2123640 1. "A Seniconductor Menory." The'present I nvention relates to a
sem conductor nmenory and nore particularly te a read 5 only nmenory
(hereinafter referred to as "ROM). Wth the recent devel opnent in

sem conduct or technidues and seni conductor device applicat] € nlquféJ'
there has been an increasing demand for a seniconductor-né&ig& Qi ih haS a

| arge capacity. 10 j - To ohtain a ROM-wi th a | arge capacity, various
probtems nust be solved. In a ROMwith a |arge capacity, for exanple, a

| ar ge nunber of nmenory cells are connected to each of data |ines. In
consequence, the data |ine may e Qﬁﬂ g Woled with stray or
parasitic capacitance of relati 1\}‘eIs;/";'ff_%cr(_’ge \%ﬂfgme\‘“ﬂ%ﬂ he ROM for exanpl e,
the content of data stored in a selected nenory cell is judged according to

whet-her, after the stray and parasitic capacitances coupled to the data 20

line are. precharged, thepsel ShiTHHVeh 1G] yd19ded @S d he el ectric
charge in . its capacitance: re specifically, the datain the selected

henory cell is jgsigirsbranasick mgericrywaid elorefgaart iididaxdlyerid al refadt he data
1ine is raised to a 25 ' predeterm ned val ue, the selected nenory cel
causes " 5 only memory (hereinafter referred to as "ROM").

With the recént-development'in semiconductor
techniques and semiconductor device application
techniques, there has been an increasing demand for a
semiconductor memory which has a.iafge cap;city.
10 To obtain a ROM with a large capacity, various
problems must bé_solved.

_ in a ROM with a large capacity, for example, a
largg number of memory,cells are connected to each of
data lines. In conéequeﬁcg, the data line may be |

15 undesirably coﬁpléd ﬁith stray or parasitic
capacitance of relatively large value. In the ROM,
for.example,‘the conten£ of data stored in'a-selected

O memory cell is judged according to whether, after the
stray and parasitic capacitances coupled to the data
20 line are precharged, the selected memory cell

~ discharges the.elect:ic.charge in its capacitance.

More specifically, the data in the selected memory

cell ié judgea according to whether; after the

potential of the data line is raised to a

. 25 predetermined value, the selected'memory cell causes



2. the data line potential .to be lower than the predetermined val ue. Since
a ROMwith a large capacity has data |ines undesirably coupled with stray
or patasitic capacitance of relatively large value, 5 ;the selected nenory

yqui res a conparatively long time to nake the data |line potentia
becg#ey | ower than a predeterm ned val ue. As a result, a ROM which has a
ge“capacity requires a relativel2 l1ong time to read out data froma
- desired nenory cell and this is 10 di sadvant ageous Moreover, in a ROM
having a |l arge capacity, the stray or parasitic capacitance coupled to the
data lines may have |arge values. . Therefore, it takes a considerably -long
time frdve tdeta i Mimevpatentdedartg Mg IPwerprthame tdipaci t ances is started
until the data |ine potential reaches alfrqdeternined val ue. In
consequredstermHiaM KARE a | FiGeT HRM Witdy & P88 rel atively long time
fromone data out put_operation to, the subsequent dat.g.out operation. 20
It is RARaHE }ﬁ\%tdattrﬂe RGeS ‘Hiﬂ%’tﬁﬁﬁ%{'ﬁn cg*up[%éﬂ ?bgt%légl | fromvarious,
points of view.In addition. . any gdefect. dr.. " Qld1.Pecones a serious -
probl e BT HT "IRR G R a?#%eelagﬁlé}r%y(%récﬁct V. ﬁl25 .
_ Preyi ougly, o & L&Y hedlBly RGN KA 4™ comparatively long .
time to make the data line potential become lower than
a predetermined value. As a result, a ROM which has
a large capacity requires a relativély long time to -\)
read out data from a desired memory cell and this is

10 disadvantageous.

Morecver, in a ROM having a large capacity,

@

_the stray or parasitic capaciténce coupled to the data

lines may have large values. Therefore, it takes a
considerably long time from the time when precharging

15 of the capacitances is started until the data line
potential reaches a prédetermined value.-: In
consequence, a ROM having a large capacity requires a -
relatively long time from one data output operation to |
the subsequent data output operation.

20 It isidesirable-ﬁhat—the“powerfconsumption of
the ROM be small from various points of view.

.In-additiOn, any defect in memory cells

becomes a serious problem particularly in a ROM having
a large capacity.- |

25 Previously, a circuit has been known from



-3- information theory, in which data error is corrected by enploying an
error correcting code. This circuit will. hereinafter be referred to ~an
"ECC circuit". W have tried to inprove the.production 5 yi el d of -
sem conductor menory by incorporating an ECC circuit in a one-chip
sem conductor nmenmory thereby to redress a glefective menory cell. It is an.
obj ect; of the invention to provide a sém conductor nmenory capable of a

hi gh=8peed 10 opgeration,. and with re)ativel oW power_consunpti on.

Acordl g to t he TRt iRty (Hor e ol FRAF Sy CERTEERRARST nenory
I ncl uding: . (a) I gﬂ' y. of_ read- onl e . (b ae S | g
circuit for sel Zbcfién“; oén%%(ﬁ) afg %@%ﬁ%ﬁ%’i‘ﬂé&%) ?I%iﬁsm"r(gi%gﬁpf or
formng a referegpg FH) L the I &S &0 L hge dQL an de Pt f¢Oom a

sol ected nemory werl g%(%%%%gn% e h & e e b
whi ch has a pair of input }eridvalsrisd f@cgmyfaqetﬂge tdqieeibut froma
sel ected nenory cell and the reference potential forned by said dumy cel
respectivel y5 andybeld i6f e semikaiidwcor reéms ey cley t Dnear por#t trig nae

potential; and 25 . (e) a control circuit for controlling the
S ECC circuit in a one-chip semiconductor memory thereby

4

to redresé a defective'memory celi.
It is an object of the invention to provide
a semiconductor memory cépable of a High-speed |
10 operation, and with felafively 16& power consumption.
According to the present invention there is
provided a semiconductor memory including:
(a) a élurélity of read-only memory_éells;
(b) a selecting circuit for selecting one of
15 said.memory cells} |
(c) a dummy cell for forming a reference
potential with fespect to the data read out from a
selected memory cell;
" (d) a dynamic differential amplifier circuit
20 which has a pair of input terminals for receiving the
data read out from a selected memory cell and the
~ _ reference potential formed by said dummy cell respectively
_andlamplifies said data on reference to said reference
potential; and | |

25 7 (e) a control circuit for controlling the



-3a - operation of said dynamc differential anplifier eircuit; wherein
said dynamc differential anplifier circuit conprises a first MOSFET of _
firge&sconductivity 5 type to the gate of which one input term nal of said
paiffYehh input termnals is connected, a second MOSFET of fiyst conductivity
ty ) the gate of which the other input termnal of said pair of input_
termnals is connected, a swtelBang MOSFET, provi ded between 10 first \

el ectrodes of said first and second MOSFETs and a first potential point and
controlled by a control signal delivered fromsaid control circuit, and an.
act i veopgxatdonc @ift saiidc Aypamic s fimmemitiads agwddifdedonductivity type and
which is prqvided between 15 second el ectrodes of said first and second
MOSFETS1&f¥1& isecond 'pot enti al point. 4. The present invention will now

econpanyt vy or aTRREIn AETE bbaty e RGN TR 10 1%

circuit comprises a first MOSFET of_first_conductivity '

5 type to the gate offwhich.oﬁe input terminal of said
pair of ihput terminéls is connected, a_second MOSFET
of first conductivity type to the gate 6f-which the
other input terminal of said pair of input terminals -
is connected, a switching MOSFET provided between

10 first electrodes of said first and second MOSFETs
and a firsf potential pointland_controlled by a control
signal delivered from said control circuit, énd an
active load circuit which comprises MOSFET of second
conductivity type and which is provided between

15 second electrodes of said first and second MOSFETs

and a second potential point.



5 preferred formof -ROM Figs. 2A and 2B are detailed circuit diagrans of
the bl ocks -[err], the blocks [err]- to D-ARY4, the blocks CWM to CWM and.
the sense amplifier SA shown in Fig. 1; 10 Fig. 3 illustrates
circuit synbols enployed ina MOSFET, Fig. 4 is a |ogical synbol diagr
an exanple of an inverter circuit; Fig. 5'is a circuit diagramof an
exaqgfe of 15 an X decoder; Fig. 6 Is a graph show ng the operations of the
circuilt shown in Figs. 2A and 2B; Flg 7 is%a circuit diagramof an exanple
of a Y decoder Y-DCR1l; 20 Fig. 8 is a circuit diagramof an

exanpl e of an exclusive OR circuit; Fig. 9 schematically shows an exanple

of an ECC circuit; Fig. 10.is a circuit di agram of -an exanpl e of a _

nmul ti pl exor MPX and an out.put buffer DOB; Fig. 11 is a bl ock diagram of an
exanpl e of an address transition detector ATD and a control signal 5
generator CSG Fig. 12 is a circuit diagramof an exanple of

. . The present invention will now be described in

greater detail by way of example with reference to the
accompanying_drawings, wherein:-
Pig. 1 is a block circuit diagram of a
5 preferred form of ROM;
f’&/". : ' Figs;.ZA and 2B are detailed circuit diagrams
| of the blocks M-ARY, to M-ARY,, the blocks D-ARY; to
D-ARY,, the blocks Cwy tofCW4 and the sense émplifier
o SA shown in Fig. 1; '
| 10 _ ‘Fig. 3 illustrates circuit symbols employed in
a MOSFET; |
‘FPig. 4 is a logical symbol diagram of an
.example'of an inverter circuit;
Fig. 5 is a circuit.diagraﬁ of an example of
15 an X decoder:;
| Fig. 6 is a graph showing the operations of
the circuit shown in Figs. 2A and 2B:
Fig. 7 is a circuit diagram of an example of a
Y decoder Y—DCng
S 20 "Fig. 8 is a circuit diagram of an example of
an exclusive OR circuit:
| ‘Fig. 9 schematically shows an example of an

ECC circuit:;



an address buffer ADB; Fig. 13 is a waveform di agram for expl aining the
operation of the address transition detector ATD;, 10 Fig. 14 is a
cirb,l\\giagran1of an exanple of an OR circuit; Fig. 15.is a circuit

Yof an exanple of an inverter circuit; Fig. 16 is a circuit diagram
/ decoder Y- 15 DCR2 and an address buffer ADB; Fig. 17 is a diagram
«pl ai ni ng how data are taken Qut i"n a,tine division manner; and Fiqa
18 is a waveform di agram for expl aini ng the operation of each of the
address transition 20 detector ATD, the control signal generator CSG and

~* the ROM shown in Fig. 1. Referring to Fig. 1, the mask ROM has four menory

arrays [err] amdghagoaidE@D) reaBeacaikgehmaBgubnoBRafPYabLES as a whol e.
Each of 25 the nenory arrays M ARY1 fo M ARY4 has nenory cells 6.
arr angadmult3piekows MPX and aal ottput baE€erdDoglky, each of the nenory
arrays MARY1 to MARY4 has a nenory capacity of 311,296 bits. The circuit
bl ocks shown i FiBi.gllliar @ bdockd ddagrem e@fsangesampiecofdadt or substrate
oy knoggdresé'transition=detector;ATD'andfa control. signal
5 genefator CsSG;
Fig. 12 isia circuit diagram of an example of
an address buffer ADB; _
Fig. 13 is.§ waveform: diagram for-explaining k)
the operation ofwéié address transition detector ATD;
10 Fig. 14 is a circuit diagram of an example of
| an OR circuit; : : : o/
Fig. 15 is a circuit diagram of an example of
an inverter circuit;
Fig. 16 is aﬁpircuit diagram of a Y decoder Y-
15 bCR2 and an address buffer ADB;
Fig. 17 is a diagram for explaining how data
are taken out in a'time division manner; and | -
Fig. 18 is a waveform diagram for explaining
the operation of each of the address transition
20 detector ATD, the control_signalgggnerator-CSG'and the
ROM shown in Fig. 1.
Referring to Fig. 1, the mask ROM has four -
ﬁemory-arrays M—ARYl to M.--ARY4 and has a memory

capacity of about one megabits as a whole."'Eadh of

25 the memory;arrays M-ARY, to M-AR¥4.haé memory cells .



sem conductor integrated circuit techniques. In addition, the arrangenent
of- essential circuit blocks is drawn in Fig. 1 so as to practically
correspond to the actual arrangenent thereof on a sem conductor 10 .
substrate. Each of .the nenory arrays [err] is constituted by a dynam ¢/ >y
circuit and includes a dumy cell array for forming a reference volta Q;léa‘
t he (eadout operation. 15 .~ .An’address. buffer ADB, for receivin
ext ernal - address signals [err] delivered fmmﬁthe_outside, is constituted
by a static circuit and fornms internal address signals [err] each pair
of the internal address signals being constituted by true and 20 fal se

| evel s. The adi fq as. its ration controlled.by.a chip
sel ecting si gnal Igtfarﬁ]&tﬁellﬁle"ﬁqu r%smtf%e&%tcsqwsrhe ﬁﬁcé’rr%élr‘%&adress
signals [err] ar |l ol etct%Spsr al 1 LRI t he i nternal
adgress [si gnhal s Feeér({}flw%ﬁeeﬁégﬁ%% are ?ré\ﬁ%{rﬁ ttt%zéq 0% ?gcso%ers [err]
Each of the addr efsindiff Ciaciltsyf Idf IR I, g dbibs 2 static circuit. -

The circuit blocks sﬁown in Fig; 1 are fofmed
5 on a single seﬁiconductqr substrate by known
semiconductor infegrated circuit techniqﬁes. In
addition, the arrangement of essential cifcﬁit blocks '
is drawn in Fig. 1 so.as-to prgcticaiiy coriespond to
the actual arrangement thereof on a semiconductor

10 substrate.

1 to M-ARY4 is

- " Each of the memory arrays MFAR?
constituﬁed by a dﬁnamic circuit ﬁnd includes a dummy
cell array for formi?g'a reference voltage in the
readout operafion.

15 | An address buffer ADB, for reéeiving external
address signals AO io 116 delivered from the 6utside,

&_: is coﬁsﬁituted.ﬁy a stétic circuit and forms internal

address signals ao,'Ea to a6 Eig, each pair of the

internal address signals being constituted by true and
20 falsé ieéels. The address buffer ADB has its

pperétioh controlled 5j a chip sélecting siénal'éi

delivered from ﬁhe outside. | | -

| The interpal_addregs signals ag, g té ag; 5

are trahsmitted to X dééodgré.XfDCRi.énd'x-DCRZ,

25 whilst the internal address signals a0 EIB to a;3,



5 To row address selecting lines (word lines) in the nenory
arrays [err], 1,024 [err] kinds of word line selecting signals are applied
whi chgre formed in the X decoders (also serving as word |ine drivers)
[errf~ythat receive the internal 10 address signals [err] .In these

- si gng "512 kinds of word line selecting signals formed in the X decoder
[err]~" are applied to 512 word lines [err] to.[err], respectively, in
menory arrays [err] MARY2 on the |eft-hand side. The ot her 512 kinds of
15 ~word line selecting signals forfred in the X decoder [err] are applied

to 512 word lines to respectively, in the nenory arrays [err] on the
right-hand side. Mreover, in accordance with the internal 20 addr ess

signalsskerr whi ch—ar et he hig?est r ) 1.5, the - ecoders [err] form
~ dunmy woi@ [T % a%'e&ﬁ&wg"osiag.rﬁdl S %rar%e%gﬁn?r%%&fﬁ%gfl s from dummy

arrays [d%rJJder%f-'i{%ﬂi oTaN ey 'ifl'?j&fi,de when sel ecting nenory cells fromthe

menory arrays er] on the I%2ft-hand side, and form dummy word line_
sel ecting si gnalgadidlofs ¥RC ldddr<¥8MBedcldrs H-pordyM-poR, gys D- ARY1 and

D- ARY2 on the left- hand side when sel ecting nenp y cells%romthe menory
arrays [WDAR, a1d WDORJMHls [Butthed &y a static circuit.
| 5 To-rdw address se1ecting lines (word lines)'in
the memory arrays'M--ARY1 té MQARY4, 1,024 (210) kinds
of word liné selgcting:signals are applied'ﬁhich are | L_)
formed in the X decoders (also serving as word line
drivefs) xFDCR1 and X~DCR, that reéeive the internal
10 address signals a,;, 35 to agy, ag. In these signals, | -
512 kinds_of word liné selecting signals formed in the
X decoder X-DCR, are applied to 512:word lines'Wb to
'W511, respectivelj.‘in the ﬁemory érrays M—ARYI and
M-ARY, on the left-hand side. The other 512 kinds of
15 word line selecting signals formed in the X decoder
X-DCR, are applied to 512 word li.nes'W'SI2 £§ Wi°23,' .

respectively, in the memory arrays M—ARY3 and M--ARY4

on the right-hand side.

Moreover; in accordance with the internal

Al
»

20 address signals ags E;, which afe the highest order
bits, the X decoders X—DCRl.and X-DCR, form dummy word
line selecting signals for selecting dummy cells from
dummy arrays D-ARY, and D-ARY, on thé-right-hand side
when selecting memory Cells;ffdﬁ the memory érrays

25 M—ARYl_and M—ARY2 on the left-hand side, and form



5. . ' The Y decoder [err] receives the four-bit intérnaI addr ess

signals [err] forns 16 kinds of decoded signals. Each of the nmenory:
arrays [err] has 608;.colums as nentioned above. Consequently, cgkum
swtches [err] 10 .,and CWM are controlled by the decoded signals formet in
t he address decoder Y-DCRl so that. 38 columms are simnultaneously BCt ed
fro ach nenory array in response to.one decoded signal . Ther eby, the

columm .switches [err] output signals delivere% froma 15 total of 76
menory cell's (or dummy cells) in the. menory arrays [err] on the |eft-hand
si-de, whilst the colum swi tches CA8 and CW output signals delivered from
a total of 76 dummy cells (or nmenory cells) in the menory arrays [err] on
the 20  right - hargneriy Grorl SEife sdTEdting s3YnallisC Fore gl eetinge damgipal s
fromthe colum switches CW to CW conprises a total of 76 dynamc '
anpl ideldrs cframidwmmyf beerragts | @nd t iodl themlkiftier

differenti al

circuits are 25

di-fferenti al

dynam c differenti al

=

divided into 38 sets each forned by two“dynam c 9.

anpl iHamst siide vwhen selintings pemorye cedilsutfromgithles memorlye two

10

15

20 -

25

arraystM-ARYs and M-ARY, on the right-hand side.
The Y decoder-Y.—bCR1 receives the four-bit
internal address signals alo,-EIB_to'als, él3 and
forms 16 kinds of decoded signals. Each of the
memory,arrays M—ARY1 to M-ARY, has 608 columns as

mentioned above. . Consequently, column switches CWi

“and CW4 are controlled by the decoded signals formed

in the address decoder Y-DCR. sc that 38 columns are

1

: simultaneously=se1ected:from-each memory array in

response to one deco&éd signal. 'Thereby, the column
swiﬁches_CWi and CW, output signals delivered from a
total of 76 memory cells (or qummy cells) in the.
memory arrays M—ARYi and M-ARY, on the left-hand side,
whilst the column switches CW, and CW, output signals
delivered from a total of 76 dummy cells (or memory
cells) in the memory afrays:M—ARY3 aﬁd.M-ARY4 on the
right-hand side. |

A sense amplifier SA which receives the

-signéls:frcm the column switches CW, to CW, comprises

‘a total of 76 dynamic differential amplifier circuits.

The 76 dynamic differential amplifier circuits are

divided into 38 sets each formed by two dynamic .

anplifier circuits of each set are nade common to each



"~ which g

‘ot her through respective transfer insulated-gate 5 field-effect transistors
(hereinafter referred to as "MOSFET") and supplied to a circuit (not shown)
s, effectively a latching circuit having a data. holding function.

One of~\iMNe differential anplifier circuits constituting one,set and the

ot & /MOSFET 10 correspondi ng thereto have their operations controlled
by the~“nternal address signal [err] whilst the operations of the other
differential anplifier circuit and the correspondi ng transfer MOSFET are
controlled by the internal address sidnal [err] Accordingly, in 15 t he
readout operation of the ROM either of the two differential anplifier

. circuits determine by the internal address [err] a operates to supply its

out put tog, Q@e%EB%%éﬁz §ﬁi§ﬁ%¥nkf@yd¥%shs e '%fk%% tiaLg%atching circuit.

Consequent readout operation o out put signal's

are del i verepult! 3TghRS s5E ndTRWS idgnamic 43 fraeengigivhere 76 memory
cells are selected fromthe nenory afrays [err] -on the left- hand side in

response ampliFieer ¢ircnd teelofCldakt Fetsiageamadel icommon ftoowahe X decoder
[err] and 76 10. dummy cells are selected fromthe dummy cell arrays
~[err] on vitheri ghiroughd respectivectransfer insulated-gate
| : 5 field-effect transistors (hereinafter referred to as
".“MOSFET") ﬁnd supplied to a circuit (not shown) which
is effectively a latching circuit having a data
holding function. One of the differential amplifier
circuité'constitqting one set and the transfer MOSFET
10 corresponding thereto have their operations controlled —
by.the internal address signal a14;'whilét-the
operations of the other differentiallamplifier circuit
and the corresponding transfer MOSFET are controlled
by the internal aédress'signal SZZ. Accordingly,.in
15 the readout operation of the ROM, either of the two
differential amplifier circuits determine by the
internal address signals a14,'EIZ operates to supply -/
its output to the circuit (not shown) which is
effectively a latching circuit. -ConseQuently, in the
20 readoutloperation of the ROM, 38 output signals are
| delivered from the sense amplifier SA.
In the case where 76 memory cells are sélected
' from the memory arrays M-ARY; and M-ARY, on the left-
hand si&e in response to the word line selecting

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

1



to the dummy word line selecting signal delivered fromthe X decoder
X-DCR2, “‘t he respective dynamic 5 differential anplifier circuits receive
signal s delivered fromthe nmenory cells selected and signals delivered f.rom
the dunmy. cells sel ected which correspond to these nenory cells throug
colum switches [err]. = In these 76 dynanmic 10 differential anplif(iex
cirquits, 38 dynamic differential anplifier CIrCUItS are selected by
i nternal address signals [err] Each of the 380 differential anplifier
circuits anplifies the potential difference between the signal supplied
from 15 the corresponding nenory cell -and the signal supplied fromthe

d |1 t d f
G TToront1 al “anpi |7 P AT Sre, eeeBtaf eHBRCEne ARMD) oblF, SPrpye

supplied fromthe ceLh oaﬁana-m&e%ﬁd ﬁE”Q‘E%h‘Eethna”Qldgeéﬁerséﬁ&‘ié’e20

vol tage of the signal supplied fronfthe corresponding to
nenory cell in OrdekotQh@ehﬁﬁhymherhelzhbeséib%tih@rSﬂ halt 8E110EPEA ££bh
is a binary signal "I" or "0". The 38-bit data detected in the sense 25
amplifier SAis traumhexraécbderhx-ﬁéﬁzclthelresbeeﬂghe dyﬁ&mﬂcC|rCU|t (not
shown) mhlch Is effectively a latching

5 differentlal ampllfier clrcults receive signals

dellvered from the memory cells selected and signals
delivered from the durmy cells selected Wh1ch
: l &’“r _ correspond to these memory cells.throuéh the column
h .swltches CwW, to:cw4.-: In these 76 dynamic
10 -.differential amplifier circuits, 38 dynamic'
ig/ | differential amplifier circuits are selected by the
| internal'address-signals ai4; EIZ. !'Eachlof'the_38
differential amplifler circuits amplifies-the
potent1al dlfference between the 51gnal supplled from
15 the corresponding memory cell and the 51gnal supplied
'from the dummy cell correspondlng thereto.  In other
words, each of the 38 differential ampllfier circuits
compares the.potential of the signal supplied.from the
correspondiné selected memory cell and-the reference
20 voltage of the signal supplied from the dummy cell
correspondlng to the memory cell in order to detect
. : " whether the data stored in the memory cell is a binary
.31gna1 “1“ or "0O". - - | |
The 38-bit data detected in the sense

25 ampllfler SA is transferred to the ECC c1rcu1t through



circuit. As will be described later with reference to Figs. 2A and 2B, this
latching circuit is formed by 38 unit latching circuits. In addition, each
unit 5 latching circuit conprises a main anplifier and an inverter and
- has ¢ ctively a latching function. A 32-bit data in the 38-bit data read
out i efined as data signals, and the other six-bit data i's defined as-
pari Lheck bits. The ECC circuit corrects error 10 data and out put s\Ghe .
corrected one in the case where the supplied 38-bit data has any error -
i.e.; data different fromwhat has bedtwitten is supplied to the ECC
circuit. The ECC circuit is formed by a static circuit. 15 Mor eover, in
order to allow a static output signal to be delivered fromthe ECC circuit,

the latching circuit js .prqvided, escr | [ .eceives the
out put Zbg Ic#’f%?ﬁteadc’hogﬁ]%%e’d&ﬁ%rge’rﬂciéa’fjfegcr}:pw&eramgaﬁ%a{ﬁ%%:nd forms a
static si I ' MESa I i fol The 32-bit
data si gnal%%‘?llr%bt eﬁoﬁﬁy%?%%%rroﬁ%{rﬁgl&épccwcfié;fﬂﬁe are |

transmi ttedd Opfifls OB R WUnd WH 1B IWedhify leid@iy P )forgiedbyi t's by
eight bits, In four stages.. For such a tinme 25 .division operation, the
external adsy egei€i HEdind Tircui®s. In addition, each unit
5 latching cifcuit comprises a main amplifier and an
invefter-and has effectively a.iatching function. A
32-bit data in the 38-bit.data read out is_défined as U
data signals, and the other six-bit data is defined as
' parity dheck bits. | The ECC circuit corrects error
10 data and'outpﬁts the corrected_ohé in thé cﬁse-where
the suppliéd 38-bi£ data has any e;réf; i.e., data
different from what has beeh written is supplied to
the ECC circuit:’ |
| The ECC éircuit is.formgd_by a static gircuit.
15 Moreover, in order to allow a sﬁatic output signal to
Dbe delivered from the ECC circuit. the latching
circuit is provided, as described above, whicﬁ
-recéives the output signal.from_each dynamic
differential émpiifigr”circuit and forms a static
20 output éignal and also serves as ﬁ main amplifier.
| The 32-bit,data.signals corrected.for a
pogsible érroﬁ by the ECC circui£ are.tranﬁﬁitted to
an output buffer DOB by a multiplexor.MPX, eight bits
by eighf bité, in four sﬁages; For such a time

25 division operatibn, the external address signéls.Als.



Al6 are enpl oyed. Internal address signals [err] fornmed based on the
respective external address signals Al5 and Al6 are supplied to the Y
decoder Y-DCR2. The Y decoder [err] decodes the.5. supplied internal
address signals to,formfour kinds of control S|gnals The mul ti pl exor .

MPX is controlled by the four kinds of control signals. Therefore, . "w\

sinply, determ ning the level of each of the external address signal § Ats=
and AI6, it is 10 possible to select a desired eight bits fromthe

bit data signals delivered fromthe ECC circuit mnd output the sanme in
parall el. Moreover, by properly changing the external address signals Al5
and Al16, it is also possible' -to output all the 32-bit data 15 si gnal s,
eight bits by eight bits, in four stages. The output buffer DOB is forned
by a static circuit aﬁrpgh%\%eaﬁlwl%‘l%de outnreriahaddressicsighals @,5,875

hi gh-out put inpedance state. An address transition detector ATD.for 20
recei vi ng address si g?\"é‘?samtl | Tpg cEPTMesn hared RN ddhe ATRICHINE Axternal

control signal generat ovided in order to formcontrol signals
necessary for the opeﬁ‘g‘iﬁ' %’é{{?o’?‘mﬁé‘ Vg A SetHRBL 183 52 theadl to

MLARYA, he sense ampldddgiy %D@Rg AR v 4O S e | e RIS 25 1O

and a tlnlng signal for
5 supplled 1nternal address slgnals to form four kinds

of control signals. Thg'multipléxor MPX is
o | : - controlled by the four kinds of control signals.
| .Therefore, by simply detérmining the level of each of
" the extérnal-addréss signals A, and A,., it is
W, 10 possible to select a desired eight bits from the 32-
bit data signals delivered from the ECC circuit and
output the same in parallel. Moreover, by properly
changing the exgernal address signals"A15 aﬁd A16' it
is also possiblelio output all the 32-bit data
15 signals, eight bits by eight'bits, in four stages.
' The oﬁtput'ﬁuffer DOB is formed by a static
circuit and has a tristate output function including a
high-output impedance state.
An address transition detector ATD for
20 receiving address signals delivered from the address
buffer ADB and a control -signal genérator CSG are
provided in ordér'té form c6ntrol signals necéssary '
for the operatlon of each of the dynamlc ‘memory arrays
'M-ARYl to M~ARY,, the ‘sense amplifier SA, e.g. a

‘25 timing signal for precharging and a timing signal for



13. discharging. The address transition detector ATD detects the change
~in level of either one of the internal address signals [err] and the chip

sel'ecting signal [err] and then forns one trigger pulse. 5 ~The control

' -_generator CSG receives the trigger pulse and formvarious signals

gy for the readout operation of each of the nmenory arrays and the__
sense Zapplifier. In Fig. 1, the follow ng signals are shown as
repr ntatives thereof: a timng signal 10 [err] for controlllng\fﬁe
. precharging and di scharging of the neh%fy arrays and the sense anplifier;

timng signal [err] for regulating the word line selecting tinmng: and a

“timng signal [err] for regulating the activating timng for the sense

ampl 11 er Suchirotng, onmpe Saflhs LN FL. adedsesiayed as a cf roui

for gener a harac erns 1n one character pattern is

t1tut b t t t
1024 chay SeTSFeAaEre hinag, ST o160 FOhL o B0Uf L0 002 1 e ROM,

“will now b b r e} ai n t f Ot descri ption, ‘
circuit sy%%gggﬁéioﬁgd$ﬁs? gﬁéfgﬁfngg £° é ﬁéaﬁge%&%s |ﬂ?ustrated in Fig. 3

in order thiéaﬁhhéysibﬁaﬂraﬁﬁaﬂa tﬁ@ﬁeférmg e tiigdey.pwlsel Circuit
synbol acconpanied by a letter P

5 The control signal generator CSG receives the trigger

pulse and form various signals necessary -for the
readout.operation of each of the memory arrays and the W
sense amplifier. In Fig. 1, the following signals
are shown as representatives thereof: a timing signal
10 B;E:fgr controlling the pregharging and discharging of o
.the memory arrays and the sense amplifier; a timing
signal bx for regulating the word line selecting
timing; and a timing signal $on1 for regulating the
activating-timing?for the sense amplifier SA. .
15 The ROM shown in Fig. 1 is empléyed as a
| circuit for generating Chinese character patterns in
which one character patterh is constituted by 32x32
bits. Accordingly, the ROM is able to store up to
1,024 character patterns..
20 Essentialhcircuit.blocks of the ROM will now
”berdescribed in greater detail.
In Ehe.follbwing description, circuit symbols
shown in the drawings will be used as illustrated in
Fig. 3 in order.to simplify the drawings. __Referring

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



Y

14. denotes an enhancenent-nmode P-channel MOSFET; a circuit synbol
acconpani ed by a letter N designates an enhancenent-node N-channel NCSFET'
and a circuit synbol acconpanied by a letter X represents an 5 . N
enhancenent - nrode N-channel MOSFET whi ch has a threshol d vol tage nmade, h.
so as to be in the OFF state at .all times. The nmenory arrays [err] CE%ﬁg
t he; Sense anplifier SA are shown in greater detail in 10 Figs. 2A 2B.
Each™¢ circuit is constituted by a CMOS (conpl enentary MOS) circuit conposed
of a P- channel MOSFET and an N-channel MOSFET.14Rigs. 2A and 2B show
detailed circuits of the nenpry arrays arranged on the right-hand side of
"the 15 sense anplifier SA in Fig 1, for exanple, the nenory arrays:[err]

From the t op Tt ho JRATERR =5 HSPIRIAE IO ® ﬁ«” o R e menory
arrays M ARY3 and M ARY4 conmmon. The ar,r.a r h
bl ocks have practi ca‘f’[li/c'flht sﬁ% &%‘m?ﬂ’} ons oesté"ég b{ s %&%‘%‘@; %

ar-rays [err]. Accor déﬁ@r)’cen?éx{ﬂﬂnﬁ{dé &, i ﬂ?ﬁioﬁq&ﬂﬁys M@@Y%iml%S

N¥ARY4 512 word lines, |
: : symbol accompanied by a letter X represents an

5 enhancement-mode N-channel MOSFET which has a
threshold voltage made high so as to be in the OFF
&_f- state at all times.
o The memory arrays M-ARY; to M-ARY, and the 
sense amplifier SA are shown in greater detail in
100 Figs. 2A and 2B. Each circuit is constituted by a
CMOS (compleﬁentary MOS) circuit composed of a P-
channel MOSFET and an N-channel MOSFET.
Figs. 22"and 2B show detailed circuits of the
memory arrays arfanged on the right-hand side of the
15 sense.amplifier-SA in Fig. 1, for example, the memory
arrays M—ARY3 and M-ARY4. Accordingly, 512 word |
o  lines, i.e. the word lines Wgy, to W .4, are formed
from the top to the bottom. These words lines are
employed for the memory arrays M-AR¥3 and M~-ARY , in
-~ 20 common . _
lThe.memory'arrays M—ARYl.aﬁd-M-ARYz shown by
blocks have practically the same constructions as
those of tﬁe memory arrays M7ARY3=and MéARY4.*-
Accordingly, similar to the memory arrays M-ARY, and

25 M~ARY4, 512 word lines, i.e._the-word lines Wb to



- altern

i are forned in the left-hand side nenory arrays [err] shomn by bl ocks. The
menory arrays and the dummy arrays have earth lines G and data lines DL
alternately arranged 5 fromright to left. An earth;line [err] is

- forned ag the first Iine, and a data line [err] is formed as the second -
line. g%%, in the simlar manner, the earth. lines and the data lines are
ly arranged: an earth IIDE Gis placed next to the data line [gL]

and 10 a data line [err] is placed next to the earth line GL. Storage
. MOSFETs (nennry cells) [err] are formed at the respective intersections
“between the word lines and the data |ines. Each storage MOSFET is an :
N- chaﬁ?ﬁldew%efWQSm the leftthand coideorempry atwaysrrespondi ng word
line and its drain connected to the corresponding data |ine and noreover
its s&ﬁr%%ypo?ﬂ%c?fﬁ’fp shwn PY RIPkRng earth Tine.  Accordingly, except
for the earth ne GCo_at an _end, ope dat I|ne err] has the drains of 20
di fferent stor RYRPEr 2 ¥§ an {:t WS iBRYep12, connect ed

thereto Jl..C f S e he_ sour.ce of di fferent
__s_t-.oragée)alfi\ﬁ%bggJ [%}%é éatt’ ﬁ]é”g%érrgblj\"/\o tﬂ'rr\ %&nﬁ’f%’ﬁg? ereto in common.
: -Ig%?g-ngﬁén‘i hr:?éli’td@éalgﬁt. | | 1 Sed¥ €n CPRE TECL AL Rlddig s conductor
the first line, and a data line DL, is formed as the

second line. Then, in the similar manner, the earth
lines and the data lines are altefnately arranged: an ' '\)
earth line Gl is placed next to the data line DLO, and

10 a data 1ine'Dh1 is plaéed next to the earth line Gy ..

Storage MOSFETs (memory cells) My to M, are N, N

formed at the respective intersections between the
word lines and the data lines.
Each storage ﬁDSFETHis an N-channel device and
15 has its gate-connected to the corresponding word line
and its drain connected to the corresponding data line
and moreover its source connected to the corresponding =
earth line. Accordingly, except for the earth line
Gy, at an end, one data line DL, has the drains of
20 different storage MOSFETs M, and'M;, on the same word
line Wgy5+ connected thereto in common, whilst the
earth line Gl has the sources of different Stdrage
MOSFETs M, and M,, on the same word line LT
_connected thereto in common. These earth and data

25 lines are constructed of the semiconductor regions



16. which are integrally formed with the seniconductor regions constituting
t he sources and drains of the nmenmory MOSFETS, respectively. Thus, it

becomes unnecessary to specially f or m cont act - regions for 5 el ectpital ly
~connecting, for exanple the.:data lines and the drajins of the nenmofy (. ,
MOSFETSs. Accordingly, it i's possible to increase the I ntegration ree
of Rgg nMenory arrays. Each of these nenor§. MOSFETs has its threshold
vol tage predeternined in response to the 10 information "1" or "0". As’

shown, - ei ght data |ines are connected to one input/output terminal of a
S|ngle dynanmic differential anplifier circuit through a plurality of
swi t chi ng MOSFEYBich #ﬁ@réF&FSraiiYcﬁﬁrﬁﬁchﬁﬁhdﬁhédsiBlcoﬂﬁﬁﬁt%?S|ngle
nmenory array is stituted

cight data | nlesegg%PuFaf‘Pngafgl poth 'a'rta eREEPRLd %ix'gér%%e{ﬁfé? or, "
i schar gi ng NCcRERSFY AppeETR. ObstahTivhE eiphs?ﬁand%ué? Sphyds°
correspondence bfinkBesikl WBTRpYcIRIRY. sArdl BohEalb! LodlgHY fot! array i

constituted by a plura S connecte t data

l'i nes. Nbseoveiectheambeceaaébd%gd tai\t eRaMpPiLb, CEheNBasdl § thekS
constltuted by a plurality of swtching ETs provi ded between the

and the drains of the memory MOSFETs. Accordingly,
it is possible to increase the integration degree of
lk_; _ the memory arrays. Each of these memory MOSFETs has
| its threshold voltage predetermined in response to the
- 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 plurality of .
switching MOSFETs. Therefore, it can be considered.

15 that a single memory array is constituted by a
Plurality of memory cells connected to the eight data -
lines, a plurality of precharging MOSFETs, described
later, provided in relation to the eight data lines, -
and a plurality of discharging MOSFETs. It can also

20 be considered that in correspondence to the unit’
memofy array, a single unit qummy cell array is
constituted by a plurality of:dummy_cells connected to -
the eight data lines. Moreover, it can be considered
that a unit colﬁmn.switch is constituted by a

25 Plurality of switching MOSFETs provided between the



17. ei ght data lines and the dynamic differential anplifier circuit. Each
data line is nmutually used by the nenory cells forned on the upper side (as
vie ed-in the S Figure) thereof and the nenory cells fornmed on the | ower

sid r eof . Accordingly, a single menory array has 304 data I|ines. In
consigduégnce, a single menory array is formed by 38 menmory arrays and 38 .
- du eel| arrays. |n correspondence thereto, a 10 single colum sw

" is‘“formed by 38 colum switches. Therefore, the nenory arrays MARYL to
M- ARY4 are constituted by 152 nenory arrays and 152 dummy cell arrays.

The colum switches [err] are formed by 152 columm switches. 15

The nmlyt dAaty slines and thetdyndmic rdd £fewerddiadt ructi on, al so the dumy
cell arrays_have substantially the sane construction, and noreover, the
col umPRREHARK qiERuidimst antial |y the sane construction. 20 Each

dynam c differ amplifier circuit is provided between a colum swtch
[err] a durmfeac"é'i a‘iaaﬁar éym[eer’rﬂ ntral e st BY KhevBemArYone hand and a

SO Mg o ot ARG s AU Va AL PR 27Ty Lerr] whieh
5 Figure) thereof and the.memory ‘cells formed on the
lower side thereof. Accordingly, a single memory
array has 304 data lines. In consequence,.a single
memory array is formed by 38 memory arrays and 38 ' o’
-:”dummy cell arrays. In correspondence thereto, a
10 single column switch is formed by 38 column switches.
| Therefore, the memory arrays M—ARYl'tO'M-ARY4 are ,g,
constituted by 152 memory arrays and 152 dummy cell
arrays. = The column switches CWi and CW; are formed
by 152 column switche;.
15 The memory”arrays have substantially the same

construction, also the dummy cell arrays have

substantially the same construcnion, and moreover, the

column switches have substantially the same
construction.. |
20 Each dynamic differential amplifier circuit is

provided between a column'switch-cwco, a dummy cell
array-DS0 and a memory arranyS0 on one hand and a
column switch CWC,, a dummy cell array DS; and a
memory array'Msa'which correspond to the former switch

25 and arrays respectively on the other. Since there



25 and arrays respectively on the ot her . Since there are 76 dynan1c

differenti

ter
arrays [er

t hrough P-

al

r]

channelleé MOSFETS [err

anplifier circuits, there are 76 sets each fornmed as des
above. For the sake of clarity, the drawi ng shows only 38 sets in thg
sets: nanely, _
operation of which are controlled by the internal address signal [err
CO|ET/ switches [err] and [err] to CAC37 connected to the input/output
hals of the dynamic di-fferential ‘anpli8der circuits; 76 memory 10

38 .dynam c 5 differential anplifier circuits, the

and are connected to OnEoy NEni éﬁfé“d@'cﬁrii}? SN ArWind | Hows:! ! |
colum switch is formed by a series-circuit consi sting of the MOSFETs [err]

which sel ect fopmliygads &ewsmrm:éhnsl\éaﬁﬂs néidly, 3@idjndeiect two data

Ilnes

5

10

15

20

25

differential ampllfier=c;rcuits1 the operatlon of
which are controlled by the internal address signal

a147 76 column switches CWCO to CWC37 and CWCO to
CW E connected to the 1nput/output terminals of the -
dynamlc differential ampllfier_circuits: 76 memcry
arrays MS, to MS;, and MS,; to MS,;,; and 76 dqummy cell
arrays DS, to DSy, annd DS; to DS,..

Reference symbols PD, to PD,, and PD, to PD37.

denote precharging and dzscharglng circuits

' respectively. Each predharglng and discharging

circuit is formed by'a plurality.of precharglng
MOSFETs and a plurality of discharging MOSFETs
provided in relation to the eight data lines.

The eight data lines DL, to DL, are made

common to- each other through P-channel MOSFETs Sy to

S11 constituting a cblumn-switch and are connected to
one input terminal of_the'sensé amplifier SAq-. The
column switch is formed by a series-circuit consisting
of the MOSFETs 88 to-s11 which select fou: daﬁa-lihes
and the MOSFETs 8o ﬁo--s7 which'séleét two data iines.

for each. 1In other words, fhe column switch is formed

and 76 dunmy cell arrays [err] Reference synbols [err] denote
pr echargi ng and discharging circuits respectively.
di schargi ng 15

and a pIurallty o1
data lines

Each prechargi ng and

X “%?'*é’r%"é{%%%’%tﬂpﬁo“r Ao iherr ST B gt

e elght
said dd J@?&]aﬁ a GRUBW, to each ot her:

constltutlng a colum sw tch

‘The



25 . for each. In other words, the columm switch is forned 19. by a

plurality of tree-like circuits. For exanple, if the MOSFETs [err] are
turfiethON, then the data line [err] is selected. Thus, the colum
:smﬁvf have the function of decoding colum addresses. It.is thus 5

to reduce the.nunber of wires required for connecting the address.
ADB and t he address decoder. Y-DCR1, so that the IC chip can be -
reduced in size. Each of the eart¥?4ines and the data lines is 10
7provided wi th a prechargi ng MOSFET for receiving the prechargi ng signal
[err] dellvered fromthe control signal generator CSGin order to

rech _ _ c cltance connect d thereto. As shown,
Brech%% é%%ﬁy%?g%ﬂﬂ{fe %" LJ'(}:rse' 15 pr(ﬁﬂ“g’ 'bet ween t he
respecis s, G}Jidéb@ff‘]@ glatdnd 'é‘esﬁf’é‘%&ﬂ?ﬁaéwrﬁgﬁargl % e Vcc for

recei vi ng t e prec B ng si gh Mor eover FET is provided
bet weeyy faalL, Cafd hedldwredd eatidl DA idAlun® duitciiie HaveL Ui t.
Di schar gi ng 9 channel MOSFETS [err] are provided between the earth |ines :
[ err], £ Ofn 6L o1E b £ B¢ 6d 11%e Sco Rilkh - eiddes¥dsant il ig agpectively. To the
gates of the respective dischargi ng MOSFETs [err]

5 possible to reduce the number of wires required for

connecting the address buffer ADB and the address
decoder Y;DCRl, solthat 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 E;E"delivered from the control - o
signal generator CSG in1order to prechafge the stray
and parasitic capacitgnces connected thereto. As
shown, precharging P;channel MOSFETs Po to P8 are
15 provided between the réspective earth and data lines
| and the power source voltage.vcc for receiving the
precharging signal z;;: o | S \_}
Moreover, a discharging MOSFET is provided
betweeh-each_earth'linenand earth potential of the
20 . circuit. Discharging N-channel MOSFETs D, to D4:are
provided betwgen-ﬁhe earth'lines;Go'to Gys shown as
representatives, and earth potential, respectively.
.To the gatgs,of the respective discharging MOSFETs Dy
to D,; eight selecting signals dso to ¢S7 formed by

25 decoding the column address signals are applied in



to D4, eight selecting signals [err] formed by 25 decodi ng the
col-um address. signals are applied in 20., synchronismwi th the timng
signal [err] respectively, . the tinming signal [err] being fornmed in the
control signal generator CGS shown in Fig. 1. The plurality of prechayfi
MOSFETs and the 5 plurality of -di scharging MOSFETs constitute the
desgribed precharging and discharging circuit [err] Wen the tining sign
[erSles brought into the high level stat@of.romthe |ow |evel state, the
eight selecting signals [err] are applied to the 10 correspondi ng

di schar gi ng N—channel MOSFETS . At this tinme, in the eight selecting

signals [err] onl one sel ecting signal corresponding to the colum

‘address si gnal $¥n¢ igm giththe H’é-“glﬂﬂets ignadn fgel geeprgtivgANls are
made | ow. 15 Consequent )y, one dj schar MOSFET i s sel ected.
fromthe di schdmfi fdmag-Bis CJ'f""ér S ‘?ﬁ‘?”’@aéﬁrﬂ‘ledtﬁ %‘?’@Cﬁ%?ﬁa and

other di schar g TP MESRRE AP 4 dhewmdn H 1 1 A Ction of the
T S oo )| o ey it Sk G
5 plurality of discharging MOSFETs constltute the ‘above- -
| described precharging and discharging circuit PDSO. |
When ‘the timing signal'ﬁs is brought into the
high level state from the low level state, the eight
selectihg signalé $so tO Bg; are applied to the |
10 corresponding discharging N-channel MOSFETs. At this
| time, in the eight seleéting_signals ¢SO to &37 only
-:;ne selecting signal corresponding to the column -
address sighals'is magg_high,.and the other seven
-gelecting signals aré»hade low.
15 . ~ Consequently, gne-discharging MOSFET is
selected from the discharging MOSFETs Dj; to Dg in each
A of the precharging and discharging circuits.PDo to
PD,, and PD; to PD;, and is turned ON. At this 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
precharged, the output signal delivered from the Y
decoder Y—DCBl-causes the MOSFETs S, and'sa'to turn ON

0
25 and other MOSFETs Sl, 83,'55. S7 and S9 to sll‘to turn



~.precharged, the output signal delivered fromthe Y decoder [err] causes the
MOSFETs [err] to turn ON 25 and ot her MOSFETs [err] to turn 21.

FE,. On the other hand, the selecting signal [err] causes the discharging
DRFET [err] to turn ON and the other discharging MOSFETs to turn OFF.

_ gquent |y, one input node of the unit sense anplifier SAo and the 5 |
- data’ line [err] are electrically connected together. Mreover, the eleciyjc
charge stored in the stray and p&lasitic capacitances connected to the '
earth line Gis discharged through the discharging MOSFET D1. Thus, the
earth line [err] is selected, and the potential 10 thereof is brought to

“t he i al f t j it. | data |i , .g. th
Eja?_aeﬁ’ e Fgf‘?]%"eai%?&ﬁﬁ E%I“I%r leg’&jl tfsﬁ;:neﬁjfe‘t h%{wﬁﬂﬂfo e|¢1§ '?orlmr;g oﬁ ?he uSper
id f d d 15 the | ide th f. In

he o sagieil, B drigrTEalng Msren M T%0 Wk o 888 e oi de of data

line [h di-s%ha?%%rn%‘;eﬁdlﬁerﬁﬁﬂ'@&’ £t %tﬁgrdqv' (&Ql(ﬁé Wk, he data Iine :

[err] and the eart _ I's selec t he argrnig 20  MOSFET D -
ISt Uighed i) ridde B WHd MY Wedlse ampli¥ficr A0 WhA et h 1ine [err]

1s selected. Ther eby, the N
5 data line DLo_are-electripally connected together.

Moreover, the electric charge stored in the stray and
parasitic capacitances'connedted'to the earth line G, | e
is discharged through the discharging MOSFET D, .

Thus, the earth 1ine'G1 is selected, and the potential
10_' thereof is brought to the earth potential of the

circuit. S _ _ N ~

In the RCM;_one data line;-e.g. the data line

DLl, is mutually usedf?y 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 memory cells

formed on the lower side of data line DLy, i.e. one of ;J_
the memory cells provided between the data line DLo

and the earth line G1 is selected, the discharging
20 - MOSFET‘D1 is turned ON by the selecting signal ésl, .
and the earth line.Gi is selected. Thereby, the.
pluralify of memory éells provided between the data
line DLo_and the earth line G, are made selectable.
When the desired word line W5y is brought to a

25 selection level, e.g. the high levél,uby the output



plurality of menory cells provi-ded between the data line [err] and the
earth line [err] are made sel ectable. Wen the desired word 1ine. is
brought to a 25 selection level, e.g. the high level, by the outp
22.. siignal fromthe X decoder X-DCR2, the menory cell Mis selecte
the plurality of nenory cells on the |ower side of the data Iine. [{e
The _potential of the data line [err] changes in accordance with t
storgd in the sel ected menory cell [err] 2Thus, a signal in accordance
wi.th the data stored in the sel ected nenn?y?ceII_M is transmtted to one

I nput-/ output term nal of the sense anplifier [err] -In the case where one of
the nenory cells 10 formed on the upper side of the data line [err] i.e.
one of the mengiyngdl letomOkRBIXPARMEAEr! REDERL 2 khBCmbRELyaBE11ihe earth
line [err] e.g. the menory cell [err] is sélected, the dlscha}grng.
MOSFET D is turisecdéedcitedt Feomekhet pligralfugl ofememoryasdllficogathd |ine G
s 15 sel ected, thereby allowng the nenory cell [err] to be selected in
the sane mannerlower miﬁbeofasheddataimédeabbﬁe. | Whehpotehtia WoofIOSFETS
constituting a dumy cell are provided in series between each data |ine and
20 t he corredbendiatg @épghDLbnghanges:in_accordance with the data

5 stored in the selected memory cell Ml.' Thus, a .
signal in accordance Qith'the data stored in the
selected memory.cell M, is transmitted to one
input/output terminal of the sense amplifier SAO;
. In the case where one of the memory cells
10 | formed on the upPer:side of the data line DLO,“i.e."
one of the memory cells formed between the data line
' DL, and the earth line Gd; e.g. the heho¥y-éell My, is
selected, the discharging MOSFET Do'is turned ON'by
the selecting signal'fso:and the earth line Gq is
15 selected, thereby allowing the memory ceii M, to be
selected in the same manner as in the case described
U above.
| In the ROM, two MOSFETs constituting a dummy'
cell are provided in series between each data line and
- 20 the corresponding earth liﬁe.- | |
“ More spedifically,'wifh respect to the data
line DLO; MOSFETsLDcdl ahd"DC02 c6nstitutin§ a'dﬁmmy
cell are providéd between the data line DLD and one
earth line G, correspondin§ thereto,'and'MOSfETé ch3

25 and DCy, constituting a dummy cell are provided



'Nbfe specifically, with respect to the déta line [err] MOSFETs. [err]

constituting a dunmy cell are provided between the data line [err] and one

eart ki ne Go correspondlng t hereto, and MOSFETs [err] 25 and [err]’
con tlf ting a dutmy cell are provided 23. between the data |ine [err]
and other earth line G corresponding thereto. Series MOSFETs

.constituting a dunmy cell, e.g. the MOSFETs [err] , are MOSFETs having- &he
‘sane 5 size as the nenory'NCSFEIS and are forned sinultaneously with the-

gt

~ menory MOSFETs having a low threshold vol t age. Mor eover, these MOSFETs

have the sanme construction. The following is a description of a dumy cel

10  sel ecting_operation. In the selection of a dupmy cell, the follow ng
signaPQtHFEnengOQEHa @h@ehpbbeéPdthﬁr°§BGFe§§r§PgﬁéPe[§1r] in the
external row a dres gals and the | owest order signal [err] in the
col unfi°sH8PESE §P§n§P g 8 in formng the selecting signals 15 [err]

.as descri bed QQQXQS goggﬁgesggﬁkgigﬁkéﬁﬁe%h§u§h2w§gilorgghéexternal addr ess s

- signal [err] a

cefll uld be selected -

from {he fusFEral baYS el Be 1) JBkenABErETdCHAVihE! tneNdhtlesi de.  The
| owest er extern8i res92§i gnal - S o _
5 size as the memory MOSFETs and are formed
simultaneously with the memory MOSFETs having a low
threshold voltage. Moreover, these MOSFETs have the - -
same constructlon.-

The follow1ng is a description of a dummy cell

10 selecting operathn. In the selectlon.of_a dummy

O

cell, the following éignals are employed:-_the highest
order address-signa; Ag in the external_fow address
signals, and_thellqwegi order sigﬁal_Alo in the column
address signais used iﬁ'fbrming the selecting signals

15 ¢SO to ¢S7’ as described above. | More specifically, .

the highgst order externa; address signal 2y is used.

to determine whether a dummy cell should be selected i;;

from the dummy arrays on the right—hand_side or left-

hand side. The lowest orde; external address signal

200 Ay is used to determine whether a dummy cell should _ : L
be selected from ;he qummy arrays.formed-on_fhe_upper
sidé or lower.side of a data line. The lowest order
external_addregs signal A,,, in the selecting signals
¢Sb to ¢s7, is an address siénal'to_detérmine whether

25 the discharging MOSFETs connected to the earth line on



20 . [err] is used to detern1ne mhether a dunmy cel | shoul d be sel ected
from.the dummy arrays formed on the upper side or |lower side of . a data
i ne. The | owest order external address signal [err] in the s;
signals [err], is.an address signal to determnne whether 25 t h§
dlscharglng NCSFETS connected to the earth line on 24. the upper_s

qﬁg | i ne should be turned ON or the dlscharglng MOSFETs connected to the
eart line on the lower side of the datag4, ne shoul.d be turned ON. In
practice, the two address signals and thé 5 word |ine selecting timng
signal [err] are decoded to formfour kinds of dumy word line driving
-signal.s [err] The selecting operation of a dummy cell constituted by .the
MOSFETs [err],tné | dppeaw ditiel bf lefedid Ndthd BHONA Pe dRirdiedd okaer of the
data and earth lines is precharged in the same nmanner as in the case of the
above- descri bee ierhamreilg MISRETs Gom@ctiedto thEheak®hFIine @nr]| are
turned ON by the output signal 15 fromthe Y decoder Y-DCR1, and the
di-schar gi ng MISKETLaver siide rafi the Batahdine ahcuig shegrtaalrn[e@r ON.to sel ect

the earth line Gl. Thereby, .the data line Jerr] is €electrically connected
to t he |nput term nal Mt pyRctice, the two a dress signals and the

5 word line selecting timing slgnal ﬁ are ‘decoded to
form four kinds of dummy word line driving signals
¢a0' éal' 3;6' 321
The selecting operation of a dummy cell
'¢onstituted by the MOSFETs Dc03 and DCpy - will now be
10 described in greater detail.
Each of the data and earth lines is precharged
in the same manner as in the case of the ;bove-'
described mémory cell selecting operation. The
MOSFETs S, and Sg are.ﬁgrned ON by the output signal
15- ‘from the Y decoder Y-DCR,. and the discharging MOSFET
D, is turned ON by the selecting signal ésl to select
&_;I . the earth line G,. Thereby, the data line DL, is
o electrically connected to the input terminal of the
unit sense amplifier SA,., and the potential of the
E 20 earth line G, is brought to earth potential. = When
t@e-selecting:sigﬁal éal is:brought-to'a'selecﬁion'
1evé1, e.g. the high level, in order to select thé
above-mentioned dummy cell, the MOSFETs DCyy and DCq,
are turned ON. - o

25 . As described above, each of the MOSFETs



potential of the data line DL, gradually lowers in

i's

uni t sense anplifier [err] and the potential of the 20 earth line G
brought to earth potential. When the selecting signal [err] is brought
to a/Selection level, e.g. the high level, in order to select the
abovgt- ioned dummy cell, the MOSFETs [err] are turned ON. 25 ,
As dgSefifbed above, each of the MOSFETs 25. constituting a dummy cell~is
a MOS havi ng the sane size-as the-nmenory MOSFETs and forned o
sinultaneously with the nenory MgSFETs having a | ow threshol d vol tage. and
nor eover has the sane construction as those 5. MOSFETs. Thus, the
conductance of a dummy cell. nmeasured when it is selected, i.e. the
conbi ned conductance of the MOSFETs [err] in the ON state, is a val ue
Subs temmisitdithy ingl fa dusmyocd@ldt deca MOSFBTEBawinyOtheT sameanged to have a.
| ow threshold 10 voltage neasured when it is selected. A menory MOSFET
arr asjae as hec memoiryh MOSFETsland, Formed . mdmultaneousiynt i al | y OFF whet her
it is being selected or not. Accordi ngly, the conductance of the dunmy
cel | wigh memexy MOSFET R having aflowhdhresholdl yoUb8BET arranged to
have a_hhgﬁ t hreshol d yol tage neasured when it is selected. I n ot her
wor d@Rd; RTESYETC NafF: FARAFrEQRLANs 28, HheS&r nedi ate val ue
5 MOSFETs. Thus, the conductance of a dummy cell.
measured when it is selected, i.e. the combined
conductance of the MOSFETs Dc03 and DCyy in the ON . c;
state, is a value substantially half the conductance
of a memory MOSFET arranged to have a low threshold
10 voltage measured when it is selected. A memory 'C;
MOSFET arranged to have a high threshold voltage
remains substantially OFF whether it is béing selected -
-.or not. Accordingly,-the conductance of the dummy
- cell is larger than the.conductance of the memory
15" " MOSFET arranged to have a high threshold voltage
measured when it is selected. In other words, the .
conductance of the dummy cell is an intermediate value ¥4
. between the conductance of the memory MOSFET having a
low threshold voltage and that of the memory MOSFET
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



Y

bet ween the conductance of the nmenory MOSFET having a | ow threshol d vol tage
and that of the nenory MOSFET 20 having a-high threshold voltage. The

el ectric charge stored in the stray and parasitic capacitances of th
li'ne by precharging i's di scharged in accordance wi.th the conductan
sel-ected dumy cel | . in-of her words, the 25 potential of the d
[err]. gradual ly lowers in 26. accordance-wﬁth t he conduct ance of
duﬁhy cell. Accordlngly, the potential of a'gata |i-ne neasured when a dunmmy
cell connected thereto is selected is an i nterhedi ate value between the 5
potential. of a data line nmeasured when a nmenory MOSFET having a | ow

t hreshol d vol t age and connected thereto is selected and the potential of

the data |ine nmeagltssy g}j{éf M e d1vd Wk ﬂg?%g;gg; e3lql.d vol tage

and connected thereto 1s selecte I'n the ut operation,
when a nenory cell is sel gsd B IAPIY ! he P LMTHYY ¥ 224t lin@n the
right-hand side of the unit sense anplifier [err] the dummy cel

correspondi ng t 0 hésRisny awHEH ity ¢l b domicttdd ahddeeouriist dumy cel I
array [err] on the 15 | eft-hand side of the unit sense anplifier [err]
For instance, wheseldrte®nis yarceintdmiediatse s las b tiwean tthe

5 potential.bf a data line measured when a memory MOSFET
having a low threshold voltage and connected'the:eto
is selected and the potential of the data line
measured when a mémory-MOSFET having a high threshold
voltage and connected thereto is selected.

10 In the readout operation, when a memory cell
 is selected.from-the.ﬁnit~memory array-MSo'on.the
right~-hand side of the unit sense amplifier SA,, the
 Qummy cell corrésponding-to the above memory cell is
selected from the-uﬁit dummy cell array‘ﬁ§;'on the
15 left-hand side of the unit sense amplifier SAO." For
instance, when the memory cell'Ml is selected from the

A unit membry array MS,, a dummy cell connected to the

| data line 3ia'corresponding to the data line DL, is
selected in the unit dqummy cell array DSj on the left-
- 20 hand side of the unit sense amplifier SA,. More
| specifically, in the unit dummy cell array’5§; on the
left-hand side of the unit sense amplifier SAg, @
dummy_cell.is.selected-which is provided between the
earth line connected with the discharging MOSFETs |

25 adapted to turn ON in respohse to the selecting signal



unit nmenory array [err] a dummy cell connected to the data line [err]
corresponding to the data line [err] 1is selected in the unit dummy cel

array [err] on the left- 20 hand side of the unit sense anpl.ifier SAo.
More specifically, in the unit dumy cell array DS on the left-hand side
of theg i\t . sense anplifier. SA, a dummy cell is selected which is provided
bet we e earth line connected with the dischargi ng MOSFETs 25 adaptgd
to tur in response to the select£?g signal = 27. [err] and the data
line [err] The potential of the data“fPtne [err] becones a value in

-accordance with the data-stored in the selected nenory cell and is
‘transmtted to one input. 5 termnal of the unit sense anplifier [err]

On the otRer d h Qt gphbaprof the data line becomes a value in
accordancgsﬂﬁgﬁatﬁggcgﬁ uc?ance %9 the sel ected dummy cell, i.e. the

reference potentighe pBdehtislaggnthécdata Hﬁeomgrbéa@uéstsrm nal of the
S unit 10 sense anplitier [err] In the ROM a conpensating circuit is
provi ded ¥alaaclindagoyrdande! withi ther datat etpredeph thefunction.  The
conpensating circuit is constituted by two MOSFETs -arranged to have a high
t hr eshol dséfected| megory c&@leaspeiéft;ahbwitteﬂ-tﬁEﬁﬁESiup@tseries-
5. terminal of the unit sense amplifier SAy. Oon the
other hand, the potential of the data line'ﬁfa becomes
a value in accordance with the conductance of the _ \;)-
- selected dummy ceil, i.e. the reference potential, and
is transmitted to the other input terminal of the unit
10 sensé.amplifier-SAo, . ™
In the ROM, a compensating circuit is p;ovided
to each dummy word line in order to prevent
malfunction. The* compensating circuit is constituted
by two MOSFETs arfénged to. have a high threshold
15 voltage. More specifically, two MOSFETs are series-
~ connected between a data line and the corresponding
earth line, and the gate of each MOSFET is connected o
to the correspondin§ dummy word line. With respect
to the data 1ine_DL0, MOSFETs-DDOl and DD02 having a
20 high threshold voltage and constituting a compensating
circuit are series-connected between the data line DL,
and one earth line Go corresponding thereto, and
MOSFETs.DD03 and DD, having a2 high threshold voltage

and constituting a compensating circuit are series-

25  connected between the data line DL, and the other



- connect ed between a data line and the corresponding earth line, and the
gate of each MOSFET is connected to the correspondi ng dummy word |ine..
Wth respect to the data line [err] MOSFETs [err] having a 20 high—..
threshol d voltage and constituting a conpensatipg.circuit are i /7
~series-connected between the data line [err] and one earth line [e
corK§§ponding t hereto, and MOSFETs DDO3. and DDO04 havi.ng a high thr
vol tage and constituting a.conpensating circuit are series- 25 connected
between the data |ineafthr}ingn§, t perseapendinggtheget@.line GL =
correspondi ng thereto. The other data lines_and the _data lLines_on the"

| eft-hand side of the sense Ehpl PEher fatp)lines apdi thel Japrolines optthe
Fespective conpensat t

' 5 [ its: Each of th FET, tituti
conpensat i ng circuitiggtéP?ﬁﬁéégaéogﬁaygeggﬁPgﬁ Pﬂgégggkﬁ %%ggggﬁlag e e
ti d ab t . TN Lf. .
rentToned above <o 1 g ey ICHEET MR 0 obUEORRRLRXERALiR)
gate thereof. dhe NPBE Es?onsﬁhaﬂtbg%gg%%gcﬁ?ﬁg@né@hh@ﬂtﬁtiﬁ&'5 ar e

formed simultaneously with the menory The dunmmy cells provided on
the upper side of a dampehbAfiAgCcepenee! ¢d herhhgedUEBYhdPEJal hight O

threshold voltage as mentioned above so that the
MOSFET will not be turned ON even if a selecting
signal is aéplied'to the dummy word line connected to
10 the gate thereof.  The MOSFETs constituting each
compensating circuit are formed simultaneously with
" the memory MOSFETS.
The dummy cells provided-op the upper side of
a data line aré connected to the dummy word line to
15 which the-Ccmpeﬂbating-circuits provided on the lower
side of the dat$.1ine"are connected, whilst the dummy
cells provided on the lower side of a data lihe are
connected to the dummy word line to which the
- compensating circuits provided on the upper side of
20 the data line are connected.

With respect to the=data line DLO; the gate
electrgdesﬁof'ﬁhe.respective-MOSFETs DCy, and DCy,
constituting a dummy'cellfaré connected to their
corresponding dummy word lines DW,, and DW,,

25 respectively, and the gate electrodes of. the



15 which the conpensating circuits provided on the |ower side of the data
|l ine.are connected, whilst the dummy cells provided on the |ower side of a
datfyFyne are connected to the dunmmy word line to which .the conpensating
- cilc\8A s provided on the upper side2df 20 the data line are connected.
vgspect to the data line [err] the gate electrodes of the respective
s [err] constituting a dummy cell are connected to their
~correspondi ng dummy word |ines [err] 25 respectively, and the gate -
el ect r oFESRFCH e MOSEETs DR AR PRgsFRS H iRt it uting a |
conmpensati.ng circuit are also connected to their_ correspondi ng dummy word
“lines [e“r‘?"}&nsa}tr#l%ec -%%ﬁ%r%ﬁ%e"%’f%"%ﬁ%&? 8%%“& the respective 5
MOSFETs ﬁﬂﬂﬁg't 14 _ I a e of t FETs [err]
const i tu‘%ﬁn‘éésap corrpe‘%sa%l E% vg?%mn&%réewbbn%ne%%Zb thfe}l?ré\{g;r r espondi ng

dummy WQJfind in%ﬁﬁa&’??ﬂ?éﬁ}ﬂ@%l%%%d@@%ﬁ%éﬁé&ﬁeéém and the earth

l'ine 10 correspondi ng ereto, one MOSFET is connected to one dummy word

l'i nes i N MAEFEPESTEDATBN XA A5C, O Ecd¥Ps € £ £iEng A% ity Obea 1 tdvea t ot al nunber of -

t he MOSFETs conned®d to o word |ine equals that of the MOSFETs connected
those of the MOSFETs DD, and DD,, constituting a

compensating circuit are connected to their -
corresponding dummy word lines DW,, and DW,, .
_ Thus, between é,data line and the earth line | ,;)

10 corresponding thereto, one MOSFET is connected to one .

dummy word line in the same manner as one word line.

Accordingly, the total number of the MOSFETs connected. T

to one word line equals that of the MOSFETs connected -

to one dummy word line. These MOSFETs are formed
15 simultaneously. | Tﬁereby, these MOSFETs have gate

insulating films equal to each other in film thickness

 and.die1ectric constant. - Moreover, these MOSFETs

have substantially the same overlapping amount between

.each gate'electrode and the corresponding source .
-':'20 region and that between each gate electrode and the
corresponding drain region. Consequently, thése
MOSFETs have substantially the same value in the -
MOSFET capacitance comprising the capacitance formed
between each gate electrode and the.corresponding

25 source region, the capacitance formed between each



to-one dummy word i ne. These MOSFETs are forned 15  simul taneg
Ther eby, these MOSFETs have gate insulating films equal to each
filmthickness and dielectric constant. Mor eover, these MOSFETs e .
substantially the sanme overl appi ng anount betyeen each gate el ectrode and:
t he correspondi ng source 20 regi on and that“between each gate el ectrode
and { he correspondi ng drain region. Consequent |y, these MOSFETs have
substantially the sanme.val ue in the MOSFET capaci tance conprising the
capaci tance forne VEESc€RGde C, f{@gﬁgﬁ?f _ gﬂ&ﬁ% g
sog'r'ce regi on, thgg%:)gépaci t ance f_cg)?ﬁrr(gdﬁjl!ét%/\%en eac HFS%IFH{grgte e e'{(;'t r%%e
and the corresponcheiges!r dipad feiNees ANJ Bh&PRE FEAPAAGIMICESing CHENRINE.
equal i zing the total nunmber of MOSFETs connected pernits the val ue of
capaci tances connemtmser cofi MOSFRTs\OtcnhédedNfeimibts Sthe GfaXagpass t ances
connected to a word line to be substantially equal to each other. It is
passi bl e to nake t¢rpacitances t¢ennegbed ttoice dimmy deomy Mivel dridiechat
constituted by the capacitances of the respective MOSFETs connected 10
thereto and that o?fterRPacbtancesmceonnectemrep |a moxdrkine taeddy t he

capaci tances of the respective MOSFETs sinmlarly connected thereto
Sﬁgstantia||y substihtially equal to each ogher. '

It is possible to make the value of the
capacitance of a dummy word line constitutéd-by the
S  capacitances of the.respeétive MOSFETs connected
10 thereto and that of the capacitance of a word line
constituted by the capacitances of the respective’
- | MOSFETs similarly connected thereto substantially
eqﬁal to each other. In other words, it is'possible
to make the value of the-capacitancé of a dummy word
15 1line which is to b; a load capaéitance with réspeét to
the X decoder (drivéf)'and'that of the*capacitance.of :
a wofd line which is to be a load dépacitance with
respect to the X decoder (driVer) substéntia11y equal
to each other. When applying an output signal to a
200 word line, the X decoder applies an output signal to
the cérrespohding dummy word line sﬁbstahtially '
simultanéously. |
DT _ : 'Accbrdingly, it‘is'pOSSible-td make fheﬂchange
- in potential of a word line when it is rising to the

25 selection level in.respohse'ﬁd'thé'oﬁtput”sighal from



‘equal to each other. - In other words, it is possible to nake the val ue of
the capacitance of a dumy word 15 line which is to be a | oad capacitance

pspect to the X decoder (driver) and that of the eapacitance of a

ne which is to be a | oad capagit,ance wth respect to.the X decoder
(dri¥et) ‘substantially equal to each other. -Wen applying an output signal
to a 20 word line, the X decoder applies an output signal to the
~correspondi ng dumy word line substantially sinultaneously. Accordingly, it
‘i's possi blthe X Meceder aivaride ichangeerdn gotentdaloaf Ithee when it is -
rising to the 25 selection level in response to the output S|gnal from
31. the xmora#w g s Nerd dina sthemalitoris mdadag &opdh@i ng dumy
word line when it is r|5|8§bto the sel ection |evel in response to the

out put si githeqtinn tirved d?fér%t%tﬁ% I%Pté’tﬂj'als%%‘ ada kB her. 5
Is als 0 0 make the valta | ed t ate of the nmenory
I\/DSFET tootd'geéé‘£?°éaea Is%%tea'&% O’Q& a"p“b 3, Ilg’z?%e of the MOSFET of
the(ngnw cell to I ot her at all '
tinmes. Oonsequen#?y, tﬁg %O%g(:}'so?l%\c ancde‘eg%felhe se ?ehed dummy cel |

becomes an, iy fddmedi alfe \GH e JPQ&F&%&AB’:-;FWWH@ the

selected and the voltage applied to the gate of the

MOSFET of the dummy cell to be selected substantially
equal to each other at all times. Consequently, the ' k;)
10 conductance of the selected duﬁmy cell becomes an
intermediate value between the conductance of the
selected memory MOS?ET having a load threshold voltage O
and the conductance of the selected memory MOSFET
having a high threshold voltage. In other words, in
15 the readout operégion of the ROM, the potential of a
data line measured'when a dummy cell connected thereto
is seleqted wi;l never be lower than. the potential of
a data line measured when a memory MOSFEi having a low -
thréshold vbltage and.coﬁnected thereto is selected or
20 higher than the potential of a data line measured when
a memory MOSFET having a high threshold voltage and
~ connected thereto is selected. Accordingly, it is
possible to prevent malfunction.
| The above-described discharging MOSFETs D, to

25 D4_prevent-wastefu1 consumption of current by .



sélectedtnennry NCS?ET having a | oad threshold voltage'and t he conduct ance

of - the sel ected menory MOSFET having a high threshold vol tage. I n ot her
words, in 15 the readout operation of the ROM the potential of a data
i ne neasured when a dumy: cel | connected thereto is selected will abe

| ower than the potential of a data |ine neasurdt when a nenory MOS
having a | ow t hreshol d voltage and connected thereto is selected on_20
hi ghér than the potential of a data line measured when a nenory MOSFET

havi ng a hi gh threshold v,ol.t age, ,and connect hereto i.s sel ected.

Accordingly, it isHF %é' %%‘&?\%ﬁ ﬁ!ﬂc‘tﬁ'\eoﬁ’ Pﬂ‘l’é‘ (?efsé:hebed

di schar gi ng NCSFETS D t o %t %¥r] re%%_ stef on q&e
|ng

current by. res T asa‘?ar fl e capaC| ances ‘of t'he

respective data an t ‘Hd§¥ rs Q1€ these
MOSFETs [err] is suc at t he con uctance 0 hé’ﬁ%géﬁﬁ neasure%’@hen it

is ONS5 is suffi Cﬁlﬁﬁtddhdrﬁﬁm{cé ks Eﬂtatmdﬁrm' R OReh MRASWY o when
it is ON Thereby, the time constant in discharging the electric char ge

stored in the raysrsyffiadidnil ¥ apajdmitart ANEAC cF d tencitt MOSFET | S
substantially 10 determ ned by the capacitances and the conductance  of

' measured when 1t is ON. :
Thereby, the t1me constant in dlscharglng the

electric charge stored in the stray or para51tic

'capacltance connected to a data line is substantially
10 determined by the capacitances and the conductance ofl
a stcrage MOSFET meaeured when it is in the selected
- state, or sﬁbstantially by the capacitances and the

conductance of a dummy cell measured when it is in the

selected state, i.e. the combined conductance of the
_ Y R o
two MOSFETs connected in series.



a storage MOSFET nmeasured when it is in the selected state, or
substgntially by the capacitances and the conductance of a dumy cell _
ed\when it is in the selected state, i.e. the conbined conductance of

t he _ FETs connected in series. 33. The MOSFETs constituting each
du #1 are forned sinultaneougly with the nmenory MOSFETs. Therefore,--
"~ the manuf act uri ng process wi PP*not be nore conpl i cat ed. Mor eover , \o¥

the sinultaneous 5 formation, if there should be any change in
characteristics, e.g. conductance of nenory MOSFETs owi ng to.nmanufacturing

-condi tion varjati gp e 15 ARSthfut | i1 Ils h th
sane change ikﬁfhgpéigﬁgrggggggggfggg Eh%ﬁe?&?g%g?ég?ﬁggeig Spoggsbleeto

make EQ@mSﬁ“%E&EE%Q eBlisE9Chi IHMM M eC RlemoryDHoBMETaL| Y hal f the conductance

of a menory aving a |l ow threshol d"vol t age which turns ON when

sel ecippdreirdanchaenRor phnuEacturdng iproress’ adldr nog benditions.

Accordirfgly, it is possible to 15 .manufacture a menmory with a high

- pr odugior@n cvmplid catied.w i Motrgoskrjaby ithieo sdacil tameoug MOSFET i s ef fect ed
by inmplanting inmpurity ions into a region for formng the channel of the

ggggg$owﬁﬁﬁﬁan, i¥bthegeeshbuddl be amnye changehdind vol t age of a nenory

characteristics, e.g. coﬁductance'of mémdfy'MOSFETs -
owing to manufacturing condition variations, the
MOSFETs constituting_the_dummy cells have the same : C:
change in their charaéteristics. Therefore, i£ is
10 possible-to méke the conductanée of each duﬁmy cell
substantially half the conductanée 6f'a memory MOSFET i
having a low ihreshdld vbltége which turpé ON when.
selected, iﬁdependently of variatibns in'manﬁfacturing
conditions. .Accordiﬂély, it is.pbssible to |
15 . manufacture a memory with a high production yield.
The writing of data into each.memory MOSFET is
effected by implanting impurity ions into a region for
forming the channel of the memory MOSFET. More | ~
specifically, the threshold voltage of a memory MOSFET
26 is determined by.the impurity ion implantation. For
example, into.a region for forming the channel of a
memory MOSFET required to have a high threshold
voltage, impurity ions having a conductivity type
opposite to that qf the channel are implanted. The

25 region for forming the channel of a memory MOSFET



20 is determined by the inpurity ion inplantation. . For exahpre, into a
region for formng the channel of. a nmenory MOSFET required to have a high
threshol d voltage, inpurity ions having a conductivity type opposite

that of the channel are inplanted. The 25 region for formng t A
channel of a nmenory MOSFET '34. required to have.a | ow't hreshol df<«v0 fige
is ot subjected to the ion inplantation gr shifting the threshol

voltage. '~ As aresult, it is possible to wite a binary signal "1" or "O
into a nenory MOSFET. 5 I'n this case, the threshold voltage of a nenory

MOSFET det erm ned by the ion inplantation is nmade to correspond to the
binary signal 'regquided o Havre @aviok ehirestold vogeagek dsshotage MOSFET not
subjected to the ion inplantation is made to correspond to the 10 bi nary
signal "O'. Theubdadted dgerthie don impllhatatdoby foet ehtiiftdnghehker a nenory
MOSFET sel ected is substantially turned ON or OFF by the voltage applied
bet ween t he gatthrsshoddmed talge-cof As al yesuidr Wwer ds, possibdedsat 15
operation corresponds to the detection of whether the conductance of the
sel ect ed nmenor WINGSFET Ripary gigdalsmdl”| orTRe"r dnépencmeposy MOSFERe
deteCtion(g the size of the conductapce s given by the dummy cell.
< In this case, e threshold voltage of a memory MOSFET
determined by the ion implantation is made to
correspond to the binary signal "1", whilst the low
&_; threshold voltage of a storage MOSFET not subjected to
the ion implantation is made to éorrespond'tb the
10 Dbinary signal "0".
i The readout operation is effected by detecting
whether a memory MOSFET selected is substantially
turned ON or OFF by the voltage applied between the
gate and source thereof. In other words, the readout
15 operation corresponds to the detection of whether the
conductance of the selected memory MOSFET is large or
small. The reference used for the detection of the
size of the conductance is given by the dummy cell.
An example of a method of manufacturing MOSFETs
20 used in the ROM will now be described in greater
detail. |
A gate insulating film is formed on a
semiconductor substrate (or well region), and a

polycrystalline silicon layer is formed thereon.

25 Then, the polycrYétalline silicon layer is etched so as



An exanpl e of a nethod of manufacturing MOSFETs 20 used in the ROMwi | |

now be described in greater detail. A gate insulating filmis formed on a

- sem conductor substrate (or well region), and a polycrystalline silicon
layer s fornmed thereon. 25 Then, the polycrystalline silicon layer is

' as -35. toforma gate electrode. ~Wth the polycrystalline.

ayer constituting the g3se el ectrode used as a mask, a source \

mellfregion). The 5 source and drain regions are forned in a
sel f-aligning manner using as a mask the polycrystalline silicon |ayer
const teufpry ehoaget electrodgde. Nikbather yemysitaldapei ed out in order

.to forman interlayer insulating film  The heat 10 _treatnent
undesBiaBrpnc 3aYeE gepstdtyting the gatecelgryreds #sedgR8nd formed on the

- sem conductor substrate.(or | 'I_ regi,on). . Thereby, the gate el ectrode and

' The <BaRke AcBPURCSaREOINE Ae 2PEBIPORETING ARG SPERRC: B on arc

 ne B S uREREd W eGATh SLilerdSreciBRAC MY, Conseuentl .

. _egectﬁagﬁc@ngnhhﬁgiﬁﬂfQﬁgﬁﬁﬁkogr@nébkﬁgh Gor ede1f-aligning .

: manner using as a mask the polycrystalline silicon '

:'layer congtituting the gate electrode.
A heat treatment is carried out in order to R,
form an interlayer insulating film. The heat

10 treatment undesirably causes diffusion of the source
.and drain regioné formed on the semiconductor substrate :g)
{or well region). Thereby, the gate electrode and the
source region, and the gate electrode and the drain
region are undesirab1§ oveflapped with each other,'

15 respecfively._ Consequeéntly, the MOSFET has
capacitances such as the_capacitance.formed between the
gate electrode and the source region and that formed
between the gate electrode gnd the drain region,

The memory MOSFETs, the MOSFETs constituting
20 the dummy cells and the MOSFETs constituting the
| compensating circuits are simultaneously_formed by the
manufacturing technique described above. Moreover, if
necessary, the channel forming region of the MOSFET is
subjected to the ion implantatibn for shifting the |

25 threshold voltage as described above.



bet ween t.he gate el ectrode and the drain region, The nenory MOSFEILs, the
MOSFETs: constituting 20 the dummy cells and -t he MOSFETs constit the'
conmpensating circuits,are simultaneously formed by the manufact '

t echni que descri bed above. ~Moreover, if necessary, the channel ~form ng
regi on of the MOSFET is subjected to the ion inplantation for shifting the
25 threshol d voltage as descri bed above. 36. 'The sense anplifier [err]

i s constituted by a single dynamic. differ@®«al anplifier circuit for
receiving a signal delivered fromthe unit nenory array [err] and a

ref erence signal delivered fromthe 5 unit dummy cel |l array [err] The

dynam c differential f| £ 1ol pist nstltut d hann MOSFETs
[err] and N-channel %ﬁnr] %5ﬁ at C CIF% t?&nge% % S |tuted by

two CMOS |nvert Q§nﬁ?ﬂﬂ9 re3S a1 E (@) and
t he N-channel rr a?ﬁ' tfhLT N-c an%@%ﬁ?)cﬁ err € -aEs?Ql power

switch i s provigiade HHnP e él@%aiowa%réifed e ORI ! Inem%&? agrhly 10

forma dynamic circuit. be described later in detail, in ofder to
precharge, -in aMshost Rﬁ?rlaﬁﬂi @‘ rﬂe‘iseréddaa sitdimstdeasiv@rrelaarﬁ%mt ithe '

capaci tance connetted td a dafa line, precharging of a data line is also
effected 5 wunit dummy cell array DS, or Dsj.
| The dynamic differential amplifier circuit is
constituted by P-channel MOSFETs Q,, Q, and N-channel
Ao ~ MOSFETs Q. Q4. Qg A latching circuit is constituted
| | by two CMOS invertérs each composed of the P-channel
10 MOSFET Q, (Q,) and the N-channel MOSFET Q, (Q,), and
N the.N-channel MOSFET Q as~é power'swifch is proVidea
| between the sources of the MOSFET Qa'ah& Q4 and'earthl
to form a dynamic circuit. .= As will be described later
in detail, in order f;'precharge, in a short period of |
15 time, the stray or parasitic capécitance'connected to a
data line, precharging of a data iine is also effected
 from the sense aﬁplifier side. For this pufpose, the
sense amplifier is pro#ided with the P-channei MOSFET
Qg, which is provided between the electrode of the |
20 respective'MOSFETS'Q3 and'Q4 serving as sources in the
ordinary operating state and the supply'voltagé VCC;.
S - A timing 31gna1 formed on the basis of the timlng |
signal éPAl for controlllng the operatlon of the sense

amplifier and the 1nterna1 address s1gna1 a14 is

25 applied to the gates of the respective MOSFETs Qg and



to the gates of the respective

~fromthe sense anplifier side. For this purpose, the sense anplifier is
~provided with the P-channel MOSFET [err] which is provided between the
“el ect pode of the 20 respective MOSFETs [err] serving as sources in the
ordi dgryy operating state and the supply voltage V c. A timing signal forned
oont yasis of the timng signal [err]. for controlling the operation of
the sense anplifier and the intﬁégfl-address signal [err] is 25 appl i &g/
FETs [err] and 37. @. The signal
applied is a timing signal formed by conbining the timing signal [err] and
- the internal address signal [err] The output signal fromthe sense
~anpl i féé! [ eftié SigndB dppIEed ti€dh toinieyi dDUufgrthed agyri Nal of the main
~anplifi®r in the latching circuit [err] via the transfer N-channel MOSFETs
[err].comb#indi tige stiining b@gxﬂhbryﬂ@%immgﬂsé gimtefaY ] and the internal
address signal [err] is applied to e gates of the respective transfer 10 -
NCSHEEﬂQE#sqqsigualiaE@g signal formed by conmbining the timng signal .
[err] and the internal” address_signal [err] is applied to the gates of the -
respective trdfae QuiptrmEignal (fromcthe sensgrmplfien#rghown) is
SUPPlT ¢ Erantihlt fed 03 b B2he POSERLE LRI P SNRAsd O] -_
amplifier in the latching circuit MA, via the transfer
N-channel MOSFETs Qg and Qg. A timing signal based on

a timing signal & and the-internal address signal - v/

PA2
aj;, is applied to the gates of the respective transfer

10 MOSFETs 08 and Qg. A timing signal_formed by'
combining the timing signal ¢PA2_and the internal o/
address signal 214 is appliea to the gates of the | |
respective transfer M?SFETs Qg and Q4. |

~ One sense amplifier (not shown) is supplied

15 with a timing signal bésed on the timing signal éPAl
and the internalladdress signal SIZ, and the output
signal therefrom is transmitted to the input/qutput
terminal of the main amplifier in the latching circuit
MA, via a pair of tramsfer MOSFETs (not shown). The

20 timing signal based on the timing signal éPAz and the
internal addre§8'signa1'ﬁizzis applied to the gates of
the pair of transfer MOSFETs. _ o | | e

Thus, inlthe two sense amplifiers, only the

sense amplifier selected by the external address signal

25 a;, is supplied with the timing.signaluﬁpAl for



B
.

and.the internal address signal [err] and the output signal therefron1|s
transmtted to the input/output term nal of the main anplifier Q
latching circuit MA ,via a pair of transfer MOSFETs (not shown)./t{Jfe
timng signal based on the timng signal [err] -~ and the inter “ZAddr ess
signal [err] is applied to the gates of the pair of transfer MOSFETs. Thus,
ingthe two sense anplifiers, only the * sense anplifier selected by the
ext ef nal address signal 25 . al4 is suppl 38d with the timng signal [err]
for - 38. activating the 'sense anpli-fier. In addition, only the out put
signal of this selected sense anplifier is transmtted to the main
anplifier via the transfer MOSFETs controlled by the timng signal [err].
In the 5 twoasthvatingl theepensenpgpplifiernse Imprdditionel erlivdthy the
external address signal Al4 operates, and the output S|gnal therefromis
supplied to t heukePk aﬁgv##.ef thi?hEFE?SFEd pansecanplifine bﬁpllflers
eratio

Egggrg?ngfgfet%gggg&hgégﬁggPdgéeoh$§£g§m$§€g%$%gvt?rgﬁgtﬁr%%f£e¥ncIuding a
ampl i 17er is sUSEFFEN GPRREPAZeaRELEY; shhihd SIGHIE Beaa: |7 E8 8Os

ﬁrovided bgt Weglot BEnse amplifiers, only the sense amplifier selected

by the external address signal'A14 operates, and ﬁhe
output signal therefrom is supplied to the main
amplifier. Therefore, in the 76 sense amplifiers,
only 38 sense amplifiers operate in the readout
10 operation. Accordingly, there are provided only 38
‘latching circuits each inclﬁding a main amplifier. '
For the sake of clarity, it is dssumed that
each sense amplifieriés'supplied with the timing signél
¢PA1' and the tranéféf MOSFETs provided between the
15 sense amplifier and tﬁé main amplifier are supplied
with the timing signal ¢PA2;. In other words, what is
¥J? illustrated is an imaginary state where the unit sense
amplifier and the transfer MOSFETS have.been selected
by the external address signal A,,+ In addition, the
- _ 20 following description will be given onlfhe assﬁmption
| that this imaginary state is maintained. |
| Fig. 6 shows the changés'with timé ofnthe
potentialé Vp and}V;'of ﬁhe pa;r of data lineg_DL0 énd
'Bf; selected from the unit meméry array ﬁsorand the

25 unit dummy cell array DS; shown in Figs. 2A and 2B.



15 sense anplifier and the main anplifier are supplied with the tim ng

'-'signa4?$err] In other words, what is illustrated is an imaginary state
~wherel£RE unit sense anplifier and the transfer MOSFETs have been sel ected
~ by the~éxternal address signal [err] In addition, the 20 foll ow ng

- -description will be given on the assunption that this imaginary state is—~
mai ntained. Fig. 6 shows the chanﬁﬁf with tinme of the potentials [ err ]\
.of the pair of data lines [err] and[err] . selected fromthe unit menory
~array [err] -and the 25  unit dumy cell array [err] shown in Figs. 2A and
2B." _In Fig. 6, a broken line represents the change in potential of the
data line [err] 2Cleed Vi I udRE : t er hand, a
one-dOt-and-dagﬁpﬁﬁﬁg ?ﬁpresents tﬁg"c aﬁg?%ﬁ%nggtgﬁfigﬁag%gthe data 5
line [ ghf lpoMagitidAl &f Chd A NG BT ERdntledtad WiRhy tHeSFET, whilst a
" two-dot -and-dash |ine represents the cﬁhnge In potential of the data line
[erT] \dipnyl@dedliss, beioly tMd Idtdier Handy & Be-ddeSahE-daakh nmenory MOSFET
has a conduct ance which i-s 10 determ ned in accordance with the data
‘st or ed line alepresafscthedhEme . in phitemfiale offt khecldatiari c charge in the
. data line [err] precharged beforehand is started to be discharged in %
.accor ddrge WL when data S0t des ibeingraminbteMOSRED whavemory sane s
SeleCt%&SFET, whilst a two-dot-and-dash line represents the

change in potenpial_of the data_liné DL, when data e
is being written into a memory MOSFET.
Each memory MOSFET has a conductance which is
1@ determined in accordance with the data stored therein
as described above. - Therefore, the electric charge in \
the data 1ine'DL0_precharged beforehand-is.started to
be disdharged in_accqfdance with the data étored in . a
memory MOSFET when tﬁé same is selected.
'-:15 A dummy cell s;lected Simultaneously:with-the
selection of the corresponding memory MOSFET has, as
described above, an intermediate conductance between ';;
the conductance of a memory MOSFET storing data "1" and. |
that of a memory MOSFET storing:data "o". Therefore,
20 the eleétric_charge-ih the data line_ﬁia precharged
beforehand starts to become discharged in accordance
with the conductance of a dummy_ceil when the same is : ' )
selected. _ |
| Accofdiﬁgly;-the potentials of the respective

25 data lines DL, and~§£6“change as shown.



A dummy cell selected simnmultaneously with the sel ection of .the
correspondlng menory MOSFET has, ‘as descri bed above, an internediate _.
conduct ance between the. conduct ance of a menory MOSFET storing dat
that of a menmory MOSFET storing data "0". Therefore,. 20 t he el
charge in the data line [err] precharged beforehand starts to becone
di sgharged in accordance with the conductance of a dumy cell when the sane
is §Efected_ Accordingly, the potentials qfgthe respective 25 data lines
[err]- change as shown. 40. The sense anplifier [err] anplifies the
vol tage difference between the pair of data lines and transmts the
anplified voltage difference to the main anplifier in the unit |atching
circuit [err] 5 - The /frensw\amplifHes SKA anpl P em thec varltelgeMOSFET
[err].- for short-circuiting is provided between.a pair of |nput/output.
termnals of tilifferancayhetiwesn theripaish@f -data diinery amdsrEprsnits:
hel d ON while the data line is being echarged, by _the tjim ng _signal [err]
"10  As will e R ﬁéﬂil‘ﬁije?a‘!%‘ﬁeﬁ fanenge (tq e Md APRLif1er  the
NCSFETS constltutl eac col um, smntc are all held ON durlng t he
prechar gi ng pert® th}ltn atghipg £i%g % del i vered from

5 ~ As shown in Figs. 2A-and 2B, a P-channel MOSFET

';and-

Q5 for short-circuiting is_providéd between a pair'of
input/output terminals of the sense amplifier. - The
short~circuiting MOSFET Q7 is held ON while the'dota
line is being precharged, by the timing-sigoal'a;g.

10 As will be described later in detail with reference to
Fig. 7, the MOSFETs constituting each unit column |
switch areoall-held ON during the precharging period'by'
output signals Yor Yli and Yo0_to Y11 deli&ered"from" 
the Y decoder Y—DCRZ.Q'Accordingly, the following data

.'15 lines are electricallymconnected to each other: a data

line-connectihg one input/output.tefminal of the sense

xoi amplifier and the column swatch CWCO, i.e. a common
data 11ne, a. common data 11ne connectlng the other
. input/output terminal of'the sense amplifier and the
- 20 column switch CWE'Z each-of'fhe data lines formed in
the memory array MS0 and the dummy cell array DSO:'and'.
each of the data lines formed in' the mémory-array'ﬁga{.
and the dummy cell array DS;. ~ Therefore, the
' potentials of the respective data and common daia lines_

25 precharged can be made substantially equal to each



~.the Y decoder Y-DCR2. Accordingly, the followi ng data 15 i nes are
.. electrically connected to each other: a data |ine connecting one

inputfoutput term nal of the sense anplifier and the colum switch [err]
- 1.e.faycomon data line; a cormon data |ine connecting the other :
inpu utput term nal of the sense anplifier and the-20 colum switch ___

[err] each of the data lines fornmed in the nmenory array [err] and the g,

- dummy cell array [err] each of tls.data lines formed in the nenory array

s [err] and the dummy cell array [err] Therefore, the potentials of the

~‘respective data and common data lines 25 precharged can be nmade .
substantially equal to each 41.- ot her. As a result, it is possible to
i mpr ovEheRe opdhmitad esiPdod 87 ishooa@iblen tohdmprove where the data |ine
[err] fornmed on the right-hand side of the sense anplifier [err] and the S
dat a IQRRFaRING IR Af tHhe ROM- hand side thereof are nade different in
potential fro eqih ot her t he- prechargi ng _operation, for exanple, when

t he potenti al - RES, WHeRe [Rs datag - Dhjggrformedhont hat of the data .
gl e TR R e A
i %.':Selﬂéae(ﬁ.iw.wtﬂﬁn%dj%na thellﬁ%qhg%% isti%'edrt%ier}e_of are '
' made different in potential from each other by the
precharging operation, for éxample, when the potenfial e B
of the data.liné DLo is made higher than that of. the
' ‘data line_ﬁfa'by the precharging operation, the readout
1C operation of the ROM.is-retérded as follows.

For instancé, iﬁ the case where a memory MOSFET
is selected which stores data "1" and ha;.its drain
connected to the data.,line DL,, the potential of the .
data line DL, starts té_loweé from a value higher than

15 | the potential of the data line ﬁfa. In consequence, a
relatively long time is required until the pdtential of
the data line DLo_becomes lower than the potential of o/
the data line ﬁﬂa'having'the selected dummy céll |
connected thereto. Accordingly, in order to

20 accurately read out data from a memory MOSFET, ii-is- %,
necessary to set a relatively long time from the time
when the memory MOSFET!and the éorresponding dummy cell
are selected until the corresponding unit sense -
amplifier is actuated. As é resﬁlt, the speed of

25 operation of the ROM is reduced.



connected to the data.line [err] the potential of the data line [err]
starts to |lower froma val ue higher than 15 the potential of the data
line.[erk] In consequence, a relatively long tinme is required untik<
the potential of the data |ine [err] becones |ower than the potential of
the data line [err] havi ng' the sel ected dummy cell connected thereto.
Accordingly, in order to 20 accurately read out data froma nenory
NCS#ET, it i's necessary to set a relatively long tine fromthe tinme when
t he nmenory MOSFET and the correspondlng dﬁ%ﬂy cell are selected until the-
correspondi ng unit sense anplifier is actuated. As a result, the speed of
- 25 operation of the ROMis reduced. 42. The provision of the

o ou Ll g NS Ehel BB B 1bC oROLAR! hﬁb§t—&1&@ﬁi€&ﬁ§h%gﬁ%ﬁ'rga'r of

data lines [err] to be sub tantia equal to eac nsequently,

when a menory g@@ﬁﬁi apfle! pBtantia®s’ 82PeREI pPedH! e 2r eesghested, the
potential of t atg |ﬁeBSerP]1and t hat othﬁe gy?e bhl grr] change

fr.om subst anti akhest baosaﬁa €o beMauBstRAtihlTY bﬁuafl.r w kRenti me when
the selection is nmade, "the potential of the data line [err] 1is a value
hi gher or | owepthezn 10cOthqupntéyL|ahenfathemduyaMbSEET ahdrthe in

~atcordance with the data stored in the nmenory MOSFET, Accordingly, it
5 corresponding dummy cell are selected, the potential of

the data line DL0 and that of the data line EEE change
from sﬁbstantially'the same value. More specifically;
from the time when the selection is made, thé potenfiai
of the data line DL, is a value'hiéher or lower than
10 the potential of the data line ﬁﬁ; in accordance witﬁ
the data stored in the memofy MbSFET. Accordihgly; it
is pOSsibie to'accurateiy read out data évén if the
sense amplifier is aquate& in a short periéa of time
after the selection éé;thé meﬁory MOSFET and the
15 corresponding dummy ce1i; As a result, it.is pcésible
to increase the speed of operation of the ROM. .
S . The sense amplifier SA, has a'relatively.high
sensitivity, since it is constituted by a differential
‘amplifier circuit. Accordlngly, if the sense
2" 20. amplifier is actuated when the potential difference.
between the daﬁa lihes'DLo and ﬁE"ls relatlvely small,
the sense amplifler is able to ampllfy the potent1a1
difference without any ma1fuhction; ‘In other words, it
is possible to actuate the sense amplifiér in a

25 relatively short period of time after the selection of



is'bOSsible_to accurately read out data even if the sense anplifier is

. actuated in a short period of tine after the selection of the nmenory MOSFET

and the 15 correspondi ng dumy cell . As a result, it is possible to
ingfeéase the speed of operation of the ROM .The sense anplifier SAo has a
r EuP'er hi gh sensitivity, since it is constituted by a differential
anpltier circuit. . Accordingly, if the sense 20 anplifier is actuatggy
- when the potential difference betweend48he data lines [err] is relatively
~small, the sense anplifier is able to anplify the potential difference
. Without any malfunction. |In other words, it is possible to actuate the
sense anplifier in a 25 relatively short period of tine after the
sel ecti on the memgryt keliepddythe| Forrespardingr dupBKdrAYldus®y cell, so
“that the readout_ operation of the ROM can be _nade hi gher in speed. The
fol | owi ng BR3knthgerradgptePRETBEiPBr RENEDS ROEaSHnsgﬁs@aﬁﬁplifier as a
_ differentia% g' li,fier ciircuit and arranging it such that when, for T
~ exampl e, WPBEFi ABsSPR®Ane. nenory arrays [err] - on the right-hand side

as viewed in Fig. %P?f%8§i#ﬁgh§g?F§E§ﬁ§8é{ggpg@%%ggddggn¥o¥ﬁigglines in thei

dumy arrays 10 [e e are
- each sense amplifier as:a. differential amplifier

-

circuit and arranging-it_such_that when, for exammple,

word linés in the memory arrays M—Aﬁ¥3 and M-ARY, on -
the right-hand side as viewed in Fig. 1 are selected,

the §orresponding dummy word lines iﬁ_the dummy arrays

1
simultaneously selected.

10 D-ARY. and D-ARY, on the.leftehand side are

Namely, when the potential 6f a word line

dh&nges from the non-selection level to the selection
leQel..the potential change is undesirably transmitted

15 to oné data line via.the unfavourable capacitance
coupling between the word line and the one data line.
Thereby, the potential of the one data line is SN
undesirably changed. However, substantially
simultaneously with the selection of the word line, the

20 correspénding.dummy w@rd line is selected. 3,
‘Consequently, the potential dhange.of the dqummy word
.line, i.é. tﬁe pdtenﬁial change from the non-selection
level to the se;ectionhlevel,-is_also transmitted to
.thé 6ﬁher aata iine via the unfavourable capacitance

25 coupling between the dummy word line and the other data

’



si mul t aneously sel ected. Nanely, when the potential of a word |ine changes
fromthe :non-selection level t6 the selection level, the potential
“is undesirably transmitted 15 - to one data line via the unfavoura
capaci tance coupling between the word |ine and the one data line.
the potential of the one data |ine is undesirably changed. However;
suqiéantially si mul taneously with the selection-of the word line, the 20
correspondi ng dummy word line is selected. X, sequently, the potential .
change of the dummy word line, i.e. the potential change fromthe

non-sel ection level to the selection level, is also transmitted to the
‘other data.line via the unfavourabl e capacitance 25 coupling between the

dummy word |ine apgnébe opbeérdehdly, tHe poféntial\CEOMhdGbther ata

potential of the other data line 1s also undesirably changed. The
potential change binéhgsoaksdatndesiralbly éhe@iged. t heripd hssteletial i ne are
the sanme in phase. Since the sense anplifier 5 for anplifying the

potenti al differecckanpgetofecthehengadatafline cand st O£ orise | othext data
substantially a differential anplifier circuit, the undesirable potenti al
change in each ofline puerthe game ipnekase. harSincehe fsense amplifier
Accor di ngly, gt is possible to ' '

for amplifying :the potential’difference'between_the
pair of data lines is constituted by substantially a

differential amplifier circuit, the undesirable

x“é - potential change in each of the pair of déta“}ines'is
hardly amplified.  Accordingly, it is possible to
10 obtain a ROM which is-éubstanﬁially free from
~ malfunction.
By providing the compensating circuits as shown
.. ianigs; 2A and 2B,vit is possible to cbtain a
semicbnductor-memorﬁ with greater reliability.
5 . More specifically, the capacitance formed
between the data line and the word line is
St substantially constituted by the capacitance'formed

between the drain region and the gate electrode of the
memory MOSFET formed on the-ﬁpper 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 lihe.', On the other'hﬁnd; the capacitance
formed between theiother_data-lineiand the dummy word
line is substantially constituted by the capacitance

25 formed between the gate electrode and the drain region



o

10 obtain a ROMwhich is substantlally free from nmal'function. By
providing the conpensating circuits as shown in Figs. 2A and 2B, it is

' ~ple to obtain a sem conductor nmenory with greater reliability. 15
eC|f|caIIy, t he capacitance fornmed between the data.line and the

ne is substantially constituted by the capacitance fornmed between-

_ ain region and the gate el ectrode of the menory MOSFET forned on \Jke
upper side of the data line 20 - and,ghat formed between the drain region
of the gate electrode of the nenory MOSFET forned on the | ower side of the
data |ine. On the other hand, the capacitance forned between the other
data line and the dummy word line is substantially constituted by the

capaci t ansf dach &£'HRE MSEPEED ddvnddt&a elSCinPsleaard ifige drain region
45. of . each of two MOSFETs connected to this data |ine, i.e. one MOSFET in

the dummyi cé&l | ofé mosIeE™MIEdhé Nty CONPE NGrid | ifle MOSEET . in tHad Nce these
MOSFETs are forned so as to be substantially equal in dinensions to each 5 -
ot her, theompergatingesifouited beSivme tlheseMESEEPstavsceforwatl -t he drain
regions of these MOSFETs respectively have values substantially equal to
each ot heso as\Mp dos esubstantially ceqEel-Eiy @xreenslons to each.

5“ other, the capacitances formed between the- gate

i

electrodes and the drain regions of these MOSFETSs
respectively havé.values substantially equal to each _ -‘J
other. Moreover, since these MOSFETs are
simultaneously formed, they have gate-drain

10 capacitancés (capacitances formed between the gate
electrodes and the drain regions, respectiﬁeiy)
substantially equal to each other independently of -
manufﬁcturing condition variations. Consequently,'the
value of the capacitance formed between the one data

15 line and the word line and that of the capacitance
formed between the other data line and the dummy word
line can be made éubstantially équal'to-each’dther
independently of manufacturing condition variations.
As a result, the change in potential of the.one data

20 line caused by the change in potential of the word line
and the change in potential of'the'ofher data line
caused by the change in potential of the dummy word

_ line can be made substantially eqﬁal tojéach other.

Since these changes in potential §f the pair of data

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



si mul taneously formed, they have gate-drain 10 capaci tances (capacitances
formed between the gate electrodes and the drain regions; respectivel
substantjally equal to each.other independently of manufacturing co
vari ations. Cbnsequently, ‘the value of the capacitance fornmed bet
one data 15 line and the word |ine and that of the capacitance fo
between the other data line and the dumy word |ine can be nade
suﬁsfantially equal to each other independen% y of manufacturing condition
variations. As a result, the change in potentral of the one data 20 I'i ne
caused by the change in potential of the word line and the change in
potential of the other data Iine caused by the change in potential of the

dummy word | ine CéﬁPgﬁ?Hﬁgﬁli g?i%ﬁé&ysngﬂ% &foéfgneﬁgfr {£fet hese

changes in potentia ata ines are the sa I n phase,
these changes arecfghuit éénsﬁﬁﬁﬁ%ﬁﬂé'@hEYséﬁBé'Qhﬁﬂlbiefhﬁnﬂtfferentla'
anplifier circuit constituting the sense anplifier unit. Accordingly, it is
possi bl e to obtai Acgos@ihglipduttoLsTPoBSYbLEI €6 bBtabhear gbnbidobrdubtor

I h the sense anplifier [err] the differential anplifier circuit is fornmed
S0 as to constitumemaryawblichgisi movet relidbdeefore, it is possible to

K]

5 In the sense amplifier-SAo, the differential
amplifier circuit is formed so as to constituté a
-latching circuit. Therefore, it is possible to
amplify the potential differénce between the data lines
‘to a predetermined potential in a relatively short

10 period of_time, so thatithe speed of the readout
operétion of ;he 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
can be amplified to the supply voltage And'earth '

15 potential, respectively.

Between a pair of input/output terminals of the
W, ' main amplifier in the latching circuit MAj are provided
precharging MOSFETs constituted by P-channel MOSFETs
QlO'and-Qll' together yith a-short-circuitin§ P-channel
.- 20  MOSFET Q,, for making the. precharging levels of these
MOSFETs uniform. This_short-circuiting_MOSFET'012 has
substantially the same function as the §hoft-circuiting
MOSFET Q. described above. - 'A timing signal'EE is
_abplied to the gates of the'respectivé‘MOSFETs Qo to

25 0y,



anplify the potential difference between the data lines to a predeterm ned
potential in a relatively short 10 period of time, so that the speed of the
fout operation of the ROM can be increased. I n addi.ti on, since the
ng circuit is.preferably constituted by a CMOS circuit, the
‘als of a pair of data lines can be anplified to the supply voltage.
~anag-earth 15 potential, respectively. Between a pair of input/output \j-
~terminals of the main anplifier in the latching circuit [err]. are provided
- prechar gi ng MOSFETs constituted by P4¢éMannel MOSFETs [err] together with a
-short-circuiting P-channel 20  MOSFET [err] for maki ng the precharging
| evel s. of these MOSFETs uniform This short-circuiting MOSFET [err] has -

~substantially theTﬁgnﬁﬁgggg éﬁgﬁgﬁrtQS.?gggkigthgi£&ggt%§§§gT [err]

- ‘descri bed above. [érr[ IS applted gatss of the
respecti Vg, WPBEBAL1bY" bhpl @ £isr cighlt intfhe BSmEPkBnARR! hbi o IS -
constituted by a dynam c .|f erenti al aini ler circulrt 1n the sane manner ,

. as the sepne seBkef bApbli®iel saAs. ShAWNshbhf, "ehe AERhI bhinpliEsegonstituted -
by a latching circuit conpr|3|n8-tmo 5 CMOS inverters each conposed of a

P- channel iyO6bhEtieutkdapy anibtehdngeiloBEET compeislingatéoan N

n

5 CMOS-inverters.eaéh composed of"é P-channel MOSFET Q3
(Q,,) and an N-channel MOSFET Q;;¢ (Qlié),'and an N-
channel MOSFET Q;,8 3s a power switch. '  ' C)

The output signal'from the main amplifier,'i.e.

the output signal faken out from a node NB, ., is applied

10 to an inverter which is constituted by a P-channel
MOSFET Q9 and N-channel MOSFETs on_and Q4 and
functions as a tristate circuit. The inverter outputs
a signal BL,. Af%iming-signal éla is applied to the
gate of the ﬁ-channel MOSFET 021 and the gate of the

15 MOSFET 018 for controlling the operatioh of the
differential circuit. During the period when the -
timing signal ﬁla is high, the differential circuit
amplifies the signal transmitted from the sense
amplifier SAO and latches the same. Accordingly, a

20 static output signal BLo 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 017'having the same function as the MOSFET Qg in

25 the sense amplifier SA,. It should be noted that when



channel MOSFET [err] as a power switch. The output signal fromthe nain

anplifier,-i.e. the output signal taken. out froma node [err] is applled 10
to an inverter which is constituted by a P-channel MOSFET [err] angd—>
N-channel MOSFETs. [err] and functions as a tristate circuit ”,Iheﬁ
i nverter outputs a signal [err]  ~Atimng signal [err] is applie < e
gatg_of the N-channel MOSFET [err] and the gate of the 15 MOSFET rr]
for controlling the operation of the differential. circuit. During the
peri od when the timng signal [err] is high, t#48.differential circuit
anplifies the signal transmitted fromthe sense anplifier [err] and

| at ches the sane. Accordingly, a 20 static output signal [err] is

delivered fromthe latching circuit [err] constituted by the inverters and
the main anplifier. ¥he #&PﬁtéRBFPPteFngiBvaPGeHhﬁnFﬂla pophhfider MOSFET
@17 having the sanme function a .zhe sepnse

ﬁ%na% h

he
anplifier [err] | BRSREuPTeR a%&ﬁ@ﬂ'tﬁ £ &E |ﬁ5u¥?ﬁ%tlﬁﬁ
t | of th | if h _ th .
Lorr] " is hel d 1 ow CARBeRbERELY HhE hpREES ig'rfg ehgfed, B ‘eRE %G ¢ e
precharging of the mggs ﬁgﬁ}lg':.ﬁgeﬁf' %8@' ?&Qlﬁf LRE1 8¢ EE0TL 521658 MEEEE] £rom

[err] in order to ifcrease -t
5 the MOSFET 017, in order to increase the speed of

precharging.

(i : " Moreover, while the main amplifier is being
precharged, the timing signal ¢la is held low. In
addition, since the node-NBd*is held at the high level

.K_) : .10 by the-precharging, the MOSFET ng is also turned OFF.
Consequently, the level of the output signal BLo having
been delivered from the inverter before the precharglng
of the main ampllfier is held by the stray or parasitic
capacltancescoupled to the line for transmlttlng the

15 output signal BL, and the stray or parasitic
capacitance of the M.OSFETs“'Q19 and Qo Accordingly,
even when the main amplifier is being precharged, the
same output signal as that delivered before the

- precharging is delivered from the inverter.

20 The output signals BL, to BL,, delivered from
the 1atching circuit MAO to MA37 are supplled to
1nverters-IV such as shown in Fig. 4, respectively, to

. form signals Dj" to'—;zT-and P, to P, formed by
inverting the phase of the output signals BL, to BL,.,

2§ respectively, and signals Do' to D31' and P, to Pg



| pre¢harging..Nbreover, while the main anplifier is'being precharged, the

trm

V-

g si gnal

[err] is held low.  In addition, since the node [err]
¢l at the high [evel 10 by the precharging, the MOSFET [err]
rned OFF. Consequently, the level of the output signal [err]
beetzdel i vered fromthe inverter before the precharging of the main

is

-aanifier is held by the stray or parasitic capacitance coupled to the khhe
for transmtting the 15 output signal [err] and the stray or parasitic

capacitance of the MOSFETs [err]
i's being precharged,

Acé8rdingly, even when the main anplifier
t he sane out put signal as that delivered before the
precharging is delivered fromthe inverter. 20

[err] delivered fraomthe k%tchin circuit'%err] are _supplied to inverters
formed by

|V such aSOXRERPORTIRG, to, the oyLhut, signal

P@bwﬁﬁ'&ﬁahs [err]

I nverting

ci'gnal s [arApe Bi5BaTe 38 BRRLLs® 8o Binkpdd, poc SR°RhE! T Thoto-

signals ageradlentd stagkl® gelkiiveavatll .| Ne UGRCQUCRL 3hadg. described

the inverters 'V 1s a-static'CNCS

| ater.
inverter

5..

10

15

20

25

Is.” to be that eac
that each of the inverters. IV is a. static CMOS inverter

constituted by a P-channel MOSFET and an N-~channel
MOSFET such as shown in Fig. 15.
. Fig. 5 shows a preferred form of circuit of the
X decoder x-DCRl'shown in Fig. 1. _
The X decoder X-DCR, is constituted by a
plurality of:decoders.' The Figure shows the circuit

of one of these decoders. A selecting signal for

selecting a word line is formed in three stages. More

specificaily, addféss signals are decoded in three
stages.

The internal address signals a, to a, and'EZ to
Eg'are decoded by a decoder circuit constituted by a
pPlurality of NAND circuits. The Figure shows the

circuit of one of the plurality of NAND circuits. A

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

030 to-Q35_and N-channel MOSFETs Q36.to 041. The NAND
circuit is supplied with the internal address signals
a, to Eg'as shown. |

The internal address signals a,, 3, and a,, aj
are supplied to the decoder circuit constituted by four

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

ey,

havi ng

The out put signals_

7



e

5  constituted by a P-channel MOSFET and an N channel MOSFET such as shown
in Fig. 15. Fig. 5 shows a preferred formof circuit of the X decoder --r]
shown . in Fig. 1. The X decoder X-DCRL is constituted by a 10 pl ur.
decoders. The Flgure shows the circuit of one of these decoders.
sel ecting signal for selecting a word.line is fornmed in three stag
Morie specifically, -address signals are decoded in three stages. 15 :
TheNhternal address signals [err] to a are decoded by a decoder circuit
constituted by a plurality of NAND circuits. The Figure shows the circuit
of one of the plurality of NAND circuits. 50A CMOS NAND circuit is
constituted by P-channel MOSFETs 20 -0 to @B5 and N-channel MOSFETs

[err] . - The NAND circuit is suppl i ed mﬁth the internal address signals
[err] as shown, The inte addy ess SI are plied.to the
decoder circui t’-'&*cﬁr’é’ﬁjuﬂ ?ﬁ/sf%’cﬁ 32755 ‘?‘%ﬁiﬁ‘l ‘?’E deé)l n this
decoder circuit,, the I nt er nal ddress Si re d cod d.to form
decoded signal s 5{%‘??}3 a00 F? st ancé T AR 'ﬂﬁ“f ‘?R ‘T’h%ddress

5'9”?'5_[?rr] 1§teéna1t£§h§§§8d§{gnals a, and a3 is “1", the decoder

X circuit delivers the decoded signal 240 of high level
5 (*1" ) and the decoded 31gnals ag; to a;, of low level
("0“) _
A.twoeinput NAND circuit is cohstitdced by P-
channel MOSFETs Q,,, Q;, and N-channel MOSFETs Quqr
Q- One input terminal of this ‘NAND circuit is
: x-/ 10 supplied with the output signal of the CMOS NAND
| | circuit pheee-inﬁerted by the-inverter iVl, ﬁhile the
other 1nput term1na1 1s supplled w1th the decoded
signal 350° This NAND clrcult forms selectlng s1gnals
for four word lines. These selecting signals are
15 applied to the'gates'of four word line driving circuits
X.il DV0 to DV3,'respect1vely, each compr1s1ng a P—channel
MOSFET Q46 and N—channel MOSFET 047 which are connected

to form an inverter.



circuit delivers the decoded signal [err] of high level 5 ("1") and the
decoded signals J[err] of lowlevel ("0" ) . Atwo-input NAND circuit is
congtjtuted by P- channel MOSFETs [err] and N-channel MOSFETs [err] 45.
poput termnal of this NAND circuit is 10 supplied with the output

of the CMOS NAND circuit phase-inverted by the inverter [err] -
he other input termnal isisupplied with the decoded signal [errRiy

- Thi's NAND circuit forms selecting signals for four word lines. These

" sel ecting signals are 15 applied to the gates of four word |ine driving
.circuits [err], respectively, each conprising a P-channel MOSFET [err] and

" N-channel MOSHMe [#ntdrnathiaddrsss aiymxlisd {,0 FDrandn i &l ter . 51. The

‘internal address signals ‘[err] ‘are supplie to a decoder circuit
const iang aURPA ked)|to A idecader\NB nduiduiconstititedidnyoder circuit is

further supplied with the word line selecting tinming 5 signal [err] In--

the dRIGHFALiLY Qff (AND (RineRidsm Jhe decodemaiscyigy s are decoded, and .

the degoded signals, forned by the decoding are delivered as word |ine .
sel ectqc"rfg‘%rgr%*%p]['je‘?‘f]wﬁ s%j'ffc'm SR t8ekerdE g Fiming sel ecting tining

Siﬂnalsi[g%{ar]! éx ForIrixnlﬁ';eané:eedode_rf éircuit, the internal address
signals a,, a5 and a,, Ei'are decoded, and the decoded |
signals formed by the.decoding are délivered as word line
selecting gignals ¢W00 to éﬁll in'Qchhrqnism with the I\
word line selecting timing signal ¢x. Fof instance, |

10 when both the internal address signals a, and 3, are made:
high ("1"), the decoder_circuiﬁ deliveré the high-level - .C;
word line selecting timing signa1 ¢WOO inh synchronism
with the word line selfcting timiﬁg.signal ﬁx. | At this
time, the word lipe selecting'timing_signals ¢WO1' ¢W10

15 and ¢, are held low. |

The four'kinds_of word line sgleéting timing
'signals-éwoo to éwll_formed in synchronism with fhg word -
line seiecting timing signal éx are transmitted to the
drains of the P-channel MOS?ETS Q46 of the respective

20 driving circuits.DV0 to.DV3, respectively.

Theréby, when all the internal address signals a,
to a; are made low ("0)", in other words, when all the
internal address siénals Ea to E;Tare-made high ("1"),

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

25 and in synchronism with the selecting timing signal ﬁx,

"



10 when both the internal address signals [err] are made high ("1
decoder circuit delivers the high-level word line selecting-timng ¥,
[err] .in synchronismw th the word |ine selecting timng signal [e(H
this tine, the word line selecting timng signals -[err] 15 and :
are held low. The four kinds of word line selecting timng signals [err] '
forgmed in synchronismwith the word |ine selecting timng signal [err] are
tréhﬁnitted to the drains of the P-channel“*MOSFETs [err] of the respective
20- driving circuits [err], respectively. Thereby, when all the internal
address: signals [err] to [err] are nmade low ("0)", in other words, when

all the inter _ S v 19 [ det i gD, b MOSFET
{err] in the ﬁ!ev?ﬁ?ci r(ﬁtqglo isgétucr ne(?eé\sf?'g%‘g] Q%rll'{?]i h&%c%roni smwth
the sel ecting drhdrigmitidi o [t lword AAnd W, Rr -ty Mosrand gel.ect iapg
timng signal [err] 1is transmtted to the vibrd 1ine [err] vi%® 't he MOSFET
[err] As a 4 gredilt ) the Pordntilaiof Rtheaidtd iTime WJ ird@ed @d htndi gh
l'evel which is the menory cell selecting level. 5 Each word 1ine
i s.connect ed Viigh drevelc hviniot NOIFET rfemorhol ak Iy gdieqiingntliestelof t he
non-selected word lines at earth potential on the opposite side to the
Correspond®ng word | i rfeacl iwonegy ine s conmErteghivedipfan N-channel o

MOSFET for holding the potential of the non~selected word

lines at earth potential on the opposite éide to the
. £~x : corresponding word line_driving_ciréuif.. :The gatesfof
the MOSFETs are supplied with-signals foiméd by phase-
10 inverting the word 1iﬁe aeleétiﬂg timing.signals ¢W00 to
U ¢W11 supplied to the Qofd.line-driving‘circuits_
' corresponding theretb, respectively. fbr-example; fﬁé
- word .line Wy connected'to the driving circuit DVy is
connected with a MOSFET Q;,, having its gate supplied
15 - with a signal Z;;;_forﬁéd by phase-inverting the timing
- siénal éWOO' . Thus, the potential across a word line not
selected, e.g. the word line Wy, is held at earth |
potential by the MOSFETs Q48 and 9173. Accordingly, it
is-pdssible_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'Z;;B-to'Zgiz_by. for .
example, phase-inverting the timing signals éWOO to 6013
by means of the respective inverters. |

25 The fol;owing advantages are offered by the
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i
K

the MOSFETs are supplied with signals'forhed by phase- 10 I nverting the

word line selecting timng signals [err] to [err] supplied to the word |ine

drivpng Circuits corresponding thereto, respectively. :For exanple,

Wwor

by

word

by th
any u
posSSi

ti-m.ndsi

follo
i nter
case

production Of Firsty, st flodd ke R0 (pravént iproddetdidm,ofso that the I1C

chip

10

15

20

25

t he

ine* WO connected to the driving circuit [err] is connected with a

Bl/[err] having its gate supplied. 15 wth a signal lerr]
se-inverting the timng signal [err] -Thus, the potenti al

f
acr

or med-
0SS “av/

line not selected, e.g. the rd line WB, is held at earth potenti al
e MOSFETs [err] Accordingly, it is possible to prevent selection of
ndesired word 20  line, such as mul ti sel ection of word |ines,

wherg the jpterha ef%

Wng a S aré

The

so t hat

bl e nalfunctl ns_ c be reduc S le to readily fornlthe
Noir:in e "Jles,é %Zas"'lérjlv%rtl ng the tining

-signal 8 [efd d%/aq{ag Qﬁ-aq ere%&gdh\% E 'hvecrﬂtfrc%sez%f the X

53. arrangenent where the

rqg qg éaafe decoded in a plurality of stages as in the
o) ecoder illustrated. Firstly, it. is possible-to prevent

can be made nore conpact. The decoder circuit can be constituted by,

fos exaplwastefilislanly mértdh in the IC chip, so that the IC

chip can be made more compact. The decoder circuit can
be constituted by, for example, a plurality of AND
circuits. If a multiplicity of internal address signals
are attempted to be decoded by a single AND circuit, the
AND circuit is inevitably constituted by a multiplicity"
of MOSFETs, which disadvantageously requires a relatively
large area. = Consequently, it-is difficult to make the
lateral arrangement p;Fch of the AND circuits coincide
with the word line arf;ngemeni pitch in the memory
arrays. . | |

In order to transmit the selecting signals

delivered from the AND circuits to the corresponding word

lines, it is necessary to enlarge'the word line
arrangement pitch, for example. In such a case, the
distance between the adjacent word lines enlarges,
causing wastefuil blank portlons to be produced in the IC
chip. On the other hand, in the X decoder, the internal
address signals are decoded by combinations of a
plurality.of small decoder circuits. Since a sméIl

decoder circuit can be constituted by fewer MOSFETs, the



CIrCUItS If amultiplicity of internal address signals are attenpted to. be
decoded by a single AND circuit, the 10 AND circuit is i nevitably -+
constituted by.a multjiplicity of NCSFETS whi ch di sadvant ageously r
arelatively large area. Consequently, it is difficult to make the
~arrangenent pitch of the AND circuits COInCIde with the word-line
arrgcgenent pitch in the menory 15 .arrays. |n order to transnit the

sel ing signals delivered fromthe AND S4fcuits to the correspondi ng wor d
“lines, it is necessary to enlarge the word |ine arrangenent pitch, for
exanple In such a case, the 20  distance between the adjacent word

| i nes .enl arges, causing masteful bl ank portions to be produced in the IC
chip. On the o@ﬁ@?dﬁﬁnQIthltheaniH%cﬁ@%¢llrh§°¥ms@rﬁalaad§¢e8%t§hgﬁhms are
decoded by: conblna ons of lurality of ,snall decale circuits. - Since a

small 25 decBBEr tekanre Pﬁ.wﬁ%“cﬁh 24 Jpeenhyw LiReBFEETS, the

decoder ci d f d t h w t he ‘di st

ot ween ¢ he adPSEaRALRBIE: | F ygs"ée”%a%%?ﬁg?e fedlice wheteerl et dice
teful blank hi 5 S dly, it i

gﬁ:sfbre-toapeaggéiéﬁgsfoa on on ﬁl}Iﬁfpernal addr ess s?éggl ying, ;3 t hat

the potential change ofebBRalpleifalsafdssss18! 88%ed@le PEndRiSad ot e - -
| one internal address signal line, so that the potential
change of the internal address signal can be made faster.
 &‘J This is because since the decoder circuit requires fewer .
MOSFETs for receiving one internal address signal, the
10 load connected to the wire for transmitting the internal
address signal is reduced.

Fig. 7 shows a part of the ci:duit of the ¥
decoder Y-DCR, shown in Fig. 1. The Figure shows one
decoder unit in the decoder c1rcu1t which forms the

15 decoded signals Yoo t© Y,, to be supplied to the MOSFETs
88 to §,, constituting the column switch shown in Figs.
AL 2A and 2B. The decoder circuit for forming the decoded
signals.Yoo to Yll is constituted by four decoders.
Although the Figure shows only the decoder for forming
20 the decoded signal Yoo the other three decoders are
constituted in substantially the. same manner ‘as that one
R illustrated. I
The decoder is constituted by MOSFETs Qgy o Qg,
~ and inverters v,, IV3.. A two-input-NhND gate is

25 constituted by the parallel-connected P-channel MOSFETs



~ This is because since the decoder circuit réquires fewer MOSFETs for

. receiving one internal address signal, the 10 | oad connected to the wire
for tr mtting the internal address signal is reduced., Fig. 7 shows a
- part 0 e circuit of the Y decoder [err] .shown in Fig. 1, The Figure
“shows decoder unit in the decoder circuit which fornms the 15 decoded
- signals [err] .to be supplied to the MOSFETs [err] constituting the
~.colum switch shown in Figs 2A g8qg 2B. - The decoder circuit for formng
"~ the decoded signals [err] - is constituted by four decoders. Although the

Figure shows only the decoder for forming 20 the decoded signal YOO the
~other three decoders are constituted in substantially the same manner as
that @pq EnduQHabad. thiee sésdedeconsecterdt N-chednle) MOSFETs [err] and

i nverters [err] . A two-input NAND gate is 25 constituted by the

par al [j3- @54n8eyed P¥HbEanNFAe: ﬂsspéeg sigpsl Kgpr is foamednethe

seri es-connect ed _N-channel MOSEEIs [ errl.. VMen t he decoded signal [err]
s foﬂﬁ@&rnﬁﬁeaFﬁF@PﬁaP1§HGQQS§1§|@Hél§1312r&n&PP13&Pet8p§PPed to th NAND

Daraf PRI GAREG oo HisSHEFBaPBRL) MARFER S, MeontengARYASRECRBT [ orr] i s

p@PV'%%QleQ_QSr hhﬁbéf%llel—connected-MOSFETs Q51 and Q55
ﬁhile the N-channel MOSFET'Q52 is provided in parallel to
the series—-connected MOSFETs 053 and 054;- The timing i
signal ¢PC is applied to fhe-gates of'the respective
MOSFETs Qg, and Qz4-

10 The output signal from this logical gate circuit
is passed through the invertefs IV2 and IV3 to form the
decoded signal Ybo; .

' - The decoded signals Y, ﬁnd Y, to be supplied to
the MOSFETs So to s, éépstituting-the-column switch shown

15 in Figs. 2A and 2B are also formed by two decoders

_ §iﬁilar to the decoder shown in Fig. 7. Each decoder
receives a one-bit internal address signal and the timing o/
signal'épc and forms the decoder signals Y, and Y,.

The timing signal éPC is held high during the

20 precharging period when the precharging signal}Z;;'iS'

ﬁeld_low in order to precharge the data lines.
Consequently, the decoded slgnals 0 Yl and Ybo

'to_Yll_are all made low. - Accordingly, the P-channel

MOSFETs S, to §,, constituting the column éwitch are all

25 turned ON. In consequence, during the precharging



t he series-connected MOSFETS [err]. The timng signal [err]  is applied
to the. gates of the respective MOSFETs [err] 10 The out put
signal- fromthis-logical gate circuit is passed through the inverter
and 1V3 to formthe decoded signal [err] The decoded signals - [err] (©
supplied to the MOSFETs [err] .constituting the colum switch shown 15 I n
.FigahEZA and 2B are also fornmed by two decoders simlar to the decoder

shown in Fig. 7. - Each decoder receives ﬁapne4bit i nt ernal address signal
and the timng signal [err] and forns the decoder signals YO and Y1. The
timng.signal PCis held high during the 20 prechargi ng period when the
precharging signal. [err] is held Iow in order to precharge the data -

Ii nes.” Consequpetigd, t the dstpalgdosi paphsitier fapacitincs cofil theradierd ow.
Accordi ngly, the P-channel MOSFETs [err] constituting the colum switch are
all' 25 - turneliimee and thesetpaycer parasitibecapacitangeigcoupksi teri od,
the stray or parasitic capacitance of the data lines and the stray or
parasiti c capatheafemuen @ata linescarenpbachargedibysthke corecharging by
.the-precharging MOSFETS [err%- which are turned ON by the 5 prechar gi ng
signal [err] MORRERS|PyrB3tByg, 28AdPpovRbchrarenpurnéd ON by the -

5 precharging signal ch'when-itHis.loﬁ,‘and moreover, the

abbve-mentioned capacitances are precharged from the
sénse-amplifier side via the MOSFETs constituting the
column switch.
As shown in Figure 18, the timing signal éPAl is
10 held low during the predﬁarging'period.. As a result,
the 'MOSFET Qg ih,the sense-amplifier SAo.is turned ON, so
‘that the supply voltage Vec is applied to one electrode
of the respective N-channel MOSFETs Q, and Q,.  The
. potentials of the dat;tlines are applied to the gates of
15 the respective N-channel MOSFETs Q; and Q, via the P-
channel MOSFETs constitutihg the column switch which are
.&~; turned on by the decoded signals Yor Yq and Yoo and Yi1°
As the potentials of the common data lines are raised
through the precharging:of the data lines and the common
,-.5 20 data lines effectéd by thé'precharging MOSFETs, the N~
| channel MOSFETs Q3 and 04-are turned ON. As a result; |
the stray and parasitic capacitances of the data lines'
are precharged via the MOSFET QS' the N-channel MOSFET Q3
(Q4) and the MOSFETs constiﬁuting the column switch.

25 The capacitances coupled to the common data lines and the



above- nenti oned capacitances are precharged fromthe sense anplifier side
“via the MOSFETs constituting the colum switch. As shown in Figure 18, the
timng signal [err] is 10 held low during the precharging period. - As
- aresult, the MOSFET [err] in the sense anplifier SA is turned ON, so
~that #fre supply voltage [err] is applied to one el ectrode of the respective
N—chﬁ%ﬁ% MOSFETs [err]. = The potentials of the data |ines are appliedyo
- the x&a of 15 the respectives.;\l- channel MOSFETs [err] via the P-
chann&t” MOSFETs constituting the” col um switch which are turned on by the
decoded signals [err] As the potentials of the common data lines are
rai sed through the precharging of the data |Iines and the common 20 dat a
| i nesagtd eiféls baré NSrévRerédi By hSFEfecniPginy &léhéets MOSFETs [err]
~are turned ON As a result, the stray and parasitic capacitances of the
dat a Eramsbotk endshof gelle Vd£td hEiMOSFETBY ethilis t PLedh& | MOSFET [err]
(). and the MOSFETs constituting the colum switch. 25 he capacitances
coupl thet datael imesvthriongh| the sprechakging BOSFEPRS cand Nelse ar e prechar ged
by . the precharging elements fromboth ends of the data line.. By thus :
pr echéepsagampbi fiten, | itcts’ possiiole tohrapsectize glap MOSHETs and-t he sense
agplifjer, [t_is possible to raise the data |line _
potentials to a desired value in a short period of time,

so that the speed-of'opération of the ROM can:be
increased. .. | :J
Fig. 9 is a schematic illustration of an example
of the ECC circuit shown in Fig. 1.

10 A logical operation circuit ELG receives the 38- 2T
bit signals Dy' D" to ID31' . Dg," and Py, Py to Pg, B
delivered from the memory arrays and forms syndromes S0 '
to Sg for indicating efror bits by exclusive ORs of
predetermined_combinations. '

15 In the 38-~-bit data written in the memory arrays,
the six-bit parity check bits Py to Pg have their
respective values previously set in accordance with the

- 32-bit data signals and a proper check matrix.

Table 1 below shows an example of the check

matrix. ' - : : : ~.



5 . potentialsito a desired value in a short period of tine, so that the
speed of operation of the ROM can be increased. Fig. 9 is a schemati.c
illustration of an exanple of the ECC circuit shown in Fig. 1. 10, .
A | ogical operation circuit ELG receives the 38- bit signals- [er
delivered fromthe nenory arrays and forms syndroneés [err] -to [er
indicating error bits by exclusive ORsy @fg predeterm ned conbi nati ons. 15
" In YHe 38-bit data witten in the menory arrays, the six-bit parity check

bits PO to P5 have their yaspective vanéek magwriausly set in accordance

W th the R—b+t—data—sghrats—anrd—a “LGpC* cheek—rat+i x.  Tabte—t—betow shows
~an exanpl § trga@he"k matrix. l[en¥qf°rm359°n|h1¢§b|e 1, a flag 1
SRR g A A AT DR AR A B B R D D
o Sp AERENERE
| S3 1 1frfifa .
. S, 1 1 1] 1) 1
S3 1 1 1 1 j1
S¢ 1 1. 1 1
..&/- | Sg .| SRS 1 1 1
CONTINUED -
— Dy ,/Dyc{D74|D79 ! PyalDyalDon|Dy1D,.|D,-|D,,|D D, |D
: 14|°15|"16{"17 [ Y18|"19|"20|P21| 22| 23| 24| 25| 26| 27
RIEREE S Y
11 1]1 ’ Voala |1 l1
1 F 1| 1 1 1|1
1 1 1l 1 1 1 1|1
1 1l 1 11 1 {1
N~ 1 1 | 1 1] 1
_ ~ CONTINUED
Parity bits
- Dyg [P29{P30|P31|P0|P1{P2|P3[P4(Ps
1 |1 | 1 ' |
. B
1 1 1
1
! 1 1 tl
1 {111 1




cwitten into the nenory arrays.. It is to be noted that 5 - in Table 2,
data signals are denoted by synbols [err] to [err] while parity signals are
“designated by synbols [err] Table 2. [err] 60. The val ue of each parity

) b|t i sxdeterm ned by checking the bits indicated in Table 1.in the 32-bit

' ignals to be witten. The parity bit to be obtained has a val ue such
. g conbi ned excl usi ve O%%al ue of the 5 bit signals checked and ,
parit it to be obtained will be "0". I n other words, each parity bit
set’ so that the campimanexc) teSIM%gOR @ uRaeld tthe daidrs Jreenaet i vely.
checked according to Table 1 wll be O'. For exanple, the parity bit [err]
in Tabl e t& i tfecked. as follows. . Namely, for setting the parity. bit
~[err] the data bits B to4, Bl4 to B21 and B28 to B29 are checked in the

~.32-bit data.bits [TertrIJe |21maﬂmcki'rm5 ®int fexiaimp el ot daitime W Sondreone [err])

of Table 1. ~ The exclusive OR-of these data bits checked is "1".
Ther ef or éiritfiemant paitiq ynamary @nriaysi.s dét dsmtvedeanotpd thire
specifically, the arlty bltr{err] is set so that the exclusive OR of the

datx bi t $cHedd& ndiactf?e PETRY B [Gerread Y 5embols BretOin the

simlar manner, qat 6Eaaa}r'rletychse:i.cgknEd.l.s are d651gnated by ‘Symbols

317
~'BP0 to Bps.
'. Tab]_e 2 '.-” . , .~_ ".. . . _. . . -. . -
() Bo| Baf Bjf B3| By| Bs| B By By B B, o[ B),[ B, ,[ BB,

ti{1fr|1{rfofofafofole [0 Jo, [0 [1

: CONTINUED- s
515 B1d B17[B1s By 20{ B3] 221 323| BZ4I B2 By Byq |
1 |11 | |1 -ﬁ_lllo |°'_|, 1_9_.'0‘0_
CONTINUED .
I 28l ég‘ 330‘ 31{ BPO' BP:J BP. i BP l PP lapsl | o e

Tl Tolo [ade [x (i fa e |



the basi.s of the second to flfth lines (syndrones [err] 20 t hrough [err]
of Table 1, and the parlty bits [err] are determ ned so that the exclusive

‘OR with respect to each-parity bit will be "0". In.the case where each of
the 32-bit data bits is set to be such a value as shown in Table 2, the
parlty 25 bits [err] are all "1" as shown in the Table. ~ 61. As mnll

Qt’ar from Table 1 and t'he previous description relating thereto,
Iogl formul ae for calculating the syndrgg;s [err] are given by the
following. -formulae. (3) to (8): [err] It will be noted that in
these logical fornulae, the mark [err] denotes an exclusive OR operation
The Ioglcal operation circuit ELG shown in Fig. 9 is constituted by |ogical

circuits (not shown) for.n% fﬁlrﬂbéeq?]%{%ﬁ?yﬁrw B s dddnvidely e above

formulae (3) to (8). I'S possible to select at
will the order CEhé‘amhgnﬂge tmexﬁefda&@i&a qfaménllurﬁi Itne @2-Bits adtiah

each ot her.
- signals to be written. The parity bit to be dbtalned has
a value such that the comblned excluslve OR value of the
5 bit -signals checked and the parity bit to be obtalned
w111 be ”O“._ In other words, each.parlty bit is set so
“£~, o that the comhined_exclusive OR value of the bits
| respectively checked according to Table 1 will be "0".
- For example, the ﬁarity bit BP, in.TableTZ_is set
10 as'followe. . Namely, for setting the pa:ity;bit BP,, the
data bits By to By, Bi4-to B,; and B,g to B,y are checked'
in the 32-bit data bits By to 331 in accordance w1th the
first line (syndrome‘so) of Table 1. The excluslve OR
- of these data blts checked 1s wym, o Therefore, the :
15 parity bit BPO is determined as “1“,"More'specifica11y,
the parity bit'BP0 is_eet so that the exclusive OR of the
N . data bits checked and the parity bit BPO will be "O".
' Then,.in.the similar manher, data are checked on
the baeiS'of the second ‘to fifth lines (syndromes S,
" | o 20 through 55) of Table ;;'and the parity bits BPl'to BPg
are determined so that the exclusive'OR:with respect to
each parity bit will be "0".
| In the case Where each of the 32-bit data bits is

set to be such a value as shown in Table 2, the parity

25 bits BPO to BPS are all "1" as shown in the Table.



“ath

. Accordingly, the exclusive ORs of e.g. the four bits [err] 10 to [err]
may be obtained in such a way that an output [err] Bl is forned by neans of

- a first exclusive OR circuit and an output [err] is forned by neans of a
secopdiexclusive OR circuit and then the formed two outputs, are supplled to

exclusive ORcircuit. ~As will be 15 apparent from conparison_

bet ‘the fornmulae (3) to (8), the.exclusive . OR of the bits Bl4 to Bl

~ appears in the formulae (3) and (4) in conmon. The excl usive OR of the

~ bits [err] appears in the formg@e (3) and (5) in common:  Accordingly,
“in order to reduce the nunber of 20 the logical circuits constituting the
| ogi cal operation circuit ELG the exclusive ORs common to the formul ae may
be previously formed by neans.of nutual circuits, respectively. The defects
previously prasiuded ibe tdleaenfrom 2ableVASkEMES , e g igadVOSFETs  and

signal wiring to be 63. selected and the practical defects caused in the .
. Ci rcﬂqsmmrr%hWQMQm dlagigage formylaeeiffamit operation
condltlons will give errors to the readout  data to be supplied -to the ECC .

~ ci rcfalculating rfé‘%(ﬁ&"i‘?fé!m%rﬁg &y aLa giver bhdth@dite data Was shown

in Tabl e 2 shoul.d have wiftten are sel ected, and the readout data R at ,
 that ¥9hhewing formulae- "GY o (t |

) B°®51®32®BB@B4@B 4@3 s OB '- o
®Bl7®3186519®320@321@328@ o V)
BCTIOL T (3)

) B°®BS@BS®B7®BB@514®315®316 . I |
@8176322®Bz3®-324@525©f30 o | )

@Bp . | ' R ¢ §
2 = 31@35@)39@310@511@314@313

®319®322®323®BZS®BZ7®328

® B3P B3 DR, ....(51.
53 = B2@’36@’)139@3"”12@3B 3@315@313 S | e
| ®Bzo®_321®_522®_324@326 ® By -

@ee, | | Cee ees (8)
Sa = B3®B7®BIO@B].26316®319®B20 N

®523®B 5@5 6®BZS®B3l®BP

e oo LI (7) .. ] &

= B4@88®Bll@B]_3®Bl7®le®Bz4
CRPHORYIC st@ B29@ B30 @ B31
@BP | , vee eee (B)




erronéeous - as shown in Table 3 below, for exanple. Further, it wll be

assuned that the seventh bit B7 of the readout data R has changed from"O'
to "1". Table 3 [err], 64. When the data R is supplied, the |ogical '
operation circuit ELGin the ECC circuit carries _out |ogical operat.i
the syndrones [err] in accordance with the fornulae (3) to (8). I
operation process for calculating the syngbgnes [err] the seventh b

on;

IS | oyed in the | ogical operations for Calcul ating the syndronmes [err]
as will be clear from Table 1. Due to the fact that the seventh bit [err]
has changed from'0Q0" to "1", each of the syndrones [err] 10 beconmes "1".

The bits are not errongauiuhi 6 ok denlehilyl o ReRelBLLAN) PEOERADES, fOT

cal cul ating the other syndromes [err]. Therefore,. e syndrones

[err] . beconegne Rark \GIndeheresrdaliexdaidiReSdRNoperaoyn in Table 3 15
Ls delivered, the bit paltern of the syndronmes [err] delivered fromthe

| ogi cal operation circahe Eogibatoopera®ionl@ircuithitcbshopat irrpig. 9
coincides with the bit pattern of the syndromes [err] through [err]
i ndi cati ng t he isevcensitiltutefeby| logicadhedrcmwittsi Xnokoshown) Tbke 1. In .
tﬁe 5 forming the syndromes-so.to Sg satisfying the above
formulae (3) to (8). It will be noted that it is
possible to select at will the order of combining the
(O ; exclusive ORs of a plﬁrality-of bits wifh each other.
Accordingly, the exclusive ORs of e.g. the four bits Bo
10  to B, may be obtained in such a way that an output Bo.(:)_
N B is formed by means of.a_first exclusive OR circuit and
an output B, (:) B; is formed by means of a second
excluSive OR circuit ﬁnd then the formed two outputs are
supplied to a third éxclusive-OR circuit. As will be
15 apparent from comparis;h bétween thé.formulae_(3).to-(8),
the exclusive OR of'the‘ﬁits By, to B,, appears in. the
formulae (3) and (4) in common. The exclusive OR of the
bits B,g and'Blg appears in the formulae (3) and (Sj.in:
common. Accordingly, in order to reduce the 'number of
20 the logical circuits consﬁituting the logical §§er#tion
circuit ELG, the exclusi§§ ORs common to the formulae.may
. _ be previously formedfby means of.mutual ci;cuits;
respectively.
| The §efeéts previously-produéed in the memory

25 MOSFETs, switching MOSFETs and signal wiring to be



20 check matrix, the pattern oi the syndrones [err] in the row of the bit
[err] is "010010", which coincides with the bit pattern of the syndrones
[err].~delivered fromthe |ogical operation circuit. dt will be noted

~that g of bl ank colums in the check matrix is regarded as 25 "0".

- 65. 4 | be apparent from Table 1, a plurality of check bits are set to
.each\.d he 38-bit signals. The.gcheck bits set to one signal have a \J
- pattexra’ corresponding to onIy-tkﬂ% Signal.. 5 . Oning to the fact

that the check matrix is arranged as shown in Table 1, the bit patterns
. constituted by the syndrones [err] delivered fromthe |ogical operation
CiTcuidofddtsd UMY I thd i fract LT EPREEk § Ccddifed O KW Sci¥cddte error data
bits in the readout 10~ data R respectively. The syndronmes [err]
del i vesgsk{t16h thie 410 Qirtdd s DFHB P | Harige Cin ted @iFeuied to the decoder DCR
directly and via inverters. The decoder DCR delivers a decoded signal 15
repr esopdrdtion cddondict onorwillDigive ermcors ngo tttee Syeaianesider ] . The
- decoder DCR is constituted by AND gates [err] made to correspond to the
- 32- bi ttaldte suipplkied rto pthe i EQS \ciredifke. AND gates Go to G31 have

-3 Assumihg now that memory cells in which the write
data W as shown in Table 2 should have been written are

selected, and the readout data R at that time is

Lo

erroneous as shown in Table 3 below, for example. FJ_
Further, it will be assumed that the seventh bit B7 of
. the readout data R has changed from "0" to "1". .
| | W
Table 3 '
; -
-5 | Byl By By| Byl Byl Bg| Bg| By| By Bg| B1g| Bry| B12f P13 B14|B1s
BT i1z lolo|1|ojo] o] ofojof1]1
'8 4 By7|B18|B1s Bao| B21| B22| B2zl B24| B2s| Bag| B2q] B2gl P29

19

BPOIB?l BP,| BP4 BP,| EPg

B3g ®31




theiT respective inputs determined so as to detect bit 20 pattefns
different fromeach other. Each AND gate delivers a "0" |evel signal when

the data bit nmade to correspond thereto is not erroneous but deliyers g "1"
| evel signal when.the data bit is erroneous. For exanple, the
Go, as wll be obvious fromthe 25 illustrated connection and

matri x shown in 66. Table 1, delivers a "1" level signal when
digrt” (first bit) signal in the 32-bit dd?%rsignals-is erroneous but
delivers a "0" |evel. signal when the signal is not ‘erroneous. 5

The outputs of the decoder I.e. the outputs of the respective AND

DCR,
: . dth bj 0 B31 of d fed
Gxclusive CR airoul ts FRPP]EhPcERn B it Suephied SRS AGB G CT Cui s
f t 1 | ed th
il 1 pl exor MAPERRRROR CEPputE BLOP e, mog didqu ¥ SHBRAFILE, 1°C, o

has an error af°§,}F9M'5ﬁe%§?k§ﬁ§’°ﬁh€hgué |. ngg{'eé g‘qugatﬁ’[e”] ‘becones

"1" correspondingly, so't e seventh _ onepd%ly read out as
"1" is invertegdefbpiande HPthOthdSformy148e( PXCAYIS(YE. Ci rflidndOR7. ~ The

val ue of the data signal [err] is revised to the correct value. It wll be
noted thatstheopékatibfiUptotésdbEeridalculating the syndromes S, to Sg,
| the seventh bit B, is employed in the logical operations
for caléulating the syndromes__s1 and 5, as will be clear
'&*’ from Table 1. Due to the fact that the seventh bit Bj.
o has chang;d'frcm.“O" to "1", each of the éyndromes s, and
10 S, becomes "1". The bits are not erroneous which are
— taken in theléperation processes for calculating-fhe
other syndromes Sy 52. 53 and ss. Thefefore; each of
the syndromes S, S,, §; and Sg becomes “0".
When the readout data R such as shown in Table 3
15 is delivered, the bit pattern of the syndrames.ss to'So
delivered from the logical operation circuit ELG becomes
- U .~ “010010". This bit pattern coincides with the bit
pattern of the syndromes Ss-through So iﬁdicating the
seventh bit D, in:chgck matrix shown in Table 1. 'In the
20 check matrix, the pattern of the syndromes 8¢ to sd-inf
the row of the bit D, is "010010", which coincides with
o the bit pa£tern of the syndromes S, to S, delivered from
the logical operation circuit. It will be noted that
each of blank colﬁmns in the check matrix is regarded as

25  "o".



correct the error for one bit but unable to correct the error over two or
nore bits. In order to obtain an ECC 20 circuit capable of correcting
L the~error over two bits, it is necessary to provide a conplicated

{hNuction, so that the nunber of elenents required is increased.
er, in such a case, it. |s necessary to greatly increase the nunbep\of
bits (redundant bits). . Fig. 8 shows a practical exaadl e
. the exclusive - 67. OR mlwnsi provided in the | ogical operation
circuit ELG and enpl oyed for the error correction. The excl usive OR circuit
~.conprises P-channel MOSFETs [err] and N-channel MOSFETs [err]. 5 The

;1NCSFET' [err] and the MOSFETs [err] are connected in series. In the
sane manner As hilNOSrERPRagent TP IvodRERs PYunality o onnect ed in
series. The junction between the MOSEETs, [err] and the junction between

t he SesiERiYe30e fet &P eagh off Khe Gfnkite PNt m afRRut put OUT.
'[Qflrjth%'fﬁ s hek o e S At havie o' PR SpdtFanendiigs of the

‘res ect| NSQF'T 4 ] and [err] 15 Mor eover, input signals-
. [erﬁj JE%? ég{he gates of the respective NCSFETS [err], whilst
-3 nput ~ owing to the fact that the check matrix is

.arranged as shown in Table 1, the bit patterns
constituted by the syndrcmess5 to_sb delivered frdm'the | D
logical operation circuit ELG shown in-Fig.'Q cofrespond
~ to the positions of the errbr‘data bits in the readout
10 ° data R respectively. | . ' : - -
- The syndromes S, to S; delivered from the logical
operation circuit ELG are fed to the decoéer DCR'directly
and via inverters. = .y '
The decoder DCR:Qelivers a decoded signal
1is representative of the error digit by decoding the
syndromes S0 td 85. The decoder DCR is-coﬁstituted by
AND gates G, to G,, made to correspond to the 32-bit data -/
' signals respectively. The AND gates G, to G3l_have
their respective inputs determined so as to detect bit
20 patterns different from each other. Each AND gate
| delivers a "O" level sigpal wﬁen the data bit made to
correspond thereto is not erroneous but delivers a "1"
level 51gna1 when the data blt is erroneous. for
~ example, the AND gate G, as will be obv1ous from the

25 illustrated connec;ion and the check matrix shown in



signals b and a are applied to the gates of the respective MOSFETs [err]
When both the input signals a and b are high 20 ("1"), the MOSEETs [err]
are turned ON, causipg the output OUT to below ("0"). = On the Cs htrary,
when both the input signals [err] are high, the MOSFETs [er ] dﬁ[err]
are turned ON, simlarly causing the output OUT to be |low. 2§™ :
gwbthe i nput signal a (or [err] is lowand.the  68. input Signal [err]
(o is low, the MOSFETs [err] and thg MOSFET [err] are turned ON,
causi ng the output OUT to be high. Thus, when the levels of the I nput
signal a and b coincide wth each other, t he out put 5 QUT i s made | ow
On the other hand, when these signals do not coincide with each other, the
-out put OUT imhma,hlmzvﬂm aboe® desel hﬁ@wnclmﬁnve;hel?ﬂlrbtuaughas t he'
advant age -of an extrenely snmall power consunption, since 10 the circuit has
only eight el&msh ditinsignad Gn dver @2-HiltoWatizetsdgmalshdssuppl y vol t age
[err] and earth. In the | ogical operatlon circuit ELG.in.the ECC circuit,
Togi cal opereriepesusdutadedisnrae 9 deved isdgnedl whenntthee sigpailo (8)

are carried out in order to 15 formthe syndrones [err] as described:
above. Morks not erroneocus. .

5 The ‘outputs of the decoder DCR, i.e. the-odtbuts
of the respective-ANﬁ gates G, to G,;, and the data bits
B, to B,, of the readout data R are fed to exclusive OR
circuits EOR, to-'EOR3'1 respectively; The exclusive OR
circuits EOR; to EOR;, form corrected output data bo to
10 D,, to.be supplied to the multiplexor MPX Shbwn in Fig.
1. Por instance, if the seventh data signal has an
error as shown in Table 3, the output of the AND gate Gé '
becomes “1* correspondingly., so that the seventh signal
erroneously read Out.as'@;" is inverted from "1”" to “0O"
15 by the exclusive circuit EOR,. The value of the data
signal Ds-is revised to the correct value. | '
o 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 obtain an ECC
- 20 circuit capable of-correcting-the'error'over'two bits, it
is necessary to provide a complicated construction, so
that the number of elements required is increased.
Moreover,'in such a Case,-it'iS'necesséry to gréatly
increase the number of parity bits (redundant bits).

25 -Fig. 8 shows a pra¢tical'example of the exclusive



_ specifically, a multiplicity of excl usi ve OR operations are perforned in
.the logical operation circuit. By enploying the exclusive OR circuit shown
in Fig. 8 as a logical circuit constituting the |ogical <20 operation
circuit ELG it becomes possible to constitute the circuit with a
rel ati yveky small nunber of elenments, and noreover, it is possible to reduce
' onsunption. Binary signals are witten into the menory 25
7Constituting the nmenory arraysi.err] - 69. these binary signals -
bei ng {orrred by inverting the binary signals to be stored therein, in order
to reduce the nunber of elenents required to constitute the ECC circuit ‘as
well as to reduce the power consunption in the ECC 5 circuit. re
specifical IOR aizawidy @rowided dmpithe dagingl epefpfion cineiih, iﬁénvgr y
MOSFET [err] in the nenory array M ARY3, the binary signal "O forned by
i nverting t %ﬂgﬁé% the "erIol iQHPI P t he MOSFET M. Thus, no
matter which nmenmory MOSFETS in t MBI Ve ar [ 10 Tefr Sel ected,
si gnal s having | evél? VRO €3 O%]CF?%J'% h‘JE:)oisﬁe/‘’S‘:'olfjﬂ()et41gl;r t%hnag{rgeléi gnal s
stored in t] é&pnr -NQ§F S ak Vv dof i d rm the gorrespondi ng
| at chi ng ci'&gsw ss. d/pl!vbregﬂegﬁhﬁ (;%a},@){&t e l&s/olaégna 'S dc)téh ve'r%!ﬁ fromthe
respectg ve hal WidHETd "Gl 0, and the MOSFETs Q. Q,, are
' connected in series. In the same manner, the MOSFETs

. Qp3. Qp4 and the MOSI?'_E’I"s. Qa3+ Quq are connected in o
series. The junétiqn between the MOSFETs Q_, and Q,
. "and the _jlunction_ between the MOSFETs Qp4 and Q 4 are
10 mutually connected to form an output OUT. Input signals
- a and b are applied to the gates of the re—spectiYe'
MOSFETs Q , and Q ,, whilst input signals a and b are
appliéd to the gates of the respective MOSFETs Qn-3 and
Ona- Lo
15 Moreover, input signals a, b are applied to the
gates of the respective MOSFETs °p1 and QP4' whilst input
signals b and a are applied to the gates of the A
respective MOSFETS Q.,, and Q-p3' | |
When both the input _signais a and'g are high
20 _(”i"), the. MOSFETs Q'nl and Q,, are turned ON, causing the
output OUT to below ("0"). On the contrary, when both
the input signals @ and b are high, the MOSFETs Q , and

Qnll»
low.

are turned ON, similarly causing the output OUT to be

25 When the input signal a (or 2a) is low and the



15 ar.e positive-phase outputs [err] at all times, whilst the signals
inverted by inverters are negative-phase outputs [err] at all tines.
Accordingly, by sinplLy providing the inverters, it becomes possjfleto
supply the signals fromthe respective latching circuits to th Qﬁg%‘usive
OR 20 " circuits in the |odical operation circuit ELG so that tfg/ | ogical
operation circuit can be further -sinplified. .Fig. 10 shows a practi cal
ci.rctit of each of the multiplexor MPX and tgg,output buffer DOE. The

- output data Do to D31 fromthe ECC circuit 25 are transmtted to the

out put buffer DOB, eight bits by 70 eight bits, by the multiplexor MPX
such as descri bed herei nunder. The nultiplexor MPX i's constituted by 32
tristate circuitsinpaghsignakiBt toxibluissidwi nghe MOSFEDS t § ofowr D, Jone

set. Accordingly, the 32 tristate circuits are divided into four §%ts.
For the sake of chaditheoWPSFEReQL)i bont @ 5) ranet taoned (i \¢anping Weynal
[err] in the output data [err] through D~ is shown.in detail_in Fig. 10.

The other 31 10 ORFPUEaPETcEPchriRighve sTHYBantheER| Fhentevels of the -

ARG R RTINS T R TEISK L N (MR h—

T ' 5 OUT is made low. On the other hand, when these signals
do not coincide with.eagh_other, the output OUT is made
high. | |

.The_above described_eiclusive-OR circuit has the
advantage of an extremely small power consumption, since

16 the circuit has only eight elements, and no D.C. current
flows-between the supply voltage Vcc §nd earth.

In the logical operation circuit ELG iﬁ the ECC
circuit, logical operations such as shown by the above
logicéi formulaé (31;to {8) are carried out in order to

15 form the syndromes S to Sg -as described -above. More
specifically, a_multip}icity of exclusive OR operations
' are performed in_Ehe logical operation-ciréuit.
By employing the exclusive OR circuit shown in
Fig. 8 as a logical-circuit_constituting'the logical
20 | operation_circuit ELG, it becomes ﬁossible to cbnstitute
~ the circuit with a relatively small number of ‘elements,
and mo#eover, it is p§ssib1é to reducéfthe power
consumption.
' Binary signals are written into the memory

25 MOSFETs constituting the memory arrays M-ARY, and M-ARY,,



N

‘~NCSFET [err] and an N-channel MOSFET [err] The drains. of 15 - the

~ respective MOSFETs [err] are connected to an output node Qo via a

P- channel MOSFET [err] and an N- channel MOSFET b7, respectively. Tlnlng
signals [err] are formed by an address buffer and the Y decoder [err] as

“and AD:

shoewn yﬂ\ﬁ\g 20 16. The address buffer is constituted by two buffers—-AD
Since the buffers have the sane construction, the circuit of \w/
~only th ffer [err] is shown.in detail in Fig. 16. The buffer [err]
conprises a static circuit consisti é ‘of MOSFETs [err]. The Y-decoder Y-
25 [err] conprises four decoders [err] all having the 71. sane
construction. Therefore, only the decoder [err] is shown in Fig. 16. The _

decoder [tflesle b@.ﬁ%ﬂ?‘ $AYnNPSFBLEI nigC orirel %?dm%r%lw tHeet pgARELIUr ation

requiring no specia selectlng tlnlng si gha unli ke the X decoder 5

shown. i Bign@ls o beCatepederhlereine i¥% dpaeseid gedlcestall e to formthe
timng signals [err] by enploying only the internal. address signals

“suppl i ed numbiert of. adémentsbuiekprired to colstitutecalier ECCDER2cudeei ves t he
- internal 10 - address signals. [err] and forns four kinds of selecting
signal s lap sredddiasg tohseducieytiles pomer icensampsionhdn khehECEe interna
addr%fs_circuit; More. specifically, to store, for éXampié{'a
'binary signal "1" in the memory MOSFET-MO in the memory
array M—ARY3, the binary signal "0" formed by inverting | k)
the binary signal "1" is written into the MOSFET My
Thus, no matter which memory MOSFETs in the memory arrays
10 .. M-ARY, to M-ARY, are selected, signals having léveis _ ;;;
which correspond to those of the bina;y'Signals stored in
- the memory MOSFETs are always delivered from the
corresponding latching circuits. More épecificallf, the
- signals delivered from the respective latéhing.éifcﬁits
15 are positive-phase outpﬁts'Dn"at all-timeé, whilst the
signals inverted by inverters are neéative-phase 6utputs | -
B;T.at all times. ' Accordingly, by éimply pfbﬁidihg.the
inverters, it becomes éossible to suéply the signals from
the respective latching circuits to the'exclhsive bR
20 ciréuits:in the logical operatidn circuit ELG, o) £hat
the logical operation circuit can be.furthér siﬁplified.
‘Fig. 10 shows a practical circuit of each of the
multiplexor MPX and the output buffer DOB. _ |
o ‘The output data bO to D31‘from the Eéc circuit

‘25 are transmitted to Ehe'output=buffér DOB, eight bits by



'signals [err] are low ("O'), the timng signal [err] is nade high. The
timng signal [err] is supplied to the 15 gate of the N channel T
[err] in Fig. 10. . Moreover, the timng signal [err] is inver
inverter. [err] and supplied to the gate of the P-channel MOSFET
Accordingly, when the timng signal [errff@« . is high, both the
[ery]. are turned ON. Therefore, 20 the data signal [err] i's transmtted
to tThe out put buffer DOB. When the timng signal [err] is low, both

the MOSFETs [err] .are turped OFF, so.that the output node [err has a hi gh
i npedance indéﬁéhﬁeﬁFFf'ogytﬁgEdEFitéPgﬁgPr[Eﬁﬁl3 sh as de crIEFSht '

tristate'circwégx simlar to the above 72. tristate circuits, for

receiving the €l Wt dat a signals [err] are conmbined to form one set

and controlled by the _le”hﬁgit?.gi?%r[ﬁ’g&-_ig cyﬁ%tﬁ.ttﬁ%dd%&a?ggﬂg%%a@&e

al so divided so that eight orme set: nanely ata sirgnals

[err] Then, tRg Rhdltle,bieighe! 2rik@atleS cf FaliitlslbeidgORBmbThed’ €oS¢BRM €d 1O
the corresponding tristaté circuits. These tristate circuits are controlled
by the other ignd metSi gnakzoriighgly,! #he032 addistadl ce¥bRYtsnages of the
four tristate circuits are nade conmon to data eight bits apart from each
ot her, divided into four sets. ' -

For the sake of clarity only the tristate circuit
\ for receiving ﬁhe signal Dy in the output data Dy thrbugh'
o Dy, is shown in detail in Fig. 10. The other 31
10 tristate circuits have substantially the same
construction as the one illustrated.
N The data signal D0 is passed through an inverter
| Iv, and transmitted.tb.the gate of each'éf a P-channel
MOSFET Qg and an N-channel MOSFET Qgg. The drains of
15 the respective MOSFETs Qg5 and_Qs8 are connected to an
output node 01, via a P-channel MOSFET 056 and an N-
channel MOSFET'QS7. respectively.
'§;; ' _ Timing_signals ¢oofto ﬁli_are formed by an
address buffer and the Y decoder Y-DCR, as shown in Fig.
20 16. The address buffer is constituted by two buffers AD,
) and AD,. since,tﬁe bufférs have the same construction,
the qi;cuit of only.ﬁhe-buffer ADl is shown in detail in |
- Fig. 16. The buffer ADl-comprises a static circuit
_.consisting of MOSFET; 0136 to 0,45+ The Y-decoder Y-

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



'gsuCh
t.ot al

Thé out put buffer

as the bits [err] which correspond to each bther. Accordingly, the

nunber of output lines fromthe multiplexor MPX is eight.
DOB is constituted by eight output circuits provided so

15

as to_correspond to the output lines. Only one of the output circuits is
sho - Fig. 10. The out put bufZler DOB conprises two two-input 20 NAND.
gate nstituted by MOSFETs [err] four inverters [err] and a push- pulNy/
outp ircuit constituted by N- channel MOSFETs [err] - The out put

mul ti

?ﬁ‘%‘%o@’ﬂﬁ?‘i?ﬁ"&fbh t NSRRI 1 | Y

signal of the inverier [err] for rece|V|ggjthe output signals fromthe
Y4 t3® one i nput of

e ot b 7S Ve anedeh | x-%@%éﬁeﬁé O'”“e Sugat si gnal 11 om

ne AT T
he WBbrezes (419 e PR FLLE -%*ffié"@"%t%ﬁ% eind ?*te?r]c "5 appl i ot to -

t he Ju4t put signals from
Oélk@éléfpéaléétf&&htﬂtiﬂ O'\tﬁ‘]igl o e x d

- .the tvwo NAND gates are transnttte

e output MOSFETs [err]

- tfir ougliovmein NPRE L &8s [%ﬂseémﬂ%ﬂ?ﬁﬂ vile/ .Y 1decoder Y-nchhqstl m ng signal

[err]

I's formed on the basis of
able to form the timing signals ¢00 to ¢11 by employlng

‘.only the internal address signals supplied from the

10

15

address buffer. .

The Y decoder Y—DCRé_receives the internal
address signals a5, 3;g and 2,6+ 3 ¢ 2nd forms four
kinds of selecting.signals by decoding these signals.

' For instance, wheu-both the internal address
signals a;; and a,, are low ("0"), the tiuing signal éoo
is made high. The timing signal ﬁoo-is.supplied to the
gate of the N-channel ﬁQSFET 057 in Fig. 10. Mofeover,

~ the timing signal ¢OO is inverted by an inverter Ivs'and

- supplied to the gate of the P-channel MOSFET Q-

20"

25

Accordingly, when the timing signal éOO is high,
both the MOSFETszoss and Qg are turned ON. = Therefore,
the data signal Do.is transmitted to the output buffer
DOB. When the timing signal éOO is low, both the
MOSFETs Qg and 057fare turned OFF, so that the output
node 01° has a-high impedance independently of the data
signal D,. .

Eight tristate circuits, similar to the above -

e}

L]



reference signals [err] described later with reference to Fig. 11; and
‘the chip selecting signal [err] The timng.signal [err] is held |ow during
the period when the chip is in the non-selected state and the period wh
15 'the output signals fromthe ECC circuit are indefinite ow ng tg/theN
fact that new data signals are delivered fréznthe latching circuit
ECC circuit. Wien the timng signal [err] is nade | ow, both the
MOSFETs [err] are turned OFF independently of the output 20 data fromthe
ECC circuit. Consequently, the external output termnpal [err]_(n =0

7) becones hi gh tRiphpEBaRtEcuihe, 9T Feceivipgstheeeightohhkciatae

m 1duct or - - t f data_bus t
prevent i ndef i ni PASHAL Booko bRy nBr GePPREIBRd o6 form e egf dRq, °°
il lustrates detal ' . th d t LIy t
and the cont ol EPRESLHEMCPR: SE Fifhng, i eRafnBon’ 7 oTRR CEREE, GRLSTL
ddr es ' I d.{ Dat €ss B4 f
Gircuits [or] tSraRalpchialle AfyRAETE0 BALoGIPRD Blfs Frk i

del ay signalg [egbt: f2hay$d ¥héhasearssinh®st BE 8t BI DAl paddigsy, St oprds
‘[err]" The internal. address signals [err] and 8he detdy st®nals #2rr] to
a4' are fed to epglusbvp gR ci TReh} sther elght-Bighaf¥d4signalsespectivel y.
Each of the outpu 2 of (AL exclusive OR :

_ " constituting one set are supplied to the corresponding

tristate circuits. These tristate circuits are
' §_; controlled by the other timing signals ¢01 to $y;. - In
10 addition, output nodes of the four tristate circuits are
made common to data eight bit; apart from each other,

N\ such ag thg bits DO; Ds; Dls,'_D24 which correspond to .
each.other. Accordingly, the-total.nﬁmber-of output .
lines from the mﬁltiplexor MPX is eight.

'15 - .. The output buffer DOB is constituted by eight
output circuits provided so as to éorrespond to the
 dutput lines. Only ocne of -the output circuits is shown
U | in Fig. 10. |
The output buffer DOB comprises two two~-input
' 20 NAND gates constituted by MOSFETs Qzq to Qgg, four
inverters IV6 to IV9 and a push-pull output circuit
éonstiputed'by_N-channel.MOSFETsVQ67. Qgg+ The output
signal of the inverter_IV6-for-receiving the output
signals_from the multiplexor MPX through- the output lines

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



_circuits [err] through EX14 is supplied to an OR gate circuit OR This OR
gate circuit OR . fornms a trigger pulse [err] As the internal address

. si gnal [err] changes as 15 shown in Fig. 13, the level.,s of the respective
i nput swgha s [err] supplied to the exclusive OR circuit [err] do not :
Coi nci #}h each ot her during .the ay of the delay circuit [err] As. a
, _ exclusive OR circuit [erﬁﬁ forns a pul se having a pul se wi d&i
20 c\r ponding to the delay. ~ This pulse is delivered as the trigger

{'pulse [erT] via the CR gate crrcurt OR  Accordingly, the address
“transiti ortioe (MOSFETATR trmggﬁ'fe rodker Haid,) thehemutputher one of
the internal address sr nals [ changes. 25 The address
buf f er ADBigngk icfsthe sknuentext rI,\O} tfor réceivingriter durpwmtr it the
address transition detector ATD to formthe trigger pulse [err] even if

t he ext er rignalrfzom Shmdnvertey IV deapplinthrtmens \inpati off i s
constituted by a CMOS circuit conposed of P-channel. 5 MOSFETs and
N- channel QSRR gate constitiked by e’%?bﬁrﬂf%gl%ﬁ'rﬁ rﬂggstt@t iQygaddr &8s buf f er

constigute a CMOS circuit gh the Fi re shows only the address

* buf f er® whi té’é’é?'vead ﬁ%’@(tm:{] &R | d tg 1=Jh'3ar‘?d"l"F&'rms t he
_ addr ess S':ﬂﬁﬂ{ts d# réJcl'chpl'ﬁ{m Awo tlﬁnﬁficéhtes-. The output

| signals from the two NAND gates are transmitted to the
gates of the output MOSFETs Q7 and Qgg through the
inverters Ivg and gy, respectiVely.'
10 - The timing signal ¢HZ is formed on the basis of

reference signals @ and dxs described later with -

PCS
reference to Fig. 11, and the chip selecting signal CE.
The timing signal 4., is held low dueing the period when
the chip is in the.non-selected state ana the period when
15 the output signaleiﬁrom'fﬁe-zcc circuit are indefinite
owing to the_factfthet new data signals are delivered
from the latching circuits to the ECC circuit. When the
timing signal ¢HZ is made low, both the outﬁht'MOSFETs \
Qg; and st aréﬂtﬁrned QFF'indepéndently of the output
20 data from. the ECC circuit. Consequently, the external
outputaterminal'Dn (n=0 to 7) becomes high in impédaﬁce.
Thereby, it is possible to connect the semicoﬁductor
memory to any system of common data bué tYpe'es'well as
prevent indefinite data from being delivered.

25 -~ “Fig. ll-illustfates'detailed block diagrams of



A

10 other, identical address buffers are provided with respect to the
ot her address signals. The address. buffer with respect to the external..
address signal [err] is constituted by P-channel MOSFETs [err] ,
channel MOSFETs [err] and two- 15 i nput NOR gate circuit and s ,z
I nverters. The-two-input NOR gate circuit i7@2.supplied with the extk
‘addy ess signal [err] and the chip selecting signal [err] The. infernal
address signal [err] delivered fromthe inverter constituted by the-
P-channel MOSFET [err] ~and the N 20 channel MOSFET [err] and the
i nternal address dihgaiddress transidicn Gedectior iandether controlt sionady
the P-channel MOSFET [err] and_the N-channel MOSFET are transmtted
t-0 t he X decoder s ganeratar-shdah \axiey showm tdme FdGheld -hand, the internal

address signal [err] delivered 25 fromthe inverter constituted by the
P-channel MOSFET 76. arfd® FRHeAh ﬁé’ldrﬁﬁgFEilgf'@ﬁF] 3os Hr é’l‘uﬁm%ﬂ%‘t?dt an

t he .address transition ector ATD Sl arl Q. t addr ess huf f th
excl usive OR ci rCLﬁtr\es ﬁq%e% & %d‘dd'l}ee s“ng?&et i%ﬁ[ %"r g%ltayatcé‘rgullécso Stiot l}t%ed
by static cirguit espeald el vel Ol  EXAP! _ sexClusi v

circuit as shgéjvm :iqu%'dﬁiﬁ:'_%d!ps?%g#ﬁ'!ec}ygd as eac 13?%5%&%3%31\?@ ESOBLCM
crrcuits. The OR ofdrth @19y lsidRdls @Sldd W 60 Me134/@d Jith respect to

the internal address signals ag to aj,. The internal
address signals.ao tb aj, and the delay signais ao‘ to
Val4' are fed to exclusive OR-circuits EX, through EX,,,

10 respectively. . Each of the outputs of the exclusive OR
circuits EX, fhrough Ex14~is.supplied to an OR gate

| -\~?. y circuitwok. -ThisIORtgate circuit.ORﬁforms a trigger
pulse ‘apd' .

As the internal address signal aj, changes as

15 shown in Fig. 13, f@e levels of the respective input
signals a, and ao' supplied to the exclﬁsive‘OR circuit
Exo do not coincide with each other during the delay of
the delay circuit DLCO. As a reéult; the exclusive OR
circuit EX, forms a pulse having a pulse width

20 corresponding to the delay. This pulse is delivered as
the trigger pulse éapa_via-the-OR gate circuit OR.
Accordingly.,the address transition detector ATb forms

- .the trigger pulse'éapd when either one of the internal

..address.signals a, to-a14 changes.

25 The address buffer'ADB'cdmprises a static circuit



., CMOS circuit. as shown in Fig. 14. More specifically, 10 the OR gate
circuit OR conprises MOSFETs [err] The OR gate OR conprises two NOR gate
. circuits and one NAND gate circuit. One NOR gate circuit is constituted
by the P>=channel MOSFETs [err] and the N-channel MOSFETs . [err] the

(| ] gate 15 circuit conprisesdhe P-channel MOSFETs [err] and the -
OSFETs [err] and the NAND gate circuit conprises the P-changgl
err and the N-channel MOSFETs [err]  Each of the output signals of
the respective 20 ..exclusive ORcircuits [err] is supplied to the NOR gate

ci rcuit s, immrder wuiBrrnis fhe addnaas Heangpithon gateciac AT t@& e
- supplied to the NAND gate circuij, fromwhich_ the tri 'era%l#se [err] 1s
t aken outEormhethe frifgoer pitiee atﬁe@écs”ﬁtﬁm?’itrﬁe%lgﬂ rAP8 conprises’
two- pulse width stretching.circuits each 7. cqnstituted by a static
circuit, s&rﬁl’%ﬁa ilfa etr?lgltg?ﬁwe s?sgﬁ%ﬁ%rg'f’é'h%*saﬁ%r .wq‘ ontrol signal
gener at or ' th . _ 4.0 rious timng
signal s y?%&%“ﬁ%d/o r%&ﬁé%w Iscﬁon'gxﬁ;eé%g Sél?eé %}{rﬁi-;/ﬁ’ essenti al
timng siviipwrs laky Nochifel IMBSHEETE INal B UYL AshdRNtdhmhive, are

shown in order to sinplify the description. Fig. 18 shows waveforns of
‘the timnge the static address buffer constituted by a CMOS :

4

4]

circuit. Although the Figure showg only the address
buffer which received the externa; address signal"Ao and ' :D
forms . the address si'gnal_s-a0 and'Ea'complementary to each *:_‘J_-
10 other, identical address buffers are provided with
respect to the other address signals; 
The address buffer with reépect to the external
address signal A, is constituted by é;channel MOSFETs
Q)00 tO Q;g7 and N-channel MOSFETs Q5 t0 Q5. and two-
15 input NOR gate cirégit and.six inverters. The two-input
NOR gate circuit is supplied with the external address

signal A, and the chip selecting signal CE. The

internal address signal a, delivered from the inverter \._/

constituted by the P-channel MOSFET: Q04 and the N-

20 channel MOSFET Q,,, and the internal address signal aj,

»

delivered from the -iﬁverter- constituted by the P-channel
MOSFET Q,,, and the_ﬁ;dhannel MOSFET Q;,g are transmitted
to the X decoders x—DCRl and X-DCR,y, respectively. On

the other hand, the interna; address sighal a, delivered

25 from the inverter constituted by the P-channel MOSFET



signals [err] and [err] ‘The precharging signal [err] - and the timng 10

signal {err] are omtted in Fig. 18 but these signals [err] and [err].<,
are signals. formed by phase-inverting the timng signals [err] ' 74N
respectively. In the: t wo pul se width stretching circuits PWs and [err]

shown in Fig. 11, one putse width stretchinggb -circuit [err] forms
preq\grglng S|gnal [err] the tim ng signal [err] “fornmed by phase-inverting
t he sane, and the reference signal [err] required to generate the
above- ‘nentioned various signals fromthe internal control signal o
gener.ator. The @ ';rmutetlségm-ad:ha:[xmx]mos'&'a | gpals AMrandndrtitied o the
stretching the pulsée"width of the trigger pulse Terr] by the pulse w dth
stretching circuiaddxess twnhssta@mu®¢tsbtnreﬁﬂn<) have a predetern ned
pul se wi dth. Mreover, the timng signal [err] 1is a signal decaying in
synchronismwi th the r|5|$@P%#a¥ﬂ$ ?%f%#%ﬁﬁﬁﬂ%ﬁiﬂﬁh“ﬁﬁ?#d the exclusive OR

Consequent |y, the prechargjng S|gn é ses in synchroni sm

with the decaylngcgf cyhEs rip R cRdF Ilﬁ?ﬂ?{ﬁ*ﬂﬂmﬁ%ﬁ?ﬂ}?ﬁaqqma

capaci tances in the d é din nory arr .(é% '

precharging o th‘ém%% Jsgu ﬁ€e$¥| %UE Te %ja’% ’eg;oﬁ %eecnta%/‘ﬁe ¥t ecItar gi ng 5

signal [err] %iﬂg*e“&&éﬂ'&ﬂ' dxci ivP SRAEHN L B dribhf St 1Fipd d N

accordance with't erence S|gna

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. Mdre specifically,
10 the OR gate circuit OR comprises MOSFETs 9116 0 Q99
" The OR gate OR comprises'two NOR gate circuits
and one NAND gate circuit. -One NOR gate circuit is
constituted by the P-channel MOSFETs 0116 to 0118 and the
N-channel- MOSFETs Q119 to 0121, the other NOR gate -

15 c1rcu1t comprises the P-channel MOSFETs 0127, 0128 and
the N-channel MOSFETs 0126' leg. and the NAND gate
circuit comprises the P-channel MOSFETs 0122, Q; 25 and

Y™ the N—channel'MOSFETs-0123,-le4.-
Each of the output signals of the respective
20 exclusive OR circuits EX, to Ex]'_4 is supplied to the NOR

. ' gate circuits, and the output signals from the two NOR

gate circuits are supplied to the NAND gate circuit, from

which the trigger pulse & ‘is “taken out. -

apd
'The control signal-generator CSG shown in Fig. 11

25 comprisés two pulse width'strétchingiéircuité each



fornmed by ‘stretchi ng'thé pU| se width of the trigger pulse [err] The pul se

wi dth stretching operation in the pulse width stretching circuit can be

realized e 10 conbi nation of the delay circuits and the | ogical gate-
He

circuits ot her pulse width stretching circuit [err] fornms the word
line sel timng signal [err] 7&nd the reference signal [err]

required Yo generate the above- 15 .nentioned various timng signals fngy1
the intern control signal generator simlarly to the reference signa

[err] The, reference signal [err] is, simlarly to the reference S|gna
[err] LUOFAEFUEA Y 3ySatig C‘Pﬁ’?fﬂ”t‘he ang s@v&’t&?f"'&ﬁl t%‘t’-’r‘?]gger pul se
[err] and ulse 2Q w dth adjusted to the tine required to raise

the | eve?l%'?a{]k%e %r‘?ﬁ"hegnﬁ) ?%trs@r I | IRRATROR r%s nory cells.

79. The ngrator g eives the ab VEs gdescri bed two
referencié S] g‘ﬂ% sﬁferrfigai%fg lnsggt a i gf LMhal 12 l?Sr] % in Fig. :
18. 5 yoignals Raiites e Begrdle i S! O e PRI Pty operating .

the ROMin the respectlve pu se wndt stretching cir possible

to set té?s&ﬁ@ﬁ!'@imidé“é!ﬂgﬁw,a'ﬁ.é. RAd P Sl é{m&aﬁbﬁi@r so that

such as mentioned above, are shown in order to simplify

' the description. Fig. 18 shows waveforms of the tlmlng
signals dyg, 6 pCs xr Bpcr ’SPAI' Ppaar Bigr L
¢ and ﬁHZ * The precharglng 51gnal ¢PC and. the timing |
10 31gna1'3_'are omitted in Fig. 18 but these 51gnals ¢PC
and é are signals formed by éhase-invertlng the timing
signals é,, and dg;’ respectively. A
| In the two pulse width stretching circuits PWS; |
and PWS, shown in Fig. 11, one pulse width stretching
15 circuit PWS, forms ﬁbe precharging signal B;EZ_the timing
signal ‘PC formed by phase~inverting the same, and the
reference signal ﬁpcs required to generate the above-
mentioned various signals from the internal control (W]
signal generator. The reference signal éPcs is a signal
'20 formed by stretching the pulse width of the trigger pulse
éapd by the pulse width stretching circuit PWS; and is
‘adjusted so as to have a predetermined pulse width.
. Moreover, the timing signel ¢PC is a signal decaying in
eynchronism with the rising of the reference signal &

| PCS*®
25 Consequently, the precharging signal PC rises in



designing is facilitated and noreover, the following 10 - advantages are
of fered. Nanely, since the reference signal [err] for regulating the
‘precharging period for the data lines and the reference signal [err] for
regulating the tinme required:to raise the level of the word lines to t
selection 15 level of the nenory cells arzasuppliéd to the internal
con{rol signal generator fromthe respective pul se wi dth stretching
circuirts, if the readout timng is determ ned on the basis of these two

ki nds-of reference signals, then it is possible to obtain a ROM capabl e of
conducting 20  ggnehedhidbA WatA tRaJAEEaPRR§ALEOEhe ré@é?eﬁ@écbi$ﬁ@i|y,
the two pulse width stretching circuits [err] are simnultaneously fTorned.
Therefore, if thg §gar’ actraei preehaefihfeoputie whphbitaheeshingtheraata
[err] should chanﬁ ow ng to- manufacturing condition 25 vari ations, the
characteristics tintbhefprined indthe mefOrysareaypii andctheuptefhargingsof
change in the same manner. ‘For exanple, if .the pulse width of the reference
si gnal shoul d enthegsenapngmpdifbeuf aveurangiednanti vhenathat poacharaing
pul se width _of the ref ce.signal [err]. 5 also enlarges in the sape
nmanner. - HoRevePiIPAL PerpalforSHrp AECAEBARGRE. t thekPREShargirgctineeis

sfgnal's, for exagpl e, ;Liga" ¢h2LbnzhhRb" 3k chEnl oL EEEDERCE! B05har gy
formed by stretching the pulse width of the trigger pulse
é

width strétChiné circuit can be realized by the

apd® The pulse.widtb;SQretching ope#gtiqh in the-puise

10 combination of the delay circuits and the logical gate
circuits. - | | |

The other'pulse:width stretching circuit PWs,
forms.thé_ﬁordlliné sélecting.timing'signal $ys and the
réferencé signél-éxé.reqﬁired to generate'the above—_

15 mentioned various timihg.signals from the internal
control siénal generaﬁor similarly to the reference
signal'dpcs. ' The refgfehce sighal éxs:is, similarly to

LN the5referenée'signa1 épcs,'a signal formed by st#etching

the pulse width of the trigger pulse ) and has a pulse

apd
20 width adjusted to the time required to raise the level of

. ' the word lines to the selection level of the memory

cells.



- [err] rises after a predetermned tinme has passes after the decayi ng of
the reference sigpal [err] I s mai ntai ned 10 I ndependently of the
manuf act uri ng cgnditi on variations. Consequently, there is no possibility
that, for exa he timng signal [err] which  rises in.response to the

. decaying of th ef/erence signal [err] and decays in response to the

. decayi:ng of th erence signal [err] is 15 not generated owi ng to tQy

-~ manufacturing condition variations. = In other words, it is possible to
-obtai.n a ROM which is substantiaydy unaffected by manufacturing condition
~variations. The decaying of. the precharging signal [err] s 20

controlled by the timng signal [err] synchronized with the timng signa
[err] for activating the sense anplifier in order to reduce the power
consunpt i on. Théuinternalrcortreonsignak genertator eegrixdsmr gi ng of the
data |ines, the_sense anplifiers are started at the time when 25 the

si gnathke faRAVe 1AL IRRIPEA Chre sTeferenss i sigrrly dhe an®¥ysense anplifiers
respectjvely. Jor jnstance, i'f the pgecharging is not cajried out after
t he ﬁ’géuaf%é??‘oﬁ?h%uﬂi?ﬂ)r?%?" &:-Paqr e"E iRpxh B4 RNG éémective sense

anplifiers,.the.electric charge in the stray and 5 parasitic capacitances .
of trﬁp?ﬁﬂzﬂqﬁ E%'gﬁihecped wWith the nenory cells not selected will |eak
‘ﬁ§ thus forming the timing signals essential for

- wth tine.
| opérating the ROM in the reépective pulse width
stretching éircuits; it is.possible to set fhe-essentiél -/
timing signals separately from éach other, so that’
desighiné is facilitated and moreovér, the follbﬁingl
10, advantages are offered. ' . | {)
| | Nameiy, gince the reference signal.éécé for
regulating the precharging peribd for the data lines and:
the reference signal éxs for.reguiating the time reqﬁired
to raise the level df-tﬁe word 1ine§ to thé selection
15 level of the memory cells are éupplied to the internal
control signal generator from the respective pulse width
stretching cirduiﬁsm if ihe.réadout timing is.determined
on the basis_of'théée two kinds of réference sién&ls.
then it is*possible to obtain a ROM capable of conducting
20 an accurate data readout'opefation. More-specificaily,

and PWS ="

the two pulse width stretching circuits PWS 2

i
are simultaneously formed. Therefore, if the
characteristics of the pulse width stretching circuit
PWS1 should change owing to manufacturing condition.

25 variations, the characteristics of the pulse width



conparatively large power is required to again precharge t he capaC|tances
of the data lines once discharged. Therefore, the stray and parasitic B
capaci tances of the 10 data lines are precharged immedi ately after
signals fromthe nennry cell's are anplified by the:respective sense
anpllflers as descri bed ‘above. - Before the starting of this prechar gi ng

opegration, the signal anplified in each sense anplifier 15 Is transm tted
viathe MOSFETs [err] to the main anplifier in the respective |atching
circuit. Since the transfer MOSFETs. [err] are held ON during the period

when the tinming signal [err] is held hid@®. the signal anplified in the
sense anplifier is transmtted to the 20 main anplifier via the transfer
MOSFETs [err. v%en the precharging Of the data lines is started, the

Einlng si gnal 4 éiﬁléﬁ%nl Eﬁgyenthy he MOSFETs and 09 are
urned OFF, LAting ‘Ha‘?‘% i Thethe Fame, daddifde
ect i oal |y Bl 0 ne 3 léaeiiv% ot o SRAEAEL S
B?Zilhglrlgegybt géﬁatagoove EFT{SCI’I r#gld‘?%“ o%%%’at dlﬂ;\deignls
'AS descri bed ¢é§f¥ti6h§kﬂéﬂé1pﬁi§%|d§6¥h‘3ftiﬁé reference sxgnal bys
5 also enlarges in the same manner. However, the
relationShip between-the'twc kinds of reference signals,
-for example, the relationshlp that the reference signal
¢XS rises after a predetermined time has passes after the
decaying of the reference signal ¢PCS' is maintained
indeﬁendehtly of'the manufacturing condition variations.
cOnsequently, there is no ‘possibility that, for example,
the timing 31gna1 é which rises in response to the
decaying of the reference signal ﬁPCS and decays in
response to ‘the decaying of the reference slgnal-ﬁxs is
15 not generated owihg to the mahufacturing condition
e variations. In other wcras, it is possible to obtain a
ROM which is substantially unaffected by manufacturing-
condition variations.
The decaying of the“precharging signal PC is
20 controlled by the timing signal d' synchrohiZed with the
RO © timing signal ﬁPAl for activating the sense ampllfler in
order to reduce the power ccnsumptlon. Thus, the
arrangement is such fhat'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



mord lines is brought to the non-sel ection |evel

~

of the menory cells after

the data in nmenory cells are transnmitted to the data lines in order to

-described with reference to the wavetforns shown in Fig.

reducethie power consunption of the ROM The arrangenent is such 10
that,fai) hown in Fig. 11, the word |ine selecting timng signal [err] is

~deli &_ via a gate circuit AND controlled by the signal [err] for —
activattng the sense anplifier. Thus,. as the sense anplifier starts to \o/
operate, the level of all the word lines is brought to the non-selection 15
| evel of the nenory cells. The operagjon of the circuit will now be

18. First of all,

the external address signals Ao to 20 Al4 are changed in order to read
out data from desired nenory cells. Ther eupon, the trigger pulse [err]

i's generageglsédr

ibszeﬂsrﬁéépééaﬂeeiyon dpbeCcinstdics, DL these width

stretching circuit [err] receives the trigger pulse [err] and fornms the -
referenCepﬁé@WSbgﬂﬁg is[Rot] capriedegut aaftert tive psbghalgi fagom i wiwe of t he .
83. lines. On the other hand, the other pulse wi dth stretching
‘circuit [memdryoceklsiarecapphified bhetUecagsngbiveheen$¢gger pul se [err] -

dat a

~the-word line selecting tinming signal [err] and the reference 'signal

10

15

20

25

amplrfiers, the electric charge in the stray and

para51t1c,capacitances of the data lines connected with

the memory cells not selected will leak with time. A

comparatively large power is required to again precharge

the capacitances of the data lines once discharged.

Therefore, the stray and parasitic.capacitances of the
date.lines are precharged immediately after the signals
from the memory cells are amplified by the respective
sense emplifiers as described above.: --

B Before the startlng of thls precharging
operatlon, the slgnal amplifled in. each sense ampllfler
is transm;tted via the MOSFETs Qg and.Q9 to the main
amplifier in the respective latching circuit. Since the
transfer M.OS_FETs.Q8 aﬁd Qg are held ON during the period
when the timing signal ‘paz is heldlhigh; the signal
amplified in the sense emplifier'is transmitted to the
mein aﬁplifier_via the transfer MOSFETs Qg and Q4.  When
ﬁhe_precharging of ﬁhe data lines is started, the timing
signal éPAz is_ﬁade low. Consequently, the MOSFETs Qg
and Qé are turned OFF, so that the pair of input/output
rerminals of the sense-amplifier and the. input/output

terminal of the main amplifier are electrically separated

[err] -



5 having a. pulse width corresponding to the tine required to raise the TN
| evel of :the word lines to the selection |evel of the nenory cells. Th (jzj'
rising of the word line selection timng signal [err] causes the
- potentials of the word I'i nes connected with the desired nenory cells and 10
‘those of the correspondi ng.dumry word l'ines to start to rise. Wen a. . .
prqggternined time has passed after the change of the address signals, i.e.
whefm. the tine has passed which is required to precharge the stray and 15
parasitic capacitances of the data |lines and the sense anplifier, the-

reference signal {err] decays. In res@2nse thereto, the interna
control signal generator raises a timng signal [err] as well as decays a
timng signal [err] The decaying of the timng signal PC 20

termi.nates the precharging of the data lines and the sense anplifier. On |
the other hand, fremn@aehagpher:er Acaprdinglyr cthergels Mo cegesiikidy he
[is®ng of the timn si%ngl [errL-Nbreogert t?e internal,controiff; nal
generator 25  dEBAfsthfie BPRELS tPYRaFeFRRR ?E the TR | IR} ave
st ) e WESrhRTeP B bR AR ot 6t thad A S 9
t'heret o which hayg been | IR o
5 ' As described later in detail, the level of the
word lines is brought to the non-selection level of the
memory cells after the data in memory cells are
transmitted to the data lines in order to reducé the
power consumption.of.the-ROM;. The arrangement is such
10 that, as shown in Fig. 11, the word line selecting timing'
signal éx is delivered via a gate ciréuit AND controlled
- by the signal éPAl for activating the sense amplifier.
Thus, as the sense émplifiér starts to operate, the level
of all the word lines is brought to the non-selection
15 level of the memory cells.
N - ; The operation of the circuit will now be
described with reference to the waveforms shown ianig.
18. '
. | Firsf of all, the external address signals A, to
| 20 Al4-aré changed in order:td read out data from desired
memory célls‘ Thereupon;'the7trigger pulselpsapd is
generated from the address transition detector ATD.
One pulse width stretching circuit ?WSi'receives
‘the trigger pulse 6apd and forms the reference signal

25 for régulating the precharging time of the data

¢PCS



- cell

- previously energized are.de-energized. 5 Consequently, the

_ potential at the node NB of n the main anplifier changes fromthe val ue

- del Lvergth previously to the precharging |evel (the supply voltage [err]

. Mor d§§§7 in response to the rising of the timng 10 ‘signal [err], the

- di sqhalrgi/hg MOSFETs of the earth lines connected with the desired nenory —

-aAd the discharging MOSFETs of the earth lines connected with the \

. dummy cells corresponding to the desired nenory cells are turned ON

" Further, the timng signal [err] decays at 15 this time.
 Consequent |y, the MOSFETs constituti @@« he col umm switches which have
-connected all the data lines to the sense anplifier in order to precharge
‘the data |ines operate so as to connect to the sense anplifier only the

data lines ,connected wi.th the desired genory 20 cells _ and the data |ines
: connect.edslv('n'%‘i"t he%dh% é’é:lqﬁef sﬁg‘re?di &% RS &5 menory cells.
Accor di ngl t.he .dat t or.ed J.n, on esired nmenory cell s transmtted to
one i nput %ﬁeﬁ&%ﬁ’ "%i%ﬁ%i% ﬂt’%éi c%(;rr%lesgpoﬁ?dirrlegspgé%see. °ar$'p%| fier, as a
- change i n QleAtHAloPltHd Y d ifsdf 25 N&,dcy Qriglece voltage from
the c'Orres-pongl?ffumﬂéggrﬁ "'85. |ss {mramﬁs' 'ﬁ}{egg'dt'o '?’he ot her.
i nput/ out e difg dinfling gnal ¢, and the reference signal é, .

"5  having a pulse width corresponding to the time required
to'raise-the level of the word lines to the selection o~
level of the memory cells. The rising of the word line
selection timing.signal.éx causes the potentials of the.
wbrd lines'connectgd with the desired memory cells and

10 those of the corresponding dummy word lines to start to

| riéeu_ -

When a predetermined time has passed after the
change of thé addréss signals, i.e. when the time has
éassed which is required to precharge the stray and

15 parésitic capaéitances of the data lines and the sense
amplifier, the reference signal éPcs decays. In (W
response thereto, the.internal control signal generator
raises a timing signal és as well as.decays a timing

| signal éPc’-' The decaying of the timing signal éPc

20 terminates the prechafging of the data-lihes and the
sense~amplifier. On the other hand, the main amplifiér
starté to precharge in response to the rising qf the
timing signal_ﬁs.

_ Mo:éover, the internal control signal.generator

25 decays the timing signal éla to the low level,



sense anplifier. More specifically, the potential of the data line [err]
connected with one desired nenory cell changes as shown by a broken |ipes:or
'solid line in5 accordance with the data stored in the menory cell,/ o
shown in Fig. 18. Next, the reference signal [err] :decays. By this
‘the potentlals of the word |ines connected with t he .desired nenory ce
have risen to a certain extent. 10 - I'n response to the decaying of
thereference signal [err] the internal control signal generator decays the
timng signal [err] This terminates the precharging operation for the nmain
amplifier. I'n synchronismw th the decaying gi.,the timng 15 . signal [err]
the internal control signal generator raises the timng signal [err] for
activating the sense anplifier. Thereby, the sense anplifier starts to.
anplify the potential difference between .each of the data |ines connected
wi th the above-nesubseqdentlyr yocethesrisingOof the eiminrgpsivhall dpetofthde
data | ines connected with the above-nmentioned dumy cells. In addition, the
internal control bighaleyeher at Thegebyystheemadndamphéfier eand nghei ni ng
signal [err] in synchronismwth the rising of the tinmng signal [err] 25
In other words, thBVﬂEFGrIiﬂesharétBEEUQRPSPEu?n§ ghareto WBBCh have been

prev1ously energized are de-energlzed.

5 . - Consequently, the potential at the mode NB# of
the main amplifier chahges'frbm'the value delivered
previously to the prechargihg'level (the supply éoltage
Vee) - - |

Moreover, in response to the rising of the timing
10 signal ési'the discharging MOSFETs of the earth lines
connected with the desired memory cells and thé.
discharging MOSFETs of the earth 1ines'conhécted with the_
dummy cells corresé@nding to the desired memory cells are
turned ON. Further, the timing signal ééc decayé at
15  this time. Cénsequently,-the MOSFETs cdhstituting'the
_g_; | column switches which have connected all the.daia lines
to the sense amplifier in order to precharge the data
lines operate so as to connect to.the sehée amplifiér

- _ only £hé'6ata lines connected with the desired meméry

20 cells and the data lines connected with the dummy cells

corresponding to the desired ﬁemory cells. - Accordingly,
the data stored in one aesiréd'membr?'éell is'tfanémitted
to one input/output £ermina1 of the.ébrrespénding éénse

amplifier, as a change in potential of the data line, and

25 the reference voltage from the corresponding dummy cell



/ séléétion | evel . Thereby, t he power consunption of the ROMis reduced. As
descri bed above, as the sense anplifier starts to operate, the potential of

~ the

data line DLn connected 5 with a desired nmenory cell |argely changes
¢ ance with the data stored therein as shown in the Figure. Wen the
/ 'di fference between the above- nentioned pair of data lines is _
d to a certain extent by the-.-sense anplifier, the internal

cont roly

- 10 _Bignal generator raises the tBfieng signal [err] Thereby, the outpul
fromthe sense anplifier is transmtted to the main.anplifier.
- Subsequently to the rising of the timng signal [err] the internal timng

- signal

si gnal
agai n.

om t heoRaRc SRRLLEIEEL < BLE BpbITiEe L1 HepRRERLAAT R, ranem Ted

fromthe sense

rator .

EE T B g TR L )

ler is anpl t hen

| evel
mai n

transmi thad gb@at A8 nEOBL20 contiebtuial withDbfes BRG] He@ahbkoriheelevel at the
node NEn O the main anifier changes fromthe precharging |evel

| evel cehaggeendisn@hbun! By dabokend 19we browoaidesihedigenory cell.

Consequent |y,

to the

the inverter stops delivering the old data held in the stray

- and 5par asdordadve withatheadata storedd ino thes membryt cedde asd starts to

10

15

20

25

shown in Fig. 18. _

__.Next,:the reference signai ¢xs_decays. By this
time, the éotentials.of the word lines connected with the
desired memory cells hﬁve risen.to a certain extent..

In responseut§ the decaying of the referenqe
signal éXS? the internal control signal generator-decays'
the timing signal és. This términatés the precharging
operation fof the main.amplifier.

In synchroni;m_witﬁ the decaying of the timing

| signallﬁs, the internal control siénal generator raises

the timing.signaliépAl'for activating the sense
amblifier. Thereby, the sense amplifier starts to
amplify the potentialjdifference between éach of the data
lines connected with the above-mentioned memorj cells and
the-coifespondinggone of}the daté_lines conneéted with
thé above—menﬁipned dummyuéelis..

In addition, the internal control signal
generatbr decayslthe wogd ling-selecting.timing signal éx
in synchronism with the risihg of tﬁe timing signal ¢fA1'

In dther'words, the word lines are brought to- the non--



87 deliver 'a new data. Mrreover, the ECC circuit starts to deliver-a new
data after -delivering an indefinite data during a certain tinme determ ned
by the tine required for the inverter to 5 change its output con
the old data to the new data and the delay of the ECC circuit its
timng signal [err] is held lowduring -the tinme when the ECC ci
deli%efing an indefinite data.. Consequentlgg,during this period,
external output 10 . termnal -[err] are in the floating state. Thereafter,
new data are delivered fromthe external output term nals. Mreover, the

I nternal control signal generator raises the timng signal [err] to the
hi.gh | evel agai seléctiaft kevelkcayThereby, t thengowegnednsiimption o the | ow
| evel . Thereby, the prechargi ng operation for the data |lines and the sense
anplifier is reBoMedls redggedit will be noted that since previous data is
held by the inverter in the stage subsequent to the main anPjifier during
the time from when the MaiAeafbibedcabo¥e cagnthgi sepsenampliftes Farts

agai n-energi zed by the 5 timng sigpal [err] the o ut_signals [err]
fromthe ECC ci FRuPPeLAtehERS E?nggﬁia$§_F%?r a??oﬁiﬁ%e”*&s?&ﬁﬂ?%&?é

5 with a desired memory cell largely chénges in ac¢cordance

—+

with the data stored therein as shown in the Figure.-
When the potential différence 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. Théreby,
v the output éignal from the senée amplifier is transmitted
to the main amplifier.
Subsequently'to the rising of the timing signal
¢PA2' the internal timing signal generator raises ihe '
15  timing signal éla.td the high level agaiﬂ._ In response
to the rising of the timing signal ﬁla.'the main |
;uf amélifier and the inverter are activated, and the output
signal transmitted from the sense amplifier is amplified
as well as latched and then transmitted to_the_Ecc'
20 circuit. More specifically, the level at the node NB of
the main amplifier dhanges from the precharging level to
the ievel corresponding to the data read out from é'
desired memory cell. Consequently, the inverter stops

deliﬁering the old data held in the stray and parasitic

25 capacitances coupled to its output node and starts to



external output terninals are the previ ous data. The following is a
description of the relationship between the external address signals and
the 10 eutput data [err] (n=0 to 7) fromthe external autput term nals.

Fi g. ws the relationship between the external address signals A0 to
Al6 a output data [err] \Wen eitherone of the external address —
si gnal [err] changes, the 32-bit data are delivered fromthe ECC \,
ci rcuit—as described above. The 32-bit data.can be taken out fromthe

- external output terminals in four sets in a tinme division manner. Mor e

specifically, it is possible to de grnine whi ch one of the four sets should
20 be taken out, according to the"éonbination.of the external address
signal s Al5 and Al6. As shown in Fig. 17, if the external address signals
Al5 and Al16 are conbined as at [err], then eight- bit data shown by [err]
are deIagggegrfgpoghaagéternal 25 output termnals. |If the externa
~address signals Al5 89. and Al6 - are conbined as at [err]
subsequent |y thmegeoverheenei got- bitcddtasthewn by GeLiyesr& Aewi vered in a
short period of time.- Thereafter, in the same manner, eight- bit data
shown bgatar aftenddelldwerhng dntandh&anhy Eata[euringaaecdetaynred
succe55|vely in a short period of -

tlme determined by the time requlred for the 1nverter to

S change its output content from-the old data to the new
data and the:deley of the.Ecc.circuit itself. | W
The timing signal_gSHZ is held low durihgwfhe”time
when the ECC circuit is delivering an indefinite data.

Consequently, during this period, the external output

10 terminal DO, to DO7 are in the'floafing state.
Thereafter, new data are delivered from the external
output terminals. ) |
Moreover, the  internal control signal generator
raises the tlmlng signal éPC to the hzgh level again
15 after decaylng the tlm;ng signal éPAl to the low level. _ s
' o/

Thereby, the precharging operation for the data lines and

the sense amplifier is resumed.



time. The reason why the data [err] the data [err] and the data {err] are. .
delivered in a short period of tine is that the data [err] have already 10:
reached the output nodes of the ECC circuit by the time the data DO(Q()| (&
delivered. The nenory cell ‘arrays, the dummy cell arrays, the sense
anplifier and the latching . circuit are all constituted by dynamic circuits,
whi list; the- other 15 . circuits are constituggd by static circuits. The’
internal timng signals required for the operations of the dynami ¢ circuits
are.all formed inside the ROM by detecting the changes of the address '
signals, i.e. in accordance with the timng of the starting of the readout-
20. access operation of ItheiRb\be meteddthatysiscgnpreviops| datafisrmehd
outside in the readout ogperation,can be nmade substantially the same as
signals in a staP¥cthenin¥ertes: inqtheptpgegsubsequenbitocthee@ainirenel v
easy. On the other Qaﬁd, taﬁglnternal essential 25 circuits, i.e., the,
menory cel | arrafEPLEAESHUANLRE| Fhe type £remywhen thecmainsamphifiey ois
are constituted nagic_circuits,. Therefore, it is possible to _make the
power consunptioﬁgggéFggézgﬁd??ﬁéiiﬁ?ﬁg?%??o 312gPLR ARGREFZeF Y hER? cadout
Oﬂerat'on’ tge d¥§ﬁ§h§-§i§ﬁgitélgfethe output signals D from the ECC

circuit and the output signals Doh from the respective

external output terminals are the previous data.
l_; o ' ~ The following'isfa'descriptidn of the
| relationship'betweeﬁ the exiernal address signals and the
10 outﬁut“data Do, (n=0 to 7) from the external output
) terminals. Fig. 17 shows the relationship between the

external address signals A, to Als'and.thé'output data
DOn. '
When eitherf%ne of the external address.signéls
15 A, to A,, changes, the 32-bit data are delivered from the
ECC circuit as described above. The 32-bit data can be
taken out from the external output terminals in four sets
in a time division manner. More specificaliy,'it is
possible to determine which one of the four sets should
20 be taken out, according.to'thé combination of the
external address signals A5 and Aige
- As shown ih'Fig. 17, if the external address
signals Als”and A, g are combined as at (:), then eight-
bit data shown by Do((:)) are delivered from the external

25 output terminals. If the external address signals AlS



.5 precharged by utilizing the time required for the nmenory cell selecting

operation. In addition, as the sense, anplifier, a highly sensitive

differeafiak anplifier circuit is enployed. Therefore, it is possible to
¢t contents of the nmenory cells at an extremely high 10  speed. .

~Mor eovjek! word lines are brought to the non- selection level again .

brought to the selecti &P« evel of the nenory cells for a W

readout™~operati on. Thereby, the power consunption of the ROMis 15
" reduced. More specifically,,-lf t he mord lines are not brought to the.
. non-sel ectd gn Ievel I,n %%ter Qf' ught to the selectlon | evel of the
- menory - & zfq entdon r\?é'-l°y &b8Buned

b o
nst ancdl ets'bL%b?éstg v&ﬁﬁe @y"%é@?‘?&% A8 850Ft o written
thereln Igdg%f qSle Qmels %%: for,; %rrple t he .

%?néﬂe wor |ne [er?{ 5o 0

menory’ ET [er I'S broug the ectlon | evel

- (hi gh | ee) Jaatad dhitRmedy h:d(l@)[ ¥rid edghtZhic Walddihdu be |ow level,
‘the el ectrﬁcharge stored in . thé stray an paraS|t| capaci t ances
t

of tshe ami( |)ne1{eerde]1uv&:¢$@deﬁ:b1Wea.j e REEhoYt! baVe£ | n
accordanqe erewmth, the potential of the data line [err] gradually
time. . : _ . ' -

The reason why the data_DO((:)), the data Do((:))
and the data DO((:))lare delivered in a short period of ' LJ
time is that the data D_O(@)_ to DO'() have already |

10 reached the output nodes of the ECC circuit by the time
the data_DO((:)) is delivered.

The memorylcell arrays, fhe_dummy cell arrays,
the sense amplifier and the latching circuit .are all
cqnstituted by_dynaﬁic circuits, whilst thé other

15 circuits are constituted by static circuits. The
internal timing signals required for the operations of
the dynamic circuits are all formed inside the ROM by -
detecting the changes of the address signals, i.e. in
accordance with the timing of the starting of the readout

20 accéss operaﬁibn of the ROM. Accordingly, signals
supplied from the outside in the readout operation can be
made substantially.the same as signals in a sﬁatic ROM,
so that the handling of the ROM becomes extremely easy.
On_thé other hand, the internal essential

. 25 circuits, i.e. the memory cell arrays, the dummy cell



falls. By the way, the capacitances of . the data lines 5 = and those of .the
earth lines are all precharged beforehand. Therefore, all the data apd- ™\
earth lines except for the data line [err] connected with the sel gC{eg<}
nmenory cell and the earth line Gare held at the precharging |evel '
level) at this time. 10 Consequently, with respect to the nmenory
[erg].the electrode_thereof,connected to thyggdata line [err] is nade to
function as a source, and the el ectrode thereof. connected to the earth |ine
Gis made to function as a drain. Accordingly, when the potential of the
data line 15 [err] gradually falls until it becones . |ower than the '
threshol d vol t agermdyd hendreyhe \sdidd-Rmprifier vatd doargicitiutied Bie dyaiamid al
of the word |ine W12, the nmenory MOSFET Malso turns ON. As a result, the
el ectric charge aimmekts 0 tTrersfone anik pks aeoss ib s par iniakec dheofpawes eart h
l.ine. 20 Gis also discharged via the nenory MOSFETs [err] Thus, the |evel
of the earth |irronsuppiion ARaller fand sthe Ai-%*eﬁgmtipl? alngnee thighes -nenory
MOSFET M2, in the sanme mannper, the el ectrode thereof on, the side of the

earth line [err]inithekeadopt pRATaHLOR, Lhe Amanis, FinaILs arg octrode
t hereof on the S|de of t h dat e [err d unction as
a’drain. Accbdrdifff q?le]i/‘eﬁ ‘{)‘-7 YIL% ‘é%ﬁ'? I‘F?‘?‘ﬁe"{? %gcgﬂifs Ty

than the threshol

é&l selecting operation. In addition, as the sense
amplifier, a highly sensitive differential amplifier
-;~; circuit is employed. . Therefore, it is possible to read
out the contents of the memory cells at'ah'extremely high

10 speed. | |

o/ - Moreover, the word lines are brought to the non-
selection level again after being brought to the
selection ievel of the memory cells for a readout
operation. Thereby,‘the power consumption of the ROM is

15 reduced. More specifically, if the word lines are no£

- brought to the non—selectioﬁ level again after being
brought to the selection level of the meméry’cells for a
readout operation, a large ineffectively~consumed current
undesirébly flows for the following reasons.

20 - Por instance, in the case where the memory
MOSFETs M, to Mg have data "O" wfittenzﬁherein in Figs. -
2A and ZB, when, in order to select, for example, the
memory MOSFET My, the word line LD ié brought-£o the
selection level (high level) and the earth line G,y is

25 brbught_to the low level, the electric charge sfored;ih



voltage of the menory MOSFET [err] with respect to the |evel

of the wor-d

line W12, the menory MOSFET [err] also turns 5 ON. In consequence, the
 ,eIectr|Q charge stored in the capacitances of the data line DLl is

el ectric charge stored in the str
the earth lines &, G3 and.the data |ines DL2, DL3 is.undesirably

di scharged. Mre specifically, also the electric charge previously

ed via the MOSFETs [err] and as a result, the potenti al
g) [err] also gradually falls. Then, the nmenory MOSFETs [err]

he sane phenonena as the nory 10 MOSFETs [err] so that the.
‘and parasitic capacitances of each of

of the

Plrﬁgga{%??]é #%ﬁgﬁr%iﬁgﬁé%&%w unJ’tesw Of scha%;;etjhe data

Oonsequfi‘t&i’scl?affé@t\}i’é? the FHditory NP W&l Y- C:qn%&%}&tﬁcreent
di sadvant ageously flows.. Moreover, in the fQubsequent readout operation,

these s¢riévewith Pagtes | ;sd@ezaﬂal pagié anaes TRid L bepfadiiajalar ged nust be
precharged again. Accordingly, the power consunpUQers undesi rably
i ncr easeglFhermf oglee. wae, |theel capadivanessl Jf s iGata duiglds t o t he

non-sel ection | evel

is taken out to-the data line. Thus, it is possible to reduce the nunber of

10

15

20

25

beforehand. Therefore, all the data and earth lines
except for the data liné'DL0 connected with the selected
memory cell and the earth line G, are held at the
precharging level (high level) at this time.
Consequently, with respect to the memory MOSFET'MI,'the
electrode thereof connected to the data line DL, is made
to functioﬁ as a source, and the electfbde thereof
connected to the eérEh line Gy is made to function as é
drain. Accordingly;'when the potential of the data line
DLo_gradualiy-falls uﬁtil'it becomes lower than the
threshold voltage of the memory MOSFET Ml'with'respect'to
the potential of the word line W5y, the memory MOSFET M

1
also turns ON. As a result, the electric charge stored

in the stray and parasitic capacitances of the earth line.

G, is also discharged via the memory MOSFETs M, and M, .
Thus, the level of the earth line G, 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 Gl is made to function as a source, and the-

electrode thereof on the side of the data line DLl'iSM

v,

-

~again after the level of the 25 word lines is brought ,
‘to $he and cthosm o Ve marthdlites are'salk asreghangedel ect ed nenory cel |



"t he. above- mentioned nmenpry MOSFETs to turn ON, so that the flowing of a..

| arge i neffecti

to the menory MOSFET [err] when the word line [err] is brfought to the L{“

sel ection | evel

ve current can be: 5 prevented. For exanple, with respep;\ 

and the nenory MOSFET [err] is turned O\, the potential

the data line [err] gradually falls. If the word line Wo12 is held at t

sel.ection |level

as it 10 I's, the potenti .of the data . line [err] wll

be&bﬁe | ower than the threshold voltage of?¢$he storage MOSFET ML with

respect to the
consunption of

the data line [err

| evel of the word lines, resulting in a |arge power

2

the ROM as descri bed above. Therefore, the | evel of the wor d

lines is bfoughha'&f,ff E8C finee1 80758 % SRt . | HECPRILR, | Wh AP | Ayl

econes |[ower than e thres 'fage (0]

MOSFET [err] wbEhthesesptnt pihdcc) ausbomds t1GwePr thin Nefe trifesholde
menory MOSFET [err] w | not turmON, and it is possi ble to prevent the

flowing of a | avgktadgei 6€f £R€imetfoty MOSEET TME RDEN créi56dt PEd Ofhé SVl

tthe word |ines

the menory MOSF&¥stbehwordhhine hid, the
turning ON. In order to allow the 25, potential

are brought to the non-selecti®n level in order to prevent

change in aBcor@¥ncEn copgequente; hthelaelestoiedcharge setereddimethe y

MOSFET,

| 10
¢

15

20

25

capacitances of the data line DL, is discharged via the
MOSFETs M5, M; and M, and as a result, the potential of
the data line DLl-also'gradually falls. Then, the memory
MOSFETs M3 to M6 u£d€£;6_thé same phenomena as thg memory
MOSFETs M; and M#, so that the electric charge stored in
the stray and parasitic capacitances of each of the earth
lines G,, G, and the data lines DL,, DL, is undesirably
discharged. More-qugifically, also the electric charge
previously precharged in the stray and parasitic
capacitanées of each-éf the data lines DL, to DL, and the

earth lines.G1 to G3 is undesirably discharged.

' Consequently, a relatively large iheffectivelyhconsumed

current disadvantageously flows. Moreover, in the’

subsequent readout operation, these stray and parasitic

capacitances having been discharged must be precharged

agéin..'Accordingly,.the power consumption is undesirably
increased. |

___”Thergfore,-thellevel of'the_word liﬁes is brought
ﬁo the.non-selection 1e§e1-again afﬁer the level of the

word lines is brought to the,selecfion level and the data

€ nenory

} ethe dnemony yMcDMETug rabsa ndasig abl y
of a data line to largely



A
s

however, it is desirable to bring the word line to the non-selection |evel
before either one of the nenory MOSFETs M2 to M6 turns ON. For exanple, if

‘the 5 ~arrangenent is such that the word Iine Wh12 is brought to the

non ion level after it is brought to the selection |evel and before

t he ' MOSFET M turns ON, the menory MOSFET [err] turns ON,“and the.
pot ] of the earth line [err] gradually falls. However, a - W/
considerably 10 | arge anount of9&Lectric charge stored in the

capacitances of the earth line [err] needs to be discharged until the
potential of the earth line G becones |ower than the threshold voltage of
the menory MOSFET [err with respect to the level of the. word line [err] -
t her ef steredj injthe sgkegtadcwepard: Fedlyisokakprrrel 50 thée. During this -
period, the_potenti.al of ,the data line [err Is substantially reduced.
¥ a large

Accor dAagRy 1ipg . sThY&si bEelBoPPERIPLE! Por%ﬁgcﬁaFBeIPHEber?
| evel i d i th_the dat d i ' ted,. MOSFET
Lorr] e SBOVERReRronda nembRy OERERR KR ke "GHEBRCLRRFG Vi ne |
electing tihnn ' | 4L ] X er. f e contgl si |

S+ tH8 Er ol b 8 1nEbs] AR KB TGS LATLERE AR BR © On8 USRCTA Y

. bhkSE - | b big th | ecti
oder, angepstl | RoE Eimplds VAL LeBpRcy B e ed, the vord|

lines ppsrRrOMgl! when! BRen@Bracheati o, L csl brolfghe to the

selection level and the memory MOSFET M, is turned ON, ' —

the potential of the data liné_DLo gradually falls. If
the word line LD is héld at the selection level as it
16 is, the potential of the data 1ine'DL°'will becéme lower
than the threshold vbltage of the storage MOSFET M, with
respect to the level of the word lines, resulting 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 potential of the data line
DL, becomes lower than the threshold éoltage of the |
memory MOSFET M,  with respect to the level of the word ()
lines. - Thus, the membry MOSFET.Ml will not turn ON, and
it is possible to:prevent.thefflowing of a largé
20 ineffective current. '
- The above-description'ié that the word lines are
brought to the non-selection 1e§e1 in order to prevent
the memory MOSFETs other than the selected memory MOSFET
from undesirably turning ON. In order to allow the :

25° potential of a data line to largely change in accordance



specifically, when the sense anplifier is actuated, all the word lines are
brought ‘to the non-selection level. In. the dummy cell-: arrays., the
conpensating 5 circuits are OFF at all tinmes. In other words, the
conpensating circuits are constituted by the MOSFETS, acconpanied by a
x, formed sinultaneously with the nenory MOSFETs in which binary signal
"1"\are witten. These MOSFETs equalize-the total numbers of the MOSFE
connected to each dumry word |ine and thoseggonnected to each word |ine.
Thus, it is possible to equalize the stray and parasitic capacitances
coupled to the dummy word line and those connected to the word line, so
that the dumy word line and the word |ine can be nade equal 15 in the
rising timng towiétbhtbehdata shosedi int acsetadbtad mpmoayi MOSPET) he ROV
even if the timng of selecting the word |ines and the dummy word lines is.
behi nd the di schheyeMgrof ithésndesiyableapo, bringgthe vordagiseotot the
menory cell and the dunmy cell will be equal to each 20 other. . o
Consequently, a Peprragierkigpcievahckefirra ehthesnanet afictheamemOREt ween

t he nenory cell an e du cell is applied between_both_the input
terninalsyof theﬂggﬁggsaﬁprggiﬁs,tgﬁn?h *noF Rl PEARPLEN &FIFhﬁccgr. Such
an arrangenegt of WEABLY.GE b8 BNy MADY £EL! SofdM1 R, , 38 b EShgnt o

ordinary staflic ynant ¢
' the non-selection level after it is brought to the

U selection level and before-the memory MOSFET M2 turns ON,
™~ the memory MOSFET M; turns ON, and the potential of the
earth-linelel gradually falls. However, a considerably
10 large amount of electric charge stored in the
capacitances of the eafth line_G1 needs to be discharged
until-the'potential-cf the earth'line él becomes lower
than the threshold vbItage of the memory MOSFET'M: with
respect to the level of the word line Wy,,: therefore, it
15 _'takes a comparatively long period of time.- During this -
- period, the potential of the data line DLy is -
Q,; substantially-reduceda Accordingly, it is possible to
take out to the data line DL0 a large level in accordance
with the data stored in the selectea memory MOSFET M,.
S 20 In practice, as shown in Fig. 11, the word line
sélecting timing'signa1-¢* delivered from the control
signal generator CSG is controlled by means of the timing
signal'ﬁPAl for activating the sense amplifier. Thereby,
the word lines are brought to the selection level, and

25 then, after a predetermined time has passed, the word



“The conpensating circuit nay-be.constituted by a Capacitor, since'the
conpensating circuit is required only to make the value of the capacitances
connected to the dumry word |line and that of the capacitances 5

to the

connect ed-

mrd |ine substantially equal-to each other. Mire specifically, the

~arra dement\ may be such that ‘a capacitor is connected to the dummy word __

~-subst
the co

capaci tances of a nenory

capaci tances coupled ©&.the dummy 10 word line ar

e

ay the value of the capacitances coupled to the word line andiy

ntj4ally equal to each other. It is, however; desirable. to constitute
npensating circuit by MOSFETs. This is because if the value of

MOSFET shoul d change. owing to variations in

manuf acdtiftash PR RIUBHs tor fhe pon-gglestion Jeysilt.anMereof a MOSFET _
constituting.the conpensating circuit alsg simlarly changes; therefore, it
ﬁ&%’e e,

IS pos
word |

SLecy

hee sensen @mplddfdiera dee actatebredldo the dummy

. ; . q h e
olibst arftiea F ol ne, Are pERERE B3 e AORERISRELPTOR V&L at | onsi n
manuf act uri ng ggpqh%%gﬁgng¥%hﬁ$%Qg%§%Fg%%%%tﬁﬁ%hP%%Eﬁexanple,

over | appi ng anount

Menpry

‘and 25

10

15

20"

25

e sourc

t he

BBe el ectrode of a

MR PO BN iAGeATOU Y, RRIEES, din regi on ther eof
ou C

the gate el ectrode thereof sh ange owing to
compensating circuits are constituted by the MOSFETs,

accompanied by a mark x, formed simultaneously with the
memory MOSFETs in whichabinary sighals 1" are written.
These MOSFETs equalize the total numbers of the MOSFETs
connected to each dummy word line and those connected to.
each word line. Thus, it is possible to equalize the
stray and parasitic capacitances_coupleé-to the dummy
word line and those connected to the Wbrdfline, so that
the dummy word 1ine'én§ the word line can be-made‘equal
in the rising timing to each other. Thus, in the readout
operation of the ROM,.even-if~the timing of selecting the
word lines and the dumﬁy word lines is behindlthe
discharging of the memory arrays, the gate voltages of
the memory cell and the dummy cell will be equal to each
other. Consequently, a voltage in accordance with the
conductance ratio between the memory cell and the dummy -
§e11 is applied between both the'input terminals of the
sense amplifier, so that no malfunction will occur. Such
an arrangement 6f memory éells.;nd dummy cells can be

used for ordinary static ROMs or dynamic ROMs.

3



97. manufacturing condition variations, since a MOSFET constituting the
conpensating circuit is forned S|nultaneously WM th the nmenory MOSFET, al
in the MOSFET constituting the conpensating circuit, the degree of 5
~over | appi ng between the source region and the gate el ectrode and the d g
of over] apping between the drain region and the gate el ectrode change i
-thekggne manner as those in the nenory MOSFET owi ng to the manufacturing
condition variations. Accordingly, it is E§55|ble_po 10 nake t he val ue
of capacitances of the menory MOSFET and thaf of capacitances of the MOSFET
constituting the conpensating circuit substantially equal to each other
|ndependently of variations in manufacturing conditions. Thus, '

possible to nmake the vahme EmeQﬁsQEingcéfﬁﬁhiénﬁs? ﬁQu9£§gF19u£g§ ﬂy

word. line and that of the capacitances coupled he wor

substantially eqa@hcuuoeacblﬁbbeﬁhendeﬁgaﬂéatiugoalyaﬁietign§eqalred

manuf acturing conditions. In the case ere the conpensating circuit is 20
constituted by enMgSEBTmakentbei vtalseocofytheceapacitancegusbniécté® toinbers
of MOSFETs connected to the dummy word line and those connected to the word
line, any MOSFEtheadumByewprdydinepandi thatt bfit theecasEifahaessuch an
-arrangenent that the gate thereof is connected to the- 25 dummy word
line, and tRe &P&nFFngaﬁﬁ the werénlingcsybgtantially equal to each

other. More specifically, the arrangément may be such

that a capacitor is connected to the dummy word line so
that the value of the capacitances coupled to the word
line and that of the capacitances coupled to the dummy
10 word line are substantially equal to each other.
| It is, howe?er;.desirable-to constitute the
compensating -.circuit by MOSFETs. This is because if-the
value of capacitaﬂces‘of a memory MOSFET should change
owing to variations iﬁ,manﬁfactﬁring conditions, the
15 value of capacitances of 5 MOSFET constituting the
compensating circuit also similarly dhanges;'therefore,.
L it is possible to make the value of the capacitances
connected to the dummy word line and that of the
capacitance§ connected to the wofd line'substantiélly
o 20 equal to each other independently of variations in _
| manufacturing conditions. More specifically}-if, for
exampie._the over1apping amoﬁnt between the soﬁrce region
and the gate electrode of a.memory'MOSFET'ahd the
overlapping amount between the Arain region. thereof and

25 the gate electrode thereof should change'owing to
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i mprove the production yield, an ECC circuit having the one-bit error

corr

“ei ght - B

made non-conductive. For instanCe, t he arrangenment nmay be such t

hat

conpensating circuit is not connected to the data line and the earth

le to substantially inprove the production yield of the

the case where the ECC circuit is incorporated 5 in the ROM it

ctor menmory owmng to the _error correcting function of the ECC __
In the case where an ECC?i*rcuit is incorporated in a one- chi p \/

conductor menory to redress any. 10 defective nenory cell thereby to

ecting’fun&&hg _rg 3&&@3 Qg&ig gRIe,éh _ETgi o §§Ety signal's foh
53?5, $MR- 6 Py SFdr 832561 £ data,

part: si gna and eight-bit

pafitycakglaaltﬁt&ag 18Q- E'b?. t?}gau#geci Wit Waerothegnunber of data bits is -

smal
whol
decr

of b

| er, the percéntage o e nu r of parity bits wth respect to

t he

e L;amha&a%ﬁusq Ratknt REe"REROYyC MOBFET), Qi sbhenTRER Mo8PEN arrays

eases. On the ofher hand, if the number of data bits is increased, it
| S necesagtitu®idd ther evmpensaltdhge ciHERdk,Ofthexdegiel  bgrminals for the
data output; therefore, it is difficult to incorporate the ECC circu
t h8 senverildpping between the EBOMrice xegdopcdndudhet katedata of a plurality .

its delivered fromthe ECC circuit are taken out in 25 sever al

by neaedectrode mnd: thecdegrreXofs overlapping between the drain

10

15

20

25

region and the gate electrode change in the same manner
as those in the memory MOSFET owing to the manufécturing
condition variations. -Accordingly, it is possible to
make the value of capacitances of the memory MOSFET and
that of capacitances of the MOSFET constituting the
compensating circuit substantially equal to each other -
independently of variations in manufécturing conditions.
Thus; it is.pos§ib1eq%o make the value of the
capacitances coupled £o the dummy word line and that of
the capacitances coupled to the wprd line substantially
equal to each other independently of variatiohs in
manufacturing conditions.

| In the case where the compensating circuit is
constituted by a MOSFET, since it is only necessary to _
equalize the numbers of MOSFETs connected to the dummy}:
ﬁord iine and those connected to the word line, any
MOSFET can be employed, provided that the MOSFET has such
an arrangement that'thefgatg-thereof'is connected to the

dummy word line, and the data line and the earth line are

-

t in
st ages
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99.. descri bed above. Thereby, it is possible to increase the nunber of data
bits and reduce the percentage of the nunmber of necessary parity bits with
respect to the whole w thout increasing the nunber of output term nal: ;Aﬁ
the 1C chip. Accordingly,.the nenory capacity of the nenory arrays c 4? :
i ncreased. 100. In general, -in a nonolithic IC type |arge- capacit T
menpry, defects apt to be pr oduced sinultag?ously in a plurality of nenory

~cel 'S adjacent to each other are attributabllé to, for exanple, the 5

i nevitabl e i nperfectness of the |IC manufacturing techni que. For exanple,
such a mask filmas-conprising a photoresist provided for selectively

etching an i nsulypidedhdn-dBn@tiveduc i fihkFahte)othaeaeeangementehhy
processed owing to the -ununiformty of the 10 mat erial and t he adverse
ef fects of dust be Idudthahaa! ithen coinpehsapingeeiedudnsh sf nbih ebankdtéaveo

defects such as undesirabl e unevenness and pi nholes, the defectives are
unfavourabl y tr sthef dated ltimet laadi ebhel ®ardh flike.and conductor filmto be
processed by 15 the mask film |If there should be any defect in the
S . In the case where the ECC circuit is incorporated
f;' : .5 .in ﬁhe ROM, it is possible to substantia11y improve the
| production yield 6f the-semiconductor_memory owing to the
error cofrecting function of the ECC circuit.
%gf _ In the case where an ECC circuit is incorpbrated
in a one-chip semiconductor memory to redress any |
10 defective memory cell thereby to improve'the production.
\“5. : yield, an ECC circuit having the one-bit error correcting

.. function requires, for example, four-bit parity signals
for eight-bit data; six-bit parity signals for 32-bit
data; and eight-bit ;arity signals for 100-bit data.

15 Thus, when the number of data bits is smaller, the
percentage of the number of parity bits with respect to
the whole is iarger, so that the memory capacity of the
memory cell afrays decreases. On the other hand, if the
number of data bits is increased, it is necessary to

20 provide a large number of external terminals for the data
output; therefore, it is difficult to incorporate the ECC
circuit in the semiconductor memory.

o _'  ' The ROM'is éfrénged such that.data of a plurality

of bits delivered from the ECC circuit are faken out in

25 'several stages by means of the multiplexor MPX as



as t

‘mask . f|In1eanoyed for the |npur|ty ion |nplantat|on inpurity ions are
|ntr0duEé into an undesired portion on the sem conductor substrate surface
or t urity ions are not introduced into a desired portion. The 20 .
sem RO H_ tor substrate to be enployed, on the other hand, has defects such-
ofystal defect which brings defects to the characteristics of the .
seni conductor elenents to be forggd thereon. In the |arge- capacity menor:
sem conduct or 25 elements and wWiring layers are niniaturized in order £0
'101. .- obtain a higher density. In consequence, a plurality of circuit

el enents are apt to be included in one defect area. Accordingly, a

pl ur adelsrrabedebboieve Thekreby,eiti abl pobsibteptodinedehBeCeReeNt ration.

In 5 t he readout operation of the each of a plurality of nenory
MOSFEhsmbermofhidaltadbiis saands redutenehes pgrtekeageubfi gheel ect ed from one
of the nmenory cell arrays corresponding to the sense anplifiers as

descr rymbexhofe nepessaryeprriityl bitsawptbr zksppctf téOthebiwheléed to the ECC |
circuit are taken out fromthe nmenory MOSFETs forned at positions on the
seni cWAtheus: isgrepsing &hst napbesdofveytpusntexminainecf the data read out

fron1a plurality of defective cells produced in concentration are dispersed .,
i FuFﬁﬁP?y épcggpgng ly, the:memory capacity of the: memory

arrays can be increased.

O



15 - 'of-dafa. As a result, the error bit included in one set of data can
" be reduced to on the order of one bit at naxi mum Therefore, even

circuit having a low error correcting capability (correcting capaj y Of
one bit) is able to correct.:the error bit. 20 Accordingly, it i 4 bl e
to substantially inprove. the production yield of the sem conduct nory.

| f the menory cell arrays, the dummy cell arrays and the sense anplifier
aré\ﬁbnstituted by dynamc circuits, std@Pc readout data and parity 25
signals can be supplied to the -ECC circuit by providing 102. a latching
circuit. In consequence, the ECC circuit can be constituted by a sinple

static circuit. In ot 1 0 ts k CHED qﬁﬁi?bl Qrp%"- ' t he :
construction and operg§féﬁﬂggégﬁeggg%'0|rcdﬁi. 1 qabg%%over, t he
current CONSUNGEALNY 3R Meddrved detbdbs EPts 4 B Privdudea | atching circuit.
More specificall'y, if no latching circuit is provided, the changes of the

sense anplifi efimultatiecigdialin eaydad-ali tyh o f mendaydiced 1epaddaicentar e
undesirably supplied to 100 the ECC circuit. Consequently, the ECC
circuit is acttmtexthvmtherhareatairiibutaidrec dio,i forotexaspleqd théhe
undesi rabl e operation of the ECC circuit increases the current consunption.
The provisﬁ(n]inewitabkg(ﬁmgg;fectness of the IC manufacturing -
| . techniqué.- Fdr example. such a mask film as comprising
a photoresist providgd for sélectively etching an
L*;. _ insulation film and conductor film is not necessarily
well processed owing to the ununiformity of fhe-
10 material and the adverse effects of dqust. If the
K<i"'. ~ pattern of the processed mask f£ilm should have defects
such as undesirable-unevenness-and pinholes, the
defectives are-unfavoqfably transferred to the
insulation film and conductor f£ilm to be processed by
15 the mask film.i If_thefé should be any defect in the
mask film-employed'for:the impurity ion implantation,
_— ' impurity ions are introduced into an undesired porfion
on the semiconductor substrate surface or the impurity
ions are not introduced into a desired portion. The
20 semiconductor substrate to be-emplojed, on the other
hand, has defects such as theJcrystal-defect which -
. . brings defects td;the'dharacieristics of the
. ' semiconductor elements to beffbfmed'thereon.'
B In the-large-capacityjmemory, semiconductor

25 elements and wiring layers are miniaturized in order to



7'cifcgip prevents the changes of the output signals of 15 the sense
~anplifier caused by the precharging operation frombeing transmtted to the

t‘enti al change at the output

anplifier, and the main anplifier are being precharged,

gircuit. Mre specifically, during the tine when the nmenory arrays, the

t he out put

ated from each ot her by_thfg'ristate circuits. Therefore, the

precharging operation is not transm.tted to the ECC circuit.

it

s 25 possible to prevent the ECC circuit from being

Accordin
103.

als of the ECC circuit ‘and 20 the main anplifier are substantially,..

o/

inal of the main anplifier caused by the

gly,

undesb?gghﬁ %P%H@ﬂ@¥ JeGly. [ IhS cBaStgietice) R PI¥Haldkhy NCrease in the

curren

Ci I CUIES ¢ ilrBRiRO \Wlenfedits ERel @ptofot b RA¥1wdedodnd one educed. In an
alternative construction an arrangement nay be enployed in which the
addr ege feditf @irdanr ERRVrdingliyhe acpleradli tyddrfe ke feicjiaes delivered from
t he outside and the output buffer for form ng the 10 output signals
del i veiedd ¢t artehd imNlls do dvec prodsicedutiad dopasmditiaticin.cuilins ' and t he ot her

5

10

15

20

25

the readout operation of the ROM, each of a plurality
of memory MOSFETs from which data are simultaneously
taken out is selected from one of the memory cell
arrays corresponding to the sense amplifiers as
described above. More specifically, a p;urality of
bits fed to the ECC .circuit are taken out from the
memory MOSFETs formed at positions on the semiconductor
substrate distributed away from each other. The data
read oﬁt from a plura%ity of defective cells produced

in concentration are disperse&-in a plurality of sets:

' of data. As a result, the error bit included in one

set of data can be reduced to on the order of one bit

at maximum. Therefore, even an ECC circuit having a

' low error correcting capability (correcting capability

of one bit) is able to correct the error bit.
Accordingly, it is possible tO“substéntially improve .
the production yield of the semiconductor memory.

If the meﬁory cell arrays, the dummy cell
arrays and the sense amplifier.a;e constituted by
dynamic circuits, static readoﬁt datﬁ and parity

signals can be supplied to the ECC circuit by providing

consunption. Since “the static circuits are constituted by CMOS

circuits are all constituted by dynamic circuits. It wll also'be not ed

~



that in“the case where the address decoders are constituted by static
.circuits, the address selecting 15 operation is-initiated inmedi éh ~after
application of the external address signals. This arrangenent thZLﬁég
~advantage that the nmenory arrays, the dummy cell arrays and the '
~anplifier can be precharged by utilizing the period fromthe application of
thg\gxternal_address 20 signals until the selection.of addresses. The
i nvéntion can be widely used for verticaogzask ROVs, progranmmabl e ROVs
(el'ectrically programmabl e ROMB), or electrically alterable ROVs in
addition:to the above-described horizontal mask ROVs. It is 25 possi bl e
to nodify the arrangenents-of the nenory cell -1 04- arrays, the dummy
cell arrays, tfAelatehéngnpirenits, Inccanseavengecothke sEGRdeineutbntro

signal generator. Attention is drawn to,our'Apgéiiatipn Nos. 85.19907;
85.19908; 85. 193BoPangoRstibuted. by aimple hatatiechlaFYitied FRom the

DS orPP 3k B0ah e hpLohUp JORAELES 0CEInSELEP! RS 21163313
' construction and operation of the ECC circuit. '
5 ' Moreover, the current consumption can be
reduced by thus providing'the latching circuit. More
specifically, if no latching circuit is provided, the
changes of the sense'amplifiér output signais caused by -
. the precharging operatién are uhdesirably supplied to
10  the ECC circuit. Consequently, the ECC circuit is
actuated when the operation thereof is not desired.
The undesirable opEfation of the ECC ciécuit increasesi_
the current consumption. - The provisiqn of the'latching
circuit prevents the-ébanges-of the output signals of
15 the sense amplifier caﬁsed.by the precharging operation
from being transmitted to the ECC circuit. More
U | specifically, during the time when the memory arrays,
the sense amplifier, and the main amplifiér are being
precharged, the output terminals of the ECC circuit and
L 20 the main amplifier are substantially separated from
each other by the tristate circuits. Thefefore, the
pdtential change at.the-output terminal of the main
R amplifier caused by thé precharging operafion'is not -
| transmitted to the ECC circuit. Acéordingly;'it is

25 possible to-prevent the ECC circuit from.being



1. - A sehibonducfbr menory including: (a) a plurality of

read-only nenory cells; (b) a selecting circuit for selecting one of
"said pepory cells; 5 (c) a. dummy cell for formng a reference
pot with respect to the data read out froma sel ected nmenory cel
(d a dynamic differential anplifier circuit which has a pair of .

erminals for receiving the data read 10 out froma sel ected nmenoriy,/
_ nd the reference potential f@3aed by said dunmy cell respectively and
_anpllfles said data on reference to said reference potential; and (e)

~a control circuit for controlling the operation 15 of said dynan1c
~differential anplifer circuit; wherein said dynan1c differential anplifier

ci reui rundpsirakly Aqtyatedpdances it ri% ROARARYS i \PRSFSNY 0 the gate of
Second NP A5S | 15 B CHRRRRY | EYSBHIA Y (he gae of whi ch the ot her
MCBFET pr ovi dedt {)ré‘fs%aéh Petatie %J‘tf%t §"H¢ lss fs"ff*r‘&ne‘ﬁ (}’segoﬁ\(ljm MOSFETs
?Pgmasgl dﬁéco&?xtgﬁ'%l Cl rc[}lg? 'Exg%%l Ve riir(f:hﬁ:? whi ch gglrr;)\rlle;gg

MOSEET afagsspnd conduct|V|ty type and whi ch |s provi ded between second
electrodes of said first and second MOSFETs and a second potential point.

In an alternative construction an arrangement

may be employed in which the address.buffer for
receiving the external address signals delivered from
the outside and the output buffer for fbrming.the-

10 output signals delivered to' the outside are constituted
by static circuits and the other circuits are all |
constituted by dynamic circuits. itnwiil also be noted
that in the case where the address decoders are
constituted by statlc ‘circuits, the address selecting"

15 operation is_initiated immediately after application of
the external address signals. This arrangement has the

- advantage that the memory arrays, the dummy cell arrays : ' \,j
and the sense amplifier can be precharged by utilizing
the period from the application of the_ex£ernal address

20 signals until the.selection of addresses.

-The invention can be widely used for vertical
mask ROMs.'programmablg-ROMs (electrically_programmable
ROMs), or electrically alterable ROMs in addition to
the above~described horizontal mask ROMs. It is

25 possible to modify the arrangements- of:the memory cell



~-106 2. © -~ A semiconductor nenory according to claim1 further
|nclud|ng (f) - afirst data line connected to one input term
said dynanmic differential anplifier circuit 5 and having a pluralj
read-only menory cells connected thereto; (g) a second datallfi
connected to the other input termnal of said dynamc differential
nphéfler circuit and having a pIurallt} 8f “r.ead- only menory cells 10
coniéected thereto; (h) © a first dummy cell whi'ch is nmade operative
when -one of the menory cells connected to said first data line is selected
by the sel ecti ngrcaysui thandunisyecei bearrags; etbeenaenspoamplifiiers, be
~supplied to 15 said the other input term nal of said dynamc differential
anplifier circubheaaddngsstdagodarg anfl the coptzetonéignalmgeneratahich is
nmade operative when one of the menobry cells connected to said second data
Line is selected by the s@FEﬁPFh@nCF?CGFPW§n8°29uHe@@Pﬁfﬁ%ElPﬂeNPéference

oLt Ll L DepBuRBbysY, | B5SRbRpREe BUPHRhSLgMAheoRtl§ HEER

dlfferentlal a

5 _have been divided from the present Application and
respectively published under Serial Nos. 2,163,313;
2,162,397; 2,162,398; and 2, fL%a*u .



- -107- 3. - A sem conduct or nehDry according to claim2, wherein said

active load circuit conprises: a third MOSFET of se
havi

to tthe gate of said first MOSFET ak@b the second e
"MOSFET, “and a fourth MOSFET of second conductivity type 1

lLvity type

ya..second el ectrode thereof connected to d el ectrode. of
tirgy MOSFET of first conductivity type ar{ l@ilﬂ?@ﬂm f connected
ec

d second _

%*

0 having a seco(Qd;,

el ect r o8EAIM@r eof connected to the second el ectrode of said second MOSFE

-of first conductivity type, the gate thereoq onnected to
second FET andAtﬁéméégﬁﬂ

electrogg%thereofal %ﬁ?g?f%%?n¥F£§ééﬁbii§Sﬁiﬁé tLOPEs Of

and sai econd pot _
to claigp, wherejnggpghe ofiq Sal FdPEOE ¥ Gol] ScCOBTdED R
sem conglﬁztor el enent arran egito ave %.C%I’St or -Solo
conduct gam8ryoseesgonding to the data stored therein when
is selected,” and wherein

condutt o

the gate of said

PCEPR ISR FNSH Y RI st MOSFET, and a first

said third MOSFET
r menory according
i age

8 -lsecond

the nmenory cel

5. (¢) a“dummy-cellffOr-forming a reference potential

with respect to the data read out from a selected memory

cell;

(da) a dynamic differential amplifier circuit

has a pair of input terminals for receiving the data read

10 out from a selected memory cell and the reference

which

potential formed by'saidldummy cell respectively and

amplifies said data on reference to said reference

potential; and

(e) a control circuit for controlling the operation

15 of said dynamic differential amplifer circuit;

wherein said dynamic differential amplifier

circuit comprises a first MOSFET of first conductivity

20

25

type to the gate of which one input terminal of said pair
of input terminals is connected, a second MOSFET of first
conductivity type to the gate of which the other input
terminal of said pair of input termihals is connected, a
switching MOSFET provided between first electrodes of said
first.and second MOSFETs and a first potential point and
controlled by a cdntrol signal delivered from said control
circuit, and an active load cifcuit which comprises MOSFET
of second conductivity type and which is provided between
second electrodes of said first and second MOSFETs and

a second potential point.

~



each of said first and second dummy cells is arranged to have a conductance
bet ween said first and second 5 conduct ances when the dummy cell s
actuated, whereby said dynamic differential anplifier circuit is
with a reference potential determi ned by the conductance of one
actuated dummy cells and a signal having a lyg#el- determ ned by t .
condust ance of 10 a sel ected nenory cell. 5. = . A senicondugtor nengry
according to clajm4, whergi cell connect to 5a
second dgta ||n§‘b and sai sge]ec"glﬁé d{détsor g'ﬁnwré’ caé"ﬁr?g 8 SdRd™ ilr st
data line. 15 6gyrther #hSEAIH] ductor menory accordlng to claim 5,
wherein each of ‘said menory cél S conprlses a nmenmory MOSFET arranged to.
have a high thresfipl d vol tage myt |quxd hrlw@&nve@t@g%oc%@ei@gg@ ng to the
data stored therein, and wherein each of said first and secon

celI's includes twvermiard o auiet dathaMiT[EE Radhtial Aghpd ilfQWrt E-E.Q%ﬁ@ltd

vel tage and adapted to be substantially equal in size and characteristics
to the nenoryd ME@BRETRViIhG a pluraddiy erfd retadi-omliyomemaeyordillg t 0 any one

of 25 clains 2, 4, 5 .and 6 further including precharging -109- el enents
for prechargi ng ‘aenneqted itheretascond dat a -
(g) a second data line connected to the other

input terminal of said dynamic differential amplifier
circuit ahd'having a plurality of read-only'memory cells
10 connected thereto;
(h) a first.dﬁmmy cell which is made operative
when one of the memory cells'conﬁected to said first
data line is selected by the selecting circuit and
determines the reference potential to be supplied to
15 said the other input terminal of said dynamic
differential amplifier circuit at fhat'time; and
(i) a second dummy cell which is made operative
when one of the memory cells connectéd;to said second
[ data line is selected by the selecting circuit and
20 determines the reference potential to be supplied to
said one input terminal of said dynamic differential

- amplifier circuit at that time.

25



- lines. 8. A sem conductor nmenory according. to claim3 further _

I ncluding a. precharging neans for precharging 5 each of said; first and
‘secopd”data lines. 9. A seni conduct or menory lmnmumuuum m 8,
whet.elrrysai d prechargi ng neans includes a first pr "

~conn d to the end side of. sai & #07st data I|ine nbré& rénof'e from said

s dynarc 10 differential anplifier circuit, and a second precharging

el 'ement 3connect ed at geilieonddctodte memos gl dceeecanfigdabaclanm ppre renote from
said dynamc differential anplifier circuit. 10. A -sem conduct or nenory
“accordi wpereial saiddactive Woedeicirsaitl pomphasgsmng neans further includes
a third precharging el ement connected to the first electrodes of said first
“and second MOSFET&. third MOSKEfeeifcsseanfoFondustivat¥okdPag to any one of

claims 7,.8, 9 and 10, further including'a short 20 circuiting MOSFET
for el eBAVLDG Py SEGRRECBLRGLERAS EheEECinge

gtiagn. 12 A ' d . di.x laim2, f h
"Pol i RG°8 8 B3RGATRENPE ARAReFOraOERAE PFeFLEPEcult having & pair of
| NPUC QRS Y $Gpe hRECLYE"GaRY! BHL-2bENBbAnEELY LY 1 om sal d

-dynam ¢ _
the gate of said first MOSFET and the second electrode

of said second MOSFET; and

a fourth MOSFET;of second conductivity type

10 having a second electrode thereof connected to the
second electrode of said second MOSFET of first
conductivity type, the gate thereof connected to o
o/

the gate of said second MOSFET and the second electrode
of said first MOSFET, and a first_electrode_ﬁhereof.

15 connected to the first electrode of said third MOSFET
and said second potential_point.' | '
4. A semiconductor memory according to claim 2,
wherein each of said memory cells comprises a storage

semiconductor element arranged to have a first or _ '¥.)

»-

seesheddiPath®nes in precharging .



differential anplifier circuit. 13. A seni conduct or_nmenory aceotding to
claim 12, wherein said second dynanic differential anplifier c/fou()

conprises® 5 - : a fifth MOSFET of f{j mwmwn y t th
of which is connected to one of said pair ““ﬂ““ﬂm l's; a sixth
MOSFET of first conductivity type the gate *of twhtch'i$ connected to the

ot her -of said pair of 10 - input terninalé: a. swi tchi ng MOSFET provi ded
between first electrodes of said fifth an 08 Xt h MOSFETs on one hand and a
first potential point on the other and ON OFF- controlled by a control
signal delivered fromsaid 15 = control circuit; and a load circuit

provi ded between second el ectrodes of said fifth and sixth MOSFETs on one

T, . B B By nd S O

circuit which for tdsad | [ t put e Sy 0 ' :Qf
O'_Ut put . signals deﬁsgﬁgﬁbﬁ% ésng"] Jxﬂ@é}g*ri %?gjl:lf erseér:’]it I a da'rrp r{dﬁﬁg{re%il?lcui t;
and 25 . (k) 8aEhabECed Y| £0Fa € il dedbhd Ma@RY AL W arranged

to have a conductance between said first and second
5 conductances when the dummy cell is actuated, whereby
said dynamic differential amplifier circuit is supplied
K;/.' with a reference potential determined by the
| conductance of one of the actuated dummy cells and a
signal having a level determined by the conductance of

10 a selected memory cell.

5. -+ A semiconductor memory accbrding to claim 4,
wherein said first dummy cell is connected to said
second data line, and said second dummy cell is
connected to said first data line.

15 6. = A semiconductor memory according to claim 5,
: | wherein each of said memory cells comprises a memory
"

MOSFET arranged to have a high threshold voltage or low
threshold voltage corresponding to the data stored
therein, and wherein each of said first and second:

- 20 dummy cells includes two series-conngéted MOSFETs each
having a low threshold voltage and adapteduto be
substantially equal in size and characteristics to the

_memory MOSFETs. |
7. A semiconductor memory according to any one of

25 claims 2, 4, 5 and 6 further including precharging.



= 7111 - receipt of an output signal delivered from said Iatching circuit.
15. . A sem conduct or nmenory according to claim 14, wherein said

'Iatchlng.eTTcult conprises a third dynamc 5 d“TT?WTﬂﬁﬁ%H~4¥nﬂJ~__er

circuit: aﬁg .a pair of input term nalsfor ut signal s
friemisai d dynam c differential anpli @‘ﬂ Iﬂm Iﬂ I”M"’a tristate

E',dellvere
ed with an output 1giggnal. del i vere dynam ¢/

:Cifecuit s
_:dlfferentla- 10 anpllfler circuit, whereby a substantially stdtic out put
~-signal is delivered fromsaid trlstate-circuit. 16. A sem conduct or

~_menory according to claim12 or 13, further including a plurality of
=prechgrg|ng eIeneP}s for precharging the pair of input termnals 15 of said
secon yn | I I l;4C1 t 1 sem conduct or
nmenory acc,egﬁgéﬂ R %t (f%c @I‘éﬂi“‘é hsgr dl ngg'?ugl ﬁgdazg 8?? Cl ré%w ting MOSFET -
- for electnijerldy connectlng the pair of input termnals of said.second
..dynanmic difterential amplifier circuit 20 in precharging operatlon -
112 - 18. g, A 25 YEniQWHEIcHor iSO yo @eebiidifg! €octaaiml3, wherein said

.:thlrd dynamic differential amplifier circuit conprises:
further including a precharging means for. precharging
5 each of said first and second data lines.
9. . A semiconductor memory according to claim 8,
wherein said precharging means includes a first \;j
precharging element connected to the end side of said

first data line more remote from said dynamic

- 10 differential amplifier circuit, and a second

precharging.element connected to the end side of said \$’
second data line more remote from said dynamic
differential amplifier circuit. |
10. A semiconductor memorj according to claim 9,
15 wherein said precharging means further includes a third
' precharging element connected to the first electrodes
of said first and second MOSFETs. - \°J_

11. . A semiconductor memory according to any one of
claims. 7, .8, 9 and 10, . further including a short

20 circuiting MOSFET. for electrically connecting said.
first and second data lines in precharging operation.
12, A semiconductor memory according to claim
2, further including a:second dynamig differential
amplifier_circuit-having a pair of input terminals for

25 receiving output signals delivered from said dynamic



a seVenth MOSFET of first conductivity type 5 the gate of which is

.connectied to one of said pair of input. termnals; an eighth =T of -
first conductivity type the gate of which is connected to the o hELQQT;saLd
pair of input ternminals; 10 3 a swi tchi ng MOSFET .provi tween

first electrodes of said seventh and ei ghth MOSFETs on one hand a first
-pokgptlal poi nt on the other and ONLOf E CQntroIIed by a control signal

del Tvered fromsaid control “circuit; oo aload circuit .
provi ded between second el ectrodes- of sald seventh and eighth NCSFETS on
one hand and a second potential point on the other. 19. A

sem conductor nenory constructed substantially as herein described mnth
Teference to 20 and _as |Ilgstrated in the acconpanying drawnngs

' differential amplifier circuit.

13. A semiconductor memory*according to claim 12,
wherein said second dynamic differential amplifier
circuit éomprises:
5 a fifth MOSfET of first conductivity type the
gate of which is connected to one of said pair of input
o | terminals; - | _
~ a sixth MOSFET of first conductivity type the
gate of which is connected to the other of said pair of
10 input terﬁinals? |
a switching MOSFET provided between first
electrodes of said fifth and sixth MOSFETs on one hand
and a first potential point on the other and ON/OFF-
controlled by a control signal delivered from said
15 control circuit; and |
| ‘a load cifcuit provided between second
.electrodes.of'said fifth and sixth MOSFETs on one hand
and a second potential point on the other.
14, A semiconductor memory according to claim
20 2, further including:
(3) ‘a latching circuit which forms a substantially
static output signal on receipt of output signals
delivered from séid dynamic differential amplifier
circuit; and

25 (k) a static logical circuit which operates on
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LT

receipt of an output signal delivered frdmISaid

- 111 -
- v

latching circuit.
15. . A semicondﬁétorlmemory-according to claim 14,
wherein said latching circuit comprises a third dynamic
5 differential aﬁpliﬁier-circuit:having.a.pairﬁdf input
| -terminals£0r'receiving-odtput signals;delivered.from
said dynamic differential amplifier circuit and a
tristate circuit supplied with an output signal
delivered from said third dynamic differential L - ) k.)
10 amplifier circﬁ3£; whereby a substantially static
output signal is delivered'from said fristate circuit.
16. A semiconductor memory.accofding to claim 12 -
or 13, further including a plurality of precharging
" elements for precharging the pair of input terminals
15 of said second dynamic differential amplifier circuit.
17. A semiconductor memory according to claim 16,
further including a short-circuiting MOSFET for
electrically connecting the pair of input terminals
'of_said second dynamic differential amplifier circuit

20 in precharging operation.
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18. A semiconductor memofy aééérding to claim 15,
wherein said third dynamic differentiai amplifier
circuit comprises:
| a sévenéh MOSFET of first conductivity type
the géte of whiéh is cbnnected to one of said péir of
input terminals;
an.eighth MOSFET of first conductivity type
the gate of which is connected to the other of séid
pair of input terminals; |
a switching MOSFET provided between first
electrodes of said seventh and eighth MOSFETs on one
hand and a first potential point on the other and
ON/OFF controlled by a control signal delivered from.
said control circuit; and
| a load circuit provided between second
electrodes of said seventh and eighth MOSFETs on one

hand and a second potential point on the other.

19. A semiconductor memory constructed

. substantially as herein described with reference to

and as illustrated in the accompanying drawings.




