2168213 A Sen1conductor Menory" The present invention relates to a — N
sem conductor menory and nore particularly to a read 5 only Menory i~

(herelnafter

referred to as "ROM'). Wth the recent devel opnent i

senieonguct or t echni ques and seni conduct or devi ce application tec €es,
‘there has been an increasing demand for a sem conduct or nenDr mhlch has a

‘| arge .capacity. 10

To obtain a ROMwi th a large cap 5&;,‘133'0‘15
exanpl e

.proobl ens nust be solved. Ina ROMwith a }arge capacity, for
large nunber of menory cells are connected to each of data |ines. In

consequence

.the data |line nmay be 15 undeslrably coupled with stray. or

parasitic capacitance of relatiyel e value. ¢n t he ROM- for exanpl e,
the content of data stored inftd éﬁ%ﬁﬂﬁmﬁ i s judged according to
‘ after the stray and. paras1t|c capaC|tances coupled to the data 20
| i'ne are precharged, the selected nenory cell dlscharges the electric

charge in its capaC|gﬁﬂ§§p éﬁisﬂﬁgéﬁéfﬁglgé 1bes agin the sel ected
or et

whet her,

menory cel |

line is rai S%xﬁf’c@n&?ctof“rﬁé’ﬁéﬁi reﬂqunafé Uﬁaréf@uﬁﬁ'fft@@ éfef@éd/ cell

. causes
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i s judge Ing to ter t he potentlal of the data

~

-,only memory (hereinafter referred to as “ROM")

Wlth'the recent'development'ln semiconductor
techniques and semiconductor device application
techniques, there has been ah.incfeaeing'demand fbf a
semiconductor memory which has a large capecity.

To obtain a ROM.with a large capaeity, various
problems must be solVed. | |

| In a ROM with a lerge capacity, for example, a
large number of memory celis”are'conﬁeeted'to'eachIOf
data lines. In conseduence;”the data-line'may be
undesirably'cbupied'with'straY-br paraSi;ic
capacitance of relatively large value. In the ROM,
for.example, the content of data stored in a selected
memory cell is judged accordlng to whether, after the
stray and parasitic capacitances coupled to the data
line are precharged, the sSelected memory cell
discharges.the electric charge in its-capacitance.'
More speeifically,'the data in ﬁhe selected memory

cell is judged according to whether, after the L

potential of the data line is raised to a

predetermined value, the selected memory cell causes

2>



e

..2. the"data line potential to be |lower than the predeternined val ue. .

Singe~a ROMwith a large capacity has data |ines undesirably coupled wth

LSt g r para5|t|c capaci tance of relatively large value, : 5 the: selectq"
‘cell requires a conparatively long tinme to.nmake the data }ine

“"potential become |ower than a predetermined valle. . As a result, a ROM .

. Whi'ch has. a large capacity reqU|r§s a relatively | ong" time to read out
g{data froma desired nenory cell and"this is 10 di sadvant ageous. Nbreover
_i'ni-a ROM having 'a | arge capacity, the stray or. paraS|t|c_capaC|tance_¢.

3?]coupled to the data lines may have large values. - Therefore, it takes a

" consi dejealdatd Qrithd ipBrdrial heo thae1dken erashanging 15 of the
- capacitances is started until thé data Iine potential reaches a

~ pr edetpriedetatmizied valdel Constmsens eRoM widh havidega | arge capacity:
"requires a relatively long time fromone data output operation to the

. Subseqagaicityt hasuidatta dpgres iwndefirably coupléd withlestrapl e that the L
. -power consunption of the ROM.be snmall fromvarious points of -view In. -~ =
- addi't iodn Parasi tder e@paqi tanas yof areatineiweslarservalse probl em - P
”-p%rtlcularlx in a RONIhaV|n%_a | arge capacity. 25 " Previously, a _
q“mﬁmpqx jrequ:.res a comparatlvely long , R

ZJ7C|rchPeh
. .time-to_meke.the detailineepotentlal become 1ower than._
”;e'a predetermined value. - As a result, a 'ROM which has_”:e
‘a large capacity. requlres a relatlvely long time to
read out data from a deszred memory cell and this is
- 10 udlsadvantageous.; |
| | Moreover, in a ROM having a large capacity;: o -__ -
~the stray or pafaéitie_capecitance coupled,to'the data
lines_may have large values. Therefore, it takes a
de_considerably long time from the time when precharging.
15  of the capacitances is started untildthe"data.line
potential reaches a pfedetermined value. In-
"cqnsequence, a.RDM havingda_large_capacity requires a .
_relatively long time from one datadoutput operation to _ w
the subsequent.data.outpqt-opereiion. o |
.20 | It.is'desirab;e:thet:theipower:consumptipnuqu
| the ROM-be_small'frqm-various-poi#te_of_view. o
In eddition; any defect in memory cells :' _ : o ' .e
becomes a serious problem pargieularly 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 as an
"ECC circuit". W have tried to :inprove the production yield of 5 a =
sem®onductor nmenory by incorporating an ECC circuit in a one-chip \\
sem conductor nmemory thereby to redress a defective nmenory cell. It
obj.ect of the invention to provide a-séntrconductor nenory. capabl e of
hi gh- speed operation, 10 and with relatively .l'ow power consunption.
According to thRrerRaeDbnl BMEBELPNiANGhEChSARLAY bEedra ise ForeREtedobyTeENDI Y
_|nclud|ng (a) a first nenory array including: a plurality of .read-only _
menory cells eemplbgihggan eekogt tofréetihgakbodan 1Fhieuiciwicutier wiinal and a
.reference termnal -and arranged in a matrix form plurality word |ines '
provided to rehpeeinaétgrcbereeﬁendedotohasrens“ECCsaudcmemﬂny cells and
respectively coupled to the selection.termnals of said plural nenory - -
cells; a plurality of daWe hﬁﬁéstpL©¢|uedlmsrpyspébﬁlF@P@UEGlO@oNﬂéééoﬁé to
t he col urms of said nenmory-cells and respect- ively coupled to the output
‘terninals df silﬂeﬁlﬁ?ﬁﬁuﬁﬁﬁﬁrVeE%FYstahBCSrBP6P§PPEya&f3&&ﬂﬂ+qquﬁ§sln

Bt ded Lo T egREgL- B! aRPLESSRO0S: ! Rehlty PheUE, o BRI o011 S

defectlve-memory cell.

It is an object of the_invention to provide a
semiconductor~memory.capab1elof a high-speed operation,
f¥~f - 10 and with. relatively low power consumption.
| According to;the'present invention there is
provided a semiconductor memory including: |
(a) a first memory array 1nclud1ng~ a plurality of
_ read-only memory cells each haV1ng a selection termlnal, an
15 .output terminal and a reference term1nal and arranged in a
;: matrix form, plurallty word lines provided to respectlvely
é?correspond to the rows of said memory cells and respectlvely
coupled to the selection terminals of said plural memory
' Q.; cells; a plurality of data lines provided to respectively
20 correspond to the columns of said memorydcells and respect—
ively coupled to the outgut terminals of said plural memory a
cells; and a pluralityyof earth lines provided'to-respect-~
;:j.' ' ivelyrcorrespond.to the columns of said memory cells and.
respectively coupled to the reference terminals of said:.
25 plural memory ce115°"
| (b) a second memory array.havlng a slmllar con;
struction_to that of the said first memory array;

{c) first and second common data lines;



_-respectlvely coupled to the reference tern1na|s of said 25 pIuraI menor.y
'ceIIs,ftQ) a second nenory array having a simlar con- struction to that of -
- the sai first nenory array; (c) first and second common data lines; (d)
. 0l um swi tch controlled by switch control signals in order to
. coupl at one of the plural datalines of said first nenDry array, uhlch
“is to be selected to said first conmon data |ine; 5 (e) a

‘second col umm swidfha coht&ol tetuby switeh eaﬂttehlea959|%wqeehespondlng tO
“the first nentioned switch control signals in order .to couple that one of

- the|ﬂ¢nmﬁrakusu¢mmbs D eaddrséoooduptepthaaroag,oﬁhthb plutralbe selected'

- to said second commpn data line; 10 | : (f) adifferential anplifier

 havi ndatpadines ofi-spid first memory array,twhathalisbsongecoupl ed to said

- first comon data I|ne and. a second term nal being coupled to sai-d second
‘comorr¥iRcted ke 3334 ath%Fa????°deﬂEﬂnilﬁéFIs provi ded to respec- 15 -

tiyvely correspon o the-d nes- I st second nenory arrays
ﬁh each |nclud|ﬂ% %uﬁ%ﬁﬁ% tc?t ﬂ?niylF bE°EBEﬁF28gtBYtﬁ@léﬁprespond|ng v

R L Lt KA R R
' control signals in order to couple that one of the plural
data lines of said second memory array, whlch.ls to be.
selected, to sald second common data 11ne,
510 'f', (f) a dlfferentlal ampllfler hav1ng a palr of in- -
put termlnals, a- flrst termlnal belng coupled to sald flrst
common data line and a second termlnal belng coupled to
sald second common data 11ne,
(g) a plurallty of dummy cells prov1ded to respec— :
15 tively correspond to the data llnes of-sald'flrst and second
memory arrays and each 1nclud1ng. an output termlnal to be
coupled to the correspondlng one of said data llnes a
selectlon termlnal to be fed w1th an operatlon control
51gnal‘ and a reference terminal to be fed with earth _
-.20 potent1a1 of the c1rcu1t, said dummy cells applylng'the _ B -\uf
reference potential whlch fs to be referred to by sald |

dlfferentlal ampllfler, to the correspondlng ones. of said

cu
o

data llnes when they are« respectlvely brought to thelr
operatlve states,'and ' | o

*_25 o “(h) a selecting circuit 1nclud1ng. a plurallty of
output termlnals, which are to be coupled to the word lines |
of said. first and second memory arrays- a plurallty of output

terminals which are to be coupled to the selectlon terminals



20 - potential of the circuit, said dummy cells applying the reference
potential, whichis to be referred to by said differential. amplifier, to
the. correspondlng ones. of said data |ines when they are -respectively..
brodﬁﬁt ‘to their operative states; and 25 '(h) a selecting
citcuit including: a plurality of output termnals, which are to be 6\ ed
to the word lines of said first and secoft menory arrays; a pluralit
-output terminals which are to be coupled to the selection termnals of
sai d ‘dummy cell's, wherein the reference potential, which is to be referred
t o by said dlfferentlal anplifier when one of the menory cells of said
first menmory 5 o arr§ sel%pﬁﬁ% is generated by that one of sai d dunmy
celI's, which is. go&ﬁl d BYai T s&¢ond menory array, whereas the reference

potential, which is to befwr ks neq:hteoéiéfei%rﬂ:éjlﬁcft?éﬂﬁlal A fier when

one of the nenory cells o sal second nenory array, I's generated by

that one of Sa'@oUBEW%eE%&&%d‘Ua‘H}'§%ﬁ&“&¥ﬁ¥éﬂéhﬁﬁarj5&§F§fi€¥mﬂy array,
and mhereln each of said first and second col um switches conprises

tree-like circuUihencons iEU el Memdry Wedllid wﬁ)fsd\i[aSI-‘ﬂi'Essw\/rmaﬁbﬁe
rcOntroIIed by 15 said switch control signals.:

5 array is selected, is generated by that one of sald
dummy cells, which is coupled to said ‘second memory
array, whereas the reference potential, which is to

‘be referred to by said differential amplifier when
-one of ‘the memory cellé of said sécoﬁd memory atray,

10 is generated by that one of said dummy cells,
which is coupléd to said first memory array, and
wherein each of said first and second column |
‘switches compriseé'tree—iike_circuits.conStituted
by ; plurality of MOSFETs which are controlled by

15 said switch control signals. |

The present inventionlkill'now'be
described in greater detail'by way of example

: §_; with reference to the accompénying drawings,

whereins:--

ey



The present invention will- nom1be descrrbed in greater detarl by way of
-exanple with reference to the acconpanying draw ngs, wherein:- - Fi gure 1
is a blesk circuit diagramof a preferred formof ROM Figures 2A and 2B~

y ed circuit diagrams of the blocks [err] to [err] -the blocks 5- “’
ferr], the blocks [err], to [err] " and the sense anplifier SA. shomn
. 1; Frgure 3 i I'l ust ratles ei reuit synbol s enployed in a MOSFET;
}aFlgure 4 is a logical synbol diagramof 10 an exanmpl e of an’inverter
“circuit; Figure SFigugecilr d¢i b $lawkamidcdit QR s Gr ap X decoder;

Figure 6is a graph showi ng the operations of the circuit shown in Frgures

- 2A 15 andfésreargorm ofi RoM;circuit diagram of ‘an exanple of a Y decoder
'Y-DCR1; Figure 8 is a circuit diagramof an exanple of an exclusrve OR : |
~circuit; 20 - FlgureﬁréA agds@ﬁemamrﬂdﬂqgkdﬂmuinuufmanple - |

dlagrams.o:f.the:blocks_M-ARY1 to M-ARY4, the blocks

4:

5 D-ARY; to D-ARY,, the blocks CW, to CwW and the_ :
'sense amplifier SA shown in Flgure _1;_f S _ o '... - :
Figure 3 lllustrates c1rcu1t symbols_

employed in a MOSFET,e

_ Flgure 4 is a log1ca1 symbol dlagram .of .
':10_ an example of an inverter circuit; = = v
Figure 5 is a circuit diagram of:an_
'example-of an X decoder;.
'Figure_s_is a graph showing the
| ope:atione of the circuit shown in Figures 23
15 and 28; | .
| Figure 7 is a circuit'diagram of an
example of a Y decoder Y- DCRl, | |
Figure 8_1s a.c1rcu1t diagram of an
example of an exclusive OR circuit; -

20 - Fig. 9 schematically shows an examéle

~of an ECC circuit;



'of an- ECC circuit; Fig. 10 is a circuit diagramof an exanple of a

mul tipl exor MPX and an output buffer DOB; Fig. 11 is a block. dragranrof an
exanmpl e of an address transition detector ATD and a control signal 5
gena®ator CSG Fig. 12 is a.circuit diagramof an exanple of an adgregs
‘buffer ADB; Fig. 13 is a waveformdiagram for explaining the opera i op~of
the address transition detector ATD;, 10 Fig. 14.is a circuit .
dragranrof an exanple of an OR circuit; Figr_.15 i's a citcuit diagramof an .
exanpl e of an inverter circuit; Fig. 16 is a circuit diagramof a.Y decoder
Y- 15 [err] and an address buffer ADB; " ‘Fig. 17 is a diagramfor
explarnrng how data are taken out in a tinme division manner; and Fig. 18 is
a wavef orm di agram.f or png ai0i 0§ hheipeaiet doageameathanf exhmpaddogss
transrpron_ZO det ect or the control signal generator CSG and the ROM
shown in Fig. la ﬁbieiplégotoufkgand ahheutpak BAFERasDOBur nenory arrays
[err] to [err] and has a nenory

' : _ Flg. 11 is a block dlagram of an example of an

addxessﬂtrans;;;pmadetector ATD and a control s1gna1-ﬁ¢u~5¢ -
-5 generator CSG-' | | |
Flg. 12 is a clrcult dlagram of an example of
an address_buffer ADB: |
;(h)i.} _ o Pig. 13 is a waveform diagram for exp;aiﬁing |
the operation of the address tfansitioﬁ detector ATD;
10 Fig. 14 is a circuit diagram of an example of
ad'OR circuit;: | | o
| d Fig. 15 is a'cireuit'diagram'bf an example ofd.
an inverter c1rcu1t, | - '_ | ' |
- Fig. 16 is a circuit dlagram of a ¥ decoder Y- _
15 . DCRénand an address buffer ADB; |
 Fig. 17miS-a:diagram for.explainihg how data
are taken out in a time d1v131on manner; and
ak~j- : Fig. 18 is a ‘waveform d1agram for explalnlng
the operatlon of each of the address transxtlon“- |
-- _5 20 detector ATD, the control s1gnal generator CSG. and the
| ROM shown in Fig. 1.

Referrlng to Fig. 1, the mask ROM has four
memory arrays M—ARYi'to M-ARY, aﬁd has a memory -
capacity of about one megabits as a whole. Each of

25 the memonfarrays M-ARY, to M—ARY4 has memory cells

L



capacity'of about'one'negabits as a whole. ‘Each of 25 t he. ne
[err] to [err] has nenory cells . (¢ arranged in 512 rows by 6

~of 3
. single [
'}technrques I'n addition, the arrangenent of essential circuit blocks is

®6 bits. The circuit blocks shown in Fig. -1 are forned:
gem conduct or substrate by known sem conduct.or integrat

~drawn .in Flg 1 so asto practicaIT correspond to the actual

t her eof

on a sen conductor 10 substrate. Each of the menory

‘to [err] is constltuted by a dynamic circuit and |ncludes a du

e o Her AL S A RISt G, R RRRL 0"

' gﬁhﬁ 14 t - t ircuit
i nternal cg.)dress si gnal's [er r’]%lgéac l%)%*lleg?mt{hiegfrﬁ?&eér%a addre
bei ng Cg@ﬁgﬂ¥ﬂd§¥é&ﬁﬂ§t&f&§¥i My piwedse |evels. The addres

ihas its operatlon controlled by a Chlp selectlng S|gnal [err]

deIrver

10

on a slngle semlconductor substrate by known

semiconductor 1nteg:ated clrcult.technlquesm_ In

nory arrays
08 col ums.

5 ona
ed circuit -

i_'Accon, each of the nenory arrays [err] to [err] has .a nenory capac‘r y. |

arr angenent
arrays M ARYl

nny cel

Ao to Al6
and forns
ss signal s
s buffer ADB

addition, the arrangement of essential circuit blocks

is drawn in Fig. 1 so as to praétically-correspond to
the actual arrangement thereof on a semiconductor
substrate.-

Each of the memory arrays M-ARYl

_constltuted by a dynamic circuit and 1ncludes a dummy’

- 15

20

25

cell array for forming a reference voltage in the_
readout operatlon.

An address buffer ADB, for receiving external

address signals Ay to A ¢ de;lverednfrom the outside,

is constituted by a static circuit and forms internal

address signalsIaOL EG_to als,_azg,'each pai: of the .
internal address signals being constituted by true and
false levels. - The addfess buffer ADB has its
operation controlled by a chip selecting signal TE

delivered from the outside.

to M-ARY4.is-_

O

ke,

The'internal addressnsignals_ao,_ia to.ag, H;id

are.transmitted'to x_decoders:XfDCRldand'x-DCRz;_'

whilst the internal address. signals aloﬁaia.tO'als,

’



"-."‘.

delivered fromthe outside. The internal address signals [err] are
transmtted to X decoders [err] and [err] 25. whilst the internal address
signals [err] [err] and [err] are transmitted to Y decoders [err]
[erﬁ? Each of the address decoders X-DCR1,” X-DCR2, [err] and [err]AXi
f-or med by a static circuit. 5 - To row address selecting |ine
lines) in the menory arrays MARY1 to [err] kinds of word |ine sel ecting
si-gnals are applied which are. fornmed in the X decoders (also serving as
word line drivers) [err] and [err] that recefhe the internal 10 address
signal's. [err]. In these signals, 512 kinds ‘of word line selecting signals
formed in the X decoder [err] are applied to 512 word lines [err]-to W 1,
respectively, in:the menory arrays [err] and [err] on the |eft-hand side.
ghe gt heE 51]2 ki *dg @lrndldfillgmorﬂ:ig it el e@ i1 PLE gHEASMHRA §h X he X
ecoder [err] are applied to.512 word lines J[err] to [err] . respectively,
in the nmenory ar CRFOIRTARIT DR MRV R 2 he rlth haLd _£|de prreove?

b gaccordance w U the | yganale A0, SHESHP GdARLS LE1Sdn, Mhsbt 11

hlghest order

S -. - becnl:_ and Y-DCR,

5 ' Mo row address selecting lines (word lines) in _

‘is formed by a static circuit.

the'memofy arrays M-ARYl'to M-ARY,, 1;024d(210) kinds
of word iiné Selecting_sighals-are applied which are
ﬁ &/‘ formed in the X decoders (also serving as word line
drivers) X-DCR; and X-DCR, that receive the internal
10 address signals-ao, 33 to 59, E;.- In'these signals,
512 kinds 6f WOrd'line;selecting signals formed in the
X decoder X-DCR; are applied to”5£2'word'1inesrwd to
wSil' respectively, in the memory arrays 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—DCRZ'are'applied”to 512 word lines Wg , tO W g,as
respectively, in the memory arrays M-ARY, and M-ARY,
on the right-~hand side.
Moreover, in accordance with the internal
20 address signals ag, g, which are the highest -order
bits, the X decoders X-DCR; and X~DCR, form dummy word
line selecting signals for selecting dummy cells from
dummy - arrays D-ARY3 and D—ARY4 on the right-hand side
when selecting memory cells from the memory arrays

25 . M-ARY1 and M—ARY2 on the left-hand side, and form



_ right,

bits, the X decoders [err] and [err] forn1dunny mord l'i ne sel ecting 5|gnals'
for selectlng dummy cells fromdummy arrays [err] and [err] on the 3
~hand side when sel ecting nenory cells fromthe menory arrays 25 v
@d [err] on the left-hand side, and form . - 10 - dummy word I|ne
¥ipg signals for selecting dummy cells fromdumy arrays D-ARY1 and

. n the left- hand side when selecting nenory cells fromthe. menory
'arrays [err] and MARY4 on the right-hand 'side. The Y decoder [err]
receives the four-bit internal addré&sd signals [err]Jand forns 16 ki nds of

' decoded. signals. . Each of the nenory arrays [err] to M ARY4 has 608

~

. colums as nentioned above. Consequently, colum switches [err] 10 . and.

. CWM troftled.b d d decod =

ore] o TP oRSER ke s S8 R eT s R00 2, e%?gs'a%& ARGARER orory rray
a d | I h h d =
Lerr] out gk Sﬁs'rsﬁﬁ"ﬁq?vs?%%ﬁ’?r8#5?125%?8@ i eothielcs, (1) and

~dummy cel}ghg glaéewﬁsﬁvgxla&iﬁg heﬁ.bkyaaélhgr HE]:'oQtntthmleﬁEE hand si de,
whi |l st the colum switches CW8 and CW 0Out put signals dellvered froma .

total of gﬁrQyB“M-RRYESaﬁdrMnRRE YOn the rlght-hand side. .

5. . The Y dequequbDCRl,recelves-the four-bit ".l -
internal address'signals'alo, g to ayg, EI;nand |
'formS-lﬁpkindsfof decoded signals. Each of the

memory errays M—ARYl.to.M—AR¥4-has:608 columns as d | o ,' W/

mentloned .above..  Consequently, column switches CW1 |

lQ_. and CW4 are controlled by the decoded signals formed

- -in-the address decoder Y-DCR,; so that 38 columns are

1
-.'simulﬁaneously selected from each memory array in
_response to one decoded signal. Thereby, the column
~switches CW, and CW, output signals delivered from a
15 'total of 76 memory cells (or dummy cells). in the
memory arrays M-ARY, and_M—ARYz-on;the left-hand side,
. whilst the column switches CW, and CW, output signals
delivered from a total.of 76 dummy cells (or memory - -
cell_s_)-in-the-_memory-e._rrays.M—ARYa.and7M-AR¥4 on the -
20  right-hand side. - .
A sense amplifier SA which.receives the -
signals from thezcolumn:switChes Cwl-to_CWA,comprises
a total of 76 dynamic differential amplifier circuits.
The 76 dynamic differentiel'amplifier circuits are .

25 divided into 38 sets each formedwby:tWOudynamiC“'

.



célls) in the menory arrays [err] and [err] on the 20 right-hand side. A
sense anplifier SA which receives the signals fromthe colum sw tches
[err] ;to [err] . conprises a total of 76 dynanmic differential anplifier

circtits. The 76 dynanic differential anplifier circuits ar -?Q-
divided into 38 sets each forned by two dynam c dlfferentlajééégt}fler
circuits. The respective output signals of the two dynam c di nti al

anpllfler circuits of each set are nade conmon to each ot her through
respective transfer insulated-gate 5 fiel d-efffect transistors
(hereinafter referred to as "MOSFET") and supplied to a circuit (not shown)
- which is.effectively a latching circuit having a data hol ding function.

One of the differential anplifier circuits constituting one set and the
transfer MOSFET 10diféerensisAdmmplifden cixspd tishei r TEEPSeFivent rol | ed
by the internal address signal [err whi | st -t he qgpergtions of, the other-
differential anpliPPEPUE BdgPAlsng tﬁ@ebGFFbgﬁﬁﬁmlﬁgdﬁﬁ§ﬁ§F€F NOSFET ar e

: lled b h dd | ' | 15
Che'readout "sper ot PRRTREERC SRR HE eperd e el Rl shpmbe R, R
_g[];)g;ﬂyt s determ e Bl Sh iR VA Whel 0 RRYRLS 10

.5 fleldveffect translstors (herelnafter referred to as
-“MOSFET“) and supplied to a circuit (not shown) which
is effectively a latchlng c1rcu1t having a data
.-k) | "holdlng functlon..- One of the d1fferent1a1 ampllfler
| circuits'constituting_one set and the transfer MOSFET
10 -corresponding thereto have their operutions'controLled
by the internal address-signalda14;'whilst the
..operations'of the otherldifferential.amnlifier.circuitf
end the'oorresponding transfer MOSFET are oontrolied
by the 1nternal address slgnal a14 'Accordingly, in
15 lthe readout operatlon of the ROM, either of the two
d1fferent1al ampllfler circuits determlne-by the
&_; "internal address eignals.a14, EIZ operates to suppiy
| " 'its output to the circuit (not shown) which is
effectlvely a 1atch1ng c1rcu1t. Consequently, in the
20 readout operatlon of the ROM, 38" output slgnals are
‘delivered from the sense amplifier SA. d._'
In the case where 76 memory'celle are.selected :
from.the memory'arrays M-ARY, and M-ARY, on the left-
handzéide in're5§onse.toethe uordllineISelecting

and 76

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

*



its output to the circuit (not shown) which is effectively a |atching
“circuit. Consequently, in the 20 r eadout operation.of the ROV 38 »
~. output signals are delivered fromthe sense-amplifier SA In the case wher
76 wry cells are selected fromthe nenory arrays [err] and [err] on the. =
nd side in response to the word |ine selecting 25 sighal n _
S veyed fromthe X decoder [err] and 76 dummy cells are sel ected frOWl.
“Ithe.dumy cell arrays [err] and [err]ygn the ri ght-hand side i'n response

~-to the dummy word |ine selecting signal delivered fromthe X decoder

X-DCR2, the respective dynamic 5 differential anplifier circuits recei ve’

- signals delivered fromthe menory cells selected and signal s delivered from

the dummy @rintngy il etdreialectwd eRpmndtie ddmme dsmn:brayrrzayé s through the

colum switches [err] to [err] In these 76 dynanic 10+ -differential
anmplifier m—mmv sandB&)-d;Rinmm dilée amght—ehamdméide ein aresponse are sel ected
by the internal “address signals [err]. - Each of the 38 differenti al

| ~anplifier diadhie sitmmr iWarss Yime rﬁﬁkﬁmﬂﬂeﬂg digrakridel beergdrfror sj gn'al

supplied from15 t he ‘correspondi’ng nenory cell_and the si gnal supplied”
Tromthe aY K decta KRG nENDAARESEING, BrRRLS | e

: 5__ d1fferent1a1 amplifier circuits receive s1gnals . —_ .
) delivered-from the memory cells selected and-szgnals
delivered from the dummy cells selected which -
correspond to these memory cells through the column . _' W,
sw1tches cw, to CWy,. In these 76 dynamic
10 differential amplifier circuits, 38 dynamic
d1fferent1a1 amplifier circuits are selected by the
1nterna1 address signals a14,'a14 ‘Each of the 38

differential amplifier circuits amplifies the |
potential difference between the 51gnal supplied from
15 the corresponding memory cell and the 31gnal supplied
from the dummy cell corresponding thereto. In_other
words, - each of the 38 differential amplifier.circuits
.compares.the.potential of the signalysupplied from the
correspohding selected memory.cell and the.reference
26 voltage of. the signal supplied from the dummy cell
| corresponding to the memory cell in order to detect :
whether the data stored in the memory cell is a binary
_.s1gnal S or'"O” o | | |
The 38—b1t data detected in the sense.

25 amplifier SA" is3transferred-to the- ECC circuit through

*



-words, each of the 38 differential anplifier circuits conpares the
potential of the signal supplied fromthe correspondi ng sel ected nenory
cel| and the reference 20 vol tage of the signal supplied fromthe dumy

cel | correspondlng to the memory cell in order to detect whether the data
‘stored in the menory cell is a binary signal "1" or "0". The 38-bit data
detected in the sense 25 anplifier SAis transferred to the ECC C|<gg£1
through- - 13- a circuit (not shown) which is effectively a |atchi\u
circuit, As will be described later with refefgnce to Figs. 2A and.2B,
this latching circuit is.formed by 38 unit latching circuits.. In

addi tion, each unit 5 latching circuit conprises a main anplifier and an
inverter and has effectively a latching function. A 32-bit data in the

38-bit data read oul icdré@fitndthors stk )SiWdiialls iandE St inidlef &ivatuiindat a
is defined as parity check bits. The ECC circuit corrects error 10 data

and outputs the coredgicadtane Az Widicawe démrmilide latmy ivithB&dfidretaten
has ‘any error, i.e.; data different fromwhat has been witten is supplied
to the ECC ci Fcuit. tohZiBEC @A emid 285 maed.amcmrm anmns:tmtrcuﬁ tformed by
- 38 unit 1atch1ng clrcults. In addltlon, each unit
5 latching circuit comprises a main amplifier'and an
inverter and has effectively a 1atching funCtion. A
32—b1t data in the 38-bit data read out is defined as
&“{  data 51gnals, and the other slx-blt data is def1ned as
parity check bits. The ECC circuit corrects error
- 10 - data and outputs the corrected one in the case where
the supplled 38-b1t data has any-error, 1.e., data
different from what has been-written ie suppiied to
_ the ECC circuit. | | |
Tﬁe ECC circuit is formed by a static circuit.
15 Moreover, in order'to allow.a static'output eignal to.
be delivered from the ECC circuit, the 1atching
.'&,‘ ' circuit is provided; as described above, Which
receives the output signal from each dynamic
differential amplifiericircuit and forms a static
20 'output s1gna1 and also serves as.a main ampllfler..

. The 32—b1t data signals corrected for a
poesible error by the'ECC'circuit are transmitted to
an output buffer Doé by'a multipleXOr MPX, eight bits
by eight bite; in four stages. For such a time

25 division operation, the external address signals Ay

’



'.f15__ Mor eover, in order to allow a static output signal to be delivered

~fromthe ECC circuit, the latching circuit is provided, as described above,
cei ves the output signal from each dynanic differential anplifier ;.

fornms a static 20  output signal and al so serves as a. nain

anpl iff ./ The 32-bit data signals corrected for a possible error by the.
" ECC c\_ t are transnmitted to an output buffer DOB by a mul ti pl exor MPX,
- “-eight Bits by eight bits, in four stages. = For such atime 25 di vi-sion.
"~ operation, the external address signals 'A% Al6-are enployed.  Internal

- “address signals [err] and [err] formed based on the respective external

address signals Al5 and Al16 are supplied to the Y decoder [err]

The Y

Tour ki nds ofL6off FortetaNafe tHReRRn Asbrdle BUEmRIS Bt Bnnen by " he

four ki nds ogngogtrolas:ggggﬁedTgsgghoes,f§¥h%%gﬁ%%tq?%e%§k%%%glthe | evel

of each of the ex&€fnal

ress signals A |

- select a desha@desigblighblis A QMahle A32- akid sgﬁipii%hg%' $ndekd vered from -

the ECC circuit and output-théssaneilﬂsparal

- changi ng thed-e¢baénat;'ndﬂ5ess' Theng! ae%'ae&_r_ldr'-b&-:- decodes the

5

' supplied internal address signals to férm.fpu::kinds

of control signals. The multiplexor MPX is __

cont:olied by the four kinds of conﬁrol signais;

. THerefore, by simply determining the leV¢i of each of

10

the_e#ternal address signa1é A5 and Alé' it is

; possible-to select a desired eight bits from the 32-

bit data signals delivered from the ECC circuit and

output the same in parallel. MOreéVe:; by properly

changing the external address signals Als'and Aygr it

~is also possible to output all the 32-bit data

15

20

signals, eight bits by eight bits, in four stages,l

| The output buffér DOB is formed by a static
circuit and has a tristate output function including a
high-output impedance stagé.  T |
.An addressntfansition,detedtor ATD fb;_

receivingjaddress'signals.delivered:frcm the address

buffer ADB and a control signal generator CSG are

~provided in order to form control signals necessary

fqr_theﬂopération;of each of the dynamic memory arrays

25"

M—ARYl to M-ARY,, the sense amplifier SA, e.g. a

timing signal for precharging and a timing signal for

Mor eover, by properly -

possible to ..

o



S also p055|ble t o out put aII the 32-bit data 15 - 'signals elght bits by
eight bits, in four stages. The output buffer DOB is forned by a static
CIrCUIt and has a tristate out put function including a high-output

] ance state. An address-transition detector ATD for 20 recei an '
address signal's delivered -fromthe address buffer ADB and a cont r6i= gnal-
generator CSG are provided in order to formcontrol signals nece 2yy for

the operation of each of ‘the dynanmic menory arrays [err] to [err] sense
anplifier SA, e.g. a 25 tinming signal for pregharging and a tining signal
for. di schar gi ng. The address transition defector ATD detects the
change in level of either one of the internal address signals a to a4 and
the chip selecting signal [erf] and then fornms one trigger pulse. 5 The

control signal generfigdharkei® dg'ece"ﬁ-?é édlfréés OERA n#tt 56n a8k SESR Vaf OUS
signal s necessary for the readout operation of each of the nenory arrays

and the sense anplifelects ltheichange tiif T&¥é DVbfGe St KGRI SnélrSE St as
Fepresentatives thereof: a timng signal 10 [err] for controlling the

prechargi ng and di schsreynmyl cfddrdessresniygnsy r sttamil hensetlse chqpifier; a
timing signal [err] for regulating the word I|ne selecting
- selecting signal CE and then forms one. trigger pulse.
5 .'The control slgnal generator CSG receives the trigger
pulse and form various slgnals necessary for the
readout’ operation of eaoh of the memory arrays and the
sénse amplifier. In Fig. 1, the following signals
are shown as representatives thereof: a timing signai
10 3;; for controlllng the precharging and dlseharglng of
| ':the"memory arrays and the sense amplifier; a timing
signal éx'forireguiating the'word 1fne'se1ecting
' timing; and a tining signal éPAi for regulating the
activating timing for the sense ampiifier SA.
15 ' The ROM shown in Fig. 1 is emploYed as a
circuit for generating’Chinese'character patterns in
[\ ' which one character pattern is constituted by 32x32
bits. .Accordingly; the ROM is-anie to store up to
1,024 character patterns.
20 - -Essential. circuit blocks'of the ROM will now
S | | " be described in greater-detail.
In the following‘éescription, 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



ﬂ,tihing, and a timng signa{ [err] for fegulating t he activatfng timng for
. the sense anplifier SA 15 The ROM shown in Fig. 1 i.s enplayed. as

a circuit_for generating Chinese character patterns in which one characte&a
pat t-er 'f)constltuted by 32x32 bits.  Accordingly, the ROMis able to.
store tg 1,024 character patterns - 20 . Essential circuit blocks
cof th Wi || now be described in greater -detail. In the fol | owi ng
descrlptlon circuit synbols shown in the drawings will be used as | .
illustrated in Fig. 3 in order to sinplifythe drawings. . Referring 25 -
‘to Fig. 3, a circuit synbol acconpanled by a letter . P denotes an '

'[enhancenent mode P-channel MOSFET; a circuit synbol acconpanied by a letter
N desi gnates an enhancenrent - rode N-channel  MQSFET; . and a circuit synbo
acconpani ed bydendtes can enkaneemert-mede P-haanetMIFERDHC2 N channel

':_NDSFETV\,h h h t hreshol d vol'ta h b Ftt
AU a1 Lles. CHRSHRREDT SCPRPIRLEe TE 7] LaRESE R deRLERakER: fhr “ca

) h t det 2 t
T SR APy R R, o a1

symbolwaccompanied by a letter x represents an : .:';

-

5 | enhancement—mode N—channel MOSFET whlch has a
threshold voltage made hlgh so as to_be in the OFF
state at all tzmes. o
B ~ The memory arrays M—-ARY1 to M-ARY, and the | o/
-psense ampllfler SA are shown in greater deta11 in 1 o
10 .Flgs. 2A and-ZB. ~ Each c1rcu1t is constltuted by a
CMOS. (complementary MOS) circuit composed of a P-
channel MOSFET and an 'N-channel MOSFET. |
Flgs. 2A and ZB show detalled c1rcu1ts of the
memory.arrays arranged on_ the rlght-hand gide of the
15 1sense amplifier SA.1n_Flg. l, for_example, the memory
arrays M-ARY, and M-ARY,. - Accordingly, 512 word
| 11nes, i.e. the word lines Wslz_to W023" are formed o
from the top to the bottom.: These words lines are
employed for the memory arrays M-ARY3 and M—ARY4 in
: éo ~ common . _ _ _ _ _ '__
The memory arrayshM—ARYl and M-ARYz_shown by ' .
blocks have practically thehsame constructions as
4°
- Accordingly, similar to the memory arrays M-ARY, and

those of the memory arrays M-ARY, and. M—-ARY

25 M—ARY4, 512 word, lines, i,e; thejword.lineSer to



-channel

[err

MOSFET and an N-channel- MOSFET. Figs. 2A and 2B show detail ed
circuits of the menory arrays arranged on the right-hand side of the 15
sense amplifier SAin Fig. 1, for exanple, the nenory arrays [err] and (.-
R Accordingly, 512 .word lines, i.e. the word lines [err] are for

fromthe top to the bottom These mords | ines are enployed for the nenory

arr.ays

[err]

and [err] in 20 common. Fhertenory arrays [err] and [err]

shown by bl ocks have practically the sane-constructions as those of the
menory arrays [err] and [err]. Accordingly, simlar to the menory arrays

B

“[err] and 25 M ARY4, 512 word, lines, i.e. the word lines W to - ferr]
“Blocke: The Rer£fy' 2#%3%5%“%5 B B Yo LAY Rl S18L ABRGHF Fhcs and dat a
_ : !snfe; rrech_i g!s'ttq?\ |1=st l'i ne, isho‘jc’i’é?g&rlial n%k grlr]efits fofprega;tsht lri:éngegond
 I|ne Then, in the simhérm rari%?%e@ﬁéhtﬂén8§mﬂ?dafh 8v8ahavel nes are
alternately arranged: an earth i ne is placed next to t e data.line
[err] and 10 e#rtiathinéses [=id]|ddta plhses DBXalterhétedyr ahrén@edGl
| 5 from-right to 1eft. An earth line Go-ls formed as
'the'firstiline,iand a”data"line7DLo is formed as the.
second line.  Then, in the similar manner, the earth
lines_andjthe“déta.lines are alternately arranged: an
&“J' earth line G, is placed next to the data line DL,, and
10 a data line DL; is placéd next to the earth line G,.
Storage MOSFETs (memory cells).-Mo to M, are
"'fo#med at the respective intersections betweén the
word lines and the data lines. | |
| . Each storage MOSFET is an N-channel device and
15 Thas its gate connected to the correspondirig word line
and its drain connected to the corresponding dat§ 1ine
and moreover its source connected to the corresponding
.&#é eafﬁh line. - Accordingly, except for the earth line
Gbiét an end, one data line DL, has théNArainé of
20 different storage MOSFETs Mo and Ml' on_the same word
i line Wg15+ connected thereto in common, whilst thé
- earth line G, has the sources of different storage 
MOSFETs M; and M,, on the same Qord line Wg,,,
connected thereto in common.  These earth and data
25 lines are constructed of the semiconductor regions




fjr-;E'NCSFETs (nenDry cells) [err] to [err] are forned at the respective
seLtions between the word |lines and the data.lines. Each storage

is an N-channel device and 15 has its-gate connected ‘to the '&J 

”ﬂVcorrespondlng word line and its drain connected,to-the correspondi ng data

~.line and noreover its source connected to the correspondlng earth |ine.
Accordingly, except for the earth | pne [err] at an end, one data line-[err]
“has the drains of 20 di fferent st orage MOSFETs [err] and [err], on the . ~
. same word line [err], connected thereto in conmon, whilst the earth line

- [err} has the sources of different storage MOSFETs [err] and [err] -on the
. same. “Dﬁﬁléh”§r¥%§3t8899ﬁigeﬁo&ﬂ%ﬁebathntﬁQ”EQ&aconE%%%%rearth and data-25

l ines are constructed” of e sem conductor regions whi ch are |ntegrally
forned pegiohbecérstELatiifgotnecgbanteeoand dathiing oFe theur ces and drains

~ of the nenory MOSFETs, respectively. Thus, it becones unnecessary to

{speC|aIﬁyméﬁynMosnEast regpeotivelys. ehﬁsnrumabbyome@nectlng for

~ exanple, the data lines and the drains of the menory MOSFETs.
;ﬁ@COrdiugmq¢esSarg posspbbeaibylformasen&hetlmaegpasldbrdegree of the
. menory arrays. Each of these menmory MOSFETs has its threshold voltage
_~pré3etegh¢q@g;¢§llgsggnggctgnghefor ‘example, the data llnes '

&

and the. dralns of the memory - MOSFETs.- Accordlngly.
it is possible to increase the integration'degree-of'
‘the memory arfays.' . BEach of these memory MOSFETs has - e
its threshold voltage predetermlned in response to the
10 information "1" or,”O“. | |
;.As'shown;ﬂeight.data linés.are'conhected-to
" one iﬁput/output_terminal.of-a:single dynamic
differential amplifier circuit through a-plurélity.of
.'SWitching.MOSFETs.__ Therefore, it can be considered
- 15 that a single memory array is conétituted5by a
plurality of mémp;y_cells connected.to the.éight data
lines, a plurality,of-precharging MOSFETs, described
Jater, provided in. relatlon to the elght data lines, B ‘ ' C:

~and a plurality of dlscharging MOSFETSs. It can also

. 20" be cqnsldered that in correspondence to the unit

w
1]

memory array, a single unit dummy cell array is
éodstituted,by a.plurality_of.dgmmy cells connected3to -
- the eight daﬁa lines.: Moreovef, it cén be consiéefed"
| that a unit column, switch is constituted by a

25 plurality of switching MOSFETs provided between the



10 information "1" or "0". As shown, eight data lines are connected to
one input/output termnal of a single dynamic differential anplifier >
circuit through a plurality of sw tching MOSFETs. Therefore, it can- —
con@fdered 15- that a single nenory array is constituted by a plurality of
menory 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 -dan-also 20 be consi dered t hat '
in correspondence to the unit nenory array, -a single unit dumy cell array
is constituted by a plurality of dummy cells connected to the eight data

- l:i nes. Moreover, it can be considered that a unit colum.switch is- -
‘constituted byedighd datiaurldinies) amd dhiet dmﬂmé'.ﬂ_f@qﬁmﬁia:led bet ween t he
eight data lines and the dynamic.differential. -anplifier circuit, Each

data line is miPHifiersedngpithe nenory cells formed on the upper side.

(as viewed in the 5 Fi gure) thereof and the nenory cells formed on the
| ower side thereof. E@%&’r pine e%g&%ﬁm Wegad By e MRMQEHR a

i nes. In cons ue sin nenor forned b 8 nenory-
¢ érrays and 38 q @%rmé% Q&e uppe %as viewe 1R/éie | .Y

5 Figure) thereof and the membry cells fermed on the
" lower side'thereof.'“'Accerdingiy, a single memory
array has 304 data lines. In-eonsequence, a single
memory array is formed by 38 memory arrays and 38
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. |

constdruted-by 152 memory arrays and 152 dummyyeell-'

arrays. The eolumn'swirehes'CWi'and-cw;'are formed';
by 152 column switches. . | |

15 The memory arrays:have substantiaiiy the same -
construction,ﬁalso fhe dummy cell arrays have .
substantially the same'censtrucfion; and'mereoyer; the-'.

N column switches have'substantially the same |
construction. -

20 " EBach dynam1c dlfferentlal ampllfler clrcult is
prov1ded between a column ‘switch CWCO, a dummy cell
array DSo and a memory array MS0 on one hand and a
column switch EWEB,'a dummy.celi'array'3§3.and a
memory_array'ﬂsa'whiéﬁﬁcorreSPOnd'to'the'former switch

25  and arrays.respecfively on the other. Since there

»



PN < . _
- dupmy ce|l arrays. In correspondence thereto a 10 srngle coiunn smntch

M i by 38 columm switches. Therefore, the memory arrays [err] to .
aye constituted by 152 nenory arrays and 152 dunmy cell "arrays. ‘Ibe
- switches [err] and [err] are formed by 152 .colum swi tches. 15

- The menory arrays have substantrally t he sane constructron_ al.so the dumy

- cell arrays have substantially the same construction, and noreover, the _
“¢olum switches have substantially the same construction. 20 - : . Each’

“dynamic differential anmplifier circuit is provi ded between a col unm switch

'CWC0, - a dummy ceII array [err] and a nenDry array [err] on one hand and a

.'jcolunn eh & 1 EHIPe #fg*zggt {EONLY ay [err] whi ch
correspond7t%o orrrer SW tﬁﬁ% a'rrays'%espe'ct%@ﬁr{/ on the other.

"~ Since bher g6 setsare%ciﬁm Casﬁ"ééé&ﬂﬁédﬁl abogdj fier circuits, ‘there are
.76 sets each formed as described above.. For the-sake of clarrty, the »

_ draw ng shows @alry the salke iof idlariAy Seilte drwwidgy shidveglynamc 5
 differential anplifier cireuits, the operation of which are controlled by
g‘the |nbeﬂuaB8aé@mssinsw®maU6 sets- _namely, 38 dynamic ' :

5 differential amplifier circuits,_the operation of
which are controlled by the internal address signal
aj4¢ 76 column eyitches.cwcoztc CWF37.and_CWCO to
TG, connected_to_the.input/output terminals of the o IV.W
dynamic.differential'amplifier_circnits: 7$_memory |
© 10..: arrays MS, to MS;, and ﬁ§3'toiﬁ§;;; and 76 dummy cell
| ‘arrays DS, to DS,, annd DS to_ﬁ§;;.' |
' .h Refefence symbols PD, to PD,, and'ﬁﬁglto‘ﬁﬁg; -
denote precharging and discharging c1rcuits
respectively. Each precharging and discharging.
15 circuit'is-formed by a plutality'of precharging
MOSFETS'and a nlurality of discharging MOSFETs
prOV1ded 1n relation to the eight data lines.
The eight data lines DL0 toeDLzaere_made._ N Y
common to each other through P-~channel MOSFETe So to. .
20 - 5;1 constituting a column switch.and are connected to
- one 1nput terminal of the sense amplifier 8y | The
column switch 1S formed by a series-circuit con51st1ng . : -_;
of the MOSFETs S8 to S11 which select four data lines.
‘and the MOSFETs S to S, which select two data lines -

25 for each. 1In othe: words, the column switch is formed

»



[err]; 76 00|unn'smdfches.[err] to [err] and [err] to [err] connected todfi

the"input/output termnals of the dynamc differential anplifier circuit

76 erory 10.:arrays [err] to [err] and [err] to [err] and 76 dummy cel
arréﬁ% [err] to [err] and [err] Reference synbols [err] to [err] ‘and [err]
to [err] denot e precharging and di scharging circuits respectively. Each
prechargi ng and di'schargi ng 15 circuit is formed by a plurality of
precharging MOSFETs and a plurality of dir&dhargi ng MOSFETs provided in
relaticon to the eight data lines. - . The eight data lines [err] to
[err] are nmade conmon to each other through P-channel MOSFETs [err] to 20
[err] constituting a colum switch and are.connected to one input terninal

of the sense alpt @f Pdurpddty. of tweecdn!sﬁncémcpém .S fé‘me@wpde.

series-circuit .consisting of the MOSFETs u% Lerr whi ch select f our
data lines andlfh ﬁC@PE% ET8:5g) apg FerﬁF%M% Hege Het thee Fea datfes 25

recTike ci rcﬁﬁps Eorde aedhseasi| ThusncspereSiimn sg&%y%s?%“ra' et

turned ON° e ?%ng%ﬁ%J 8L% kna Lﬁ&tgggresggi &Q?- - o PR

smntches have t ActT on- 0 eco urm addresses. T

possible tg regB%%:.Ui‘é RTheEuRk %@eiu&&‘:‘&&’:‘ b2dwi%es required for

connectlng the address buffer ADB and the address -
decoder Y-DCR,, so that the IC chip can be reduced in .
.size._ _
.Eachzof-the-earth lines'and the data”lineé is
10 provided with a_precharging MOSFET forfreceiving=the“
precharging signal Z;Eidélivered from the control
signal generator CSG in brder to precharge fhe stray -
and parasitic capacitances connected thereto. As:
,shown, precharéing P-channel MOSFETs Poito Ps'are
15 ..provided between: the respective earth and data lines
s and the power source voltage Voc for receiving the
'-"precharglng signal Z;E: | |
'\,f' Moreover, a discharging'MOSFET_}e provided
| between each earth line and earth potential of the'
20" circuit. Discharging NichannellMOSFETs D, to D, are
| Provided-between the earth-lineéico to G4,'shown’as'
fepresentatives, and earthlpotential, respectively.
To the gates of the respective.discharging:MOSFETs Dg  _ .
to D,; eight selecting eignals ésoftbfésj'formed by
25 decoding the column address signals are applied in



: eetrng the address buffer ADB and the address decoder [err] so that the .
A gtp can be reduced in size. Each of the earth lines and the data Irnes .
\i_ provided with a prechargi ng MOSFET for receiving the prechargrng 7/
_ [err] delivered fromthe control signal generator CSGin order to
ﬁprecharge the stray and parasitic capacitances connected thereto. As shown,
.prechargi ng P-channel MOSFETs PO.:to P8 are 15 ....provided between the
““respective earth and data lines- ~@dt he power sour ce vol tage [err] for
“receiving the precharging signal  [err]. Mreover, a discharging MOSFET IS"

".prOVided between each earth Iine and earth potential of the! 20" circuit.

o Di schargi ng N-channel. MOSFETs D to, D are ,provi ded between the earth Irnes
[err] SYFRrenismowit Bst?%pFéﬁéH9a9F99§1 ésd EEPPRCSAVEAYIal , respectivel y.

* To the gates of the re pectjve di schar g FETs D to [err] ei ght
sel ectt9 @h%?ssf%??f § oPRERIpFOsEed Al 5BPNGOPHECLol urm addr ess si gnal s

Cthe th “edls SrapeSY0F 168 R Bl eI gira Sional Lert] respectively .
..-__shovvn in Fr g. 'f‘heTBfuPéi'i{?i( Sf BI:eEﬁSEB...g' ngsg@gEEIs aanf the. _ :
:reesf plurallty of. dlscharglng MOSFETs constltute the above- -
described. precharging and dlscharglng circuit PDS0
When the timing 31gna1 és is. brought into the
high 1eve1 state from the low 1eve1 state, the elght ) - E \J
Lselectlng signals éso to ¢S7 .are applied to the |
'__10" corresponding discharging N-channel MOSFETs.: At.this-”'
.. time,_in the-eight-selecting_-signals.gss'0 tor¢s7“oh1y'
.qne selectingdsignalacorresponding to the column
address signals is made high, and the other seven °
selecting signals are made low- |
:g15 . ;Consequently, one discharging MOSFET is.
_selected from the discharging MOSFETs Dy to Dy in each
.ef the precharging.ene discharging circuits PDo'to~' _____
PD,, and ﬁﬁa'to §ﬁg;fand is turned ON. _ At this time, .
the other discharging MOSEETszare;held OFF.
20 ~ The selection of the memory cell M; will now. .
be deeeribed.in greater detail.
After eaehtof the data and earth lines is
precharged, the output signaltdelivered'from.the Y
decoder Y-DCR, causes the MOSFETs'SO‘and Sg to turn ON'
25  and .other MOSFETs S,. s3,_55;-s7gand Sg to-S;; to turn

’

‘a .



5. plurality of discharging MOSFETs constitute the above- ' . _
descri bed. . prechargi ng and di scharging circuit [err] Wen the timng ?35".
[er%%;is brought into the high tevel state fromthe low |l evel state, t\Ng <*
ei'gR¥ selecting signals [err] to [err] are applied to the 10 - o
carrespondi ng di schargi ng N~.channel MOSFETs. . At this time, in the eight
‘selecting signals [err] .to [err] only one selecting signal corresponding

to the colum address signals is nmade highg.and the other seven sel ecting
siignal s are made | ow. 15 . Consequent |y, one dischargi ng MOSFET is
-sel'ected fromthe discharging MOSFETs [err] to [err] in each of the
prechargi ng and di scharging circuits [err] to [err]. and [err] to [err] and

.i's turned_CN.T%Fﬁ@.tgmstﬁgnth%Eehgﬁgertggsgpﬁgg*gaprg§§§li' re hel d OFF.

i 20 e selectron o e nenbry. cé OW bESd#lescri bed in

EL . tron . el TEAOW b8 | bed,
greater detallcadfiel chachibnhbgifa! dodpenes (ol LUES bR BhACPRLORd, the

out put - signal delivered fromth ecoder [edr], causes t Ts [err]

“and Terr]to tusehéN @bscharging wosMEBEEES tarnl ofPJ [ eEbhsbQubiEil, 10 turn |
OFF. On the other hand, the selecting signal .[err] causes the dlscﬁarggng :

. MOSFET D .to tome fipendnode -iofhene-»di:ﬁmageh@gf-mEﬁJei-OSAg r an&Fthe
Consequent |y, . 5 R _
S 5 data line:DLo.are elgctricglly_connected'tOgether.

Moreover, the electric charge stored in the stray and

| pafasitic capacitances connecfed-ﬁo-the earth line G,

.ﬂgj{'. - is discharged through the discharging MOSFET”Dl.

| Thus, the earth line Gl-is'selected; and the potential

10 - thereof is broughﬁ to the earth potentiai of the
| circuit.. |

- In the ROM, one data line, e.g. the data line

DLy, ié.mutually used by the memory:cells formed on
the upper side.thefeof;and the memory cells formed on

= 15  the 1owér side thereof. -
' In the case where one of the memory cells

formed on the lower side of data line DL, i.e. one of

the memory cells provided between the data line DLo

and the earth line Gi is selected, thé-discharging o
~ 20  MOSFET D, is turned ON'by-the'selecting-signal'ésl,
and the earth'line'Gi:is=se1ected..1 Tﬁereby; the
plurality of memory cells provided*betweén.ﬁhe data
line Dﬁo and the earth line'Gl are made selectable.

When the desired word line Wsio is brought to a

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



one |nput node of .the unlt sense anpllfler [err] and the 5.  data line"
e} Lewr] are electrically connected together. Mreover; the electric charge::
{\¢t0)ed in the stray and parasitic capacitances connected to the earth |Inﬁ
; 375 di scharged through the di scharging MOSFET D1. Thus, the earth line G
.I's 'selected, and the potential 10 - thereof is brought to the earth

Htpotential of the circuit. In the ROM one data line, e.g. the data line"

“arid the menory cells forned on -

“kerr] is mutually used by the neq?%y.cells formed on the upper side thereof
P the | ower side thereof. In the case
,:;mhere one of the nenory cells forned on the lower side of data line [err] -
. i.-e-.one of the nenory cells provided bet ween the data line [err] -and the

'%“‘*'earthsll eler%nﬁeﬂrectﬁcheéJ&xdlm Ngh& OnemdPrE1 P mi s turned ON by

the selectlng signal [err], and the: arth 1ine . s selkcted. Thereby, -

. the plig ddllectda wwlﬂﬁzﬁmﬁ& heémery ¢6EL6o6n thae [err] and the
earth line G are nmade sel ectable. Wien the desired word line W12 is

. bf dughiovier @i ofsaitertdata |lcime Dl g. {Tie hpobentiel 0By the out put .
... si-gnal fromthe X decoder [err] the nenory cell [err] is selected fron1the 4
-ﬁTpIura&h@yd@tan&ﬁnQ/unaanangasuan accordance with the data* . A

ﬁiffs” stored in the selected memory. cell M1 Thus, a = = - .'3_ —_
: "'slgnall1neagqor§ance-w1th_the ‘data stored in the
. selected memory cell_Mlaisetransmitted to one-
ihpﬁt/oupput terminal of the seﬁse amblifier SAb. L - C:
| ;n_the.case_where ohe.of the memory cells - |
efflofe_forméd on tﬁe-upper.eide,pf_fhe,data line PL,, i.e.
B one of the memory cells formed between the data line
: bLo and. the eerthwline Gyr ©-9. the memory cell Mg is
.selected the d1scharglng MOSFET Do 1s turned ON by
.lthe selectlng signal é o and the earth line GO is
1515.n'se1ected, thereby allowing the-memory~cell Mo=to-beﬂ'
selected in the same manner as in the case described
above._ o x : S : o : RIS
In the ROM;_two_MOSFETs constituting'a-duﬁmy~'
- cell are-provided_in series between each data line- and.
20 - the corresponding earth 1ine._

Mére_specifically,_with-:espect,to'the,data

@ o
[

~ line DL, MOSFETs DCy, and DC,, ¢onstituting a dummy
cell are provided between the data line DL, and one
‘earth line Gy corresponding thereto,.and'MOSFETs-Dcos

- 25  and DC64;constitnting-aadummy'cell are:provided:



meer.side of the data line [err]. The potential of the data line
changes in accordance with the data 5 stored in the sel ected nmenory
[err]. Thus, a signal in accordance with the data stored in-the sel

i)

“menBFy cell [err] is transmtted to one input/output termnal of the $ e
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 menory cells forned

"~ between-the data line one of the menory cells formed between the data |line

sel ected in the same manner as in the cHé%?HéScribed above. In the ROM two
MOSFETs constituting a dummy cell are provided in series between each data:
Fine and 20 the corresponding earth line. Mre specifically, wth respect

e brovided BREHSRR knd HRRR ARl b el sl SR8 Rkl dam Y '
. correspondi ng do e SMSFETs [err] 25 ~ and [err] constituting
g-dummy y cell are%%gggﬁgégtﬁggbetmeen the data line [err] and the other

earth line G corr espoedirids! MoETETe SRetIMUIRGTS CRRY LU0 AUy
- cell, e.g.. The MOSFETs [err] are MOSFETs having the sa

_ the WOSFET&“DCg; -and DCy,, are MOSFETs having the same
. 5 size as the memory MOSFETs and are_forméd 
.simultaneously with the memory MOSFETs having a low .
threshold voltage. Moreover,-these MOSFETs have the
* &_;-' " same congtructién. |
| The f0110wing is‘a-description of a dummy cell
10 selecting operation. = In the selection of a dummy
. cell, the following signals;are employed:' the highest
'6rder address.signal.A9 in the external row addfess
signals, and the loweét ordef'signal Alb in the column -
< address.gignals used in forming the selecting signals
153*-¢S° to ¢S71_as,described above.  More specifically,
the highest order external address signal Aq is used
 ‘to determine wheﬁher a.duﬁmy cell should be selected
from the dummy arrays-on the right-hand 'side or left-
hand side. . The lowest order external address signal
":,':' 20 Ao is-usedﬁto-determine:whether.a-dumMY'cel;'shbuld-'
be selected from the dummy arrafs fo:med*on'ﬂhe upper
side or lower side of a data 1ine;' .The lowest order
external_address_signai Ayor in the selecting signals
¢SO to ¢S7' is #n address signél to determine whether

25 the discharging MOSFETs connected to the earth line on

L 4



"5  size as the menory NCSFETs and are forned S|nultaneously mnth t he
nmenmry. MOSFETs having a | ow threshol d voltage Mor eover, these MOSFETs .

8t he sanme construction. The following is a descrlptlon of -a  dummy ceLp
J $el ecting operation. In the selection of a dummy cell, the follomnng
- signdl s are enpl oyed: the highest order address signal [err] in the
~external row address signals, and the | owest -order signhal [err] in the
,€olumm address si.gnal s used in form'ng the selecting signals 15 [err] to
-[err]as described above. = Mre” §ﬁéc|f|cally, t he hi ghest order externa
address signal [err] is used -to determ ne whet her a dumy cel | should be

- -sel ected fromthe dumy arrays on the right-hand S|de or left- hand side.

~ The | owest -order external address signal 20 = [err]. is used to determ ne
__mhethﬁheauEBﬁﬁyséGPI°§héuﬂét5e1§§Pe $10; B PG &% ays forned on the

”;88$;§§ed$§ FaféiPF Mﬁgﬁﬁgssgggggpké s#ﬁh&%f'F@Fﬁ$’bﬂprder exfgrgﬁladdress ;

: d he dis d h
eartnERe LORRE SLHR SATLHR aRga phE aépgﬁﬁ B0 S urned N or the
“di scharging M gggcggegec&g% Egotgadggggh Hyary1édgaéﬁyer S|de of the -

. data line shol e turnéd
5 word. 11ne selecting timing. 51gna1 ¢ ‘are decoded to -~ T -

. form four kinds of dummy word line driv1ng“s1gna15"' .
boor barr Faor e .
' The selectlng operatlon of a dummy cell - = ' o/
constituted by the MOSFETs DCpjy and nc04,'-_-w111 now be
10 - described in greater detail. . -
~_Eéch of the data and earth lines ié'precharged
iﬁ the same manner as:in the case of the above- .
described memory cell selecting operation.. ' The
o  MOSFETs S, and Sg are turned'ON'byuthe-oﬁtput signa;:'

':'15=?5from the Y decoder Y-DCR,, and the discharging MOSFET'

ll
- D1 is turned ON by the selecting signal: ¢Sl to select

the earth line G Thereby, the data 11ne-DLO is

1°
eleC£rica11y connected to-thelinpnﬁ_termiﬁal of the
unit sense amplifier SAb, and theﬁéotential of the
i2Q ‘earth line G; is brought'to earth potential. When-
the SeleCtingﬂSignal~¢ai.is~brought'to~a selection’
level, e.g. the high level, in order to select the
above-mentioned dummyfcell,-the MOSFETs DC,, and DCg,
are turned ON. | |

'25' . As described . above, each of the MOSFETs.

*



Th.practjbe, the two address signals and the 5 word line selecting timng
"signal [err] are decoded to formfour kinds of dummy word |ine dr|V|ng

siignal s [err] The selecting operation of a dunmy cell constituted by
 MOS®ETs [err] and [err] will now be 10 - described in greater detail ch

of the'data and earth lines is precharged in the same manner as in t case .
“of the above- described menory cell selecting operation. . The MOSFETs . .
[err] and [err] are turned ON by the output signal 15 fron1the Y decoder
“['err] and the di schargi ng MOSFET [err] -pg-turned ON by the selecting

signal [err] to select the earth |line GL. "Thereby, the data line [err] is
electrically connected to the input termnal of the unit sense anplifier
[err],and-the potential of the 20 earth line G is brought to earth
potential .. &hestitetingeztdugngicebl iera] MOSEEDrbayibhgtthe sahection

| evel, e.g. the high level, in order to select the above-nentioned dumy
cell, the MOSFEzxe ?%rt?eameWQEyrmoﬁﬁﬁmiu@h@deFmeQ581m01tane°uﬁéydescr|bed
-above ‘each of the MOSFETs constituting a dummy cell is_a MOSFET havi ng:
‘the sane S|zéwh§ tﬁkeﬁ%ﬂ%ﬁ?YhM9§¥ﬁ%'éhﬂv$%9n%d1€VnﬁhFaﬁbﬁh§IVOltage

f-;%ﬂ o . and moreover has the same construction as Ehose-
“ '5  MOSFETs. . Thus, the conductance of a dummy cell
measured when it is selected, i.e. the combined
conductahce of -the MOSFETs DCq, and Dcd4 in ‘the ON
”f&wg.. o state, is.a.valueesubstahtially-half the conductance
| of a memory MOSFET arranged to have a low thresheld '
-10 voltage measured when it;is se1ected. ‘A memory
MOSFET arranged to have a hlgh threshold voltage
remains substantially OFF whether it is being 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.thresholdfvoltege
measured when it is selected.  In other words, fhe
conductance of the dummy cell is an intermediate value
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-storedfin the 'stray and
parasitie_capacitances*of the data line by precharging
is discharged in accordanee with the conductenee of -
the eelected dﬁmmy cell. 'in oﬁher woras, the

25 potential of the data 1ine~DL1 gradually lowers in



with the nenDry_NCSFETs having a | ow threshol d vol tage and noreover -has the
.sape:r..construction- as those 5 . MOSFETs. Thus, the conductance of a

MOGFETs [err] and [err]. in the ON state, rs a.val ue substantially half
gnduct ance of a menory MOSFET arranged to have a low threshold 10 -

- voltage measured when it is selected. :A nmenory MOSFET arranged to have a
_mhrgh threshol d vol tage remains substantrally OFF whet her. S

- being"selected or not. Accordi n@%/; the conductance of the dumy cell is’

" larger than the conductance of the menory 15 -MOSFET arranged to have a

“hi.gh threshol d vol tage measured.when it is selected. In other words, the-n

conductance of the dummy cell iis an internediate val ue between the
condactardanck Mi&mm;:dbﬁiﬁﬁ:ﬁrma/rcrﬁg thd alanny esdild d -vol tage and that of
‘the menory MOSFET 20 having a high t hreshol d. vol tage. The el ectric charge
~stored in thacsordingly.pdiesipdtentdpdciofiredntsd ke data'line by -
prechargrng i's drscharged in accordance with the conductance of the
“sel emeagureiniphes @ durmy sieddr qRmected,dhmeretgci®ential of the data |ine

- [err] gradually | owers in. accordance with the conductance of . the dunny
ce| | selected is an 1ntermed1ate -value between the

r-'5' potent1a1 of -a data line measured when a memory MOSFET ' _ =
having a low threshold-voltage-and connected thereto | |
is selecteq-andﬂtﬁe‘petentiallefﬁthe'data line : -_:“. | e
measured when.a.memorffMOSFET.having a ‘high threshold | |
voltage and connected thereto is selected.
lo_m; .  In themreadout_OPeration, when a memory cell
.is selected from the unit memory-array-MSo oh the
| right-hand side-oflthe[unit'sense-amplifier SAq, the
* dummy cell correspondlng to the above memory cell is
" selected from the unit dummy cell array'_§— on the
15.:7 left-hand slde-of'thevunlt-eense_amplif1er SAO. '~ For

instance, when the memory cell M, is selected from the

" ‘unit memory array MS,, a dummy cell connected to the ' : U

7t data 1ine-BE;'¢orresPonding'to the“aata-iiﬁe“DLo*iS'
selected in . the unit’ qummy. cell array'ﬁs— on the left—i'
20° hand side of the unit sense ampllfler SAO ) More
specifically, in the=un1t-dummy cell array-DSo'on_the.
left-hand side of the unit sense.amplifier.SAo,=a
dummy cell is.selected,which-iseprdvided berween the
earth line eonnected-with thetdischarging MOSFETs - - -

25° adapted to turnfONﬁin response to. the selecting signal

*

¢t tell nmeasured when. it is selected;, i.e the conbi ned conduct ance Ot)'.

>

= .



Accor'di ngly,

the potential of a data |ine neasured when a dummy cel
connected thereto is selected is an internediate val ue between the 5
potential of a data |line neasured when a nenory MOSFET having a | ow
t.hr#¥hol d vol tage and connected thereto is selected and the potenti al

the data |ine nmeasured when a nenory MOSFET having a high threshold voltage

and-connected thereto is. selected. 10
when “a .nenory cel

rlght hand side of the unit sense anplli [err] the * dummy cel

correspondi ng to the above nenory cel

.array. [err]

on the 15 = left-hand side of the unit sense anplifier

In the readout operation ,
is selected fromthe un|t menory array MSO on the

S selected fromthe unit dummy cel

SA.

‘For -instance, when.the nenory cell [err] is selected fromthe unit nmenory

USHA gﬁéldgggnggﬁgdﬁgv'the data line [err] corresponding to
t he dat a I|nes err] is selected in t®e unit dummy cell array [err] .

array [err]

left-- 20 hand si de Thetpetentialeasethepdatacliher DL

in the unit

I ﬂ response

on the

bebbmessaeC|fically,

dummy cell array [err] .on the left-hand s?de of . the unit sense.
anplifier [evalue imnagcerdance witkcthe dhatahsterpdoindeblebet ween t he
eart-h .lirne connected with the discharging MOSFEFs 25 - adapted to-turn ON

Qedecﬁe@emggormgcglbngnd s transmltted to one 1nput

termlnal of the un1t sense: ampllfler SAo : On,the
other hand, the potent1a1 of the data 11ne'3fa becomes
a value in accordance w1th the conductance of the
selected dummy cell,'1 e. the reference potentlal, and
is transmitted to the other input terminal of the unit
sense amplifier SAO |

‘In the ROM, a compensating circuit is prov1ded

to each durmy word line in order to prevent

malfunction. The'compensating circuit is constituted

by two MOSFETs arranged to have a high threshold

*voltage. More'specificaliy, two MOSFETs are series-'

connected between a data line and the corresponding
earth line, and the gate of each MOSFET is connected
to the corresponding dummy word line. With respect
to the data line'DLO, MOSFETs DDOl and DD02 hav1ng a
hlgh threshold voltage and: constltutlng a compensatlng
circuit are series-connected between the data line DLO

and one earth lineIGb corresponding thereto, and

' MOSFETs DD, and Db04 having-a high threshold voltage

Y

R T-E

.20
25

and constituting a compensating circuit are series-

‘connected between the data line DL0 and the other



~and” the data line [err] The potenti al of the dat a Irne [err] becones a

val ye in accordance with the data stored in the selected menory cell andd s
s tted to one i nput 5 termnal of the unit sense anplifier' [err]gj

Lot

" ot

- .ac

ot her hand, the potenti al28f the data |line-DL becones a value in
rddnce wi'th the conductance of the selected dummy cell; i.e. the.

reference potential, and is'transmitted to the ot her |nput terninal of the
S unit 10 sense anplrfrer [err]. In the ROM 'a conpensating circuit is
" provieanth oling rﬁfnnwmre@m@mdine theéﬁﬁer to prevent mal function. The
-~ caonpensating circuit is_constjituted - two MOSFETs arranged to have a
‘ _high threshol'@‘elEPth%I@%ﬁ% hnﬁbr%népﬁbﬁﬁﬁﬁﬂ yineRoOROEPETSs are series-’

connectfd bet yween_ a Irne and thf orregponding earth line, and the
Fardiaas ¢ 4Ee5, PR

T_gate
Vvth
high

K ri ﬁ&gﬂggted N8ohBEk oge earth line [err] '
-'?%rrespon I ng thereto, an NCSFETs er?% ] having a hi gh t hreshol d )
” VO'tQQ%@%H%&%HK&'éi%éﬂﬂtaaﬁoﬂﬁﬁaﬁéédnﬂochaﬁéla ﬁtghserleS- 25 connected |

" . between the data line [err] -and the other

TnETReD PBPLHELED: PRepBRBing durmy word i ne.
iR t%%é#\ﬁé’é‘é%itﬂ ﬁ% WEEIspbabLL gd [or1] havi ng .a 20

and COHS npensa ng ci.-rcuit are’

threshold voltage as: mentloned above sO that the

"-: MOSFET will not be turned ON even 1f a selectlng

10

'15.:.

20

25

signal is applled to the dummy word line connected to
the gate thereof. The MOSFETs constltutlng each o L _ e

compensating.circult are formed 51mu1taneously with

' théimemory MOSFETS .

The dummy cells prov1ded on the upper side of

data line are connected to the dummy word line to

_wh1ch the compensating c1rcu1te_prov1dedﬂon the lower

:t side of the data_line are connected, whilst the dummy

cells provided on the 1oWer side of a data line are
connected to the dummy word 11ne to Wthh the
compensatlng c1rcu1ts prov1ded on the upper slde of
the data line are connected.

With respect to the data 11ne DLO, the gate

'electrodes of the respectlve MOSFETs DC01 and Dcoz

-constltutlng a dummy-cell are connected_to;the;r_

corresponding dummy word lines DWil_and DW'l2

respectively, and.the gate electrodes of the



earth line [err] corresponding thereto. The other data |ines and the data
lines on the left-hand side of the sense anplifier [err] are simlarly
providedwith respective conpensating 5 circuits. Each of the MOSF
con§§|tut|ng a conpensating.circuit is arranged to have a high thresh
vol tage as nentioned above so that the MSFET will not be turned ON ev
a-selecting signal is applied to the dunmy word line connected to 10 - the
gat et hereof. The MOSFETs constituting each conpensating circuit are
formed simultaneously with the nenory MOSEETs. The dumyy cel-ls provided on
t he upper S|dEeEPeﬁtHH9aMP$ﬁ§T&rPDggnﬁéétEﬂozocPﬁét&GHﬁﬁnﬁoPd line to 15

- which th t t d f the d |
?re conn:cfgggg&EEPéggﬁﬁérgg%ﬁ; ;gﬁé 8289|888n8ﬁ%g§e %§P0§|éeeofagadaige
i ne are connected to I h

circuits provFﬂﬁﬁeﬁﬁ°Phéngp§gEm |Hér8fig§egon2 Q g Wﬁgngfgﬁgéhﬁgbted

Wth respect Lo Lh agﬂ%ﬁ | itRg QEE]elEE r8ake SFGQBE°4%§pQEtEQ% respective

MOSFETs [err] "an err 6onst| uting a unny ce are coinected to their

'Correspong' OB eWBE] | hABSDBYL]cBRY:DEL1RS o GeSARCICe1aLunaAnd the

gat e. el ectrodes the 03
.. those of the MOSFETs DD, and DD, ‘constituting a

compensatlng circuit are connected to their
co:responding dummy word lines DW21 and DW,, .
Thué; between a data line and the earth line
10 correspoﬁding thereto, one MOSFET is connected_tb one
. dummy word line in the same manner as one word line.
Accordingly, the total number of the MOSFETs connected
'to one word line equals that of the MOSFETs connected
to one dummy word liﬁe. ‘These MOSFETs are formed
 £5. -éimultaneouély. _Thereby,]tﬁese MOS?ETs havé gate .
insulating films equal to each other.inlfilm thickness
and dielectric constant. : Moreover;.these MQSFETsz
have subStantially’the same dverlapping-amountlbetween
-g_; . each gate electrode and the corresponding sburce
20 region and that between each gatevelectésae and the
corresponding: drain region. ConSéquently, thésgV
MOSFETs have.substantiaily the same value ih the
- %' MOSFET'capaCitance:compfising’thg capacitance formed
between each gate electrode and the corresponding

.25 source region, the capacitance formed between each

-"‘\ .:_



" nunbe

' f.correspbﬁﬁﬁﬁgletly sﬁgﬁéetﬁegﬁ§h OFh@IbapaC|tance formed between each

-_respective MOSFETs [err] and [err]. constituting a conpensating circuit are
Talgpxconnected to.their corresponding dumry word lines [err] and [err]. .. -
_ sanme manner, the.gate el ectrodes of the respective 5 MOSFETs [et&ﬂ-f
) err] constltutlng a dummy cell_and those of t-he MOSFETs [err] and.

~[err] constituting a conpensatlng Tifcuit are connected to their
_correspondi ng dummy word |ines DW21 and DW2. Thus, between a data line and
-the earth line 10 correspondi ng thereto, one MOSFET is connected to one

oed de t ly, the total
B S e L RLACE

. to-one word |ine e at of the MOSFETs
ConnGSEﬁdrte?ggélﬂﬂﬂﬂ¥s“0rdTth@foréThﬁﬁﬁaN§§5§E§tﬁkﬁtﬁﬁ%ﬂEd 15
si mul t aneous Ther eby, 't hese FETs have gate insul ating films ~equal

. to eaplimBbbebfi MOSFEDs! Bbakeetedd pe riiitlse dHe &raQ@esbant . Moreover, these
"MOSFETs have substantially the same overl appi ng anount between each gate

- el ect eagacfpdntés . conneepedditng as dummy 30rd rldgieoandndhaitat. bet ween each
. " gate electrode and the corresponding drain region. Consequently, these
- MGSFEG§ tapacithscest cahhgcthd $ane warde liimeat fe MBSFET capaci tance .
conprising the capacitance forned bet ween each gate el ectrode and the

It is posslble to make the value of the
.capacitance.of a dqmmy word line cogstltgted by the.
capacitances oé'ﬁhe-:espective MOSFETs_cqnnected _ .' ) _ .h;‘
. 10 tﬁereto ;nd thgt pf'th§ capacitahce of a word line’
. constituted_by.the_C§pacitances of:the respective
" MOSFETs similariy.connected-thereté substantially
egual £9 each other. . In other words, it is possible .
“to make.thé v;lue Qf_the.capacitance of a dummy word
15 line which is to be a load capacitance with respect to -
fhe.x decoder. (driver) and that of the capacitance of
a %ord line.which_is to pe a load capacitance with:
Iré;pectlto the X decoder (driver) substantialiy equal
to each other. When app;ying an output“§§gna1 to a - N o l';}:
20‘_ word line, the X aecoder app1;es ;n output signal to | -
the correéponding;dpmmy.wbrd_1ineisqbstantialiy; -
'31mu1taneously. _ | ) _
' Accordlngly, it is possible to make-the'change;
in potential of a word line when it is rising to the

25 -selection level in response to the output-signal from .



' gaﬁéﬂelectrode and the corresponding drain region, and other capacitances.
Therefore, . _
val ue: of ~capaci tances connected-to a dumry word line and that 5 - of

ot her .

connected 10

equali'zing the tota

cap#&e€r tances connected to a.word line to be substantially equal to ea

nunber of MOSFETs connected permits the ——=—

- It is possible to make the val ues9f the capacitance of a dummy
~word-line constituted by the capacitances of the respective MOSFETs

thereto and that of the capacitance of a word |ine

constltuted by the capacitances of the respective MOSFETs simlarly

connect-ed t heraied 35 deicuy alrd/ i dhdmyeanh mitwitial |of cier words,
is possi bl.e to make the value of the capacitance of a dummy word 15 .

it
1ine

which is to becerrdesgpdmtiparidwmye word Tigepodten ditt hiss X tebonglcto (the ver)
and that of the capacitance .of a word line which is to be a load -
capaci tance wisdlectdarilavel Ha Xerranis fQirthegutpisieianal |$raual to
- each other. '

decdder appl i

subst ant i
- Cchange in

10

15

20

25

ly S|nultaneously Acco

otential oft% ¥ort

When appl yi hg an output signal tg a 20  word line, the X

dheyX eL;ighbkat acﬂt‘t#?e‘-%cﬁ?‘%@po?ﬂiﬁﬂf’ﬂuﬂﬁﬁp%rd li ne
bl ‘make th
r.d |3%qyttq§nﬁl*sp SSli ][etoe.rr.aet.e

applied to the gate of the memory MOSFET to be
selected end the-voltege aéélied'to fhe gate of the
MOSFET of the dummy cell to be selected eubstantially_
equal to-each'ether at all times. cOnseQuently,'the.
conductance of the selected dummy cell becomes an
intermediate value between the conductance of the
selected memory MOSFET hav1ng a load threshold voltage
and the conductance of the selected memory MOSFET '

having a high threshold voltage. 1In other words, in

the readout operation of the ROM, the potentiel of a

data line measured when a dqummy cell connected thereto

is selected will never be lower than the potential of

;2 a data line measured when a memory MOSFET having a low
© ‘threshold voltage and connected thereto ie selected or

higher than the potential of a data line measured when

‘a memory MOSFET heving a~ﬁigh threshold.voltage_aqd
connected thereto is selected. Accordingly, it is
possible to prevent'malfunction.:

The above-described discharging MOSFETs Dy to

D4 prevent wasteful consumption of current by



e r{ieER

c25//\§électioh-level in response to the out put signal. from the X décdder_.;
and«t he -change in potential of the correspondi ng dummy word [ine when it.is .
to the selection level in response to the output signal fromthe 2/

\1

od er-substantially equal to each other. 5 : It is also possible -

to make the voltage applied to het gate of the menory MOSFET to be selected.

- .and the voltage applied to the gate of the MOSFET of the dummy cell to be .
* selected. substantlally equal to each other at all tines. Consequent |y, .

" the 10 t e dladdt d d 11 b Consequently, .
 val ue BAFAE Jrd UF b ST EEeR o8 TRl hint no o | oad
o iy t ted MOSFET h
o hi R dfheiE A a%'gf SRS A0, LU SELESL 0 HRYDTY, NOSFET hav e

‘oper atd;Qp t#gé (ﬁdgﬁﬁfg faodntagdl ed when a dunmmy
“cel conneS{e hereto is selected d? nev% egf%mer %%an t he potenti al
of a %@ddﬂ&d&&ﬂé%tw»msmm@m Witen NPr aig ol t hreshol d vol tage -
-and connected thereto is selected or 20 hi gher ‘than the potential of a '

data liisn ePEESHr=at: Wh Y iy ¥R relian MIGRE oy Higner i gbetbreshol d vol tage and :

..connected thereto i s sel ected. Accordlngly, it 1s* : p055|ble to .
--preveMEasnnadnwhen11t is ON.. ' ' _ : y S

Thereby, the tlme constant in dlscharglng the~
electric charge stored in the stray or paras1tic'
capacltance connected to a data llne is substantially . : o~

‘10 'determlned by the capac1tances and the conductance of
| a storage MOSFETrmeasured when it is in the eelected-
state, or substantially by the capacitances and-the
-_conductance of a dummy cell measured when it is in the
selected state, 1 e. the comb;ned.conductance.of.the

‘two MOSFETs connected in series.



~The above-described di schargi ng MOSFETs D to 25 [err] prevent wasteful _

consunption of current by prohi biting discharging of the capacitancegs gf,
th@\ggspective data and earth lines not selected. The si.ze of each Pf ~/~;
the$& -MOSFETs D to D is such that the conductance of the MOSFET neaslied’
when it is ON 5 is sufficiently larger than that of a menory MOSFET

. measured when it is ON. Thereby, the ti[n% constant in discharging the

electric charge stored in the stray or parasitic capacitance connected to a
data line is substantially 10 determ ned by the capacitances and the

conduct ance of * a storage MOSFET neasured when it is in the sel ected
state, or substantial ly, byddiEreRasid SICPE1RG led b6 @it CheICcard a dunmy
cell measured when-it ?&;i n the selected sté?g, i .e. the conbined

conduct ance ofgdifed Wi VIRRRSOSSIPaGLEN e SREmesy MOSFBPe. The MOSFETS

constituting each dummy cell are formed sinultaneously with the nenory

MOSFETs. Ther efrefdre, RO rROM fsiufa ciguping epsooess wibll ot be

| | ' 'moré éompiicatédm?J*Moreover._by'the:simult;?ebugﬂ_l

. - 75“ fbrma£i;£, if:thefe;Should'be any chang;‘ing" |

| characterisﬁics,'e.g;~condﬁctan§e-of memérY'MOSFETs--
owing to manufacturing condition variationé, the
MOSFETs constituting.ﬁﬁe_dummy-cells'have-the'same'
chaﬂge in their characteristics. Therefore, it is

10 péssible to make the conductance of each dummy cell
substantially half the conductancerof a memory MOSFET
having a low threshold voltage-whiéh turns ON when
séiected,_independentiy of variations in manufacturing

' copditions. - Accordingly, it is possible to

jﬂmanufacture a memory with a high production yield.

?%ﬁ: The writing of data into each memory MOSFET is
" effected by implantingfimpufity ions into a region for
W forming thé channel of the memory MOSFET. - More
specifically, the threshold voltage 6f:3fmemory MOSFET
20 - is determined by the impurity ion implantation. - For -
example, into a region for formihg fhe”channel bf'a
ol memory MOSFET required to have a high'threshold-=-
voltage, impurity ions having a:CQnduc§ivity type
oppoéite to that of the ¢hannel are implantgd. - The .f

25 region for forming the channel of ‘a memory MOSFET



ror e conblicated .. Moreover, by the Sinﬂlténeous. 5 . formation, if there
. "shoy e;\e any change in characterlstlcs e. g.- conductance of nenory
o MOS

e

‘ﬁ ow ng to manufacturing condi ti on variations, the MOSFETs - f;,

. con uting the dumy cells have the sane change in their characteristics

. :Therefore it is 10 possi bl e to make the conductance of each dumy:
..cell substantially half the condugtance of a nmenory MOSFET having a | ow
.~sthreshol d voltage which turns ON wnen sel ected, independently of varlatlons
',gln manuf act uri ng conditions. Accordingly, it is possible to 15.. -
nmanuf acture a menory with a high production yield. The witing of data |nto

" each npeguyrd@SES Thavech! e6wethbyshanbaRblRage W ok | ONS into a region:
for formng the channel of the menory MOSFET. . More specifically, the

. threshetdjectédgeocothe denoiwplihEatish fors sthdifaimgnatheby the inpurity ion
I mpl ant ation. For exanple, into a region for formng the channel of a :
menor ytMoSsEGldevaltadet 0 hascaarksylityhidéslisl gosslitdge td npurity ions
" having a, conductivity type opposite to that of the channel —are inplanted.
' The 25writegpohiparyf sigpal Fge éﬁanﬁel16¢°aanﬂﬁmpfmwggﬂ§ET- rTequired to

have a_l ow t hreshol d voltage is.not subjected to the ion |¥RJantat|on for
;.sh$ft|ﬁﬁ this case, the threshold voltage of -a’ memory MOSF

determined: by the 1on 1mp1antatlon is made to-
correspond to the,binary;slgnal "1", whilst the low:
threshold-yoléege_of a storage MOSFET not_subjecﬁed-to L | i
Ithe ion ‘implantation is made to correspond to the

10 ﬁinery signal "0".

-The-readoﬁt operation=is effeeted by detectingw
whether a memory MOSFET selected is substantiallyi
turned ON or OFF by the voltage applled ‘between the

'fzate and source thereof. :Inﬁother-words, the readout
ISEﬁfoperatlon corresponds. to the detection of whether the
.conductance,of-the selected memory-MostT is iarge or
small. .The_reference-used.for the detection of the
size of the-conductence'iSugiéen by the dummy cell. .; | (;_
An example of a method of manufeeturing'MoerTs;:
20. used in-the ROM will.now be described in greater .
~ detail. B .
A gate ineulating film is formed on a = - L R
semiconductor substrate (or weli region), and a
polyerystalline,silieon_layer-is.fbrmed-thereopr

25 Then, the polycrystalline silicon layer is etched so as:



"threshold voltage. As aresult, it is possible to wite a binary signal
"1" or- "0" into a nenory MOSFET. 5 . In this case, the threshold voltage.-aof
a nenpry MOSFET determined by the ion inplantation is made to corresp d-
_the%ﬁinary signal "1", whilst the | ow threshold voltage of a storage j
"not subjected to the ion inplantation is made to correspond to the 10
bi nary signal "0". The readout operation is effected by detecting whether a
menory MOXSFET selected is substantially”Tﬁ?ﬁéd ON or OFF by the voltage
~appl i ed between the gate-and source thereof. In other words, the readout
15 .- operation corresponds to the detection of whether the conductance of

the sel ected nmor.y MOSFET,.is Large qr small. e ref.erenc d.for the
detection of (FB EPTR Br GRRE oRALEPIRce | Hibh, HHS PRIRERRAI A0 7 a
exanpl e of a’ f f Is F _ L st h i I now
be descri bed r%kgggg e%ggggagﬁggkhggfggsngﬁ?a?.ﬁﬁ %ﬁ %nggefgéggf%%1ﬁi _
“semi conduct or guRR! I 8t §ohpbeVekbibAURAR) a ARHiR Q%L;)i%&zy%&@;"fd}%‘eﬁ lgnOn-
layer is fornmed thereon. 25 Thén, the polycrystalline silicon layer is
gtghed_so as the33emiconducto::Subsfgater(br_well.region), The

S 5 source and drain regions are formed in a self-aligning
| ' manner using as-a-maék-thé'poly§fystalline.siliéoh
layer constituting the gate electrode.
| ‘A hea£ treatmeht is carried out in ordef'to
form an interlayer insulating film. The heat
10 treatment undesirably causes diffusion of the-soﬁrce
and drain regions formed on the semiconductor substrate:
- {or wéll region). - Thereby, the gate electrode and the
éourqe region, and the gate electrode and the drain
- region are undesirably overlapped with each other,
ﬁisg respectively. Consequently, the MOSFET has1
; capacitances such as the capacitance formed between thé
gate elect:ode and the source region and that formed
' _g_; betweeh the gate electrode-and tﬁe drain region, -
| Thé memory MOSFETs, thefﬁOSFETéuéonstituting
20 the dummy cells and the MOSFETs constitqting the |
cémpensating circuits are simulténeously-formed b& the
e ' manufapturing technique.described above. ' Moreover, if
necessary, the channel forming region of the MOSFET is
subjected to the ion_impléntation for shifting the’

25 threshold voltage as described above.



~-toAerma gate electrode. Wth the polycrystalline silicon layer . = " -
o cpaskituting the gate el ectrode used as a mask, a source region and a drai-n .
- r&gi o) are forned on the sem conductor substrate (or well region).. Theyy
 source.and drain regions are formed in a self-aligning manner using as a
. mask the polycrystalline silicon |ayer constituting the gate el ectrode. A
“heat.treatnent is carried out in_ r to forman interlayer insulating
o, film  The heat 10 treatment undesirably causes diffusion of the source.
..»ahddrain regions formed on the semiconductor substrate (or well region).
-~ Thereby, the gate el ectrode and the source region, and the. gate el ectrode

_:-and the drain i on_are undesi.rably overl ap Wit ach other, 15
- respectively. s@&&@ﬁt-[ﬂpﬁﬁém Jf?ascogrg%g‘c?'fta%éy dlich .as the _
- . capaci fQ%EEﬂ' S48 Jep _tgngj gols f¥¥1' urce region and

- “that ftc?rq#égebe'v\eerjfl&t ?e_ga_tzlee gz!j%?lro el%;'énjirjé){jﬁce ralﬁ%rozrgi on, The nenory -

- MSFET3ocllie s HESREL 1S Hellieted Gron el UilBe GRlicrygkdde MSPETS -
< constituting the conpensating circuits are sinultaneously formed by the - .
- manuf agigUr ighd MEST Bla0 e raFetienld AmE de MV SWVE srdd tiRCESSAry,. the -
. channel Pbrn1ng-reg|on of the MOSFET is subjected to the ion inplantation-
‘ fom shiynfitn@uimhgy 211 hhrﬁg;h@q Vo ts) tnabe. as descri bed above. - o

. The dynamic diffeféntiai.amplifier*circuit is

constituted by P-channel MOSFETs Q,, Q, and N-channel .
MOSFETs Q3r:Q;.'§é.-- A_iétching circui£ is constituted - -
by two CMOS inverters eadh-cdmpoéed of the P-channel
16 'MOSFET-Qi (02)~and.the-N—channel-MOSFET Q3.(Q4),'and -
B the N-channel MOSFET:Q6 aé a power switch is provided
-betweén-the,seurces}of the MOSFET.Qs-and Q, and earth
éo fqrm-a dynamic circuit.- ‘As will be described later
in detail, in ordér to=prechafgei.in'a-5hort period of
15 - - time, the stray or parasitic cﬁpacitance'connected to:a
vo-data line.gprecharging=of'a.data-line'is also effected
from the sense amplifier side. - For this purposei the _
":.sense amplifier is pro?idéd with the P-channel MOSFET = -  -§)=
Qg which is providedfbetweén th; electrode of the |
- 20 respective.MOSFETs-Qs and-Q4.serying as.sources_in-the-;- : -
“ ordinary ope:ating:state-and the-sﬁpply vbltage=Vtc;__
A timing signal formed on the basis of the timing -
signal éPAl for controlling'the operation of the sense

amplifier and the internal-address signal a,, ‘is

ia
25 applied to the gates of the respective M_OSFETS-Q5 and

L



The sense anmplifier [err] is constituted by a single dynamc. differenti al
anplifier circuit for receiving a signal delivered fromthe unit memory .
array.. [err] or. [err] and a reference signal delivered fromthe 5. unla“'j
dun®-cell array [err] or [err] The dynamic differential anplifier c i
is constituted by P-channel MOSFETs [err] and N-channel MOSFETs [err =

| at chi ng CIrCUIt I's constituted by two CMOS inverters each conposed of the
P-channel MOSFET QL (@) and the N-elEmwel MOSFET B (4), and the

N- channel ! NCSFET [err] as a power switch is provided between the sources of
the MOSFET [err] and [err] and earth to forma dynamic circuit. As wll be
described later in detail, in order to precharge, -in a short period of 15
time, the stragger lesugmad.amlﬁadcé.sc@nrtdwim ted gmald ficxrmedn dy
_prechargi ng of a data line is also effected fromthe sense anplifier side.
For this purposembindngetbe &dpiiing edgnalodpyhdeadytile timdernslannel MOSFET
[err] which is provided between the electrode of the 20 respective MOSFETs
[err] and [err pddEesEng 5§a§oeuqes in the ordlnary operating state and the

_ I I f f th I
Lert) ror control ing TS BFa AHoBL REoRLA0E Res A e Aart by nal
address s gnal Le E‘]ansﬁu.%ied %%D 'h%d 1&1%111:%&%&3 Jﬂlealr P H ' \fneaJMDSFETS

Jerr] and

amplifier:in'the5latchlng c1rcu1t MAO via the transfer
N-channel MOSFETs Qg and Q4. A timing signal based on
-&’?_ a ﬁimin?:sign;l éPAz'and'the iﬁtérnél address signél
aj, is applied to the gates of the :espective transfer
10  MOSFETs 08 and'Qg. 'R.timing'signai'formed by
combining the timing signal g, and the internal
-gddreés-signal 2y, is applied to the gétés of the
respective transfer MOSFETs*Qé:and Qg - o '
" One sense amplifier (not shown) is supplied
“15 with a. timlng signal based on the tlmlng szgnal ¢PA1
and the internal address signal-EIZ, and the output’
‘signal therefrom is transmitted to the input/output
k¢9 - terminal of the mainIamplifier in the'}ggching'circuit
| MR, via a pair of transfer MOSFE%S (not shown).  The.

. . 20 timing signal based on the timing signal ¢ -and the

PA2
internal address signal al4 is applled to the gates of
the pair of transfer MOSFETs. - |

Thus, in the two sense amplifiers, only the
sense amplifier selected by the external address signal
25 a,, is supplied with the timing signal Ppa; for

’



'Vf[errl. The signélapplied isa timng signal formed by combining the tining o

sr'ngP\[err]and-the i nternal address signal [err]. The output signal from_ = -

se anplifier [err] 5 is transmitted to the input/output term nake'
main anplifier in the latching circuit [err] via.the transfer

. N-channel MOSFETs [err] and [err] A‘timng signal based on a. ‘timng
*srgnal [err] and the internal address signal [err] is applied to the S
~gates of the respective transfer -160- 'MOSFETs [err] - and [err]. A timng

:g'srgnal formed by conbining the timing signal [err] and the interna
~ address signal {err] is apptied to the gates of the respectrve transfer

.f-NCSFETS [err] ,and [err]. One sense anplifi not shown) is supplied '’ 15
wi t h-a AFHEVREANg he manse cﬂ%“?*ﬁeﬁt?ﬁr ng %‘Pg?féé’-'{-b??] tHe®internal

rzaddress signal Jer d.the o nal the omj|s transmtted to fhe

T nput/rﬂﬂtéﬂi t%’r%#apa%ft}f’rﬁz cﬁ?ﬁ)l? T ?’Hpihg?ﬁt\‘:?u ng circuit MAO via

- a pair f ot s m si gnal based on,

. the i %5& [% oé{}h gﬂgf%%ﬁ' a’tﬁlrgg% Ef %r# '[gerr] is applied to

the gatess t e MBEE TS5 ardAHISK 1 1 the,l sense .
anpli fi ers,ﬁ'f'roér\h"f;<>IJ Jlsiegnqsg; a%%f?er sel ecT ed b';PMre ext e\er?éT address )

si @al B sdiftd laright ¢l S onti § Nt fesdhdl NeinS1 OREEr [eéiécéé&

. by the. external address signal. A14 operates, and the:

- output s;gnal-theref;om.is supplied to-the_main
amplifier. Therefére, in.ther76-sense_amplifiers,
only'38isense_amplifiers.bperate in the readout -

10 operation.,..Accordingly, there are provided only 38'

'  latching circuits:each including-a.maip amplifiér.__.

For the sake of ciarity;_it is assumed.that_'
each sense amplifier is supplied with the timing siénal

$payr and the transfer MOSFETs provided between the

.15  sense aﬁplifier and the main amplifier are supplied.

with the tlmlng signal ¢ in.other_ﬁords,.what is -

PA2°

illustrated is an.imaglnarybstate where the unit sense

. amplifier and the transfer MOSfETs have been selected - : "kj'.

- by the external address sigﬁal Al4' In addition, the

: -20:. following descriptidn wiii be given on-the-assumppion
that this imaginary. state is maintained.

Flg. 6 shows the dhanges with time of the .'

potentlals-VD and.VD of the pair of data lines DLo and

DL0 selected from the unit-memory;array MS, and the

0
- 25 unit dummy cell array BSO.shown_innFigS@_2A-andﬂ25ﬂ:'

»



40- activating the sense amplifier. In addition, only the output signpat
of this selected sense anplifier is transnmtted to the main amplifier f#3:
t he: transfer MOSFETs controlled by the tinng sigral [err] .In the 5.
sensd .anplifiers, only the sense anplifier selected by the ext er nal address
- signal [err] operates, and the output signal therefromis supplied to the
mai n anplifier.: Therefore, in the 76 sense anplifiers, only 38 sense
 aan|f|ers operate in the readout 10 oper.ation. Accordingly, there are
provi ded only 38 latching circuits each: |n‘lud|ng a main anplifier. For-the
sake of Clarity, it is assuned that each sense anplifier is supplied with
the timng signal [err] and the transfer MOSFETs provided betmeen the 15

sense anplifier and themng.if{gl a%pl i f??‘o& 2 ﬁw#"' q-e\@egts 'éﬂa SI gnal

[err]. In other words sl Pu maginary s fate St e the

unit sense anpl hf?S eﬁ@‘iﬂ.h%ft ?,gsfdgé__al\/qsi%gt pis %%ngg%gle%eka%e&e the

ext ernal- address nal Ition I ow ng scription

wi 1" be given aeningecaﬁw“% tha! Jelet HERNH,NY Yreldck-dna-saugH ai ned.
Fig. 6 shows the changes with tinme. of the, potentlals [err] and [err] .of
the ‘pai r of dafanki pepree@ndad-the-charnige~in potential” of the data
5 11ne‘DLo_when data "o" 1s.pe1ng_wr1tten into a memory
MOSFET, whilst a two-dot-and-dash line represents the
. change in potential.of the data 1ine DLO when.data'“lf.
J'QU; - is being written into a memory.MOSFET;
| ) Each-memorylMOSFﬁT'has a conductance which is
10 determined in accordance with the data etored therein
as described.above. . Therefore, the electric charge in |
the data line: DL0 precharged beforehand is started to
| be dlscharged in accordance ‘with the data stored in a'
memory 'MOSFET when the same is selected. | |
._ 15 a dummy cell selected simultaneousiy witn.thed_
selection of the corresponding memory MOSFET has, as
described above, an intermediate conductance betmeen
the conductance of a memory MOSFET storing.data nyw anda
that of a memory'MOSFET“storing data "O". Tnerefore;
s 20 the electric charge 1n the data line DLO precharged
| beforehand starts to become dlscharged in accordance
with the conductance of a dummy cell when the_same is
.selected.
. Accordingly, - the potentiais of the'reepectiVe
25 data lines DLb and EEB change asdahown.. |

'y



'ﬁ”Dt' selected fromthe unit nenory array [err] and the 25  .unit dunny cel

carray [err] shown in Flgs 2A and 2R In Fig.. 6, a broken line
" represents the change in potential of the data line [err] connected mn%hi
- te \dyinmy cel | s. On the other hand, a one-dot-and-dash |ine represents

ange in potential of the data 5 line [err] when data-"O' is being
: en into a nenory MOSFET, whilst a two-dot-and-dash line represents the
,ehange in potential of the data LJ@e_[err] ‘when data "1" is being witten .
“.into-a nmenory MOSFET.. Each nenory NCSFET has a conductance which is 10-
" determined in accordance with-the data stored therein as described above.
f'Therefore the electric charge in the data line [err] precharged bef or ehand
s started to bnedbeﬁbargmdlmﬁieccﬂn@aamph&ﬂﬂedIﬁhedakﬂdﬂkp!ed in a menory
- ~MOSFET when the same is‘selected. 25 A dummy cell selected :
- si-mul t dhéfesencei betweensthecpadn of dadcac dimespemdi iy arandts. MOSFET has,
*: as described above, an internedi ate conductance between the conductance ot
,”a nenntbeNEBPEiféﬁérWnétéaﬁad1ffeﬁﬁacetK&tt@ﬁ awmmnﬁqphmiyqzr storing data

RO A Ther ef or e, 20 the electric charge in the data line "[err] .
t;,precha%ﬁeHhSePﬁrehan&~sraPts*tu“becdﬁa'dlscharged i-n accordance mnth the T
- copductance of \3 dumy cel byWhen LSS p-channel mosPET .

Q7 for short-clrcultlng is provided between a pair of
input/outputltermlaals_of ;he sense-ampllfler. The .
short-c%reaiting MOSEEf Q7'isnhe1d ON while the data. _ o
line is being brecharged, by_the_timing-signalf$;E. | |
-}..10 As will beedegc?iﬁed:late: iandétail_with.reference-to :
| Fig. 7, the MOSFﬁTs congtiﬁgting.each unit. column
'sﬁitch are.ali held_ON'during_the precharging period by
output signala yb, Yie and Yoo t° yll_delivered:frqm'
the Y decoder Y-DCR,. Accordingly, the following data.
:€ﬁi$ lines afe eLectficaily_conaected to each other: a data - -
'.ﬁ line connectiag onelinput[gqtput_te:minal_of the sense
amplifier and.the column switch CWC,, i.e. a common
data 1ine7:a-60mmon data 1ine connecting-the other - R
1nput/output terminal. of Ehe sense amplifier and the
20" column switch CWC‘Z each of the data 11nes formed, in
| the memory-array MSo and the. dummy cell. array. DSO. and
each of the data 11nes formed in the memory array MSO
and the dummy cell array DSO. Therefore, the
potentials of the'fespeetiﬁe data and cqmmon data.iines_

. 25 precharged can be: made substantially equal to each

L



selected Accordingly, -the potentlals of the respective 25 data lines .
[err] and [err]. change as shown. The sense anplifier [err] anpll €S\t he
,voFt ge difference between the:pair of data lines and transnits th h"ﬁ_

a it f4ed voltage difference to the main anplifier in the unit |at [
circiut [err]. 5. As shown in Figs.. 2A and 2B, a P-channel MOSFET
[err] for short-circuiting is provided behﬁﬁen a pair of i nput / out put '
termnals of the sense anplifier. The s t-circuiting MOSFET [err] is
held ON_while the data line is being precharged, by the timing signal '
[err] . 10 As will be described later in detail with reference to Fig. 7,

the MOSFETs constituting each unit colum switch are all held ON during the

prechar gi ng perj.od by qutput_sigpals, é rr} _and, rr%@ err eIivered
fromthe Y decSR§F {er}® aﬂﬁ%%‘?ﬂ?hgi' ‘fh%"?%:f‘llgg?\n ’cf&é % nes are
electrically con cted to ea. h er data |ine connectlng one '
| nput / out put te??nﬁe ]ln%fsl’? e&se ‘Leh%n%?ﬁ'fler and the col um switch [err]

o Fock " S5l "y EBE it ¢0 sspgorlao g olldtien, o,
ferr] each-of %ﬁ%‘lﬁﬁ éfHéTPé’f'éhé }“‘é‘emnéﬁ{pf‘{ffé/r[ﬂr]aﬁd‘dtﬁé‘e |
- -~ 5 data line DLo formed on the left-hand side thereof are
made different in potentlal from each other by the
precharging operatlon. for example, when the potent1al
.Kgf ' of the data line DL is made hlgher than that of the
- - data line ﬁf_'by the precharging operatlon, the readout
10}:.operatlon of the ROM is retarded as follows. |
| | For 1nstance, in the case where a memory MOSFET
;*is selected which stores data "iw and has-lts drain
connected to the data line DLO, the potentlal of the |
data line DL0 starts to lower from a value hlgher than
1574 the potential of ‘the data line DLO' - In consequence, a

- .relatively 1ong'time is required until the potential of

';the data line DL, hecOmes lomer than the ootential of
the data line ﬁﬁafhaving the selected durmy cell -
connected thereto." Accordingly, in order to-

. 20-. accurately'read out data from-a memory;ﬁbSFET, itris
necessary to set a relatlvely long tlme from the t1me
when the memory MOSFET and the corresponding dummy cell |

 are selected untll the correspondlng un1t sense
ampllfler is actuated. - As a result, the speed of

25 operation of the ROM is reduced.

’



freach of the dat a. I|nes formed in the menory array [err] and the dunny cel

“arr ayf
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Berr]. Therefore,  the potentials of the respectlve data and connnn_
'es 25 precharged can be nade substantlally equal to each 43
As a result, it is possible to inprove the operating speed of t he

nse anplifier [err] and the

“h the case where the data | i Q[err] formed on the right-hand side. of
QE data'line [err] forned on the

and side thereof are nmade different in potential fromeach other by
echargi ng operati on, for exanple, when the potential of the data line
DL i's made higher than that of .the data line [err] by the precharging
ion, the readout 10 operation of the ROMis retarded as follows.
stance, iThet Rrovisdamh@f thenshant-osrariting NREFEDS which stores
1" and has its drain connected to the data line [err] the potenthal
the = -

EPeR Doy Ao D Ko e e (Y SRt AR | ovier L han © he

wRaThes | oner t han t he

iat _of the, gx %%Jéﬁqyd S'Hént ga\ﬁ%&emsﬁl.ﬁft dqﬂm‘ry ceI I conne.ct_ed‘_

P&a e e @otenyials o thawprqahnrged pakr pgdatahan 15

0. """ Accor
correspondlng'dummy cell are selected the potent1a1 of

- the data llne DLOJand that of the data 11ne DLo_change

from substantially the same value. More speclflcally,;

from- the time when the selectlon 1s made, the potent1a1

.of the data llne DL is a value hlgher or 1ower than

10

the potent1a1 of the data 11ne ﬁﬁ— 1n accordance w1th '

" the data stored in the memory MOSFET. Accordlngly, it

- 20

is-p0581ble-to accurately read out data even if the

sense amp11f1er 1s actuated in a short perlod of tlme

, after the selectlon of the memory MOSFET and the

v correspondlng dummy cell. As-a result, . 1t is poss1b1e

to increase the speed of operatlon of the ROM. B
| The sense amp11f1er SA0 has a relatlvely hlgh
;sit1v1ty, since it is constltuted by-a d1fferent1a1
amplifier clrcult. ' Accordlngly, 1f the sense

ampllfler is actuated when the potent1a1 dlfference__

between the data llnes DLo_and DL0 1s relatively small,'l

- the sense ampllfler is able to ampl1fy the potent1a1

28

dlfference w1thout any malfunctlon. In other words, it

is p0551b1e to actuate the sense ampllfler in a

_ relatlveLy_short1perlod-of_trme:after the selection of

.

=
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o

20 accurétely read out data froma nmenory MOSFET, it-is necessary to.set
arelatively long tine fromthe tine when the nenory MOSFET and the e
_cor19§ponding dummy cell are selected until the corresponding unit senseéli
anpP¥fjer is actuated. As.a result, the speed of 25 operation of thel
ROM i-s reduced. The provision of the short-circuiting MOSFETs permts
the potentials of the precharged pair of data lines [err] and [err] to be
substantially equal- to each Consequently, #hen a memory MOSFET and the 5
correspondi ng dumy cell are- selected, the potential of the data line
[err] and that of the data line DLo change. from substantially the sane
val ue. Mre specifically, fromthe time when the selection is nmade, the
potential of the data line.[err] is a value higher or Fower than 10 the
potential of thHeedmemoryneell andnthecoexnespondihgtAumipteedlored in the
-menory MOSFET. Accordingly, it is gpssibre to accurately read out data
even i f the sehBatakhei readont eperatien|afatBaoRPMpeancbeomadene after the
sel.ection of the nenD%X.NCSFET_and the. 15 corresponding dumy cell. - As a
cresult, it is PpbeRen| Rt8Peerease the speed of operation of -the ROM The
. Sense amplifier [err] ?@s latively high sepsitiyity, Singe it is-
constituted by-a diffe ﬁt?%{fbw1ng agvgpgagg is of¥er¥d.§y %ormlng -
' ' 5 each sense amplifier as a differential amplifier
circuit and arrénging it such that when, for examméle.
‘'word lines in the memory arrays M-ARY, and M-AR¥4 on
A\ ' the right—haﬁd side as viéwed in Fig. 1 are selected,
| the correspondiné dummy word lines in the dummy arrays
10 D-ARYl and D-ARY, on the left-hand side are |
simultaneocusly selected.
. Namely, When'the'pbtential of a word line
changes from the non-selection level to the selection
level, the potentiallchange is undeéirably'transmitted
15 to one data line via the unfavoufable capacitance
coupling between the word line and the one data line.
Thereby, the potential of the one data line is
undesirahly changed. However, substaﬁtfally
simultaneously with the selection of the word line, the
20 corresponding dummy wordlline is selected.
Consequehtly,.the'potehtiai change of-thé-dummy word
line, i.e. the potential change from the non-selection
level to the-sélectibn_ievéi, is also transmitted to
the other data line vié the;unfévoﬁrable'capacitance

25 coupling between the'duhmy word line énd thé other daté

»



anblifiek circuit. 'Accofdingly, |f the sense 20 anplifier is actuated

whenfthe potential :difference between the data lines [err] and [err] et

r.el At ely small, the sense anplifier is able-to anpllfy the potential —s -

S dif ‘ence wi t houit any mal function.  In other words, it is pOSSIb|e to: '

“actuate the sense anplifier in a 25 relatively shor t period of' tinme

"after t he sel ection. of the nenqmy cell and the correspondi ng dunmmy cel
"Spthat the .readout: operatlon of the ROM can be nmade hi gher .in speed. The
follomnng advantage is offered by formng 5 each sense anplifier as a
“differential anplifier circuit and arranging it such that when, for

. ‘éxampl e, .word lines in the nenory arrays [err] and [err] on the rlght hand
side @gndieveflcbBraid 1} agReSpoeehedall B ener dtherdigagadummy word |ines

~ -in-the dunmy arrays 18 ‘[err]™~and [err] on the left-hand side are -

si mul 1 pneous| y1s6l ﬁﬁddén.rhlb[!?| ¥hanged.t herpet poitieditiafl a word |ine changes
“fromthe non-selection level to the selectionlevel, the potential change.
‘i's -undiesngebbs theneniet Hatlaliinet andnehdat afl ithe wmhemh@a&mfavourable .

o capaC|tance coupl ing between the word |ine and the one data |ine. Thereby,

the pbieetarae 'ghet Hemanendahaspuone issnce the sense ampllfler

| J:Sw for ampllfylng the potent1a1 dlfference between the _ : -
| e palr of data 11nes 1s constltuted by substantlally a |
| d1fferent1a1 ampllfler clrcult, the undes1rab1e
' potential change in each of the palr of data 11nes is. _: C: .
hardly amplifled.. Accordlngly, it 1s pos31b1e to | -
'2,1 % ..obtain a ROM whlch is substantlally free from
o 9 malfunction. |
_'By providing the compensating circuits as shown
ff:hgin_Figs;-ZA and 2B,'it is possible_to?obtain a
'semicohductor hehory.withtgreater reliability.l
';fES | o More spec;flcally, the capac1tance formed :
between the data 11ne and the word line 1s;
substantlally constltuted by the capacitance formed d;“
between the drain region'and the'gatehelectrode of the
..memory MOSFET fbrmed on the upper s1de of the data 11ne '
2°"d and: that formed between the draln reglon of the gate
o electrode of the-memory-MOSFET formed on'the lower srde
of the data line.' On the other.hand,.the capacitance
formed between the other data llne and the dummy word - j
| line is substantlally const1tuted by the capac1tance

‘25 formed between the gate electrode and the drain region

.
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- undesi rably changed. However, -substantially sinmultaneously with the
sel ection of the word line, the 20 correspondi ng dumy word |inpe r&
selected. Consequently, the potential change of the dumy word
"the*fhot enti al change fromthe non-selection level to the selecti ,
is-also transmtted to the other data 1ine via the unfavourable capacitance

- 25 .. coupling between the dummy. word |ine and the other -data . line.

 Accor.di y, the potential of the other d&ﬁﬁ line is al so undesirably

-~ changed:_) The potential change of the one data |ine and that of the other
data-l'ine are the sane in phase. Since the serise anplifier 5 for

‘anplifying the potential difference between the pair of data lines is
~constituted by substantially a differential anplifier circuit, the

" undesi rabl e pofeserhl ofhtwgeMPEFERghcohnektedate thidatlathi dénei s har dl'y
~anpl i fied. Accor di ngl is possible to 10 . obtain a ROMwhich is

_?substantlally fPeeOPPoH¥ﬁ§F?uﬁ§chﬁ dﬂwmﬁrﬁ?lélﬁgdtﬁeecyﬁﬁgﬁgaﬂnnghelrCU|ts 

as shown in Fi | s possible.to obtain a sem canductor
. menory with gFgﬁPﬁPSPE%PEbFFFF91t25 Since thgge.MOSEETS| aap| Formpd

ﬂ,capaCItance foangg to be substantially equal in dimensions to each

'15- other, the-capacitances formed between the gate
electrodes and the drain regions of these MOSFETs
'.respectively have values_substanfially,equal to each
_;¥~x . éther.-_ Moreover, since these MOSFETs are
simultaneously forhed, they have gate-draiﬁ
lQ capacitances (capacitances fofmed~$etﬁeen the gate
'eiectrodeS'and-ﬁhe drain regions;.respectivély)'
substahtiélly équal to-each-oﬁher-independently'of
manufaéturiﬁg_cqndition variations. Consequently, the
.yalue of the capacitanée-formed-between-the one data
15 i:iine and the word line and that of the capacitance
- formed betéeen the other data 1ine and the dummy word
‘Iine can be_made_substantially equal to each other
independently of manufactufihg condition variations.
As a result, the changé=in potential of the one data
20 line caused by the change in potent1a1 of the word 11ne
| and the dhange in potent1a1 of the other data line
caused by the change in potentlal of the dAummy word
line can be made substantially equal to each other.
Since ‘these changes in.potential of the pair of data

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

L4



between the data line and the word line is substantially constituted by'the';
cappej tance formed between the drain region and the gate el ectrode of the

~§ MOSFET formed on the upper side of the-data line 20. -and that —
- fonme
. for

between the drain region of the gate el ectrode of the menory NCBFET
| 15capaC|tance fornmed between the oth r data |ine and the dummy mnrd Ilne'isﬁﬂ

on the lower side of the data line. . On the other hand, the:
ubstantlally constituted by the gapacitance 25 fornmed between the gate

cectrode and the drain region . of each of two MOSFETs connected to thi's
[}data line, i.e. one MOSFET in the dumy. cell and one MOSFET in the
- cofrpensating circuit. Since these MOSFETs are fornmed so as to be

“substantially equal in dimensions to each 5 other, the capaci t ances :
- for @dbb@&ﬂ@tﬂll?eaﬁ?lif&bﬂcbw%% & feltendiailn thQJJ.Cfi?exOf t hese IVDSFETs -
- respectively have values substantially equal to each other.  Mreover,

- sinceitbase &GEEEIaue&ﬁgSthblb&hQQUQNPHM£mamdunhhay have gate-drain 10 .
. capacitances (capacitances formed between the gate el ectrodes and the drain
- .regi Apeordingdyli itl ip possibiei & phéauial a(sammdmnﬂﬂuaon'ndependently of

_ffgnanufacturlng condi'tion variations. - Cbnsequently, the val ue of the
i:ﬁcapa@PmanEeWhéﬁheasb@PNEeﬁeﬂnébéﬁe data ,
- - _"' In the sense amplifier SAO, the differential T

'd:eamplifier circuit is formed so as to constltute a
~.latching circuit..e ‘Therefore, it'is"pessible to
amplify the potent1a1 difference between the data lines
T to a predetermined potent1a1 1n ‘a. relatlvely Short
lnifiPEIIOd of timey'so that the speed of-the readout
| f:cperatién of the ROM can be increased. In addition;
ffsiﬂce the.latching_circuit"is-preferablytecnstitﬁted;by
3~*a CMOS.circuit, the potentials of a pair of data lines
can be amplified to the supply voltage and earth
j;15 " potential, respectively. - |
Between-a~pair 6f-inpﬁt/output_terminals3of'the

‘main amplifier in the-latching circuit MAO are prov1ded: | )

- wl

precharging MOSFETs constituted by P-channel MOSFETs

0 and“oll” together with’a'short-circqiting-Péchannei

-2GT'lMOSFET Q;, for making-the-precharging levels of these

 MOSFETs uniform. wsThis-shortécircuiting“MOSFET Qiﬁ’hae"
esubstantially-the.same~function'ae the shdrt—circuiting_w

'__MOSFET'Q7 described above. A timing-SignaI’EEdis

applied to_the gates of the respective MOSFET's QlO to

25  Q44- o S



‘15 | ine and the word |line and that of the capacitance forned between the
~other data line and the dummy word |ine can be nmade substantially equal to
~ each: ot her i ndependent|y of manufacturing condition variations. As g
__§ﬁLt ‘the change in potential of the one data 20 | i ne caused '
change in potential of the word line and the change in potenti al
;other data |line caused by the change in potential of the dummy word |ine
-can. be ngde substantially equal to each Qpher Since these changes in
“potentitaly of the pair of data 25 | ines-are the sane in phase, these
.changes .are not . 10 substantially anplified by the differential _
‘anplifier circuit constituting the sense anplifier unit. Accordingly, it is
possible to obtain a sem conductor nenory which is nore reliable. 5

In th - ' lif} : ff | f f d
o6 a0t o Constbut e ELR] apbifedk! Sa°Bbhat 12U’ by’ pCblBlbis! S {0 ™
Al 1Y NeapgkBBLhRlad LhBIERTE;DELEED: B8 fALa saingeﬁla{nﬁa? pedet er i ned

potential in-a relatively perio e speed of

':the readouttﬁaesaﬁgenaﬂglibfeEK%hcan bRs'EﬁB@ﬁse@he méQnaﬂﬂbiiQEer

By

/

13 constituted by a latching c1rcuit comprising two
'dS_ CMOS. ‘inverters each composed of a P-channel MOSFET Qld.
(014) and an N-channel MOSFET Q;,g (0116), and an N-
channel MOSFET QllS as a power sw1tch.
rhe output Signal from the main anplifier, i.e;
- the output signal taken out ffomla node.NBb, is applied:
'10. to an invertef which isfconstitufed by a P-channel |
MOSFET ng and N-channel MOSFET: on and 021 and
functions as a tristate circuit. - The 1nverter outputs
a signal BLo © A timing signal éla is applied to the .
‘gate of the N—channel MOSFET 021 and the gate ‘of the
15 MOSFET Q,4 for controlling the operation of the
differential circuit. During”the period when the
ﬂj&Jf | timlng signal ﬁla is high, the differential circuit.
amPlifies the signal transmitted from the sense
amplifier Sa, and latches the same. Accordingly, a
20 - static output signal BL0 is delivered ‘from the latching
e circuit MA, constituted by the inverters and the main
| amplifier. |
The main amplifier is provided with a ?-channel
MOSFET Q,- having the same func"ti'on' as the MOSFET 0'5' in

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



"S|nce the | at chi ng CIFCUIt is preferably constituted by a CMOS circuit, the
ials of a pair of data lines can be anplified to the supply voltage

) Earth 15 potential, respectively. Between a pair of input/output. —w
tef\fiNal s of the main anpllfler inthe latching circuit [err] are. prOV|ded

argi ng MOSFETs constituted by P-channel MOSFETs [err] and [err], .

. togeTher with-a short-circuiting_P-channel 20. MOSFET [err] for naklng t he
_A6\Echarg|ng | evel s of these MOSFERR uni form Thi's short-circuiting MOSFET
has substantially the same function ‘as the short-circuiting MOSFET [err]

~described above. - Atiming signal [err] is applied to. the gates of .the.

respective MOSFETs [err] to 25 QL2 - The main anplifier is constituted
by a dynamic differential anplifier circuit.in the sane nanner as the sense
anplfheelnPétf?utPBtshemn;nﬁheoﬁatheampunfBmplnﬁlecnisltuted by a | atching.

‘circuit conprising two 5 CMOS inverter ch composed of a P-channel :
MOSPERdeR  PYefRargingd thentimindcPignsiepgl der heldndown N channel MOSFET,
as a_power The outgut si gnpal fron1the main anplifier, i.e. the

 out pB n%?%ﬁ%Tti%keﬁh6u¥°§F  B:mod8 FBFPEE P¥.appdi &°10 to an |nverter
_“hic reéhgggfﬁﬁtgfeghgymgln'gﬂ%ﬂ”%ler is also effected from

5  the MOSFET: 017, in order to increase the speed. of

precharglng.
'Moreover; uhile”the maih.ampllfier is beingh, _
'tprecharged the t1m1ng slgnal él is heldllow; In
addltlon, sxnce the node NBO is held at the hlgh level
_10_# by the precharging. the MOSFET ng 1s also turned OFF.
'.'Consequently, the level of the output slgnal BLO hav1ng
been delivered from the 1nverter before the precharglng
of the main ampllfler is held by the-stray or parasitic
capacztance coupled to the 11ne for transmlttlng the
‘15 output signal BL0 and the stray or paras1t1c . ._d_.z : f -
| capacztance of the MOSFETs 019 and on Accordingly,

Sl

- same output signal as that delivered before the'
precharglng is delivered from the 1nverter.
20 The output slgnals BLO to BL37 dellvered from",
the latching circuit MA, to MA3, are Supplled to _ L et
'inverters Iv suoh as shown in Fig. 4, respectively, to
form signals D' to " and P, to P. formed by
o 31 L 5 S
inverting the phase of the output signals.BL0 to BL37,

25 respectively, and signals D,' to Dy; ' and Pj to Pg



NtSFET [err] and N-channel MOSFETSs [err]' and [err] . and functions as a
tristate circuit. The inverter outputs a signal [err]. A timng
'is applied to the gate of.the N channel MOSFET Q and the g

[ery].

t he¥T5

Gircui

t.

MOSFET .[err] -~ for.contralling the operation of the diffe

During the period when the timng signal [err] is high,

differential circuit anplifies the signal transnitted fromthe sen

si‘gnal

amplifi. /
{err] is delivered fromthe latc _ [ _ tuted |
“theinverters and the main anplifier. The main anplifier is provided with a

[err] and latches the sane. éaﬁﬁco-rdingly, a 20 static
g circuit [err] constitu

P-channel MOSFET [err] having the same function as the MOSFET [err
the sense-anplifier [err]. It should be noted that when ‘the
|nput/output termnal,of the main anplifier is under precharging,

timng 5|gn8?rf%???n?§“ﬂeFﬂ FBﬁ/°EBH§EquﬁP?§5 Bhg thFEj??er{]d ;
f th is . also effecte
Srer These (fLghALe ‘ete, papRlled, ”pg%s'eéimubresﬁar 4PnEheNor

[err]

o

" the "MOSFET
-~while the
held Iow

15

20

25

10 .
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that each of the 1nverters IV-1s a statlc CMOS. 1nverter

o constltuted by a P-channel MOSFET and an N-channel

' MOSFET such as shown in Fig. 15.

Si

at
reml}
t he

se
out.put .

ted by

]. in 25

t he

s turned
rom 5
eover,
rr] is

| evel™™™

Fig. 5 ;hows a'prefé:red form of éircuit_of'the'

X decoder xm—DCR1 showh ip Fig. ;,

" The X decoder X-DCRl is.constituted by a
plurality'of decoders. “_The Figure shows the circuit
of one of ‘these decoders. A selectihé signal for
selecting a word line is formed in three stages. - More
speclflcally,-address signals are decoded in three
stages. . | .

The intérnal'addregs_signais a, to 2y and-EZ'to
8y are decoded by a decoder circuit constituted by a
plurality.of NAND circui#s..'_The Figure shows the
circuif of'one.éfnthe pluralityzof’ﬁAND circuits. A
CMOS NAND circuit is constituted by P—ghanpél MOSFETs
Q30 to Qg5 and N-channel MOSFETs Qi to Q4 - The NAND
ciréuit is supplied with the internal address signals
'EZ to &5 as shown.

The internal address signals a2,’3; and a,, EE;-
are supplied to the decoder circuit constituted by'four

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

P



~~ 120 - by the precharging, the MOSFET [err] is also turned CFF Cbnsequently,,n.
~..the level of the output signal [err] havi ng been delivered fromthe FEE
rter before the precharging of the main anplifier is hel d by the st+ay
jax\asi tic capacitance coupled to the line for transnlttlng the 15 -
Jsignal [err] and the stray or parasitic capacitance of the MOSFETSs
and [err] Accordingly, even when the main.anplifier is being -

[er]
. precharged, the * sane output signal as that dellvered before the _ B
\precharglng i's delivered fron1theqfﬁyerter . The output signals
- [err] to [err] delivered fromthe atchlng CIrCUIt [err] to [err] are .

. supplied to inverters IV such as shown in Fig. 4, respectlvely to form

- signals [err] to [err] and [err] to [err] fornmed by inverting the phase of.

the output signals [err] to-[err], 25 respectively, and signals D ‘to .

- Ber aﬁﬂﬁ&@ﬁéi L&di-@éé] s1gn& 95" 88R0RUCRAEHO th EcR Ridcotleanal s [err] to
[err] ese signals are Supplied to the. circuit ECC in the subsequent

stage. dgag1kbad, talal, | Foks 1hetaacaqt etehhdachaeE ehe he inverters |V
is a stafic |nverttr 5 constituted by a P-channel MOSFET and an

N- chanpgt e MRBEEdGE6Bsa8ighans ‘Eﬁ Bha '5'3|'5.13Fl"g. " 5ﬂiw\&bo@d|&lref erred for m of.
: ‘C|rcu1t of the X decoder [err] sfown in~Fig.. _ _
' clrcult delivers the decoded slgnal aoo of hlgh level ~-_”'
;:.S - {"1") and the decoded s1gnals a01 to all ‘of low level-
_ ("0“) _ . o _ . ._
A two-lnput NAND c1rcu1t is constituted by P= 1\4.
M'channel MOSFETe 042, 043 and’ N—channel MOSFETs 044,_ o | .
045. One input term1na1 of this: NAND circult is
10 . supplied with the output signal of the CMOS NAND
'circuit phase—inverted'by the inverter'IVI; while the
- other input term1na1 is supplled ‘with the decoded
w;fSLgnal_eoo. This NAND circuit forms selectlng 31gnals
for four word lines. These selectlng 81gnals are
15.:_applied to the gates of four word llne driving clrcults
- DVO to DV3, respectively, each comprising a P-channel |
MOSFET Qe and'thhanoel.MOSFET'047 which are connected .. =

to form an inverter. .



The X decoder [err] is constituted by a 10 plurality of decoders. The
Figure shows the circuit of one of these decoders. A sel ecting signal g
sefegting a word line is forned in three stages. Nor e speC|f|caIIy, 1
addess signals are decoded in three stages. 15 The interna
. address signals [err] to [err] and [err] to [err] are decoded by a decoder .
‘circuit constituted by a plurality of NANG & rcuits. The Figure shows 't he
=C|rcu|tﬁgf_one_of the plurality of NAND ciTcuits. A CMOS NAND circuit is
“‘constituted by P-channel MOSFETs 20 - [err] ‘to [err] and N-channel MOSFETs

[err] to [err]. The NAND circuit is supplied with the internal address
signals a to as shown. The internal address. S|gnals [err] and [err]
are supplied to.the d&meddhtetmaulhdamﬁ%hlmdga&ﬂn/ FEFEndta¥1 put AND
circuits. In this decoder circuit, the |nternal ress signal™s are

decoded to. f orredeuppdded doalas dpslqd]ert @1[1'@115.]1: confadyi tiutedarhye @ when each
of the address signals [err] and [err] is "1", the decoder. circuit _

del ivers the pdvsaddty @faANDecArcydts. ghIﬂb@eﬂQFOdQF:PQrQHmf-Fﬁb decoded
'S|gnals [err] to [err] of lowlevel A two-input NAND circurt ,is constltutedd

by B- channel £nes ETs5F€FFFe§nathbﬁ&ﬁh@P’ﬁDémBﬁsﬂﬁ%qqﬁlngiﬁfﬁ&ﬂg

5 31gna1 é In the decoder clrcult, the 1nte:na1 address.
signals ao,'ao and al, a1 are decoded, and the decoded
signals formed by the decoding are delivered as word line
-selectxng s1gnals dwoo to ¢Wll

word 11ne selecting tlmlhg signal ¢x ' For instance;

in synchronlsm w1th the

10 when both the internal. address s1gnals ao and a1 are made
high ("1"), the decoder circuit delivers the hlgh-level'
word line selecting timing signal éWOO in'eYnchronism-'
with the word line selecting timing signal/bx.- At this
tihe,.ﬁhe-word-line selecting timing signals éwbl' ¢w1o

15  2nd ¢w11 are held low. :
The four kinds of word line selecting timing _
| | signalqléwoo to ﬁWll formed in synchronism_with the word
NS - line selecting timing signai'éx'are transmitted to the

drains of the P-channel MOSFETs Q,, of the respective

n

20 driving circuits DV, to’DVé( respectively.

' Thereby, when all the internal address signals a,
to a, are made low (“O)“; in ether wbrds,:when all.the |
internal address signals ao to a9 are made hlgh ("1"),
the MOSFET 046 in the driving circuit DVO is turned ON,'

25 and in synchronism with the selecting timing signal ﬁx,

L4



©one i nput. termnal of this NAND citcuit is 10, supplled with the output

IVl while -

\thernal address signals [err] and [err] are supplied to a decoder circuit

~.jC0nStItUt6d by a pIurallty of AND circuits. The decoder circuit is -

- -further ﬁflled with the word li,ne selecting tining 5 , signal [err]. |

~the deEBﬂ ghrigvel vRES; AedpRiingqdindag & QﬂéﬂsgheorFsand [err] are
decode elivered. as

PraflilikERanEoolER PhoRSIBrerHEr Soby ch uORER Bt o

“the word

n -

t he decoder

~ word |
| . h th
T B, g B o, S SRR e MEBAR
ci rcui

synchronfsm w t

f;'tlﬂﬂ

hi '1&%;; &ﬁ%»h' g94- Leuel-aw-d ldng %%e%%g fieeRd s. gnal [err]

e word {ine selééting timng Si [er

r]

the WDrdEabﬁewﬁﬁheiihaglblEbﬁﬁe&kﬁﬂahﬁtbehh]N—channel

At thIS

MOSFET for holding the potentlal of the non—selected word:

lines at earth potent1a1 on the opposlte side to the

' correspondlng word 11ne drlving c1rcuit. _The.gates

- 10

the MOSFETs are supplied with szgna;s formed by phas

't'¢w11 supplied tp the word line driving circuits

15

20

cpfreSponding thereto, respectively. . For example,

of -

‘the

word line Wo connected.to_theVdriving-circuit DVy is -

connected with a MOSFET Q17O:having its gate supplie

d.

-inverting the word line selecting timing signals ¢WOO to

with'a'signal 3W00 formed by phase-inverting the timing

signal éWOOf Thus, the potential across a word line not

selected, e.g. the word line Wé, is held at earth

potential by theﬂMOSFETs 048 and_Ql73-,w.Accordingly,-it

is possible to prevent selection of any undesired wo

rd

~ line, such as multiselection of word lines, so that

possible malfunctions can be reduced. It is possible to.

readily form the timing signals Bwoo'to éWll by, for

~ example, phase-invertlng the timlng s1gnals éwoo to

25

by means of the respectlve 1nverters.

The follow1ng advantages are offered by the

L

11

i'n

.. signal of the CMOS NAND circuit phase-inverted by the i nverter’ -
~the gther input ternminal is supplied with the decoded signal a Thi s/
7 NANDO @ Pguit forns sel ecting signals for four word |ines. These sel ecting
.signaksare 15 applied to the gates of four word line driving circuits"
[-erry o [err] respectively,. each>ébnpr|5|ng a P-channel MOSFET [err] and
'ﬁ$channel MOSFET [err] which are connected to forman inverter. The

o



15: and [err] are held | ow The four kinds of word line selecting timng.
signals [err] to [err] formed in synchronismw th the word |ine selectﬁn ”\
tining signal [err] -are transmtted to the drains of the P-channel '}E%s:
.of ¥he respective 20 driving circuits [err] to [err], respectively. :
‘Thereby, when all the internal address signals [err] to a are nmade |ow
("0)", in other words, when all the intern'jféddress signals [err] to [err]
are made_high ("1"), the MOSFET [err] in tH& driving circuit DVO is turned
N, - 25.(~hnd in synchronismwith the selecting timng signal [err], the

 hth<LevéI word selecting timng signal [err] is transnitted to the word
line [err] via.the MOSFET [err]. As a result, the potential of the word

line -~ "rises - j ' - yhich. i . ' ceklnsekegti,ng | eve
5 ” Ea%ﬁrééﬁ%ﬁ%gﬁe%ﬁéféoﬁﬁgc?ggéﬁ&?% gﬁ&?&%ﬁa%%éraikcéEET for - _
hol di ng the posenbaeh Ph LhpraeRi1seleseedeuged- aki #aStAb eakkhoROkREt kal on
the opposite side to the corresponding word line driving circuit. The _
gates of 'the MNi&Ebder airiaspphted.with signals forned by phase- 10 _
inverting the word line selecting timng signals [err] to.[err] supplied to"
. the-word |ine driving Birstlys tor-lesponditijet-ior prevenespeotiuetliipn ofFor ™
example, the word line connected to the driving circuit [err] is

: ‘ 5 any wasteful blank portion in the IC chip, so that the IC

chip can be made mbre compact. The decbder circuit can
be constituted by, for etaﬁplé, a pluralify of AND
£~;f cifcuits:_:'If a multipliéity of_internéi addresé“signals-
-are attempfed to.be deéoded,by é single AND circuit, the
10 AND"éi:cuit'is ine#itabiy'éonstitﬁted by.a multiplicitf.
of MOSFETs, which disadvantageousl& rééuires a relatively
flafge*afea.' :Cohsequently; it is difficult to make thé |
“lateral afrangément pitéh'of the AND circuits coincid§ ..
with tﬁe Qord line érrangément pitch in ﬁhe,memory |
15 arrayé. ' |
In order to transmit the.éeleéting signﬁls

delivered from the AND circuits to the corfesponding word

lines, it is neéesséry to énlargg the word line
arrangement pitch, for example. In such a éase, the
©z - 20 distance between the adjacent word 1ines-en1$rges.

caﬁsing“wasteful blank'pbrtions.to be prodﬁééd in_thé.ic
chip. On the othef hgn&, in the X decoder, the intefnéiss
addreés'signals.are'deéodea by'combinatiéhs.of a

plurality of small decoder circuits. Since a small

25 decoder circuit can be constituted by fewer MOSFETs, the

.



- connéected wth a MOSFET QL70 having its gate supplied 15 - mnth a 5|gnal
'[err’/\YornEd by phase-inverting the timing signal [err]. Thus, the S
-poteCE??l across a word line not selected, e.g. the word line W8, is hehda

. at e potential by the MOSFETs [err] and [err] .- Accordlngly, it is
"possible to prevent. sel ection of undesired word 20 - line, such as

nul tiselection of word |ines, so at . possi bl e nmal functions can be reduced.

(D1t is possible. to readily form't he timng signal's [err] to [err] by, for
xanple phase- |nvert|ng the timng signals [err]lto.[err], by means of the

_'_respectlve inverters. _ ' The follomnng advantages are offered by
-the. ar rdaﬁtgenent Wnere we i nt addr(is nal s are decoded in a
pl ur al9s S‘E’dﬁ'é%"tas"ar% %ff?’%e eboimeteR Y. Firstiyn

the 1 & .Sd#tea'*ﬁ(’%% e‘i\"ﬁ&‘} oy %%Ii"é‘efﬁé -%'a%aﬂ%?%giéﬁ;it e ecoer
AND
f'fré”hhﬁ% S 44 Pt oS ARG, Gailital blagh D E'erﬁg'céied'

by a single AND cifkaliis. &y 10 AND circuit is inevitably constrtuted. by
.a nultlpI|C|ty -of NCSFETS mhlch di sadvant ageously requires arelatively- -

1@ ge area. @H&mntw ig tpdésihiélwlfed@cgaksett@aa on-

one 1nterna1 address slgnal 11ne, so. that the potential
dchange of the internal address slgnal can be made faster.f
‘This is’ because sznce the decoder circuit requlres fewer
E MOSFETs for rece1v1ng one 1nterna1 address s1gna1, the
.10" load" connected to the w1re for transmlttlng the 1nterna1"
"3-.address SLgnal 1s reduced. |
Flg. 7 shows a part of the circuit of the Y
: decoder Y‘--DCR1 shown in Flg. 1. The Flgure shows one
'decoder un1t in the decoder c1rcu1t whlch fbrms the
to be supplled to the MOSFETs i -

11

_;ﬁfi ~ decoded 31gnals YOO to Y
' | '58 to S11 constitutlng the column swltch shown in Figs.

2A and ZB. The decoder c1rcu1t for formlng the decoded

91gnals YOO to:Yii is constltuted by four. decoders. ' —\~J -
Although_the Figure.shows only the_decoder for forming
: 20--.the decoded signaItYoo, the'otherethree'decoders-are .
constltuted 1n substantlally the same manner as. that -one
:111ustrated. . _ _
. The decoder 1s constltuted by MOSFETs 050 to Qg
and 1nverters IV2, IV . A two-lnput NAND gate is

25 constxtuted by_the.paralleleconnected P-channel MOSFETs.

L4



| at eral arrangenent pitch of the AND circuits coincide with the word line
arrangenent pitch in the nenory 15 arrays. In order to transmt the =~
sel’ecting signals delivered fromthe AND circuits to the correspOnding(f:ﬁp
|in€S; it is necessary to enlarge the word |ine arrangement pi-tch, for

‘exanpl e. In such a case, the 20 di stance between the adjacent word
|l i nes enl arges, causing wasteful blank porti,ons to be produced in the IC
chip. - the other hand, in the X decodet) the internal address signals

are decoded by conbinations of a plurality of small decoder circuits.

g

Since a small 25 . decoder circuit can be constituted by fewer MOSFETs, the
‘decoder circuit can be readily forned so as to match with the distance
bet ween the adj acent word lines. Accordingly, it is possible to reduce .

wast ef ul bl ani@s;p@ndi Qay ARG H1q Gerjiegrqennected N-changel, MASFETg s -
possible to reduce the |oad gn one_ internal address signal |ine, so that
the potential 9s3afge Psarhe ihed FHe Mﬁ’gﬂ%ﬁ Cpo B r#ﬁﬂﬂef st'é]’e. ,
This. is because,since t decoder_ ci.rcuw-tregui+es fewer EETs fqQr -
receiving one PFEEPRA aggtfreg?s sigRss Ay afgij N FFEHRR eéﬁ.ﬁ%--&(i}fe wire

For -t Fansm ot s GRele o Gile HIhG] Wlrdts 'EIVG provided in
- 5 sefiés to_the'parallel-cbnnectéd.MOSFETs QSi éndlbsz.
while the N-channel MOSFET Q55 is provided in parallel to
the series-connected MOSFETs Q. and Qg,. Théftiming |
KJ signal épc is applied to the gates of the respective
MOSFETS Qg and Qg,. - |
10 ' The output signal from:this logicﬁl gate circuit
»is-passed~through-the.invéftérs IV, and IV, go.forﬁ the
:laecoded signal Y50 N | “ |
_ The decoded signals Y, and'Yl to be supplied to
ﬁ:the~MOSFETs Sy to Sﬁ.constitutihg the columﬁ-switch shown
i5 < in Figs. 2A and 2B are also formed by two decoders
:'similar-to the decoder'shown in Fig. 7. Each decoder
receives a one-bit internal address signal and the ﬁiming
signal éPé and forms fhe'decoaer-signals Yb and Y, .

The timing signal .. is held high during the

11
3]
(=]

precharging period when the precharging signal b is
held low in order to precharge the data lines. '
‘Consequently, ihe decoded signals Yd, Yl and Ydd
to Yy, are all made low. Accordingly, the P¥chahné1 .
MOSFETs So ﬁofsii’éonStiiutihg'the'columﬁ switch are aii"

25 turned ON.. In consequence, during the'prechargihg

*



" Fig. 7 shoms a part of the ¢ircuit of the Y decoder [err] shown i n Frg 1.

-The Fj e shows one decoder unit in the decoder circuit which forns the.: 15

.. decoded shgnals to Y to be supplied to the MOSFETs [err] to [err] o

- const Nfutfng the colum switch shown in Figs. 2A and 2B. The decoder

“- circuit for formng the decoded signals_[err]'to _ is constituted by f our
:decoders. Al though the Figure sho nly the decoder for forming 20 “the.
(decoded signal [err] the other th “decoders are constituted in '. '
substantially the sane nmanner as that one illustrated. The decoder i's

__?gonstrtuted by MOSFETs [err] and i nverters I'vV2, 1V3. A two-i nput NAND"-
‘gate is 25 constituted by the. paraIIeI connected P-channel NCSFETS

. [err] Ts [err] and
lerr] Peﬁ{ﬁen%{é r}tzaéged Sl gna% YOO (S o%e!gé&rﬁgnrelﬁt % address '
- si gnahigrle® ' land@ithe Wtiday o @Miﬁh leh paiei DL O8depled e P- channel

: MOSFETs. [err]- is provided in series to.the parall'el -connected MOSFETs -
[err] twed domtmdn \daitle It:frﬁeé\l-aﬂfarpnﬁcn\aﬁﬁ' I[prtlie | prexaiginlgin parallel to -
" the series-connected MOSFETs [err] and [err]. The timng srgnal [err] I's
~appl i MOSRETish @ gat3esl? fan:cheP?reéuem iame MIGHEd gerby ﬂml [err] ’
' The out put si naI fronlt 1 ogical gate circuit

:ﬂ 5. precharging 51gna1 when.lt is low. and moreover, the o =
| above-mentloned capac1tances are precharged from the |

sense ampllfler 31de_v1a the_MOSFETs const;tutlng the
~ column switch. S _._: S . C NS

~ As shown in . Flgure 18, the tlmlng signal ¢PAl_is
.”,10 held low du:;ng the p:echarglng period. ~As a result,
'Ti the.MOSFET Q5 in the sense amplifier SA, is turned ON, so .
';-that the supply Qoltage Vcc_is applied to one electrode
of the respective N-channel MOSFETs Q; and Q. The
potentials of theldata lines are applied to the gates of
IIS‘Ethe respectiye N-channel MOSFETs Q3_and.Q4 vie the P-
n channel MOSFETs constituting the column switch which are -
turned on by ﬁhe decoded-signa]_.s.yo_,_y1 and Y00 and ¥Yi1°
As the potentials of the common daté liﬁéé'are-raised
through the;precﬁatging of;ghe_data[lines;and;the-qommoh
'20[ data liﬁes.effgcted_bj the preehatgingeMOSFETs,'thé N- .
channeleMOSFETsqu and-Q4:a:entﬁrned ON. As a result,
the stray and parasitic eapacitaﬁces of the data lines
are precharged v1a the MOSFET 05' the N—channel MOSFET Q3

(04) and the MOSFETs constituting the column sw1tch.

25" The;capacltances;coupledhtO'ﬁhe.common data lines and the

L



IS passed t hr ough the inverters 1V2 and IV3 to formthe decoded si gnal YDO

The decoded signals YO and Y to be supplied to the MOSFETs .
[err] to [err] constituting the colum switch shown 15 in Figs. 2A an q.:,
ar e¥al so for ned by two decoders sinmilar to the decoder shown in Fig. 7 X -
Each decoder receives a one-bit internal address signal and the tining
signal [err] and forms the decoder-signals YO and Y1. The tim ng signal

“[err] is_held high during the 20 prechagdilng period-when the prechargi ng |

- si-gnal- [e}r] - is held lowin order to precharge the data |ines.
Consequent |y, the decoded si gnal s [err] and [err] to Y ‘are .all nade |ow:
Accordingly, the P-channel MOSFETs [err] -to [err] constituting the colum
switch are all 25.. turned ON. . In consequence,  during the.precharging
period, the saaty cmnpar atiet prechpagetabye the prechdxgdng edemeand t he
stray or parasitic capacitance coupled to the common data lines are-

prechar ged by firbm poehhangsnngEBEEaatpednpeand By rthush priechesgingned  ON

by the 5 precharging signal [err] when. it is |low, and noreover. the
. above- nentlonehecdpaelﬂaneesﬁhreupheeh&rQGGChnGBuPEenﬂﬁﬁﬁgtaﬁpﬂlﬁh@r si.de

.via-the MOSFETs constituting the colum-sw:tch. As shown in Figure 18, the
t4n1ng Slgna|spgpp]am§11f1er, it is pos31ble to ralse the data line

5 potentials to a deSLred value in a Short perlod of tlme,
so that the speed of operation of the ROM can be
increased. . o
o .Fig.lQ is a schematic illustration of an example
| - of the ECC circuiﬁ sthﬁ in Fig. 1.
10 'r}i; - A logical operation circuit ELG-teceives the 38-
"--_;-fxbit_ signals 'Do_' -Dg'— to Dj, v, D—:;;_—' and Po: -fg to Pg ' —P_S-
délivered from the meﬁoryfarraysnand forms syndromes 8o
to Ssifor indicating errér bits by exclusive ORs ef
predetermined combinations.. | |
15 ' In the 38-bit data written in the memory arrays,
the six~bit pafity check bits;Po to Pg have their
C AL 'respective values previously eet in accordance witﬁ the
52-bit data signals and a proper check matrix.
Table 1 below Shows-aneexémple:of the check

matrix.



10 4h .d Iomrdurrng t he prechargrng perrod ~As a result, the NCSFET [err]
|n,t ~Sense amplifier [err] is turned ON, so that the supply vol t age [err]'
“is{appMli £d to one el ectrode of the respective-N-channel MOSFETs [err]
“[ekr]t/ The potentials of the data |ines are applied to t he gates of 15 S
o Sspective N-channel MOSFETs [err] and [err] via the P- channel MOSFETs
constituting the col.um sw tch-\@eh are turned on by.the decoded signals =~ -
{err] and [err] and [err]. As the potentials of the common data lines are" -
fraised through t rechargi ng, of .the data |ines and the conmon 20 data
-;Irnes ef fect ed bgapﬁ dr echar TG VBEEERE_the N channel MOSFETs [err] and

3 are turned ‘ON.- As a result;ngégm§§£gu gmqsparasrtrc capaci t ances: of .-
L‘| s_are rrpahar ge VA he rntr h:\nr‘lel MOSFET. qg
g t#g quﬁﬁrq,_ 2.3 _m?LD ]Dh197 Dltqugﬁgghm'- Dhe. capacitances
PEFMS~He Hmfdn | the t'he. i%¥q~£? echarged by
ne preSBargrng.el.r =r9n'boi -end$ of the dat a rrne;-. By thus
acharal Qn fhn rﬂ:\h jqes .nreu}h : I:\D r_\r I"‘g_l' . > the Sense
hplrfrgi,_rt ig [po srdle Lo [ai $g [ he Qata ine 5 pote trals to a
cSTTed vatug-—rnTagtor p‘lEli e sy that—tjhe—speed—of—oper ati on of * " ; .
he_RCNFQan_te | mcy gased. Figli S'r; af schengtit ifluetrahron of an exanple
S, R i a
e T S SO LT S B A ~
'CONTINUED .
P14{P15{P16|P17| P18{P19|P20{P21|P22|P23|P24{P25|P26| P27
1 1]l v 1) ] 1}
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1) 1 1.1 11 ;
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~ Parity bits
D2g|P29|P30{P31{%0|%1}F2|P3|P4 (5|
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i
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‘of the ECC circuit shown in Fig. 1. 10 A | ogi cal operation
circuit ELGreceives the 38- bit signals [err] and [err] delivered from the
'nenpvy arrays and forms syndrones. [err] to [err] for indicating errorzhris
by &xcl usi ve ORs of predetermn ned conbinations. 15 In the 88&by
‘data witten in the menory arrays, the six-bit parity check bits [err
[err] have their respective val ues prqglously set in accordance wth the
32-bit. data signals and a proper check Watrix. Table 1 bel ow shows an-
-'exanpleko# the check matri x. Table 1 .~ Check matrix Information
‘bits [err] CONTINUED Pari thn Taittlee 28D29 fllag 1 3ls addedl t& eacH rofTdilts 1, a
‘flag 1 is added to each of bits to be checked. Table 2 belom/shoms an
exanpl e of data Wa debehecked. .

Table 2 below shows an example of data W to be.
ﬁ} o _ written into the meméry_arrays.' It is to be noted that,
i;.mfwgwﬁ -.Hhin;TapLenZ,.data signals areidenotediby'§ymbcl¢mﬁuetc~v-_,?'

B31, whiie parity signals are designatéd by symbols

. BP0 to Bps.
. Table 2
A — . : - —
- () Bol Ba] B2 B3| B B5| B B Bg| Byl By By By,[ By 5[ By
111j1|1|1r{ojofojofolo |o (o [0 |1
" CONTINUED
e '3 B BlB 1B
| 15 B1q 517 B1s| 19 | 220| ] Ba1) 22| 24 24 2% 25! 27
e E N R N RS P! ll | | 0 I- | LO. E o |
CONTINUED -
. Sl BP.| RP,| BP
" ; |324 Byg| B30| B3 2Fg 52| BF, B4 o %5

DT o fo [ o [r T o



.. WI‘ | tF

e? |nto the nmenory arrays It is to be noted that 5 - . in Table
a H

2 .o signals are denoted hy synbols [err] B31, while parity signal s:.

' are- i.gnated by synbols [err] to [err] Table 2 [err] CONTINUED [err] . \,

"CONTI'NUED [err] . : The value of each parity bit-is deternined by checki ng
" the bits indicated in Table 1 in the 32-bit data signals to be witten.. =
“; The ‘parity bit to be obtained hag—a value such that the conbined exclu5|ve

{ PR val ue of-the 5 bit si'gnals checked and the parity bit to be obtained
-*ﬁMII be "O'. 1In other words, each parity bit--is set so that the

%-fconblned excl usi.ve OR'val ue of the bits respectively checked accordlng to
.Table 1.will be "O" For exanple ‘t he parlty bit BP in Table 2-is set 10

el Per % YL b eBEh bR aH R el 7L E'r?f‘ o
accoeﬂaerefngw the ! Beeki aﬁall:aeaa( &xn&#sﬁﬁfa §) 18 tiabb'i-ht aLQ% exclusive OR
| slgnals to be wrltten. The parity b1t to be obtalned haSy_ - _
a value such that the comblned excluslve OR value of—the | |
T;:5 bit signals checked and the parity’ bit to be obtalned R
~ will be fO"\ In other words, ‘each parity bit is set 8o |

-that the combined exclusxve OR value of the-blts

respectlvely checked accordlng to Table 1 will be "0" | o o/

Eor example,-the-parity b1t BP in Table 2- 1s set

, o’ . the
- data bits~Bo-tofB4; 314_to By, and st to B,q are checked

10 as follows. . Namely, for settlng the- parlty pit BP

in- che 32-bit data bits Bo to B31 in accordance with the
first 11ne (syndrome So) of Table i. The exclus1ve OR '
of these ‘data bits checked is "1, Therefore, the
15_ 'parity bithPO is-determined as “i".' More specificaliy(
"Eipe'barity bit'_BPo is set so that the exclusive OR of the

data bits checked and the parity- bit BPokwill be "0":'1_ : ' o

twi

Then,'in the_eimilar manner}.data'are checked.oh. T
_ the basis of the second to flfth lines (syndromes S1 |
20" through S 5) of Table 1, and the parlty blts BPl to BPg
| are determined so that the:exclus1ve OR-w1th—respect to
each parity bit will be "0". ~_ "

In the case where each of the 32~bit data bite.is -

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

25 bits'BPo to B?S:areaall.fl" as shown in the Table.



of these data bits checked is "1". Therefore, the 15 parity bit BE
determ ned as "1". More specifically, the parity bit [err] is set A
thekgxclu3|ve OR of the data bits checked and the parity-bit BP w I\
Then, in the simlar manner, data are checked on the basis of the
' second to fifth lines.-(syndrones [err] 20 through [err]) of Table.1, and
“the parity bits [err] to [err] - are deternined so that the exclusive OR
with-respect to each parity bit will be "@% 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 [err] to [err] areall "1" as shown in the Table. =~ 63 As mnll
be clear from Table 1 and the previous description relating thereto, ..
logical formulae for calculating the syndronmes [err] to [err] are given by

the following formul agg (411 Opé Sdiedf" foh OFdb1& €1 dnd CEhé previous

description relating thereto, logical fqrmulae-for .

calculating the syndromes. S, to S, are given by the

following formulae (3)ato.(8):

So = 36@31652@3 @B4.®Bl4®l315.®.316
| ®Bl7@318®319@szo@5’21@sz@
~ | BB, .. (3)
| s = BO@BS®BS®B7®BB®314®B 5@316
63176322@?23®324@325@B30 |

———

o O . ce. (4
| = 31®Bs®39®310®511®314®318
®Bla@Bzz®Bz3@B s®527@528 | 3
@1330@531@3?2 o <5) 
= BZ®BG@BQ®312®BIB®BIS®318 |
T~ ®B; 0@321®522® 524®326@B27
| | OLTE .(.6.).
= B; ®B7®3106312®’516@B 9@320
@323®525@325@329@B31®BP .
=5,®3O3 1®313@Bn@‘321@324
@st®327®‘328®3 9@’330@‘331 D
@Bp | (8) |

n



1t will be noted that in these |ogical formulae, the mark [err] denotes

~ an excly e OR operation The |ogical operation circuit ELG shown in Fig. 9
. is congrpiryuted by logical circuits (not shown). for 5 " formhg "the et
"syndro err] to [err] satisfying the above . fornulae (3) to (8). It

'f,mAII ‘be noted that it is possible tg select at will the order of. conblnlng

'~the exclusive ORs of a plurality oﬁ its with each other. Accordlngly t he
,echUS|ve ORs of e.g. the four blts [err] 10 to [err] may be obtained in
.>sich 'a way that an output [err] B is formed by means of a first exclusive

, ORcircuit and an output [err] is for med by neans of a second exclusive OR.

*FCIrCU|t and then the _formed t s .ar lied to a third exclusive

“ OR Ci rCU|t A Wil be pote %&3&‘5?‘#‘ f'&lﬁﬁec al FIANASY t he for mul ae

- (3)to Iu3| e CR of the hits Bl4 to BL7 appears in the fornul ae
(3) an& f“af"ﬂ T ¥ s\l‘@' f°RerFeqﬁ‘ﬁ'§ lerr] and [err]

i;Vappears in the 3). @Qq (R idy ﬁﬁﬁg[ order to. L
'foreduce t he. nunggr E#bggal Iéﬂ?%%l CIrCUItS const | (%lru;%he | ogi cal - B
- operal g cofiskq kel By Wb ek USRI {Q5 GRIEQhdwh ) o Or mul ae may be -

f};preV|oust ormed by means “of nutual circuits, respectively. The defects =
L previ 0?%&&19[30@Hee§yharbhﬁsw%fmﬁb % dﬂ@!ﬁ&n@"ﬂﬁé"&ﬂ&zé\mFHs and Sl gnal )
:;*mnrlng 0 o

-~ . " formulae (3) to. (8). It will be noted that it is

" possible to select at’ w111 the order of comblnlng the
': exclusive ORs of a plurallty of blts w1th each other.
d Accordlngly, the excluslve ORs of e. ,.g. the four bits Bo
"71-1oe} to B3_may be obtained-ln such a-way_that an_output B0 (:)
. B, is~f0rmed'by-meane of a firsrdexciusive OR circuit and
an output 32 (:) By is forﬁed by means of a second |
excldeive OR circuit and'then.the formed two outputs are
supplied to_a-third'exclueivexok circuit. As will be
ffﬂ 15 H'apparenr from comparison between the_fbrmulae_(3) to (8), . :
| the'exc;usive OR of the bits B,4 to B;, appears in the -
formulae (3) and (4) in common. = The exclpsivelon-of the

bits B,g and B, appears in the formulae (3) and (5) in

common . Accordingly, in order to reduce the number of
20 - the logical circuits.conetituting=thealogica1 oPerationn
| circuit ELG,'the.eXclﬁsivefORchommon to. the formulae-may
be previously formed by means of mutual circoits, |
respectively.¢ | | _
The defects prev1ously produced in the memory

.25  MOSFETs, sw1tch1ng MOSFETs and signal wiring to. be

»



sel ected and the practical defects caused in the circuit operation by an
undesirable change in the circuit operation conditions wllgive errorjgifz;>
thgkgeadout data to be supplied to the CCcircuit. - 5 Ass ﬁf/ j
now+that nenory cells in which the wite data Was shown in Table 2 sh
~have been witten are selected, and the readout data R at that time is
err-oneous as shown in Table 3 belom/ for_eégﬁple. Further, it will be
assunmed-that the seventh bit B7 of the readout data R has changed from™"0"
~to "1"..Table 3 [err] =~ When the data R is supplied, the |ogical operation
circuit ELGin the ECC.circuit carries out |ogical operations on the
'syndrones [err] to [err] in. .accordance with the formulae. (3) to (8).
Inthe 5 opereﬁ#kﬂ#?ﬁd)m the practical refects cansedsincthe chreit] the
‘seventh bit B7 is enployed in the |ogical operations for calculating the
syndromes S1 RReratien By |apamdesirablsnchange 1in thgecizcwd fact that
the .seventh bit B7 has chaq?ed from"0" to "1", each of the syndrones [err]

and 10 [ er r ]PREFANRN "Enditigns prill. eﬂ%vﬁﬁr@?%n%ughmﬁfi%‘ﬂ'é data
to be. ﬁupplied~te‘*hc BCC ecircuit. - - - “_ﬂ cr e

5 . : Assumzng;now'that'memory.cells'in'which'the'wfite
data W as shown in Table 2 should have been written are
selected, and the readout data R at that time is

erroneous as shown in Table 3 below, fbr example.

Further, it will be assumed that the seventh bit 37 of
the readout data R has changed from "o" to "ir.
Table 3
5 | y| By| Byl By B Bs| B By Bg| Bg| Byg| B1a| B12| P13| P14| P15
(=) 121z trtofoj1rjojoj 0} 0 0] 0 1l 1l
~ % "B 1B, B.alBia B.lB,| B, B,a B, B B 5.5, 5
16{717/718] 19 20 T21] T22] T23f T24| 25 T26| "27 "28 29.

L7}

BB | BP,| BP,| BP3| BP,| BPg

30] "31




“~Togi¢al operation circult

”-ftaken in the operati on processes for calculatrng t he ot her syndrones [err]

~“and [err] . Therefore, each of the syndromes [err] and [err]. becones ORI
. Wien/¥he readout data R such as shown'in Table 3 15 is delivered, the"b#t -
- pattfjgr i jof the syndronmes [err] to [err] delivered: from the | ogical
< oper@tibn circuit ELG beconmes "010010 " . This bit pattern coincides with
. thef”“,'pattern of the syndromes [®7r] through [err] i ndi cating. the seventh
- -bit D.in check matrix shown'in Table 1. ~In the 20. check matrix, the"

J\pattern of the syndrones [err] to [err] in the row of the bi t Jerr] is
© -"010010", which caincides mnth the bit pattern of ‘the syndronmes S5 to So
'“Ldelrvered fromthe logical eration cjreuit W%gl be noted that each

of bl ank col utfen ﬁ%é’% T FYBPT 4SS 'egg?%le:{)o%js "o As will be
o t f T | l,i h t h of th
OPh Pt s Tl i A g B (S fed by 0 PR of the

. -corresponding to | to the fact that 't he- ;'
) Check :r.rcarl osper%ml%&sqo%sdwasynérome%ds% ﬁ%\%\rrqg?n Table 1, the bit .

__{.._ _;___pat ter, m&,&qlgdé W89 hd- r% SNES) [@6 rdg3.0 [efhlekiel ivered fromthe

shown 1 n Fig. 9 correspond to the posrtrons _r;_

‘3f0% th%m%ﬁ%@idk“ﬁ%&ﬁéé%'fbﬁ'&%iéﬁ!&%&ng the syndromes Sy to sS’v I

the seventh bit- By . is employed in the logical operatlons

.for calculaelng_ths_syndrqmes S1 and S4 as will be elear-
~ from Table 1. Due to the fact that the seventh bit B, -
has chahged £rom "0" to "1", each of the. syndromes S; and -
10 - S4'becoﬁes "1".  The bits are not erroneous which are |
| ; taken in the operatlon processes for calculatlng the
Tﬁrother syndromes SO' 52' 83 and S5 Therefore, each of
the syndromes Sg- 52' S5 and Sg becemes "o,

When the readout data R such as- shown in Table 3

'5"15 .‘As»ﬂellvered. the bit pattern of the syndromes Sy to S, bt
" delivered from the logical operation circuit ELG becomes _
*010010". This bit pattern coincides with the bit

pattern of the syndromes Sy through So'indicstihgﬂthe;_

snd

o seventhsbit'D7iin_cheek matrix shown in Table 1. . In the

if20'- eheek_matrix, the-batﬁernfof‘ihe syndromes 85 ﬁd Sé.in

-' ‘the row of the bit D, is “010010", which coincides with
‘the bit pettern of the'sYndremesrss to S, delivered from
the logical operation cirCuiﬁi-'.Iﬁ'will be noted that

r:each of blank columns in the check'metris-is reéarded'as

25 "o".



10 - . data R respectively. The syndromes [err] to [err] delivered. fromthe
| ogi cal operation circuit ELG are fed to the decoder DCR directly ghg viz
inverters. The decoder DCR delivers a decoded signal 15 resent at{¥e=of -
thés®rror digit by decoding.the sydrones [err] to [err]. The decoder DCR
is constituted by AND gates [err] to [err] nade to .correspond to the 32- bi t

dat-a signals respectively. The AND gatgs?G to G have. their respective '

inputs dstermned so as to detect bit 20 patterns different fromeach

ot her. \Fach AND gate delivers a "0" level signal when the data bit made
t:0' correspond thereto is not erroneous but delivers a "1" level signal when
the data bit is erroneous. For exanple, the AND gate Go, as w || be obvious

fromthe 25 il ust pat ed10onee tigpirent fdvin Ahiislle MR 14 XpllATL iy of Tabl e
1, delivers a "1" level signal when the first digit ( first bit) signal in

1 he 32-bit daheck Jpixlss are aetorteoeadhtofidilie/ 8-tHt Gigmlad. si g when
‘the signal is not erroneous. 5 " The outputs of the decoder DCR, i.e.
the ‘out put s chedk: bigspseti to Mme gHhignalchave @G3Ppathern mmw«mqu err]
to [err] of the readout data R are fed to exclu3|ve ORcircuits.: [err]-to

[err] respectivemiy thiige sdgnalsive OR
5 : Owing to the fact that the check matrix is

arranged as shown ;n Table 1, the bit patterns
congﬁituted.by the synd:qmes-ss'torso delivefed from the
logica1 operation_circuit ELG shown in. Fig. 9 correspond
to the positions bf_the_error data bits in the readout
10 data R respectiveiy.
. The syqdromes-sb_to Ss-deliveredjfrom the logical
o opefation circuit ELG are fed tofthe decoder-bCR directly
- and yia,inverte:s, '
| The decoder DCR delivers a decoded signal
15 .glépresentative of the error digit by decoding the
#Byhdromes Sy to Sg.  The decoder DCR is constituted by
AND gates Gy to Gy made to correspond to the 32-bit data
- N signals respectively. | The AND gates G0~to G31 hﬁveh~
their respective inputs determined so as to detect bit
| 5, - 20 patterns differént from each other. Each'ANﬁ gate. '
‘ delivers a "0" level signal when the data bit made to
_']f' _ correspond thereto is not erroneous but delivers a "1"
level signal when the data bit is erroneous.  For
example,'thé AND:gate Gy, és will be obvious from the

25 illustrated connection and the check matrix shown in

»



~circuits'[err] to [err] formcorrected output data D to 10 - D31 to be
suﬁﬁ?'ed to the multiplexor MPX shown in Fig. 1. For instance, if the
data signal has an error as shown in Tabl e 3, the output of the\NND
aver err] becones "1"'correspond|ngly, so that the seventh signal

neously read out as "1" Is inverted from"1" to "0" 15 - by t he -
(Ct’usi ve circuit EOR7. The vg{ e of the data signal [err] is revised to
he correct value. It will be nfted that the ECC circuit is able to correct -
kthe error for one bit but unable to correct the error over two or nor-e '
~“_b|ts In order. to obtain an ECC 20 circuit capable of correcting the

i?[error over:tmo bits, it is necessary to provrde a conpli.cated construction,
S U THRR) A S PR e RSB g R T

 exet btifc%)mﬁ%e. i AE e et et B 0 T ST oLt ¢ "ELG and.

- PR s ity Jeplvey rf‘éﬁ"ﬁ"%‘ﬁ% SRt Vel Te Pioba P! SO0

: NCSEEﬂ%ogegfﬂoﬂgghghe NCSFETS [err] are connected in series. In the sahe _ :
~‘manner, the MOSFETs [err] and the MOSFETs [err]. are connected in
}:5 '_f_ The outputs of’ the decoder DCR, ;.e. the outputs’ —_-_

. of the respective AND gates G, to Gg,. an&.the data bits
Bd to BBl_of'therreaGOur.data R'areﬁfed'to_exeluSivefoR' ~
- circuits EOR, to E0R31'respectively. The exclusive OR "5- _ "~/
circuits EORo to EOR31 form corrected output’ data Do to |
.10'f_D3i to be supplied to the multlplexor MPX shown in Fig.
B  1. For. instance, if-the?seVenth'data.signal has an
- error as_shbwn.ie Table 3, the output of the AﬁD-gate Gg
' becomes "1" correspondingly, so that the sevehth'signal
-.erﬁaneously read out as "1* is inverted from “1”.£o "o"
315 ;*by ‘the exclusive circuit EOR7. | ‘The value of the data | :... -
'.signal Dg is revised to the correct value. o | : -
" It will be noted that the ECC circuit is ab1e to )
~ correct the error fer'one.bitfbutiunaﬁle'tdfcerrect.rhe' | :
error over two or'more:bits: "In order. to obtain an ECC -
20 = circuit. capable of correcting the errér;éﬁer-twb'biﬁs, 1£
| is necessary to proVidefa'cdmpIicated ebnstrﬁétion. so
that the number of elements required is increased.
Moreover, in such a case, it is necessary to greatiy' '
R increase the number of parity bits (redundant bits)...

25 Fig.: 8 shows' a practical example of the exclusive:



series. . The junction between the MOSFETs [err] and [err] and the junction
~between the MOSFETs [err] and [err] are 10 mutual Iy connected to forn1an
output OUT.. .Input signals a and b are applied to the gates of the =™
- resPEctive MOSFETs [err] and [err] whilst input signals [err] and ef
applied to the gates of the respective MOSFETs [err] and 15 ' —
Moreover, input signals [err] are appli q to the gates of the respective
'NCSFETS ﬁerr] and [err] whilst input S|gnals b and a are applied to the:
- gates ‘of -t he respective MOSFETs [err] and [err] - Wien both the input
;S|gnals a and b are high 20  "1"), the MOSFETs [err] and [err]. are turned
S ON, - causing the output QUT to below ("O"). On the contrary, when both the
i nput’ sign a h QLT .Le are -
bR £§£e+y NPrbfiabadif PhahiobigaYOBRETALLER! b1poditorLl 31C

turned ON, simlar usi ng the output

‘the input shga Egl‘s%ea[féf]ihésefe&aaérwétioni.nput- signal [err] (or b)
is l-ow, the MOSF (or[err]) and the MOSFET [err] (or [err]) are

twrred ON, causi ng The extpusicdToRochectighcompFiges phenahhel! evel's of:

_ t‘he input signal a and b coincide with each other, the output 5 QUT.is /.

nede [ ow. MOBFETs Q etoggﬁg anﬂen-thanne$|ganETdoongttooonnge ‘Wi th each
“other, the output | i s made high.
L 5 The MOSFETs Q b1’ Q. p2 and the MOSFETs Q n1’ Qo are

n2
onnected 1n series. In the same manner, the MOSFETs

o 093, Qp4 and the ‘MOSFETs Q.3 Q4 are conhected in

't?;;;' series. .The junction between the.MOSFETS'sz.an& Q1

and the junetion between the MOSFETs.Qp4 and Q5 are

10'. mutually connected'to;form'an_output OUT. = Input signals

d@ and b are applied to the gates of the respective*

MOSFETs Q,; and Q_,, whilst input signals a and'S'are

applied'to_the~gates of the respective MOSFETs.Qn3 and

Qna-

15 | '.. Moreover, input signals a,'S'are applied to the

gates of the respective MOSFETS Qpl end Qp4' whilst input .

signals b and a are applied to the gates of the

respective MOSFETs Qp and st.
When both the input signals a and d are high

éé_;i-20' -{"1"), the MOSFETs Q_, and an.are=turhedibn, causing the

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

the input signals @ and D are high, the MOSFETs Q 5 and

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

low. |

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

[ 4

are



“The-above described exclusive OR circuit has the advantage of an extrehely -

'"”snall .power consunption, since 10 . the circuit has only eight elenents,

”' spec|f|caIIy, a multiplicity S

4D. C. current flows between the supply.voltage [err] - and earth. ‘%a
ical operation circuit ELGin the ECC circuit, |ogical operations. .
A\ shown by the above logical formulae (3) to (8) are carried out: .in
(/to 15 formthe syndrones(%ern]ato [err] as described above. More
xcl'usive OR operations are perforned in
the l.ogi cal operation circuit. By enploying the exclusive OR circuit shown
n Firg.. 8 as a logical circuit constituting the logical operation circuit

';_ELG, it becones possible to constltute t he CIrCUIt wth a.relatively smal
.~ nunpber of ele a ver, 0 reduce.the power
coRBERft Paﬁnaﬁaiyr gj 900G et Mok %%NDSFETS

.~ consti i gt ar S, N@ARY d ARY4 ese binary signals
-fbePﬁé %g n&gsg?%' Q&ﬁé rﬁth egha d taqﬁgaﬁ(§exithere|n I n order -

P@gugeoﬁ&e Buggeﬁzﬁi.e|GQEﬂ&§ Qﬁgﬁl&ﬁg %#gﬂgaéflg e the ECC C|rCuit-§$ :__

to reduce the power COI’ISUITptIOI’l mn circuit. Mor e

E @-Spilggatcahbﬁalt ) Shar ctﬁhcaa@mll% QaliYehet Inale "clutﬁtﬁ'. t he memory

E

[erf] .inmthe )
OUT is made low.;' On the other hand, When these 51gnals _ -

' 8o not coincide with each other, the output OUT is made

13

"high.

.~ are performed in the logical operation circuit.

- Fig. 8 as a logical circuit constituting the logical

‘The -above described exclusive OR circuit has the
'advantage of an extremely small'power,cbnsumbtion, since
fhfhe circuit has onLY-eight elemen£3f-and.no D.C. current
'fldws¢betWeen the supply voltage V., #nd'eafth; '
In the_logicélzoperation=circuit ELG'infthe ECC
: circﬁit,'logical operations such as shown by the above
 1ogical forﬁulae (3) to (8) are carried out in order to
‘form the syndrdmes Sy to S as described above. More

specificélly. a multiplicity of exclusive 0R'Operations
By employing the exclusive OR circuit shown in

operationyéircuit.ELGj it"hecOmeSWPOéSiﬁle to'constitﬁte

" the circuit with a relatively small number of elemehts.

and moreover, it is possible to reduce the power

 consumption.

Binary signals are written into the memory

MOSFETs-constituting the3memory“arraysfM~ARY3 and“MéARY4;



array M ARY3, the binary signal "O' forned by inverting the binary signal
"1" 'is witten into the MOSFET [err]. Thus, no matter which menory MOSFEJs
in‘the nenory arrays 10 [err]-to [err] are selected, signals having h%(ﬁ
Pe%@ﬁs;Vhich correspond to those of the binary signals stored in the:
MOSFETs are always delivered fromthe corresponding latching circuits.
-More specifically, the signals delivered fromthe respective |atching
~circuits 15 - are positive-phase outpﬁ%é-[err]'at all times, whilst the
éhgnaLS{Thverted by inverters are negative-phase outputs D at all tines.
Accordi ngly, by sinply providing the n inverters, it becomes possible to
supply the signals fromthe respective latching circuits to the exclusive
OR . 20 circuits in the logical operation circuit ELG so that the

| ogi cal opEheRe ﬁ@#tw%g’&gﬁﬂﬁ#’tﬁ tfrrmed Py inverting. the RIRAEY a
practical cjrcujt of each of the muliiplexor MPX and the output buffer- DOB.
The. out putStER2LY &9 1P ogtf‘é‘?“?‘{ ﬁ?ﬁfﬁ{%_ﬁt@@?’éuﬁ‘?_ ucere®ransnmtted to

Clristate QGUiP adl irdddcd Afe Pl { SoGlnge FHIPLACERS Géer ™

;. 5 - eircuit. More specifically, to store, for example, a

such s QRBHTHE R LI foohia i 19 raner T whie Ble ofEe el S) 50"

- binary signal "1" in the memory MOSFET My in the memory
"array.M-ARYs, thé binary signal "O" formed_by_inverfing

\_/  the binary signal "1" is written into the MOSFET M.

10.'-M-ARY1 to M-ARY, are selected, signals having levels
“which correspond to those of ﬁhe binary signals stored in
| g@e mémor& MOSFETs are always delivered from the
_“dﬁrrespondinéllatchihg_circuits.. More specifically, the
_signals-deliﬁéréd-from thé :espécﬁive latching'Circuits.
15 are positive-phésé.outpﬁis Dﬁ' at all times, whiist.the
signals inverted by inverters'are-neéative-phése outputs
' E;Fiat all times; Accordingly, by Siﬁply providing the
inverters, it becomes poséible to supply Ehé7§ignals from
. the respective iatching circuits to the excluéive OR
-39;20 circuits-ihlthe iogical operation ciréuit-ﬁﬁs, so tﬁaf-l
L the logical oﬁefatioﬁ éircuit'caﬁ be fufther simplified.
_Fig..lo Shb&s'é pfactical'cifcuit of each of the
multiplexor M?X.and the output bqffer DOB. _
The outpﬁt'data Do.td b31.from tﬁe ECC circuit

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

Thus, no matter which memory MOSFETs in the memory arrays -



5 one set. Accordihgly, the 32 tristate circuits are divided into. four, N
WFor the sake of clarity only the tristate circuit for receiving the

[err] in the output data [err] through-D is shown in detail |n\-d
The other 31 10 tris®iée circuits have substantial ly the :same:
construction as the one illustrated. The data signal [err] -is passed =
through an inverter 1V4 and transmitted to the gate of each of a P-channel"
_LKSFET [err] - and an N-channel MOSFET [err]. The drains of 15 t he
\Jbspectlve MOSFETs [err] ~ and [err] are connected to an output node [err]

" via aePgbhahibk, VOSrENe] mulltiplexeraMPy stichnesl AUECREDPEdArr| respectively.
Timng signals [err] to [err] are formed by an address buffer and the Y
decodbereéppnpd@¥-shown in Fig. 20 16. The address buffer is constituted

by t buf f AD and Si t h b ff t hy -
c)c/)ns\tl\?ucgl oﬁr%?‘ﬁemga ég’ﬁ'ﬁr"#’ &W‘yllg?«? tid %riﬁy aageﬁﬁ%f%’rr?det ail in :
ig. 1 t, t f° MOSFETs- -

o7 SEbepifey. Stohrrarorgdi rirdputs ae[l'@%rc' Rt 8 (M decoders

-t err r] he Al efore, only the
<[1I co!zlce’LgY\EJg{: h c@%‘é p’g* fge %% eco%’ % ar co-rg}?r%’lr ses: IVDSFET)s/ [ert] |
to [eaiblagg QﬂﬁoathEcngsconflguratlon reqU|r|ng no : _ o

For the sake of clarity only the trlstate c1rcu1t

for receiving the signal D0 in the output data D0 through

D,, is showh in detail in Fig.-lo. The other 31

31

.10 trlstate c1rcu1ts have substantzally the same .

constructlon as the one 111ustrated. |

: The data signal Doils passed through an 1nverter

_;?ﬁﬁ-lv; and transmitted to the gate of eadh of a P-channel
;'.j:; MOSFET Qg and an N—channel MOSFET 058 ' The drains of .
iS*?'the respective MOSFETs 055 and 058 are connected to an

output node 010 via a P-channel MOSFET 056 and an N~ B i

channel MOSFET Q57. respectlvely. _ N _ gd : _

Ilming signals ¢OO to ¢11 are formed by:an_

address buffer. and the Y decoder Y—DCR2 as Shown iu-?ig.
20 16. The address buffer is constituted by two buffers ADl. . -
'and.ADzr Slnce the buffers have - the same constructlon, |
the'circult-of only;the buffer ADl ;s shown in detall_ln o
Fig. 16. The buffer ADi.oomprises a static oircuit

'con51st1ng of MOSFETS Q)36 to 0163 The deecoder Y-

25 DCR, comprlses four decoders YUl to YU4 all hav1ng the



special selecting timng signal, unlike the X decoder 5 shown in Fig. 5
Consequently, the Y decoder Y-DCR2 is able to formthe timing signals\Lerr}
to [err] by enploying only the internal address signals supplied frdmthe:
addf®ss buffer. The Y decoder [err] recei.%gs_ the internal 10 add @Q
signals [err] and,[err] [err] and forns four kinds of selecting si s by
decodi ng these signals. For instance, when both the internal address
_shgnals_Lgrr] and a are low ("0"), the timng signal 00 is nmade high.

The .t mfn/g signal [err] . is supplied to the 15 gate of the N-channel
MOSFET [€rr] gané deirfbtrhit iodDr eoMidreddite | | RIY SAONE et lyul Sid nverted
by an-inverter [err] and supplied to the gate of” the P-channel MOSFET [err]
Accordingly, sHesm tite Rigu e Si onid adsddr im£i%pm& tiesMREds [ err]
and [err] are turned ON. Therefore, 20 t data. signal [err] 1&
transmtted ttm t wWrlithasiff il t cdffiguretioni regwigivd fgerr]  is

l-.-'ow,é both the FETs [err] are turned OFF, so that the output * node
[err] has a tepgeiaipertdrantingl cpanidentdignsl  henlitke thedldéapddr 25
- Eirght tristate circuits, simlar to_the above. - tristate circuits, for -

receiving t he&hawihtimiRigrs 5™ ~Cohsequently, the Y decoder Y-DCR, is
T able to form the fiming.siggals éoo_to,éll by employing 1~ | -
only the internal_address.signals'supplied from the
‘address buffer.
~ The Y decoder Y-DCR2 feceives-the internal
10 address signals a5, 3,5 and a,¢, 3, and forms four
kinds of selecting signals by decoding these signals.
. For instance; when both ‘the internal address
signals a;g and a,, are low ("Q“), the'timing sign§1 ¢o°
_' . is made high. The timing signal éOO is supplied to the -
| 15 .. gate of the N-channel MOSFET 057 in Fig. 10. Moreover,;
| the timing signal ¢06 is inverted by an inverter IV5'and :
suprplied to the_gate of the P-~channel MOSFET 056’
Accordingly, when the timing signal éoo-is high,
A both the MOSFETs Qg and Qg, are turned ON. Therefore,
- 20 the data;signal Db.js transmitted to the.outpﬁt-buffer“
e | DOB. When the tiﬁing signal ¢00:iSflow;'both the -
- MOSFETs_QSSZand 057 are turned OFF, so that the output
node O1° has a high imfedance_indépendéntly of the data
- signal Dy

25 Eight tristate circuits, similar to the above



ignals [err] to [err] -are conbined-to formone set and controlled by the
Lﬁl g signal 00 The other data signals are also divided so that eight-._
Jform each 5 set: nanely, the data signals [err] to [err]; and D -0
: Then, the eight-bit. datacﬁ%gnals constituting one set are supplied
- NoAthe corresponding tristate circuits These tristate circuits are - -
~.controlled by the other timng signal s [err] to [err].In 10 addi tion,
'..output nodes of the- four tristate circuits are nade commopn to data elght :
’bjts apart from each other, such as. the bits [err] whi ch correspond.to each

Rt gfER iRt 5ok LA AU o AUUALILDSR oM e I 1 plerer
out pg}gﬁhis%tstr 480 $0nRkd G RAOUS Gt OUtPUL | e, Ol

~one 0 € ouPpdt Cilrcurts | he out put buf fer DOB

CO”pE#;ﬁE%ii‘@dtB? 'tﬂBUTt:.&QnFey? Raﬁaf&‘s Cc’nsﬁﬁet \Gefé D MSFETS to

our Inverters Vo to &%ush-pul I out put circuit constituted -

by Nzggaans! abeSEEse bevilied Ebetaattplétigat%altsoffotﬂ?@ dayerter [err] for
receiving the output signals fromthe nultiplexor 'MPX through the output -

Bl ne8e25 ndn&L?DpﬁledthaOBQghamdt Dgf tioh® L NAND %atta m%&t idnd ed by

‘D, , to D. Then, the elght-blt data signals ' : —_

24 31
:constitutlng one set are supplled o the correspondlng
g tristate circuits. These trlstate c1rcu1ts are _' )
. éontrolleQ'by the.chérvtiming*Signals'édl"touﬁlla In ) ' ' kJ“
10  addition, output nodes-of;the-four*trisfate circuits are
" made common. to data eight bitéfapart from each'oéhér,
'.fsﬁch as the bits Db; QB; Dis; D24 which cofréépdhd to
each other. Accordingly, the total number of output
lines from the multiplexor MPX is eight. |
18 - The output buffer DOB is constituted by eight
- output- circuits provided so as-to'éorrespoﬁd'to'thé'_ o =
.'ibutput lines. . Only one of the output circuits is shown .=
in Fig. 10. | |
- The output buffer DOB comprises two'tWOéinpﬁt' | N :
20 NAND gates' constituted by MOSFETs 0’5"'9 to Qe four : " -
" inverters IngtciIV§'and’a;push—pull'butﬁut'ciréuit= | |
constituted.by N—channel-MosFETszQ67, QGB; .Thé'outpﬁt '
signal of the inverter IV for fedeiving fhé output
| signals from the mﬁltiplexor MPX'through the output 1iﬁes'

25  is applied to one input of the NAND gate cdnsﬁituted'by



ithe NCSFETS [err] to [err] On the other hand, the output signal of the =
inverter 1V7 for receiving the output signal fromthe inverter 1V6.is (7
applred t.o one input- of the NAND gate constituted by the MOSFETs [err]
_[erfT Inb5 addition,a timng signal rr] is applied to the other
1 nput of. each of these two NAND gates. e output signals fromthe two
NAND gates are transnmtted to the gates of the output MOSFETs [err] and
[err] . through the inverters [err] and [err] respectively. 10 The
ti-m.ng srgnal [err] - is forned on the basis of reference signals [err]

and [errT d rrl%}ﬁri?#}g with reference to Fi 11; and the chip selecting
signal CE Ihﬁbe 19 fgd° i s Meithe RERRF ihapd hethrroukputien t he

hi t t 0t d wh 15 th t.put
el s } ", Jﬁf‘gnﬁ%e?ctﬁfcf’ﬁ"w At i 141 GRAR NS W QURRYE hat hew dat a
si gnal's are Jfeljaer. ﬁr&gt@@éﬁ@r%%rcurts tlg he ECC cr‘trtg% When
r

thetlmng SI na [err and

[<err] are tywheeHAND datde dat omth '
circuit. Oo'nsequenq y, the ext errﬁ %t put term nalqﬂj1 €& 7)e‘[rbecorres

High i ms npedaiedonther eiving dignaasy bl ad eﬁn@aﬂt& %é%ﬂr&@duct_or
- menory .to any system of common data budi% ype as well as prevent I ndefinite

data from bdnpgtdelf earchd of2these two NPEIDJ gatled) | ustrertqsepiat ai | ed bl ock - —.
dr agrams of

&

s:gﬁals from the two NAND gates are transmitted to the
| gates of the output MOSFETs Qg7 and Qgg through the-
.§~;’ : inverters IVé.and IV9, respectively. '
10 The timing signal-éﬁz is formed on the basis of
reference s1gnals éPCS and éXS described later with ;
reference to Fig. 11, and the chip selecting signal CE.
The timing signal éHZ is held low during the period when
the chip is in the non-selected state and the period when
15 theroutput signals from the ECC circuit are indefinite
| owing to the fact that new data signals are delivered
from therlatching circuits to the ECC circuit. When the
timing signal éHz is made low, both the output MOSFETs
- °67 and Qgg are tufned'OFF independently'df'the output
. 20 data from the ECC circuit. . Consequently, the external .
ﬁé.il output terminal Dn (n=0 to 7) becomes'hiéh'in impedance.
Thereby, it is possible-tq,connect-the semiconductor
memory to any system of.common data bus-type'as-well as .
preveht indefinite data from being delivered.

25 Fig. 11 illustrates detailed block diagrams of



t he

shomn |n Fig. 1. The interna

":[err].
Jerr]

address transition detecter and the control. signal generator which are -

delayed w.th respect te

uffer ADB are fed to delay circuits [err]-to 5 [err]
Tvely. The del ay mrwnuté [err] to [err] formdelay signals [err]
! he internal address signals [err] to
e internal address signals a to al4 and the delay signals [err] to
- are fed to exclusive OR circuits [err] through EX14, 10
~Tespectively. Each of..the outputs of the exclusive ORcircuits [err]

address signals [err] to [err] forned I n the.

!l

*through EX14 is supplied to an  OR gate circuit OR- This .OR gate circuit

OR f

&

ﬁsaédrepggérapﬁﬂ§é°n[éﬁﬁﬁ°§afrﬁﬂ?|ﬁh4n99ﬂt§ﬂin§%$9e$ gnal

[err]

‘changes -as 15" shown in_Fig. ,13,_.the levels of -the respective input

srgn5F§eSataﬁdeéFP]a§6pﬁPP

B FHF "exdet usive OR circuit [err] do not

T osult, t nAnE RS BFE R r'%é%%ﬁsﬂ%%‘%&léﬂaiw” ool 5

As

Jﬁb apulse w dth -

a result,
h _
ot o35 RPN, Bty RS s Ve A Spiainer, v e L 00er

“the

‘“” addr

|ntéﬁna ress signals [err] to [err] changé%
e&irmbata&aﬁr ADBnemapal Se&.oaait at. ldélcaye“dw:.th respect to

the 1nterna1 address s1gnals ag to a14 ‘The internal

_address signalswao to aj,- ;and. the delay 31gnals ao' to

al4':are-£ed to exclusive OR circults-Exo thxpugh EXy4+
respectively. - Each of the outputs of the exclusive OR

circuits Exb through EX; , is supplied to an OR gate

circuit OR. This OR gate circuit OR forms a trigger

15:;

v slgnals ag and a,' supplied to the exclusive OR circuit

20

25

pulse éapa.

" As the internalfaddress'signal abVGhangee as

-

shown in Fig. 13, the 1evels of the respectlve input -

EXO do not coincide with each other during the delay of

the delay circuit DLCO. - As a result, the exclusive OR

circuit EX, forms: a pulse having a-pulse width

corresponding:to the delay:. = This pulse is-delivered'asf

the. trigger pulse éapd via:the-OR'gaté~cif¢uit OR.

Accordingly, the address transition detector ATD forms
the trigger pulse é : when either one of the internal

address signals a, to a14 changes.

The address buffer ADB comprlses a static circuit

The

t he address’

Br angjy ol On gstsggke&vélpgf or ‘ﬁxet Rty Qﬁ%fcﬁitﬂé%Ld ertrc'l mtten ei ther one of °



in order to permit the address transition detector ATD to formthe trigger

pulse [err] ~ even if the external address signals [err] to [err] cha
asynchronously, which is constituted by a CMOS circuit conposed of ’
P-cHannel * 5 - MOSFETs and. N- channel ETs. Fig. 12 shows an exanple
of the static address buffer.constitute a CMOS circuit. Although the

"Figure shows only the address buffer which received the external address

- signal Ao and forns the address signals [err] and [err] conplenentary to :
each 10/ ot her, identical address buffers are provided with ; aspect to the
ot her addres The. address b

nal s. f ith ry t.to -the external
address sig Sol_igi]ﬂ%sst(?or%?ﬂ e HyP -ﬁ%ivn%am{%s%%g ‘Teeﬁ??ﬁt%lg’i(??e(r:{énnel
MOSFETs [ N - 15 ' t t i it ' o
vertors ot ol e Rl i de oL e SR SRR T o1 na
-~ addr ' I thhe chi I ' ' I, J JThe internal
) :dd;:gz: 2: g%g'{z?g%]e qaver gg-%f ;‘ég{n%}!t e ﬁ%ﬂe%gd%&'i[ S{J}{Jec(}l blyg]t hla P- channel

NOSFET [ err oot fithitddt b2l cMIB Il Siehddddd sbIdimandder nal address
signal [err] delivered fromthe inverter constituted by the P-chahnel _
MOSFET g er MosFetd herd\-utidifile IMNISFEI8\C€] il LWAHEWS ath texdnkiss &
decoders-[err] and [err] respectively. On the other hand, the internal _
‘address si gl ther rsjtaddla \aldaess  buffer .constituted by a CMOS -

circuit. Although the Figure shows only the address
buffer-which received the external address siénél Ay and
= &;? forms the address sighalé ao'and'Ea'coﬁpiemehtary to each
IIG ~ glher, identical address buffers are provided with
- izcspect to the other address signals. | |
The address buffer with fespect to the external
zddress signal_Ab is constituted by P-channel MOSFETSI
Q; 00 to'Q107 and N-channel MOSFETs Q08 to.Qlis} and two-
15 input NOR gate circuit and six inverters. The ﬁwdéinpui
| NOR gate circuit is supplied with the external address
siénal A, and the chip selecting signal.?ﬁf;. The
internal address signai a, delivered frbm the inverter
constituted by the P-channel MOSFET-QIO4 and the N-

" 20 channel MOSFET Q,,, and the internal addréss signal E;"
“5. '. .. delivered from the inverter constituted by the P-cﬁahhél
o MOSFET Ql07aand~the~N—dhannel MOSFET Qllsnare'traﬁsmitted
- to the X decoders X—DCR1 and X-DCRi, respectively. On

the other hand, the internal éddressISignal ab delivered

25 from the inverter constituted by the P-channel MOSFET



25 fromthe inverter constituted by the P-channel MOSFET .02 and the

" N-channel MOSFET [err is transmitted to the. address transition detector-
ATD. Stﬁklarly to the address buffer, the exclusive OR circuits.in the ‘ua
ansition circuit are 5 3onst|tutea by -static circuits, .

ly. For exanple, such an-exclusive OR circuit as shown in Fig

) _ oyed as each of the exclusive OR circuits. The OR gate circuit CR
- j:s constituted. by such a CMOS circuit as shown in Fig. 14. Mor e -
‘specifically, 10 . the OR gate circuit OR conprises MOSFETs [err] to

\TGFF]Q Thea£§3Gﬁ%@nﬁEhéﬁﬁﬁi'ﬁ@éFﬁ%DQNCR g8t erehbmitkaa. to 8Rd One NAND gate
circur¥92- "One NOR gate circuit iIs cbhStituted by the P-channel 'MOSFETs

: [err]aa@réﬁriraﬂ@ﬂtidsue deedetoe! AMOSFETs [err] - to [err] .the other NOR -
~gate 15 circuit conprises the P-channel MOSFETs [err] and the . N channel

- MOSFETs  126aSitimiter NANED gthe sddress bofifersecthehexPlabimecORMOSFETS [err]
and the N-channel MOSFETs Q123 Q124 Each of the out put signals of the -
- respecirowi v ineﬁh¢u@¢¢%ﬁ!§2tranaitsoyeciycnet[sre] is supplied to the N
- NOR gate circuits, and the output signals fromthe two NOR gate circuits ..
e s%&&ﬁ#%%#t%ﬂth& FF%E%@aﬁbreﬂ%EﬁrtreFPSﬁ#hNPéN thEOFrlgger ‘pul'se [errt

) is taken out.
example, such an- exc1u51ve OR circuzt as shown in Flg. 8 - —_

_is employed as each of" the .exclusive OR circuits.
The OR .gate czrcult OR is. constxtuted by such a -
- OMOS circult as shown in Flg. 14. More specifically, SR &4
10 .the OR gate circult OR comprises MOSFETs 0116 €0 Qy99- |
The OR gate OR camprlses two NOR gate circuits
“miand one NAND gate ci:cuit._n One_ﬁOR Qate circuit is
= censtitﬁeedsby the P-channel MOSFETs Q,,. tO Q,,5 and the -
.N-chanhel ﬁOSFETs Q,,9 to Qiil' the other NOR gate
:_15 circuit comprlses the ?-channel MOSFETs Q127, 0128 and. _
the N-channel MOSFETS Q... Q;qqs and the NAND gate : .? -
circuit comprises the. P-dhannel ‘MOSFETs 0122, 9125 and : S
the N-dhannel MOSFETs 0123, 0124 .
Each of the output signals of the respective = _ o .;
- 20 exclusive OR c1rcu1ts Exo to EX, 14, is: supplled to the NOR. . -
gate-clrcu;ts, and the.output_51gnals-from'the:two'NORi- o =
Qate circuigs afe-supplied.to the NANDhgate circuit, from |

which the trigger pulse ¢ 'is taken out.

apd
The control signal generator CSG shown in Fig. 11

25 comprises two pulse width stretching circuits each .



The.ControI signal'generafor CSG shown in Fig. 11 25 conprises two ?
(/

wi dth stretching circuits each constituted by a static circuit, and

i nt.ernal control signal genérator. The control signal generator- CSG -
recelves the trigger pulse [err] and for arious timng signals reqU|red
to operate the ROM In the Figure, only "essential '"timng signals,
i.e. various timng signals such as nentioned above, are.shown in order to
sinplify_ the description. Fig. 18 shows waveforns of the timng signals

[er] and ferr]. The precharging signal [err] and the timng 10 si gnal

Forrmaby onecbBReberFbl o e BatREG1ERaRe. apl ) s8RRFRY, bofheel, o °
[n the two Pubsgntl dhlnSRELEN! NEng e{sut;&alpl;\?gﬁas! bgheraiBevBsEn FlO- Ll

one .pul se.wi d I ng circul err] e prec argrng signa

[err]the tini pgegigeal ther £1igsERdIphYsBN@SE- 'taﬁar ebBhist D8r28lB- tgﬂ.di.n he

reference signal [err] requiféd to generaPé e above- nentione i ous
signal s from ghgnaDseroghieeat €8l opegase §RBEROMOT . In ThHe FehArenCensiygnal

[err] - is a signal 20 forned by stretching the pulse width of the trlgger

pulse [erB] - “egseheipll-sEmingt Bighaktsching. cvaetibbsPYShingdsignapsd

:‘ | . such as,mentloned.above, are shown in order to-slmplify

“thé description. Fig. 18 shows waveforms of the timing

| signals éys: $pcs: #x+ Poc’ Poarr feaz’ H1a’
&BQ ¢s and.dnz. The prechargingtsignal'zgz and the timing
R 10 - sighal'zg'are_omitted in Fig. 18 but these signals.Z;Z

- -and z;-are signals formed by phase-inverting the timing.:

signals Poc and ég, respectively.
_fn_the.twp pulse width stretching circuits PWS,

-and PWSZ shown in Fig. 11, one pulse width stretching .

15 'Ecﬁrcuit PWS, forms the precharging-signal,zgzl the timing
signal KPC formed by phase-inverting the same, and the -
reference signal éPCS required to generate the abovg-
mentioned various signals from the internal control
signal generator. The reference-signal"épcs is a signal .

- 20 formed by_stretching.the pulse width of the trigger pulse
el | éapd by the pulse width stretching-circiiit-PWS1 and is
adjusted so as to ﬁave!a predetermined éulse width.
Moreover, the timing signal épé is a signal decaying in
synchronism with the rising qf the reference signal éPCS'
25 Conéequently, the precharging signél PC riées in



adj usted so as to have a predeternined pul se width. Noreover, the tinng

. ~d _
refe{:\he signal - [err] 25. Consequently, the precharging signal [err] e
[ %BQ_ synchronismw th the dgfaying_of the reference signal The -
ing of the capacitances i% he data lines forned in the menory
arrays”and the precharging of the sense anplifier are carried out when the
- precharging. 5 signal [err] is low Accordingly, the precharging time .
_-T$ restricted in accordance with the reference signal fornmed by stretching
the pulse width of the trigger pul se The pul se. width stretching operation

" in t heypchsenigm: wish, shenfggayingupf &he Befersncesfispalie 10

conbi pation of_ the delaé iirCUiIS and the. lo icalﬁgﬁt. ciycuits. The other
pul sePpigt h sThet BReR2Eolegi of] the) cppacd efori? 1thee 4% cting tining

- signal,OX apd the reference si.gnal err]., required.to genergte the above-
nenti hegsv ?Fﬂﬁg ?Pn?ﬁﬁ'??@ﬁﬁgsaffa stﬁbdrﬁﬁ r XSSO : g §%%nal generator -
OB ebgab858005c3! SRELSHE e Uiy S psBralitpa [ o1r 15

A SarUAD g oSG ] g behan Pl 19 0 2 ot

restricted in accordance with the-reference éigﬁal“bécs o - -
-fofmed by stretching the pulse width of the trigger pulse
.¢apd' The'pulse”wiath Strétchingﬂopération-inlthe'pu15e -
width stretching circﬁit”can.be'realiied.by the S :

10 -éombination of the_deiay'circuits and the logical géée'

K circuits. | . ' . |
| ' The other pulsé.width stretchihg.cifcuii_?ﬁsé
forms the_hbrdlline selecting timing_signal éx, and the

referéhce-Signal'ﬁxs required to generate the above-. a N

®

mentioned varidus timing signals from the internal

. R

Lo
#rin
¢

control signal generator similarly to the reference: ' -
signal ébCS': The reference signal_éxs is, similarly to
the reference:signal'dpcs. a'signél formed by”strétChing
the pulse width_offthe trigger'pulse=¢;§é and'has a pulse
20 width«adjusted tosthevtimegfequired td-:aiSé the'leveludf
the~wcrd-lineséto the'selec£ion'lévei;on£he memory =

cells.

err] is a signal decaying in synchronismwth the rising of the: . e



the word lines to the selection |evel
contr ol

[err]

.advant @ges are offered. Nanmely, since t

‘By thus formng the timng signals essential fo

ef erence signal - for

regulatlng the precharging period for the data lines and the reference
[err]

- si gnal

word lines to the selection 15 | evel

t he interna

stretching circuits,

for regulating the tinme required to raise the |evel of .the
of the menory cells are supplied to

control signal generator fromthe respective pulse wdth

It
possi ble to set the essenti al timng. signals separately from each other
that designing is facilitated and nDreov%%( the follow ng. 10

T

ThettmtenndbucontnthSLQndbtgeneneuonnrehelmasrs of

of the nmenory cells. The i nternal
signal generator receives the above-described two referencef$
and [err] and forns the timng signals [err] and- HZ sho
Fi g¥¥18. 5
operating the ROMin the respective pul se width stretching circuits,

i's

SO

‘these two ki nds of reference sggnals then it is possible to obtg n a ROM

capdbl e of cothecabeye-2describ
specifically,

ctivat seferanceagbgnabpePppiodnd re

the two pul se width st retchggg crrcurt§ [errk and Lerr] are
f"

. srnultaneousl?nQOfﬂﬁﬂs thehkinipg csignals ¢p§1' Ppaz’ Prz

15

20

25

o

shown in Fig. 18..-. _ . 3
By thus forming the timing signals essential for

operating the ROM in the respective pulse width

stretching circuits, it is possible to set the essential -

timing signals separately from each other, so that

designing is facilitated and moreover, the following

:.advantages are offered.

Namely, since the referenée signal'ﬁpcs for

fegulating_ﬁhe precharging pe:iod for the data lines and

the reference signal éxs_fbr regulating the time required

to raise the level of the word lines to the selection
level of the memory cells are supplied to the internal
controi signal generator from the respective pulse width
stretching circuits, if the readout timing is determined
on the basis of these two kinds of reference signals,
then it is possiblento-obéain-a.RQM.capable of conducting
an accurate_data:readouﬁ.operationw - More specifically;
the two pulse width stretching circuits PWSl and-PWS2
are simultaneously formed. - Therefore, if the
characteristics of the puise-width_strétching circuit
pwsl should change owing to manufacturing condition

variations, the characteristics of the pulse width



‘characteristics: of the pul se width stretchtng-ciréuit [err] should change -
wing to manufacturing condition 25 vari ations, the characteristics. of &,
- t'ﬁtgk-se width  stretching circuit [err] also change in the sane mannae
. o]

anpl e, if the pulse width of the reference signal Terr] should . -

o ge owi ng to manufacturing condition variations, the pulse width of the
“refkef’'ence signal [err] 5 al so enl arges-in the sane manner. However, the
‘relationship between the two kinds_of reference signals, for exanple, the
{rel ationship that the reference Q&ﬁhal [err] rises after a predeterm ned
5rine-has passes after the decaying of the reference signal [err] is

- mai nt.ai ned 10 i ndependently of the manufacturing condition variations.
‘Consequentty, there is no possibility that, for exanple, the timng signal
[err] which rises in response to the decaying of the reference signal ;
[err]sandtdhingsciucnispPNSQ tad sbhehdagey iing tife tdame adamrance signal [err]
-1s 15 .not generated ow ng'to the manufacturing condition variations. [n
ot her Fapr dsamplei sifotbebpulse stiddhnof rRbe wefdraences dignalially . -

unaffected by-manufacturing condition variations.. The decaying of the

_pr echépgngishghakuliene] uwdngo to. gapufactaring enditdiary signal [err]

"synchronized with the timng.signal rr] for activating the sense
zﬁp|iypgiapgons, thg pulse %idt%1ofl e:Leference-éagnéi"-s_ ' —_—

5 ‘also enlarges in the same manner. However, the
: relationship between the two kinds of reférence-signals;
for examgle,.the relationshipfﬁhat the reference signal | Q;
¢XS rises after a predetermined time has passes after thé -
.decaying of-the;;eference-signai ﬁPCS' is maintained
16 independently of the'manufacturing condition variations.
| Consequently,_there,is no possibility that;'fbr-example,
5 the timing signal ﬁsawhich rises:in-respohseeto-the . -
"Tiiidecayingwof the reference.signal-ﬁpcsjand decays in ' ' =
_ .?response_to.the decaying of the referehCe_signal'é#s*ié N | -
15 - not generated owing to the manufacturing éondition'
y@ariations‘ - In other words;.it is possible%té-dbtain a
FOM Wh;ch-iS-substantially;unaffegted'by-manufaéturing-' S -
'condition_variatiOns...;
| The décayingfofjtﬂe:predharging“sigﬁal bcgis-:' R
20" controlled by the timing signal'ﬁhisYnchfoniZed with the |
timing signal éPAi-for-aCtivating the sense amplifier in
order to reduce the power consumption. Thus, the
arrangement is such that the precharging of thé-data“
lines, the sense-amplifiers are started at the time when

‘25" the signals from the meméry"cells-are'ampiifiedfby'ﬁhé



order to reduce the power consunption. Thus, the arrangenent is such that
the precharging of the data lines, the sense-anplifiers are.started at ‘the,
time when 25 the signals.- fromthe menory cells are anplified by the - ;
sengeé: anplifiers respectively. For instance, if the precharging is n
carried out after the signals fromthe nenory cells are anplified by th
respective sense anplifiers, the electric charge in the stray and 5
parasitic capacitances of the data lines _connected with the menory cells

- not selected will leak with tinme. A cd@éﬁratlvely | arge power ‘is required
to agaln*precharge t he capacitances of the data |ines once discharged.
Therefore, the stray and parasitic capacitances of the 10 data lines are
precharged i nmmedi ately after the signals fromthe nenory cells are
anplified by the respective sense anplifiers as described above. Before the

starting of theSs®r SRPLLPIEHs OPLipédLivei Ve SipBR!l iASRARELPdiENLtRACh sense
anplifier 15 Is transmtted via the ETs [err] and [err] to the main

anpl'ifier in pAEChEPPERGi Y8 hot Chargied éutt afteti €66 shenalansiom MSBFETS
[err} .and [err] are held ON during the period when the timng. signal .
[err] :is hel dméabghy vé&isrgﬂe:lammlﬂeedbyntheereepeetmpl sénge s
transnitted to the 20 main anplifier via the transfer MOSFETs [err] and
[err]. Wienamplifiers, the electric charge in the stray and

5 parasztic capacltances of Ehe data lines connected with
the memory cells not selected will leak with time. A
{~; ' -comparatlvely large power is required to again precharge
the capacitances of the data lines once discharged.
Therefore, the stray and parasitic_caéacitances'cf the
16 data lines are precharged immediately after the signals
from: the menory cells are amplified'by'fhe.reepective
sense amplifiers as described above. |
. '.Qefcre the starting of this.precharging'”
P%ﬁperation, the signal amplified'in each sense amplifier
15  is transmitted via the MOSFETs Qg and Qg to the main
amplifier in the respective latching circuit. Since the
transfer MOSFETs Qg and Q, are held ON during £ne~period.

when the timing'signal.é is held high, the signal

PA2
E:_=' amplified in the sense amplifier is'tfanSmitted.to‘the
20 main amplifier via the transfer MOSFETs °8 and Ogn. Wnen'
| the precharging of the data lines is started, the tining
signal ﬁPAz'is made low. Conéequenfiy, the:MOSFETs Qg
and Qg are turned OFF,'so'tHat'the.paif of input/ouéput
terminals of the sense amplifier and the-input/outpnt

25 terminal of the main ampiifier are electrically separated



i the ;

t he’ precharglng of the data’ Ilned is started, the tfning signal [err] is
'Znade/kow Cbnsequently t he MOSFETs [err] and 09 are turned OFF, so that,

.of input/output termnals of the sense anplsifier and the- i
i nputy put 25 terminal of the main anplifier are el€éctrically separated
- fromNeach- ot her. Accordingly, .there is no p055|b|I|ty that the
'|nput/output termnal of the main anplifier is precharged by the
~above-descri bed precharging of t data lines . 5 As descrlbed
'”&Later in detail, the level of th rd lines is brought to the

- _hon-'sel ection Ievel of the menory cells after the data in nenDry_ceIls are -
- transmitted to the data lines in order to reduce the power consunption of -
“the ROM  The arrangenent is such 10 that, as shown in Fig. 11, the word
~ line selecting timng signal erra is delivered via a gate circuit AND .
" cont r§remdeagh i other gnal Apeprfinglyacthesei 4§ PﬁeP?éﬁé idd8¥ifier. Thus, as

”=_the sense anplifier ,starts to operate, the |eyel of the word |ines is.

;_brougﬁ?a¥cF#%elﬂBﬂté@PEEFFoﬁefﬁlnaFeVgltBF FﬁénnéﬂBF}fGSFlés'The oper ati on
~of the_circuit e _degc ference -to.the; veforns shomn
P FigeSeagtass by Bﬁea??wfﬁ esﬁfégﬁﬁﬂ Paaaﬁsgglssgﬁ £hétd
:'”:__lines@ - L = R R —
JVlslaf ' | Asadesctihedzlater in detail, the_level:of”the
.'d.word lines.is brought to'the non—selection 1e§e1 of the. -
memory cells after the data in memory cells are |
transmltted to the data 11nes in order to reduce the.
- power consumptlon of the ROM. - The arrangement is such
'16 ._that,_as shown in Fig. 11, the word line selecting timing
| signal éx is dellvered via a gate circuit AND controlled
“dﬁ: - by the signal éPAl for actlveting-the sense amplifier.
| Thus, as . the sense'amplifier starts to operate,.theslevel
.#f: of all the word 1ines 1s brought to the non-selection | -
is level of the memory cells. _ : _ _ _ B
The operatlon of_the;circuithwill now be . =
descflbed with referenceeto_the_waveformeshown in_Fica. %
e S -
Eirst:oflall,.the_extexnal:eddress“signals-Ao to -
20  A,, are ehangedaineorderﬂto read out data from desired
memory%cells. Theteupon;'the.trigget pulse dapd i
generated from the address transltlon detector ATD. o
One pulse width stretchlng c1rcu1t PWS; receives
the trigger pulse é pd. and forms. the reference signal

25 &

PCS for regulatlng,the precharging time of the data



20 A14 are changed I n order to read out data from desired nenory ceIIs "
Thereupon, the trigger pulse [err] is generated fromthe address transitid
‘detiect or ATD. One pulse width stretching circuit [err], receives the"
_trfﬁﬁer pulse [err] and forns the reference signal 25 [err]  for
~regulating the precharging tine of the data | i nes. On the ot her :
“the other pulse width stretching circuit [err]- forirs, in response to the -
~decaying 'of the trigger pulse [err] the word line selecting timng signal-
Jerr] aﬁd the reference signal [err] 5 2$ging a pul se width correspondi ng
to the time required to raise the l'evel: .the word lines to the selection
‘level of-the menmory cells. - The rising of the word line selection timng
‘siignal [err] causes the potentials of the word |ines connected with the
~desired nenory cells and 10 t hose of the correspondi ng dummy word |ines
to start to rlse Vhen a predeterm.ed_tinme has passed after the hange of
- the address , ’BW]e?lﬂE?i’é 1?4’?1%' Heke fkher Bpled YidtRquired to
precharge the str

f gacttances of tﬂ ta | i nes - and
“the sense angft ??? 1?9m§ Eﬁ%f {hﬁﬁ {e&?] raRRAVE® | h°r E8Ponse thereto,
v the -i nt ernal ‘fontr.ol Séﬁnﬂegfpféé‘éPerfééeﬁ a tl&ggwgi_gnﬂnéerr] as wel |

as decays at

selectlng t1m1ng signal é and the reference signal éxs
5 having a pulse width correspondlng to the tlme requlred
| to raise the level of ‘the word llnes to the selection |
i.;. - level ef-the'membry cells. The rising of the word line
selectien timing signal ¢x causes the potentials of the
word lines connected with the desired memory cells and
:10 those of the.corresponding duﬁhy Wbrazlines to”starﬁ.to_
| rise. | ' | | |
‘When a predetermined time has passedfafter'ﬁhe_'.
.- hange of the'addfess signals, i.e. when the time has =~
pasised which is required to precharge the sﬁray and. |
. 15 parasitic-capacitanees of the data lines and_the sense
amplifier, the:referehce'sighal-ﬁpcs deeays. ‘In |
response thereto, the internal eOntrol 51§nal generator
raises a timing signal és}as well As decays a timing
o ~ signal é «  The decaYing'of'the'tiﬁiné signal 5 ;
20 terminates the precharglng of the data 11nes and thel
| sense amplifier. On the other hand the ma1n ampllfler.
starts to predharge in response to the rlszng_of the -
timing signal ¢é;; o o | |
Moreover, the internalheontfol signallgeneratof

L4

25 decays the timing sighai élé to the low level,

@



'f_5|gpal [err] ‘The: decaylng of the: t|n1ng ‘signal [err] 20 _ﬁterninates_the
f;prechgﬁ ing of the data lines and the sense anplifier. On the other hand, .

-t hi rh anplifier starts to precharge in response t0 the rising of the
“tim\y/signal [err]. Mreover, the internal control signal generator 25
-~ decays.the timng signal [err] to the low level, = subsequently to the -
“vrising of the timing signal [err] to the high level. Ther eby, the main

g:;anpllfler and the inverter in the_stage subsequent thereto which have been.
-~ yreviously energized are de-ener 2d. 5 Consequent |y, the

© potential at the nmode NB of n the mai n anplifier changes fromthe val ue
~del i vered previously to the precharglng | evel (the supply voltage [err].
 Moreover, in response to the rising of the timng 10 signal [err] the
~.di schargi ng MOSFETs of ‘the earth lines connected with the desired nenory
. cel | s subelguentilyc ey @hed rVOShgT ©OftHe a iadltid digiesl ghnnrrctiae wWith the
- dummy cells corresponding to the desired nmenory cells ate turned O\ .
. Fur t htvight Neviellni ng Thiegrebly, [ ¢hie| macicn wpti flifer #rd stite ne. . Consequent | Yy,

3.the MOSFETSs constituting the col'urm swi tches which have connected all -the
- data upnsgter in the stage subsequent thereto which have been- ' .

e the main amplifier changes-from the value_delivered L

" previousiy!to the precharging level (the_supply:voltage _ \_Jd

R .10. "

-Z previously energized are de—energized._f - _;_'__ S -

COnsequently, the potential at the mode NB of .

Vee) -

Moreover. in response to the rising of the timing

signal és, the discharging MOSFETs of the earth lines

U.connected with the de31red memory cells and the

T discharging MOSFETs of the earth lines connected with the: .

15

;i20

25

turned ON. Further, the timing signal.éPc decays at _ =

~ column sw1tches which have connected all the data lines.

dummy cells corresponding to the desired memory cells are

this time.' Consequently, the MOSFETs constituting the- -

to the sense amplifier in order_to precharge the data
lines operate so as to connect to the sense amplifier

only the data lines connected.with-the.desired memory L -

cells and the data lines connected-with the dummy cells

corresponding to the desired memory cells. Accordingly,
the data stored in one des1red memory cell is transmitted_m
to one input/output terminal of the corresponding sense -
amplifier, as.a~changefin potential.of the data line, and

e

the-reference'voltage from the corresponding dummy cell



to the sense anplifier in order to precharge the data.lines operate so as-
to.connect to the sense anplifier only the data |ines connected with th¢
desired nenory 20 cells and-the data |lines connected with the dummy
cofﬁ%Sponding to-the-desired nenory cells. Accordingly, the data sto
.I'n one desired nenory cell is transmtted to one input/output term nal of
the corresponding sense - anplifier, as a change in potential of the data.
l'ine, and 25 the reference voltage fromthe correspondi ng dummy cel:l |

is transmtted to the other input/output_germnal of the sense anplifier.

~More speeifically, the potential of the aline[err] connected with one
desired nenory cell changes as shown by a-broken Iine or solid line in 5
~accordance with the data stored in the nenory cell, as shown in Fig. 18.

Next, the reference signal [err] decays. By this tinme, the potentials of
the word lines connected with the desired nenory cells have risen to a
certain extenis tfansmitted tobnthespther tiopultfoutpayi tgrmiinafe ofettbeence
si.gral- [err], the internal control signal generator decays the timng .
siignal [err].sdhse ampkifiders thMopeecsperdifigally, thepppiensdalopfihe main
anpl.i.fiter. I'n synchronismw th the decaying of the tiging 15 si%nal
[err], the inthendpteohing| Dk gRapngekedawdths gpeedesired memory cell
R changes as shown by a broken line or solid line in
5  accordance with the data stored in the memory cell, as
shown in Fig. 18. |
N ' Next, the reference signal ¢xs decays. By this
time, the potentials of the word lines connected with the
. desired memory cells have risen to a certain extent.
- 10 . " In response to.the-decaying of-the-reference
signal éXS' the internal control Signal'genéfator decays
- the timing signal és. This terminates the prédharging:
operation for the main amplifier.
. In synchronism with the decaying of the timing
" 15 signal ¢S,-the internal control signal generator raises
] i.; the timing signal éPAl for activating the sense
amplifier. Thereby, the sense amplifier starts to _
amplify the potential difference between each of the data
lines connected with the above—meﬁtioned'memory cells and
.. 20 the corresponding one of the data lines connected with
the above-mentioned dummy cells.
In addition, the internal control signal
generator decays the word line selecting timing-éignal ¢x
in synchronism with the rising of the timing signal"éPAl.

25 In other words, the word lines are brought to the non-



1”reduced As descri bed above as

_ -the t|n1ng 5|gnal [err] for activating the sense anplifier. Thereby, the-
- sense anplifier starts to anplify the potenti al . -
fﬁ-the gata-~l i nes connected with the above-nentioned nenmory cells and 20 “&de -
i ng one of the data |ines connected with the dbove-nentioned
I n addltlon the internal control signal generator decays the

di f ference between each on

ﬂmnkd sel ecting tining S|gnal [err] in synchronismw th the rising of
.;,Lbe tlnlng signal 25 In other words, the word lines are brought to the
s nen-

sel ection | evel . Thereb%ﬁg the power consunption of the ROMis

sense anplifier starts to

operate,

“theé potential of the data line DL connected 5 with a desired nenory cel

largely changes in'accordance'mﬁth the data stored therein as 'shown in the
+'Figure. \When the potential difference between the above- nentioned pair of
- data lines. is anplified to a certain extent- by the sense anplifier , the
j};lnteraelecbnbnoletél.3|ghereggnetheopowarseonshmp&nmnngfstgnal .
. Thereby, the output signal fromthe sense anplifier is transmtted to the

i n BOM| isiveducedbsequent|y to the rising-of the tining signal

:.Internal t|n1ng si gnal _generator raises the

15

....2.0

25

10 -

described above, as the sense ampllfler starts

to_operate, the potential of-the data 1ine DLn_connected

with a desired'memory cell largely changes in accordance

.with the data stored thereln as shown in the Flgure.

When the potential dszerence between the above-
mentioned pair of data-llnes is amplified to.a certain
extent by the sense amplifier, the 1nternal control

signal generator-ralses the timing s::l.gnal--éPAZ - Thereby,

tﬁe-output eignal_frOm,the;sensesamplifier_is~transmitted.f

.- . to the main emplifierrf

Subsequently to the rising of the timing signal
¢PA2' the'internal_timing signal generatoruraises the
timing signal él to-the high level again; In response
to the rlslng of the timing. signal. él , the main

amplifier and the inverter are: actlvated, and the output

signal transmitted from the sense amplifier is amplified

| as-well as latched and then transmitted to the ECC

_circuit.' More specifically, the level at the node'NBn'OfE

the main amplifier changes from the precharging level to

- the level corresponding to the data read out from a

desired memory cell. . Consequently, the inverter stops
delivering the,old.data'peld'in-the‘stray*and parasitic .

capacitances coupled to its output node and starts to

[err].

[err] the



15 timing signal [err] to.the high level again. 1In response to the
‘rising of the timng signal [err] the main anplifier and the inverter are .
acti vated, and the output. signal transmtted fromthe sense anplifier i -
,anﬁkffled as well as-latched and then transmtted to the ECC 20 cir
" More'specifically, the level at the node [err] of the main anplifier
changes fromthe precharging level to the | evel corresponding to the dat a
read out from.a desired nenory cell. Consequently, the inverter' stops

. delivering the old data held in the stray and parasiti.c.25 capaci t ances
coupled Yo its output node and starts toRA deliver a new data. Moreover,
‘the ECC circuit starts to deliver a new data after delivering an |ndef|n|te
data during a certain time determned by the tine required for the

inverter to 5 change its output content fromthe old data to the new data
and the delay of the ECC circuit itself. the timing signal [err] s held

| ow during thg e h circuit is delivering an indefinite data.

. Gonsequently, a%??ﬁﬁmghﬁg&pg?Fgg the external output. 10 = terminal [err]
to [err] are in the fepébberst hé EdbeEeabhet. stavedato aetideri yenew from
the.-external output term nals. Mreover, the internal control signal :
gener at or data after delivering an 1ndef1n1te data durlng a certain

time. determlned by the time’ requlred for the 1nverter to
.5 change its output content from the old data to the new
" data and the delay of the ECC c1rcu1t 1tse1f.

The timing 81gnal ¢ is held low durlng the tlme.
when the ECC circuit is dellverrng an 1ndef1n1te data.
Consequently, during thls perlod, the external output |

llO term1na1 DO0 to DO7 are in the floatlng state. “
| Thereafter, new data are dellvered from the external
- outputttermlnals. |

-~

Moreover, the internal control signal generator

(2

raises the timing signal'f to the high level again

15 after decaying the timlng 51gnal ¢PA1 to the low level.

S Thereby, the precharging operation for the data lines and

the sense amplifier is resumed.



- be noted bh t since previous data is held by the inverter
.. subseq

s Eﬁxto the main anplifierdring the time from when the nain
-.~.an|f|§ de-energi zed until the same is again energlzed by the S
/r1n1ng ighal [err] the output signals [err] fromthe ECC circuit and the

"\eutput signals [err] -fromthe respective external

‘raises the timing signal [err] to t he high level again 15 after

. decaying the tinming signal [err] to the |ow |level. Thereby, the precharglng
-~ operation for the data |lines and the sense anplifier is resuned.

- previ
'the external Ttidwdid begnetedathatheinge prgviousddesapds beid to 7) from
the external output terminals. Fig. 17 shows the_rel ationship between the
.extefhﬁlf%ﬂd%égeréﬁﬁnapstPﬁrFfaﬁe FEPquSﬁHttﬁe shepB@ifata [err] When

"irelther e_of the exterpal address signals_ 15 rr changes,
o bramphislar ASeireckRa £iBe FromceRep: FhE main amelidies dhove.

32 pi

d f h I I f
B SR i N T W A SR
dﬁé LB 8T gp) | B’ BdEpBE! 513ARYL000 erolie higcoul, cccording o

_czrcult and the output signals Do from the respectlve

;,::texternal output termznals are the previous data.

10

The fbllowing is a descrlptlon of the
relatlonshlp between the external address slgnals and the’

output data Do, (n=0_to 7)_from the external output

~ terminals. Fig. 17 shows the relationship between the

external address signals A, to A, and the output data

20

DOn. . B |
‘When either one of the external address signals

Ao 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 specifically, it is

' possible to determine which one of the four sets should

be taken out, according to the combination of the.

.external address signals;Als.and-Ais.

As shown in Fig. 17, if the external address

slgnals A15 and A16 are comblned as at (:) then eight-

.. bit data shown by DO((:)) are delivered from the external

25

output terminals. If the external address signals AlS-

td

Jjove.

It Vil

in the stage

output ternminals are the"
ous data. The followi ng is a description of the relationship between

t he

The .



~external address signals Al5 and Al6. As shown in Fig. 17, if the external
-address signals Al5 and Al16 are conbined as at [err], then eight- bit ddty
shown by DO(Q are delivered fromthe external 25 output term nals.

_. exter nal address signal s Al5 and. [err] are conbined as at [err]
“subsequently thereto, then eight-bit dat& (shown by DQ([err]) are dellvered

‘in a short period of time. Thereafter, i'n the same manner, eight- bit data
“'shown {y DO([err]) and eight-bit data shown by, 5 DO([err]) are delivered .
v _

"succes§ively in a short period of tine. The reason why the data DO([err])
"the.datd DO([err]) and the data DO([err]) are dellvered in a short period

of time is that the data DO( err]) to D@err have already 10 = reached
“the out'put rRRRAS are M et A8 afy qrenthy stheyete | thens

:"'del ered. The .menor ell arr the cel a - the sense .
' arrp: Yf i er arRP9He %c&ﬁ %‘?"ﬂ%iﬂ’ 7 Rt 7e ‘éﬁ¥%§/ ’c&naom‘?lls:"ﬁércw ts,

'V\/nltth t h _ t tijuted { at t Th_
“i'nternal ti ‘r’aﬁé{%%gqaéﬁ#eéah. FFOOEL LB il ot L B oL o

.'-.‘;rie all forng é%%%ﬁ(@eftéw é ghﬁfgeé Q% s ess, -
.gnal s, |.e. n accor ance t arting of The readout
. . 5 Do(.) are del:.vered successlvely in a short period of
time. o )
| The reason why the data DO((Z)); thg data DO((:))-
R and the data Dd((:)) are de1i§ered in a short period of
time is that the data DO((:)) to DO((:))'have-already
10 reached the output nodes of the ECC circuit'by the time
the data DO((:));is delivered.
'The memory cell arrays, the dummy cell arrays,
e th; sense amplifier and the latching circuit .are ;11
f:;constituted by dynamic circuits, whilst the-o#her
15n::aircuitsfare.constituted by static ciréuits._ The
internal timing signals required for the'opérations of
1he dynamic_circuits-are.ail formed inside the ROM by
. %~§. tecting the changes of the address 31gnals, i.e. in
5cordance with the timing of the starting of the readout
20 aé;ess operation of the ROM. Accordingly, signals;
supplied from_the}outside.in~the readout operation can be
A f ' made substantially the same as signals in a static ROM,
so that the handling of thg_ROM becomes extremely easy.

On the other hand, the internal essential

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



- to-the se ectlon

j;20' access operation-of the ROV nAccordineg; si‘gnal s supplied fromthe

. mexory cell arrays, the dummy cel

ide in the readout operation can be nade substantially the sane as
als in a static ROM so that. the handl i ng of the -ROM becones extreneryu
On the ot her hand, the |nternal essenti al :25 circuits, i.e. the

arrays and t he sense anpllfler are

1_const|tuted by dynamic circuits. ﬁﬁkwefore I's possible to nmake the .
, In the readout
. operation, the dynanic circuits are 5 precharged by utilizing the tine
required for the nenmory cell selecting operation.  In addition, as t he
-'sense-anplifier, a highly sensitive differential amplifier circuit is
“enpl oyaxraysTndithe semse sa%%%fbﬁe ‘aperegasbitutpd bynd¥na®ief the nenory
cells at an, extreneﬁﬁpt%sg 10 peed. . Mbreover, the word |lines are brought

. .power .consunption snaller and the |ntegrat|on degree hi gher .-

'-_lto tlhecﬁrcﬁﬁ:-tﬁ‘l eckh Fee
ConeufpmirtRi Tannt ¢t 488 BpEciResb-2REER" aBlree BEFRGY

t ’aba’f'ﬂ a%%@b%.hg BAkBgRhet BOVRE sel ecti on

t he power
‘if the word

ines A S ALAUA A8 LDERONERE! SEbLATC! EYELu30R erefter bei ng br ought

e henory

:cell selectlng operatlon.' In addltlon, as the sense

. amplifier, a highly sensitiveudifferential_amplifier

for a readout operatlon

' rgaf f eﬁfééﬂ%ﬁ@é@@}'%ﬁﬂiﬁﬁttbe tz.me requ:.red for the memory

circuit is employed. Therefore, it is-poséible to read

out the contents of the memory Cells-at'anfextremeiy high

“JIOei;speed.

Moreover, the word lines are brought to the non-

. selection level again after being brought to the

" se1ection level 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 not

brought to the non-selection level again'after being

brought to the selection level of the memory cells for a .-

readout operation, a large ineffectively-consumed current

undesirably'fiows for the: following reasons..

20, . _ For instance,_in.tﬁeecase where the memory

MOSFETs M, to;MG_havéfdataw“Oﬁﬂwritten therein in Figs.

'2A and 2B, when, in order to select, for example, the

memory MOSFET My, the word 1line W50 is brought to the

-~ selection level (high level) and the earth‘line'Gd_is

25 Dbrought to the low level, the electric charge stored in -

L4

a large  _



undesirably flows for the follow ng reasons.. 20 : For ins ance in
the case where the nenory MOSFETs [err] to [err] have data "O wi¥

thq;eln in Figs. 2A and 2B, when, in order to select, for exanpley\ _'
mensry MOSFET [err], °the word I|ne [err] is brought to the selection | evel "
(high-level) and the earth line G is 25 brought to the low level, the

electric charge stored in the stray am@ parasitic capacitances of the
dat a . I|ne [err] is discharged via the nmenory MOSFET[err]. |In accordance
t'herewi thY the potential of the data line [err] gradually falls . By the

may,g t h& capaci tances of the data lines 5 and those of the earth lines.
are .al|l precharged beforehand. Therefore, all the data and earth |ines

except for thhedatalyi aad parhsitdecechpdciithhdese oFehbe! @t Tine 0, and
the earth I|ne [err] are held at the precharging | evel (high |evel) D th|s

tinme. 10 Cdssddsehbbrgedniviia thepmemory MOSFEETM. Y MIGFEECHrdanke

el ectode thereof connected to the data line [err]” is nmade to function as a
source, and therewdthy,odhet poteotiednoécitbe datihdicer D Ign@d@aldy made to
function as a drain. Accordingly, when the potential of the dataline 15
[err} gradualfp}leal | Byakhel way, b&bensaPReRERICHsT ofh dHelidasRoldnes t age of

the- nenDry MOSEET [err] with respect to the potential of the'word line
[err thé neﬁBFytNBSFE? f\jthe earth 11nes are all precharged

beforehand. Therefore, all the data and earth 1ihes
except for the'data'iine DLO-COnnected with the selectedr.
"{;;“ memory cell and the earth 11ne Go are held at the o
: precharglng level (hlgh level) at this tlme.

S .10 Consequently, with respect to the memory MOSFET'Mi, the
electrode thereof*eonnected to the data lihe'DLo is made
tb.functioh as a-sburce, and the electrede thereof |

” tr;onnected to the'earth line-G1 is madette function as a
.thdrain. Accordingly, when the potential of the data line

h“; 15 ° 0 gradually falls until it becomes lower than the
threshold voltage of the memory MOSFET M,y with respect to
the potential of the word linelwslz,lthe memory MOSFET M,

‘ “‘5_ also turns ON. As a result, the'e;ectric.charge_stored
. | in the.Stray and parasitic capacitences of the earth line
;_;_H' 20 G, is also.discharged via the memory:MOSFETs Md and_Ml;

| Thps,-the-level'of”the earth-iine'Gi also gradﬁally
falls. Also, with respect to the memory MOSFET M,, in
the same manner, the electrode thereef oh.the_side‘of'the
“earth line'Gl'is.made'to”fUnctioh'es e'souree,'and the'.

25 electrode thereof on'the'side of the data line DLl is

»



*-_a|so turns ON. As a result, the electric charge stored in the stray and -

“‘parasitic capacitances of the earth line 20

e me

- *}evel .of the earth line [err].

y\MOSFETs Mb and ML. Thus, the level of the earth line G

al so

“the menory MOSFET [err] with respect to the level of the word |ine

[ err

- elec

- disc
. the

“to [

- [err

_the merory NOSFET al so t 5 ON_.ln cgr
Hiete ERaREestan a9 7 AR Rap ASITRERE L VIR EHS, TH9

ce, the
[err] is.

G -is also discharged via the

h

y falls. - Also, with respect to the nenory MOSFET M2, in the sane

/ the el ectrode thereof onap@e side of the earth line G is nade to
- fuNgtron as a source, and the 25 “electrode thereof on the side of the
“data line [err] is made to function as a drain. Accordingly,
3 becones | ower than the threshold voltage of

when the

oF 1 SR b P Thd bl Woudt WndifTule dhaldiinda 1B POLEM RO
w&ikaa@d%rfg%gﬁg‘%. MR aﬁiérh-e:_;?ﬁgyy. 4 end' RS [err] and .

], so°that the c charge &tored i

n“the stray and parasitic

capagis ahecwot ade W, Lhe @i LddPSidrd )1 chidis s | [ nes [err]

- undesirably discharged=*4bre specifically, al _
|5 eviomus ity pohekaieette N Hhee ellgctrisn cipardsidtiareld in agpaci t ances of each
-~ of the data lines DLL to [err] and the earth I'ines [err] to [err] is '

‘the electric charge

3LUndeshpabﬁyaﬂbesh@&gmme'data line DL; is discharged via the:

10

MOSFETs MO,'Ml_and-Mz andlas_a result,;the-pbtential Of_
the déta line DLl also gradually fails.: Thep,;the-ﬁemory
MOSFETs M3 to-M6 undergo the same phenamepa as the memory

MOSFETs M; and'Mz,_SO that the electric charge stored in

‘the stray ahd'parasitic capacitances of each of the earth

15

‘again. Accordingly. the power consumption is undesirably.

25

lines Gé, G, énd_the datgslines:Dsz DL, is undesirably
discharged; Mofe specifically._also_the_élect;ic charge
previousiy'pfeéhaféed in the stfay_ahd_parggitie
capacitanceslof eﬁdh of the §#£a lines DLl_tb DL3 and.thg
earth lines G, ﬁo_Gé_i# uﬁdesirably'disghargeda

Consequently, a relatively large.ineffectivelybconsumed_

current disadvantageously flows. Moreover, in the

subsequent readout operation, these stray and parasitic

cépacitances having“been'discharggdjmusﬁ-be precharged

increased.
Theréfore, the level of the word 1ines is brought

to the non-selection level again after the level of'ﬁhe

word. lines is brought to the selection lgvel.and the data-

L

i $

~



.Cansequently, a relatively large ineffectively-consuned current

- di'sadvant ageously flows. Moreover, in the subsequent readout  operation,
“these stray and parasitic 20 capaci t ances havi ng been di scharged nust-b
pretharged again.. Accordingly, the power consunption is undesirably

‘increased. Therefore, the level of the word lines is brought to the
non-sel ection Ievel again after the |evej of the 25 word lines is brough
to the selection level and the data ~ stored in the selected nenory cel

i's taken out to the data line. Thus, it IS possible to reduce the nunber
of ‘the above-mentioned nenory MOSFETs to turn. ON, so that the flowng of a
. large ineffective current can be 5 prevented. For exanple,.wth respect

L9 e PRI Mg e DL I ALy el 1! SaRERVBEE 1B S
the data |1 ngaler i1ngl adiahby 12115 pobbiblf 46" fokbie YiZnisiple! feal he

‘sel ection | eve I's, the ent ata line err Wl

becdne | O\A/ertﬁaaaba{ae-ﬁaaﬁewaéé ﬁ(&h&?ﬁlen@ért'bs £860¢agh OFPFED bhawi th

~respect to the level of the word |ines, resultlng in a |large power.

- consunption eﬁethmmaéfd&sxéwedmbﬂectwereﬁﬁfentt Beni Beel of the word
_lines is brought to the 15 non-sel ection level before the potential of
the ~dat a5| i nprevented. ' For examplg,.with-respect to the memory - R

MOSFET M,, when the word line-Wslz'is brought to the

1
 selection level and the memory MOSFET M, is turned ON,
.'i;i' the poten;ial_df_the data line.DLb gradually falls. If
| the word line Wg,, is held at.the.selection'level_as.it '
10 is, the potential of the data line DL, will become lower
| than the-threshold voltage of thg-storage MOSFET M1 with
résééct to;thé level of the word lines, resulting in a
miarge power consumption of the ROM as described above.
&&hefeforé, 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 voltage Qf‘the

memory MOSFET M, with respect to the level of the word

1
lines. Thus, the memory MOSFET Ml,will'net turn ON, and
it is possible.to prevent the flowing of a large
*a';_ 20 ineffective current.

The above.description_is.thatfthedword lines are-
brought to the non-selection level 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

’
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].becOnes'Iomer than the threshol d vol t age of the'nenDry NCSFET [err]
respect to the level of the word lines. Thus, the menory MOSFET M -

not turn ON, and it is possible to prevent t he - flownng of a large 26w
ctive current. The above description is that the. ‘word lines are '

ht to the non-selection level in order to prevent the nenmory MOSFETs

r ‘than the sel ected nenory ET fromundesirably turning ON. In
r:to allow the 25 potential of a data line to largely change in
rdance = with the data stored jn a sel ected menory MOSFET, however, it
esirable to .bring the word line to the non-sel ection |level before

er. one of the nennry MOSFETs [err] to [err] turns ON. For exanple, if:
5 angenent ugh 't hat th rd |ine brought to the
§3I5b ﬁ p&fePt F%riﬁ: W5T9W¥349§§§ﬁﬂcwrlevel and before -

EE , T, N, and the
|aI :‘\'/D?ﬁelgar feﬁlihgrii’ég[\‘é:r‘)r] %ﬁ I@F 11[neer I%wevepS a coﬁgi der:bly

the earth line G

e n@gﬁﬁ%{ances of the earth
err lneegg h, YexB etz éﬁ‘H’ e pg%gﬁtla f

to be disc arge untrl

 becoppgrEeHh. i heurheeohel d e %ﬁe”ﬁf@{@ry MOSFET [ert]

resp
™

- selection level .and before the memory MOSFET'Mz'tdfns.ON,'

ect to'the |leveP of the word line [err] therefore, it

arrangement.zs such - that the_wprd line 512.1s.brought”t0j

the'non-selectibn-1evel'aft§:-it'is brought to the

‘the membry_MOSFET-Mi turns ON, and the'poténtial of the

earth line G, gradually falls. However, a considérably B

large amount of electric charge stored in the

‘-iapacitances of the earth line Giineeds to be discharged

-fhntil the potential of the earth line G; becomes lower -

.15

“*'than the threshold voltage of the memory MOSFET M, with

takes a comparatively lohg period of time. During this

period, the potential of the data line-DLo'is

substantially reduced. Accordingly, it is posSibie to

with the data stored in: the selected memory MOSFET M,

20

take out to. the data-line-DLo-a large level in accordance .

0.
In practice, as shown in Fig.' 11} the.wora'1ine1

'selecting'timing*signal,éx delivered from the control

- signal generator CSG is controlled by means of the timing

25

signal,éPAl.forwaétivating the sense amplifier. Thereby,

the word lines are brought9£0'fhé selection level, and

then, after a. predetermined time has- passed, the word

*

- respect to the level of the word line Wsizr'therefore, it

WIh';

£

£



. nunmbers of t

15 .- takes a conparatively |ong perlod of time. During this perlodﬂ

._the
potentlal of the data line [err] is substantially reduced. Accor ngry It
I's_ possible to take out.to the data line [err] a large IeveI in t&ﬁ? ance

‘wi th'fhe data stored in the selected menmory MOSFET [err]. In
~ practice, as shown in Fig. 11, the word line selecting t|n1ng signal [err]
delivered fromthe control signal gener gfpt CSG is controlled by neans of
“the tlnlng signal [err] for activating the sense anplifier. Thereby, the

‘word |iinés are brought to the selection level, and 25 then, after a.:

jpredetern1ned time has passed, the word 97 | ines are brought to the
non-sel ection level.. Mre specifically when the sense anplifier is
act uat ed,

_ agl t he-wo g ﬁrou ht Lo Lig no ect on level. In the
Gurmy col |- hHPRgcat B ErobRBE Ear £y HOR srrehtieRarevBke alORP i mes. | I
- other wor d¢ apbifzfQAPEYSUhad Sh acaapgaasﬁ § gi&;tggfgcﬂxakﬁs VESRETS,

acconpani ed S|nu neo t € nenor FETs in

~which b nar y ﬂé'%éﬂﬁ%ﬁe%ﬁhgﬂa IBeéﬁewEgﬁEzélseugbrzsem total

: connec 'to each dunmmy wor i ne and those '
‘connected -to each WepdeheNgummyhesll Erk8y995§h9| ohPefiddlinge the stray

:=and ‘parasitic capacitances coupled to dunmy
PR c1rcuits are OFF at all tlmes. In other words, the
compensating circuits are constituted by the MOSFETs,
accompanied by a mark x, formed simultaneously with the-
SN - memory MOSFETs in which'binary signals "1" are written.
lThese MOSFETs eqnalize the total numbers of the MOSFETs
10 connected to each dummy word line and those connected to
each word line. Thus, it is pcssible.td_equalize_the.
sﬁréy and'pafasitic capacitances coupled-éo the dummy
word 1ih§-and thoge connected;to_the_word.line, so that.
the durmy word line and the word line can be made equal
- 15 in the rising timing to each other; Thus, in.the.readout
operation qf.the'ROM, even if the timing of selecting the
word lines and the dummy word lines is behind the
discharging of the memory arrays, the gate voltages of
the memory cell and the dummy cell will be equal to each
20 other. Consequently, a voltage in ‘accordance with the
conductance ratio between_ﬁhe memory cell and the dummy
cell is applied between both the_input terminals of the
sense ampiifier,-so_tha; nQ malfuhction will occur. Such
an arrangement.of memory cells and dummy cells can be

25. used for ordinary static ROMs or dynamic ROMs.

*



. word line and those connected to the word line, so that' the dumy word line
‘and the word |ine can be made equal 15 In-the rising tlnlng to each
= us, in the readout operatlon of the ROM even if the timng of \.a
he word lines and the dummy word lines is behind the dlscharglng
ry arrays, t he gate. voltages of the menory cell .and the dunny

cel | be equal to each 20 o%ﬂgxh- Consequently, a voltage in .
accordance. with the conductance i 0 between the nenory cell and the
'dhﬁny cell is applied between both the input termnals of the sense

-..hplifier 'so that no mal function wll occur. Such an arrangenent of
menory cells and dummy cells can be. 25. used for ordinary static ROMs or
-dynam ¢ ROMs. -The conpensati ng circuit, may be constituted by a
capacitor, siThe ¢¢mpenn¢mmmglangcuitcmay be ceautiedtealyyta make the
- value of the capacitances connected to the dummy word line and that of the
. capactapaciton, smme&edccmpemamg Cl-neustlb§8aneqaﬁ.rydequal to each

other. More speC|f|caII the arrangenent may be. such that a capacitor is

“conneRnkl £Q make dthen vak %1?frﬁh%oC@BaFlFﬁEc9§IHénﬁﬁctﬁé tapaci t ances

coupled to the word |jne ang that of the capacitances coupled to the dunny
10 \Aofﬁlflqlﬁﬂ“lér”é"’é 150130 I?’%ﬁuﬁf ‘FBeeﬁ?:BaS%ﬁéPceFt i's, however, _

me§Sir Anecéédxggt{héuwo}dmilne substantlally equal to each" o ST
other. More spec1f1ca11y, the arrangement may be such ' | |
.ﬁhat a capacitor is connected to the dummy-Word line so o -
that the value of thedeapacitaneee'eoupled to the.mord. |
line and that of the capac1tances coupled to the dummy
, 10. word line are substantlally equal to each other.

It is; however, desirable to constitute the | . -
‘campensating'cirCuit-by MOSFETs. This is because 'if the
valuelof eapacitances:of*a memory'MOSFET should chenge | ' -
owing to variations in manufacturing conditions,Tthe |
~15 value ‘of capacitances of a MOSFET censtituting.the..u

compensating circuit also similarly changes{ therefere; -

it is possible to make the value of the cepaeitances - W -

connected to the dunmy word line and that of the

capacitances connected to the word iine'substantially

.20  equal to each other independently of mariationé im”'

' manufacturing conditions.. More'epecifiéally, if, fbr':
example, the overlapping amount between the source'reéion

- and the gate electrode of a memory MOSFET and the
overlapping amount between the draim reéion thereof and

25 the-gate-electrode'theredf“ShOuld changélowihg'tb-



_conpensating circuit by MOSFETs. This is because if the value of

+ capacitances of a nmenmory MOSFET .shoul d change owing to variations in
5-naqyfacturing conditions,. the 15 val ue of capacitances of a MOSFET -
i conStituting the conpensating circuit also simlarly changes; theref
‘1s possible to make the val ue of the capaght ances connected to the
*word line and that of the capaC|tances connected to the word line

qubstantlally 20 equal to each other independently of variations

' nanufacturlng conditions. More specifically, if, for exanple, the :
eoverlapplng anount - between the source region and the gate el ectrode of a

menory MOSFET and, t he Qverla nnunt et ween- t.,he dr.ai on t her eof
'2gﬁd;2?| ont Cgr“{fg’;‘kfaéq & I\/DSFET 53" g jtﬂ/ﬁ% t’&gﬁ‘%ﬁanuf acturing
: l at | Sin a St satlng circuit
is formed si MfiN% ?'{eh ?Wgeﬁesﬁgtﬁmé\/%dﬁal 50 'in t e MOSFET

- constituting JAe G %.rH% Qg.ﬂr&}& Ime éﬁ:t et ' 0fa1350 Y AHARNMSEET

" bet Wween the source reglon-a e gate e and the degree of

_-over | appi ng i) ddipebar #fhelxgﬂi@t £l s ediasge in the
F

same manner as those'inthe.nmenory MOS owi ng to the manufacturing.
condi ti o5 Vardvadd 18Hping\WeRivikidiy the idourceassg ive dmi lthe gmte the val ue

of capaC|tances of the menory MOSFET and:

L _ electrode and the degree of overlapp1ng between the drain
reglon and the gate electrode.change'in the same manner
. . as those in the“memory MOSFET owing to the manufacturing
condition variations. Accordingly, it is possible to

10 make the value of capac1tances of the memory MOSFET and
- that of capac1tances of the MOSFET constltutlng the
compensatlng c1rcu1t substantially equal to each other
independently of varlatlons in manufacturing conditions.
.Thus. it is-poseible-to_make the value of the
15 capacitances coupled to the dummy word line and that of
the capacitances ¢oupled tO'the'word'line'subetantially
equal to each other independently of variations in
-§'¥~2 manufacturing conditions.
In the case where the_coméensatigé circuit is
20 constituted by a”MOSFET, since it ie_oniy.necessery.te
equalize Ehe-numbers'of MOSFETs cohnected.to the deﬁmy-
Ty : word line and those,connected'to;the word line, eny'
| MOSFET can be'emp10yed. previded-that the MQSFET’hes'sudh
an arrangement that the gate thereof is connected to the

25 dummy word line, and the data line and the earth line are

»



_ _that

of papaC|tances of the NCSFET constltutlng the conpensat|ng circuit

" substa ally equal to each ot her i ndependently of variations in.

~manyf a¢tyxing conditions. Thus, it is possible to make the val ue of t he N& o
~capagi fdneces coupled to the dunny word line and that of the capacitances

coup| the word 1ine substantiif9y equal - to each other independent!|y of
“variatiofns in manufacturing conditions. In the case where the conpensating
cireurt”is 20 constituted by-a MOSFET, since it is only necessary to

" equal

i.ze the nunbers of MOSFETs connected to the dummy word |ine and t hose.

. connected to the word . tine, any MOSFET can be enpl oyed, prOV|ded t hat the.

- MOSFEfhaliasneficbofluativege el tihstanke Jahe Tdi&faﬁﬁeme‘h&%iﬁﬁ ed to the 25
~dummy word line, and the data |ine and the earth'line are ~ 100 nade

non- cbaduubhvehatthelnsmpansatﬁhg adrangee nun/dunnanﬂedtﬁu t he .
- conpensating.circuit is not connected to the data line and the earth |ine.
~In thbheadetahéneetHadEGnecﬁac&htlmma-ncorporated 5 inthe ROM it is

POSSi

“menory owi ng &8 the @ﬁﬁ&r“@&?ﬁe@hﬁn

case
-

10

in a one—chip semiconductor memory to redress any

ble to substantially inprove thﬁxﬂroductlon y|eId of the sen1conduct6r
FCCumdman tofie Haquapagatad t. In the

mhere an ECC CIrCUIt i ncor por at ed
the ROM,. _. possible to substantlally improve the

productxon y1e1d of the semlconductor memory owing to the
error correctlng function of. the ECC. circuit.

In the case Where an ECC circuit is incorporated

defective memory cell thereby to improve the production

'yield, an ECC circuit_havingfthe'one—bit error correcting

- function requires, for example, four-bit parity signals.

for eight-bit data; six-bit parity signals for 32-bit

15

‘number of data bits is increased, it is necessary to

20

25

the whole is larger, so that the memory capacity of the.

| provide-a.large numbgr"offexternal;tgrminals for the data

data; and eight-bit parity signals for 100-bit.dat§.
Thus, when the number of data bits is smaller, the

percentage of the number of parity bits with :espect to

memory cell arrays decreases. On the other hand, if the 5 ,;_} .

output;,thengfore; it is difficulﬁ to- incorporate the: ECC.
circuit in the semiconductor memory. | |

- The ROM is_a::anged such that data of a plurality -
of bits delivergd;fromuthe ECC circuit are taken out in
several stages by means of the multiplexor MPX as

L



in a one-chip senm conductor nenory to redress any 10 defective nenory
cell thereby to inprove the production yield, an ECC circuit having the
onQ:bif error correcting function requires, for exanple, four-bit par
- sighals for eight-bit- data; six-bit parity signals for 32-bit data; g
eight-bit parity signals for 100-bit dateo 115  Thus, when the nunbe
data bits is smaller, the percentage of the nunber of parity bits wit¥
respect to the whole is larger, so that the nenory capacity of the nmenory
cell arrays decreases. On the other hand,. if the nunber of data bits is
increased, it is necessary to 20 provi de a | arge nunber of external :
termnals for the data output; therefore, it is difficult to incorporatethe
ECC. circuit desthibednaboveluctThereby;yitThe Possiblertanipareass thet
data of a plurality of bits delivered fromthe ECC circuit are taken out in
25 several sumber of detasbitstardnuedugecibe pexcgstage10f Hhecri bed
above. Thereby, it is possible to increase the nunber of datg bits and _
reduce the pepédhergef one¢pesATVHBRTLEY nREEESWLh ERPPGCh; tC Fhwﬁggﬁett.
to the whole w thout increasyung the nunper of output terninals ot .ihe LC
chip. AccordVﬁBP??tTh%ﬁﬁ%ﬂﬁ¥?gC%%ﬁc?? 8F P e°H%§ﬂ%y¥ﬁF?ﬁ9§£Eaﬁ%5§£e a

increased

5 IC chip. Accordingly, the memory capacity of the“ﬁemory

arrays can be increased.
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" . ‘technique. For example, such a mask film as-comp:isingrﬁ

10

15

- 20

25

neral, in a- nonolithic IC type |large- capacity fenory, defects apt to
oduced sinultaneously in a plurality of nenory cells adjacent to each.
‘attributable to,” for exanple., the 5 inevitable inperfectnesgy
yranuf acturing techni que. For exanple, such a mask filmas = -
ngha phot oresi st -provi ded for selectively etching .an insul ation"

_ ductor film:is. not né@éksarily wel | processed owing to the "

fty of the 10 material and thé adverse effects of dust. |If the.
rn of the processed mask filmshoul d have defects such as undesirabl e
nness and pi nhol es, the defectives are unfavourably transferred to the
ation filmand conductor filmto be processed by 15 the mask film

er e’ shoulxh rereraXicfixta i mondiki vtk IC | typeplagyge~f or the inpurity
nmpl antation, inpurity-ions are introduced into an undesired portion on
aapaeidye menanys tdefects rapk ctorbe erodpeedt y i ons are not introduced
a desired portion. The 20 ., sem conductor substrate to be enpl oyed, .
Sifidaneahplhakl R IR o neReLy St s da9 deeeRhi ch brings _
ts to the characteristigs of the seniconductor elenents to be forned

& PN REHSE RES AR 7O S OHrE O b+ e

inevitable,imperfectness;of:the~;CEmanufacturing"'

a photoresist prdvidéd for selectively etching an
iﬁsulati?n'film.and'conductor film is not necessafily | NS
well processed owing to the ununiformity of the o
material and the advérse effects of dust. If the
pattefp of thé proceésed mask film should have defects
such as undesirable.ﬁnevenness and_pinholes,.theu
defectives are unfavoufably transferred to the
insulafion film and'conductor.film to be processed by - _
the m&sk.film.'.lf.there should be any defect in the : -:
mask film employed for the impﬁrity ion implantation, : -
impurity ions are introduced into an undesired portion | 2
on the semiconductor substrate surface or the impurity
ions are not introduced into a desired portion. The
semiconductor_substrate t6 be employed,- on the otﬁer“
hand, has defects such as the Crystal defecf*Whidh_
brings defects to the characteristics of the
semiconductor eleménts to be formed thereon.

In the largé-capacity memory,:Semicdnductd;
eleﬁents and_wiring"1ayersaare-miniaturized;in.ordér_tca



25 elenments and wiring layers are mniaturized in order to obtain a
hi gher density.- In consequence, a plurality of circuit elenents are apt to
be.included in one defect. area.. Accordingly, a plurality of defective
celv€ are liable to be produced in concentration. 1In 5 t he reddout™
operation of the ROM each of a plurality of nmenory MOSFETs fr WD
- are simultaneously taken out is sel ect ediPcom one of the menor y\ c
‘corresponding to the sense anplifiers as described above. Mre -
specifically, a plurality of 10 bits fed to the ECC circuit are taken out
fromthe menory MOSFETs formed at posi.tions on the sem conductor substrate-
di stributed away from each other. The data read out froma plurality of

def ective cel |l g . .pr:oduc ' tr.ati _ | Sh d jn. nality Of
sets 15 - of SHEI KKl MG Hh UMMM 4 bRaAE DV 2
can be 1 educedd G0diie AiRintl L did @ BEGdRNladd el even an
ECC circuit having a low error correcting capability (correcting capability
of one bit) | gt HrdeS ' Adedr@ MNP DiplurdlitEPIaefeieivdl 15
possible to substantially inprove the production yield of the sem conductor
~menmery. | thedR@rarsallabiid 86 bd ratiaed Gl | conideysratibd he mense
anplifier are constituted by

5 the readout operation- of the ROM, each of a plurality

'6f membry MOSFETs from which data are simultaneously
taken out ‘is Selectéd from one of the memory cell
L;: arraYsiqorresponding to the sense amplifiers as
| described above. Mo:e-specifically}-a.plurality of
10 bits fed to the ECC circuit are taken;out frém the
memory MOS?ETs:formedrat positions on the semiconductor
sﬁbstrate_distributed away from each other. “The.aata
'read out- from a plurality of defective-cells.produéed
in concentration are disperéed'in a plurality of sets
15 of data. As a result, the error bit included in one
set of data. can be reduced to on the order of ope'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.
Ta | 20 Accordingly, iﬁ_is-possible'to-substanﬁially7imprevg
the production yield of the semiconductor memory.
If the memory cell arrays, the dummy cell
érrays and the sense amplifier afe.constituted by
.dynamic circﬁits, static réadout data and parity

25 signals can be supplied to the ECC circuit by providing



- frombeing transmtted to

~ dynamic-circuits, static readout data-and parity 25 signal s can be -
. supplied t#6~the ECC circuit by providing a latching circuit. In o
.. consequefice,“khe ECC circuit can be constituted by a sinple static circwdy
= “I'n othe 3, It beconmes possible to sinplify the construction and
. ooperativp et the ECC circiut . 5_, -~ Moreover, .the current o
~.consunption.can be reduced by thd?éﬁroviding.the'Iatcthg circuit. .Mre
specifically, if no latching circuit i-s provided, the changes of the sense
anplifier output signals caused by the precharging operation are o
- undesirably supplied to 10 the ECC circuit.  Consequently, the ECC

S circuit is actuated when the operation thereof is not desired. The

f_undesiEagggcﬁggéa%ﬁggFglwthﬁnﬁggdgé' iﬂééiﬁﬁé@i X %ﬁg&gg{ent_consunptiOn{

. The provi'sron=o atching circu preve > changes of the output

- signal gagf bé5conh!e&ea%aaeb?ﬂn' 153 i1 € WMR4 D) iR A ECHAY gi ng oper at i on
he ECC circuit. Mre specifically, during the

time WaeRekh@oPBEDI tabeavmest Possdnie amlsilplifyanthd he main anplifier

are being precharged, the output term.nals of the ECC circuit and 20 the

. ‘mai n aephetiractida aulisvgeiinglioyn eepaine axtd kdmeeddh. ot her by the tristateé
- circuits. Therefore, the potential change at the output term nal of the
. maBn .. Moreover, the. current consumption can be - .

reduced by thus providing the latching circuit. = More

specifica}ly,;ifwno.latching_circuit is-provided,'the

'changes;of_thé-sense_amplifier:Output signals caused by Y

the precharging operation are undesirably supplied to = .
10 the ECC.cixcuit. : Consequently,-the ECCtéir¢uit is |
actﬁated-when_fhe qperation-thereof-is-not desired.
Tﬁe undesirable operation of the ECC circuit increases
. the current cbnsumption..'The'provision.of the latching -
circuit prevents the changes of the output signals:of -
15 the sense amplifier caused by the precharging operation -
from being;transmittéd to the ECC circuit. More:
' specificallf,-during_the time when the memory arrays, = | :
the sense amplifier, and the main amplifier are being :
precharged, the output terminals of the ECC circuit and - -
20 tﬁe.main_amplifier are-éﬁbstantially separated ‘from:
each other by the tristate'circuits@- Therefére,.thea-
potential chahge_at the oﬁtput terminal of the main
amplifier caused by the precharging operation is not
transmitted to the ECC circuit. Accordingly, it is -

25 possible to prevent the ECC circuit from being

s



_anpllfler caused by t he precharglng operation is not transn1tted to the ECC.
circuit. ‘Accordingly, it is 25 - posSible to prevent the ECC circuit f om
belng undesirably actuated; hence, it is possible to prevent an
n the:current consunption. Since the static circuits are constltute
CNCS circuits, the power consunption of the ROM can be 5 reduced..
- alternative construction an arrangenent tyépe enpl oyed in which the
address buffer for receiving the ext er nal {“addr ess signal s delivered from
the outside and the .output buffer for formng the 10 - output signals _
‘delivered to the outside are constituted by static circuits and the other.
cifcuits are all constituted by dynamic circuits. It will also be noted

that  in the case where _the address decoders are constituted by statl
circuits, the Adfesirablvacthpters hehgey i 3% R‘?ﬁﬁ#’g{% 9 R y

after appllcatlon ,of the exle addre S Si i s arrangerment has the
_advian]'E age t hat t?t""né' 1 @ge M%'ﬁp alro-rl;gys and the sense
anplifier can be prec ut jJJ he

Y gnéide h Aéa :l.rcu:l. s addi A Seqéa)fﬁ

appli-cation of the ext &1t ress s unt ection of

addresses. The dyneends,QiiGad), %é"";ﬁﬁ}éﬁ: mw‘ti‘@r{ td€a%he ROM can be

-

5 reduced..
" In an alternative construction an arrangement
may be employed in which the address buffer for
Lw; B receiving'the external address signals delivered from.-
the outside and the output buffer for forming the

10 output signals delivered to the outside are constituted

. by static circuits and the other'circuits are all
constituted by dynamic circuits. It will also be noted
that in thé case where the address_decbders are
‘constituted by static 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
and the sense amplifier can be precharged by utilizing
the period from the application of the ex£erna1 address
A 20 signals until the selection of addresses.

The invention can be widely used fbf vertical .
maék ROMs, programmable ROMs.(electrically programmable
ROMs), or electgically alterable ROMs in addition to -
‘the above-described horizontal mask ROMs. It is

25 possible to modify the arrangements of the memory cell

*



_mask ROMVE, progrannable ROMVs (electrlcally progrannable ROVE), or _
s-electrlqglly alterable ROVMs in addition to the above-described horizontal -
“mask RGMB ~kt is 25 possible to nodify the arrangenents of the menory.

o

. cell ) - arrays, the dunmy cell arrays, the sense anpllflers the
-address\dégoders and the control ﬁ% nal- generators. Attention is drawn to
“our AppNication No. 83.15593 (Sér MNo. 2,123,640) fromwhich this 5

ﬂﬁ@pllcatlon has been divided. Attention is further drawn to our Appllcatlon
Nos. 85.aI3%Ys, & B0y xwl 8RN, tkspsehswehyppiubiésbed under Serial
"Nos. 2,163,313; 2,162;397; and 2,162,398, which have al so been di vi ded out

of the emidérmSSApﬁﬁqqﬁms)rand) theassea]l sigmall genetators. A.

- sem conductor nmenory including: (a) a first nmenory array including:
‘plurality of readﬁ&ﬂ%ﬁqﬁﬂﬂnﬂﬁ(ﬁﬂ#@ﬁé%%HO%EVARQIECQEi@nt|on ternlnal an

AP A SN NG, 8B SHLBROERL" ° merix form

- plurali

5 Appllcatlon ‘has been divided.
_' Attentlon is further drawn to our Appllcatlon
'Nos. 85.19907; 85.19908 and 85 19909, respectlvely S - =
published under Ser1a1 Nos. 2,163,313; 2, 162,397; and
2,162, 398, which have also been divided out of the -

- 10 parent Appllcatlon No. 83.15593. =~ - =~ A ' Y



provided to respectively correspond to the rows of said nenory cells and
respectively coupled to the selection termnals of said plural nmenory
ceI{s a plurality of data |ines provided to respectively correspond tg Ihe
10 %ol urms of said menory cells and resggptlvely coupl ed to the out;
termnals of said plural nmenory cells a plurality of earth |ing¢s
provided to respectively . correspond to the colums of said nmenory
and respecti vel cou led to the reference termnals of said 15 plural
menory cells; 6%?‘ econd nennry'array ‘having a simlar construction to

that of the said first no flrst and econd conmmon dat a
lines; (d) a filrst colugﬁ\§ﬂ%ﬁ éﬁgﬁééﬁ i ﬁ&?_control signal s .
in order to couple t hat I S A

array, which is to be se?‘e%?te.‘;d élr(}esstglnggﬂfé ﬁgtaalxglo‘#r&%c dﬁﬁ' é%ﬁ grfﬂééond
colum switch tzré%ld-fd%ltiy mthdaSh LNt Qéac?x %ﬁ:&%ré‘-‘éﬂé’@@i&ﬂ to the

first nentione swi tch control signals in order”to couple that one of

the plural dat &éﬂﬂ%pf SR SLEARONE FFANY aHd &Y, rdb &dhés E@rx’@ﬁhéﬁ' ect ed,
to said second comon data |ine;, 11111111 111111 111111111111111 * e

b M3 dnd arranged in a matrix form; plurailty word llnes

prov;ded_to respectlyely sorrespond to the rows of-said
memory cells and respectively‘COupled.to the seiectioh
terminals of said plurai memory cells; a plurality of
;N; , data lipes.provided-to respectively'correspond to the
| 10 columns of said memory cells and respectively coﬁpled
to the output terminals of said plural memory cells;
and a plurallty of earth llnes prov1ded to respectlvely
t;correspond to the columns of sald memory cells and |
respectlvely coupled-to.the reference_termlnals of said |
15 " plural memory cells;
~ (b) a second memory array hav1ng a similar
construction to that of the said first memory array;
(c) first and.second common data lines;
¢d) a first'column.switch controlled by switch
20 control signals in order to couple that one of the plural
~o data lines of said'firsthmemory array; which is to Be |
| selected to séid first common data line; |
() a second column switch controlled by switch
‘control signals oorresponding to the first mentioned
25 switch control signals in order to ¢oup1e that one of the
plural data.lines'of said second memory.srray, which is

to be selected, to said second common data line;

* [ L M S * -




”;.belng

f“_(f) a d|fferent|al anpllfler having a pair of |nput tern1na|s a first
tern1naL//ang coupled to said first conmon data. line and a second term na
£o) to said second common data line; 5 . (g) a '
dummy cells provided to respectively correspond to the data
a/d first and second—nﬁ%bry arrays and each i ncl udi ng: an: out put

'fiternfna' o be coupled to the correspondi ng one of said data lines; a.

:ffselectlon ternlnwa(atﬂafﬁnrentiakuamﬁulﬁmerahawnngoatpahrso@nal and a :
ﬁreference termnal to be fed with earth potential of the circuit, said '
Sdurmy deipud Aermingl ahe ribirgerterpinaht beingvwhrenled to Baideferred to by

sai-d.differential anplifier, to the correspondi ng ones of said_data |ines

-~ when t FdysEr. @qnewe atae| )i rtﬂcﬂfgqlna 18ecerd t Ferpigplr Being sPuPesd and (h) a
f;selectlng circuit ludi ality of output termnals, which are to
be coupiCed at’@ﬁfé: ’?’?é% %€%§W?1 rst and second nenmpry arrays; a

P of 2, e P LI B S0 e DR SOURLEHabA LB° 20 BeL Sl 0N
"':b__e_._.r efg’};ﬁ%&ﬂ %oq:rqel fcﬁ‘[(?ﬂ'.t? atné@été'f{né‘gegfg El@f i pgemenory cel I s

of - sai rst nme ry array -1s selected, 1s-generate at one of said

-dunmy G8ld SecHlL t?m=.ln§>r%r'5 a iR ethd Cedéth dlﬁ@?@@ﬂngenaﬁ)’oﬁt?ét wher eas the
reference potential, mhlch 1S to"be referred to by said di —

.
ferential —-

"5"3':i'arrp| i f iveirmahen Qﬂf:ba‘ APTEITLY €104 | Sopfesponasngossie of said
data 11nes; a selectlon termlnal to be fed with an .
;nfelo 'operatlon control 51gna1, and a reference term1na1 to be o
fed w1th_earth potentral of the c1rcu1t, said dummy cells
applyihg the referehce potentia;, which_is_to berreferred
to by_eaid differential amplifier, to the corresponding
'ooes of said'data lines when toey:are respectively brought
.1§ to thelr operatlve state5° and
- | (h) a selectlng c1rcu1t 1nc1ud1ng. a plurallty. o ;
of output termlnals,_whlch are to be coupled to the word : :
% lines of said first and_second memory arrays; a pluralrtyu
of output terminals which are to be coupled to the g <
20 selection terminals of said dummy cells, | NS -
| whereln the reference potentlal, Wthh is to be
referred to by sald dlfferenltal ampllfler when one of
_-the memory cells of sald flrst memory array is selected,
is generated by that.one of said dummy cells, which is S -
25 coupled to said secondtmemory.array, whereas the reference
Potentia;}lwhich is to_be.referred to by eaid differential

amplifier when onenof'the.memory_cells of said.eecondu

A



- 109- nmenory array, is generated by that one of said dummy cells,(&ﬁ%ﬁ%gis
coupled to said first memory array, and wherein each of said first -
secQnd columm switches conprises tree-like circuits constituted by a- _
pIurallty of MOSFETs 5 which are controlled by said sw tch control“f o
signals. 2. A sem conduct or Cgﬁaccordlng to claiml, '
additionally including: (i) a pIurallt swi tchi ng el enents havi ng
respective selecting termnals and provi ded between the 10 earth lines in
sai d first andmemoyydameawryisclhlensraied dyd thad omet lofpsadd idummyicel Isf,
the circuit respectively; (j) _.a control circuit for formng a control

si gnal for cont’géFhl h§ sarpled &et ﬁﬁ@dcﬁrlé'lﬁtt megory arrayy 38§ hediedior

menor.y accordlng g %Ia|n12 15 wh re|n in order to sel ect one of, the
menory cells if3§ gt fprif £irskca <ﬁ9|“mﬁw%¥k§° e COMBLIiSes

t chi | t t.ed th-t t | [
Lo be sel'ect Sﬁ?sania%ﬁ%ﬁ%aﬁ”.taecw%&. o B g Rty o o,

det d h &2 t t line. -
Ponnect ed &+ hvPiEn  Arec PonBaBTT0athy saitl AT Bnttor Wollih: TC,
'starts to change to the ﬁels@ﬁltl'c@i‘ldlﬁ@t%'}t ¥y taf&dﬁmrgy tfaelalsmﬁa.l d

control circuit forms a control ) _ ,
addltlonally lncludlng. . . S ' ' : -
(i) a plurality of switching elements having
‘respective selecting terminals and provided between the -
NI 10 earth lines in said first and second memory cell'arfaYs'
“‘and the earth potentiai point of the ciréﬁit respectively;
(§) a control circuit for forming a control
.signai for controlling said seiécﬁing.circuit.
3. A semiconductor memory accofding to-claim 2,
15" wheréih'in-ordér to select bne of‘fhé'memory'cells in
* said first or second memory cell afra}s} one of said
switching elements connected with the reference terminal
of the memory cell to be selected is made conductive by
U said selecting circuit, and when a éredetermined time has
- 20  passed after the potential of the word"line conneétgd
with the selecting terminal of the memory cell to be
e selected starts to change to the selection potential of
. the memory cells, said control circuit forms a control
signal for controlling said selecting circuit ‘so as to
25 bring'the potential 6f_the word line to the non-selection
potential of the memory cells. |

»
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.wher ey

f5|gnal
potenti

canmpl i

ﬁcontrol

‘signal

- of *the

‘for controlllng sald selectlng C|rcu1t S0 as to 25 brlng t he

: al of the word I|ne to the non-sel ection potential of the menory
cel |5~ 110- 4. A semi conduct or. nmenory according to claim3,

Wi d dlfferential anplifier conprises a dynamic differential _
whi ch is dynam cal | y-opérated by a.control signal formed by said
CIrCUIt and 5 Wwherein said control circuit forns a contro

jor CO“”OA'EQ@%éé‘ﬁgué%f%éBSr(}' belbl-aifAtd Liling L he potential

menmor'y cells in

synchr ophsfavh { BatBeal pEOPLE DA 0! ahBe 1698k Rlonbrdddls T _Oray@oéﬂa@ cally

word lifnes'to e non-sel ecti onpotent

~operating said dynamc 10 differential amplifier.

‘sem congiletere ARIR1 YaRpTOE fbAOwhOch! A5Magnamiendily o¥etadield %ryent i al
er conprises a dynamc differential circuit whichis dynamcally

oper at eal. &yntrobnsighasi forhed obyedall santdrodnicidlcudity,caind 15 6.
: menory according to any one of the preceding clains 3 to 5,
. wheg ei wkerdinfsadddcortoey circuitsfovmsr aseondralosdgmadefioronduct or

anmplifi

A sem conduct or

\

. elenment arranged to. have a first or second conductance cor respondi ng to the
‘dat a stevieek $herbEnsab@nseheChEngr gLEEHLt §°sé|seé‘—tueelﬂ--'-2@: e
g sen1conductor nmenory accordln?lto claim 6,

10

potential of the word

of the memory cells 1n_synch:on1sm with the formation of

the control signél,fbr'dynamically operating said dynamic

differeptial_amplifié;._

5. A_semiconduétor memory according to claim 3,

N wherein said differential amplifier comprises a dynamic

15

differential circuit whigh is dynamically operated by a
cbntrol signal formed by said control circuit.

6. - A semiconductor memory according to any one of

‘the preceding claims 3 to 5, wherein each of said memory

+.cells comprises a storage semiconductor element arranged

- 20

to have a first or second conductance corresponding to

the data stored therein_when the memory cell is selected.

7. A semiconductor memory according to claim 6,

'further_including_a plurality of precharging elements

25

for precharging the respective data lines 'in said first

and second memory cell arrays.. .

8. _ A semiconductor memory according to claim 7,

further including a plurality of precharging elements

‘for précharging the respective earth lines in said first

.and. second memory cell arrays.

»
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nes to the non—selectlon potentlal
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further |nclud|ng a pIurallty of precharglng el enents for precharging the ™
respective data lines in said first and second menory cell arrays. 8. {;
A sgnjconductor menory according to claim7, 25 further including a

-plurallty of precharging el enents for precharglng the respective earth

l'ines-in said first-and second nenory c II arrays. - 111 - 9. A
seni conduct or menory according to cl arm! 8! herein each of said swi tching

el enent s conpr ses a em_conduct ry accordlng to
O oo hpe 2 oS AP ARG UGEPF oRBRDE 4y Sanprair: T, fbiea” o

A first vospeT oer B BShABETBAC R b YRE D, et Wlntich o0 ol

common data |iné 1S connéct ITst C

to the gate of wh' ch sai g sgnrop nﬁQFHBP ﬁl@f'nargf El%cb%d%@“%%t aith ngrcfs' ng

MOSFET provide bet ween first 1 trodes said first and secon

'MOSFETs on oneyhapdianda2af ByahmRet ankkakeARial Q&pﬂh@l@&h%bm§¥1§@N/CFF
controlled by a control signal delivered fromsaid control circuit; and a

| 0ad. circut provided beawegpsgeMOBHETSofefgekodenductiaiityl itypie zmdthe
-second NCSFETS on one hand and a second potential point on the other.
- -~ " rgate” of which sald flrst common data 11ne 15 connected

a second MQSFET_of first conductivity type to
the.gate of which said second common dafe line is connected;
.a switching MOSFET'provided between first

'HLEJ : - 10 electrodes of said first and second-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 prov1ded between second
15 electrodes of said first and second MOSFETs on one hand
| , and a second potent1a1 point on the other.
11. A semlconductor'memory according to claim 2,
‘wherein each of said first and second column switches.
‘comprises tree-like circuits each constituted by a
20 plurality of MOSFETs.
12. A semiconductor memory according to claim. 11,

_;1. ' ' wherein each of said tree-like circuitS'comprises a

. first MOSFET having one input/out electrode thereof
‘connected to one of the data lines, a second MOSFET

25 -having one input/output electrode thereof connected to
another.one of the data lines in the same memory array

as said data line and the other input/output electrode

»
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:',other I npu out ut e

© 11 _—_ A semiconductor menory according to claim2, wherein each of said

second colum switches conprises tree-like circuits_ each

: ed by a 20 plurality of MOSFETs. 12. .A seni conduct or MengLy
..accQrdiAg to claim1l, wherein each of said tree-like circuits conprises a
~first”MOSFET having one input/out el ectrode thereof connected to one of the

'*fdata li nes, a second MOSFET, ZSIlﬁav1ng one input/output electrode thereof
”}connected to another one of the data.lines in the sane nenory array as sald

5ihe,eegos Hiseatien, Lonhioutnls ShBitpy SigageTIiriod o i

- Seri eSofoeﬁ@c;stéehmﬁﬁrt, hsnet aerthll&aunbs@h&urse%@‘st-rd&ﬁxé&eﬁal d second |
MOSFEET and the common data line corresponding to said 5 nmenory cell array;

. said hétwéemntheeoendr MIBEEEohtione aleargedet @ thead@ Wegn arily OV OFF
~operated by said selecting signals. : _
MOSFET and the common data 11ne correspondlng to sa1d _ -

-7 memory cell array, sa1ﬁ fivetr and cacond MCSVETS belng |

rranged to be complementarlly ON/OFF operated by sald

(; selectlng 51gnals."
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