2155239 "A dynamc ramintegrated circuit device". The present invention

rEﬁAtes to a D RAM (dynam ¢ random access nenory) integrated circuit device
prising MSFETs (netal insulator sem - conduction field-effect

transistors). In a typical DRAM a nenory array conprises a plurality .of

menory cells arranged in a -a'rix, a a lines and word Iines. I n reading
out data, a mmute potential change is applied to a data line fromsuch a
menory cell as conprising a single transistor. In order to permt

anplification of such a mnute potential change, tm023q5?%2i gs are paired
in ordinary D RAMs. When the stcred data in the- l¥ Jconnected to
one of a paired data lines (referred to as "pair data |ine" hereinafter) i€
read out, a reference potenti al is applied to the other of the pair

data line by a proper nmeans such-as' @ dummy cell. The potenti al

di fference between the lines constitutng the pair data line is anplified by
means of- a sensg,anplifi.er. ~-2- 1n readi.ng oyt data fyomthe nenory
carls, ‘such a pafedbrariFl iePuAiraR RHTh ThoF e SSHRiSler o0 as noi se i s

applied to each of fhe data lines froma

_ The present invention relates to z D-RAM
é? {dynamic random-access memory) integrated circuit
device comprising MISFETs (metal insulator semi-~
conduction field-effegt transistors).

In a2 typical D-RAM, a memory array comprises

(9]

plurality of memcry csils arrangad in a matrix,

. a . s
2 lines and word linss.
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word |ine through an undesirabl e capacitance such as 5 a parasitic
capacitor. The effect due to the potential fluctuation is substantially
réduced by nmeans of a folded bit |ine arrangenent. In other words, a
single-word linme is made to cross each line of a pair data line, in order
to sinultaneously apply 10 such a noige-which is considered to be a

)

common node noi se t-0 both the lines constituting the pair data line. The
conmmon node noi se can be swbséaaihgl byt resuceck &y tRAMemrya dififerenti al
type sense anplifier. Consequently, it becones possible to 15 read out

dat a—from the nmenosyciet| ponentislbslantuation ndhisrhr aray neepemddrielre gof t he
undés¥rabl e potential fluctuation applied to the data lines fromthe word
line. W have di'scaveretSehbs apptiedivelsadharqe e dadid fldmerst ifalcmmade
noise is applied to the pair_data |line |ocated at an end part of the nenory
array. The differe%??%llﬁ%ﬂetﬁﬁ?%%hi%np¥%ERR%RPQhﬂrﬁf&%?%q%?qﬁoﬁﬁqﬁ|%§

sel ecting operaticn and the. substrate bias,voltage fluctuation. 25

It is an objett of®tRaFpFbEENtCFMREht?on tTDrIVish: 445 RRVUS egr at ed
circuit device wheggt o, COUP! MG (0L 885 PLOMGSA AL LGy TAGRENSY tuti ng
means.of a folded bit line arrangement. In other

words, a single wdrd line is made to cross each line of
2 pair data line, in order to simultaneously apply

10 such a noise which is considered to be a common mode
noise to both the lines constituting tﬂe pair data -
line. The common mode noise can be Substaniiall

reduced by means of a differential type sense

amplifier. Consequently, it becomes possible to

-—
N
'3

ead out data from the memory cells with substantizlly

ct
l-.l

=388

rnc error independently of the undesirable poten

ct

fluctuation'applied te the data lines from the
word line.
e S " We have discovered that a relaﬁively large
20 differential mode noise is applied t¢ the pzir data
‘line located at an end part of the memory array.
The differential mode ncise is produced
cging té the word line selecting cperaticn and

*he substrate bias voltage fluctuation.

n
(9]

It is an object of the present invention to
provide a D-RAM integrated circuit device wherein

coupling noises produced in the lines constituting



- pr

data line respectively owing to the word |ine selecting operation
substrate bias voltage fluctuation are nmade substantially equal to

A her. 5 According to the present invention there is

vi’ded a dynamic RAMintegrated circuit device including: (a) a nenory
array having a plurality of data lines, a plurality of menory cells .
connected to 10 the correspondisigzg one of said plurality of data |ines and a
plurality of word |ines each connected to the correspondi ng ones of said X
plurality of. S é_ gﬁl cti0o | fcuit. for _selecting any 15
data i n% qarlo%%s%ré/d 1|c?)]ﬁ'luéra eﬁaégico P‘)cl‘ﬁ"a?ya |lnei teé;ctgﬂlp? o%d at's | i nes arranged.

at _end Al Ofng b ARINY Ad ¥hd RRSALIAME o1dd) Wialgd 0 substant i al Iy

prohi bit the sel®ection of sald data |ines arranged at e parts of said
Menory afnat Jesisctd velyadeGubstantial A5 equ£SWd .eddh i S possible to
equal i ze the conposite parasitic capacitances between data lines with each
ot her. Gisefuently, coupling noises fromthe word Iines and dumrmy word
| ines and the coupling noises due to - 4-

.5 According to the present invention there -

is provided a dynamic RAM integrated circuit device
including: |

(a) a memory array having a plurality of
data lines, a plurality of memory cells connected to. g

10 the correspondihg one of said plurality of data
lines and a plufality of word lines each connected
to the ébrresponding.ones of said plurality of
memory cells; and '

(b) a selection circuit for-selecting any

15 data'liné from said plurality of data lines except
for data lines arranged at end'parté_of said memory
array respectively, in 6rder to substantially
prohibit the selection of said data lines arranged
at end parts of said memory array respectively.

20 As a result, it is possible to equalize
the composite parasitic capacitances between data
lines-with-each other.- Consequently, coupling
noises from the word lines and dummy word lines

and the coupling nqisés due to



the fluctuation in the substrate bias voltage -V[err] are produced equal )=
in the lines constituting each pair data |line. Accordingly, it is ]
passi ble to cancel out the coupling noises produced in the lines 5 _
constituting & pair data line respectively by neans of a differential type
sense anplifier provided to each pair data line. Thus, it is possible to
prevent mal function and increase the inbuf Tevel margin, since the mnute
voltage difference fed to the differential type sense anplifier .is not
affected by the co i L SE€ e esent, | j i{J. ow pe
described in great gggdg?ghgéﬁ%y}%ftlgéa%‘gﬁéettmg%lﬁr%}éf%r%gnlcéea% t\;gB& he
accoapanyi ng draw ags, phBELEEA: eqlh YV €id tiSe a1 DAOSK: SH QG AN Qg G dfroWn
type D-RAMcircuit; Figure 2A is a block diagramof a first exanple of a-
circuit constitutipgiandessenihal parec@Pdifgly p Lt RAM peeoiglianged o the
present invention; Figure 2B is a circuit diagramof a practical exanple of
the essential part¢ahcglireufCthe acupvefhgrmisagrmmodidadstimttiirg Ties
operation of the essential part shown in 25 Figure 2B; Figure 2D is a

bl ock -di agranTof acsnsbhtiubkngphepdirtdatei line tresmetii@inhgamesgsenti al

part of a D-RAM according to the present invention; . :
of a differential type sense amplifier provided tc

each.pair data line.

Thus, it is possible to prevent malfunction
and increase the input level margin, since the
rinute voltage difference fed to the differential
type sense'amplifier is not affected by the coupling
roises.

The'preSent invention will now be described
in greater-detail by way of example with reference

2 to the accompanying drawings, wherein:-

]

igure 1 is a block dizgram of a known typ=s

C-RAM circuit;

gt

Figure 2A is a block diagram of a first

example of a circuit constituting an essential par:

20 ¢ a D-RAM according to the present invention;
'Figure 2B is a circuit'diagram of a practical
example of the essential part;
Figure 2C is a waveform diagram illustrating
the operatidn of the essentizl part shown in
25 '

rigure 2B;

Q.

Figure 2D is a2 block diagram of z secon
example of the circuit constituting an essential

part c¢f a D-RAM according to the present invention;



_Figure 2Eis a circuit diagramof a practical exanple of the essenti al
'§§\Flgure BAis a circuit diagramof a preferred enbodi nent of a D RAM
Figure 3B is a waveform di agram of the operatlon of the D-RAM
in Figure 3A; Figure 4A shows a |ayout pattern of an exanple of a
'nenDry array MARY and a dummy grtay D ARY; Figure 4B shows a | ayout .
pattern of an exanple 10 of a part of a sense anplifier; :Figure 4C shows
a layout pattern of another exanple of the nmenory array and the dummy
array; Figure 4[CFthons aEIéyoatcpacubtndbig%m@t%%raek%ﬁﬁﬁtsaﬁ the part of
the sense anplifier; 15 Figure 5 shows a basic Dattern of a field
|nsulat|n@x$$Ph¢2°fF?@ﬁréSBe§Hbﬁé B2bhhsi c pattern of a p lycrystalline ‘ot
silicon layer 6;_and Flgﬂre 7 shows sec lonal views of the C 20 structure
taken al ong | i neE1&Ur&y- X1§23aﬁbr%féFr§ 1387537 1°0f2 tHe® 1%&0&& patterns
shown in Fi guses 4 gB agd &g respectively. Before describing the
embodi nent¥ 8?1?ﬁ% p?ese Invéntion, a known type of DDRAM i ntegrated 25

circyit having apfgldedsBi {s! iNGa@eraRRCaEREr e the

operation of the D-RAM shown in Figure 3A;

Figure 4A shows a layout pattern of_an.exa ple -—

of a memory array M- ARY and a dummy array D-ARY;
Flgure 4B shows a layout pattern of an gxample . §;
10 of a part of a sense_amplifier;_ |
Figure 4C_shows a layout patterﬁ of another
example of the memory array and the dummy arrszy; “
Figure 4D_sh9ws a layout pattern of ancther

example of the part of the sense amplifier;

—_
N

Figure 5 shows a basic pattern of a field
insulating film 2;
Figure 6 shows a basic pattern of a

clycrystalline silicon layer &; and

i1
Ie

Figure 7 shows sectional views of the

20 structure taken along lines X, -X » X, -X2 and

XQ-X, of the layout patterns shown in Fi gu"es 448,
L2 and 4C respsctivel '
Before describing the embcdiments of the
cresent invention, & kncwn type of D-KA&M intecrated
25 circuit having a fclded tit line arrangement will

be described for the purpose of assisting in the

unders and;ng cf the present invention.



present invention. -6- Referring to Fig. 1, the DDRAM has a nenory ar
cenprising a plurality of nenory cells MCEL arranged in a matrix, dunmny
cells D:CEL, data lines DL[err] DLlerr] , word lines WL [err]
W. [err] -and dummy 5 word lines DWférr] DWJ[err]. Each nmenory cell
consists of a singl-e transistor cell and has an input/output term nal

connected with a data |ingeg&eronget&CEi Iﬂfn 1 SR -rRN S @ midnldty@ Wor d
line. Pair data lines, e.g., DL1 1 and 11 are connected with

i nput+ out put 1Garztsy na:dsraﬂasmin@ dipferenitylof Wenagnwe 1ampM-foser SAl err]
An outline of the data reading-out operation in the D-RAMis as follows.
First, the pot amraiged anwormatyive, tdunty dellse|ledBid, datg ltimesword |ine
WL [err] and the potential of the durmy word line DWJ[err] corresponding
thereto are siRiiayiSouby_gchaveRd Fires |Wwy 1evelWh g @ingh quawyl s
respectlveI%E When_ the gotentlal of the vvord I|ne ’{%e” I s at a hi gh

| evel , the JremdiQFdetin iAQ%ilep' PHL1 b 1 iFRGD rmﬁﬂ° &8 ls Qomsdiss§

term nals are connected tp I ar.e sel ected.
Consequent |y, (b beter ]l SR ERten St i 2 4 el B AR or )
terminal connected with a data line and a selection
tefminal connected with a word line. Pair data lineé,'
e.g., DL, 4 and”Bf;:I are connected with input/output
10 terminals of a differential type sense amplifier
SAa, .
An outline of the data reading-out operation
in the D~RAM is as follows.
First, the éotential of a word line to
15 be selected, e.g: the word line WLl-l' and the potential
of the dummy word line DWLl_2 corresponding thereto
are simultaneously changed from low levels to high
levels respectively. When the potential of the word
Qb}' line WLl-l is at a high level, the mehory cells M-CEL
20 in the first row, whose selection terminals are connected
with the word line WL, _,r are selected. Consequently,
the potential of each of the data lines-DLl_l, DLl-Z""'
previously set at a proper initial value is changed
to a voltage corresponding to the data, "1" or "0",

25 previously stored in the memory cells selected by

means of the word line WLy_;-

—

be described for the pur pose of assisting in the understanding of the g AN



. previously set at a proper initial value is changed to a voltage
cpgrLesponding to the data, "1" or "0", 25 previously stored in the neno
s@ sel ected by neans of the word line WJerr].

t

ry

-7- At the same tine,
dummy cells D-CEL in the second row, whose selection termnals are

"~ connected with the dummy word |ine DAL 1-2 are sel ected: Consequent |y,

the initial voltage of 5 eachqof the data lines DL[err], DL[err], ...,
DL[err] is changed to a given reference voltage. As.a result, a mnute
voltage difference with a polarity corresponding to the data previously
stored in the selected nenory cells is applied 10 between the lines
constituting each of pair data lines, e.g., DL[err] and DL[err]. The mn

vol tage difference a
beconmes a siffickent

b

plied to each of pair data lines is anplified until
¢ EBamge tuoetaddedidimmencel by De@Bs oh 15 the

correspondi ng one of the differential type sense anplifiers SAlerr],

SAlerr], ..the peepPprf FPYvi ¥B@sSeo sedeqriian ckaemi habs mespectively. Next, a

pair data line is selected fromthe pair data |ines by neans of a colum
switch C SWOBRBRTHRAsY§Rkl the anamyewardkd i rDWai ayl &R s

‘selected.

5 each of the data lines DLy_y+ DLy_5+ ..., DL

Consequently, the initial voltage of

l1-n *%

changed to a given reference voltage.

As a result, a minute voltage difference with

a polarity corresponding to the data previously

stored in the selected memory cells is applied

10 between the lines constituting each of pair data

lines, e.g., DL

1-1 and DL, _;-

The minute voltage difference applied to each

of pair data lines is amplified until it becomes a

sifficiently large voltage difference by means of

15 the corresponding one of the differential type

- sense amplifiers SAl, SAé, .oy SAn provided to

the pair data lines respectively.

Next, a pair data line is selected from the

pair. data lines by means of a column switch C-SW.

20 The signal on the selected pair data line is

it

=



“ransnmitted to the outside of the D-RAM through a data output buffer DOB,

N
not ‘shown. Thus, the data stored in any nenory cell is read out. The 7
sel ection of the word |ines and the dumy 5 word lines is effected by

hreans_of a row decoder circuit R-DCR, while the colum switch is controlled
by neans .of a col umm decoder circuit G DCR, not shown. The word |ines

W[err], W[err],...., WJ[err] and 10 the dumry word lines DW.[err],
DW[err] cross all the data lines DL[erBT, DL[err], ..., DL[err],DL[err]
each other -respectively even in an actual device structure. A parasitic

capaci tance between a data line and a word line Clerr], or Cferr] (Cerr]
, <Q err] ,) 15 isttansedtaedeach tife oty sdete Dnshded¥RrRM theowvghdal i nes

and the data |ines. The parasitic capacitance between a data |ine and a
word |ine Cdw substiabai ality utepndsient DABe pat ashewn. cap@biusantbef or ned at
the intersection where a 20 nenory cell is arranged. On the other .hand,

the parasitic capaclefacstbsededn antamendnie el al swreadi et err]
represents the parasitic capacitance formed at the intersection where a
menory cell is not arrandbg sgdection of the word lines and the dummy
5 word lines is effected by means of a row dacoder
circuit R-DCR, while the column switch is
controlled by means of a column decoder circuit
A C-DCR, not shown.

The word lines WLy _y+» WLy o0 «-., WL and

l-m
10 the dummy word lines DWL,_;, DWL;_, cross all the
data lines DL; ,, DLy y, ..., DL;_,, DL each
other respectively even in an actual device
structure. A parasitic capacitance between a
data line and a word line Cayr ©F Cd*“ (cdw'<-cdw")
15 is formed at each of intersections between the
word lines and the data lines. The parasitic
N J capacitance between a data line and a word line
de, substantially represents the parasitic
capacitance formed at-the intersection where a
20 memory cell is arranged. On the
other hand, the parasitic capacitance betwesen a

data line and a word line Caqyn represents the

parasitic capacitance formed at the intersection

where @ memory cell is not arranged.

25



-9- Including the gate-drain capacitance of a swtch M SFET, not shown, in
eaghi,nenory cell M CEL, the parasitic capacitance (Jerr], has a capacitance
val larger than that of the 5 parasitic capacitance Cdw forned sinply .
by -t‘he crossed wiring structure. Because of the presence of the parasitic
capacitances Clerr], (err], a coupling noise is applied to each data |ine
when the potential of a 10 = word line rises froma low |l evel to a high
level. It is expected in the folded bit |line arrangenment D-RAM t hat the
coupl i ng noi se appiciled itng ddeh d4tee-dfa bnpaspaditanceneff eom a word |ine

and a dummy word line will be a conmon node noise. 15 Therefore, the .~
noi ses appl swdted MISHEThenCorga4ut | ey ©2phi Pe@ary IceAd respectivel y ares
expected to be substantially neglected by a differential type sense
anplifier. PoFELnstdfc@®ar@fdt iheE et t3aeeVEgler PBS ais 20 sel ect ed,

a coupling noise is applied tq the data line. DL[err] fromthe word |ine
W.[err] thrGBERCERE NG ¥k 1ahRgy tthre BPaFrPE tWRile a coupling noise

is apglied to the data |line DL11 Q{Oﬁ]tpe moéd Lin? VIQFrr] t hrough the
parasitic cBPABFtitCe C@PAGYENCe Cyqya tormed simply b

the crossed wiring structure.
Because of the presence of the parasitic =

capacitances de,,

de", a coupling noise is
applied to each data line when the potential of a _ s
word line rises from a low level to a high level.
| It is expected in the folded bit line
arrangement D-RAM that the cbupling noise applied
to each line of a pair data line from a word line
and a dummy word line will be a common ﬁode noise.
i5 Thérefore, the noises applied to the lines
constituting a pair data line respectively are
expected to be Substantially negleéted by a
differential type sense amélifier. : o
For iﬁstance, when the word line LETYY is
20 . selected, a coupling noise is applied té the data
line. DLy_; from the word line WL,_, ihrouqh the
parasitic capacitance de,; whilé a coupling noiée
is applied to the data line 55;:1 from the word
line WLy _, through the parasitic capacitance Caren
is

25 At this time, since the dummy word line DWLl_2

» .



sel-ected correspondingly to the word Iine W[err], a coupling noise isf2
. applied tq.each of the data lines DL[err], DL[err] al so fromthe du
“word diine. “Therefore, it is considered that the 5 parasitic

capaci tance between, e.g., the data linejfL and the selected word |ine
WL and the parasitic capaci tance between the data line DL[err] and the
dumy word [ine DWigd §EQ§TCQW %db&%dﬁd&f& at&'tﬂ-@ Qv SPAPPSHe €
parasitic capacitance 10 whi ch appli'es a coupling noise to the data line
DLferr]. If the paggsili CcaCepapiligif e rils fapypEik datacsch hes dugay wor d
linesDW.[err] and thi &ata IP%? DE?F IS nade éﬁﬁal to the parasitic 15
capacitance (err]dkeantdnbat n.thed d dligwe MdrertHe dunfiny heogdldt a | i ne
DL[err] and if the parasitic gnﬁaa1tan kierr] formed between the dummy
word |ine DAL1 2 ahdnehe d@hereifmerell[ilr ris aensipdbrestjucttat otbéie parasitic
capaci tance Cdw forned between 20 . the word line W.err] and the data
line DL[err] 5 the perpeditic gapad ittanamfmtiventee & o rihe +&iverl takerr])
connected to the data line DL[err] when the word [ine W] erré S
sel ect ed becones eEGQth énldhé a selec\.ed word line WLl 1 an the

T
25 At this time, since the dumry word line DW[err] is -1 0- alaggéj

oara51t1c capacitance between the data line DLl 1

and the dummy word line DWL, _, substantially

W, constitute a single composite parasitic capacitance
10 which applies a coupling noise to the data line
DL, _; -

If the parasitic capacitance C formed

ddw"

between the dummy word line DWLl_2 and the da;a

line' DL; , is made equal to the parasitic

15 cepacitance de" formed between the word line
WLi_l'end the data line DLj_; and if the parasitic
capacitance_cddw, formed between the dummy word
line DWL,_, and the data line DL, ; is made equal
to the eeiasitic cepacitance Caw? formed between

20 the word line WLl 1 and the data llne DLy_,- the
composite parasitic capacitance (Cd '+C’du“ de)
connected to the data line DL, ; when the word
line WL, 1 is selected becomes equal to the

composite parasitic capacitance (de“+cddw'=cdw)

25 conpected to the data line DL, ;.



conpesite parasitic capacitance ((err]+(err]=Cerr]) 25 connected to
the/ d&t-a line DL[err]. -1 1- As a result, the noise applied to the
dat e DL when the word line W is selected will have a |evel

sub Atially equal to that of the noise applied to the data 5 l'ine
“DL[err]. Moreover, the noise agpplied to each of the’'pair data line
DL[err] and DL[err] is reduced ~y the differential type sense anplifier
SAlerr] because the noise is substantially a common node noise. 10

we have found asAgemUﬂygxnwmovahduﬂndﬂ&Erunse applied to one of the Ilnes
constituting a pair data line, e.g., DL arranged at an end part of the
menory arraypgdéednaio siHestdata aliye CDLPC dehemt h heherara de mppl ied to 159
the other of the lines constituting the pair data line, i.e., DL[err] In

ot her mordswu5h§ dat sdliemedifell |haveDi[ tewel. subsﬂﬂmﬂﬁdllﬁl{err] in the
D-RAM are forited from e.g., -the same wiring |ayer and arranged 20

adj acent  eguedch oottt af Mt@mw@l&ypéqadl tei §th§n@@$:a Accordingly, a
parasgtlc capaci tance between

line DLl 1° Moreovér, the -
noise aDDlled to each of the pair cata 11n= DLl 1
~and DL, 1 is reduced by the differential type T

sense ampllfler SAl'because the noise is
'substantially a common mode noise.
10 We have found.as mentioned
above that the noise applied to one of the 1inés
constituting a pair data liée,.e.gQ} Dhl-l'
arfanged at an end paft of the memory array does
aot substantially coincide with the noise applied to
the other of thé lipes constituting the pair data
line, i.e}, ﬁi;:I; - |
In'oﬁher.words, the data lines DL

-
wm

1-1* PBp- l'

DLl-n in the D-RAM are formed from,

e DLl_n,
e.g., the same wiring layer and arrangeq
20 adjacent to each.dther at substantiallflequal
éiStances. |
Acco?dingly; a parasiti§ capacitance beﬁween
data lines Cdd H;ving a valﬁe which-cannot bz

neglected is formed between data lines adjacent to

25 each other.



data lines CJerr] having a value which cannot be neglected is forned

bet ween data - ines adjacent to 25 each ot her. -12- In Fig. 1, the™x
par asi ti c. capaci tance- between data |ines connected with each of the d 7
|l i nes-arranged inside the nenory array, i.e., each of the data lines '

than the-data lines D1 1 and 5 DL[d2r] arranged at the end parts o
the nmenory array respectively, is 2 Cdd because the parasitic capacitance
has data |ines arranged on both sides thereof. On the other hand, the
parasitic capacitance if rig.batweer g divgs @?H”@Pi#ﬁicé\'i bbteagh of the
data lines DL[err] and DL[err] arranged at the end parts of the nmenory
array respectivel gats OCddebecauedthal paifisiddch aapachd adeeahnsnesl y one
data |ine arranged on one side thereof. 15 Consequently, the
coupl i ng noi ses appirasgreldo ihise deaitrhedateamd i ynea g yer ri .eand &hgprof arranged
at an end part of the nenory array respectively are not equal to each

ot her. SiniIarIybetﬁetao&émbﬁgqﬁﬁegﬂthﬁnﬂﬁhﬁjdaﬁafﬁﬁm&ﬁrbﬁfg &nde at

t he 20 gowernnst end part respectively are not equal to each other.

DL, _, arranged at the end parts of the memory

array respectively, is ZICdd bec;use.the parasitic

capacitanée has data lines arranged on both sides

thereof.

On the other hand, the parasitic capacitance

10 between data lines connected with each of the data

lines DL,_; and DL __arranged at the end parts of

the memory -array respectively is Cdd because the

parasitic capacitance has only one data line

arranged on one side thereof.

[
w

Conseqguently, the coupling noises applied to
the pair data line DL, ; and EZI:E arranged at an
end part of the memory array reépectively afe not
NS egual to each other. Similarly, the coupling

| noises applied to the pair.data line at the
20 lowermost end part respectively are not equal to
each other.
When the elements are miniaturized in order
to increase the memory capacitance, i.e. for
increasing the density_pf the memory array, the

parasitic capacitance Cad in



Wien the elenents are mniaturized in order to increase the nenory

capag¢i'taqce, i.e. for increasing the density of the nenory array, the

par ag capaci tance C in -13- the same wiring layer is

i ncr Therefore, the unbal ance between the coupling noi ses produced
int Above- menti oned pair dat ine is substantially increased. 5

’ When the potential of each of a Word line and a dummy word line rises from
alowleveL (0O V) to a high level (V cc) in the DRAM the approxi mate

val s of SHBS SN 01 sege VoLt aaperal gD SRLALS) [erIVerr)

ef fects of Heh& RGN HPPHSSh! L HeCRBIPEMICHNUICHY Jaglddg |ine and a W
word line CJerr] the parasitic capacitance between data Iines Cdd and the

ot her parag ttine GRS inde€iOhethpadat daltiang iGearss obtained 0 15
according to the tw following equations: C[err] It is to be al so noted
that the pEukstantiablncinrerease®d. includes the junction capacitance
5 When the potential of each of a wora'line ané
a dummy word line rises ffom'a low level (O'Vi To
a high.level (Vcéf in the D~R2M, the approximate -
values of the coupling noises (voltage varying
N’
10 * line (DLy_;, DL;__ ) by the effects of the

quantities) AV, AV, applied to the pair data

composite parasitic capacitance between a data
line and a word line de; the parasitic capacitance
between data lines Cyqq and the other parasitic

capacitance of the data line Co are obtained

[
w

according to the two'following equations:

. C ;
dw '

AV, = — v (1)
N de+CO+“

.. CC BERE
ad _
"C. _
aw -
3 v P (2) T . [
de+CO+2cdd cc o "

It is to be also noted that the parasitic

AN '
vN

capacitance Cb includes the junction capacitance .
20 between the drain of the MISFET constituting a
memory cell and a substrate. Accordingly, the

fluctuation in the substrate bias voltage -~ Vap

appliéd to the substrate causes similar codpling

-noises to be generated in the data lines.



20 between the drain of the M SFET constituting a menory cell and a
substrate. ‘Accordingly, the fluctuation in the substrate bias voltage
- ¥BB applited to the substrate causes simlar coupling noises to be gehé§é£$ﬂ
in the-data I'i nes. -14- Also in this case, coupling noises to be 1
-unbal anced aré generated in the outernpst pair data lines DL[err], DL[err]
and DL[err] DL[err]:. Thus, if couplinglﬁﬁises are not equally 5

generated in the lines constituting a pair data line, the differential type
sense anplifer fed w tRhltshe isi grtals e sde paupldatanbisesascarba nput *
signal is liable to malfunction. Consequently, when the data stored in a 10
menery cell appeansbedamcesl _rdatgendrmted ihether pudk raositngtad rvol t age

di fference, coupling noises may cause_the mnute voltage difference to-
decrease, so thatdeke Adings Mlngiyy oPLibhe angndk;tq b®Ldetected may be
‘reduced to such an extent that_ 15 .the Il owering degree cannot be

di sregarded. Such a pr 88%m ddc FRUPIHRI cRAMPEE, 2WAeAOthE WiagAN
correspondiﬁg to the data "Q" stored,in a nenory cell is read out to the

upper most  eRd dataepgﬁéqaﬂ(ﬁq]qhe lines constituting a pair data

line, the differential type sense amplifer fed
with the.signal on the pair data line as an input
signal is liable to malfunction.
Consequently, when the datz stored in a
10 memory cell appears on a pair data line in the
form of a minu;e voltage d;fference, coupling
noises may cause the minute voltage difference to
decrease, so that the noise margin of the signél
to b2 detected may be reduced to such an extent that
15 thé lowering degree cannot be disregarded.
Such a problem occurs, for example, when the

signal corresponding to the data "0" stored in a

(

A ' memory cell is read out to the uppermost end data
line DL, _;- . |
20 In this case, the voltage of the data line
DLl_l_is lower than the voltage (referencé
voitage)_of the data line'ﬁizji pzired therewith.
As will be apparent from equatiqns (1) and

(2), the couplin§ noise geherated in the

25 . uppermost end data line DLl_l is larger than that



20

“Aagparent fromequations (1) and (2),
uppernost end data line DL[err] is larger than that
In the data line DL[err]
tage difference betweenjtshe data lines Diferr]
decreases owi ng to the unbal ance between the coupling 5
probl em al so occurs in the foll ow ng cases:
corresponding to the data "0" stored in a nmenory cel

In this case, the voltage of the data line DL1 1 is |ower than
the voltage (reference voltage) of the data |ineDL1l paired therewith. As

-15-

paired therewith. Consequently, ‘the
“DL[err]

noi ses. This
(a) When the signa

t he coupling. noi se generated

is read out to the/Ip

| owermost end data line DL[err] and (b) Wen the signal corresponding to-

the data "1" stored in a nenory cel
or DL[err].
be described in greater detai

A preferred enbodi ment of the present 15 invention wll

DLlerr]; DL[eT

15

‘Conseqguently, the mznute voltage difference

between the data lines DL,_;. DL]_{ decreases
owing to the unbalance betweén tbe coupling
noises. |

This problem also occurs in the

following cases:

(a) When the signal corresponding to the data

“0" stored in a memory ceil is read out to the

lowermost end data line DL, __ 1-r, and

{b) When the signal corresponding to the data

"1" stored in a memory cell is read out to the

data line DLl l

A preferred embodiment of the present
invention Qill now be'descri?ed in greater
detail with reference to Fig. 2A.

Sense amplifiérs SAl,'SAZ, ce.s SAL are |
provided to pair data lines DLy _;+ EEI:i; DLy _o,
ﬁﬁI_;; cee: DLy _» ﬁii:;'respectivaly. .Each of
the data lines DLl qr 35;:;,'..., ﬁfI:; is

connected with the input/output terminals of

_memory cells M-CEL provided under a given matrix

DL[err]

is read out to the data line DL[err]

now

with reference to Fig. 2A. Sense anplifiers
SAlerr], SA[err erated lﬁ\[e{,’é] daarelgrgwl—ﬁed—t %apalj_r. t‘?ha I|n§§



DLferr];...; DL[err], DL[err] respectively. Each of the data lines
DLlerr] DLl[err] ..., DL[err] is connected with the input/output-s>
t.erm nals of nenory cell's M CEL provided under a given matrix - d
dumy cells D CEL reéspectively. Moreover, word lines W.(err], W [etT]
., Wlerr] and dumry word lines DAL [errFl6BW[err] are provided so as
to cross the data lines at right angles. Each of - the word 5 and
dumy word lines is connected with the selection term nals of the nmenory
cell's M CEL provi dedamdddumaygiogdrd syl1GBL arebpenet tiverhy - cel Her €oBet,
respectively. The pair. data lines DL DL[err]; DL[err], DL[err]; ...;
[ert) , Dilerr] are ¥9rd lingsnilgtad Wltjh g pair. oFLgogndRddaRETYi vesd
CDL1, CDL[err] through pairs_of MSFETs Qerr], Qerrl; Qerr], Qerr];
...: Qerr]. err] fameSoR¥ityti Rl coldfifth RUPYEESE- S0V 8specEFo8fy.
The common data |ine rr], .CDL[ err] .are conngcted with the ipput
terminal of a 15 ihggé%iao&ﬁﬂﬁ:lﬁﬁfﬁﬁgﬁi}?%ﬁik?he oﬁ?ﬁﬁt°?eF£$n§Pr6f a
data i nput buffer DI B respectivel The signal_transm ssiop, and reception
bet ween t he RAM an néina&nf“é’r r‘i'ﬁry gcc?‘?n?ﬂge?rgh lr"n'gg?on of the

DL

d.ihians i3 %

read-out data and th . e i t.t | | ac hr ough
t he data out put buff%req'%élcgi)(r?fdQt‘ﬁ:\é[(lntafgq de éﬁé(elpeggry cel_lQ ACEel

provided under a given matrix and the dummy cells

_D-CEL respectively. The pair data lines DL

1-1°
o . ' bL;_;; DLy_,, DL 5 ...; DLy;__, DLj_ are
10 connected with a pair of common data lines CDL,,
CDL

1 through pairs of MISFETs Q;;, Q77 Q;, §IE:
ool an, 6;; for constituting a column switch
C-SW respectively. The common data lines CDLl,
CDLl are connected with the input terminal of a
15 data output buffer DOB and the output terminal of
a data input buffer DIB respectively; The signal
transmissibn and reception between the D-RAM and
. an external.circuit, i.e., the transmission of the
read-out data and the data to be written is taken
20 place thfough the data output buffer DOB and thé
data input buffer DIB.
a row-colﬁmn decoder RC-DCR performs the
selecting operation fof selecting a word line and
a dqummy word line froﬁ the word lines WLy ;¢

25 - WLy 50 «.., WL and the dummy word lines DWLl_i.

l-m



dat a i'nput buffer DIB. A row col um decoder RC-DCR perforns the sel ecting
operatlon for selecting a word line and a dummy word |line fromthe word

I|ne err] 25 Wl[err] ..., W[err] and the dummy word |ines DW

- DWW - Moreover, the row colum decoder RC-DCR perforns the Selecting
'opera =dn for selecting a pair of SFETs fromthe pairs of MSFETs-Qerr],
Qerr]; Qerr], err]; Qerr] q' r] An address buffer ADB
processes two kinds of nultiplexed external addr ess S|gnals i.e., row .
addr ess si s Alerr err] d col umm_address_si rr]Alerr] _
processes ?‘%‘Ea;omarrs Jc']f’ Sg’ﬁfﬁl érrg'ﬁi arryo""aa%‘:?ng’éJ ns?gﬁgfi ? éLf‘ [err]) S
Lerr] (alerrl. aterpl) ARAsLakeiil AR cor sgig% errl) ™
respecti vel 28nd OW-CO eco at timngs
[err], [err C g\y%ttt},%g,%ef (9@,1451 I Chlp The
r ow- col um ;}jaéjégdg? %(i,gggR deéodes airs of c%?rg?errg Atdry address
signals forgid ,Pertorm ng the vae menti oned sel ecting operation. In

t he exanpl e, 1balr§20f aannﬁ°datajﬂ1neéJDDL[err] DDL[err] and DDL[err],

DDL[®rr] are proyhdgdaraser G fed @lnsﬂgxed@eéﬁ@saawekcimr olzed B
nonuni formty 20 In the parasitic capacitance between the |ines

multiplexed external address signals, i.e., row
address signals AOA-A7'and column address signals

Ag~RAj¢ procésées into pairs of complementary

2g
'(als, 15) respectively and sends them to the

)~

address signals (ao, ao)—~(a7, a7) and (aa

10
row-column decoder RC-DCR at timings ¢AR’ ¢AC in
accordance with the operétion in the IC chip.

The row-column deéodér RC-bCR decodes the
pairs of'complementary address signals for

15 performing thé'above—mentipned selecting
operation.

In the example, pairs of dummy'data lineé
DDL;_;, DDL;_; and DDLi-Z' DDL, _, are.provided in
order to eliminate the above-described nonuniformity

20 in the parasitic capacitance between the lines
cohstituting a pair data line DLlfl' Eizjz
arranged at the uppermost end of.the-memory array
part M-2RY (or the dummy array part D-ARY) and

_ between the lines conétituting a pair data line

DL, _, arranged at the lowermost end

1-n’



constituting a pair data line DL[err], DL[err], arranged at the up
~end of the menory array part MARY (or the dumy array part D Al
between the lines constituting a pair data |line 25 DL [err] :
arrangedat the | owefnost end -18- thereof. The pair of dunmmy data |ines
DDL[err],. DDL[err] is provided above the appernost pair data line DL[err],
DL[err] under the same arrangenent as the 5 other data lines. On the
other hand, the pair.of dummy data |lines DDL[err], DDL[err] is provided
bel ow t he | ower nos¢hepeb pair data line DL [err], DL[err] under the sane
arrangenent as the other data lines. 10 In order to make its
par@si tic capacitance (fle# rpaerjuaf Samhpatiaek uheedammultﬂgs Ty 1,
DL[err], ..., DL[err], each of these dummy data |ines DBL[err], [err],
DDL[ err], DDL[err]is poonhdedeslboive hthephppalimbgtopadendatacdlire M CEL, a
single dumy 15 menory cell D-CEL, a dummy sense anplifier DSA[err] or
DSA[err] and the cEﬁ*gfpoﬁﬁfﬁg vnéepf tMESsamansrsaogemgndy @s Wheerr],
Qerr] and err] or formng a colum switch as shown in the figure. The
practical artanger@ihenhfdzbahl breshe

e[ nost

On the other hand, the pair. of dummy data
lines DDL,__ ., DDL,_ is provided below the
lowermost end pair data line DL,_., DL;__ under

" the same arrangement as the other data lines.
10 In order to make its parasitic capacitance Co

equal to that of the data lines DLy _j;, DLy_,r «..s

DLy _p,¢ each of these dummy data lines DDLl-l'

DBL, _;, DDL,_,, DDL;_, is connected with a
plurality of memory cells M-CEL, a single dummy
15 memory cell D-CEL, a dummy sense amﬁlifier DSAl or
DSA2 and the corresponding one of MOS transistors
Ql' EI, Q2 and ﬁz'for forming a column switch as
\ shown in the figure.
The practical arrangement of each of the
20 dummy sense amplifers DSA, ., DSA2 is to be the same
'as the sense amplifiers SAl, SAZ’ <--s SA_.
In addition, each of the word lines is formsd
so as to cross the dummy data lines in order to

make the parasitic capacitance Dgw between a data

25 - line and a word line of each dummy data line equal



20 dummy sense anplifers DSA[err], DSAlerr] is to be the sane as the
sense anplifiers SA[err], SA[err], ..., SAlerr]. In addition, each of the
iyes is formed so as to cross the dumy data lines in order to nmake
Atic capacitance D err] between a data 25 - line and a word
ach dummy data |ine equal - to that of the other data |ines.
The pair of dummy data lines is prOV|&éH'|n order to nmake thhe parasitic
capacitance between data lines of the outernost data lines DiL[err] and 5

DLl err] reége&t‘éé/e&y gfual 4R £ NPt OFy § hesot her data lines, i.e., 2Cdd.

Therefore, Tt is unnecesSsary to read out the data in a pair of dummy data u*
- l1nes. ACCOfd?ﬁ'él' aﬁh%fp%ﬁ'ﬁnffaé\@ naegl §Eob§o%%%rd] igderr] and ¥

Qerr]. err] orm ng a col'um switch connected with the pairs
of dummy daf@eti pgsmPlkl el Jdddeitic aaga@li)b[aaeé] belideleey r] respectively
are nalntalned in an OFF state. Referring nowto Figs. 2B and 2C,. each of
the 1-bit gepRryisel! 6 Mebel oEXhést 8atd linesa _borar@ for storing
data and a M SFET Q for the address selection. The data "1" or "0" is

st orsed accprmgré@pabetiheﬂy legwapatot bha€ béisthe elthetrr iGatzharge or not.’

lines, i.e., 2Cdd. Therefore, it is unnecessary
to read out the data in a paif of dummy data
.lines. Accordingly, the pairs of MOS transistors
0y GI and Q,, Gs-for forming a column switch
16 connected with the pairs of dummy data lines
DL g+ Bﬁ‘.l—_: and DDL,_,..

- maintained in an OFF state.

ﬁﬁtl-é respectively are

Referring now to Figs. 2B and-ZC, each
of the 1-bit memory cells M-CEL comprises a
15 capacitor CS for storing data and a MISFET Qu
for the address selection. The data "l1" or "0"
is stored acqording to whether the capacitor'

Cs has an electric charge or not.



L]

S  -20- Data is read out by turning ON the M SFET in order to connect the

capacitor C to the data S line DL[err] and sensing the change i e
potential of the data line DL1 1 with the ambunt of electric 5 » Jchar ge
stored in thé capacitor CJerr]. In the foll ow ng description i 11~ be
assuned for the sake of clarity that each of dhe data lines has only the

parasitic capacitance Cferr]. -Supposi ng 10 that the potenti al
previously charged in the parasitic capacitance Cerr] of the data |line
DL[err] is a supply vol tmage \£ridad Wed bhetdahadngt onedHen MIBFEA@ACI t Or
Cerr] is "I" (the potential of the supply voltage Vcc), the potenthI
(VDL " of the datm drider to |dornd¥fethé taphkeptoat A haocsumel Maral t age
Vcc in addressing and, on the other hand, when the dat&d is "0" (0 V), the
potential (Verr]) liGle onesard(s¥m$ing the change in the potential
Wew]%}aﬂ(Wew]dqzﬁn [Cerr], where V[err] is the gate voltage of
the M SFET Jerr], cihdhd siatja ilsinmelegr?shi)td tbet ageudt of e lefctrie
e

M SFET Clerr] Here, the difference ween the logic "1" and the | ogic
"0", i.e., Phe ann@hﬁﬁﬂ‘tﬂﬁ?%ﬁiﬁ%ﬂ tle beapeedtPEdClger r] Vrettie i s as
fol | ows:

follow1ng description it will be assumed
-for the sake of clarity that each-

.0f the data lines

- has only the parasitic capacitance Co- Supposing
10 that the potential previously charged in the

parasitic capecitahce Co of the data line DLy, is

a supply voltage VCC' when the data stored in the
'eapacitor CS is "1" (the potentiel of the supply

voltage VCC)F the potential (Vnt) "1 of the data

15 line DLl__l is kept at the supply voltage VCC in

addressing and, on the other hand, when the daﬁa

is "0" {0 V), the potential (V L) “0“ becomes {Co-

U C (Vig Vth)E/Co, where V., is the gate voltage

of the MISFET Qy, and V., is the threshold voltage’

t
20 of the MISFET QM‘ Bere, the difference between
the logic “l" and the logic "o", i.e., the amount

of the 51gnal to be detected AV, is as follows:

s
If VW_VCC’ the amount of_the 51gnal.AVs is as

25 . féllows:



AVierr]=(V[err])"[err]"-(V[err])"[err]"=(V[err]-V[err]).

V[err]=V[err], the anobunt of the signal [err]V[err] 1is as 25

-21-
nmade
i ne
degr

[err]

Jerr]/derr] If

foll ows:

Vierr]= (V[err]-V[err] ).derr]/Cerr] Since the nenory cell is

s to forma nenory matrix having as hi gher integration

Ggg#ler and a | arge nunber of menory cells are connected to each data -
e

S

wel | as a larger capacitamle; C [err]<<Cerr], i.e.

Clerr]/Cferr] becones an extrenely small “val ue. Cbnsequently [err]V[err]

is an extrenely mnute signal. 10

enpl oyed as. ref &\yteéed0 tgét Ee?Fag such minute signal s.
cells D-CEL is manufactured under t

with the sane déﬁ?ﬁ?cﬁﬁ%t%ﬂ?°5§ R

merfo ™ Iﬁ@?

The dummy cells D-CEL are
Each of the duqﬂy
gﬁ sanme nanuf act ur|n Condltlons and

except for

t hat the capacitance vaIug its cag I tar er |s a out the hal f of
r a

that of theéaE@RAYHeyR

pot e

ntial-

bei ng 20

chapge- qua i

e A4 PAEL oRPBEGAe! Q4 BRI Id asbd T 1] Y e dummy.

cel

10

15

20

25

in ad

Temor¥hé:e

@Itor i 52n3#%_d to earth

by nmeans of .a M SEET r e, ot her el ectrode
élatq:f%erbei iHha gapESD%‘v% 556 i%qrels’ﬁ'here o?e t he signal

capaéitance, CS«'CO, i.e., CS/CO becomes an

extremely small value. Consequently,avs is an

- extremely minute signal.

The dummy cells D-CEL are employed as
references for detecting such minute 51gnals;
Each of the dummy cells D-CEL is manufactured
under the same manufacturing conditions and with
the same design constant as.ﬁhe'memory cells M-CEL
exéept'for that the capacitance value of its
capacitor Cg_ is about the half of that of the
capacitor cs.' The.capacitor cas is dischafged
to earth potential by méans of a MISFET 25,
prior to aadressing (the other electrode being
fixed at the supply voltage V..). Therefore, the
signal.change guantity Aﬂk appliea to tbe data
line DL _; by the dummy cell in addressing is .
represented.by the following eéuation simiiarly to
the signal change-quantity.AVs to the data line

DL, ; by the memory cell:



'grepresent ed by the followi ng equation simlarly to the signal change

gquantity AV5 to the data |ine 25 DL [err] by the nenory cell: -22-
Jerr]Vierr]=(Vierr]-Vlerr]').Cerr]/Cerr] where VDWis the gatefyohtage of
the M. SFET QD2' and Vth, is the threshold voltage of the M SFET rr]. 5

If V[err].=V[err], [err]V[err] is represented by the follow ng equation:

[err]V[err]:(V[err]-V[err]).C[ERR]/C[EFF&Z%Wnce CERR] is set so as to be
al nost half of JERR] [ERR]V[ERR] is equal to al nost half of [ERR]V]ERR]
10 .Accordingly, i It%; L RPssiple 19 di;,&ri m nate data "I" and "0O"

accordi ng to whet her theRsi grid ctﬂahg'ecqaanoi ty [ERR] V[ERR] of the data

i DL[ ERR] i I P t Lt ' ti
[ ERQVIERR] of t no Saca e bl R e (15  PheeS8nes” She PESERtsflohe 1o

enl arge the 1 potenfs gl change Kl fikren6e18" oduesde’ Bragddbengishgr Nto a
sense period determ ned™y a timng signal (sense-anpiifier control signal)

[ERR] (the 20 QDZQperat lon thereof is described |ater) and has

S If vV is represented by the

pw=Vccr 4V
following equation:
AVp=VecVine 7+ Cas/Co
Since cds is set so as to be almost half of
CS' AVR is equal to almost half ofAVs.
10 Accordingly, it is possible to discriminate data
"1l" and "0" according to whether the signal change
quantity.AVs of the data line DLl_l is smaller or

larger than the signal change quantity AV, of

R

the céta-llne DL, ;-

15
The sense amplifier SAl is to enlgrge the
potential change difference produced in addressing
s into.a sense period determined by a timing signal
| ({sense amplifier control signal) Q,PA (the
.20 operation 'th_ereof is described later) and has

input/output nodes connected with a pair of

complementary data lines DL,_;, DLy arranged in
parallel to each other. The numbers of the
memory cells connected to the data lines DL, .,

25 '.--D.Ll-l respec_tively are made equal to each other in



I nput / out put nodes connected with a pair of conplenentary data |ines

DL[ ERR], DL[ ERR] arranged in parallel to each other.  The nunbers of the
menoryfiepl | s connected to-the data |ines DL 25 DL1 respectively are
~ made egial to each other in -23- order to increase the degree of
‘detecting accuracy, and one dummy cell_ . s connected to each of the data

lines DL[ERR], DL[ERR]. Mor eover, e4ch menory cell M CEL irs connected
between a word line 5 ~and one of the pair of conplenentary data |ines.

Si nce each wgpgd.lipg qrnm%%eb@drtgl ;éwﬁéé@eéﬁgé&&%*ng a pair data line,

I f the noi se conponent generate e wor Ime is transmtted to a data-

line by neangcehrabye! 8al @Herld AP cell iS§OEBhhBEtelN@oN@aSh COMPONnent s
equal |y appear on both the data |ines and are cancelled out by the

differential ogkypResadea aAes imt, SAL.-B [cul gbk¥ovkRg duery data lines
are provided in the exanple as descri bed*above. 15 Therefore, the

parasitic capefmbtgneelheMwedL dad acdnmestod beehedata Word 13nal | owed to be
2Cdd with respect to all the data |ines. Consequently, it is possible to
equald ze t hean@upheng fneinee plariamaf vesmiplémentath data lihke.coupling noise
resultlhg Since each wdrd line crosses both the lines
constituting a pair data line, if the noise
éomponent_generéted in the word line is transmitted
to a daéa ling by means of an electrostatic

10 éoupiing, the noise components equally appear on
both the data lines and are cancelled out by the
differential type sense amplifier sa, .

Particularly, the dummy data lines are
provided in the example asldescribed above.

15 Therefore, the parasitic capacitance between data
lines of each data line is allowed to be 2Cdd with
respect to all the data lines. Consegquently, it
is possible to equalize the coupling noise from a
word line with the coupling noise resulting

20 from the'fluctuatiOn in the substrate bias voltage_
- Vap with respect to all the data lines.
Accordingly, each sense amplifier can reliably
cancel out the coupling noises. -

When the memory cell connected with one of

25 't_fhe pair of complementary data lines‘DLl_l, DLy_;



20 . fromthe fluctuation in the substrate bias voltage - VERR] with

respect to all the data lines. Accordingly, each sense anplifier can.—=
Jeliably ‘cancel out the coupling noises. Wen the nenory cell conneég%éé
RR]

wi th.oene of 25 " the pair of conplenentary data |ines DL[ERR],
-24- is selected, one of the pair of dummr2dord |ines DI ERR], DW.[ ERR]
Is selected so that a dunmy cell is inevitably connected to the other data

line. The sense anplifier SA[ERR] has a pair of MSFETs QERR], { ERR
which are cross-|idlsededettdidf @mnte fil tye applt foEsdammy nwoedsilgnak by t he
positive feedback operation thereof. The positive feedback operation is
stagted at the sanm®Wlijmg WHBL g J0is selegtspEyoFERR| 2i dumBiecedhdistive
in response to the timng signal (sense anplifier control signal) [ERR] and
the hi gher data-|id@eydttaRlvlcevierigd tovkhe ather|@atadptédeand the | over
data-line potential (V[ERR]) lowers at a high speed while 15 _
enl arging the difference therebetween according to the potential difference

opPLi e i Sdr e ng. olten L | et daLe Lincnpet rulel U Loaebss o
st, ng which are cross-linked ana differentially |
amplifies a minute signal by the positive feedback
operation thgreof. The pdsitive feedback

. opefation'is started at the same time when a

MISFET Qslo is made conductive in response to the

timing signal (sense amplifier control signal)

¢PA' and the higher data-line potential (VH)

lowers at a low speed and the ;ower data-line

potential (VL) lowers at a high speed while

eniarging the difference therebetween according to
the potential difference applied in addressing.

When thé lower data-line potehtial VL reaches a

¢ thréshold voltage Ven of the cross-linked MISFETs,
the-posiﬁive feedback operation completes, so that.

20 the higher data-line potential V_ rests at a
potential smaller than the supply voltage Vcc but

larger than the threshold voltage V and the

th
lower data-line potential VL finally reaches 0 V.
The stored data in a memory cell once

25 " destroyed in addressing is restored (rewritten) by



the positive feedback operation conpletes, so that 20 t he hi gher
data-line potential VERR] rests at a potential smaller than the supply

vol t ag ERR] but larger than the threshol d voltage Vth and the | ower
dat a- | otential V[ERR] finally reaches 0 V. The stored data i'n a nenory
" cell oncE 25 destroyed in2gddressing is restored (rewitten) by

-25- receiving the higher data-line potential V[ERR] or the-lower data-Iline

tenti al . i ; i i it is. t he hi gh
flat o || RECHAVATE APS e, Bt BeRent ot v o el e amount vi ¢ h
respect 1LQ e g lanﬁlmlev%tc@@g;\éhEBR] obRaTRleld B! khR 's@ke5ngl ace in that the

state is read as the-logic ' whi ke reading and rewriting are repeated
certai nobe#%iof agctitvasr.estoring circuit ARL is provided in order 10 to
prevent a malfunction of this kind. The active restoring circuit AR ERR]
has the function tWheselthet highgrbdatia-ding teeechitghdr vdat a-1i ne potenti a
V[ERR] to the supply voltage potential V w thout exerting any effect on
t he5l owdis aadadedndypooaet ithianvia, giFgoh ameungf Wit respecdri abl e _
capacitance elements CBIl and CBl2 varies its electrostatic capacitance

wi th th&ovsheagerRdp ved et dognal padfunes iopr takege Pigce

in that the state is read as the logic "0" while

reéding.and rewriting.are repeatéd.ceftain times.

An active restoring circuit.AR1 is pro&ided in ofder . o
10 to prevent a malfunction of this kind. The active

restoring circuit ARi has the function to selectively
| to the

H
without exerting any

boost only the higher data-line potential v
supply voltage potential VCC

effect on the lower date-line potential V Each

L°
15 of MIS type variable capacitance elements CBll and
CB12 varies its electrostatic capacitance_with the P
voltage applied'to terminals on the left side as
viewed in the figure. It will be.appfeciated that
a capacitor is formed at a voltage higher than che

20 threshold voltage Vin and no capacitor is formed

a2t a voltage lower than that.



viewed in the figure. It will be appreciated that a capacitor is forned at
a voltage higher than the 20 threshold voltage Vth and no capacitor ig

formed at a voltage |ower than that. -26- Wien M SFETS4' (6 are ,
conductive in response to a tinmng si gggL (active restoring control s )
[ ERR] the variabl e capacitance el ement bel onging to the data line at the

potential V[ERR] 5 Is charged. Next, when a timng signal (active
restoring control signal) [ERR is at a high |evel, the gate potential of
a M SFET Q ERR] or { ERhage| ERP 1y 4hRgdatare madehsoodustiweficiently

hi gher than the supply voltage V[ERR], so that the potential VH 10 is
restored to tHe& s’if%‘fﬂ%’%l?%gfe t\}[“EFQ% signal {iastdiyge regeriRgeshol d

vol tages Vth of the M SFETs (J ERR] ERR]_.are designed so as_to be smaller

t han t hose of l'ﬁ"'l':c’lls snlo%na?!a)r R *v4rr+a[b§§ ﬁaé’%Féq:PﬁCsr §iPMeBtdecr ease

t he power | 0ss i . 1 . en a timng
p T rbé]_qu}#\ﬂd-@:ﬁ;@ tI\NeE%Q] a QIH%E]r?tt %ggs ggg.fentlal W‘ :

signal [ERR] i®at a l'evel (higher pl"y Vol'tage V[ ERR],
M SFETs Q5ERRI; JcRRlged.e e CaMeiCld Wamibie sfié‘ﬂﬁtl' Rgcegpaci tance Q0 of

each of the pair of conplenentary data |ines DL[ERR], DL[ERR] is precharged

to the supply nsﬁﬁc&gngQ:on\ﬁ[ﬁa:IR]signﬁlﬂC%r% WsSEET aChERR] 1e§ede conductive
the gate potential of a MISFET'Qss or Qg, belonging |
to the data line becomes sufficiently higher than

H
10 1is restored to the supply voltage VCC' In this case,

o - the supply yoltagg VCC' so that the botential v

the threshold voltages Vth of the MISFETs st, QS7
are designed so as to be smaller than those of MISFETs
not marked with * in the figure in order to decrease

the power loss in the MISFETs WSG’ QS?'

15 When a timing signal ¢PC is at a high level

(higher than the supply voltage V MISFETs_QSz,

CC)'
Qs3lare made conductive, the floating capacitance

Cd of each of the pair of complementary data lines

DLl-i' DLl-l is precharged to thé supply voltage
20 VCC' Since a MISFET QSl is made conduéti?e
simultaneously therewith, if there is unbalanée
between the precharging'operatioﬁs by the MISFETs
QSz and Qs3 réspectivély, the pair of complémentary
BL, |

data lines'DLl_l,' 1-1 are short-circuited with



simul taneously therewith, if there is unbal ance between the precharging
'operatiQng\by the M SFETs JQerr] and JQerr] respectively, the pair of

conpl emefitiqry data |ines DL DL are short-circuited with -27-
each.or@zso as to be set under the sane potential condition. The

"t hreshol oltage Vth of each of the MSFETs JQerr] to Qerr] is set-so as
to be |ower than that of the M SFETs rntd7Tmrked with * in the figure in
order to prevent the production of the voltage | oss between the source and
drai n thereof .eaghtdtRer| e, ash& oMSFBE tQdthdex niehile sameluct i ve in response
to a timng signal 10 (di scharge control signal) [err] and the dummy ~
cel| D-CEL is RR&P%¥3bt cPAdAtdPRen stlhee tIRAShald ceslsagaaVs, Alerr]  t 0w
Alerr] supplied froman_address buffer ADB. by neans,  of a trmng 15

signal (addr et ®#AFROEChPROMISEETR Rg; €O Lgy detoset 99 asrow col um

decoder RC-DCR, and addressjing of a nenory cell MCEL and a dummy cel
D-CEL is star tté?:lakﬁ rﬁfF“l’%\’ﬁeBhg%yt&Ftth ofhdHe ESFETS WP MRFRRE WHRY Foln si gnal

[err].520 As a.result voltﬁgsjdifference of , al nost

[err]V[err] i % SAARE b’erB’éﬂthg%éﬁrP tdhf arefuryion of

the voltage loss between the source and drain
thereof. -
At this time, the MISFET 0y, is made
conductive in response to a timing signal.
10 (discharge control signal)lgac, and the dummy cell
D-CEL is also reset in a given state. |
Row address signals Ao to. A; suppiied from
an address buffer ADB by means of a timing |
15 signal (address buffer control sigﬂal) g%a are
decoded by a row-column decoder RC-DCR, and |

addressing of a memory cell M-CEL and a dummy cell

D-CEL is started simultaneously with the rise of a A

word line control signal ¢k.

20 As a result, a voltage difference of almost
AVS!2 is produced between the pair of complementary
data lines DL, ,, DL;_; according to the stored
content of the memory cell as described above.

25

At the same time when the MISFET QSlo starts



cell as described above. 25 At the sanme tinme when the M SN
Jerr] starts -28- conducting in response to the timng signal (sWYrise
anplifier coritrol signal) [err], the sense anplifier SA[err] starts the
“positive feedback operation and anplifies-pBe detection signal of
‘[err]V[err] generated 5 I n addr essi ng. After the anplifying
operation is al nost_c l.eted,. the ove-described.active.restoring circuit
ARl err] restores tﬁ?ﬁagiﬁlﬁ% ﬂqégﬁ{%#%531€8tgh?hglgﬁﬂﬁl§1§§F§aéée%f8rr] in
synchronismw th the i:m; lha | egtori C I .

sigkal) [err]. Col %%I?lal?cir%gss% Sl gnoa#a%f%érfgpt%PAA[ gg?] ggé%tg Fg.“g)r%ltfﬁgr

address buffer ADBgan SHRGHORIEEMYMS I Bvd i FBELEELNBbe FBELES S RUT f er
control signal) [err]t 15 . are decoded by the row col um decoder RC-DCR,

and then the data syad el kW%'HEEHdtP@h'stEEL 8t Abe /eouma ragdigess
selected by a timng signal (colum switch control S|gn§I) err] is

transm ttedsto comu d@raddinre COAftéDlthehsnpyhfgiagl ypard@ion isswitch
C-SW Next, a main anplifier data output buffer OQADOB is actuated 'in
response to a tim rdmisgnalompleted, the above-described active

data | i nes DL[érr], DL[err] according to the stored content of the neﬁggy

restoring circuit AR, restores the level of the

logic "1" to the supply voltage V in synchronism

cC
N with the timing signal (active restoring control

10 signal) 2.s-

Column aédress signal Al to - Aj'sent from
the address buffer ADB in synchronism'with a
timing.signal (address buffer control signal) £,
15 .are decoded.by the row-column decoder RC-DCR, and
then the déta stored in the ‘memory cell M-CEL.at
the column address selected by a timing signal
(column switch control signa.l)ﬁY is transmitted
té common data lines CDpl, CDLl through a column
20 swiﬁch C-SW. R
| Next, a main ampiifier déta outpu£ buffer
OA&DOE is actuéted'in'feéponse to a timing signal
(data output buffer énd main.amplifier control

signal) £ ., so that the read stored data is sent

25 .. out to an ohtput terminal Dout of the chip. - The



(data output buffer and main anplifier control signal) [err], so that the
read stored data is sent 25 . out to an output term nal Dout of the chip.
The | O- main anplifier data output buffer OAGDOB i s nade inoperative in
respo Jo a timing signal (data output buffer control signal) [err] in
"witingT 5 Precharging, addressing and sensing operations are substantially
the same as the above-described readi ng o8- operati on. Consequently, the
stored data in the nenory cell to be essentially witten 10 is read

out 1o the Pat il +GRTHISURNA A LAlep i NGSEPLE CohpoRLIIG! b dregar di ess of

the | ogical value of "an input wite nce the read out data

s to be negl eabed: By ;e W irddih AR ad i one dR3AG Begnbal Qaadal MY De v
consi dered that .. operation so far is éssentially the selection

of a 10W addr g5sputNBuirelr Corktal |41gsaDh@ (] inDrkeily. located on
t he col um selec?ed In synchronismwth the 2 timng signal (colum

switch control signal) [err] simlarly to the readi ng operation are
connected to the common data lines CDL[err], CDL[err] respectively through
the cd um switch C SW )
| Precharging; addressﬁng and senéing operations
are'substantiélly.the samé as the aboVe-descriBed
reading out opéfation. Consééuently, the stored
data in the memory cell to bé esséntially written
10 is read out to the pair of complementary daté
lines DLl 1’ DLl 1 regardless of the logical value
of an input write data Din- glnce the read out
data is to bé.neglected by the writing operation
describéd'later, it méy be considered that the

15 operation so far is essentially the selection of a

row address.

The pair of data lines DL, ,, DL located
1-1 1-1,
on the column selected in synchronism with the
20 timing signal (column switch control signal)ﬂ‘Y

Simiiatly to the reading opération are connected
to the common data 1inesTCDLl, CDLl_respectively
through thé column switch C-SW.

Next, complementary writing input signals

25 . din' din supplied from the déta input buffer DIB



" Next,-conplenentary witing input signals 25 dierr], d[err] supg
fromthe data input buffer DB -30 in synchronismwith the tim ng?!

. (data input buffer control signal) [err] are witten in the nenory ce
M CEL t hrough the tolum switch CGSW Although the sense anplifier SAlerr]
I's al so ,operative 5 - at this tinme, the data appearing on the pair of
colum data lines DL 11, DL1 1 is determ nd8 according to the data of the
i nput signal D err] because the output inpedance of the data input buffer
DB is low 10 Refireshinghiseneéhesiet thestdmimgnay drixll (dwralaispstored in
the nenory cell M CEL and being lost is once read out to a col unmm common
data line DL, and deeferxea:bmoﬂasaghalneﬂkw ad et ovrd tieweni i3 he | evel
by neans of the sense anplifier SAlerr] as well as the active restoring
circuit ARL and réwmanyrcehl theCEBnbhyosghl tieCEiol ummeaoir titngTy$Wi he
refreshing operation is the sane as the row addressing and sensing period
operations descri Bddlmpagh theseasana@pildd iRt $Ahd & addihPrRARaBHER at i on.
In this cage, however, the colum swi_tch CSWis nmade inoperative, and :
refreshing i s effdd di¥ortimg, the data appearing on the pair of

column data lines DLy_,., DLy_; is determined

acéording to the data of the input signal Din
because the ocutput impedance of the data input
N buffer DIB is low.
10
Refreshing is éffected in such a way that the
data stored in the memory cell M-CEL and being
lost is once read out to a coiumh common data line
DL, and the read-out data is restored to a given
15 ' level by means of the sense amplifier SAl as well
as the active restoring circuit AR, and rewritten
in the memory cell M-CEL. .Accordingly, the
;efreshing operation is the same as the row
aadressing and sensing period operations described
20 in connection with the reading out operation. In
this case, however, the column switch C—Sw-is made
inoperative, and refreshiﬁg is effected for all
the columns simultaneously as well as row by row

in order.

25



the col ygms simul taneously as well as row by row in order. 25 - 31-

Ref errizag\now to the enbodi nrent shown in Fig. 2D, it wll be seen that

unl i ke exanpl e shown in Fig. 2A, each of the dummy data |ines provided
out si de e outernost data lines DL[err], DLlerr] in:5 the nmenory

array part MARY (or the dummy array part D ARY) conprises a single dumy

. data line (DDL[err], DDL[err])=31=These dumy data lines DDIt[err], DDL[err]
al l ow the conposite capacitances between data lines of all the data lines
Dilerr], DLlerr], 10 ..., DL[err] to_be substantially equal to each
other. In aBGfEirdinSsinAv af? yh® ¢RRCGLAAYL d8Re¥Di #8s DDL[err], and !
DDL[err] shown in Fig. 2A, each of the above-nentioned dummy data |ines -~
DDL[ er FE9 - DBP[ efr) "‘1121 ]cc?hﬁe%‘?%’ﬂ wWah ’én%l']ﬁ?aﬂ’?ye’é‘?m fory 15 cells M CEL,
a single du el | CEL_and t he,_correspondi ne of MOS.transistors
(Ierr]FEQFE?H% %&ﬁ'f rﬁfé@c Fu%%eséfTﬁ% gggghgﬁﬁégnpfﬁgl%?éure.

Moreover, the dummy data lines DDL[err], DDL[err] are connected w th dummy
sense @ytisiifdeethepSutermpstDdAatpeddnez Mach copyisi Wy a part of the

cirgUit el enents constituting a sense anplifier, as shown in the
v the memory array part M-ARY (or the dummy array

part D-ARY) comprises a single dummy data line
(DDLl_l, DDLl_z).- These.dummy data lines pDLl_l,

- DDL allow the composite capacitances between

1-2
data_lines_of all the data lines DLy _yr DLy o

10 ..., DLy _, to be substantially equal to each
other. 1In addition, similarly to the dummy data
lines DDL, _; . |
the above-mentioned dummy data lines DDL, ;.

'ahd_DDLl_z shown in Fig. 2A, each of

DDLI_; is connected with a plurality of memory

15 cells M-CEL, a single dummy cell D-CEL and the
éorreépohding one of MOS transistors Ql' Q2 for
forming a column switch as shown in the figure.
Moreover, the dummy data lines DPL, _; . DbLl;2 are
connected with dummy sénse.émplifiefs.DSA'l, DSa’,

20 eaéh compriSing a part of the circuit elements
constithting a sense ampiifier, as shown in the
figure. Thus, the parasitic capacitance C, of
each of the dummy data lines DDLl_l,'DDLl_z is

made egual to that of each of the data lines



?igure: Thus, the parasitic capacitance CJerr] of each of the dummy data
lines DDL[err], DDL[err] is nmade equal to that of each of the data |ings

-32- DL[err], DL[err]..., DL{err]. The dummy data lines DDL[err],

are provided-in ordér to allow the parasitic capacitance between dat| 'S
of each of the outernpst data 5 lined2bL[err], DL1-n to be equal to at
of the other data.lines, i.e. 2Cerr]. Therefore, it is unnecessary to read

out signals frunﬂjfuanht; , dat.g IDmes .DDL[err], DDL[err]. Consequently,
t he dummy dat a i Hes ar ot connectéd to the common data |ines CDL1, 10
CDL1. Referring now to Fhe Qmny detdd limesed®DLyhat DDE,dynmEyesense

amplifier DSA [err] is conposed of the circuit el énments connected with a
data |ine in tHFewdediin Quiamntte &diaW tiig Pgrasd tdicf capagditances type

sense amplifier SAlL. Consequentl t he du sense anmplifier DSA [err] is
conposed of alR§fWaeR rdada t %ﬁr&%ﬂqa éﬁ£2%§ CYLErmesti Agtehe

differential 3038 HB! 1T YT bo B Wnal® PN 82 Rhel BEnglrcUIt O
data lines, i.e. chd' Therefore, it is unnecessary
to read out signals from the dummy data lines
DDL, _;, DDLy_,. Consequently, the dummy data lines
are not connected to the common data lines'CDLl,

10 CDL,.

Referring now to Fig. 2E it will be seen
that the dummy sense amplifier DSA'l is ccmposed-
of the circuit elements connected with a data line
in the circuit elements constituﬁing the differential

15 type sense amplifier SAl' Consequently, the dummy.
sense amplifier DSA'1 is composed of about half of
the circuit elements constituting the differential-
sense amplifier SA'l.

i Since the operation of the circuit of this

20



.-33- exanple is the sane as described wth reference to Fig. 2B and Fig.
2C,-the description thereof is omtted. Fig. 3Ais a circuit diagramof the
D Bavi ng about 64 Kbit-nmenory cells arranged separately in two menory °
'deﬁﬁzgg?rixes (menmory arrays M ARY1l, M ARY2) each having a nmenory capacity
of 1 rows x 256 colums=32, 768 bits(32 Kbits). Princi pal blocks in the
figure are drawn 10 I n accordance with the actual geonetric .
arrangement. Decodi ng output sigma+s of 2[err]=128 ki nds obtai ned accordi ng
to row addrgsghpges, g“%'ha Ala5ld 141 eaLL o2l 8-8P0 kR0 LG AddIES S el ecting

lines (word nthe row system or eac he nmenory arrays

M ARY1, MAER}@ LM,k gquiccg;ﬁjs éﬁgrgéggr§ $90aS t W@ oF ijwer s) R—DCR[erH_

L

R-DCR[ err] pectively m decoder C- DCR provi des decodi ng out put
signals of 128 Kbgds according to colum 20 address signals
Alerr]f[err] A[err] The col-umm sel ecting decodi ng out put signals are
common to the righlg.and lief ta reipsyier aaygram ol kehes gdramipper and | ower
adj acent colums in each of the nenory arrays, i.e., four colums in total.
25 5 haviihg adduess4sikpit sméheor ] cedlsApetialngeat e al l otted in.

separately in two memory cell matrixes (memory
arrays M-ARYl, M ARYz) each having a memory
capacity of 128 rows)<256 columns=32,768 bits(32 w
Kbits). Principal blocks in the figure are drawn.
10 in accordance with the actual geometric arrangement.
Decoding output signals of 27=;28 kinds -
obtained eccorQing to row addressing signals

A,~A, are applied to address selecting lines

0 6
(word lines WL) in the row system of each of the
15 memory arrays M—ARYl“,-M'-ARY2 from row decoders
(serving also as word drivers) R-DCRl, ﬁ-DCR2
respectively.
A column decoder C-DCR provides decoding
output signals of 128 kinds according to column
20 address signals Agﬁ—Als.' The column selecting
decoding output signals are common to the right
and left memory arrays as well as the upper and
lower adjacent columns in each of the memory

arrays, i.e., four columns in total.

25 S The address signals A, and Ag are allotted in



N,

u'-34_- order to select one of these four col unms. For instance, th _ﬁﬁess
signal A7 is allotted for selecting one of the right and left colu
While the address signal A8 is allotted for selecting 5 one of the

upper and |l ower columms. A [err] signal generating circuit [err]-SG
decodes data into four kinds of conbingsign according to the address
signals Alerr], Alerr]. Col um swi tch gelectors CSWS1, CSW S2 change
over the 10 columms according to output signals [err],{err], [err],
[err] the [err] sigRBfefeheratingtcionauial [tdage FPuTheRluwpps. decbaer for
selecting the colums of the nmenory arrays js divided into two_stages: 15
t he_col urm decoder EPPERNSRd the eGdFAsSiiTRsApctodraliatied fetw so.

product i on_of any wESLToF 18aB8S: RY ibe & i p and | IEbt HEp TuBrRe, P i ms

t incid 20 t the | i tudi : t.pitch of NOR

Gat s having a rel abPuetGar Ao A Ate i 134 TRESE par 7 of P GhE "dnd 1 of t

out put si gnal I|nesog%bgpetﬁglEggsgeg%gﬂlé%é§}%5gﬁksgg menmory cell col um
nely, "thevdivision

arrangenent pitch.
A . ..
ﬂle yij

decodes data into four kinds of combination

signél generating circuit -SG
according to the address signals A,, Ag. Column
L/ switch selectors CSW-S;, CSW-S, change over the
10 columns according to output signals ¢Y°0' ﬁyOl'
of the g

signal generating circuit

Fy10° dyll yij

fyi37s6- | .
Thus, the decoder for selecting:the_columns
of the memory arrays is divided into two stages:
15 the column decoder C-DCR and the column switch
selectors CSW-Sl; CSW-S,. " The division of the
decoder into two stages aimé fifst to prevent
ihe prodﬁction of_any waétful space in the IC
chip. In other words, it aims at coincidence
20 between the longitudinal arréngement.pitch of NOR
gates having a relatiﬁely large area.for carrying
& pair of right-and'left output signal linés of
- the column &ecoder C-DCR and the memory cell

column érrangement piﬁch. Namely, the division

25 " of the decoder into téo stages allows reduction in



25 of the decoder into two stages allows reduction in -35- the
nunbee—Qf transistors needed for constituting the NOR gates, so that the
ar ea, upi ed thereby can be nmade smaller. The second aimin dividing the
decodgr A1 nto 5 two stages is to decrease the | oad on each address -
signal line and inprove the switching speed by reducing the nunber of the
NOR gat es connected to one addrééé'signal | ine. The address buffer ADB
process the multiplexed 10 ei ght external address signals
Alerr][err]Alerr]; Alerr][err}Alerr] into eight kinds of pairs.of
conplenentar?haddﬂﬁbgfspénéﬂéWﬁﬂ%ﬁqq§[%ﬁ¢??8ef@f_GapétFFntFegr]);(a[err[;
[err])[err](aéerr , [err] respectively and transnmts themto the decoder™>
circuit at thkBetNARngatpserr po [Hd1aY BmFoni oequpied thereby the
operation inside the I.C chip.. In the preferred enbodi ment, dumry data |ines
DDL[err], EEEPeP?]WEEE[éPPﬁ}BBE[err] are provided at the outernost parts

of the nmenory arrggs M ARYL and h&AE%Q,.%.e., gheduggernnst Earts and the
20 | oner moste paPESRLEH A L1 T EhELEE DRI hPe deROGRE tPER, MOoS
trangsistors (Jerr ecr], Qerr], Jerr]l for .forning col.um _switches and
dunmy sense g%ﬁl?%?@%% béAtﬁgﬁ%ngﬁég[%9%]$°fngPe???F BEATFEPr] are
provided so §§gﬁgl'liné and improve the switching speed by
reducing'the number of the NOR gates conheéted to
" one address signal line. | | | -
The address buffer ADB procéss the multiplexed
10 eight external address signals Ag~A,; Ag~A

15
into eight kinds of pairs. of complementary address

signals (a,, EE)fv(a7, 3;); (ag, EE)"'(alS' EI;)
respectivéiy and transmits them to the decoder
circuit at the timihéé ¢%R,_ﬂkc'synChr°niZEd with
15 the operation inside the IC chip.
In the preferfed embodiment, dummy data 1ines
DDL, _; . 'DDL'l_Z, DDLZ_']_', DDL,_, are provided at the
outérmost pérts ofsﬁhe memory arrays M-ARYl_and
MéARYz, i.é., the upperﬁost parﬁs and the
20 lowermost parts thereof reépectively. In
addition} Moéltransiétors Ql' QZ' Q3, Q4 for.
fbrming.column switchés and Gummy Qense amplifiers
DSA',, DSA',, DSA,B"”DsA'4 are provided so as to
corfésﬁond thefeto respectively. |

25 " ’ The circuit operation in the address setting



'correspond.thereto respectively. 25 . The circuit operatgd }in
t he address setting -36- process in the 2-mat system 64 K- D- RAML Y| be
snow be descri bed ) with reference to Fig. 3A and Fig. 3B First,
when the address buffer control signal 5 [err] of the row system
rises to.a high level, 7 kinds of pair§ of conplenmentary two address _
signals (a[err],[err])[err](alerr],[er ff corresponding to the row address
signals Alerr][err]Alerr] are applied to the row decoders R DCR err],

R- f h b dd | i .

oL o g addigstpPuhEor A0 <ysschPRA KNG O RS AL N

t her ow decoder s I%Q%B% Egé]i, R-DCR[ err] %i&?@%ﬁqwmél -é).neypf t he
0 , IS

word lines in each € menory arrays
sel ected and nade ggdbpig.hggh | evel . Next, when the address buffer control
signal [err] of the coluim systemrises to a high level, 7 kinds of pairs

of conpl ementary col umraddepsgheéhgBRLSaGakess burddd it ddal£iddal
alferr]) corresponding to the 20 col um address signals

Alerr]{errJAlerr] @dre appthedrtw shstenl wivedecedar KGdCR veam the address
buffer ADB t hrough e colum address |line C ADL.
kinds of pairs of complementary two address
signals (ao, Ea)o-(a6i~32) corresponding to the
row address signals Ag~Ag are applied to the row
decoders R-DCRl, R—DCR2 from the address buffer
10 ADB through a row address line R-ADL. |
Next, when the word line control si-gnalp'x
risés to a high level, the row decoders R-DCR,,
R-DCR, are made active, and one of the word lines
in each of the memory arrays M-ARY,, M-ARY, is
15 selected and made to be a high level.
| " Next, when the address buffer control signal
ﬁAC of the column system rises to a high level, 7
\J kinas of pair$ of complementa;y column address

signals (ag,-E;)a.(als,.als) corresponding to the

20 column address signals AS“'AIS are applied to the
column decoder C-DCR from the address buffer ADB
through the column address line C-ADL. .
Aé a result, one of 128 pairs of output
signal lines of the column decoder C-DCR is made
25

o éo be a high level, and the high-lewvel signal is



As a result, one of 128 pairs of output signal lines of the colum decoder
C-DCRis made 25 to be a high level, and the high-level signal is

- 37- a"\b\i\-ed to the colum swtch selectors CSWS1, CSWS[err]. Next, when
the co@p) switch control signal [err] rises to a high level, the [err]

si gnal generating ci rcuit_Ei rr]-SGis made operative. On the ather
hand, the pair of conplenentary si Zna’l s (a[err],[err]) corresponding to the
address signal Alerr] is previously applied to the “signal generating
.circuit [err]-S(I‘
becones a hi §&H
) correspondic.%g]_tso the address signal Alerr] is previously applied to the%
[err] signal generdting circuit [err]-SG when the address buffer control

signal [err] beco Ihen the NE8Rukhgvels ¢ h@wt;y en the colum
switch control si gﬁ%}é[erre]nbeceorres a ﬁi ghll ecvel , al nost s?nrfallﬁ]t aneously
therewi th, t [B'dds Il h psneiaveng Q},gcgi t- | ifdmadG transmts a signal
to each of thé& colum switch Selectors CSWS¥1X0 CSW S2. Thus, one _
pair g4s Se'e@@ﬂéﬁdﬂﬂﬁéiéi&é&i@fﬁ}ij-SG-is made operative.

On the other hand, the pair of complémentary

signals (a,, @3) corresponding to the address

. dd buffer 10 . | si gnal .
S e SR iR F L e no dsta st U e o cal o)) [ored,

L]

signal_A7_is previously applied to the ngj signal | i_;

generating circuit & _..-SG when the address buffer

yij
10 control signal ﬁ%g becomes a high level, while the
pair of'complementary-éignals (aa,_ig)'corresponding
to the address signal A8 is previously applied to
th .
® Pyi; _
the address buffer control signal ﬁAC becomes a

signal generating circuit‘ﬁ&ij-SG when

15 . high level. -Consequently, when the column switch
-control signal ﬁY~becomes a high level, almost

simultaneously therewith, the & -signal

¥ij

generating'circuit‘yyij-SG transmits a signal to
- each of the colﬁmn switch selectors csw—sl,
20 CswW-s,.
Thus, one pair is selected from a total of

512 pairs of transistors in the column switches
C-SWl. C-SW2, and one pair of data lines DL in the
memory array is connected to the common data line

25 " CDL.



512 .pairs of transistors in the colum switches CGSW, C SW, and one_pair
of data lines DL in the nenory array is connected to the cormon d I ne
25 CDL. 38- The nenory array M ARY shown in Fig. 4A has a-/2>/
plurality of nmenory cells M CEL arranged on a sem conductor substrate 1,
while the dummy array D-ARY shown in Fig. 4A has a plurality of dummy 5
cells D-CEL arranged on the seniconduc?gr substrate 1. The nenory array

M ARY shown in Fig. 4Ais arranged as follows. Afield insulating film?2
havi ng a basic pattern s d.10 on the surface of the

senhfgnductor substrate I nqﬁmﬁﬁ' %f??gbgigﬁgeﬁﬁ@wﬁeﬁﬁr 1gel A8 M CEL from
th [l FET d t
Gorr] for storasnd e G R Belid b errLP%EFSﬁPﬁSp?? Lt

Cerr] for storage. |ke ating t he

basi c- pattern rauls@ml%add@didrn%%lb%ttlﬂa&ef il, rm%aves t%f aﬂﬁﬁ? HPQ neath a
contact hole CH err] for applying the supp y vol tage V rst pol y-

crystalline siD-a®yY Istivsin Gn AdeQr dianglay, alblh&aRQ§§lBkedhﬁm9revent
occurrence of such an accident 20 that the alum niumsilicon alloy
5 cells D-CEL arranged on the semiconductor
~substrate 1.
The memory array M-ARY shown in Fig. 4A
is arranged as follows. A field insulating film
2 having a basic pattern shoﬁn in Fig. 5 is formed
10 on the surface of the semiconductor sﬁbstrate 1 iﬁ
order to separate the memory cells M-CEL from each
other, each'memory cell comprising a MISFET QM and.
a capacitor Cé for storage.
Unlike the field insulating film 2 following
15 the basic pattern rule, a field insulating film 2a
is arranged underneath a contaqt hole CH0 for
applying the supply voltage VCc to a first poly-
{y) c;ystalline silicon layer 6. “Accordingly, it i§
possible to prevent occurrence of such an accident

20 that the aluminium silicon alloy

formed according to the interaction between



formed according to the interaction between -39- an alum nium | ayer and
t he -pol ycrystalline silicon | ayer near the contact hole CH err] penetrates
t hr ough e insulating filmunderneath the contact hole CHerr] to

undesi k y reach the surface of the seniconductor substrate 1. The first

a0

“pol ycrystdalline silicon |ayer 6 enploygd as one of el ectrodes of the
storage capacitor Cin each nenory cell MCEL is fornmed S having a basic
pattern shown in Fig. 6 on the 10 field insulating film2 and a gate -
insulating film3. Mreover, the word lines W. [err][err] W(err] forned
froma secogd BOIMERiME! Qnge.n.'e Shdi €8 balgr§seuliandeowdn itdam first ~
polycrystalline silicon 15 - | ayer 6 in the vertical direction as A

viewed in Figye4Anelr at@ Idontaetphvde SHRPDy nkitwa t¥setrJuyrh suppl ying
the supply voltage V to the polycrystalline silicon |ayer 6 as one

el ectrode ofthehénstdexdmg®Eilm undapaeitdr tGpecontaxttemade n t he

hori zontal direction as viewed in Fig. 4A. On the other hand, the dummy
data |ines CH0 to undesirably reach the surface of the

3 semiconductor substrate 1.

The first polycrystalline silicon layer 6
employed as one of electrodes of the storage
capacitor és in eéch memory céll M-CEL is formed , ' 1;;
having a basic pattern shown ih Fig. 6 on the
10 field insulating film 2 and a gate insﬁl;ting film

N _
Moreover, the word lines WLl_lévWLl_6 formed
from a second polycrystalline silicon layer 8
extgpd over ﬁhe.first polycrystalliné silicon
layer 6 in the vertical direction as viewed in
Fig. 4aA.
~In addition, a power supply line VCC—L for
supply;ng the supply_yoltage VCC to the polycrystalline
silicon.layer 6 as one'eiectrode of the storage

20

capacitor C, extends in the horizontal direction -

S
as viewed in Fig. 4A.

On the other hand, the dummy data lines
DDL, _,, DDL,_; and the Qata lines DL, _,, DLy _;
formed from the aluminium layer 10 extend in

25 '1.substantially parallel with the power supply line



DDL, [err], DDL[err] and the data lines DL [err], DL[err] formed fromthe

alum nium | ayer 10 extend in 25 substantially parallel with the p Y
-supply line -40- V[err] as shown in Fig. 4A. The dummy data |ine fgzi"
is connected'to the drain region of thg4 I SFET Jerr] in the nenory cel

M CEL through a contact hole CHl, while the dunmy data |line DDL[err] is

connected 5 to t-he drain region of the MSFET QM in another nenory cell
M CEL t hrough ¥gont &% W & Figr ddvver Theadymgy fR&adadnelines DL[err],

DLlerr] extend;ygn the hori zontal g%{ tion as viewed in Fig. 4A simlarly
Lo the dummy dBFYincs BOTERTRES O (RB PEAGh ZR42PE EAnfbe: MASFET
d?aﬁ-ﬂere;m of, tt}_(-;l I\gh%F%‘lért(%\A}t]r: lngﬂ%r[_' E)L]d%g)ll li]lr U@Q @nggnkgft hol eeat a
gi ven portion.Qﬁmedunny ce D-&EL Shown inrﬁwé..gA %3 3rrange as

follows. The fdel d i e GuirindyMaa tho 1lihel FOIEY ORs0BEnABELT the

surface of the sdi- conductor substrate 1, whila-ghe gate rnsalating film
3 is formed ondhand faikddeqdlon F T Myerefr bpdeiaearhe.enayctor substrate

1. On the field insulating film2 and the 20 gate™ nsulating film3., first
pol ycrystal | i nenesid iy ate Il laMCELL Fthr cligih extc@mtas:epabaéebyztrom each ot her
Moreover, each of the data lines DL,_;, DL,_; extends
in the horizontal direction as viewed in Fig._4A
similarly to the dummy data lines DDLl;l, BEEI:I
10 and is connected to the drain region of the MISFET
QM in a memory cell through a contact hole at a
givén portion. |
The dummy cell D-CEL shown in Fig. 4A is
arranged as follows. The field insulating film 2
15 is formed on one part of the surface of the semi-
conductor substrate 1, while the gate inSulating
film 3 is formed on the other part of the surface
of the semiconductor substrate 1.
‘L On the field insulating film 2 and the
20 gate insulating film 3, first polycrystaliine silicon
layers 15a, 15b extend separately from'each other
in the vertical direction as viewed in Fig. 4A.
The width of each of the first polycrystalline silicon

layers 15a, 15b is extremely important for

25



in the vertical direction as viewed in Fig. 4A. The width of each of the
- first. polycrystalline silicon |layers 15a, 15b is extrenely inportant for 25

(mning the value of the capacitance of the capacitor (ferr] in.- ¢
cell D CEL. An N type sem conductor region 14 is |ocated
e first polycrystalline silicon |ayers 15a and 15b 5 and

enpl oyed as an earth |ine conmmon-t4d-the dumy cells D-CEL. Nbreover, the
dumy word line DW.Jerr] fornmed froma second polycrystalline silicon |ayer -
extends over the first polycrystalline silicon 10 | ayer 15a. The

dumy word |} : ' e - { CcL. a MSFET Q —
of each dunﬁ%gggﬁﬁkﬁgcg%gQéi%%Q%hgm%fﬁg%ﬁhan ,qu%%n%goqggggnal l'ine [errrii
formed from ghe sgcendnpaluely el ivecsil i connl RYeeyhber appl ying the

di schargi ng cBAtrol 15 signal [err] shown in Fig. 2B is separated from
t he dummy wogdmhtBaaPdkber tlegiud € £xientboagtéa patakkal thherewi th. The
control signal line [err] constitutes the gate electorde of a MSFET (J err]

in each dumyiecekl pBi¢Erystalline silicon layers 15a and 15b
5 and émployed as an earth line common to the dummy
cells D-CEL.

Moreover, the dummy word line DWLl__l formed.

c

from a éecond polycrystalline silicon layer
extends over the first polycrystalline silicon

10 layer 15a. The dummy word line DWL constitutes

1-1
the gate electrode of a MISFET Q,, of each dummy
cell D-CEL. On the other hand, a control signal
line‘ddc_Ll formed from the second polycrystalline
silicon layer for applying the discharging control
15 signal‘ddc shown in Fig. 2B is separated from the
dummy word line DWL, _; while extending in parallel
therewith. = The control signal line #5314 U
constitutes the_ gate electorde of a MISFET QDZ in
each dummy cell D-CEL. _
20 Similarly, a dummy word line DWL,_, and a
. control signal llnepdc_L2 extend in parallel with
the dummy word line DWL,_, and the control signal
line facr3- |
Moreover, dummy data lines DDLl-l' DDLl_1 and

——————

25 -data lines DL DL, _; extend from the memory

1-1'



20 ' Simlarly, a dutmy word line DAL1 2 and a control signal IinQ\

[err] extend in parallel with the dummy word line DA 1-1 and the control/ ™
signal line [err]. Moreover, dummy data lines DDL[err], DDL[err] and 25(é);2 /
data ls-nes Dt[err], DL[err] extend frggi%pe menory -42- array M ARY
"shown in Fig. 4A. The-dummy data |ine 1 is connected to the drain
~region of the MSKEET Jerr] of the dummy cell- D-CEL through a contact hole
CH3 and, simlarly, the data line 5 EL[ergkgis connected to the drain
regi on of the MREEEY #-8RY] as SROWRofReFi8unfif-ceFhe ey ®2%dgh a cont act
hole CH4. In Fiqg., 4B i,rcuit inclydes actiye restoring section AR
andwa data IineqiﬁepﬁgggaﬂgFﬁQCSPPEEFFHsEet?gﬁ .1¢h€e%t?Pv%grestoring
section AR has [ est Qr.i Cisrcuj t r S in Fig. 2B. In

ot her words, on%wgcﬁﬁégﬁﬁeéDér?ﬁgggFrgﬂﬁﬁyi§e?§£§t¢ ﬁt€§¥€%é$h% side of an

et gt BpbeaBidnct cROtable Shhstapth venteabed e eIl 8 o
active restgringrcont gl cendBaketd 88Stherakalfir tog 258 S PENET |
MISFET QD1 in another dummy cell D-CEL through a
contact hole CH4;
In Fig. 4B, the'circuit includes an
U active restoring section AR, and a dats line
10 . precharging circuit section PC.
The active restoring section AR has two
active restoring circuits ARl_shown in Fig. 2B.
In othef words, one active restoring circuit is
constituted on the side of an arrow A shown in
15 Fig. 4B, and the other active restoring circuit is
| constituted on the side of an arrow B. 1In the
active restoring section AR, active restoring

control signal lines & and a power

rg-L' ?rs-L
supply line VCC-L common to both the active
20 restoring circuits are arranged as. shown in

Fig. 4B.



L

-supply line Verr] common to both the active 20 restoring circuits are
arranged as. shown in Fig. 4B. -43- On the other hand, the precharging

ci rcyztsection PC has two data line precharging circuits, arranged Y
corr@ndl ng to the two active restoring circuits. In t he prechar gi ng

“circ section PC, 5 a potential line V[ferr], a precharging control

-signal line [err] and dummy dat4é84ines DDL[err], DDL[err] - as well as

data lines DL[err], DL[err] extending to the nenory array M ARY shown in
Fig. 4A are arranged as shown in Fig. 4B. 10 © The M SFETs

Qerrl{err] Jerionapdet benearaghd o enllgrédnadeadloifedio 28 are 9
arranged as shown in Fig. 4B. Fig. 7 shows sectional views of the IC sl

struct Lg@cﬁf&@np@lmg_tweéae@ XPne YPrechs igiAduite | ayout pattern
respectively. The basic layout in the exanple shown in Fig. 4Cis the sane

as shovarianged. cdrrespondimgexanthe shovactivéires@iramg Fig. 2E however,
the data line DL[err] is arranged in the second |line since 20 the dunmy
data | icer©Dlfesr] Instbenprecharginy GAS¢W§ﬂe§QEM#anE@a.I|ne

5 a potential line Vp, ;5 precharging control

signal line 850~ 2nd dummy data lines DDL,_,, -—

DDL, _, as well as data lines DL;_;, DL;_;

C

extending to the memory array M-ARY shown in
Fig. 4A are arfénged as shown in Fig. 4B.
10 The MISFETs QSI“"QS7 and the capacitors
cBll' CBlz in Fig. 2B are arranged as'showh in Fig.
4B.
Fig. 7 shows sectional views of the IC
- structure taken along lines XZ—XZ, X3—XB shown in
15 the layout pattern respectively.
' The basic layout in the example shown in
Fig. 4C is the same as shown in Fig. 4A. 1In the
example shown in Fig. ZD'and Fig. 2E, however, the
data line DLy is arranged in the second line since
20 the dummy data line DDL1_1 is constituted by a single

dummy data line.



'—44- Fig. 4D shows a | ayout pattern of a part of a peripheral circuit, e.g.
~the dummy sense anplifier DSAlL and the sense anplifier SAL shown i -Fj

LE. In this exanple, since the dummy data 5 line is constituted é%{
single~line simlarly to the dummy data line DDL[err], the active oring
section AR and the precharging circuit section PC of the dumry sense
anplifier DSA [err] are reduced, so thgj-the area occupied thereby is
snmal l er as 10 conpared with the layout shown in Fig. 4B-or the sense
anplifier SAlerr] shown in the same figure. Except for this, the layout is
basically simlar to the |ayout shown in Fig. 4B. The conposite parasitic
capaci tances 15 bet ween Fusgt.a 4D skowsf aallhyoht gatbernnef gapabt nmade equal

to each other, i.e. 2Cerr] because the du data | ines are provided
out si de the o@ﬁeﬁm@ﬂ?hﬂﬂﬁ;ﬂllﬁéchEFerﬁ gpLE 'erFummspeenseely Accordingly,
the coupling noises froma word |ine 20 and dummy word |line and the

coupl i ng n0|sé§HLé§HQ?|Q§quoﬁP@h§hPIﬁ@PﬁStPBHIFﬁlﬁﬁeséyb§??%¥e

in Fig. 2E. In this example, since the dummy data
S line is constituted by a single line similarlf to
the dummy data line bDLl_l, the active restoring
section AR and the precharging cifcuit section PC
L,f of the dummy sense amplifier DSA‘1 are reduced, so.
that the area occupied thereby is smaller as
10- compared with the layout shown in Fig. 4B or the
sense amplifier SA1 shown in the same figure.
Except for this, the layout is basically similar
to the layout shown in Fig. 4B.
The composite parasitic capacitances
15 between data lines of all the data lines can
be made equal to each other, i.e. ZCdd;_because
the dummy data lines are provided outside the
outermost data lines DL1~1,1UII:;-respectively.
Accordingly, the coupling noises from a word line
20 and a.dﬁmmy word line and the coupling noises

resulting from the fluctuation in the substrate



-45- bias voltage- VBB are equally generated in the lines constituting a
pair ada line (DL[err], so that they can be cancel ed out by neans of a
diffé@éﬂ?ial type sense anplifier (SAlerr]). 5 Thus, since the ¢
m nut®“vol tage difference fed to the sense anplifier (SA) is not affected
by the coupling noises; it is possible to prevent mal function of the sense
anplifier (SA[err]) and enl arge tH4&- nput |evel margin. 10 - _
Moreover, in case of enlarging the nenory capacity to, e.g., 1 Mbits, the
application of the present invention prevents appearance of the
above-descri bed adverse effects even ifiigf distange bEtMQE% adj acent dat@;
lines is madeiag Yoltage spdigy &FHEIHS 2PTPERASESpAd tAFce val ue of tTE
parasitic capacitance Cdd between data Lihes,is.e r ged. Accordi ngly,
the technica 1?%%a?BFSFH§“§ﬁ€§éﬁrﬁ%ﬁﬁwé?'% +£§?ngbgﬂed§able for a menory

o e BEEal HnobySE AP R bEELE oy BT eeac ). e
besides the gboyesdgsgtihedad Wpes Vsl fid aHphigsetNaskyml - 46
5 Thus, since the minute voltage difference fed
to the sense amplifier (SAl) is not affected by -
the céupling noises, it is possible to prevent
malfunction of the sense amplifier (SAl) and
enlarge the input level margin.
10 Moreover, in case of enlarging the memory
capacity to, e.g., 1 M bité, the application of
the present invention prevents appearance of the
above-described adverse effects even if the
distance between adjacent data lines is made as
15 small as possible and the capacitancé value of the
parasitic capacitance Cdd between data lines is
enlarged. Accordingly, the technical idea of the : i;}
present invention is ipdispenséble for a meméry |
- array of high density, i.e., for.enlarging the
20 memory capaéity. |
The arrangement of'the mehofy'array may b2
- modified in a variety of formé besides the”

‘above-described 2-mat system, such as the 8-mat



“\

*system wherein a nenory cell of about 64 K bits is divided into 8 8%
arrays M ARY1 8 each haV|ng a nenory capaci.ty of 128 rowsX 54 col =3192
blts (8 Kbits). 5 Mor eover, the parasitic capacitance C of the

*0 dummy ‘data line may be replaced by capaC|tance means equi valent to the
above-descri bed nmenory cells, dummy cell and dummy sense anplifier. The
i nvention can be applied to such a 10 -46- dynam ¢ RAM as havi ng
redundancy nenory cells e redundancy nenor.y. are gonnected {o,

I cells
e.g., each Ilne(ﬁ5¥ﬁﬁ%ﬂdVF?5ﬁéP Bafie 5ﬁéqQ¥ﬁa°'ﬂﬁPﬁﬁﬁr X LLFRelfs
further connected th,duy and a _sense . sequent |
- e aur Bt "ﬂ%ﬁs BT BOt 2 X TAYE MR Y eis SARD FANERS, o

dummy cells and the s r Eqﬁg I ., the
pair data line DL[err nggkgﬁg\efnqijn@ i'g ’ggman%{i[ rt‘%’)nsrmry cells,
the dumy cells anglige(gegsglegpllfler SA 20 whi ch are connected
therewi t h. The additional pair data line and the like are arranged at an

end part of a nenory arMg¥eol8k,C¥a@Plrasiti® *4Pdd OidhcPat! datandine is
connected to comon data |ines (CDL err], CDL[err]) through r®dundancy
col um 25 SV tirfrdy I\/&&EEThaéraxaged:eSIr@dlardaa Wy tdp L@t tdfce
means equivaleht to the above-describsd memory
cells, dummy cell and dummy sense amplifier.
i) . The invention can be applied to such a
10 dynamic RAM as having redundancy memory cells.
The redundancy memory cells are connected to,
e.g., each line of an addiiionél-pair data line.
The pair data line is further connected with dummy
cells and a sense amplifer. Consequently, the
15 redundancy memory cells, the additional pair data
line, the dummy cells and the sense amplifer are
arrapged similarly to, e.g., the pair data line
.P§l-l' DL, _; shown in Fig. 2R and the memory

cells, the dummy cells and the sense amplifier SAl

20 which are connected therewith. The additional

pair data line and the like are arranged at an end
part of a memory array, fpr example. The |
addiﬁional pair data line is connected to common
data lines (CDL,, EBEE) through redundancy column

25 .. switch MISFETs arranged similarly to the column



-47- switch NfSFETs err], - shown in Fig. 2A A redundancy address

decodep” provi ded for the switching control of the redundancy colum
SWi thETs. Thereby, if there is a pair data line 5, connect ed ?
wi th aXgdéfective nenory cell or there is a defective pair data line, the

-pair, data line is replaced with the additional pair data |ine. | n ot her
words, when an address signal repgegsents the defective pair-data line, the
additional pair data 10 line is accessed. Wen the additional pair

data line is arranged at an end part of the nmenory array, there is

Conat i ut i g PREHABEETRIR Ga - - BEPYRLfartfnehespebtively. | Dumm
above- deser | beguagaRbTed BEN Moot PPEPReRcectR Ehel e coupling
noi ses w th g@gg:ﬂ&%ﬁ;ng%rol of ﬁ?e-r@@“gggsé% %$%§§ﬁ$§§E6EQOV'd'ng a

plurality of additio pair data nes, 1. . pair datah
lines for regregsipgy defgel j t 45;g¥g¥%t4§ £;su n angement t hat
one of the additional pgﬁr _é?g Ii'nes ot her t%gé %ﬁegggg 1§5£ addi ti ona
pairs data |ipgandetdagded t al e fective memory cell or there is

a defective pair data line, the pair data line is tad

replaced with the additional pair data line. In

C

other words, when an address signal représents the
defective pair data line, the additional pair data
10 line is accessed.
When the additional pair data line is
arranged at an end part of the memory array, there
‘is possibiiitj that unbalanced coupling noises are
applied to the lines constituting the addifional
15 pair data line respectively. Dummy data lines
and aummy sense amplifiers arranged similarly
to the above-described examples can be arranged in \;j

~order to balance the coupling noises with each

other.
20 Moreover, in case of providing a plurality of
Lo - additional pair data lines, i.e., a plurality of

pair data lines for redressing defects, it is
possible take such an arrangement that one of the
additional pair data lines other than the

25 additional pair data lines arranged at the



- 48 - outernost ends of the nmenory array respectively is preferentially
selected to replace a defective pair data line. In this case, each of 3,
pair data |jnes arranged at the outernost ends of the menory array 5 7
respectively has the function simlar to that of the dummy data line

t he above-described exanples if it does not replace the defective pair data
| ine by the address changi ng operation for redressing defects. 10
Attention is drawn to Application No. 82.32§§4’(Serial No. 2,112,568) from

which this Application has been divided. - 49 - CLAIMS 1. A
dynam ¢ RAM int@gt&F@Qs@iﬁ@dﬁtOdevheembmorudhngay( apspentioeyyaisay having
a pﬁérallty of data |ines, plurality of nmenory cells connected to 5 the

correspondi ng oﬁéeSFr§éF&a6P§r§F#?9tGﬂ &at aePlacs andefeptival pagrof word

| i nes each connected.to the_correspondi ng ones of said plurality of nmenor
cells: and gaE line. 'In tggspcase,geach of the paEr data Yines Y

arranged at the outermost ends of the memory array

5 respectively has the function similar to that of
the dummy data lines in the above-described examples
if it does not replacé the defective pair data line
by the address changing operation for redressing
defects. |

10 Attention is drawn to Application No.
82.32804 (serial No. 2,112,568) from which this

Application has been divided.
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(b) a selection circuit for selecting any 10 data line fromsaid plurality
of dif.\lines except for data lines arranged at end parts of said nenory
arra(g pectively, in order to substantially prohibit the selection of

sai d_I ines arranged at end parts of said nenory array respectively. 15

- 49 -

CLAIMS —~
1. A dynamic RAM integrated circuit device bl
including: |

(a) a memory array having a plurality of
data lines, a plurality of memory cells connected to _ .

5 the corresponding one of said plurality of data
lines and a plurality of word lines eaéh connected
to the corresponding ones of said plurality of -
memory cells; and

(b) a selection circuit for selecting any

10 data line from said plurality of data lines except
for data lines arranged at end parts of said memory
array respectively, in order to substantially

prohibit the selection of said data lines arranged

at end parts of said memory array respectively.
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