I%kﬁtcﬁfcﬁhﬁrﬂﬁ datae, the 20

' correspondkng wor d |IE€ is selected.
_ né are the same phase. Slnce the sense ampllfler

5 for amplifying-the.potentialsdlfference between the .
pair-of.data lines is cdnstituted bj substaﬁtia;lj a
differential'aﬁplifier circuit, the undesirab;e.'..' . | o
potential change in’ﬁ%gh.of the pair of dataaline; is
hérdlf amplified. - Accordingly, it is possible to

10 obtain a ROM which is_substaniially free from
mal function. - |

'By.prbviding the coméenéating'cifcuits-as shown : {::}

in Figs.'2A and 2B, ii'iQ poésible to obtain a .
semiconductOf ﬁémoty'with greater reliability.

15 B ‘ More specifically,. the capacitance formed

| .between the data line and the word line is
substantially constituted by Ehe'capaciténce.formed
between the drain region and'thé gate electrode of the
memory MOSFET fofhed on the gpper_side.of.the-data line

20 and that formed between the drain region'of‘the gate
‘electrode of the memory MOSFET formed on the lower side
of the data line..= On ti.2 other hand. the capacitance
formed between the other data llne and the dummy word
line is subétantially éonétituted by fhe”capacitance

25 formed between the gate electrode and the drain region



Consequently, the pofential change of ‘the dunmy mord l'ine, i e. 1h 3

potential change fromthe non-selection level to the selection I I's
~also transmtted to the other data line-via the-unfavourable ca nce 25
coupl kag between the dummy word l'ine and the other. data 44. |1 ne. -
AcgQrdingly, the potential of the other data line i's al so undesirably

C{ ped. - The potential change of the one data |l ine and ‘that of the .other

wef | i ne are the sanme in phase. Since the sense amplifier 5  for.
anpllfylng the potential difference betysgn the pair of data lines is
constituted by substantlally a differential anplifier circuit, the
undesirabl e potential change in ~such of the pair of data I|nes S hardly
: anplified. Accordingly, it is possible to 10 obtain.a RON which .is

- substanti al | yoff rezecH rafintwd MOSRETE cobnented dionghiilse dadapadseting circuits
as shown in Figs. 2A and 2B, it is possible to obtain a sem conductor
_nmenory with dgred ame MOSERT idny thes dummy. cell ppde opee¥PSFEEI Ly, the -
“‘capaci tance forned between the data |line and the word Iine is substantially
‘constituted IFPRRRNRSAHAT (HFMtor neFiRaeddesenMOSFETS REGi SRTRAE the gate

celectrode of the Mo, Miaten Y Wddl® siPAinensdsnd’ cbadpi® 1 ne-
5. other, the capacitances formed-between the.gete
electrodes and the drain regions of these MOSFETs
S respectively have'values bubstaneially equal to each
| other.. Moreover, since these MOSFETs are | -
eimultaneously-formed, they have gate-drain _
10 capacitancees(capacitances_formed.between the gate
-electrodes and the'draih regions;'respeciively)
<::}' o substantially equal to each other independently of
' manufacturlng condition variatlons. Consequently, the
value of the capacitance fotmed,between_the_one_data_
15 1line and the word line and that of the capacitance
formed between the other data line aﬁd the dummy word
line can be-made_substantielly equal to_each other
independently of manﬁfacturing conditionevariations.;
As;a.result; the change iﬁ potential of the one data
. 20 line caused by the dhange inféotential of the-wofd line
and theldhange-in potential of the othef data line
caused‘by the'change in pOtential of the dummy word
.1ine.can be made substantially equal to each other.
Since these changes in potential of the pair of data

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



20+ and that forned between the drain region of the gate el ectrode of the
-menmory MOSFET formed on the | ower side of ‘the data'line. On t-he ot her
‘hand, the capacitance forned between the other data |line and the dummy word
li.ne is guhstantially constituted by the capacitance 25 formed between
“the gat g €actrode and the drain reglon 45.- of each of two MOSFETs
connectqg7yo this data line, i.e. one MOSFET in the dummy cell and one { i
MOSFET \n e conpensating circuit. Since these MOSFETs -are forned so as™#
to-be subStantially equal in dlnen3| ns to each 5 - other, the capacitances
© fornmed between the gate el ectrodes #Ra the drain.regions of these MOSFETS

. respectively have val ues substantially equal to each other. Moreover,

since these MOSFETs are sinultaneously fornmed, they have gate-drain 10"

capaci t ag®gtant3aaqiyt w@qaf&aa ?'@ﬁb""@i?f&?@nﬂ%@ sinﬁimzdes and the
drain regions, respeCtively) substfantially equal to each other

i ndependedtreynief comatitetihgn¢heosdhbeoampdifabirogait., Consequently, the .
val ue of the capacitance forned. between the one data 15 |ine and the word
i ne andaicearddhgillye dapdesi pesedbiler redobetdeecn ‘sbmiobhductiata |ine and the
durmy word line can be nade substantially equal to each other i ndependent |y -
~of. nanufacmarwngha@hdﬁslmnreareéﬁabhs- T :

5 In the sense ampllfler SAb the dlfferentlal
| ampllfzer circuit. is formed so as to constltute a
latching clrcult. Therefore, it is poss1b1e to. P : N~
amplify the potential difference between the data ‘lines:
to a predetermined'potential in ezrelatively shortl--
10 period of time,'eo”£hat the speed of the readout

operation of the ROM can be increased. In addition,

since the latching circuit is preferably constituted by
a CMOS circuit, the potentials of a pair of data lines
'cah;be*emplified'to the'eupply voltage and earth'
15 potential, respectively. .
 Between a pair of input/output terminals of the
main amplifier in the latchihg-circﬁit‘MAo are prOvided'
preeharging'MOSFETe conStituted'by'Pfchanhel'MdsFETs |
Q;0 and Qll’ together with a short-circuiting P-channel -
20 MOSFET Q,, for making the'preoharging levels of'ﬁhese.--
MOSFETs uniform. 'This short-circuiting MOSFET'lefhas
subsﬁahtialiy fﬁe same function ae the'short—circuiting
MOSFET 07 oeSCribed above. A’tiﬁing-signal'ﬁg is
applied'to'the'gates of the respective-MoSFE"rs'Qi0 to

25 Q4



As a result, the change in potential of the one data 20 " |ine caused by
the change in potential of the word |ine and the change in potential ~of the
~other data line caused by the change in potential of the dumy wor Fﬁne -
. can be made substantially equal to each other. Since . these change Jggf -

‘possible to obtain a-sem conductor nenpry which is nore reliable. 5 L
“In the sense anplifier [err], the-diffe? htial anplifier circuit is forned

'_DOIenfiaI of the pair of data 25 lines are the same in phase, t
cl es are not 46. substantially anplified by the differential
aMf fier circuit constituting the sense anplifier unit. Accordingly, it is

;S0 as to constitute a -latching circuit. ‘Therefore, it is possible to
tanplify the potential difference between the data lines to a predeterm ned

potential in a relatirel kabhobholfriePCid OoRbt]iiiFea Sy 'l FyrldifiSPoCd Of

t he readout operation of the can be increased. -

t1on, -since the

"l at ching cir adifferenpielcanply£eopseitebd Y endNGCinditdr e
~‘potentials of a pair of data lines can be anplified to the supply voltage

and earth 15thepeessei amplifipecshyel y. ABcNGwN, atisliniaief dmpnyiFiaet put

.termnals of

S

-

5

10

15

20

25

the main anplifier in"the latching circuit [err] are provided
is constituted by_a latching_¢ircuit.comprising two

CMOS inverters-each composed'of atP-chanhel MOSFET‘QI3
(014) and an N-channel MOS?ET 0115'(0116)' and an N-
channel MOSFET'Qlla=as a power switch.

The output signal_ffom the main amplifier,.i.é.
the output signai taken out from a node NB,., is applied

to an inverter which is constituted by a P-channel

MOSFET Q)4 and N-channel MOSFETs Q,, and Q,, and

functions as a tristate circuit. The inverteér outputs
a signal BL,. A timing.éignal 6, is applied to the
gatg of the N-channel MOSFET 021 and'the gate of the
MOSFET Qg for cqntrollipg the'operation of the
diffe:ential.circuit. During'the.petiod when the

timing'signal_éla is high,_thetdifferential circuit

amplifies the_signal transmitted from the sense

amplifier SAO and létches-the'same. " Accordingly, a

static'output_signal BL, is delivered from the latching .

“circuit MAO constituted by the inverters_and the main

amplifier. - - _ _
The main amplifier is provided with a P-channel
MOSFET Q;, having the same function as the MOSFET Qg in

the sense amplifier SAO. It should be noted that when



precharglng MOSFETs cqnstltuted by P-channel NCSFETs [err] .~ and [err] .
r wth a short-circuiting P-channel 20~ MOSFET Q for making the
ing level s of these MOSFETs uniform  This short-circuiting MOSFET
_ substantially the sane function as the short-circuiting MOSFET
_ escri bed above. A timng signal [err] is applied to the gates of

t he respective MOSFETs - to 25 [err] - 47. The main anplifier is
~constituted by a dynamc differential anplifier circuit in the saime manneriw#
- as the sense anplifier [err].  As shown, the main anplifier is constituted.
‘by a latching circuit conprising t4®.5 = 'CMOS inverters each conposed of a
‘P-channel MOSFET [err] (Ql4) and an N-channel MOSFET Q115 ([err])' and an
i 'N- channel MOSFET Q  a$ a power switch. The output -signal fromthe nmain:

- ‘anplifier, i.e. the output signal taken out from.a node [err], is applled

.10 tothe %m‘é?(@\athcheﬂl%%s?ftﬂ!%d“W mlelrﬁﬁreuqvosFET [err] and
- N-channel _ MOSFETs err% [errl and, fu 3s_.a trlstate circuit. '
‘The i nvEREeF BEETRREIY %fg \d T%F ?g 5199? 1%y ] is applied to

t he gat f the. h t t he 15 MOSFET
.[e?r?a 8?§?e35%? Y a é§§% err(ﬁ%éhé$§»?a elﬂﬁ%ﬁeCIrCUIt During -
the perb?QcﬂQF&iﬁ& of the main amplifier is also effected from - '

5 the MOSFET 017. in order to inerease»the speed of
precharging. C ' ' '
Moreover} whiie the main emplifier]is being
precharged the timing signal d is held low. In
| addition, since the node NB, is held at ‘the high level
10 by the_precherging, the.MOSFET 019 istalsb'turned-OFFs
| Consequently, ‘the 1eve1_ef the output signal BL, having C |
been delivered from the inverter before-the precharging o ‘:;!
of the maintamplifier is'heid by the-stray or parasitic -
capacitance.coupled to tnelline for tranemitting the
15 output signal BL, and the stray or paresitic
capacitance of the MOSFETs Q9 and Q0° Accordingly,
even when the main amplifier is being precharged, the
same-eutput signal'as that.delivered'before the
precharging is delivered from the inverter. h
20. - The output signals BLo to BL37 delivered from
the latching circuit_MAo to MA,, are supplied to
?inverters IV such as shown.in Fig. 4,'reepective1y. to
form signalS'Do to'-;;T.and-ﬁs'toqf— formed by |
inverting the phase of the output szgnals BLO to BL37,'

25 respectively, and signals DO' to D31' and - PO to P5



timng signal [err] is high, the differential cirouit_énplifies th
transmtted fromthe sense anplifier SAo and | atches the sane.
Accordingly, a 20 .- static output signal [err] is. delivered fr

“latching circuit [err] “constituted by the inverters and the main anpllfler
The main anplifier is provided with a P-channel. MOSFET QL7 having the sane
f ion as the MOSFET [err] in 25 t he sense anplifier SAo.
béwgbt ed that when 48. the input/output ternminal of the main anplifier
i s ‘under precharging, the timng signal [err] is held |ow Consequently,
the MOSFET QL7 is turned O\,  and the @#®acharging of the main amplifier is
“al so effected from5 the MOSFET QL7 in order to increase the speed of

1 precharging. Mdreover, while the main anplifier is being precharged, the

It shoul'd

“timng signal [err] is held |ow I n addition, since the node [err] is
hel d at theFHXRF ing ko the %H&’r"ecﬁi&’@%B%héol\/@EﬁT [err] .is al so

- turned OFF. Conse uentl , the le of th out ut ,si naI Lﬁﬁ&% havi ng been
~del i ver ed fTRAY 1 Y q9u§°b SHECHA o ECEhE amplifier is

held by th d he |
t?ansmyti.ﬁsﬁ%%%‘t B G %é?ﬁ%egﬁﬁufig%?gé paFeeit i c
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that each of the 1nverters IV is a static CMOS inverter
constituted by a P-channel MOSFET and an N—channel
MOSFET such as shown in Fig. 15. |

Flgf 5 shows a preferred form of circuit of the
X decoder X-DCRl shown in Flg. 1. | |

The X decoder X-DCR1 is constltuted by a
plurality of decoders._' ‘The Figure ehows the-clrcuit
of one of these decoders. A selecoing signal for -
_eelectingca'word'line is formed in'three.etagee. " More

'specificelly, address signals are.decoded in three

' stages.

The internal address signals a4 to aq and a4 to
a9 are decoded by a decoder circuit constltuted by a
plurality of NAND circults. The Flgure shows the

circuit of one of the plurality of NAND circuits. A

' CMOS NAND circuit is constituted by P-channel MOSFETs.

Q30 to Qg5 and N-channel MOSFETs Q3 to Q. The NAND
circuit is supplied with the internal address signals
fEZ to & as shown. | | -
The internal address signals az,'EE and a,, EE;
are supplied to the decoder circuit constituted by four

two-inptt AND circuits. In this decoder circuit, the



_ncapa itance of the NCSFETS [err] and Q20 - Accordingly, even when the .

: ‘ ifier is being precharged t he 'sanme output signal as that '
before the precharging is delivered fromthe inverter. 20 -
t signals [err] to [err] delivered fromthe latching circuit [err]
: are supplied to inverters IV such as.shown in Fig. 4,
~_respectively, to form signals [err] to [err] [err] and PO to P5 for;
~by ‘inverting the phase of the output signals [err] to BL37, 25 :
- respectively, and signals [err] to D~ and PO to [err] 49. :
corresponding to the output signals Eerr] to BL37. Thése signals are
supplied to the circuit ECC'in the s Basequent stage, described later. |t
“is to be noted that each of the inverters IV is a static CMOS-inverter 5

- constituted by a P-channel MOSFET and an N-channel MOSFET such as shown in-
. Fig. 15. Fig. 5 shows a preferred fofmof rcuit .of ‘the X.decoder X-DCR

- shown in HAingernal) agdzegs)siggal sX’BGRF@FpﬁeFSgeoﬁgf?tg?ﬁﬂdB§ a 10
“plurality of decoders. The Fi gqure ,shows

_ g t he |rcu$t oéfogﬁ of these f
~decoders. Si9R2dA Egoi %9 S1gtal F&F J2EERPCRy WRRB FOF formed in three
~stages. _ M?;ern %d]d'r(:easlsl 3§1g%‘$q.r e-%s 3&19”3"’5 18" 91“60914&%&&:&2{-66 l

c1rcu1t delivers the decoded SLgnal aoo of high level

5 . ("1") and the decoded signals aol to ali of low level o _
oy )
| A two-input NAND circnit'ie'constituted'by P
channel MOSFETs 042, Q43 and N-channel MOSFETs 044. |
Q45. One input terminal of this NAND circuit is:
. 10 supplied ‘with the output 31gna1 of the CMOS NAND

circuit phase—inverted by the inverter Iv,, While the

other input terminal 18 supplied w1th the decoded
sxgnal_aoo. This NAND circuit forms selecting signals ”
‘for four word lines. These selecting signals are

15 applied to tne gates of fOur word 1ine-dri§ing circuits
DVO to DV3, respectively, each comprising a P-channel

MOSFET Q46 and N-channel MOSFET 047 which are connected

to form an . inverter.



¥

‘stages. 15 The internal address signals [e?r] to a9 and [err] to

a are decoded by a decoder circuit constituted by a plurality of 2N
circuits. The Figure shows the circuit of one of the plurality O§§E§§D
circuits.” A CMOS NAND circuit is constituted by P-channel MOSFETSJL2
[err] to 035 and N-channel MOSFETs [err to (41, The NAND circuit is
_sﬂied with the internal address signals a to [err] as shown. The

i mMwet nal address signals a2, a and a3,_q?§re supplied to the decoder
u .

circuit constituted by four 25 . two-inpUdt -’AND circuits. In this decoder
circuit, the 50. internal address signals are decoded to form decoded

¢ Signals [err] to [err]. For instance, when each of the internal address

'signals ©and 3 s e fdedigeodRtardes Wiamiale orsshandesodeg i gnal

[err] of high level 5 ("I™) and the decoded signal @ [e®r], tolerd] of low
level . A two-iamitsippiiied rlid decodursidiindid Ronstithtedanyela MOSFETS
[err]" Q43 and N-channel MOSFETs. [err] [err]. One input term nal of

Tthis NAND cir qpiura kit Cof ANpimmhitig.h t Mhe depoikiexi gialcudt e CMOS NAND

circuit phase-inverted by the inverter 1V1l, while the other input term nal

i s supplied wifurther ceupplsediwikh theOworthildneAne leictdngt timinmg sel ecting
signal s '
g signal"éx. - In the decoder circuit, the internal address

signals 2y, Ea'and'él, SI'are decoded, and the decoded

L | ~signals formed by the decoding are delivered as word line

se;gcting.sighals $00 O Pyy in synchronism with the
word lige-selecting timing signal ¢X. | For insténce,
‘10 when both the interﬁal address'signals'ia and EI.are méde
high ("1“);_Ehe-decoder circuit delivers the high-level
‘::)- ~ word line éelecting timing signal éwoo in synchronism
with the word line selecting timing signaluéx.. At this
time, the word line selecting tiﬁing signals dWOI' dWIO
15 and ¢, are held low.
The four kinds of word line éelecting timing
&-f signals éWOO to ¢W11 formed ig synchronism with the word
 line seleéting-ﬁiming'Signal éx are transmitted to the
drains of the P-channel MOSFETs Qa6 of the-respectivel
20 driving circuits DV6 to DV, :egpectivqu;
Thereby, when all the internal address signals-éo
to ag are made low ("0)", in other words, when all the
internal address signals EE to Sg'are~made high'("l'),.

the MOSFET Q,. in the driving circuit DV, is turned ON,

25 and in synchronism with the selecting timing signal ﬁx,



lfbr-four word-lines. These serectihg signals are 15 applied to the
gates of, four word line driving circuits [err] to DV3, respectively, each

conpri a P-channel MOSFET [err] and- N-channel MOSFET [err] which are
conne jto forman inverter. - The internal address si-gnals [err], [err]
and [ /, a are supplied to a decoder circuit constituted by a pIurallty,
of AND rcuits. . The decoder circuit is further supplied with the word
line selecting timng 5 S|gnal [er £ In the decoder circuit, the .
“internal address signals [err], [errF and al, [err] are decoded, and the
decoded signals forned by the decodlng are dellvered as word I|ne 'Sel ecting
signals [err] to [err] in synchronismw th thé word l'i ne sel ecting:
‘timng si | o L F n 0 Ng t i n§grnal address
"signal s [gﬁg]hkg g?%]géfg %% ﬁfg ?ifmﬁa Egﬁgtc %?rCU|t delivers-

the high- k@x%m\i@%dal kBeene! &e&anqlhwwtqgv&agaaé MoSFET f. SyNCAS Oni sm with

.. the word I'tne selecting timng signal . Ferr] At :this ti the word line

sel ectingt i@ ts ¢Ha! potentehl] ofStheandrill Lineew erﬂseQWtoTHwefour ki nds
: of word line selecting-timng signals [err] to [err] formed in synchroni sm
with the wag#h Nievelswhéchi kg thei mgmerynaklleseleatingrievelited to the
- ~drains of the P-channel MOSFETs - =~ of the respective 20 dr|V|ng
~circuists [err] t OEBYB, wordpddney sy connected with an N—channel :
MOSFET for holding.the potential of the non-selected word
lines at eerthfpotential on the opposite side to the
corresponding-word-line-driving-circuit. .The gates of
the MOSFETs are supplied with signals formed by phase-
10 'inverting the word line selecting timing. 31gnals ¢W00 to
¢Wll supplied to the word line driv1ng circuits
corresponding thereto, respectively. For example, the

word line Wy connected to the driving circuit DV, is.
connected with a MOSFET 0170 ‘having its gate supplied
15 .Wlth a signal 3;;; formed by phase-inverting the timing
signal éwbo. 'Thus,-the-potential'across a word.line not
"selected, e.g. the word line Wé; is held at earth &J
potential by the MOSFETs Q,o and Q;43. i nccordingly, it
is possible to prevent selection of any undesired word
20 line, such as multiselection of word lines, so that

"possible malfunctions Can be*reduced. . It is possible to

readily form the timing signals‘lwoo to 6ﬁll by, for
. example, phase-inverting the_timing signals-ﬁWoo t°'¢Wll
by means of the respective inverters.

25 ' The following advantages are offered by the A



Ther eby, when all the internal address signals [err] to a are nade | ow
. ("0"), in other words, when all the internal address signals [err] >t [err]
~are made high ("1"), the MOSFET [err] in the driving circuit [ferf]_2s _
turned-ON;, 25 and in synchronismw th the selecting timng st L1err],
a‘he hi gh-1evel word selecting timng signal [err] is transmtted to the
I

iline WO via the MOSFET [err] As a result, the potential of the word
I [err] rises.to the high I evel which is the nenory cell selecting

level. 5 - Each word line is conf8cted with an N-chanpel MOSFET for
hol di ng the potential of the non-selected word |lines-at earth potential on
t he opposite side to the corresponding word line driving circuit. The

f th K ' | gnal g .- f by. phase- -
Dnverting the SRompgente Bk el thkeyndicpdereBer LSRR ORFE supplicd to

the vord |1 ne 4Udadd o £ a1s (P UE 3" G! U6 BHO. cLESPEELLNELY.

_For exanple, t wor d T ne nected’to riving crrcu

_connected wi t IiggaddeeFGh ifgftdadedyi Ng its gate supplied 15 wth a signal
" [err] formed by phase-inverting the timng signal [err]. Thus, 't he

'potential across a Wworgddsdtls NGt 5@l eeisedble go phevertdprbagc¥Bonisfehel d
at earth potential by the MOSFETs [err] and Q173 Accordingly, it is
possi bl e t5% pramsemastsfordt ibdrankl pomtiomddei the I0r dhip, so that the IC
cﬁip can be made'morelcompact. The decoder circuit can
K o - bé constituted by, for example, a plurality of AND
| circuits. _ If a muitiplicity of internal address signals
are attempted to be decoded by a sihgle AND circuit, the
10 AND.c#rcuit'is inevitably conétituteq by a multiplicity
of MOSFETs, which disadvantageoﬁsly requires a relatively

‘large area. Consequently, it is difficult to make the

lateral arrangement pitch of the AND circuits'coincide
with'the.word line arréngemeni_pitch in the memory
15 arrays.

In order to transmit the selecting signals
delivered from the AND circuits to the éorreéponding word
lines, it is necessary to énlargg_the word line
arrangement pitch, for éxample. In such a case, the

20 distance between the adjacent word lines enlarges,
cauéing.wasteful blank portions to be produced in the IC
chip. On the other hand, in the X decoder, the internal
,address sigﬁals are decoded by combinations of a
.plurality of small decoder circuits. Since a small

25 decoder circuit can be-cdnstituted by fewer MOSFETs, the



- 20: I|ne such as nultiselection of word lines, so that possi bl e
‘mal fupet+Qqns can be reduced. It is possible to readily formthe timng

[ '[err] to 1 by, for exanple, phase-inverting the timng signals
Y/ [err] by neans of the respective inverters. 25 - The
. 9 advant ages are offered by the 53. arrangenent wher e the

I nt éernal- address signals-are decoded in a pIurallty of stages as in the
case of . the X decoder illustrated. Firstly, it is possi bl e to prevent -
‘production of. 5 any wasteful blank5@ertion in the IC chip, so that the IC.
chip can be nade nore conpact. The decoder -circuit can be constituted by,
for exanple, .a plurality of AND circuits. If a multiplicity of internal

address signals are attenpted.to be ggco ed by a.single AND circuit, the 10
AND C|rcuﬂFcpgthGPFFgﬁFyCBGn?FlF&P@ ¥y formaft PRI REi t9 BRERREEYR  which

G PTIET: E HaeberRd phEaedr SR IARERRLIBE Shhem mp Cirouits |0
coi nci de Widly laf) g,gt“tﬁ;é i) 33 BRERIBINHL Behble) fabeelPBlangs | 20iays: 1N

order to {ransm Sel éctng signals Lver rom-t rcuits to
the correigﬂngag WBFQhE'&ESch&b i's necessary to. enlarge the word |ine

5 - Secondly, it is posslble to reduce the load on

one internal address signal liue, 80’ that the potent1a1
change of the internal,address signal can betmade-faster. _. lz:)
This is'because'Siuce'the decoder circuit requires.fewer
MOSFETs for receiving oue iﬁternal'address signal, the
10 load connected to the wire for transmitting the internal
address slgnal is reduced.

"Pig. 7 shows a part of the circuit df_the Y

decoder'Y—DCRi shownrin-Fig.‘i.' The-Figure.shows~one-
decoder: unit in the-decoder-circuit which forms”ther-';' .
15' decoded'signals YOO te Yll to be supplied;to-the'MOSFETs
8y to 8§y, constituting the column switch shown in Figs.
2A and 2B. The decoder circuit for forming the decoded
signals Yboito Yil*is.constituted-by'four decoders..
Although'the Figure shows'only-the decoder*for forming--
20 the decodedisignal-Yoo;'the*other three decoderstare'
| constituted'in substantially the same manner us that one
illustrated.

The decoder is constituted by MOSFETs. 050 to’ 054

and inverters IV2, IV3. A two-input NAND gate is-

' 25 constituted by the parallel-connected P-channel MOSFETs



arrangenent pitch, for exanple. In such a case, the 20 di stance between
t he adj acent word |ines enl arges, causing wasteful blank porti 5 to be
produced in the IC chip. ~On the other hand, in the X decodgzg?ﬁge -
internal address signals are decoded by conbi nations of a plufdlLfy of-
‘smal | “decoder cirecuits. Since a small 25 decoder. circuit can be

- C ituted by fewer MOSFETs, the 54. decoder circuit can be readily
fOwi#ed so as to match with the distance between the adjacent word |ines.
Accordingly, it is possible to reduce wagéeful blank 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 -

. address signal can be nade faster. This is because since the decoder '

* circuit requi ogg haaeq &Tshéosertes+vomyeorsl iNHeharaie laMOSFETss i gnal ,

= .the 10 | oad nnected“to the wire for transmtting the internal address

_signal is redaoggdandli g;,7' sWbes theadecoded heignalk Wy, dis tfermedieddwer
"Y-DCR[err] shown in Fig. 1. = The Figure shows_one decoder, unit in the

- decoder circuiintenheh Addnesshsignalsdegederd stonaALe MRPYieq & jthe (o be

->supplied to the MOSFETs [err] to 'errg_constituting he col swi tch shown
“in Figs. 2A aNaNPpgatene (JEBBJRr<BPRR ?IM?%?ET%rQBom;§¢RF an

5 series to the parallel-cogneéted;MbSFETé-QSI and 052;”
'while the N-channel MOSFET Qg, is provided in parallel to
A _ | the-series—cdnnecﬁed-MOSFETs Qg4 aﬁd Qcae Thelﬁiﬁing
si@nal'dpc-is applied to the.gates of the.respecéive
| MOSFETS Qg and Qg,- . .
o 10 ' ' 'The output signal from this logical gate circuit
.;  ' ' is passed throughfthe-invertgrs-Ivz.and IV, to form the
.. 0 : deéodéd sigha’l Ydo. _ | |
' - The decoded signals Y, and Y, to be supplied to
the MOSF;TS'Sb to S7'con9tituting'thé column switch shown
15 in Figs. 2A &nd 2B are also formed by two décoders ..
similar to the decoder shown in Fig. 7. Each decoder
receives a one-bit internal address signal and the timing
signal éPc and forms the decoder sighals Y, and Y,.
‘The timing signal #,. is held high during'ﬁhe
20 precﬁafging period when the precharging signa1'3;27is
held low in order'io-precharée the data lines.
| : COnsequently,-the_deéoded signals Yb,'?lzgnd Y00
to Yll are all made low.  According1y,.the P-channel
MOSFETs S to'sii constitutihg the columh-éwitch are all

25 turned ON.  In consequence, during the precharging



signals YOO to [err] is constituted by four decoders.. Al though thefﬁigure

shows senly the decoder for forn1ng 20 the decoded S|gnal Y00, the other

threef deeaders are constituted in substantially the sanme manner as that one
gl The decoder Is constituted by MOSFETs [err] :to [err] and

eyrs/1v2, 1v3. A two-input NAND gate is 25. .constituted by the —

paralle -connect ed P-channel MOSFETs _ ~[err] and [err] and the g;;b

series-connected N-channel MOSFETs [err] and B4. Vihen t he’ decoded si gn

- [err] is formed, the internal addresg.signals [err] and [err] are -

—-applied-to the NAND gate. The P-channel MOSFETs 050 is provided in'5
series to the parallel-connected. MOSFETs [err] and [err]'mhile'the

N- channel MOSFET is provided in parallel to the series-connected

MOSFETs [perilod, dihe @8say orhmariagitdcsicgpacitpace) ofj $hgpfptad to the
gates. of the respective MOSFETs tput si gnal .

from thi dings candydhe LAY ©F ?aﬁé§§§dgﬁP86§I’rtFH€el W@PE@FS Pv2 and .
be Suppl 1P (SRS WAL A, A SeEPPIGnEY, L6 RECRETISRm cwitch
oS i B PR ST atsh (A b e oers 5 7 1o
| 5 precharging signal'Z;; when it is: low, and morecver,_the ' '
| above-mentioned_capécitencesdare-precharged from the |
sense amplifier side via the MOS?ETs édnstituting the .” i i,;_
column switch.. | | | |
As shown in Figure 18, the timing signal $p,, is
10 held low during the precharging period.  As a résult,
the MOSFET Qg in the sense aﬁplifier-SAo ie turned ON, so

that the_supply voltage V is applied to oﬁe-electrode_

of the respective N-channel MOSFETs Q3 and 04._ The
‘potentials of the data lines are applled to the gates of
15 the respective N-channel MOSFETs-Q3 and 04 v1a.the3P-

channel MOSFETs constituting the column switch which are

P

turned on by the decoded signals Yor Yy and Yoo and-yll.
' As the potentials of the"common daté lines*ere raised
through the precharging of the data 11nes and the common
'éo .data lines effected by the precharging- MDSFETs, the N-
channel MOSFETs Q3 and Q, are turned ON. - As a result, .
the stray and parasitic capacitances 6f-the data lines
afe precharged via the. MOSFET Qs the N-channel MOSFET Q3
(Q,) and the MOSFETs constituting the column sﬁitcﬁ. |

25 The capacitances coupled to the common data lines and the



‘receives a one-bit internal address signal and the tining signal. PC and
fornms the decoder signals [err] and Y1. The timng signal [err] ks hel d

high during the 20 prechar gi ng period when the precharging sig [err]

is held low.in order to precharge the data |ines. Consequently, decoded

signal-s [err] [err] and YOO'to [ef] are all nade |ow. - Accordingly, the
PﬂEB!nnel MOSFETs [err] to [err] constituting the colurm switch are all 25

d ON. | n-consequence, during the prechar gi ng -56. period, the
stray or parasitic capacitance of the d lines and the stray or

parasitic capacitance coupled to the cormon data lines are precharged by j
t he prechargi ng. MOSFETs [err], P3 P5 and [err] whi ch are turned ON by the
5 precharging signal [err] when it is | ow, and- noreover, the '

above- ment i Ongg5 apeRés EE SpPéEnaF Ed1 P Athd edHA RS elaiRhithi er si de
via the MOSFETs constituting the colum! switch. As shown in Figure 18, the

timng signal eEenrboth dikds HEl theé cx!uthrrlm.t he By afhwar gpreghpeging. . As a
~result, the MOSFET [err] in the sense anplifier [err] is turned ON, so that.
t he Supply vothag@atarlines sthmpigledthe mrechs mying MOSFETEhandeshect i ve B
N-channel MOSFETs B3 and [err]. The potentials of the data lines are -
-applied to theegaecamplififer, tlhe iespresiblke NoiraiRe thesdats [1éFIF] and
[err] via the P- .~ o
5 = potentials to a desired value in a short permod of tlme,
so that the speed of‘operatiqn of the ROM can be
e - increased. |
Fig. 9 is a schematlc illustration of an. example
of the ECC c1rcu1t shown in Fig. 1. _ _
10 _ A logical operatlon c1rcuit ELG recelves the 38-
| bit signals Do'_Do'_to D31 ..'D31' and PO' PO to P5, Ps
<::, o delivered from the memory arraysland forms syndromes Sy
to Sy for indicating error bits by exclusive ORs of
predétermined combinations. _ .
15 '~ In the 38-bit data written in the memory arrays,e
the six-bit parity check bits Py to Ps have their
_respective values previously get in accordance with the
32-bit data signals and a proper check matrix.

Table 1l below shows an example of the check

- matrix.



channel MOSFETs constituting the col urm swi tch vvmch are turned on by the
decoded gignals [err], [err] and [err] and [err]- As the potentials of the

t he com 20 data |ines effected by the precharging- I\/DSFETs the. N
- channe OSFETs [eri] and Q are turned ON As a result, the stray and
parasitic capacitances of the-data |ines are precharged via the MOSFET
[err], the N-channel MOSFET [err} 6@4) and the MOSFETs constituting the 3%
<~ colum switch. 25 The capacitances coupled to the common data |ines and.

. the 57. dat a li nerabalee 1prechalcgedkbynatheXprecharg| ng elenents from bot h

-ends a‘r'rmrbugh t he

- prechaly| ETs and t he sense af égrh |t§ﬁ'p%55| ble to raise the
dataijli T eng| af gJeBLT P vl shct i gd of time, so

-t hat %1 )er]at |23|% h%S B P _B cdécl?ddq)%rﬂla %19 is a
schemsrh-c’ .s. Hostirat i OTT= any EXANpye pf ne ECC cirfqcury shgwn 1n Fig. 1. ]
10 0 A Ioglcal o{)erht bn cifcult ELGregeives the 38- bit signals
[err)i Terrk . andilerc]t [ELr] to -P5|fert] ) - .
del i vered frlomthelr ry farrhys -&lni&f ok 1 ndrnm:a[q o [err] for

indicating sezrror bi t{s, Ry excl bsi Ve DRs{ of | pr éqet erlm' ned| conbi nati ons.

1
L ®3 el | vl | 3 | v
Sg | 1 | |1 IR 1l
" CONTINUED
D14{P15|%16|P17 | P18|P19(P20|P21|P22|P23| P24|P25|P26| 27
EEIEEER T '
1l 1] 1] o a1
1 1] 1t | 1 {1
1 T A S N D B 1 111
1| it bt | | .
| - v
1 | 3 I N IS U I A 1
| ' CONTINUED
Parity bits
D,8/P29|P30{P31{P0|P1{%2|%3|"4¢|Ps
1 |1 1
1 | 1
1 1 1)
| 1
1 1 1
1 {111 1




15 In the 38-bit data witten in the nenory arrays, th
parity check bits [err] to [err] have their respective val ues pyefgiiously
set in accordance with the 32-bit data signals and a proper cheskZ@atri x.

- Tabl e 1 bel ow shows--an -exanpl e of - the check matrix. ! -58---[err] [err] N
CONTINUED [err] - -59- In Table 1, a flag 1 is added to each of bits to be
ced. Table 2 bel ow shows an-eXanp%S of data Wto be witten into the °
Wy arrays. It is to be noted that’5~ = in Table 2, data signals are
.denot ed by synbols [err] to [err], while parity signals are designated by
synbols [err] to Bp5. Tablfe 2apéer ], CONTLARED is added to each of bits

‘%ix-bit_

to be checked. - |
| 'TéSle 2 below shows -an example of data W to be
written into the memory arfayé; It is to be notéd that_
5 - in Table 2, data signals are denoted by’symbols'Bo ﬁo.

531, while parity signals are designated by symbols

BP, to Bp.
w Table 2 |
() Bol B1| B2 Ba| Byl Bg| By By Byl Bgl Byl Byl Byl Byl Byy
1f{i1jrfrfrjojofojojojo jO0 jo Jo |1 :
" CONTINUED
Q) ' 1a T1 - =~ B.|B,,|B . B 3'4 B.,J B l B, -
<:> | B15| Byg B17j B1g| B1o .24 24_-22! 23| 24) 25 26 27
1 1 | 1 |2 {1 |1 lo ?loj |o- {owl o o |
CONTINUED
" n ., | 8P, 'BP.| BP BP'-BP‘
| B2g] B29| B30| B3 BP(| BP, BF, BP) 4| BFs

T lx oo Jxfr fx [ (2]



[err]'CCNTINUED [err] 60. The. VaIUe of eébh parity bit;is déternihed by

‘_,checklng the bits indicated in Table 1 in the 32-bit data signals to be

writt. \tThe parity bit to be obtained has a val ue such that the conbi ned

'CR value of the 5 bit signals checked and the -parity bit to be
Il be "0".. In other words, each parity bit i's set so that the,
excl usi ve OR val ue of  the bItS respectively checked- according to
Table 1 will be "O'.. For. exanple, the parity bit [err] in Table 2 is set

“as foll ows. hbnely, for setting the parity bit [err], the data bits B to'

[err] Bl4 to B21and B28 to B29 aré€ $Qtecked in the 32-bit data bits [err]
to B3l in accordance with the first line (syndrone [err]) of Table 1. = The

“exclusive OR of these data bits checked i s 1. Therefore, the 15

P D L) e A B R RtV BT d4enited P Y, D1

- parity b'éhéatt?vm Dfts g %nd}:@?@ al {niPspé N | B R E-pdaiga € checked .,

on the baSis hé secon

| ines (syndrones [err] 20 t hr ough

“lerr]) of gTghh £s leo 3BE PPLe@A| t yTRe ! Sal BEY Ib1® {SBd avtaiiRiemEsied so

that the exClusive  OR with- respect to _
- a value such that the combined exc1u81ve OR value of the : . ‘

'5  bit signals checked and the parity bit to be dhta;ged
will be "0".  In éthef words, each parity bit is set so
that the combined exclusive oﬁ value of the bits |
respeétive1Y'¢hécked according to Tébié';_will_bé "o".

For example, the parity bit BP, in Table 2 is set
10  as fbllowé.._ Namely, for setting the pﬁrity bit BPO, the
data bits Bo.to 84; 314'£o By, and ﬁ28 to By, aré checked |
in the-32—bit'dat3-bi£s By to By in accordaﬁcg with the _"{:}
first line (sYn&rame So) of Table'l. f"The exclusive OR
of these data bits checked is "1". - Therefore, the

15 parity bit BPd is détérmined as "1". More specifiéally.
the pafity bit BP, is set so that the exc1u31ve OR of the
data bits checked and the parity bit BPO will he_"Of.

| Then, in the-similar.manner, data are checked on
the basis of the second to f£ifth lines (sjndrames_sl

20 through Ss) of Table 1,_and'the pafity'bits BP; to BPg
are déiermined so that the_exclusive.bk'with respect to ' S -

~ each parity bit will be "0".
| In the case where each of'ﬁhe 32-bit data bits is
set to be such a value as shown in Table 2, the barity

25 Dbits BP, to BPg are all "1" as shown in the Table.



-each parity bit will be "O'. In the case where each of the 32-bit data bits-
is set to be such a val ue as shown in Table 2, the parity 25 blts.{err]
- to [err] are all "1" as shown in the Table. 61, As will be cl from
- Table*t and the previous description relating thereto | ogi cal fo e for
calcut ating the syndronmes [err] to [err] are given by the follomnng
_'f-@nlae.('S) to (8): [err] [err] [err] [err]_ [err] [err] [err] [err] [err]
[ [err] [err] [err] [err] ' . .

61.

As w111 be clear. from Table 1 and the prev;ous
descrlptlon relatlng thereto, . 1oglca1 formulae for
calculating_the syndromes,so to 85 are given by the

following formulae (3) to (8):

IEENOLYCINOINCIAOLNOLNOLY
- | @317®318®319@Bzo@521@329®
| 29@13? Ceee eee ()
= BO@BS®Bs@B7@Bs®B 4@‘3 5®316
6517@322@323 @324®st©_§30 |

O S @Bp | o T T
= 31@’55@339@310@311@314@‘318
OENGCLMOLNOLNGLS 7@328 |
@330@331@39 | ee oae (5)
— 3 = BZ®BG®BQ®312®3136315®318
@Bzo@Bn@Bzz@Bu@st@Bz'f_ |
_ (®epy ve eee (6D
s 4 =B @37("3310@512@315@319(9320 DR
| NCOL NGO NCL OO L S
| o I P & b
s =2,®303,;,08 HOLRICLHCLN
(CPNCEICENOLNO, 1330 ® l"‘31
OL} e ees (8D



62 1t will be noted that in these |ogical formulae, the nark [err

'denot.
A9

excl usi ve

_an exclusive OR operation The | ogi-cal

is constituted by logical circuits (not shown) for S f

ronmes [err] to [err] satisfying the above formulae (3) to _
@ noted that it is possible to select at will. the order of conblnlng,a
t he  excl usi ve ORs of a plurality of bItS mnth each ot her.

ORs of e.g. the four bits rr] to [éri] may be obt

]
or.m ng

(8).

Accordingly, th
ained i

‘operation circuit ELG shown

It

such a way that an output [err] J[err [err} i s formed by neans of a flrsf'“

* excl usi ve

OR circuit and an out put [err] B3 is formed by neans of a second .

. exclusive ORcircuit and then the formed two outputs are supplied to a

third exclusive ORy cu(%til (,g@%aMtHatbqnlihesapaa@%nf ESPGRERAr

bet ween the fornulae

the exclusive OR of. the bits Bl4

appears i e ﬁr@aaeﬁ&e@nan( A d1sIvETOR opeFBeisKc! usive OR

appears in.the fornulae (3) and (5)- i n conmon.

bits [err]
Accor di ngl
constituti

to the foriglamawEtdtedy by ilogilcalf eireuils {eans sbowmdt far circuits, :
MOSFETS,

Y, |n 0@*@'ﬂd@ih&du@@dﬁﬁtﬂouﬂmﬂrcnﬁtZQLG shewhodncRigei ®

i son
to Bl17.
of the

cuits

ng the logical eperation circuit [err], the exclusive ORs comon

respectively. The defects previously preduced in the nenmory. 25 -

smntcﬁing

S63HEEs tved syngiromes Syd-t §5b@atzsfying the above
formulae (3) to (8). It wdll be noted that it is .

possible to select at will the order of combining the

'exclusive ORs of a plurality of bits w1th each other.

.10

15

20

25

Accordingly, the exclusive ORs of e. g. the four bits B0

to 33 may be obtained in such a way that an output Bo (:)

B, is formed by means of a first exclusive OR_circuit,and

an output B, (:) By 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 w111 be

apparent from comparison between the formulae_(3) to (8),

the exclusive OR of the bits Bi4 to 817 appears in the
formulae (3) and (4) 1n common. The exclusive OR of the
bits 318 and B19 appears in the formulae (3) and (5) in

common. - Accordingly, in order to reduoe-the number of -

the logical circuitsfconstitutingfthe7logica1zoperationl o

circuit'ELG;che exclusive ORs common to the formulae may
be previously formed by means of mutual'circuits,
respectively. | .

The defects prev1ously produced in the memory

MOSFETs, switching MOSFETs and signal wiring-to be:

L4



63. 'sel ected and the'practical defects caused in the circuit operation by

an undesirable change in the circuit operation conditions wll give errors.

.to the readout data to be supplied to the ECC circuit. 5 -Agsum ng

now t hat nenory ceIIs in which the wite data Was shown in Tablg.2"

ye been witten aré selected, and the readout data R at that t«TrE

feous as shown in Table. 3 belom/ for exanple. Further, it wll be

wfred t hat the seventh bit B7 of the. reggout data R has changed from"0"

to #1". Table 3 [err] [err] [err] [err] [err] [err] . 64. \Wen the data R
I's supplied, the | ogical operation circuit ELGin the ECC circuit carries
out | ogical operations on the syndromes [err] -to [err] in. accordance with’

»the formul ae (gelleeted) and thet peactical defects caused in the circuit

operation by an unde81rab1e change in the clrcult _
operatlon conditions w111 glve-errors-to thg rgadout data
to be suppl;ed to the ECC c1rcu1t.'
5 Assuming now that memory cells in thCh the write
23  data W as shown in Table 2 should have been wrltten are
- selected, and the readout data R at that time is
erronecus as shown. in Table 3 below, for example.
Further, it will be assumed thaﬁ the sevehth bit B, of

the readout data R has changed from "0" to “1?,

. Table 3

® SRS, L B
5 | 8| By| B,] By B4 Bs| Be| B7| Ba| Bo| Bro] B11| B12| P13| P14| 15
R Tilrl1l1lojolr|ofjofofofo]o] 1}l
A | |
'By6| B17|B1s|B1o B2o| B21| B22| B23| Bag| B2s| Bag| B27 Bagl Bag

24

| TP
BP | BP,| BP,| BP3 BP,| EPg

30, 731




5 operatron process f or calculatrng the syndrones [err] to S5, t he seventh
‘bit [err] is enployed in the |ogical operations for calculating the

syndrf ®s [err] and [err] as will be clear fromTable 1.. Due to the fact
t hat bﬁ” seventh bit [err] has changed from"O. to 1", each of the
syndnpnes[err] and 10 [err] becones 1. The bits are not "efroneous
whi chMre taken in the operation processes for Calculatrng t he other
“syndrones [err], [err], [err] and S5. ~ Therefore, each of * . = t he m—
7 ‘syndr onmes [err],_[err] [err] and [ &% beconmes "0". Wen the r eadout dat a
- .R'such as -shown in Table 315 is delivered., the bit pattern of the

_syndrones [err] to-S delivered fromthe rogical operatron circuit ELG
e OL00L0” et ey B B 4 R R bR L P e of e
e s AL eyt i P AR, oSl kil BRI O the
wi:t h theﬁr i@t &; poitel i) mﬁyr@fé)rﬁ‘iﬁ : note?%t%grd dgl i vered fromthe

| ogi cal opetration-circult dach of blank colums in

the Checkaé@e.faahdé wigandRd frmiae (@) to (8. AS ¥ khebe apparent from
. Table 1, a plurality of check bits are set to each of the 38-bit srgnals

_The oeckop bt £6H procuEs Sﬁcenaiaﬂwaeﬁn@tﬂher rsymrmeosgl 89 S,

the seventh bit B, is employed in the 1og;ca1 operations
for calculating the syndrcmes Y ‘and 'S.{ as 'w_iil be clear - W)
from Table 1. . Due to the fact thst'the seﬁehth bit B,
has changed from'"U“'to_“l",'each of the'_sy'ndr'omes.s1 and
10 s, becomes. "1". The'bits are hot'ertonecus-which are
taken in the'cperation processes for cslculsting the
qﬁher_syndromes so, Sz; S3 and'ss. Therefore;'each of. . . {:2;
" the syndromes-So, sz.ls3 and S5 becomes l‘0" | | -
When the readout data R such as shown 1n Table 3
15 is delivered, the bit pattern of the syndromes s5 to S0
| delivered from the logical operation circuit ELG becomes ' ' e
“010010". This bit pattern coincides-with.the bit
"hpattern of the syndromes Sg through s indlcating the
seventh bit D, in check matrix shown in Table 1. In the
20 check matrix. the pattern of the syndromes 85 to s0 in
: the row of the bit D, is '010010“, which coincides with
the bit pattern of the syndrqpes~85 torso delivered frcme
the logical operation circﬁiﬁ._ It will be:noted‘thsﬁ_.
each of bisnk_cclumns in the check matrix is regarded as

- 25 "ov.



-_to only this signal. 5 CMnng to the fact that the check matri x S .
arranged as shown in Table 1 the bit patterns constituted by tte gyndrones
‘[err] to [err} delivered fromthe |ogical operation circuit ghown in-

Fig. 9 correspond to the positions of the error data bits in"
d“R%espectlvew The syndrones [err] to [err] delivered fromthe

| al operation circuit ELG are fed to the decoder DCR directly and via N
1 ters. The decoder DCR delivers a decoded signal 15 representative of -

. the“error digit by decoding the syndrom@sJjerr] to [err]. The decoder DCR
is constituted by AND gates G0 to G _made to.correspond to the 32-bit dat a
signal s respectively. The AND gates [err] to G31 have their respective.

. inputs determned so as to detect bit 20 patterns different from each
- other. Each AND gat A%kl ke @mreqfe\faonsw wheR pAaralddgybpf nade

the data bit SASRE RAEBREE 8 «%éi °e>&?rF§\ 3¢ o8 AR sy s o
86, Tabi ¢ ‘i”‘%}%ﬁ%iﬁlstéa'éei*?tﬁ e AT °“ﬁa%ﬁgaﬁ%§pe%55??ts%%meb. t)
"-.5| gnal in thetg,?oﬂ]; daia éi% S is _
5 Owing to the fact that the check matrix is
arranged as shown in Table 1, the bit patterns
:k_; _ constituted by the syndromes Sg to S delivered from the
logical operatien circuit ELG shown in Fig. 9 correspond -
to the positions of the error data bits in the readout
10 data R respectively. |
The syndromes-so to ss delivered from the logicﬁl
(::)1 | operation circuit ELG are fed to the decoder DCR directiy
| and via inverters. _ - '
The decoder DCR delivers a decoded éiénél
15 representative of the error digit by decoding the
syndromes 5, to Sg. The decoder DCR is constltuted by
AND gates G0 to G31 made to correspond to the 32-bit data
signals iespectively. The AND gates Go to G3; have
their respective inputs determined so as to detect bit
20 patterns.different from each other. Each AND gate.
delivers a “0" level signal when the data bit made to
correspond -thereto is not erroneous but delivers a "1"
‘level signal when the data bit is erroneous. For
example, the AND gate Gy a§ ﬁill_be-obvious'frcm the

25 illustrated connection and the check matrix shown in

r
. ————tg e



5

r eadout

reespecti _
output data [err] to 10 D . to be supplied to the nultiplexor MPX shown | b
.For "instance, 'if t he seventh data signal has an error as shown i~

Fig. 1.

']Table 3,

_erroneous but delivers a "0" 1eve|’signal mhen ‘the signal is not erroneous.

#~. The outputs of the decoder DCR, i.e. the outputs of the

a Rare fed to exclusive OR circuits [err] to [err]
y.  The exclusive ORcircuits [err] to EOR31 form corrected

'respectééé%AND gates [err] to [err], and the data bits [err] to B31 of the
I

the output of the AND gatg Lerr] becones "1"-correspond|ngly, SO

that the seventh signal erroneously read out as "1" is inverted from"Il" to

"0" 15

circuit

by thé exclusive Circuit [err]. The val ue of the data signa

'[err] is revised to the correct value. It will be noted that the ECC

Tablablhe lgeldverect t™he gevel bognabewheh Bhé Bhpbtedigitorrect 'the

error over two or nore hits. -In order to obtain an ECC 20 circuit

‘capabl e
conpl i cated construction, so that the nunber of elements required is

(EFirear bddt)i mjgnad drr a¢heoB@rbikodbtassignals mecessary to provide a.

i ncr eas edrovecusy dut ideldversaaciol, levelsshgnalswhent thgredgnali ncrease
t he nunber of parity bits (redundant bits). 25 . Fig. 8 shows a

practic

| ogi cal
“g5

10

dis @emFrEoeod$e exclusive  67. ORcircuit prOV|ded in the .

Operat'o%é”éﬁﬂﬁuts 3% the decoder DCR, i.e. the outputs

of the respective AND gates G, to G,,, and the data bits

By to B31:°fthe readout data R are fed to exclusive OR : o
circuits EORO;to'EORgi respectively. The exclusive OR
circuits EOR0 to EORsl form corrected output data D0 to

D,, to be supplied to.the mnltiplexor MPX shown in Fig.-

31

1. For instance, if the seventh data signal has'gn

error as shown in Table 3, the output of the AND gate Gg : 'g:)

15

'signal'De is réviséd to the correct value.

20

25

becomes "1" correspondingly, so that the éevénth signal

erroneously read out as "1" is inverted from "1* to *0"

by the exclusive circuit EOR,. . The value of the data

It will be noted that the ECC circuit is able to -
correct the error for one bit but unable to correct the -
error over two or more bits. _'In order to obta1n_an ECC_
circuit capable ef'correcting'the'error over fﬁo:bitsi it
is necessary to ‘provide a cOmpliéated'construétion{:so'"" .
that the nuhber of eiements :equired ie increased.
Moreove:,rin-sueh a case, iﬁlis necessary to'greétly
increase the number of parity bits (redundant bits).

' Fig. 8 shows a practical example of the exclusivé



and enpl oyed for the error correction.

P-.channel

eCted in series. The junction between the MOSFETs [err]
unctlon .bet ween the MOSFETs [err] and [err] are 10 °

‘Thé exclusive OR circuit conprises

MOSFETs [err] .to [err] and N-channel MOSFETs [err] to [err] -5

- The MOSFETs [err] and the MOSFETs [err], [err] are connected in series. _
‘In the same manner, the MOSFETs (@3, 4 and the MOSFETs [err], w~exr] are

dlCh| and

Giab |y

ected to forman output OUT. Input signals.a and b are a ed to the
gates of the respective MOSFETs Onl gﬂ[err] whi | st i nput signals

and-[err]
[err] 15

are applied to the gates of

[err]

& respective MOSFETs [err] and

Moreover, input signals a, [err] are applied to the-

gates of the respective MOSFETS [err] and Q4, whil st input si gnal

2 are apol | o ba:eiec0BE8siRbal IR ERBDEGLLNEL NRRHIEIF Lzl (8]

both the input signals™a and b are
[err] are tHhae@mgmoyéauibﬂgthBeeQBBPUEOEEEéiﬂoQQ|OW/("0")

when both the input signals [err] and [err] are high, the

On the

s b and
When
and

MOSFETS

'Q and [err] are tThecexClusivei ORrtyreaiti sgmphises/iBiwhddder o be l.ow 25
‘Whén the input signal a (or. [err]) is low and the 68. .

‘contrary,
5
kJ
10
15
o
20
25

MOSFETs QPl o Qp4 and N-channel MOSFETs Q 1 to" Q

The MOSFETs Q p1* sz and the MOSFETs in, Q ha are .
connected in series. In the same manner, the -MOSFETs'
st, Qp4 and the MOSFETs Qn3,.Qn4'are cQQnected in
series. ' The junction between the MOSFETs sz and'in

and the junction between the MOSFETs Qg and Q_, are

mutually*connected to form an oﬁtput'OUT. - Input signals.

3 and b are applied to the gates of the-respective
'MOSFETs-Qh and Q no+ Whilst input signals 2 and'S'are
applied to the gates of the respective MOSFETs Qn—3 and

Qna- . _ _
Moreover, input signals a, b are applied to the

gates of the respective MOSFETs Qp and Qp4. whilst input |

- signals _t_:_ and a are applied to the gates of the

respective MOSFETs sz and Qp3.

wWhen both the input signais- a ahd Db are high

(*17),. the MOSFETs Q , and Q , are turned ON, causing the

- output OUT to below ("0"). On the contrary, when both

the input signals @ and D are highj- ‘the MOSFETs Qn3' and

Qn4 are turned ON, similarly causing the output OUT to be -

low.

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



ihput signal S (or b) Is low, the NCSFETs-[err]'(or [err]) and the MOSFET
(or [err] =~ are turned ON, causing the output OUT to be high.
when the levels of the input signal a and.b coincide with each other;

[err]
Thus,

- not
"~ descr

de with each other, the output OUT is. nade hlgh The above
el clusive OR.circuit has the advantage of an extrenely smal

. the X%EE§V 5 . QUT is nade l.ow. . On the other hand, when these signals do-

. power consunpt i on, since 10 the circuit has only eight elenents, and no[ge.*'
* 'D.C. current flows between the s ly Voltage [err] and.earth.
.~ logi cal operation circuit.ELGintHe ECC circuit, -1'ogi cal -operations such-

as shown by the above | ogi cal

‘to 15

form the syndromes [err] to [err] as described above.

In the

fornulae (3) to (8) are carried-out in order

‘Mor e

speci fieald v 1T L 6 4 PI1Clit WosBRTEPY 31 (8RS 0arg per f or med in
a

~the Ioglc
in Fi gnd @ MISEER

ciasig

ration circuit. By enploying the §§clu5|v? OR circuit shown
OonRsid tttrined ONS lcagisdalg ZBe  operation

circuit ELG it becoma&“posm B% to constitute the circuit with a

rel at igiglputs o toimkerhiath | erfiniss, wheoh thveedeselsi ©fi $heossible to reduce

Bi nary signals are witten into the nenory 25
I\/DSFE'I"ﬂ:pmnsengnal - drite brevaincide aidhviearts ohe v ARy output

‘the power consunpti on.

5

10

15

20

25

OUT is made low.. On the other hand, ‘when these. s;gnals.

do not coincide with -each other, the output OUT is made
high. . |
The above described &xclusive OR circuit has the

advantage of an extremely smali power consumption, since:

the circuit has only eight elehents, and no D.C. current -

flows between the supply vOltage V cc and earth.

In the 1oglca1 operation circuit ELG in the ECC
circuit, loglcal-ope:atlons such as shown by the above
logical formulae (3) to (8) are carried out in order to
form the syndromes So_to ss.as described-above. More
séecifically, a multiplicity of exclusive OR operations
are performed 1n the logical operatlon circuit.

By employlng ‘the exclusive OR circuit: shown in
Fig. 8 as a logical circuit constitutlng'the-logzcal-
operation circuit ELG, it becomes possible to constitute
the circuit with a relatively small number of elements, |
and moreover, it is possible-to reduce the power:
consumption.

ﬁinary signals-afe written info the memory

MOSFETs constituting the'memory arraye M-ARY3_and.M-ARY4,

o,



'69. these bi nary signals being forned by”inverting the binary.signalé to be

stored therein, in order to reduce the nunmber of elenents required to
constitute the ECC-circuit as well as to reduce the power consunption_in,
the ECC'5 circuit. . Mre specifically, to store;, for exanple, a pfngey
signal ""1" in the nenory MOSFET [err].in the nendfy array M ARY3, . thess
y signal "0" formed by inverting the binary signal "1" is witteminto
OSFET [err]. Thus, no matter which nenory MOSFETs in the menory arrays

'10{’"[err] to [err]. are'selected,'skgnals havi ng | evel s whi ch correspond

.to‘those of the binary signals store

_ _ i*n the nmenory MOSFETs are always
delivered fromthe corresponding latching circuits. . Mre specifically,

~the signals delivered fromthe respective latching circuits 15 are’

Pover t or o afere MUY Bonadle Helink] Bbnel"by"nblfrihd"ens RINFEY 0 Y
sinply proydlg e ﬂ&‘éﬁ.@r‘%"&s thlelr 1R OFRS ﬁ'?ﬁé?i Pb-eréaﬁtgﬁp%é’ the'signals

Tron1th¢ respective Jatp_lng circuits'to the exclusive _ __cirpuits in
the | ogi CalumeF Af U erleh®d reGhi@red0 tbhabnkbethedi et PEEr&FoRi€i rcuit

-cah be further sinplified. Fig. 10-shows a practical circuit of each of the
“mul tipl exads ML 1aE ttee redueet thef powePOBonshmpeibpuindehé EeCr] to [err]
fromthe ECC circuit 25 are transnmitted to the output buffer DOB, eight

z- o~

- bits B circuit. More specifically, ‘to store, for example, a

,_ bihafy éighai "1" in the memory MOSFET'MO in the memory
ng array?MéARYs; the binary signai"O"formed-by inverting
the binary s‘ignal 1" ig written into the MOSFET Mb..
Thus, no matter which'memory MOSFETs'in'the-memory;arréfs_
10 M;-ARYl to M-ARY4 are se;ectedq:signals having levels
which ¢o£respond to ihbSe of the biﬁary.signals.storéd in
'{::) the memory MOSFETs are alwajs delivéred from the |
co:fespéndingblatchingfcircuités.' More §pécifiéaily,'the S
signals delivéred”ffom the respective i&téhing circuits
‘15 are positive-phase outpﬁt; Dn' §t a11 times, whiiét'the.
signals inverted by inverterSjafe_negative—phase outputs
E;T-at all times. Acébrdingiy, by_éimply providing the
| inverters, it becomes'possibie-éb.éupply the signals fréﬁ'
the-respectivé 1atching'cifchit§-to“the.exclusiVe OR
- 20 ciréuiis.in.fhé logical operation'cirCﬁit ELG.”sS that
the 1ogical'ope£at16ﬁ circuiﬁ canibé further éiﬁpiified.
Fig. 10 shows a Préétiéal citéuif of each of the'*?"
multipléxor MPX and- the output buffer'DdB. |
The dﬁtﬁﬁt data bo'to.b3i'frdm the ECC circuit

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



0. eight bits, ~by:the mltiplexor NPX such as descrrbed herernunder The

tri1.sta

‘nul ti pl exor NPX is constituted by 32 tristate circuits,eight tristate
circui ts~being conbined to form5 one set. Accordlngly, the 32 tristate
'crrcur%%é@re di vi ded i‘nto four sets. For the sake of clarity only the

ircuit for recervrng t he srgnal [err] in the output data [err]

through D31 is -shown in detail in Fr@. . "The other 31 10 tristate.

‘ci-rcuits have substantlally the same constructlon as the one i 1lustrated. ™

The data signal [err]-is passed through an inyerter V4 and transmitted to

the gate of each of a P-channel MOSFET [err] -and an N-channel -MOSFET [err].

~ The draiesght Bfts, thy thepeultiplemsriRX such as Aepqribed are connect
-~ to an output node Ao via a P-channel MOSFET [err] and an N- channel =
MOSFET [Bberéinunderetively. - Ti-m ng srgnals [err] to [err] are formed by an

address buffer -and the Y decoder i% ‘as shomn ) %ﬁﬁ The

- address buffer iTheonsltinlesoryMy %D Lﬁ?%ﬁ%??ﬁf ¥§ %€ the
buffers have {he sape construc ciJc of .o e [err}
shown i nCHEFRLES; neot EE‘Sta%ﬁ cBﬁ??i&’[Qﬁ#l cﬁﬁﬁﬁ#&ﬁé;é% {%géc circuit

having t.

I s R IR gsiztge@ogﬂc,mzsar;rrr cormr i ses

four dec8

10

15

.20

25

D

d1v1ded into four sets._f_ o |
- For. the sake of clarlty only fhe trlstate circult

for reoelving the e;gnel Do in the_oufput:dafa Do through
31 15 shown in detail in Fig;r}O; ?Ee other 31j.
tristate circuits have substantially the same
constructlon as the one illustrated._: ..

The data_slgnal Do is passed fhrough an 1nverter.:
IV4_and fransmitted.to fhe gate of each of a P—dhanne; o
MOSFET 055 and an Nichannel MOSFET Qgg- The drains of
the respectlve MOSFETs 055 and 058 are connected to an
output node Ol, via a P-channel MOSFET Qse_and_an N-
channel MOSFET 057, respectlvely.

T1m1ng 51gnals ¢°° to éll are formed by an

address buffer and the Y decoder Y-DCR2 as shown in Flg.

..16. The address buffer_zs constituted by two buf__fers__ADl

and AD Since the buffers have the same construction,

2°
the circuit of only the buffer AD; is shown in detail in

Fig. 16. The buffer AD; comprises a efatie_eircuit

consisting of MOSFETs 0136 to Q) g3- The Y-decoder Y-

DCR,, comprises four decoders YU, to YU, all having the

ed

i's

-



71. sanme construction. Therefore, only the decoder [err] . is shown in Fig.
- 16. The decoder [err] conprises MOSFETs [err] to [err] and has a
circuit configuration. requirihg no special selecting timng signal, i
- the X decoder 5 shown in Fig. 5. Consequent 'y, the Y decoder [
abLg to formthe t|n1ng signals [err] to [err] by enploying only :
;|'naI address signals supplied fromtshe address buffer. The Y decoder
w¥*| receives the internal 10 address-signals [err], [err] and [err],
[efr] and fornms four kinds of selectlng 'si.gnal s by . decodlng these S|gnals
For instance, when both the internal address signals [err] and [err] are
low ("0"), theam¢n¢¢gﬁt#@ﬂkd°¢fwr]ThQraﬁnngJuqyiy thEhdebnﬂengU&gﬁal [err]
is supplied tg the 15 gate of the N-channel MOSFET in Firg. 10.
Mor eover, the8 ?V‘ﬁ‘n’b"‘s‘!’jg%allﬁ'er rThe deqedan &Y hromprises: MOSFEVS Q¢4
supplied to t? ﬂfte of . t.he P-channel NCSFET Accordlngly, when ‘the timng
si gnal [err] am, QRnhPﬁrﬂa?ﬂiﬁﬂ?ﬁSQQ %ﬂﬂfﬂFQQW rgaairdngenooN,

" Ther ef t, tted,to th buf f er DOB.
wen the. 11 mIRetPEh o Te Y it el Spiaerehgc HeBoan o o

t d ty tgput h .

T ﬁ(rjggen(?gt I f/ o‘%ﬂ?hleﬁ (%‘f aussf);nalr&?&e{f;eré%ﬁas the &gﬁﬁl gﬁ?g??fgﬁ"éae“

circuits, sinpps ¢ £d¥9n AHY &iming signals éOO to éll_by employing

only the internal address signals supplied-from-the
A address‘buffer.
The_Y.deceder Y‘--DCR2 receives the internal
10  address signals a5, 3,5 and 2,4, a,, and forms four
.kinds of seleeﬁing signals-by3decodingzthese signals;'
For instance, when boih the internal address
(:) signals a,g and a;, are low ("0"), the timing signal ﬁOO
i  is made high.! The timing signal 600 is supplied to the
15 gate of the N—channel MOSFET 057 in Fig. 10. | Moreover,.
the timing signal éOO is inverted by an inverter IV5 and
eupplled to the_gate of the P-channel MOSFET 056‘
Accordingly, when the-timing_sigpal ¢00 is high,
both the MOSFETs 056 and 057 are turned ON. Therefore,
20 the data signal D, is transmitted to the output buffer
DOB. When. the timing signal ﬁoo'is.lowi both the
MOSFETs 056 and 057 are turned OFF, so-that the output
node 01 has a high impedance independently of the data.
signal Dgy- '

25 - Eight tristate circuits, similar to the above



72. tristate circuits, -for rece|V|ng the ei ght - b|t data signals [err] to
[err] are conbined to form.one set and controlled by the timng signal

[err] i e other data signals are also divided so that eight bits form .
. ‘each’ 5 et: nanely, the data signals D8 to [err] D16 to D23 and: D24 to
D31. , the eight-bit data signals constituting one set dre supplied tgg

the corresponding tristate circuitg2, These tristate circuits are
~controlled by the other timng signals [err] to [err]. .ln 10 . addltto'
out put nodes of the four tristate circuits are nmade conmon to data eight
bi.ts apart from each other, -such ‘as. the bits [err].,, D8 D16,. D24 which

.COr 1 €S p i st ten @i radics,, f&rcmed:engliylg tthe mghlt-mltbéntef out put i nes-'.
fromthe nultiplexor MPXis eight. 15 : The out put buffer DOB is
const i t laianads dgho Ay @re combined epofpemdogs gett endorrespond to the
out put I|nes Cnly one of the output circuits_ is shown_.in Fig. 10. The

out put ébhﬁNQyiiﬂ nalo®po20 TRENOtYEFeatdnstituted by
- MOSFET t IVB d h- pul | t put
c.rcu.f%m%mr S divided Soiber. <t bise M. 2B Pai gnal o
'_}_\/P’e Eyg{#&ﬁr#@e&&b%&ﬁ %%§§V|£%ntﬂ% But Q_%t sllsgngl S 1;: ogtzghea%l .t| Pl exor

D to D. Then, the elght—bit data'slgnals

24 3°
constituting one set are supplied to the corresponding
tristate circuits. These tristate oircults_are- f L o _'.-_ o
controlled by:the_other timing sighels-ﬁoifto dll’ In

10  addition, output nodes of the four tristate-circuits are

made common to data eight bits apart from each other.

_ such as the bits DO' D8' D16' D24 ‘which correspond to

each.oﬁher. Accordingly, the total number of output -
linesifrom the multiplexor MPX is eight. |

15 -~ The output buffer DOB is oohstitutedjby eight'
output circuits provided so as to correspohd to the |
output lines. Only one-of:the output oircuits-is shown = .
in mg. 10. | |

The output’ buffer DOB comprises two two-lnput
20 NAND gates:constituted-by MDSFETs-059 to 066,-four

inverters IV6 to’ IV9 and a push-pull output c1rcuit
constituted by N-channel MOSFETs 067' 068'" The output
signal.of.the-inverter IVé for receiVing.the output
signals from the multipiexor MPX through the output lines -

.25. is applied to one input of the NAND gate constituted by



. e

25 is applied to one input of the NAND gate constituted by 3.
MOSFETs Q to [err]. On the other hand, the output signal of(f.’”
“inverter |V7 for receiving the output S|gnal fromthe inverter.
applied to one input of the NAND gate constituted.by the NCSFET
: Ii:f}' addition, a'timng signal [err] i$ applied to the other i nput of

jof  these two NAND gat es. The output signals.fromthe two NAND gat es
-ar ransmtted to the gates of the out MOSFETs [err] and [err] through
thé inverters V8 and 1V9, respectively. 10 The tim ng signal

[err]. is formed on the basis of reference signals .[err] and [err]

descri bed | atge. mgﬁﬁyf.f gre o Fid.od amearghﬁﬁ}eh%@dp RleCGlitRgS! gnal

" CE. The timng si er?q d Iow1 uring eri‘od \When e chipis .
in the non- SﬁiﬁﬁéPdoﬁtﬁﬁéiiﬁﬁbiﬁ&tllvl(¥$ﬂM¥ﬂéé¥51ngtQﬁeo%hﬁbhts'gna|3 from

.the ECC circuit are indefinite ow ng %o the fact that new data signals are

_delivered frehgnék frémhitg Divextidrs 1V tile Applield ¢ bne 1 QR bige timng
'signal [err] is nmade low, both the output MOSFETs [err]. [err] are
turned OFF i thie NANR gate cfondia toxtiqiuby? @he MOSFEMs0 ?heoEﬁg Gi rciint.
-Cbnsequently, the external output terminal [err] (n=0"fo 7) gcones highin
" i npedance. %&&anta|%#WkﬂgnﬁﬂQPQL3ﬁ@@nn@C@P@ﬂéede#pc@heuothernennry to

any system of commop data bus type as wel| as
y sy fnput of each oé‘ QQL two NAND gates.. The output

signals from the two NAND gates are transmittéd7tolthe'
- | gates éf the ‘output MOSFETs Qg7 and Qgg through the
inverters IVy and IV,, respectively. o
10 - The-timing.signai by is formed on the'bQSis of
reference signals ‘pcs and éxs described later with .’ : -
reference to Fig. 11, and the dhip selecting slgnal CE. |
: (::) . The timing signal éHZ is held ;ow dur1ng the period when -
the éhip is in the non-gelected state and the périod'ﬁhen |
15 thé output signals from the ECC circuit are indefinite
owiné to the fact thét'new data sighals are delivered
from the latching circuits to the ECC circuit. When the
timing signal éHZ.is'made low, both the output MOSFETs
-°67 and Qgg are turned OFF independently of the output
20 data from the ECC circnit.' Consequently, the externa1
output terminal Dn.(n=0 to-7) bééomés high in impedance.
Thereby, it is possible to connect the seﬁiéonductor
memory to any system of coﬁmon data bus. type as well as
prevent indefinite data from being delivered.

25 Fig. 11 illustrates detailed block diagrams of



are fe

-intern§z§§ddress signals [err] to [err] formed in. -the address’ buf fer ADB
circuit

"pr6vent |ndef|n|te data fron1be|ng dellvered 25. S F|g |
ilTlustrates detail ed bl ock diagrans of 74 the address transition

detect or ‘ahd the control signal generator which are shown in Fig. 1. The

del aycircuits [err] to 5 DLC14, respectively. ‘The del ay
err} to DLC form del ay S|ﬂmals [err].to [err]. delayed with- j
respect to the internal address signals a to [err]. . The internal addr ess™¥®

“signals [err] to [err] and the delay signals. [err] to: [err] are fed to
- exclusive OR circuits [err] through EX14, 10 -respectively. - Each of the

out puts ehe t §aress Uatas I on rdetéctdrrand t&u@l@h@am gigraiippl ied to an
OR gate circuit OR~ This OR gate circuit OR fornms a trigger pul se [err}.
As the i|gemerstondéhicls srenshovyreriy Etgndes as 15 shown in Fig. 13, the

level's of the respective |§£ut signals [err] and [err] supplied to t he

excl usi ve OR ci.rthag tintsen #ﬁﬂrQﬁﬁrﬂiqn?Lﬁtqbe&ﬂﬂafglﬁﬂrmﬂﬂwlng the del ay
of . the delay circuit [err]. result, the exclusive OR. CIrCUIt lerr]”

forms a Pue SHAdERAhPUE frR s@%%ﬁ% £ad t‘bcﬂﬁléétbcﬁdﬁcdﬁ-‘ﬁ) Ry d@ay. This A

- pul s livered as the tr lse -[.err he ate circuit OR
Aocof di rBFo1e ¢ FESSRARELES ¥ g D1 AL SHTFOUNS Ges £o Dy, Y

- form delay_sagnals-ao‘uto a14f.de1ayed with respect to
the internal address signals aoztoaa14."_eThe intérﬁal'
address signalsfao_to a14.and the-delay signaisﬂad' tc L o/
ai4'-are fed:to exclusive OR cﬁrcuirsazxo fhrcugh-Ex14,. -

10 respectively.' Each of the outputs oi'the exclusiée OR
circuitstxo_througha3x14-is spéplied.to-an OR gate_e-.
circuit OR. This OR gate circuit OR forms a_rrigger

pulse’ d

As the internal address sxgnal a, changes as

f15 shown in Fig. 13, the levels of the respective input o
signals a, and’ao- supplied to the exclusive OR circuit .
EX, do not coincide with each other dﬁring the delay of

: the'deiay_circuitiDLco. As a result, the exclusive OR

circuit Exo forms a pulse.ﬁasihg a-ﬁulse~width B

20 corresponding tcdﬁhe-delays - fhisfpulse is delivered as

| : the.trigger_pulse ‘apd via-fhe OR gate circuit OR..
Acccrdinglyb;the address-transiticn deﬁector ATD forms
the trigger pﬁISe éapd'whehweither-ahe of the internal
address signals ao to a3, changes. |

25 The  address buffer ADB comprises a static circuit



the trigger pul se [err] when either one of the internal addr ess Si
[err] to [err] changes.. 25 : - The address buffer ADB comppfses™a
static circuit 75. in order to permt the address transition detfckor
ATD tp.formthe trigger pulse [err] even if the external addr ess \si s
‘[err] to Al4 change asynchronously, which is constituted by.a CMOS circuit
sed of P-channel 5 MOSFETs and #§gschannel MOSFETs. Fig. 12 shows an
Ml e of the static address buffer constituted by a CMOS circuit.

Al fhough the Figure shows only the address buffer which received the
external address signal [err] and forns the address signals [err] and [err]
conpl enent adn .ordezchol Permdthehe addnéssatransition bdétestonrXTpreyi ded
with respect to the other address signals. The address buffer wth respect
‘to the extefoxm sher sxiggegnpulper ) sezensiftthedemyeﬁamaaamres\@sFETs to
[err] and N-channel MOSFETs [errfa_ to 115 nd wo-- 15 I nput NOR gate
circuit andséﬁkaiﬁvéotéPsA 4 ¢h639903$ﬁ%@¥r@£§9§hYe @h*%huxsls suppl i ed :

"wWith the extern dre n and the c sel ecting signal [err].
The i nternaff® 3ﬁgF§§ge§| ﬁaP §5?§] &%Er%EPP?% Pichan g-lconstltuted

'lt3 K;at ihﬁt rna@%gg-;g?éﬁ Tﬂnﬁf“%’g?idmégf?@%f ed ]H'%?n }f%rﬁgré it ‘? t u? 23

by the P-chagnghe gtatic address buffer constituted by a CMOS

circuit. Although the Figure shows only the address
&JQ | buffér which’received*the_extgtnal ad.dress-signal'"'A.o and
| forms-the-addfess signais ao.ggd'is'complémentary to each
10 other, identical address buffers are provided with
tespectvto the other address signais.
| ‘The address-buffer with respect to the external
_<::}' address signal A, is constituted by P-channel ' MOSFETs

- Q100 t© Q07 and N-channel MOSFETs 0108~t°'0115'-and two- -

15 input NOR gate circuit and six inverters. ~ The two-input :
NOR gate circuit is supplied with the external address-

'signaero_and the chip selecting signal CE. The
~ internal address signal'a0 delivered from the inverter
cohstituted'hy the P-channel MOSFET:0104 and the N-

20 channel MOSFET Qilz and the internal address ‘signal Eq;
delivered from the inverter constituted by the P-channel
MOSFET 0167 énd the thhannei MOSFET Q,;5 aré transmitted
to the X decoders X~DCR,-and X-DCR,, respectivaly. On .
the other hand,'thefinternal address signal ao-delivereQ

25 from the inverter constituted by the P-channel MOSFET



"MOSFET 0 and the N-channel MOSFET [efr] |s are transnitted to the X .
adecoders_Le_r] ‘and [err], respectively. On the other hand, .the internal
address Tgn_l [err] dellvered 25 fromthe inverter constituted by the -
' NIOGFET [err] and the N-channel MOSFET [efr] is transmtted
& Ss tran5|t|on detector ATD. Sinmilarly to the address buffer
‘the excluosive OR circui.ts in the adgggss transition. circuit are 5 -
~constituted by static circuits, respectively.  For exanpl e, such an
"exclusive OR circuit as. shown in Fig. 8 is enpl-oyed as each of "the
exclusive OR circuits. The OR gate circuit- OR.is constituted by such a. CMOS
circuit o3hand itheFNgchaanel MOSFETpQgi bi iaityenemztteﬂeteﬁtgate circuit
.OR conpri es MOSFETs [err] to [err]. The gate OR conprises two NOR gate
“ci rcui t s addaesse tRARD gépé éPFGGFPr ATPrme NOR gate circuit is constituted
by 't he P-channel MOSFETS errklbR L rL t he N—ihannel MOSFETs
[err] to [errBimigardwhip 5995 £5 “gFFEuthEoﬁﬁF UELVenRp. channel

- MOSFET nd_the N-ch R FET 6andt he NAND -
'conprlze% %b 158; ﬁ&nﬁgﬁ ﬁEE%Efgcfggﬁﬁltf Prflgﬁgn% ggﬁﬁcﬁannel %E%EE%;rCUIt
Lerrly ts[e‘f% akja %p falastw Rikcaienal geehggeﬁvmpecwe 20 exclusive OR

‘cire
example, such an exclusive OR circuit as shown in Fig. 8

" is employed as each of the exclusive OR circuits.

}

The OR gate circuit OR is constituted by such a-

CMOS circuit as shown in Fig. 14. M@:e-specifically,

10 the OR gate circuit OR comprises MOSFETs Q114 t0 Qy59-
The OR gate OR ccmprises‘tﬁo NOR gete.circuits

‘and one NAND gate circuit. One NOR gate circuitmis-.

constitutedﬁby.the P-channel MOSFETs Q,;¢ t0 Q;:9 and the

N-channel MOSFETs Q ;4 to Q;57+ tse other gon,gate,
15 circuit comprises the P-channel MQSFETs_9127, les'and :
the N-channel MOSFETs 0126' Q1297 and-the NAND gate

-circuit comprises ‘the P-channel MOSFETs Q122, 0125 and

the N-dhannel MOSFETs Q1237 Q24°
| Each of the output signals of the respective
20 exclusive OR circuits Exo to EX14 is supplied to the NOR .
' gate_circuits,_and.the-output signals from-the two MOR
éate circﬁits ate supplied.to.the NAND.gate circcit,'frcm
which the trigger pulse. d apd is taken.out.
‘The .control signal generator CSG shown in Fig. 11

25 comprises,twc pulse width-stretching circuits each



gate circuits, and the output signals fromthe two NOR gate circui ts are-. .
supplied to the NAND-gate circuit, fromwhich the. trigger pulse [err ”yégs
16

taken out. The cgntrol signal generator CSG shown in Fig. 11 25 (ofe/
~two pulse width streteching circuits each 77. constituted by a stati
~ciggeuit, and an internal control signal generator. . The control signal
.0 :at or CSG receives the trigger pul sg7apd and fornms various timng

&

siyals required to operate the ROM In the Figure, only 5  essential
, timng signals, i.e. various timng signals such as nentioned above, are
shown in order to sinplify the description. . "Fig. 18 shows waveforns of

the timng sicprtifuted by & rgtaticeaircuidnr land ewy intefraad] contepl]
- lerr] and [er rl The prechargi r)ﬂﬁs]i gnal [err] _and the timng 10 signal
[err] are onisignal generatar 4yiThen SORLII Aignad, gengrator §8F s gnal s

rospect [ vely TIGPAYRP (WP (RALEESH Gt o8 Pagen S COTBE VETLERE] HMInBUS?

‘respectivel y.*§¢ ' : | .

“shown in Fig. 11 ne pulse width stretchin Cocircuit Jerel] f t he
pr echar gi ng s?’gﬂéﬁfﬁ eﬁpﬁuf’ﬁ‘gtﬁ rﬁpﬁjagﬁeg%egr%a‘or _Cr%ld 7 gh'gg’gei'n\%r i ng

t he sane,.and r [ ersr ], . ' : t he above-

“nmentione var?%%%é%ﬁaﬁ%%nﬁ%@ﬁéﬁt <alr']r$dl “%%%w#{)sfiﬁgﬁgfggéﬁé}igt or. The
.reference Si Of\3dn [£4 'entidifed® aHB! are shown in order to simplify

the description. Fig. 18 shows waveforms of the -timi:ng_-

A - signals éyq. Spoge $yr Ppcr Ppar’ Ppaz’ f1ar o
¢s and éHz‘ The precharging signal'Z;; and the timingf .
10 signallzg-are omitted in Fig. 18 but these signals 3;2 _
' and Z;-are signals formed by phase-inverting the timing
| signals épc'and b respectively.. '
(::)- - _ In,ﬁhe two pulse width stretching circuits PWS,
| ._ and-PW82 shown in Fig.fll; one pulse width stretching
15 circuit PWS, fdrms'the precharging sighal 3;;} the timing
signal ‘Pc formed by phase~inver£ing the same,.and'the
reference signal éPcs required to generate the ;bgve—
mentioned various signals from the internal control
signal genératér. "The_refergnce si§na1 éPCS ié a signal
20  formed by stretching the pulse width of the trigger pulse
‘apd by the pulse width étretching.ci:cu§t PWS; and is
‘adjusted so as to have a predetermined pulse width.
Moreover, the timing sighal-ﬁpé is a signal :decaying in
synchronism with the.rising of the referepce signal_épcs.

25 Consequently, the precharging signai EPC rises in



20 ~ forned by stretching the pulse width of the trigger pulse [err] by
the pul se—~width stretching circuit [err] and is adjusted so as to have a
( d pul se width. Mreover, the timng signal [err] is a signal
mI synchronismw th the rising of the reference S|gnal [err] 25

_ y, the precharging signal [err] rises in -~ 78. synchronism
‘Wi th the decaying of the reference sgigynal . The precharging of the
...capacitances in- the data- lines forned in the’ menory arrays andthe
prechargi ng of the sense anplifier are carried out when the precharging 5
signal [err] .i's low Accordingly, the precharging time is restricted in
accor danceynehtoniem rvefftr citoe dnc:;xilng [ciff ithe arefietdncesteignalli ng t he pul se
width of the trigger pulse [err] - The pul se width stretching operation in
the pul seByigh h SThetmtechargingiiaf dle sapesitansesyin thel@ataconbi nat i on

~of the delay circuits and the |ogical gate circuits. The other pulse width
‘stretchi nb"-‘?ﬁﬁ' ckprmed in the Remary AFIRYS r‘?é‘%(-ﬁl'@:tﬂr harging Q%nal [err]

: ?rgﬁt I[ (I;ﬁE(rZIt I:qe%g%ee tﬁrﬁgfj%er r %r eI I HUIIIIﬁgq%ht on t e %bov gener at OI’ " o
I I I I .
S A Fra i RS SRRl e .P}ﬁ g e”‘:et&wg%%et ching

restricted in accordance with the reference signal ‘PCS _

formead by stretching the pulse width of the trigger pulse
¢apd ° _ _
width stretching circuit can be realiged by the .

The pulsé width.st:etching operation in the pulse . I;J

10 combination of the delay circuits-and'thé-ldgical;gate
circuits. ' o

Tpe other pulse width stfetchinglcircuit'Pwsé-'

forms the:wbrd line selecting-timing;signgl éx,;and the

| reference ﬁignal'éxs required to generate the above-

.15 imehfidhed variousztiming'signaiSAfram the intern&l,
control signal generator similarly to the réfergnce :
signal ‘Pcs 'The reference signal ﬁis is, simil#rly to
the-reference signal ‘PCS' a signal formed by stretching
the pulse w1dth of the trigger pulse ¢ pd and has a pulse

20 width adjusted to the time required to.raise'the;level of
.the word lines to the sgléction level of the;memorﬁ

qells.



the pul se width of the trigger pulse [err] and and has a pulse 20  w
adjusted to the time.required to raise the level of the word |lines tg;
selection level qof the nenory cells. - 79. The internal control sigf
generat or receives the -above-described two reference S|gnals [err] -
[ery] -and forms the t|n1ng signals [err],[errl, [err], [err], [err], and
. shown in Fig. 18. 5 - By thus form-ng the tinmng S|gnals
wefitial for operating the ROMin the.respective pulse width stretching.
cifcuits, it is possible to set the-essentfal timng signals separately
from each other, so that designing is f: Iltated and noreover, the
. followi ng 10 advant ages are offered. si nce the reference -si gna
[err] for regulating the precharging perlod for the data I|ines and the
reference signal {err] for regulating the tirme required to raise the |evel
of the word lines to 1he &RtéfhaDreditrol esidnal deérerausy rewdivesre
supplled to the internal control signal generator fromthe respective pul se
“wi dt h stretchthg above+describedectweadeference rlglgna]cbat reggil 053% d he:basis
of these two kinds of reference signals, then it is EﬂqﬁEEtO tain a
ROM capabl e osndofidzesi the 2biming sianals gatépipa oy atansh by, More
~speci ficall ' ' aE
P v shown in Fig. 18. '

s ' By thus forming the timlng signals essential for
operating the ROM in the respective pulse-wxdth
stretching circuits,'itxie possible to setlthe-eesentiai
timing-signals separately.frdm each other, so that
designing is facilitated and moreover, the following'

10 advantages are offered. t
'_(:>t - . Namely, since the reference signal ‘pcs for
b regulatlng the prechargzng perzod for the data lines and
the referepce signal éxs for regulatlng the_tlme required
to raise the level of the word lines to the se;ection :
15 level of the memery cells are sﬁpplied to the internel
L contrel signal generator from the respeetive pulee width
stretching circuits, if the readout timing is determined
on the basis of these two kinds of reference signals,
= ._ _ thenjit is possible to obtain a: ROM capable of eonducting
20 an accurete data.readeut.operation. Morejspecificallf,
tpe two pulse width'stretching circuits PWSlland PW52
are simultaneously formed; ~ Therefore, if the
characteristics of the-pulee'width etretcﬁing circuit 1
PWSI should change owing to manufacturing condition

25 variations, the characteristics of the pulse width



the two pulse width stretching circuits [err] . and [err] .are simul taneously -

f or med. Therefore, if the characteristics of the pulse width stretchlng
-C|rCU|t,kerr] shoul'd change owing to. manufacturing condition 25

wari ati gngyyt he characteristics of the .pul se width 80. stretching
circui t\\P\AB%/al so change in the sane manner. For exanple, if the pul se

wi dt-h of\_ ref'erence si gnal shoul d enl arge owi ng to. manufacturing
~condi tion-vari ati ons, t he pul se width of the reference signal  [err] 5 .
“also-enlarges in the sane manner.  However, the relationship between the
two kinds of reference signals, forg xanp1é; the relationship that the
reference signal [err] rises after a predeternmined time has passes after

t he decaying of the reference signal -[err] is nmintained 10 i ndependent | y
of the manufacturing condition variations. Consequently, there is no

- possi bi | ptyetBRing CireufePPRs,, L A8sbi Bhafge HRALNECEAhe b fiHeFl SES I N
response to the decayi ng of the reference signal [err] and decays in

responserbp eREmpEEaYifgtRE plitsécwidEncofstyeareferehcessignalnot

‘generated owing to the manufacturing condition variations. I n other :

wor ds, Iﬁ??% phealdl enlargeét awing Eﬁnhahufactertu@scandleiby unaffected by -
g

nanufactu condition variations. The decayi ng of the precharging signal
[err] isvariations, the pulse width of the reference s1gna1

XS

5 also enlarges in the ‘same manner. . However, the '

relationship between the two kinds_of'reference sighals,

| for e;ample,-the relationship that the reference signal
¢xs rises after a predetermined time has-passee'after the
decaying of the reference signal Pocs’

10 - independently of the manufecturing condition variations.

is maintained

COnsequently;-there is no possibility:that, for example; 5(:}
the timing signal 6S'which rises in response to the .
deceying of  the reference.signal ¢P¢$ and decaye_ig
response to the decaying of the reference signal éxs is-

15 not generated owing to the manufacturing condition
variations. In other words, it is possible to obrain a -k“f
ROM which is substantially unaffected by manufacturing
condition variations. - |

The decaying of the precharging signal z;;fis
- 20 controlled by-the~timing-signa1 ‘n sjnehronized“withethe
| t1m1ng signal ¢,

PAl
order to reduce the power consumption. Thus, the

for activating the sense amplifier in

arrangement.is-sueh that the-precharging of the data
lines, the sense amplifiers are started at the time when

25 the signals from the memory cells are amplified by the



20 controlled-by the timng signal [err] synchronized with the timng
.signal [err] for activating the sense anplifier in order to reduce
-power consunption, Thus, the arrangement is such that the prechargi
the data lines, the sense anplifiers are started at the tine when 2 ‘he-
"sigpal $*fromthe nenory cells are anplifiéd by the ~"81. sense anpl Ffiers
-'@ Etivel y. ‘For instance, if the precharging is not carried out after
' i gnals fromthe nenory cells are anplified by the respective sense
amplifiers, the electric charge in the stray and 5 parasitic capacitances
of “the data lines connected with the nmenory cells not selected will leak™ .
:with time. A conparatively |large power 8ls required to again precharge the
icapaci tances of the data lines once discharged. Therefore, the stray and .
parasitic capacitances of the 10 data |lines are precharged i nmedi ately
~after the signals fromthe nenpry cells are anplified by the
respective serfs¥R&fn plifiexs ‘Eﬁ%ﬁ‘?r‘?"’dié’c?y 0ve.F°B'e.36‘r5§aPﬁ§'st’f$r ¥-}"ﬁg of this

Pt 2108 ORE oA Y R I b3 Lra a3 5aR TR EFbR £8R e °
Fespective 'atnﬂlﬁ Céé’ﬁg. _tairde V#eé]}_cjte%jg%alﬁr#zﬁ%f gré%?@li?;g %SBEIL and [err]

“are hel d CNidurlng he™"perio ng sign err s hel d high,
.ﬁhe s]gnal amplifiers, the electric charge in the stray and o

5 parasitic capacitances of the data lines connected with
N the m§mory cells not selected,&ill leak with time. A
comparatively large power.is reqﬁiredlto_agaid precharge
the éapacitances of the daté lines once dischgrged.-
" Therefore, the stray and parasitig capaciﬁances_of the
o 10 data lines are precha:ged'immediateiy after the signals
(:}I frbm the memory cells are amplified by the respective
sense amplifiers as described above. :
Before the staftingfof this;ﬁte¢hérging
operation, the signal amplified in each ﬁenée-amplifier_
15 is transmitted via the-MDSFEis Qg and Q4 to the=main 
amplifier'in the respective.latchihg Circuit. - Since the
gransfer MDSFETS:Qs'and-Qg are held ON during the period
when the timing signal ¢2A2 is held high..the signal
- amplified in the sense amplifierais transmitted to the
20 _main.gmplifier vialthe'transfgr MOSFETs Oa.and Qg.  When

the precharging of the data lines is started, the timing

[ S

signal éPAZ is made low. . Consequently, the MOSFETs.Qé
arid-Q9 are turned OFF, so that the pair of input/output
terminals of the sense amplifier and the input/output

25 terminal of the main amplifier are electrically separated



“anplified in the sense anplifier is transmtted to the 20 ~ main anplifier
via-the/kraﬁ§fer MOSFETs [err] and [err]. = \Wen the precharging of the.
data | ¥nes {s started, the timng signal [err] is nmade |low. =~ Consequently,
Ef§\{err] and 09 are turned 'OFF, so that'the pair of input/output
T S the sense anplifi-er and the input/output 25  termnal .of the.
main anpHfier are electrically separated . 82. from each other. i ¥
Accordingly, there is no possibility that the input/output terminal of thow#
main anplifier is precharged by the above-described precharging of the data
lines. 5 - . -As described later in detail, the level of the word |ines
is brought to the non-selection |eved20f the nmenory cells after -the data in
‘menory calls are transnmitted to the data lines in order to reduce the power
consunption of the ROM  The arrangenent is such 10 that, .as shown in

Fig. 11, the word line selecting timng signal [err] s delivered via
a-gate cifxomtea®D ether ol | dregrdingky gridiereris nomroseibiddityy t he sense
amplifier. Thus, as the,sense anplifier starts to operate, the level of all "
the word ¥hafesthe MRREIAUERIY HReTmNals Qfc ttheh mdn ampldifier dfe nenory

oLl The SRLALLON O DS LIS et hlod' BE 25,1535 B oM Bl o7 e Lo

~ lines. | _
5 . As described later in detail, thé level of the-
word lines is brought to the non-selection level of the | 'ﬂ;}
-memori*cells=after the data in memofyfqells are =“ |
transmitted to the data lines ih order to reduce the
power consumption of the ROM.  The arrangement is such
10 thét;-as shown in Fig. 11, the word line sélécting timing

signal dx is deliﬁeréd via'ajéate-circuit AND controlled

by thg signal dPAl for:activating-the sense amplifier.
Thus;_aé the Seﬁse.amplifier'stérts-to'ope:ate.'the level
of'alluthe word lines is brought to.the-non—selection.,
15 level of the memory cells. ; o . —~
| The operation bf’the ci;cﬁit-will'now.be
described with reference to the waveféfms shown in Fig.
18. . | _
Fir#t of all, the external address signals A, to
20 A14 are changed in order to read out data from desired |
ﬁéhgry-cells{ Thereupon, the trigger pul:e éan.is
 generated from the address transition detector ATD.
‘One pulse width stretching-circuit.PW51~recei§es
thé;trigger pulsefdaéd and forms thelrefgrence signal

25 for fegulating.the'precharging time of the data

¢PCS



‘the trigger pulse [err] is generated fromthe address transitio
j-detecfor ATD. One" pul se width stretching CIrCUIt [err] receives t

18. First of all, the external address signals [err] - to 20 14 are
changed in order to read out data fromdesired nenory cells. Thereupon

™~

étrnggerh

~and forns the reference signal 25 J[err] for reg

srecharglng time of the data 83. lines. On the ot her handy e
" pul se width-- stretching circuit [err] forns, in response to the

decaying of the trigger pulse [err] the word line selecting timing signal

lerr]

il evel
'Slgnal

and the reference ignall XS 5 having a pulse width corresponding to
“the tine required to raise the level of 8Be word lines to the selection

of the menory. cells. The rising of the mord |l i ne selection tining
[err].

causes the potentials of the word lines connected with the

desired nenory cells and 10 t hose_ of _the corresg ndj n wor d |ines
Bl Y

precharge the

to start to r ildB8esyhen O ﬁPSdSFBFE\hEBdtlﬁEehQE $

e change of

prechar ot ho SeEREpning” p42Ss sy PBcR PRSRERRSIE TR HE L) [ hee' ana
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jthe sense anplgy c'a?,&ng 4 ﬁ:ﬁfeeﬁ:‘EE&SeF padkel B[], tAEHPa 11dd

selecting timing signal 6 and the reference signal éxs
having a pulse width corresponding to the t1me requlred
to raise the level of the word lines to the selection
ievel of the memory cells. = The risiné of the word line
selection timing signal dx causes the potentlals of the
word 11nes connected with the- deslred memory cells and |
those of the corresponding-dummy word_lrnes to start to
rise. | N L

| When a predetermlned time has passed after the
change of the address signals, i.e. when the time has
passed which is requlred to precharge the stray and
parasitic capacitances_of the data lines and the sense
amplifier, the reference signal ‘pcs decays. In:
response thereto, the internal contro;asignal generator
raises a timing signal és'as well as decaysla timing
signal fbc"h The decaying-cf the-timing signal éPc
terminates.the precharging of_the_data lines and the”_
sense amplifier. On the other hand, the,main amplifiey
starts to precharge in response to the_rising of the
timing.signal,és.

Moreover, the internal control_signal generator

decays the timing signal ¢1a to the low level,



'response\thereto the internal control signal generator raises a timng
[ehr] as well as decays a tinming signhal [err] - . The decayi ng of
. signal [err] 20 term nates the precharging of the data lines
gohse anplifier. On the other hand, the main anplifier starts to
- pre&charge in response to the rising of- the t|n1ng signal [err]. Moreover,
the internal control signal generator 25: decays the, timng signal [err

to the low |l evel, 84. subsequently to ‘the rising of the timng signal “w#
<~ Terr] to the highlevel. Thereby, the main anplifier and the inverter in

.the stage subsequent thereto whi ch have been previously. energized are .

de-energi zed. .5 Consequentdyy, the potential at the node NB of n

the main anplifier changes fromthe value delivered prev10us|y to the
precharging |level (the supply voltage [err]. Mreover, in response to the-
‘rising.of the timng 10 signal [err] t he dlscharglng MOSFETs of the

earth |i nasbsoquest By w6 tihd hei slasg refl trmimyimion) s garad iBie vdi emgar gi ng
MOSFETs of the earth lines connected with the dunmy cells®orresponding to-

t he deS|rmibhmm§wacelI!herebylnthzimain amﬁmifnar anﬂaﬂheﬂ ng signal [err]"
decays atinuerter in the stage subsequent thereto which have been -
previously energized are de-energized.
5 . If' Consequently. the potential at the mode NB_ of
the main ampllfler changes ‘from the value dellvered ) ' .”i-f'
'ﬁprev1ously to the precharglng level (the supply voltage'
Veo)r o o o
~ Moreover, in response to the rising of the timing
10 signal g, the discharging MOSFETs'of the earth lines | B
connected with the desired memory cells and the o (:}
discharglng MOSFETs of the earth lines connected with the
dummy cells corresponding to the desired memory cells are
turned”ds. ' Further, the timinc signal éPC decays at
15 - this time. Consequently, the MOSFETsjCOnstitutiné'the' , L
column switches which have connected'ell the data lines -
to the sense amplifier in order to precharge the data
lines operate-so as to connect to the sensedamplifier
only the data lineS'connected-ﬁithfthesdesired.memory
20 cells and the data lines connected with the dummy cells
corresponding to the desired memory:cellsQ ) hccordingly,
the data stored in one desired memory cell is tranSmitted
to one input/output terminal of the correspondiné'sense
amplifier, as'a'change'in'potential'Of the data line, and

25 the reference voltage'from.the correSponding dummy cell



15 this tine. Consequently, the MOSFETs constituting the colum
swi-t ches whi ch have connected all the data lines to the sense anplifier in
order to precharge the data |ines operate so as to connect to the sensg”
~anplif®™er only the data lines connected-with the desired nenmory 20

and,tHe data |inés connected with the dummy cells corresponding to th
'dgi:)ed.nennry cel | s. Accordingly, the data stored 'in one desired n
cenfis transmitted to. one input/output term nal. of the corresponding sense
anplifier, as a change in potential of the data |line, and 25 the .
"~ reflerence voltage fromthe correspondi ng dunmy cel | 85. is transmitted
to the other input/output term nal of thg.sense anplifier. - Mre
specifically, the potential of the data ?he DLn connected with one desire

menory cell changes as shown by a broken line or solid line in 5 o
accordance with the data stored in the nenory cell, as shown in Fig. 18.

next, the Iel 9gReansndizeal Earkhedseﬁxf:inﬁutyaaépae o rmhitta PULNHl S Of

“the word |ines connecte the desired nenory cells have risen-to a

certain extenigenk@ amplifier.!N MBEBOBBEciEitaR1¢pCENe NEoVént{w] If erence
~signal [err], the internal control signal generator decays the timng
-signal [err] thBhidatecldneaDps tbanpeeellawfjthgonpedesiped fmemdie ol

anplifier. : :

_ changes as shown by a broken line or solid line in .

5 accordance with the dafa stored in the memory cell, as
shown in Fig. 18.

Next, the réference-signal éxs“decays. .By this
time, the potentials of the word lines .connected with the '
desired memory cells have fisen-to-a certain extent.

10 . 1In re#pohge-to the'decAYing-of'the reference
.<:>' : signal éxs._the internal coptrollsignal generator deéays
| o the timing signal ¢S' Tﬁis terminétes-the;preéharging
operation for the main amplifier. |
‘In synchronism with.the.decaying of thé timing:_
&1  15 sighal és, the intérnal contr@l_signal generator raises
the timing signal éPAl for_activating the_sense .
amplifier. Thereby, the sense aﬁﬁlifiér starts to
amplify the potential difference between each of the data
lihes-connected_with the above-mentioned memory cells and
- 20 the corresponding one of the data lines connected with
- ﬁhé.above-mentipned dummy-qells:_%% |
In'addition. the ihternal_cqnfrol_signal__
geﬁerator-éecays the word line seiecting timing.signal.ék
. in synchronism with the rising of the timing signal ‘PAl'

25 In other words, the word lines are brought to the non-



~I'n synchronismwith the decaying of the timng 15 * signal [err] the
'internaL/c ntrol signal generator raises the tinmng signal [err] for
-acti vati'ng

-,dﬂpllf -
Weth t

-he sense anplifier. Thereby, the sense anpltifier starts to
e/potential difference between each of the data | i nes connected . _
ove-nentioned menory- cells and 20 the corresponding one of the- -
data |inés connected with the above-nentioned dummy cells. In addition, ~th '
internal control. signal generator decays the word line selecting timng °

-.si-gnal [err] in synchronismw th the rising.of the timng signal [err] 25.
I'n_other words, the word |lines are brought to the non- . 86: selection
. level . Thereby t he power consunptlon of the ROMis reduced. As descri bed

above, as the sense anplifier startg to operate, the potential of the-data

line [err] connected 5 with-a desired nenory cell | argel y changes in
‘accordance with the data stored therein as shomn in the Figure. Wen the

 potenti al t b f | -
DOLTTH celbbhehh ErRTL et iy BHE pORIL AOSHA ioRlof e n;{‘eio'nfrol
10 S|gﬁsk gﬁhggg&gédralses the timng S|gnal [err]. Thereby, the output .

signal fromthe sense anplifier is transn1tted to the main anpllfler

‘As described above, as. the sense. ‘amplifier starts
te operate;.the~potentia1 of Ehetdata lzl.ne--DI_.n connected*
5 with a desired memory cell_largely*changesiin accordance
with the data'stdred-themein as shown in'the Figure.
| ' When the potential diffefente between the above-
. mentioned pair ‘of data lines is amplified to a certain
extent by the sense amplifier, the internal control.
10 signal generator raises the timing-signal éPAZ" Thereby,_ poy
~the output signal from the sense amplifier is transmitted <:}i
to the main amplifier. | . | - '_ .
Subsequently to fhe-rising:of=theltiming'eignal
'¢PA2; theginternal timing sighai generator raises the
15 = timing eignal él' to the high level again. In response = W)
to the rising of the timing signal éla’ ‘the main
amplifier and the inverter are activated. and the output
signal transmitted from the sense amplifier is amplified

as well as 1atched and then transmitted to the BECC.

© 20 circuit. More specifically, the level at the'node_NBneof

the main amplifief changes from fhe'pfeCharging level to.
the level corresbondingftd-the data read eutmfrom a

desired memory cell. COnsequently,.the inverter stops.
delivering the'olg_data-held in the stray and parasitici

25 capacitanceé-coupled to its output node-ahd'starts to



Subsequently to the rising of the timng signal [err], the internal timng
signal generator raises the 15 timng signal. [err] to the high |eve
~again. In response to the rising of the timng signal [err], the main_
amplifier and the inverter are activated,. and the output signal .
transnmtted fromthe-sense anplifier is anplified as well as latch

t jtransnmitted to the ECC 20 circuit. More specifically, the
the=hode NB - of the nmain anplifier changes fromthe precharging |level to
the.l evel corresponding to the data read out froma desired nmenory cell.

. Consequently, the inverter stops delivering the old data held in the stray
and parasitic 25 capacitances coupled to its output node and starts to
87. deliver a new data. Mreover, the E@«Circuit starts to deliver a new

- data. after delivering an indefinite data during-a certain tinme determined

by .the time required for the inverter to 5 change its output content from
the old data to the new data and the .delay of the ECC circuit itself. The

“timng signal9¢EFYSE iR BRY AR during the time when the ECC circuit is

~delivering an indefinite data. n entt duyri t hi.s .,ad, _t
external output 10 r*%ﬁ?ﬁé%y'[éﬁ%i§3§ﬁ§%%gﬁ;f %Fgggﬁ ?ﬁedgﬁggggna gggte.
~Thereafter, n&¥fgaéfEégf%éE%ééfiﬁaiJﬂ(ﬁﬂdéﬁidi&kﬁﬁﬁih during a certain :

time determined by the time required for the inverter to

5 change its output content from the old data to the new
data and the'deléy of the ECC cifcuit itself.
- The timing signal de is held low during the time
when the ECC circuit is-de;ivering an indefinite data. .
Conéequently;-during this period; the external outbut
.; - 10 terminal.DOo to DO, are in the floating state.-
(:) | Thereafter, new data are delivered from'ﬁhe.external.
output terminals. ' |
Moreover, the internal'control-sighal'generator
raises the timing signal ‘pc to the high level again
to the low level.

PAl
Thereby, the precharging operation for the data lines and

&;; 15 after decaying the timing signal ¢

the sense amplifier is resumed.



_outpyL~{ern1nals Nbreover the internal control signal generator raises.
the ng signal [err] to the high | evel again 15 after decaying the .
?éﬁgnal [err] to the low |evel. Thereby, the. precharg|ng operation
data |lines and the sense anplifier is resunmed. It will be noted
that ‘since previous data is held by the inverter in the stage subsequent to
- the nain anplifier during the tine fromwhen the main anpllfler S
de- energi zed until the same is agai88energized by the 5 - timing signal
[err] -the output signals Dn fromthe ECC circuit and the out put signal s
"[err] fromthe respective external output terminals are-the previous data.

address oignal s BRwERE BE hgﬁaﬁps%“ﬁariﬁ?%iﬁ%‘é{‘%&eﬁf%“% h@rﬁf teere;‘?'er nar
gggfg;stgygthsl? ?F?gfolilgﬂgmgtéa 8% %ﬁ%ﬁ?'@ en %4$hg?tgagaof the
el i ver cARPPERERHEER; He %iﬁérﬁgé@r% S%Ein iR SR adata ore be
taken ouhelpRBYhige@xhAtDR! tAU! Bihe! EEMhGALR éﬁefme&esss thea tine

di vision nmanner” . More specifically, it i's. possible to determ ne mh[ch s
one g&f tﬂ&mﬁﬁgrsighSISBQULdthe output slgnals D, from the ECC '

circuit and the output s;gnals DO from the respective
external output terminals are the previous data.
‘The following is a description of the .
_ relationship between the exterhal address_signals end the
10_' output data DO (n=0 to 7) from the external output
o terﬁinals. Fig. 17 shows thegrelationship between theii _
external address signals Ao to-AlG_and the output data ' | |
When.either one of the externalladdress signals__.
15 AO to.Al_4 changes, the 32-bit data are delivered fromtthe
ECC. circuit as described above. The 32-bit data-oan be
. taken out from the-external outpﬁt_terminals in four sets o A
in a time division manner. = More specifically, it is.
possible to determine which one of theffour sets should
20 be taken out, according to the-combinetion of the
| external address signals.Alsaand Aléf;
‘As shown in Fig. 17, if the external aodress'
' signals A, and A, are combined as at'(:); then eight-
 bit date'sﬁown by DO((:>) are delivered from the eiternal

25 output terminels. If the external address signals A15



20  be taken out, according to the_conbination of the external address

'signals Al5.and Al6. .As shown in Fig.. 17, if the external address signals
[err] and Al6 are conbined as at [err], then eight- bit data shown by
D([err]. ) are delivered fromthe external 25 - output termnals.. |If :
' extjgnar address signals Al5 89. and. [err] are conbined as at (LS,

s quent |y thereto,.- then eight-bit data shown by DOQ( .[err]) are deli
in™#®short period of tine. Thereafter, & the same manner, eight-' bit
data shown by DO([err]) and eight-bit data shown by 5 -DQ([err} ) are
defivered successively in a-short period.of .tinme. The reason why the data’

DX([err]), the data EXX[err]')'and the data [err] are delivered in a -
short- period ghdatAlE ate! Behbiheéddasoa --eﬁﬁﬁsa%ﬁ&m-[a:éﬂét&a\&é{ready
10 reached the output nodes of the ECCEIrcuit by the time the data

DO([err]) is detghtebid. ddba shownybgebd(G2) dyare tdel tswred cil |a ashonts, t he.
sense anplifier and the latching circuit -are all constituted by dynam c
“circuits, whiperioficofit béimel5 Thereafites, ain the ssame trahnsr steight-
circuits. The internal timng signals required for the operations of the .
dynani ¢ circubd$ §ﬁ§aa_ﬁhom_rhi!dn9gb pd eigheybiferdata mhawe Rhanges of
‘the addregs Slbg?’)l alr:'e.eaellgvered successively in a short period of
time. _ . _
| The reason why the data DO((:)), the daté Do((:))
and the data DO() are delivered in a short period of
time is that the data DO((:>)-to-DO((:>) have already
10 reached the output nodes of the Ecclcircuit by the time
the data DO((:))'is deliveredl. |
<:) ' The memory céil arrays, the dummy cell arrays,
|  the sense amﬁlifiér:and.the_latchiné circuit-arejall
constituted by dynamié'circuité, whilst the other
15 circuits are constituted by static circuits. The -
internal timing signals required for the operations of
Lg; the dynamic circuits are all formed inside the ROM by
B detecting the changeé df the address signals;.i.e. in
accordance with the timing of the starting of the readout
20 acceses operation of the ROM. Accordingly, signals
supplied from the outside ih-the réadout operation can be
made substantially the same as signals in a static ROM,
so that the handling of the ROM becomes extremelj easy.

~ On the Qﬁher hand; the internal essential

\\ 25 circuits, i.e. the'memory cell arrajs, the dummy cell



-accordance with the tlntng of the startlng of the readout 20 access

oper g om.of the ROM  Accordingly, signals supplied fromthe outside in

t he ¢ operation can be made substantially the sane as signals in a

- stat| so that the handling of the ROM beconmes extrenmely easy. - On the
ot he nd, the internal ‘essential 25 circuits, i.e. the nenory cel
arrays, the dummy cell 90. arrays and the sense anplifier are

constituted by dynamc circuits. - Tiagrefore, it i s possible to nake the e
power consunption smaller and the integration degree higher. In the readout
operation, the dynamic.circuits. are 5 precharged by utilizing the tine.
required for the nenory cell. selecting operatlon In-addition, as the sense
anplifi erarrays @ndy thesenisec asplicient are aopstitatedi bguaynanienpl oyed.
~Therefore, it is possible to read out the contents of the nmenory -cells at -

an extr erdinecuditgh 1Ghersﬁee$ Nbr dev possibdewsodmhkaethar poweought to the

nhon-. selection |evel ain after being brought to the selection |evel of
the r&%anpﬂﬁﬂﬂp¢ﬂOn'ﬁmﬂ' oﬁPdoﬁ@ﬁaﬁPGﬁsratﬁepeB?SrﬁﬁehﬁﬁhEF-consunpt|on
of the ROMis .15 reduced. Nbre specifically,., the word lines are not

" brought tl?tﬂﬂ? ﬁGﬁ§§@Fe@FFEﬁtPQFe tgﬁaﬂﬂ“&?ﬁgrCBEFHthrBESht to the :

sel .ecst | Onpz!e% arged E: uﬁ@t n%e lt&’xsé ]t%ea requ:l.red for the memory
cell selecting operation. In addition,:as.the sense
amplifier, highiy'eeneitive:differehtial amplifier S
-clroult is’ employed. Therefore; it is-possible to read.
out the contents of the memory - cells at an extremely high
10 speed. |
| Moreover, the word lines are brought to the non—.
select1on level again after being brought to the _ o c:}-
selectlon ‘level of the memory cells for a readout hd
operation. Thereby, the power consumption of the ROM: 1s'
15 - reduced; More specifically, if the-word lines are not -
brought to the non-selection ;evel_again after being i
- brought to the selection level of the memory cells for a o
readout operatlon, a large ineffeotlvely-consumed current
'undeslrably flows for the following reasons. .
- 20 _ . Por instance, in the case:where the-memory_i
MOSFETs'MO to M, have data “Oftwritten therein in Figs. .'.
2A and 2B, when, intorder to select, for example, the
memory MOSFET My, the word line wslzfie brought to the -
selection-level-(high"level) and the earth line G, is

25 brought to the low level, the electric'oharge stored in



readout . operation, a Iarge |neffect|vely consuned current undesrrably fl ows
for the followi ng reasons.. 20 - . For ‘instance, in the case where

t he nenory MOSFETs. [err] to M6 have data "0" witten therein in Figs. o
- and 2B~"when, in order to select for exanple, the nenory MOSFET [errA4
word line. - is brought to the .sel ection Iever (high tevel) and t
fea line Gis 25  brought to t he | ow l.evel ,” the electric charge stared
[ 91. the stray and parasitic. capacr%fmces of the data line [err] is
drscharged via the nenory MOSFET [err] h”accordance therew th, the
potential of the data line [err] gradually falls. By the way,. the"
_capacitances.of the data lines 5 and those of the earth lines are all .
precharged be{psehepsy addcpef@siricltapdei iices it ade Matanagnexpept for
the data line [err] connected with the selected menmory cell and the €arth
line [err] argsheidchatgédevia ecthenmgemyry MESFEI | avelacodirdaliice tine.. 10
Consequently, with respect to the nenory MOSFET , the electrode thereof
“connected to therdviahlrﬂhe[pmténttahad@'thefdutailineﬂDL%'smaﬂuallgnd t he
el ectrode thereof connected to the earth line G is nmade to function as a
drain. Accorfahyby, Bhecthe eayotthe capagitancemiaf theedpta liipes] . .
gradually falls _until it _becones |ower than the threshold voltage of t he
Nenory NCEFETaPérFToﬁftﬂfrﬁgﬁe%?r¥% lines are all precharged

beforehand. Therefore, all the data and earth 11nes

&.; except for.the data line DL, connected with the selected
memory cell and the earth lioe;Golarefheld.et the
precharging level (high level) at this time;

10 Consequently, wiih respect to theimemory-MOSFET Mi,nthe
.eleotrode thereof connected to the data line DLb'is made
<:>' to functlon as a source,_and the electrode thereof
connected to. the earth line G1 is made to function as a
draxn. Aecordingly, when the potential of the data_11ne '
iS. 'DLolgradually falls until it becomes 1ower tﬁan the
threshold voltage of the memory MOSFET M, with respect to

LS the potential of the word line W512; the memory MOSFET Ml

| also turns ON. As a result; the electric charge stored

in the stray and parasitic capacitances'of the earth line

20. G1 is also discharged via the'memory HOSFET: 0 and Mi' |

Thus, the level of the earth line Gy also gradually |
falls. Also, with respect to the memory MOSFET M,, in
_ the same manner, the electrode thereof on the side of the
earth line G, is madeeto function as a source, and the

25 electrode thereof on the side of the data line DL, is



the potential of the word |ine W12, the nenDry MOSFET Nlalso turns ON.  As
- a regﬁT?\_the el ectric charge stored in the stray and’ parasitic

cap F;es of the earth line 20 G is -also discharged via the'nenory
MOS r] and ML. Thus, the level of the earth line G also gradually
fall so, wWith respect to the nenmory MOSPET [err], in the same manner,
the e'

trode thereof on the side of the earth line G is made to functio{:>
‘as a source, and the 25 el ectrode thereof on the side of the data l'ine ™
~[err] is . 92. made to function as®%s drain. -Accordingly, when the |leve

~of the earth line [err] becones | ower than the threshoid vol tage of the
menory MOSFET [err] with respect to the IeveI of the word |ine Wb12, the

MOSEET, M2 __al the el egtri hal
Stor el (TAIRctRaFaPFELBcas of ﬁéi“raat? SHRECHEY ity S e, S0 e
MOSFET | f the dat
~line [Zr%fr{’*soégég%iu Fﬂ [§ #’ Sl&”{ﬁzéﬂr#enm%ﬂyke %—Eg?}d% '?o I\/Beunge?go
the Sawevaﬂesggeae éﬁetn&wf—yvﬁdsﬁ@r MR Srddpatd €8 ¢ 1RP i) the

el ectric e stored in the stray aﬁﬁ parasiti'c capacitances of each of
the eartdgl Enesws2a ifﬁé]wgfg t ige Uidrioty IMGSERT M.] @lldo iturHydesi rably

di scharged. More specific al so the electric «harge previously :
prechar ged..i DInt é6nségagnaag weasléd:trﬂé ch&mgmmﬁ&‘@&mftr&ach of the data
-lines [err] to DL3 and the

: capacitances of the data 1ine DL, is discharged via the -

MOSFETs My, My and M, and as a result, the potential of : S~
the data line Dbllalso:graduallyafallaa Then, the“membry'
MOSFETs M, to?Mé undergo the eame'phencmeﬁa as ‘the memory
10 MOSFETs M; and M,, so that the eiectric charge;Stcrediin
the stray and parasitic capacitances of each of the earth
lines,Gé,'G3 and the data lines DLz;ZDL3 is undesirably 7 :(:}”
~ discharged. More specifically, also the electric charge
previously precharged in the stray and parasltic
15 capacitances of each of the data'l;l.nes'DL1 to DL3'and'tﬁe
earth lines Gi-ro G3 is undesirably discharged. |
Coneequently,”a relatively large ineffeCtivelchonsumed : e
current”diSadﬁantageously'flowe; Morecver, in the”' |
subsequent readout operation, these stray and parasitic
.20 capacitancee having been discharged-muSt be-ﬁrecharged
| again. Accordingly, the power ccnsumption:is.updesirably
increased. - h ' | :
| Therefore, the level of the word lines is broughf
to the non-selection level again afﬁer“the'level“of'the

25 word lines is brought to the selection level and the data



earth lines Gto [err] is undesirably discharged. Consequently, a
relatively large ineffectively-consuned current di sadvantageously flows. _
. Moreover, in the subsequent readout operation, these stray and para5|t|c.20
capaci4tances havi ng been di scharged nust be precharged agai n. Accor di
t he _power consunption is undesirably increased. Therefore, the-level
frd}lines is brought to the non-selection level again after the |evel of
" tRe25 word lines i's brought to the selection level and the data = 93.
N stored in the selected menory cell is t8Ren out to the data line. Thus, it
“is possible to reduce the nunber of the above-nentioned nenory MOSFETs to
_turn ON, so that the flowing of a |large ineffective current can be 5

Rord i ne [ ePepeRe” B, Syl ok <FRRACEbub Py RS I IF ORI L6 pe cic

~[err] is tukgﬁg ?§rrtheTngenEiaks §°59 bﬂét@ol g§% §r€4e95§§#5¥|é%f5“|5

If the word Il hel'd™at “th ectlon

“.potential of yhhe afki-reRe ibRel] méinbkyPRESPRTE O¥E! thfRON Nead Napsthol d

vol t age of the storage MOSFET [err] mnth respect to the |'evel of the word

lines, resul kiheg fldwl ngaoFe aPQeRgeC gne FFREL 2¥e Obui PenB@4mpelescri bed
'°above. Therefore, the level of the word lines is brought to the

5 prevented. For example, with respect to the memory

MOSFET M;., when the word line-wslz is brought to tﬁen

.'\*; selection level and the meméry_MQSEET Mo'is turned ON,.
the potential of the data line DL, gr.aduany falls.  1If
the-word line Wg,, is held at the selection level as it

10 is, the potential of the data line DLb will become lower.

- than the threshold voltage of the storage MOSFET M ﬁith

1
(:)'- respect to the level of the word lines, :esuiting'in a
. large power consumption of the ROM as'described above.
Therefore, the level of the word lines is brought to. the
15 non;selection level before the potehtial qf ﬁhe:data 1ine._
DL, becomes lower than the threshold voltage of the
o memory MOSFET M,
lines. Thus, the memory_MOSFET'MI will not turn ON, and

with respect to the level of the word

it is possible to prevent the flowing of a large:
20 ineffective current. _.'

The above'description_ie that the word;liﬁes are
brought to the non-selection level in order to: prevent
the memory MOSFETs other than the selected memory MOSFET
from uﬁdesirably_turning ON. In order to allow the

25 potential of a data line to largely change in accordance



15. non-selection | evel before the pot ent. al of t hg data I'ine Terr]
becones_Jower than the threshold voItage of the menory MOSFET [err] with

respeg ‘he level of the word lines.” Thus, the nenory MOSFET [err] wi Il
Rot t. rn<aQ\,) and it is possible to prevent the flowng of a Iarge 20

I neff |V¢/ current. The above description is that the word lines are

br ough the non-selection level in order to prevent the nmenory. MOSFETS:

other than the selected nenbry MOSFET from undesirably turning ON. In
order to aIIOM/the 25 - potential d4a data line to Iargely change in
accordance .~ 94. with the data stored in a selected" memory - MOSFET,

however, it is desirable to bring the word line to the non-selection Ievel

before either one of the menory MOSFETs to [er urns ON. For -
exarrﬁl e, Wi\‘-htﬂee&ﬁat%rﬁ%ﬁﬁe#? 2 sselrgt 4{ J‘t‘?@'\[ﬁﬁ#ﬁ'ne We12 is brought
I to the non- seIectLon | eyel br ought to.t on | evel and
. before t!‘féw??é?ﬁ)fy Roke: ie???f?u{"?t ’EN“-" % l:%ryﬂ%(% (tl[ﬂerr] turns ON,
; and-the otent t?é? gg gfr£€f$#g é} SHe Ul dne f , However, a
g .

conS|Qer anoun r|c C arge store I'n t he

st et g o, RS e xtronel L

the gemDgyriffEhdnd! i#i tich that the word line Wg;, is brought to

| the non-selection level after it is brought to the '
selectlon level and before the memory MOSFET M2 turne ON, =\;.
the memory MOSFET M, turns ON, and the potential of the :
earth line'G1 gradually'falls;.-However,.a'considerably

10 'larée amount of{electriC'chargecstoreofin the | '

capacitances'of'the earth line-Gi needs to be  discharged -

until the potential of the earth line Gl'becomes lower. (:}:
than the threshold voltage of the memory MOSFET M, w1th |

respect to the level of the word line W512' therefore, it

15 takes a comparatlvely long period of time. During this’

period, the potential of the data line DL, is

 substantially reduced. Accordingly, it is possible to
' take out to the data-line'DLb ailerge level in accordance
with the data stored in the selected memory MOSFET M.
20 - In practice, as shown in Fig. 11, the'word'line._ : .

selecting timing signal'éi,deiiéered'from the control

signal'geherator'CSG is controlled by means of the timing
signal éPAl
the word lines are brought to the selection leﬁeli_and

for activating the sense amplifier. Thereby,

25 then, after a predetermined time has passed, the word



respect to the level of the word line [err] therefore, it 15 t akes a
conparatively long period of tinme.. During this period; the potenti of
the data line [err] is substantially reduced. Accordingly, it is jﬁl?le"
to take-out to.the data line [err] a large-1evel in accordance witf Iz

~data stored in the sel ected nmenory MOSFET [err]. 20 - In practice,

a own in Fig. 11, the word line selecting timng signal [err] delivered
f '@ t he control signal generator CSGis controlled by neans of the timng
signal [err] for activating the sense I'ifier. Thereby, -the word |ines
are brought  to the selection |evel, anc y  then, after a predeterm ned
ti-me has passed, the word  95. lines are brought to the non-selection-

| evel . More specifically, when the sense anplifier is actuated, all the

word |ines ajgnbEoNght niudie €ONKe! M5 g¥ldcviin leveie toray cel |
arrays, the conpensating 5 circuits are OFF at all tinmes. |In other

words,  the cgppensdtallyfi wheth t Shélr semsesampLi fikih\id aethiated]s all
-acconpanied by a mark x, forned sinultaneously with the menory MOSFETs in -

whi ch bi nar ythegwerd liheararevwbrowght Tt sthd/RRER:lentdionz deved -t ot al

nunbers of the MOSFETs 10 connected to each dummy word |ine and those
-connected to each wold theedumhyiscell axrawsecithe GQPRAPEAYING t he stray and

parasitic capacitances coupled to the du : -
P 5 gircuits-are OFF at all timeQPy In other words, the

compensating circuits are constituted by the MOSFETs,
s : accompahied by a mark x, formed simultaneously with the
mémory ﬁDSFETs in.which-binary-signals'“l" are written.
These MOSFETs 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;thé
(:) ' stray.and parasitic capacitances coupled to the dummy
. word line and those.connected-to-the'word.line, so that
the dummy word line and the ﬁora line' can be made equai”
15 in the rising timing to each other. Thus, in the readout.
operation of the ROM, evén.if-the timing of selecting the
word lines and the dummy word lines is behind the
discharging 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-ratidlbetween the-memory-cell and the dummy
cell.is-applied beﬁweeh both the input terminals: of the |
sense amplifier, so that no malfunction will occur. Such
an arrangement of membry'cells and Qummy cells can be

25 uséd for ordinary static ROMs or dynamic ROMs.
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word |ine and those connected to the word line, so that the dummy word line.
—-and the ;ﬁLQ\Iine can be nmade-equal . 15 inthe rising timng to each
u

‘other. /Thus,\in the readout operation of the ROM even if the timng of
selecting tde word lines and the dummy word Lines is behind the discharging -
of the ngnpry/arrays, the gate voltages of the menory cell and the dumy -

cell will~bke equal to each 20 - other. Consequently, a voltage'in _
accordance with the conductance rati o between the nenory cell and the dumi
~cell is applied between both the i ﬁut.terninals of the sense anplifier, so -
that. no mal function will occur. SuCh®an arrangenent of menory cells and

.dummy cells can be 25 _-used for ordinary static ROVs or. dynanmic ROMs.
96. The-conpensating circuit may be constituted by a capacitor, since the

~conpensating Ci il bel %’?g'ﬂ?h&dcﬁ%ﬁﬁoﬁkﬂetEénﬂéit'@téé' byea capaci tances

connected to the dummy I ne and that of the capacitances 5 connected

to the wapdchikae,Subatanthal kympenshtingeathceibeis réfutrepecifically, -the
arrangenment may be such that a capacitor is connected to the dummy word  ~ °~
line sochhgt tbhmakel theowvalbe ofpthet eapasitanpesdconnedtedota |ine and
that - of- the capacitances coupled to the dunmy 10 “word |line are : S

subst antthel Bymmgusortio 1énehavdhghat pf the fappeitangesirabie to constitute =
lthes connected to the word line éubstanﬁiﬁlLy.equai to-each-'
| other. -MorE-sPécificaily, the afrangement-ma?_bé-#uch
that a capacitor is coﬁnected to the duﬁmy_wprd line so - \-}
th#tlthe valﬁe of the'capacitances coupled-ﬁo-thg wbrd | |
line and'that'of thé capacitancgs coupled to the dummy-
10 word.line'are'substantially equal fo e;eh othgrtz
| _ It is, howeiér; desirable to'éonsiitute the - _
.campensating'éircuit by MOSFETs. This is'beéause.if the ' '(Z}':
value of capééitanées of a-memqu_Mos?ET shoﬁld.change
owing to vafiatiOns in-manufacturing conditioné,.ﬁhe:

15 value of capacitances of a MOSFET constituting the
compensating circuit also similarly changes; therefore,
it is possible to make the va1ue of Ehe-capécitances-_*-

' connected to the dﬁmmy'ﬁord line and that of the.
S capacitances connected to the wad-ling substantially
- 20 equ#l to each other independently of #;riatith-in.
manufacturing'conditions. More-specificallj, if, for : =
example, the'overlapping'amount between the source regioh'
and the gate electrode of a ﬁemory MOSFET éndfthe -
éverlapping amount between the drain region ﬁhereof»and

25 the gate electrode thereof should change'owihg to



conpensating circuit by MOSFETs. This is®because if the val ue of

capaci tances of a memary MOSFET shoul d change owing to variations in
manuf acturing conditions, the 15 value of capacitances of a MOSFET
constituting the conpensating circuit also. simlarly changes; therefoy
s é:éSible to make the value of the capacitances connected to the du

worfd [}i ne and that of the capacitances connected to the word I'i he '
subSantially 20 equal to each other ipg@gpendently of. variations in
manuf act uri ng conditions. Mre specifically, if, for exanple, the
ovef | appi ng anmount between the source region and the gate el ectrode of a
menory MOSFET and the overl appi ng anmbunt between the drain region, t her eof
and 25. the gmmfacuurionge conddddons veriationegesincegat MOSFERanuf act uri ng
condi tion variations, since a MOSFET constituting the conpensating circuit
I's fornmed S|mmqnﬂk&ﬂﬂﬂ%P9Mﬁmﬁ Fﬁ@PﬁBﬁBﬁ}nBCS¢E¢“1§I§§ farmed NCSFET
constituting the conpensating circuit, the dﬁgree of ver|

bet ween the scﬁmtraétﬂwlé’nd’jttﬁe%&t BeBOTY ﬁEEgnda}ﬂ@ gﬂé% ‘?s

| bet t d th trqd h th
Came. manner SRS T A, M eReRRErs, i RuTs | PR dREragia ?n;,” ’

o Ny S4B g B ek B e
constituting tdiactrode and the degree of overlapping between the drain '
fk~2 region and the gate electrode change in the same manner
f as those in the memory MOSFET owing to the manufacturing
condition variations. Accordlngly, it is possible to
10 make the value of capacitances of the mémory MOSFET and
that of capacitances of the MOSEET constituting the
_ §:> ‘compeﬂsating_circuit-éubstantially equal to'each other
l | independently of variations in manufacturing conditioms.:
Thus, it is possible to make the value of the
15 capacitances.cqupled.to the dummy-word line and that of
the capacitances coupled to.the word line substantially
N ' equal to each other independently of variations in
B manufacturing conditions. '
In the case where the compensating circuit'is
20 constituted by a MOSFET, since it is only necessary to
equa11ze the numbers of MOSFETs connected to. the Qummy
word line and those connected_to the word line,.any.
' MOSFET can be employed, provided that the MOSFET has such
an arfangement that the gate~the;eof is connected to the

25 dummy word 1ine, and the data line and the earth line are



gcohpensating circuit. substantially equaljto each ot her .independently of
varlatfcﬁs in manufacturing conditions. Thus, it is possible to make the.

val u ofiLhe 15 capaci tances coupled to the dumy word line and that of

the ¢ é@ nces coupled to the word |ine substantially equal’ to each other
i ndepgndenyl y of variations in manuf acturing conditions: I'n the case where
the co nsating circuit is 20 . constituted by a MOSFET, since it is onlff

‘necessary to equalize the nunbers 058NCSFETS connected to the dummy word

. line and those connected to the word line, any MOSFET can.be enpl oyed,

provided that the MOSFET has- such an arrangenent that the gate thereof is
.connected to the 25 - dunmy word line, and the data line and the earth.line"
are. 9%aderfon+seonduditivé i veFor Finstantecehe tarragemgranty My be such
that the conpensating circuit is not connected to the data |ine and the
earth |ibe. skcht that athe wompensat BRL circuit is notognnedted X0 in the
‘ROM it is possible to substantially inprove the production yield of the
‘seni condthe ofatenbine pprd g the exrthrl recorrecting function of the ECC
circuit. In the case where an ECC circuit is incorporated in a one-chip

- seni.conduct or mehBr Phe C28% 'WRere fhe oECC Rrircutt dsstRFQrRING tathereby to -
’”Prgve iﬂetgéogHﬁEJBE is possib1e~to-substantially'improvevthe = R

prodhction:Yiéld'cf'the semiconductor memory owing to the
error correcting function of the ECC c1rcuit.
In the case where an ECC circuit is incorporated
in-a'one-chip semiconductor memory to-redress any
10 defective hemory cell thereby to impfove the production
yield;.an Ecc*circuiﬁ”héving the”cne4bit*erfor correcting .
.fqnctioh recuires; for example, four-bit parity signals <:}
for eight-bit dcta:'sixébit parity signals'for'32-bit- | |
déta; and éight—bit”parity signais for 100-bit data.
15 Thus,'Whenithe~nnmber of'data bitc is smaller, £he c
pcrcentagé'of the nuﬁber'of'parity bits with respect to
the whole is larger, so that fhe-ﬁemory capacity of the ' '}‘)
| 'memory,cell'afrays decreases. oh the cthet hand, if: the
numcct'of'data'bité'is.increascd..it is necessa:j to
20 'profide*ailarge number of externalitcrminals-for-thccdata
| ouﬁput: therefore, it is difficult to incorporate the ECC
circuit in the semiconductor mcmory, |
' The ROM is érranged~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-ac



yield, an ECC circuit having the one-bit error correcting function _

requires, for exanple, four-bit parity signals for eight-bit data; six-bit .

parity signal's for 32-bit data; and eight-bit parity S|gnals for 100-bit. '
~data. 45  Thus, when the nunber of data bits.is smaller, the percent @f 3

"the punber of parity bits with respect to the whole is Iargér, so'th ﬁ ;

e capacity of the menory cel | arrays decreases. On the other haqg\//p/

t he mber of data bits is increased, it _i's necessary to 20 'provide
‘large number of external terninals f or t R+ dat a output; therefore, it is
difficult to incorporate the ECC circuit. in the sem conductor nenory. The

ROMis arranged such that data of a plurality of bits delivered fromthe

oot pl oxor i SHhe b 2> et R e 0B0R0 10 IR 05 Shetlpe e |
increase the nyyiely Y Galkd Piks ana &%ﬁﬁ%@ Eﬁ@ BEEE@HEQQE 8k khe nurber of

necessary parity bits with respect to the whole w.thout ©ncreasing the

nunber of out m&nﬁe&rramaie%e@fsat:bep‘éntycbshbpmtﬁceesséaal Yo thé WREDeY
capaC|ty of the nenory arrays can be increased.

w1thout increasing the number of output terminals of the

5 IC chip. Accordingly, the memory capacity of the memory .

arrays can be increased.



I n geneLaI in a nmonolithic IC type large- capacity nmenory,. defects apt to
“be p odulgd sinmultaneously in a plurality of menory cells adjacent to each
‘ot hely, §ke\attributable to, for exanple, the 5 i nevi.tabl & i nperfectness of
t he NC ygnuf acturing techni que. For exanple, such a nask film as
'conprrsrng a photoresist provided for selectively etching an insulation’

~fillmand conductor filmis not necessarily well processed owing to the :{:3

ununiformty of the 10 material and_the adverse effects of dust. 1f the
.-pattern of the processed nask fi1 m@Rsul d- have defects such as undesirabl e
unevenness and pi nhol es, - the defectives are unfavourably transferred to the
‘insulation filmand conductor filmto be processedby 15 ‘the mask film

~If there.shoul d kg, %é}%flectmr A WRoTBYh Er 'I? @%Loiggaggr the inpurity
0 an

ion inplantation, inpurity ions are |ntro uce ndesired portion on

"the senmi c‘éylfaa,tgy ,ﬁﬂ&tyraa@f@&fsaggtortot Be pFediced | ons are not introduced | '

into a desired portion. The 20 sem conduct or substrate to be enpl oyed,
on the otdiswultarkodsdy def ecipduradltys ofhmemoyyt 2eldefl adtjavkheh brings
defects to the characteristics.of the seniconductor el ements to be forned
thereon. to edeh |othes- exeacittyibmtable toni &ondesauplés thel ement s and -
mrrrqg | ayers, are mniaturized in order to '
: inevitable imperfectness of the IC manufacturlng _
technique- For example, such a mask,film asmcomprising_'
a photoresist provided for-selectively etching an : _ -
insulation film and conductor £ilm is_nbt necessarily
well processed'owing to the ununiformity of the
10 material and Ehe adverse effects of dust. If the
pattern of the processed mask film Should have defects
such as undesirable unevenness and pinholes, the _ | ’ <:§
defectives are unfavourably transferred to the
1nsu1ation film and conductor film to be processed by

15 the mask film. If there should be any defect in the

mask film employed for the impurity ion implantatioh,

iﬁpurity ions are introduced into an undesired pbrtion ' &_}

-on the semiconductor substrate'surface.of the impurity
~ions are not introduced into a desired portion. The
20" semiconductor substrate to 5e-employed._on the other
hand, has_defects'such as the crystal defect which
brings defects to the characteristics of the |
semiconductor elements to be fbrmed'thereon.
In the large-capacity memprf, semiconductor

25 elements and wiring layers are miniaturized in order to

&



101. _obtain a higher density. In consequence, a plurality of circuit
el enments are apt to be included in one defect area. Accordingly, a.
pIurallty of defectlve cells are liable to be produced in concentrat'on
In 5 " 1he readout operation of the ROM each of a plurality of me
- MOSEETs from which data are S|nultaneously taken out is selected fr
of 4 menory cell arrays corresponding to the sense anplifiers as
des®™ bed above. Mre specifically, a plurality of 10 bits fed to the ECC
circuit are taken out fromthe nenory NGEDETS“fornéd‘at”pOSitions on the
sem conduct or substrate distributed amay'fron1each other. = The data read
out froma pIurallty of defectlve cells produced in concentratlon are

di d | ural it t t bi t

Tl uded i n ondRsiTom hiEheEs fFansleyac s CONSRIERBoEs obr PRRTRILER ¢ at
Th f EC t -

Capability (ﬁéﬁfﬁﬁﬁrﬁ&%&?ﬂeﬂe ekt B igﬁ?&f’? "8, P8R Theerror

BLE)dugg onASFgI%ﬁ?@tt he sem con uct o%lﬁ g’%:??i )r%‘tfalng?wxg# arrays,

the dummy cel | G@yqy ardd it & 4 bed Prlddhuics: ihecsﬁEéhhirHEEQn y gynam c
tircuits, static readout data and parity 25 signals can be supplled to

the ECC Clr$U|ttﬂB/ﬁHHaddﬂ'Hberat;on of the ROM, each of a plurallty

'a

CJ

one

- e

of memory MOSFETs from which data are simultaneously
QN/ . taken out is selected from one of the memory cell
arrays corresponding to the sense amplifie:slas
described above. More specifically, a plurality of
10 bits fed to the ECC circuit are taken out f£rom the
memory MOSFETs formed at p051t10ns on the semzoonductor
i~) '_ substrate distributed away from each other. The data..
read out fromra,plﬁrality of'defeeti@é cells produced
~ in concentration are disporsod in a plurality of sets:
15 of data. As a fesult, the error bit ihcluded in one |
| 'set.of data.can be reduced to on the order of one bit
at maximum. -Therefbre,.even an ECC circuit'having a
.low.error correcting capability_(co:recting capability
of one bit) is able to correct the error bit. _
.: .20 Accordingly;'it isfpossible.to substantially improve
| - thezproduction yield of fhe.semiconduotor memory._
if the memory cell arrays; the dumy cell
arrays and the sense amplifier aﬁe*constituted by
dynamic oircuits,.static readout.dato.and parity

25 'signals can be supplied to the ECC circuit by providing

¢ e ime——bn g



102. a.latching circuit. In consequence, the ECC circutt can be
constftuted by a sinple static circuit. ~In other words, it becones _
-possi%tfiyo,sinplify t he construction and -operation of thé ECC circuit. 5
Mbreo\e¥/the current consunption can be reduced by thus providing the
latching circuit. Mre specifically, if no latching circuit is provided,
t he changes of the sense anplifier output signals caused by the prechargi goy
operation are undesirably supplied -to 10 the ECC circuit.  Consequent |yl
~the ECC circuit is actuated when thaageration thereof is not desired. The -
undesirabl e operation of the ECC circuit increases the current consunption.
The provision of . the latching circuit prevents the changes of the output =~
signals of 15 the sense anplifier caused by the precharging operation from
- bei ng tramnlatehing checHIG ciIn ransemrenamediie ®AQ wimtwiditng the time
-when the nenory arrays, the:sense anplifier, and the main anplifier are :
bei ng pr ectRR Rl copit bitrd B¥ 3 iRl st i rayddui t Id 20 the main

. i fi subst anti al |y t ed : t by the tristate
Pl 1o SR otaE] | B e daR S g1y el o Lo 5o The

i li fier. caused by the. ' aratiQn.is.not t itted to - .
The E00 o FLEFHEEYEEon hd VRHFEIM UL A hdi 0o (AR L 10

circuig from bei Ngyoreover, the current consumption can be

reduced by thué”prOViding.the'latching cifcuit._ More
specifically, if no latching circuit.is provided, the Q_)
changes of the sense amplifier output sighals-éaused by |
the precharging ¢peration-are undesirably supplied to

_10 : the ECC'circuit. :Conseqéently; the Ecc ci:cuit is:
éctuaﬁed_ﬁhén-the:0peration-there6f-is:npt-desired.-
The undesirable operation of the ECC circuit increasés | 'C:;:
the cﬁf&ént consumption. The provision of‘the latching
circuit'pre§ents“the changes of the output signals of

15 the sehse-amplifief caused byithe-precharging operation

from being‘trénsmitted to the ECC circuit. More

specifically;.during'the time when the meﬁo:y arrays,
the sense amplifier, and the main amplifier are being
precha:gedy"the output términalétof the ECC circuit and

20 the main amplifier'are'Suﬁstantially_separatéd from . . .

each other by_the.tristate-circuits. Therefdre, the
potential change at the output terminal of the main
amplifier caused by ﬁhe.prechafging-operation is not.
transmitted tO'thé-ECC circuit;--Acéordingly, it is

25 possible to prevent the ECC circuit from'being

9



2.03. undesirably actuated; hence, it is p055|ble to prevent an increase in
‘the current consunption. Since the static circuits are constituted by '
circuits, the power consunption of .the.ROM can be 5 reduced. In an , :24&“.'
al t er mati ve construction an arrangenent may be enployed in which the '
‘addrgss buffer for receiving the external address signal s delivered from
'th"tS| de and t he out put buf fer for form ng -the 10 out put signals. .
del™fered to the outside are constituted by static circuits and the other
circuits are all constituted by dynamc gigguits. It will also be noted .

that in the case where the address decoders are constituted by static .
circuits, the address selecting 15 -operation is initiated. |nned|ately
.after appllcatlon of the external address signals. This arrangenent has
‘the advant age tiidesiFaBEyEGtREtEYs hénve dUENieE Qidegdblay toapiteveatsense
anplifier can be precharged by utilizing the period fromthe application of .
the external adsmeiscPasesimgntie antrént eorsssingeticom of addresses. The
“invention can be widely used for vertical -mask ROV, progr amrabl e - :

ROW (el ectrically progrSimes theatatioreitewits caanel woaﬂsmertazt;leé REVE in
‘addition to-the above-described horizontal mask ROVs. It is 25 possi bl e
“to modify the aF¥9§g§h§ﬁ¥%t%f ?#ﬁa?&ﬁﬁﬁ;FQﬂﬁqutl°n Of the ROM can' be

5 reduced.

In an alfernative'constfuction an arrangement
N may'be eqployed ih.whidh the-ﬁddress buffer for
receiviﬁg the external address.signals'delivered ffdm 
the outside and.the output buffer fof:forming the
10 odtput.signals-delivergd to the outside are constituted
by static circuits and the otﬁer éircuits-are all
-%;“) | cbnstituted.by.dynamic ciréuits. It will also be noted
ﬁhat in the case Qhere.thé address decoders are
~constituted by static circuits, ﬁhe address selecting -
15 operation is initiated immediately after application of .
the external address signals. This arrangement has the
- advantage that the memory arrafs, the dummy cell arrays
and the sense amplifier can be precharged by utilizing |

the period from the application of the external address

[(3%]

20 signals until the selection of addresses.

_ Thé invention can be widely used for Qertical'
mask ROMs, prograﬁmabig Rousi(elecﬁricélly programmable-
ROMs), or electricﬁlly alterable ROMs in addition to
the above-described horizontal mask RDMs.-'Iﬁ is

25 possible to modify the arrangements of the memory cell



-104 ar ys,;the dummy cel | arrays,,the_sensé anplifiers, the'address
and the contorl signal generator. Attention'is drawn to our

cop NG/ Application No. 83.15593 (Serial No. 2,123,640) fromwhich this 5
ApplNatyon has been divided. Attention is further drawn to 'Divisional _
"Appl i cation Nos. 85.19907 85.19908 (Serial Nos. respectively) also divided:
~out of Application No. 83.15593. -105 CLAIMS. 1. . A senlconductor.(:>j_
“menory including: (a) ~ a plural +t ¥0&f -nmenory ceIIs for storing a St '
-_plurallty of sets of data each having check bits; (b) =~ a selecting

citeuit’ wbr&? §e£ﬁ€t§uﬁﬂ§9c8i15§r9a§s”EEHEYSEEEESah819§1E95”Ed into one set

in response to an address signal; (t¢) - error correcting Code circuits

‘suppl i edeNé t Ha@PEs s clle ObAERE aan@atheUeohtoR t Be ﬁahegéadraeaﬁry cells; 10

(d) a tristate circuit having a plurality o? out put

Attention is drawn to our copendlng Application
No. 83. 15593 (Serial No. 2,123, 640) from which thlS
5 Appllcatlon has been d1v1ded. Attentlon is further
drawn to D1v151ona1 Appllcatlon Nos. 85 19907 &ﬂd
85. 19335‘?§é£f;1 Nos. 21535‘3,.2w1 3] and "’9*“ 3
respe?tlvely) also leldgd out of Appllcatréh-ﬁo;r ' : o

83.15593.

 (:}_.



termnals and supplied with the corrected data delivered fromsaid error
~correcting code circuits; and (e) a control -circuit for form ng—a—
control signal. for controlling said tristate circuit, 15 whereisaid,
tristate circuit ‘brings its output terminals into a floating sta el @L.,
‘response to the control signal delivered fromsaid control circuit_duck _
fi8d substantially equal to the period-fromthe tinme when one set of data
ar®sAupplied to said 20 error correcting@dde circuits until data
correspondi ng €BAIMR. one set of data-are delivered fromsaid error o
_correcting code ci rc_ui,.;\s. sem conduct or rrgﬁ% according to claim

2. . .
1, further ind-uding a nﬁFFPSP@? F%ﬁﬁnﬁ?ﬁﬁf%efﬂ§&§%§'

/ 25 error

correcting cod ircuits i.d, trd state ci ht, das Iect'nglcifcuit
for controlli nga_fhe 5 Ygggaégé: at#fozéeg#&égi égrinhj%t. if%r}ef%ror%‘r{’q eésponse' to
~-addr ess si gnal ' I or, ' g :q tr ) t ut signals
delivered f ron?ls%;f%ig?%lrbkc%%Sécﬁﬁ?a%dgéi?ﬂcﬁlgféggorc?l%s%?o#cf%]ggpt 0 addr.ess

*signals to saifpp tr'SSaEélEbiﬁﬁbtcfycuit ﬁh§@ﬁ‘§3&§%& Ol iRy ¢ &efpr ding

‘toclaim1 or )
' 5 memory cells to be formed into one set in response to

-

~

‘an address signal;

(c) error correcting code circuits supplied with
Lyj . one set of data read out fré@ the selected mehory
- cells; | |
10 (d) . a tristate circuit ha#ing a plurality of output

terminalslénd'supplied with the éorreéted data
delivered from said error correcting code circuits; and
: {ﬁ) : ' (e} .a control.éircuit for forming a.control signal
| for controlling said tristate 9ircuit,
13 wherein said triétaﬁe.circuit brings its output

terminals into a floating state in response to the

control_signal deiivered.from'said cohtrol circuit
during a period'substahtially'equal to the period from
the time when ohe set of data are supplied to éaid
20 error correcting code circuits.until data corresponding
s | to the one set of data are delivered from said error
. ;_ : co:rect{pg code circuits.
2; A semiconduétor memory accofding to claim 1,
further including-a multiplexor provided between said
25

error correcting code circuits and said tristate

circuit, and a selecting circuit for controlling the

* € L M § % '



2,

3
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- 106 -
'operation of said multipiéxsr-iﬁ respohse té aadféss
signals, éaid multipléxor béing arfangedrtq'fransmit |
outpﬁt signais delivered-from said errdr correcting
code circuits correspbnding to addreSS'signals.tO'said

5 tristate circuit. - L : - ._
3[2 A semicdnductor memorY{according_tbﬁclaim 1“or
2, Whérein eaéﬁ of Said'memory cells comprises,a'read—

only memory cell. -

—_—
—_—

I

wher ei n each of said nenory cells conprises:a read- only nermory cell. |-

n)
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