2112568 "A dynamc ramintegrated circuit device". The present invention
relates to a D-RAM (dynam ¢ randontaccess nenory) integrated circuit deV|ce
“conprising MSFETs (netal insulator sem - conduction field-effect
transistors). 5 In a typical D-RAM a nenory array conprises a
pIura\ ty of menory cells arranged in a matrix, - Cdata

| i nésyand word |ines. I'n reading out data, a mnute potential.change i
appl\ed/to a data line fromsuch a nenory cell as conprik * E%Egggle 1
transi stor. In order to pernmit anplification of such tentia
change, two data lines are paired in ordinary D RAMs. When the stored
data in the nenory cell connected to one of a paired data lines (referred
to as "pair data |line" 15 hereinafter) is read out, a reference potenti al
is applied to the other of the pair data |line by a proper neans such as a
dummy cell. -The potential difference between the |ines constituting the
pair data line is anplified by neans of a sense anplifier. -2- In
readi ng out dat"& fayorantite memuimtemidted circduit ppdeité'al fluctuati on which
may be consi dered -as- noi-se +1s--apptied-+t-0-each-of-the-data lines froma

The present invention relates to a D-RAM

N\ (dynamic random-access memory) integrated circuit
device comprising MISFETs (metal insulator semi-
conduction field-effect transistoés).

5 In a typical D-BAM,'é memory array comprises .
a plurality of memory.cells arfanged in a mastrix, (?
data lines and word lines. In rnadlng out daua,

ine

f~?

a minute_potential change is applied to a data
from such a memory cell as comprising a single
fO transistor. In order to permit amplification of
such a minute potential change, two data lines are -
paired in ordinary D-RAMs. When the stored data
in the memory cell connected to one of a paired
data lines (referred to as "pair data line"
15 nereinafter) is read out, a reference potential is
applied to the other of the pair data line by =z
proper means such as a dummy cell. The potential
difference between the lines constituting the pair

data line is amplified by means of a sense amplifier.



word |ine through an undesirabl e capacitance such as 5 a parasitic
capacitor. The effect due to the potential fluctuation is substantially
reduced by nmeans of a folded bit |ine arrangenent. In other words, a -
single word line is nade to cross each line of a pair data line, in qf<
to sji mul t aneousl y- apply 10 such a noise which is considered to be a\
co -mode neise to both the lines Tohstituting the pair data |ine. The
co node noi se can be substantially reduced by nmeans of a differential
type sense anplifier. Donsexgiend oyt idatechrms possdiery a&ih s, read out
data fromthe nmenory cells with substantially no error independently of the
undesirabl e potentuct 4|peteratiah G tiust tan tWe cdutrey ibees drrsdmertedl wor d
line. W have discovered that a relatively large 20 differential node
noise is applied 3% t1HeSHatd IRAEL G4 e |t f dithariadid Igaras dirarheé nmenory
array. The different(ldaJ, node noi se is‘&roduced owing to the word |ine

sel ecting operat i H&Q%etréru%‘ﬁq dfte da?sij}"cﬂb(]fgéafﬂalfd't%cl%rﬁuci‘s as
T amonlect of il eseni LIV on 46 paride & B oot o

circuit devite wherel'n coupli of ses’ pr Sonstituting
- 3- 'potential fluctuation is substantially reduced by

means of a folded bit line arrangement.  In other
words, a single word line is made to cross each line of
(Y a pair data line, in order to simultanequsly apply
| i0 such a noise which is cohsidered to be a common mbde-
- noise to both fhe lines constituting the paiﬁwdata
line.. The common mode noise can be substantiélly
{:} reduced by means of a differential type sense
.amplifier. ‘ Consequently, it.becomes'possible to
15 read out data from the memory cells with -substantially
no error indepeﬁdently-of the undesirable potential
fluctuation applied to.the data lines from the
word line.
We have discovered that.a relatively large
20 'differential mode noise is applied to the pair data
line located at an end part of the'memory array.
The differential mode noise is produced
owing to the word line selecting operation add
the substrate biaé voltage fluctuation.
25 It is an object of the present invention to
provide a D-RAM integrated circuit device wherein_

coupling noises produced in the lines constituting



a pair data line respectively owing to the word |ine sel ecting operation

and the-substrate bias voltage fluctuation are made substantially equal

each gt
dynami
I ncl ud

According to the present invention there is 5

provi ded a

to

Mintegrated circuit device having a folded bit |ine arrangenent
/ (a) a menory array having a plurality of pair data lines forned

on a sem conductor substrate, @ dlurality of nenory cells connect.ed Wth

the 10 corresponpdi ng. one of said,gluralit of p

plural ity RALWITR2 | e SRIPTOM

fornmed on onduct or sub SO as

lines and a

i r dat A 2
e R ”t‘?\eat%r‘f ontfi$g ones of said
pluralit f menpry cells;: ( an .additional_co nsating data line 15
o G TFIR detiiion Ao e ANWPEEHE B R

H%se to as wel |

0 paraleloydd g PR i@ isecdih o1 £ ALyl 16 Scpagdata T nes

arranged In an en sal d nenory array,

r to decrease the

di fference betweemdd@rSidQyr&apRE b AEEESE CONNGEL £5h tihdhe 14 nes 20

constituting said pair data line arranged at an end of said nenory array

respest i yedyidd® £ dpsathic RAMIibntpogsitd@® ¢ Dreimldenei ddhenpormpsite

parasitic capacitances between data |lines with each other.

Consequent |y,

coupl i nga nbebdesd 251 € rbine her vangehémesi mambudiimyy word |ines and the

coupling noi ses due to

(a) a memory array having a plurality of pair

data lines formed on a semiconductor substrate, a

plurality of memory cells connected with the

10 corresponding one of said plurality of pair data lines

and a plurality of word lines each connected with
the corresponding ones of said plurality of memory
cells; and

(b) an additional compensating data line

15 formed on said semiconductor substrate so as to extend

close to as well as in parallel with a pair data line

in said plurality of pair data lines arranged in an end

of said memory array, in order to decrease the difference

between the stray capacitances connected to the lines

20 constituting said pair data line arranged at an end

of said memory array respectively.
As a result, it is possible to equalize

the composite parasitic capacitances between data

lines with each other. Cohsequently, coupling noises

25 from the word lines and dummy word lines and the

coupling noises due_to'

as



4 the fluctuation in the substrate bias vol tage [err] are produced equal |y
in the lines constituting each pair data |ine. Accordingly, it is_

—

possible to cancel out the coupling noi ses produced in the lines,

sense anplifier provided to each pair data I|ne Thus, it is poSsible to
pr_ t mal function and increase the inppt level margin, since the 10
e voltage difference fed to the differential type sense anplifier is
not affected by the coupling noises. The present invention will now be
described in greatgs fﬂewtqa@yomayn%@xg@m@ra\téhb{§£ e§SNCEd .y O the
acconpanyi ng draw ngs, wherein:- Figure 1 is a block dlagraﬁ%ﬁ eP&nomn
type D-RAM circui dreFhgoidec@h éGusl by ok eh@ol ame of candi 18l Sxami@ of a
circuit constituting an essential part 20 of a D-RAM accordlng to the .
present inventionpafrgdeaea2Bins. a cAccorditghyr ain ofs apgeacsi<calo exanpl e of
the essential part; Figure 2Cis a waveformdiagramillustrating the
operation of the e3neatiqut p‘afiic Gheomhing 26isesigrodudB] i gilre Zhdss a

bl ock diagrag1of a second
' constituting a pair data line respect1ve1y by means

of a differential type sense ampllfler provided to
each pair data line.

Thus, it is possible to prevent malfunction

{

and increase the input level margin, since the
10 minute voltage difference fed to the differential
type sense amplifier is not affected by the coupling
: noises.. | |
{:}.

The present invention will now be described

in greater detail by way of example with reference
15

to the accompanying drawings, wherein:-
Figure 1 is a block diagram of a known type
D-RAM circuit;
Y, . . . .
Figure 2A is a block diagram of a first
example of a circuit constituting an essential part
20

of 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 diagfam illustrating
the operation of the essential'part shown in
25 Figure 2B;
Figure 2D is a block diagram of a second
example of the circuit constituting en essential

part of a D-RAM according to the present ihvention;



exanple of the circuit constituting an essential part of a D RAM accordi ng

to the present invention; -5 - Figure 2E is a circuit diagramof a
practi € exanpl e of the essential part; Figure 3Ais a circuit diagram of
a prefigtfed enbodi nent of a DDRAM 5 Figure' 3B is a waveform

di ag of the operation of the D-RAM shown in Figure 3A; Figure 4A shows_a

‘| ayout pattern of an exanple of- & nenory array M ARY and a dunmy-array _
D- ARY; Figure 4B shows a | ayout pattern of an exanple 10 of a part of a“*
sense anmplifier; Figure 4C shows a | ayout pattern of another exanple of the
menory array and tHeSutamiE ary &y c gl dxgtansch 2 gttt ern of

anot her exanple of the part of the sense anplifier; 15 Figure 5
shows a bas@MRke &h dte L35 dahRAting film2; Figure 6 shows a basic

attern of a pol ystalline silicon |ayer. 6; and Figure sho secti onal
\F;i ews of the IIOC gg;yg%rfer M&%%aﬁ@eﬁf%%n‘&aﬁrﬁ% %llz-gl?r Z-rfze nd [err] of

t he | ayout gggg§¥gg§§ﬂg%MgiﬂlﬁﬂMeres 4A, 4B_and 4C respectively.
5 | Figure 3B is a waveform diagram of the
operation of the D-RAM shown. in Figure 3A4;
Figure 4A showé a layout pattern of an example
of a memory array M-ARY and a dummy array D-ARY;
Figure 4B shows a layout pattern of an example
10 of a part of a sense amplifier; .
Figure 4C shows a layéut pattern of another
example of thg mémory array and the dummy array; P
Figure 4D shows a layout pattern of another &*z
example of the part of the sense amplifier;
15 | Figure 5 shows a basic pattern of a field
insulating film 2;
Figure 6 shows a basic pattern of a
polycrystalline silicon layer 6; and ' N
| Figure 7 shows sectional views of the IC
20 structure taken along lines X1-x1, X2-X2 and
X34X3'of the layout patterns shown in Figures &4,
4B and 4C respectively.
Before describing the.emboﬁiments of the
present invention, a known type of D-RAM integrated
25 circuit havihg a folded bit line arrangement will
be described for the purpose of assisting in the

understanding of the present invention.



"Before describi ng the enbodi ments of the present invention, a kn ""__\t_’ype of
D-RAM i ntegrated 25 circuit having a folded bit |ine arrangengp ;11 be
.descri bed for the purpose of assisting in the understanding of t resent

i nventi on. -6- Referring to Fig. 1, the DDRAM has a nenory array

conprising a plurality of nmenory cells CEL arranged in a matrix, dummy

Eﬁgf? D-CEL, -data lines [err] word line% [err] and dummy 5 word lines
[err] Each nmenory cell consists of a single transistor cell and has

an i nput/out put ternm nalRefErrictedniBiga dattdhd iDrkAhdas Selmemoryn

term nal connected with a word line. Pair data lines, e.g., [err] and [err]

are connect ed 3W%3Y iGARRY b P2 Y3 alaf gremery aedrilént-9EL ype sense

anplifier [err] An oujljine of the daja reading-qut qgperation.in the D-RAM
e ol 1 e dpianged 3% Ratarey Gty wand Mo g iwhtect o0, o 0.

the word |ine é%éﬁmﬁ ﬁ,u?(%{eé'ntiﬂllesfofwﬁ he Qywﬁmrdd ine DW1 2

correspondi ng aneous! y "dhdnge -amIEwIEVEl s to hi gh
| evel s respectyed yl.-,?@?rbvyﬂe_ POt i al | ofpddif ity I8 1l {idnlsilstsat @ high
l evel, the nmenory cells M CR-L 1-2 S
of a single transistor cell and has an input/output
terminal connected with a data line and a selettioq
terminal connected with a word line. Pair data lines,
s - e.9., DLl-l and szjl are connected with input/output
10 terminals of a differential type sense émplifier
SAl. . |
-An outline of the data reading-out operation
.<:> in the D-RAM is as follows. |
| First, the potential 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
line WL, _, is at a high level, the memory cells M-CEL
20 in the first row, whose selection terminals are connected
with the word line WL, _,., are selected. Cohsequently,
the potentiél of each of the data lines DL, ;. DLy _grevns
previousiy set at a proper initial value is changed
to a voltage éorresponding to the data, "1" or "0",

25 previously stored in the memory cells selected by

means of the word line WL, g



20 in the first

line [err]
lines [err]

Sa ne,

changed to

of pair data lines, e.g., [err] and [err]. The minute voltage difference

row, whose selection termnals are connected with the word

are selected. Consequently, the potential of each of the data
......... , previously set at a proper initial value is changed
to @ ypltage corresponding to the data, "1" or "0", 25 previously stored

in ‘“?rmwmwy cells selected by nmeans of the word line [err].

S7- A

the dummy cells D-CEL in the second row, whose sel ectton
termnals are connected with thezdumry word line [err] are sel ected.
Consequently, the initial voltage of 5 each of the data lines [err] is
a given reference voltage. As a result, a mnute voltage
difference with a polarity corresponding to the data previously stored in
the selected nmenory cells is applied 10 between the |ines constituting each

applied to each oftpdile &A®e |t e’ i shanfrmyegeddts IDT¢Ebetdnes a
sifficiently |arge voltage difference by neans of 15 the correspondi ng one

of the diffelt8ft PECHYhd SbnsB AR $2HRFS1PEr LRI HeF 20 the pair data

10

15

20

lines respectively.

connected with the dummy word line DWL are

1-2
selected. Consequently, the initial voltage of

each of the data llnes_DLi_l, DL, _5s --., DL

changed to a given reference voltage.

l-n 1s

As a result, a minute véltage difference with
a polarity corresponding to the data_previously
stored in the selected mémbry-cells is applied
between the lines.constituting each of paif data
lipes, e.g., DL,_; and DL;_;-

The minute voltage difference applied to each
of pair data lines is amplified until it becomes a
sifficiently large voltagg difference by means of
the corresponding one of the differential type
sense'amplifiers SAl, SA,r .--¢ SA 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.

The signal on the selected pair data line is



- Next, a pair data line is selected fromthe pair data |lines by neans of a
colum switch GSW 20 The signal on the selected pair data |ine jS>
transmitted to the outside of the D-RAMthrough a data output buff<f DOB,

not shown.

Thus,

the.data stored in any nenory cell is read outTThe

sel ection of the word lines and the dumy 5 word lines is effected by

BANS
b

an; 10
ot her

of a row decoder circuit R DCR, while the colum switch is controlled .
ans of a-columm decoder circuit C4,DCR, not shown. The word lines [err]

the dummy word lines [err] cross all the data lines [err] each
respectively even in an actual device structure. A parasitic

capaci tance between a data |line and a word,éline Cdw, or [err] 15 is forned
at each of intersectidtmbets@etet hle opESEAReS faftdrer MeRAdt L£hrgiah 2 The
parasitic capacitance between a data line and a word line [err]

substantial |y repr &af LHIRUHPULTRT cDRBpabPLafibe¥for ned HS 4 Hde

i ntersection where
parasitic capacita

t he

Y

.

10

15

20

25

A SRR Y837 | PRBOERACE Lhorld IHGAE GRbr r opr esent s
The selection‘of the word lines ahd.the dummy
word lines is effected by means of a row dec§der
circﬁit R-DCR, while the column switch is
controlled by means of a column decoder circuit
C-DCR, not shown.
The word liﬁes WLy _y¢ WLy o0 ceer WLy o and

the dummy word lines DWL,_,, DWL;_, cross all the

data lines DLy _;, DLy ;s ...» DLy_.» DL, each
other respectively even in an actual device
structure. A parasitic capacitance between a
data line and a word line Cawt ©F Cgyn (de,<;cdﬁn)
is formed at eaéh of intersections between the
word lines and the data lines. The parasitic
capacitance between a data line and a word line
Cawt substantially represents the parasitic
capacitance formed at the intersection where a
memory cell is arranged. On the

other ﬁand, the parasitic capacitance beiween a
data line and a word line Fdw" represents the

parasitic capacitance formed at the intersection

where @& memory cell is not arranged.



parasrtic capacitance fornmed at the intersection where a nenory cell is not

arranged. 25 -9- Including the gate-drain capacitance of a switch
M SFEX,* not shown, in each nenory cell MCEL, the parasitic capacitance
Cd S a capacitance value |l arger than that of the 5 parasitic

capgcitance [err] fornmed sinply by the crossed wiring structure. Because of
the presence of the parasitic capacitances-[err] a coupling noise is {3
applied to each data |ine when the potential of a 10 word line rises

froma | ow | evel

is expected.in the Eo%ﬁed bit line

o_a hi.gh I ..t y
ar r angenent D-RAN#PHZPcbﬁg 5§égﬁﬁ § Wik appried -£86ach Ifine of a pair

noi se. 15

data Tine from g pord e sad 3 dumy wpreh Lngohbl he g common mode

t'He "noi Ses aﬁpfie € s constituting a pair

data line reﬁltpg}g%i'\éghée%ra%al%gﬁg _?:%@ta?cf@aéygsﬁa”t I gllyy Jhegl ected by a

differential”

is 1-1 20

5

- 15

20

25

arrangement D-RAM that the coupling-noise applied

anmp or i nst ancédwhhen the word |line W

c85hEEEEHce? AR 19 AY Shd s RRLI 8% kdet N data -
parasitic capacitance Cauwn forméd simply by
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

word line rises from a low level to a high level.

It is expected in the folded bit line

0

to each line of a pair éata line from a word line
and a dummy wordlline will be a common mode noise.
Thérefore, the ﬁoises applied to the lines
constitpting a pair data line respectively are
expected.to be substantially neglected by a
differential type sense amplifier.

.qu instance, when the word_lihe WLl_l is
selected, a coupling noise is applied to the data
line DL,_; from the word line WL,_; through_the
parasitic capécitance Caguw' 7 thle'a coupling noise
is applied to the data line ﬁf;:i from the word
line WL,_; through thé_parasiﬁic capacitance-cdw“.

At this time, since the dummy word line DWL,_ , is



“line [err] fromthe word line W.1 1 through the parasitic capacitance [err]

whil e a coupl.ing noise is applied to the data line [err] fromthe pnd |ine
ferr] through the parasitic capacitance [err] 25 At this tine, jﬁ(ﬁ e the
dummy word-line DW1 2 s -10- al so selected correspondi ngly ts e word

line [err] & coupling noise is applied to each of the data lines [err] also
fr t he dumy word |ine. Therefore, +10+s considered that the 5
pa itic capacitance between, e.g., the data line DL 1 and the sel ected

word line W 1 aﬂﬂléches@}?éaﬁéal eot2RaPInFIGRy 1Rett e ehet ReoBt Bihd Ne [err]
and the dummy word line DAL1 2 substantially constitute a single conposite

parasitic capaci tamf P a cobpthnappbiiee dscappllied @ sadld dhetiata |ine
[err]. If the parasitit capacitance C formed between the dunmy word
line DAL1 2 and th:mmthmesebp r?_], |D5L rrgdalsw:flrdmttﬂeeqoamm)swtmnd 15
capacitance [err] fornmed between fhe word line [err] and the data |ine
[err] and if the pbimsiti cThapaéprance t] ¢ fconsdiaese dbdthegenthdhe dunmy word
line DAL1 2 and the data [ine [err] is nmade equal to the parasitic,
capaci t ance &dw fRATRS1 bhEweapacitance between, e. g- the data line

DLy 4 and the selected word line WL and the

1-1
parasitic capacitance between the data line DLi_1

and the dummy word line DWL, , substantially

Lo
~ constitute a single composite parasitic capacitance

10 which applies a coupling noise to tbe.data line
DLy_j-

If the parasitic capacitance C w formed

_ . ddw
(:) between the dummy word line DWL, _, and the data
line DL, _, is made equal to the parasitic
15 capacitance Cawn formed between the word line
WL;_, and the data line ﬁEI:E and if the parasitic
capacitance Cddw' formed between the dummy word
i&) : line DWLl%Z and the data line EEI:E is made egual
‘to the parasitic Capagitance de, formed be;ween
ﬁhe

20 the word llne WL and the data line DL

1-1
composxte parasitic capac1tance (Cd

1-1’

=C_ )

1 +Cagwn=Caw
connected to the data line DL,_, when the word

line WL,_, is selected becomes equal to the

)

composite parasitic capacitance (de"+cddw'=cdw

25 conpeéted to the data line DLl_l.



20 the word line [err] and the data line [err] the conposite parasitic
capacitance [err] connected to the data |ine DL 1 when the word line W1 1
is sekected becones equal to the conposite parasitic capacitance [err] 25

connégRed to the data line [err]. As a result, the noise applied to
t he aline [err] when the word line [err] is selected will havé a | evel
substantially equal to that of thenoise applied to the data 5 - [line ‘
1 Mor eover , t he noi se applieJ’to each of the pair data line [err] a

DL11 is reduced by the differential type sense anplifier [err] because
‘the noise i s subst&n@ &A95hktco ndﬂéﬁﬁ%ise. 10 V¢ have
found as nentioned above that the noise applied to one of the |ines
constituting2RPparA && £he mata Yine| BEy | aMhargddeatwend ehihpart of the
menory array_does not substantially coincide with the noise applied to 15
the other of "the1l tfeSSIGRRd thl BaBepai Aeyaila Substantiliyerr]. In
other words, the.data lines [err err in_the DDRAM are forned from -
e.g., the saﬁguﬁﬁlr?ﬁg tll.fy}:erqg atrfbJ a‘lr;?hﬁ efPplied to the data

5 line ﬁf;:i.' Moreover, the
noise applied to each of the pair data ling DLl__l
and 5fz:1 is reduced by tﬁe differenﬁial type
sense amplifier SAl because the noise is . | g}
substantially a:common mode noise. | |

10 We have found as mentioned
above that the noise appiied to one of ﬁhe lines
constituting a pair daﬁa liée, e.g., DLl-l' <:}

arranged at an end part of the memory array does

not substantially coincide with the noise applied to

15 the other of the lines constituting the pair data
line, i.e., ﬁLl_l.

. . o . _____
n other words, the data lines DLl_l, DLy ¢/

-++¢ DLy ., DL;__ in the D-RAM are forméd from,
e.g., the samé wiring layer. and arranged
20 adjacent to each other at substantially equai
distances. | |
Accbrdingly, a parasitic cépacitance betwéen
data lines Cda having a value wHich cannot bé

neglected is formed between data lines adjacent to

25 ~ each other.



- 20 adj acent to each other at substantially equal distances.
Accordingly, a parasitic capacitance between data |ines Cdd having a_val ue
Mwhi ch cannot® be, negl ected is fornmed between data |ines adjacent tgg?%% :
each ot her. -12- In'Fig. 1, the parasitic capacitance between ta |ines
connected with each of the data |ines arranged inside the nenory array,

i . € each of- the data |ines other th@fthe data |ines DL and 5 [err]
ar ged at the end parts of the nmenory array respectively, is 2 Cd because
the parasitic capacitance .has data |lines arranged on both sides thereof. On
t he ot her hand, the pdmadlitd.c lcapads tmacesildic cabatweenceates tiwzras
connected with each of the data lines [err] and [err] arranged at the end
parts of the nendafaadides expudted ywith Glacheefutbet Hetpadddietsi ¢
capacitance has only one data |ine arranged on one side thereof. 15
Consequent |y, therrngehd noidesthppreneryo2f Y pairedat 82l5me@err] and
[err] arranged at an end part of the nenory array respectively are not

equal to each ot k¥e. datg Jiings pther Ebap Ry data lines DL, , and

5 ﬁi;:; arranged at the end parts of the memory
array respectively, is 2 Cag because the parasitic
capacitance has data lines érranged.on both sides

L 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.
15 Consequently, the coupling noisés applied to
the pair data line DL,_; and DL,_; arrahged at an

end part of the memory array respectively are not

O

equal ‘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 of the memory array, the

parasitic capacitance _Cdd in



noi ses applied to the pair data line at the 20 | ower nost end part
respectively are not equal to each other. Wen the elenents are

m ni At ufized in order to increase the nenory capacitance, i.e. for

i ncrig&8rpg the density of the nmenory array, the parasitic capaci tance
[errNJd -13- the sane wiri.ng layer is increased. .Therefore,’the
unbal ance between the coupling noises produced in the above-nenti-oned pal
data line is substantially increased. 5 When the potential of ea
of a word line and a dummy word line.rises froma lowlevel (0O V) to a high
| evel [ err]then stame B:-RAMat heyappr bxi imtecasddies Tietdforoupl i Ng noi ses

(voltage varying quantities) [err] applied to the pair data 10 l'ine
[err] by t Hdecfuindmtlea nie t hetweaposihee cpapdding auigreipapdecdét ween a data
line and a word line C the parasitic capacitance between data |ines Cdd

~and the ot Har ther aave-mephipnaAcpadt dadaddtidd ik® [err] are obtained 15

accordlng tc)bstantygl{yllg@éggsgguatlons Clerr]

5 _ When the potential of each of a word line and
a dummy word 1ing rises from a low level. (0 V) to
a high level (V¢¢J in the D-RAM, thé approximate
values of the coupling noises (voltage varying
quantities) AV’ .AV ' applied to the pair data

10 - line (DL1 17 DLl ) by the effects of the
composite parasitic capacitance between a data

dw

line and a word line C, , the parasitic capacitance . c:)_
between data lines Cgq and the other parasitic

capacitance of the data line Co are obtained

15 according to the two following equations:
- C.. |
o dw
AV = v ... (1)
N de+C0+cdd cc
c R
dw
AV "= v ees {(2)
N de+co+2Cdd- cc

It is -to be also noted that the parasitic
capacitance-co'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 - VBB

applied to the substrate causes similar coupling

- -'noises to be generated in the data lines.



It is to be also noted that the parasitic capacitance [err] .includes the
junction capacitance 20 between the drain of the M SFET constitut a
.menory cell and a substrate. Accordingly, the fluctuation in the~ L*‘-
substrate bias voltage - VBB applied to the substrate causes sim é%l
coupl i ng noi ses to be generated in the data |ines. =14- Also i IS
a couplina noises to be unbal ancedy gre generated in the outernost pair

&|ines [err] and [err] Thus, if coupling noises are not equally 5 .
generated in the line constitgthg a ir_data line .the differential type

pa ) ;
sense anplifer fed w th Ihe* i AP SRSEHeﬂ&ﬁqlTﬁﬁEP?T%%SaSCa i nput si gna
s liable to mlfuneli on.. LonsgayenLl v, hen, the. data, shoLedeli a 10
menory cell appears &h a pair afa TineSh the formot - a m nute vol t age

di fference, coum&%%$rEggg§ HRY caugﬁztggégdu5§ivoltgge—d[fference to
e signa

decrease, so that noi se matglh o t®’ be Henhécted may be

reduced to such an(nd%ﬁﬁs;hgf géuplgggh%di ig%%q§g£q§qg§@@9} be

di sregarded. Such a pr em occurs, for exanple en the’signa
corresponding to ddyeatda” On £horednkd @onstituting a pair data

line, the differential type sense amplifer fed

with the.signal on the pair data line as an input
';;_ signal js liable to malfunction.
Consequently, when the data stored in a
10 memory cell appears on a pair data line in the
form.of a minute voltage d{fference, coupling
noises may cause the minute voltage difference to
decrease, so that the noise margin of the signal
to be detected may be reduced .to'such an extent that
15 - the lowering degree cannbt_be disregarded.

Such a problem occurs, for example, when the

- x signal corresponding to the data "0" stored in a

S~ memory cell is read out to the uppermost end data
line DL, ;-
20 In this case, the voltage of the data line

DLy 4 is lower than the voltage (reference

e .

voltage) of the data line DL,

As will be apparent from equations (1) and

paired therewith.

(2), the coupling noise generated in the

25 . uppermost end data line DL;_; is larger than that



menory cell

Is read out to the uppernost end data line [err].
In this_case,
(refe e voltage) of the data |line DL11 paired therewith. As, wll
appa romequations (1) and (2),

20

the voltage of the data line DL 1 is |ower than the voltage

be -

t he coupling noise generated in the 25

upper end data line DL1 is larger than that = -15- genérated in t he

.data line [err] paired therewth. Consequently,

the m nute voltage

di fference between the data |ines T¥T] decreases owing to the unbal ance

~ between the coupling 5 noi ses. This problem al so occurs in the

foll owi ng cases: (a) Wen the signal corresponding to the data "O' stored
in anmenory cell is read out to the 10 | onwernost end data line [err].
and (b) Wen the signal corresponding to the data "I" stored in a nmenory.
cell is read out to the data line [err] or [err]. A preferred enbodi nent of

t he present 15 i nvention will now be described in greater detai

reference to Fig. 2A

10

15

generated in the data line DL1 -1 palrnd thereswith.

Consequently, the minute voltage difference
between the data lines DLl—l’ ﬁfI:I decreases
owing to the unbalance between the coupling
noises.

This problem also occurs in the

following cases:

~(a) When the signal corresponding to the data

"0" stored in a memory'cell is read out to the

lowermost end data line DL1 -n and

(b) When the signal corresponding to the data

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

data line DL1 1 or DL1 -n°

a preferreu embodiment of the present
inéention will now be described in greater

detail with reference to Fig. 2A. .

Sehse amplifiers Sa .SAZ ceeys sa_ are
1-1+ DEy_p7 DLy,
DLl;n respectively. Each of

lf
provided to pair data lines DL

DLl_z; e oo ; . DLl_n'
the data lines DL

l_l' DLl'_l' - o oy DLl_n 1s
connected with the input/output terminals of

. memory cells M-CEL provided under a given matrix

Wi th

®



‘Sense anplifiers [err] are provided to pair data lines [err] [err]

respectively.,

Jdnput/output termnals of .nenory cells MCEL provided under a gi
-16- and dunmy cells D-CEL respectively. Moreover, word lines [err]
and dumry word lines [err] are provided so as to cross the data lines at

and reception bet vegpet fg el RAMLN] (A0 SGHETI 1 441 CUl bach B thae_word

transm ssi on of

Nt

5

10

15

20

25

and dummy word lines is connected witﬁ'the
selection terminals of the memory cells M-CEL
provided under a given matrix and the dummy cells
D-CEL respectively. The pair data lines DLy _;
DLl_l; DLy 5+ DLy _ 45 ...: bL,_,r DL,_, are

connected with a pair of common data lines CDL, /

QDLl through pairs of MISFETs Qll’ Qll; le, Q157

“asd an, an for constituting a column sw1§ch

C-SW respectively. The common data lines CDL,,

CDL, are connected with the input terminal of a

data output buffer DOB and the output terminal of
a data input buffer DIB respectively. The signal
transmission 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

‘place through the data output buffer DOB and the

data input buffer DIB.
A row—column decoder RC-DCR performs the
selecting operation for selecting a word line and

a dummy word line from the word lines WLl-l'

Each of the data lines [err] is connected with thag%%;z
atri x

ri angl es.. Each of the word 5 and éunny word lines is connected
wwp/ the selection termnals of the nenory cells M CEL provided under a
given matrix and the du cell D-CEL respectively The pair data |ines
[err], [err] are 10ang qgﬁﬂﬁngéﬁ %;ﬁge?ﬁlé%%ﬁbn dﬁgﬁePVﬁés CDL1
[err] through palrs Q SEETs . Jerr] for ituting g colum _swtch
'C-SWrespectively. fﬁgacgﬁﬁoﬁkaaﬂd " 1"piﬁl}ma?8gcgﬁﬂggt88r ith
the input termnal of acl q%ﬁ out Q%B ng _t t
termnal of a data |nput éw}r"ﬂ-erl ‘DI rlesao%t:{{e %éﬂd 8 Qs Q ?é%gm ssion

':?BI—Z' ---¢ WLy_p and the dummy word lines DWL, ;-



read-out data and the data to be witten is taken 20 pl ace through the
data out put buffer DOB and the data input buffer DIB. A row col um decoder
RC- DCR=perforns the sel ecting operation for selecting a word Iine and a -
dunnyszb~- line fromthe word Iines W. 25 [err]. and the dumry word
i nes \{/eyr], [err].Mreover, the row colum decoder RC-DCR performs the
sel ecting operation for selectlng a7pair of M SFETs fromthe pairs of {
M SFETs Q [err] 5 An address buffer ADB processes two kinds of
mul ti pl exed external address signals, i.e., row address signals [err] and
col um addr g8, si ghal sMbeeblepr, 0&d®s aowidl e I Ge 6bdeenplcemert ary addr ess
signals [err] anc [err] 10 [err] respectively and sends themto the
row col'um denofier m&C:e BERsal etitiingyodearatjiom Horosdaeceiwigt la t he operation
in'the 1C chip. The row col um decoder RC-DCR decodes the pairs of
conpl ement arpa iadde £s81SFEMal ricor the pairperf MABAYTSh@;gbove- nenti oned
sel ecting operation. In the exanple, pairs of dunny.datalllnes [err] are -
provided inQyyi Qypr Q)i --+i Qppr Qpp-
5 An address buffer ADB pfocesses two kinds of

multiplexed external address signals, i.e., row

address signals Ay~A, and column address signals

-ASA'AIS processes into pairs of complementary g)

address signals (;0, 33)r~(a7, E;) and (ag, ;;)-

10 (a5, 3gg) respectively and sends them to the

row-column decoder RC-DCR ét timings ¢AR’ ¢AC iq
accordance with the operation in the IC chip. ' '<:2
The row-column decoder RC-DCR decodes the
pairs of complementary address signals for |
15 performing the ébove-mentibned selecting
pperation.
In the example, pairs of dummy data lines
DDL, ;, DDLj_; -and DDL;_,, DDL; 5 are provided in
orderﬂto eliminate the above-described nbnﬁniformity
20 in the parasitic capacitance between the lines
constituting a pair data line DL,_,, ﬁfI:i
arranged at the uppérmost end of'the'ﬁemory array
part M—-ARY (or the dﬁmmy array part D—ARYi and
between the lines constituting a;pair daté line

25 '1Pnl-n' DLl-n arranged at the lowermost end



order to elimnate the above-described nonuniformty 20 in the
parasitic capacitance between the |lines constituting a pair data |i
.arranged at the uppernost end of the nmenory array part M ARY (or tt
array part D-ARY) and between the lines constituting a pair data INen
[err] arranged at t-he | owernost end thereof. The pair of dummy data-
ligey [err] i.s provided above the uppermosi-pair data line [err] under the
sangs arrangenent as the 5 other data lines. On the other hand, the pair
of dummy data lines [err] is provided bel ow the | owernost end pair data
line [err] under thee arrangenment as the other data lines. 10

In order to make its parasitic capacitance Lerr] equal to that of the data
lines [err] [err] each T tRfeke @tndymat g2 PnéénFéHqufﬂyd DAL connect ed
with a plurality of nmenory cells MCEL, a single dummy menory cel
D-CEL, a dummy seﬁ§eﬂﬁﬂﬂ¥§QQﬁa?%N9]tB@ PEP?fmaﬁ& PﬁéICG?Fétﬁdﬁ&?ng one of

MOS transistors [err for fotn1n a colum switch as shown in the figure.
[ Lf 17 g%er the same arrangement as th 9

5 ~ other data lines.
On the other hand, the pair of dummy data
lines DDL;_,, DDL;__ is provided below thef
Lo _ -lowermost end pair data lipe DL,__, DL;__ under
the same arrangement as the other data lines.
10 In order to make its parasitic capacitancg Co
equal to that of.the data lines DLy ;¢ DLy _5r ---y
{;) . DLy _p¢ each of these dummy data ;ines DDL; ;-
Bﬁfz:i, DDL; _,» EBEI:; is connected.with a
plurality of memory cells M-CEL, a single dummy
15 - memory cell D-CEL, a dummy sense amplifier-DSAl.or
Dsa, and the corresponding one of MOS transistors
- Q;r Qs Q, and Q, for forming a column switch as
el shown in the figure.
Thé-practical arrangement of each of the
20 dummy sensé amplifers DSAl, DSA2 is to be the same
'as the sense amplifiers SA,, SA,, ..., SA..
In addition, each of the word lines is formed
so as to cross the dummy data lines in 6rder to

make the parasitic capacitance Dgw between a data

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



The practical arrangenent of each of the 20 dummy sense anplifers DSAL,

DSA2 is to be the sane as the sense anplifiers [err]. In addition, each of

- the word lines is formed so as to cross the dunmy data lines in order to-
make Léﬁywarasitic capacitance [err] between a data 25 .line and a word
l'i ne ogzg;ch dummy data |ine equal -19- to that of the other data lineg,
The pair.of dunmy data lines is providqﬂél1cwder to make the parasitic ii}
capaci tance between data |ines of the out’ernost data lines [err] and DLn
respectively equal to that of the other data lines, i.e., 2Cdd. _
Therefore, itol ghiipNgeessar bl €8sk Ui jhBg data in a pair of dummy data
| i nes. Accordingly, the pairs of MXS transistors [err] and [err] for

formng a colum gMetghil0of aun@kpesied WihBst he paidwdfa dymy data |ines
[err] and [err] respectively are maintained in an OFF state. Referring now
to Figs. 2B gpde2CroemBReOk Heh@alrdsit ieNBapactitahdd Gdtvepri ses a 15

capacitor C for storing data and a M SFET [err] for the address selection.

The data "1"gqata"Dineés 8ot ancsrhogt!t davhellises DL capamd or

5 ﬁrl—n respectivély equal to that of the other data
lines, i.e., chd’. Therefore, it is unnecessary

to read out the data in a pair of dummy data
flines._ Accordingly, the pairs of MOS transistors ' . \o
Q. GI and Q,, C; for forming a column switch

10 connected with the pairs of dummy data lines
DDL) 3+ DBDE;y 1-2+-DPE1 5
maintained in an OFF staée. | (:}-

and DDL respectively are
Referring now to Figs. 2B and 2C, each
of the l-bit memory ceils M-CEL comprises a
15 _capacitor Cq for storing data and a MISFET m
for the address selectioﬁ.' The data “1“ or "O"
is stored according to whether the capacitor

_CS has an electric charge or not.



[err] has an electric charge or not. -20- Data is read out by turning
ON the M SFET [err] in order to connect the capacitor [err] to the data
Fine DL and sensing the change in the potential of the data line rr]
wi th the amount of electric 5 charge stored in the capacitor

the follow ng description it will be assumed for the sake of cl

I n

th ach of the data lines has only the parasitic capacitance [er
Suppdsi ng 10 that the potenti al previdﬁgyy charged in the parasitic
capacitance [err] of the data line DL . is 1-1 a supply voltage [err],

when the data stored inghe r..ler. 1S 1" o Qt enti _al t he
supply voltage [err]) the potgﬁ?%%(f )é} éEBP Pﬁebgat '1§& SEET e DL1

1 is kept at the sypployded 1 aPe Med" errfﬁéggtgge <01 Fﬁ oth hand,

when the data is "0" (Ov) the potentlal rr]
where [err] is thelgq,gegtoltag,q.,&)f g_ﬁf{ an rr
t hreshol d vol tage 20 il the ﬁ éﬁéé e,lgh%% %F&?g%@%l

between the |ogic of taedddi@ hagiet 010, iwfen the aRBURL Bf LhectgRal to
be detected [err] is as follows:
5

charge stored in the capacitor o In the

g*
following description it will be assumed

for the sake of clarity that each-

(Y .of the data lines

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

parasitic capacitance Co of the data line DL, 4 is

{:} -a supply voltage V cc’ when the data stored in the

capacitor Cs'is "l" (the potential of the sppply

voltage VCC) the potential (VDL) "1“ of the data

15 line DLy _; is kept at the supply voltage Voo in

addressing and, on the other hand, when the data

gvj is "0" (0.V), the potential (VbL) non becomes {CO'

CC CS(Vw Vth)}/co, where Vi is the gaﬁe voltage
of the MISFET QM’ and Vth is the threshold voltage’

20 - of the MISFET QM' Here, the difference between_
the logic "1" and the logic "0", i.e., the amount
of the signal to be detected AVS is as'follows:

AVG=(Vp )™y "=V )" "=V =V, ) Co/Cy

I1f VW=VCC, the amount of the signal AV_ is as

S
25 -+ follows:



[err] If [err] the anpbunt of the signal [err] is as 25 fol | ows:

-21- [err] Since the nenory cell is nmade snaller and a | arge nunber of _
menory cells are connected to each data line so as to forma nenory natrix

~ having hi gher integration degree as well as a'larger
capaci t; ,[err] <<[err], i.e.,[err] becones an extrenely small val ue.
Consequ y [err] is an extrenely ntg%te signal. 10 _ The dummyy{ }
cells D are enployed as reference$§*for detecting s.uch mnute signals:

Each of the dummy cells D-CEL is manufactured under the sane manufacturing

conditions and w the, sage desigp.constant as the nenory cells MCEL 15

‘except for that tégscg§kxqsgﬂt§%aﬁﬂﬂ@ of its capacitor Cds is about the

hal f of that of tBen capagid enlﬁgﬁ:fbs f128ac A 1@ .35 dl scharged to
2 {

earth potential by nmeans o err] prror to addressing (the other

el ectrode bejpgg&0number! ia&eqnéﬁos}heféypgl ¥r¥okbAgeched to eacnNerefore,
the signal chan@e quantity [err] dpplied to the data |ine erﬁi by the -

dunmy cel |l ipagddig¢ssi B® a5 to form a memory matrix having a

5 higher integration degree as well aé a larger
capacitance, Csdtco; i.e., CS/CO.becomes an
extremely small value.l' Consequently,AVs is.an

- extremely minu£e signal. ' -

10 The dummy cells D-CEL are employed as

references for detecting such minute signals.

Each of the dummy cells D-CEL is manufactured | C:}
under the same manufacturing conditions and with
the same design_coﬂstant as the memory cells M-CEL
| 15 except for that the capacitance value of its
capacitor Cds is about the half of that of the
capacitor-cs. . The capacitor C4_ is discharged - | K;f
to earth potential by meané of a MISFET QDz
priér to addressing (the other electrode being
20 fixed at the Supply voltage.vccl. - Therefore, the
signal change quantity ANh appliéd to the.data
- line ﬁi;:z by the dummy cell in addressing-is
represented by the following equation similarly to

. the signal change quantity Avs-to'the data line

25 " DL;_; by the memory cell:



“represented by the.follomﬁng equation simlarly to the signal change

quantity [err] to the data line 25 [err] by the nmenory cell: -22\
.where [err] is the gate voltage of the MSFET [err] and [err] is thef/m
threshold voltage of the M SFET [err] 5 If [err] is reprgs /

by the fol l'owi ng: equation: [err] Since Cds is set so as to be al nost—
ogzzfrr] is equal to alnost half of [err],,10 Accordingly, it is

p 'ble to discrimnate data "1" and "0" according to whether the signa
change quantity [err] of the data |line DL is smaller or larger than the
signal change quantityay_ AVYR of-yihe gdata yene [err].. 15 The sense anplifier

SAis to enlarge the 1 thenF*%l13hangedﬂif?erence produced i n addressing

into a sense peri eHedst GEW Hed tne azd ¢4 gl eageabf( shesn1gwRlri i gr, control
signal) [err] (the 20 operation thereof is described |ater) and has
I.nput / out put nodeandonggqtéd\ﬂhd1ﬁh¢§&moba voltage of the MISFET

Ops-

5 1f v o+ AVp is represented by the

DW~YC
following equation:
AVp=VeeVine ) Cas/Co |
Y . Since Cas is set so as to be almost half of

Cge A_VR is equal to almost half of AVS.
10 Accordingly, it is possible to discriminate data

“1" and “0* according to whether the signal change

{:> quanﬁity¢avs of the data line DLl-l is smaller or
-~ larger than the signal change quantity AV, of

the data line DLy ;-
15
The sense amplifier SAi is to enlarge the
potential change difference produced in addressing
intq‘a sense period determined by a timing signal
}sensg amplifier control signal) ¢PA (the
.20 operation thereof is described later) and has

input/output nodes connected with a pair of

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

25 "”DLl_l respectively are made equal to each other in-



conpl enentary data lines DL, DL arranged in parallel to each

ot her. The nunbers of the nenory cells connected to the data lines [err]

25 : DL respectively are made equal to each other in . -23- order

to i ngeease the degree of detecting accuracy, and one dummy cell is

conn to each of the data lines [err]. Moreover, each nenory cell P

M CE connected between a word |ine S and one of the pair of {:2
conpl ntary data |ines. Since each Ww6rd 1ine crosses both the Iines -

constituting a pair data line, if the noise conponent generated in the word

ine 1s transgiddedgo;a-gatael e e JRANS, ol aaby el grirostat i c 10

coupling, the noi'se components equa ear on he data |ines and

are cancel | e%gﬁ:é&%saéi bh r%rmnglr dIPE $ENSEnALPLLEI €6 SALh

Particularly ata lines e provided 1 n the exanple as descri bed

above. 15 £ fhergheseiihBe wasi,tiryrvaz- aci tagsechetesnctdat a |ines of
each data line is al?omed 0 be 2Gdd Wit htT spect to all the data |ines. -

Consequent | y,méxﬁoi'ri PO3%i R-EELO iedB A td@ bEéOHRkhNg Werdelfihem a word
line with . t'he coupling noise resulting 20 fromthe fluctuation
in thé substras@ dh@sofothagpair of complementary data lines.
Since each wdrd line crosses both the lines
constituting a pair data line, if the noise
: componént generéted in the word line is transmitted &
to a daté line by means of an electrostatic
10 coupling, the noise components equally appear on
both the data lines and are cancelled out by the

differential type sense amplifier SA, .

O

Particularly, the dummy data lines are
provided in the example as described above.
5 Therefore, the parasitic capacitance between data
lines of each data line is allowed to be 2C44 with
réspect to all the data lines. Consequently,'it , ;;ﬁ
is possible to equalize the coupling noise from a
word line with the coupling.noise résulting
20 from the fluctuation in the substrate bias voltage )
~ Vpp 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 f.the pair of complementary data lines DLl-l' DLl__1



.- [err] with respect to all the data lines. Accordingly, each sense_

anplifier can reliably cancel out the coupling noises. Wen the mory cel
connected with one of 25 _ the pair of conplenentary data IQ@Eﬁé@err]

-24- is selectéed, one of the pair of dummy word lines [err] is ed so
that a dummy. cell i.s. inevitably connected to the other data |ine. The

S anplifier [err] has a pair of NISFEﬁg [err] which are cross-1linked
aﬁqfiifferentially anplifies a mnute sign f_by the positive feedback
operation thereof. The positive feedback operation is started at the .sane

ti wh 10 . M SFET [ ductJ ' to th
t: mmeng gingﬁal (sent® SFpPFEE (I’ar.(r? ﬁ![ Egrggggcﬁ%lq)ru%eér \r/c.]em:)ﬁ%rv{e%ggﬂfgﬁ%g ©

data-1li [ I .a Low I data-]i
o o oo SR . f R e f it e
di fference therebe%?é@ffté‘ﬁig;gé%ie&?ehh%op%%%lntciyﬁerdii]a{t?i eff’?? applied in

addr essi ng. Wen t ower ne potentia reaches a hreshol d
voltage Vth of the cross-linked M SFETs, the positive feedback operation
conpl et es, Sso t hat

The sense amplifier SA, has a pair of MISFETs
QSB' ng which are cross—linkea’and differentially
amplifies a minute signal by the positive feedback
&;u“-_ L " operation thereof. The positive feedback

operation is started at the same time when a

10 MISFET QSlo is made conductive in response to the
timing signal (sense amplifier control signal)_
{:} ¢PA’ and the higher data-line potential (V)
| lowers at a low speed and the lower data-line
potential (VL).lowers at a high speed while
15

enlarging the difﬁerence therebetween according to
the potential difference applied in addressing.
W, ' ;Wheq the lower data-line potential VL reaches a
threshold voltage Vin of the cross-linked MISFETs,
the-positive feedback operation completes, so that
20 the higher data-line potential V, rests at a
potehtial smaller than the supply voltage VCc but
larger than the -threshold voltage Vth and the
lower data-line potenpial v finally reaches 0 V.

The stored data in a memory cell once

25 ':,ééstréyed in addressing is restored (rewritten) by



20 the higher data-line potential [err] rests at a potential snaller
than the supply voltage [err] but larger than the threshold voltage Vth
and thg lLower data-line potential [err] finally reaches O V. The stored _
data i[d & nenory cell once 25 destroyed in addressing is restored
(rewi n) by - 25- , + 0 receiving -
the higher data-line potential [ergd or the |lower data-line potential VL{ }
obtai ned by the sensing operation as it is. ‘Wien the higher data-line ' -

POLEN! S S0, end Sy SAUSOGLPICITEE L02Ra2igL 00 BEOURL v 11 [ espect (o

_ _ unction es 'placB I'n that the state is
read as ifig ogl g, Pinuhbbeeheading, ggaeHel! bpocheesergeayed certain

times. An active restoring circuit Perr] iIs provided in order 10 to
prevent ?EI functioniefighis kind. The active restoring circuit [err],
has t he nction to selectively boost only the higher data-line potenti al
[err] to the supplynh¥fl tRgenpghent dataViinei pboshtendr Viing any effect on .
the | ower date-line potential VL. Each 15 of M S type variable

capagi t apser&detedt sy GBbkeandafiBa2guuenesmpustetva&hr yesaeict capaci t ance
with the voltage applied to terminals on the |eft side as viewed in the
figure. totthelsupplgppedthraeel phag malfunction takes place

in that the state is read as the logic "0" while
reading and rewriting are repeated certain times.
An acfive restoring'circuit AR1 is p:ovided in order
10 to prevent a malfunction of this kind. The actiye
.restoring circuit AR1 has the furiction to selectively
boost only the higher data-line potential VH to the
—
supply voltagé potential VCc without exerting any (,I
effect on the lower date-line potential VL‘ Each
15 of MIS type variable capaci;ance elements CB11 and
CB12 varies its elect:ostatic capacitance with the
voltage applied to terminals on the left side as
viewed in the figure. It will be appreciated that \;,
a-capacitor'is formed at a voltage higher than the

20 threshold voltage Vth and no cépacitor is formed

at a voltage lower than that.



a capacitor is formed at a voltage higher than the 20 threshold voltage Vth
and no capacitor is forned at a voltage | ower than that. - 26-
M SFETs [err] are made conductive in response to a timng signal - fAG
restoring control signal) [err] the variabl e capacitance el ene
bel onging to the:data Iine at the potential VH 5 I's charged. Next, when
a ) ng signal (active restoring contF%ﬁ‘signaI) [err] 1s at a high

| ewe#, the gate potential of a MSFET [err] or [err] belonging to the data
| i ne becones sufficiently higher than the supply voltage [err], so that the
potential [err] 10 is r&&eor ¥dSFETSh@ gupflcy wokt mgde[ epnfiuctive this
case, the threshold voltages V  of the M SEETs kerr] are designed so as to
be smal | er thadnt F6§EOBEEMESFRTSiRdNInEAREa lnileRtivEnreRECELBEre i n or der
to decrease the Bpmer | gss iﬁ ghe NIgFETsF%egrL. 15 . Vheg a
timng signal FORFFOLsSABPEIHi GrglreFBr VATIREL St RRRAFAEABGFpPY DS Fage
[err]), M SFETs Q. [err] .are. ma canducti.ve, _the. fl oati .capaci tance CO of
each of the pa?ﬁ Bk%gghﬁpgngﬁtggﬁ §g§g bﬁﬁgsa e?PF §§Eﬁﬁgéﬁgrgad to the
supply vol Lage ;20cphebel.  NeARS GnthSEELihenG] oignardeacenguctive

si mul t aneolsl y therewth, there i's unbalan
restoring control signal) ¢rs is at a high level,

the gate potential of a MISFET_Q56 or QS7 belonging
P to the data line becomes sufficiently higher than

the supply wvoltage V so that the potential V

cc’
10 is restored to the supply voltage V

H

cc’ In this case,

the threshold voltages V of the MISFETs st, QS7

th
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’ QS7’

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

(higher than the supply voltage V MISFETs QSZ'

CC)'
QS3 are made conductive, the floating capacitance

NS Co of each of tﬁe pair of complementary data lines
) Bﬁ;:; is precharged to the supply voltage

20 VCC‘ Since a MISFET QS1 is_hade cohductive

simﬁltanéously therewith, if there is unbalance
between the precharging 6perations by.the MISFETs
QSz and QS3 respectively, the'pair of‘complementary

r—————

data lines DLy _y- DLl;1 are short-circuited with



bet ween the prechargi ng operations by the M SFETs [err] and [err]
respectively, the pair of conplenentary data lines [err] are
short-circuited with each other so as to be set under the sanme potentia
condi tAOR: The threshold voltage [err] of each of the MSFETs [err] to

[ et so as to be lower than that of the M SFETs not marked with *
gure in order to prevent the pégguction'of the voltage toss ]
bet ween the source and drain thereof. At'this tinme, the MSFET Qd2 is na
conductive in response to a timng signal 10, (di scharge contro
signal) [err] ARP tHePeMnRy &8 toDRSEISSE BPEeT  BBRt SPA®a given state. Row

address signals [err to err] suppljed froman.address buffer ADB by
neans of 61H?¢ﬁ?1 3% condifipfy (4 eEér%ﬁs?é 3825?8? itgnal ) [err]

are decoded by r OW coLu d - DCR,,. and_addr.essi ng _of menory cel

M CEL and a d@ﬁf%‘g|ogg§f _EE%%%IHR&SM rFu?at aRsaudPy S&it £t ﬁg rise of a

word line control, signal [err]. - | darkda VR LL 20€n -
~difference of %ﬁrﬁﬁnf%%ﬁf]gﬁgkpfb%ﬂ%éﬁfb%?%e%ﬁgfﬁgspgégI%? %%nplenentary

data |gnes [eryl, agcording,t g 4G YO srk 6ORE ebhe O bR Yecel | as

descri bed above.
the voltage loss between the source ' and drain

thereof;

At this time, the MISFET Q4. is made - N

conductive in response to a timing signal
10 (discharge control signal) #;., and the dummy cell

D-CEL is also reset in a given state.

Row address signals R, to Ai supplied from

an address buffer ADB by means of a timing

1s signal (address buffer control signal) Zyr are
decoded by a row—coldmn 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
word line control signal #,.

20 , As a result, a voltage difference of almost
AVS/Z'is pfoduced between the pair of complementary
data lines DLy _,, Bf;:i according to the stored

content of the memory cell as described above.

25 . At the same time when the MISFET QSlO starts.



25 At the sane tinme when the MSFET Q  starts -2 8-

conducting in response to the timng signal (sense anplifier control /
signal) [err] the sense anplifier [err] starts the positive feedback{,

operation and anplifies the detection signal of [err] generated 5 In-
~addr essi ng. After-the anplifying operation is al nost conpleted, the

ab described active restoring circuit f28+¥] restores the IeveI of the

| o "1" to the supply voltage V in synchronismwth the tim ng signal

(active restoring copaiolidg in o3kl doTile Cohium address sigoa

[err] to [err] sen Fon t ynthr oni sm w

timng signal (add ) [err A5 ed by
t he row col um dec£ 1%%&08995% he r&ﬂﬁi (?aRPa s%%re%e?%etﬁésﬁgﬁggg cel |
M CEL at the col U@Aadéfséésseha%%@l%@etféeawaék %@Arée%m@naw tch

control signal) [errt is transmtied to common data lines [err] through a
col um 20 SW 41 O /¥ Ehétde%e@%ﬂbﬁugﬁ¢ﬁaproﬂa£@-Pﬁteéhepatéer

OA&DOB is actuated in response to a'timng signal (data out put buffer and
mai n anplifser conifiodd8ig@eai hglerrhfied hitie toepl £owli 6§ o6 perdaiani sssent
almost completed, the above-described active
restorfng circuit AR, restores the level of the

logic "1" to the supply voltage V in synchronism

cC
with the timing signal (active restoring control

10 . signal) ¢rs'

P Column address s.ignal Ai+l to Aj sent from
u _ _the address bﬁffer ADB in synchronism with a
timing signal (address buffer control signal) ¢AC
15 are decoded by the row-column decoder RC-DCR, and
then the data stored in the memory cell M-CEL. at
the column address selected by a timing signal
(column switch control signal) ﬂy is transmitted
to common data lines cpL,, CDL, th_rough a column
20 switch C-SW.
Next, a main _amplifiér ‘data output buffer
OA&DOB is actuated in response to a timing signal
(data output buffer and main amplifier control
signal);ﬁOP, so that the read stored data is sent

25 .. out to an output terminal D_ . of the chip. The



25

ou

t to an output term nal Dout of the chip. The -29- main

anplifier data output buffer OA&DOB is nmade inoperative in response to a

timn
Pr ech
as th

g@
a
e

nal (data output buffer control signal) [err] in witing. 5 -
g, addressing and sensing operations are substantially the same
ve-descri bed readi ng out operation. Consequentiy, the ‘stored

data in the nenory cell to be essentially jyitten 10 is read out tof
the pair of conplenentary data lines [err]"Tegardl ess of the |ogical value
of an input wite data [err]. Since the read out data is to be neglected by

the witing opegin immoUefiterbédthabertputt maffée ObabDEeiedmbbdat the 15

operation so far is essentially the selection of ‘a row address. The pair of
data lines DL,imiperative ihotespdnse tiwe aotimbngeségned i(dasgnchroni sm
with the 20 timng signal (colum swtch control signal) [err]
simlarly to tavtpetdduffeperantselasd armhb & J 0 vhéteosnon data |ines
[err] respectively through the colum switch CGSW Next; conplenentary -

DI'B

5

10

15

20

25

~writing input signals 25 d . d supplied fromthe data input buffer

Precharging, addressing and sensing operations
are substantiélly the same as the above-deséribed
:reading out operation. Consequently, the stored
data in the memory cell to be esséntially written
'is read out to the pair of complementary data
lines DLl_l,'ﬁEI:i regardless of the légical value
of an input write data Dy . é}nce the read out C:}
data is to be neglected by the writing operation
described later, it may be considered that the

operation so far is essentially the selection of a

row address.

The pair of data lines DL s DL located
. _ 1-1 1-1,

on the column selected in synchronism with the
timing signal (column switch control signal)ﬂY
similarly to the reading operation are connected
to the common data lines CDLl, CbLl respectively
through the column switch C-SW.

Next, complementary writing input signals

dih, 4, supplied from the data input'buffer DIB



~in -30 in synchronismwith the timng signal (data input 'buffer control.
signal) [err] are witten in the nenory cell M CEL through the col
switch CGSW Although the sense anplifier [err] is also operative/s
time, the data appearing on the pair of colum data lines [err] ilg
determ ned according to the data of the input signal D. in because
ou t inpedance of the data input buffer DI is low 10 Refreshing is

ef ted in such a way that the data stored In the nenory cell M CEL and
bei ng ) - l.ost is once read oqut to a, colum,comon data |ine DL,

and the read-out dafaSYSCPESGSEH WiF-h G echitsng siapaje  dRFanddiRdtof t he
sense anplifier [err]l..as well as the acijve restorin ircuit [err] and
rewmittgﬁ in the[n%H%F?rcgﬂnqﬁ- lflgnﬁét8$MWn§f§,wfgé%Fgfﬁébﬁhﬁb Lperation
is the sane as the_t ddr essi nd s i ri er_at.i.ons ri bed
20 I n connec Fg‘\r’%{r&i %ﬁ%‘ts'"he %&%ﬁggﬁgggﬁggaﬁggﬁg S?‘-}r% tﬁr‘nhl s?qgs;‘fée,

however, the col ump;syolgh CreWdehdBdmb PEEERL 5XS: 3Nd 1S MG JeS

effected for all
5 at this time, the data appearing on the pair of

column data lines DLy_;, DLy_; is determined
according to the data of the input signal Din
because the output impedance of the data input
buffer DIB is low. | |

10'.

Refreshing is effected in such.a way that the
data stored in the memory cell M-CEL and being
lost is once read out to a column 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 tﬁe active restoring circuit AR, and rewritten
in the memory cell M~CEL. Accordingly, the
refreshing operation is the same as tﬁe row
addressing and sensing period operations déscribed
20 in connection with the reading out operation. In
this case, however, the column switch C-SW is made
inoperative, and refreshing is effected for all

the columns simultaneously as well as row by row

in order.
25



the col ums simultaneously as well as row by row in order. 25 - 31-
Referring now to the enbodi nent shown in Fig. 2D, it wll be seen that
unl i kezthe exanple shown in Fig. 2A, each of the dunmmy data |ines provided
OUtSi§E§§he outernost data lines [err]in :5 the nmenmory array part M ARY
(or t unmy array part D-ARY) conprises a single dummy data |ine ([err]
These dummy data lines [err] [er r] al l ow t he conposite capacitances betw§
data lines of all the data |ine: 1[err] 10 ...,[err] to be substantially "
equal to each other. I n addition, srnrlarly to t he dunny data |ines DDL

and DDL sh %grgrgDB%@ £&f (g% eﬁ%éb ent Shgh% e above- nmenti oned

dunmy data Irnes i s connect ed W th urality of nmenory 1-2

15 cells ftsu@qheb@urgaérpeéﬂa@rﬁﬁm@@dtﬁ@eefﬂwépondl ng one of MOS
transrst [err for formng a colum switch as shown in the figure.

Mor eoveghomelﬁ?um dahg ldares dfertHe af@neP Ed eﬂlﬁ\éé hpﬁlameéense
anplifiers [err] | -

outside the outermost data lines DLl—l' DL, _, in

1 13 the memory array part M-ARY (or the aumeIarray
part D;ARY) compfises a single dummy data line
(DDLy 14 DbLl_z)'.' These dummy data lines DDL;_,,
DDL,_, allow the composite capacitances between
data lines of all the data lines DLy 5+ DLl;Z'

10 +eur DLl_n to be substantially equal to each

other. In addition, similarly to the dummy data

O

lines DD.T..l_l 1-2

the above-mentioned dummy data lines DDL

and DDL shown in Fig. 2A, each of

1-1’.
DDL, _, is connected with a plurality of memory
15 cells M-CEL; a single dummy cell D-CEL and the
corréspoéding one of MOS transistors Ql' 02 fqr'
- forming a column switch as shown in the figure. o
Moreover, the dummy data lines DDL, _;+ pDLl;z are
'conﬁectea wifh dummy'sense_amplifie;s DSA'l, DSA'2
20 each comprising a pért of the circuit elemehts
constituting a sense amplifier, as shown in the

0 .
is

figure. . Thus, the parasitic capacitance C. of
each of the dummy data lines DDL,_,. DDL,_,
made equal to that of each of the data lines



20 each conprising a part of the circuit elenments constituting a sense
anplifier, as shown in the figure. Thus, the parasitic capacitance [efr] of

each of the dummy data lines [err] is nmade equal to that of each ok=the
data |ines -32- [err} The dummy data lines [err] are provided i gy/der
to allow the parasitic capacitance between data |ines of each of thé

outy st data 5 lines [err] to be eqifal to that of the other data |ines,

i .e™2Cdd. Therefore, it is unnecessary to read out signals fromthe dummy
data |ines- [ePk]_jCoPBegpentty, Dhg_,gum‘ry data |lines are not connected to
the common data |lines CDL1, 10 CDL1. Referring nowto Fig. 2Eit will be
seen that the dummy sensER@nfpaRycfapmalings CBPppsed OPlf_ 4 hareircuit

el enent s connectedgxﬁéh.a dq%a line if the circuit_ elenents constituting
the differentiBFPYEeEypR QEASE GopRt FPRrtRAIPATIZHES RARISGA EANRe dumy

o T b CheRPed SR CIRERE T MY s R TR o et
5 lines DL;_;, DL;__ to be equal to that of the other
data 1ines, i.e. 2Cdd. Therefore, it is unnecessary
to read out signéls from the dummy data lines-
DDLl-l’ DDL1_2. .Consequently, the dummy data lines
k/ 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'1 is composed
i”) of the circuit elements connected with a data line -
in the circuit elements constituting the differential
15 fype sense amplifier SAl. Consequently, the dummy
sense amplifier DSA'1 is composed of about haif of
the circuit elements constituting the differential
sense amplifier SA'l.
Since the operation of the circuit of this

20



Since the operation of the circuit of this 20 -33- exanple is the sane

as descri bed

wth reference to Fig. 2B and Fig. 2C, the description thereof

is omtf Fig. 3Ais a circuit diagramof the D-RAM havi ng about 64 -
Kbi t - cells arranged separately in tw nmenory cell matrixes (nmenory
arrays [err]) each having a nenory capacity of 128 rowsX 256 -col urms=32, 768
bits(32 Kbits). Principal blocks in the figure are drawn 10 - in {

accordance wi
of [err]=128

‘appl i ed to address, sel ect.
each of the 1 “ﬁblen%ﬁnﬁb

th the actual geonetric arrangenent. Decodi ng output signal s
ki nds obt ai ned accordjyig to row addressing signals [err] are
ng_lLines (wor in the row system.of

d 1] WL _
ea??ﬂ?safbﬂﬂs?F%ﬁgaoVFch68§P§EP§§r&Png al so- as

wor d drivers)%i%¥r%aggigegigvegékd@“FOL%Q%%EeC ggé g%gggogrovides decodi ng

out put signal

i nds®acé ddfess signal s

[err]. The colgim. sgl ecting decodi ng output signals are common to the rignt
and'left nenory arrays as well as the upper and -

Fig. 3A is a circuit diagram of the D-RAM

having about 64 Kbit-memory cells arranged

separately in two memory cell matrixes (memory

10

15

20

25

arrays MfARYl, M—ARYZ) each having a memory
capécity of 128 rows X 256 columns=32,768 bits(32:
Kbits). Principal blocks in the figure-are dréwn_
in accordance with the actual geometric arrangement.

7-128 kinds

Decoding ocutput signals of 2
obtained accor@ing to row addressing signals S (_}
AOA-—'A6 are applied to address sélecting lines
{word liﬁéS'WL) in the row system of each of the
memory arrays M-ARYl, M-ARY, from row decoders
(serving also as word drivers) R—DCRl, R-DCR,
respectively. |

. A column decoder C-DCR provides decoding
output signalé of 128 kinds according to column
address signals ABA'AIS‘ The column selecting
decoding output signals are common to the rignt
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.

The address signals A, and Ag are allotted in



-l ower adjacent columms in each of the nmenory arrays, i.e., four colums in
total. 25 The address signals [err] and [err] are aIIotted I n
-34- order to select one of these four col ums. For instance, p
'signal [err] is allotted for selecting one of the right and | ef
while the address signal [err] is allotted for selecting 5

u and |l ower columms. A [err] signal generating circuit
dgﬁgxes data into four kinds of combi mdion - according to the address
signal s A7, AS8. Colum switch selectors [err] change over the 10

col ums accordlng ordeut md sHlgwt ohersf thesk dburhedlamrds Si gredr
generating circuit [err] Thus, the decoder for selecting the colums of the
menory arrays is diivistachdent ccieva ddmses: signal Ag tilse addlame demxder C- DCR
and the colum switch selectors CSWS1, CSWS2.- 'The division of the
decoder into two stadestding die Rf tvherevght aind deddustalomrs, armileast f ul
space in the I C chip. In other words, it ainms at coincidence 20

bet ween the | ongi t tkdienaliddmerse geingral p&gchsoﬁlﬂl@%t@&t domaalarinel ativel y
| arge area for carrying
' one of the upper and lower columns.

a ¢yij signal generating circuit p’lj SG

decodes data into four kinds of combination

k/ ' - according to the address signals Ag, Ag. Column

switch selectors CSW—Sl, CSW-—S2 change over the

10 columns according to output signals ¢y00"¢§01'
9}10' g y1l of the ﬁyij signal generating circuit
™~ ¥ ..-SG.
J yij
(%

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-S,, CSW-S,. The division of the
i decoder into two stages aims first to prevent
~ lﬁhe production of any wastful space in the IC
chip. In other words, it aims at coincidence
20 ' between the longitudinal arrangement pitch of NOR
gétes having a relatively large area for carrying
a pair of right and ieft output signal lines of
the column decoder C-DCR and the memory cell

" column arrangement pitch. Namely, the division

25 - of the decoder into two stages allows reduction in



a pair of right and left output signal lines of the colum decoder C-DCR

and the nenory cell columm arrangenent pitch. Nanel

y, the division 25
-35- the, nunmber of -

of the’/C der into two stages allows reduction in - i
transi §fprp needed for constituting the NOR gates, so that the area

occupi et~t'hereby can be made smaller. The second aimin dividing the
decoder into 5 two stages is3ge decrease the |oad on each address (:}
signal line and inprove the switching speed by reducing the nunber of the
NOR gates connected to one address signal |ine. The address buffer ADB

process the Mikd phanBe: 16¢ cranslidar XAl AGET 55585 NgkAglOr 1] | N0

ei ght kinds of pairs of conplenentary address signals[err

and transmts tRenmoR §heedpcader hait Gtd éﬂeéfﬁhéhQI
with 15 the operation inside the I1C chip

respectively
88sthetkbysynchroni zed

he preferréed

enbodi ment, duraiy ¥etma e nemalleer]. are provided at the outernost parts of
the menory arrays [err] and MARY2, i.e., the uppernost parts and the 20 -

| ower nost parts theTeofseespdchiiveliyn dividing the de

coder into

5 two stages is to decrease the load on each address

signal line and improve the switching
reducing the number of the NOR gateS'c

one address signal line.

speed by

onnected to

. The address buffer ADB process the multiplexed

10 eight external address signals Ag~A,;
into eight kinds of pairs. of complemen
signals: (ao, ao)n~(a7, a7), (aa, aa)nu

respectively and transmits them to the

Rg~ 215

tary address -
— N

(3yge 235) -

decoder

circuit at the timings g, #5c Synchronized with

15 the operation inside the IC chip.

In the preferred embodiment, dummy data lines

DDL;_y, DDLy_o., DDL, ,, DDL,_ , are provided at the

outermost parts of the memory arrays M—ARYl and

M-ARY

20 - lowermost parts thereof respectively.

o0 1l.e., the uppermost parts and the

In

addition, MOS transistors Qr Qyr Q3 Q, for

forming column switchés'and'dummy-sense amplifiers

DSA'y, DSA',, DSA',, DSA', are provided so as to

correspond thereto respectively.

. 25 o ) ‘'The circuit operation in the address setfing



‘addi tion, MOS transistors [err] for formng col um switches and dummy sense
anplifiers [err] are provided so as to correspond thereto respectively, 25

- The circuit operation in the address setting - 36- processf+?3.he
2-mat system 64 K-D-RAM'wi || be now be described - with{~>O
reference to Fig.- 3A and Fig. 3B. First, when the address buffer contTol
sighay of the.-row systemrises to a high |evel, 7 kinds of pairs of
conp¥enentary two address signals [errI'%&ﬁresponding to the * row address
signals [err] are applied to the row decoders [err] fromthe address buffer

10 ADB th d | i R- ADL. wh he . dli
control signaf {SE??r?Féggvﬁﬁ é%%?&ﬁH¥§Mﬁ¥£¢ﬂ%h?%&ﬁﬂ%ﬁ%&%ﬁ§?ﬂi?Lf,“é?%ék

are nade active, ang . the word lines .2.in each of the nory_arrays
[err] is 15 Se ggtlg%dand made to bz"lgt%@% FeRRfe E@x ,lgwhéﬁ t he

address buffer contgal @hgqabBLerr] of the colum systemrises to a high
| evel, 7 kinds of pairs of conplenentary colunn address

First, when the address buffer control signal
¢AR'°f the row system rises to a high level, 7
kinds of pairs of complementary two address
éignals (ag, Ea)ﬂ—(as, EE)'corresponding to the
N2 - ° row address signals AO"'AS are applied to the row

decoders R~DCR,, R-DCRZ'from the address buffer
10 ADB through a row address line R-ADL.

Next, whenlthe word line control signalp’x
{:} risés to a high level, the row decoders R-DCR,,
R—DCR2 are made active, and one of the word lines

in each of the memory arrays M-ARYl, M-ARY2 is

15 selected and made to be a high level.

' Next, when the address buffer control signal
Y, ﬁAC of the column system rises to a high level, 7
kinés of pai;s of éomp;ementary column address
signals (a9, E;)n.(als, EIE) corresponding to the
20 column address signals Ag~ A,. are applied to the
column decoder C-DCR from the address buffer ADB
" through the column address line C-ADL.
As a result, one of 128 pairs of ocutput
signal lines of the column decoder C-DCR is made

25 " to be a high level, and the high-level signal is



signals [err] corresponding to the 20 colum address signals [err]
are applied to the colum decoder C-DCR fromthe address buffer ADB through
t he col yggp, address |line CADL. As a result, one of 128 pairs of output _
si gnal {HAgs of the colum decoder CG-DCR is nade 25 ' to be a high

| evel , &ad the high-1Ievel signal IS -37- applied to the colum 'switch
selectors [err], [err]. Next, g the colum switch control signal [err]
rises to a high level, the [err] si‘gnal 5 generating circuit [err] i
made operative. On the ot her hand, the pair of conplenentary signals [err]
correspondin : A ed to the [err]
si gnal gener%tp g‘g C rc%dﬁﬁiserr}gﬂvﬁersﬁtzﬁg%a (rieescg %%J%/f‘ggﬁl 1’ control
signal [err] éga s a high level, while the pair of conplenentary signals
[err] correspondlﬁ@ to the address signal A8 is previously applied to the

[err] signal gem“ﬁ§i£¥l&%é&“ﬁﬁﬁFSBﬁLmnsngEﬁhté@h@ﬁgie§§ gﬂifer contro

signal [err] becones | evel Consequent | vy, en the col uma

switch contrgj S oad t{@rg]hpggomgseq hicgla Iﬁevel sB§ARSt simul taneously
therewith, -th& [err] signal

-5 generating circuit ¢§lj

On the other hand, ‘the pair of complementary

-SG ‘is made operatlve

signals-(a7, E;) corresponding to the address

signal A, is previously applied to the ﬂ@ij signal
generatlng circuit ﬁ&lj—SG when the address buffer
10 control signal-ﬁAR becomes a high level, while the
pair of complementary signals (a8, EE) corresponding
to the address signal Aa is previously applied to | c‘}
the ﬁ&ij signal generating circuit ﬁ&ij-SG when
the address buffer control signal ¢AC becomes a
15 high leveil. Consequently, when the c¢olumn switch
control signal g4, becomes a high level, almost
~simultaneously therewith, thelﬁyij
generating circuit‘gyij—SG transmits a .signal to
each of the column switch selectors CSW-S;,
20~ csw-s,. |
Thus, one pair is selected from a total of
512 pairs of transistors in the column switches
c-swl, C—SWZ, and one pair of data lines DL in the

memory array is connected to the common data line

25 " CDL.

- signal A



‘generating circuit [err] transmts a signal to each of the colum swtch

sel ectors CSWS1, 20 [err]. Thus, one pair is selected from fﬁptal of
512 pairs of transistors in the colum sw tches CSW, C SW2, angiégb pair
of data lines DL in the nenory array is connected to the common a-line
25 CDL.” 38- 'The nenory array M ARY shown in Fig. 4A has a plurality
of 7 ry cells MCEL arranged on a sem conductor substrate 1, while the

du array D-ARY shown in Fig. 4A has& plurality of dummy 5 cells.D CEL
arranged on the sem conductor substrate |. The nenory array M ARY shown in

Fig. 4Ais arranged as follows. A field insulating film2 having a basic
pattern shown in Fig. 5 Thefoemedy 18rvay tMeARYr$aen oin thig seéd conduct or
substrate 1 in order to separate the nenDrY cells MCEL from each other
each nenory cel#scdnPtpsahyty ®f sremoryreel bdMCRBbpreranged een] for
storage. Unlike the field jnsul 2 followng 15 the basic pattern

i fil (
rule, a field #n3TPHEPH u?F?ﬁ1ﬁgb$€9%F$aﬂbéﬁhhhﬁeﬁm%dﬁ¥m%¥cﬁﬁﬁ%%t hol e

[err] for D-ARY shown in Fig. 4A has a plurality of dummy

5 cells D-CEL arranged on the semiconductor
substrate 1.
The memory array M-ARY shown in Fig; 4A
\¢f is arranged as follows; A field insulating film
2 having a basic pattern shown in Fig. 5 is formed
10 on the surface of the semiconductor substrate 1 in
order to sepafate the memory cells M-CEL from each
k*) : "other, each memory cell comprising a MISFET QM and
a capacitor CS for'storage.
Unlike the field inéulating film 2 following.
15 the basic pattern rule, a field'insulating film 2a
| for

0
- applying the supply voltage Vcc to a first poly-

is arranged underneath a contact hole CH

crystalline silicon layer 6. Accordingly, it is
possible to prevent occurrencé of such an accident
20 that the aluminium silicon alloy

formed according to the interaction between



applying the supply voltage [err] to a first poly- crystalline silicon
layer 6. /Accordingly, it is possible to prevent occurrence of such an
acci'dent that the alum niumsilicon alloy formed according to the
i nt eract bet ween -39- an alum nium | ayer and the polycrystalline -
silicon layer near the contact hole [err] penetrates through the |nsulat|ng
filmunderneath the contact hole [erf}®To undesirably reach the surface of
the sem conductor substrate 1. The first polycrystalline silicon layer 6 Y\
enpl oyed as one of el ectrodes of the storage capacitor [err] in each menory
cell MCEL is fornmed having a basic pattern shown in Fig. 6 on the 10

field insul ahi aDhmfinium 2 layeéra ggad ethaspbaycoagstialbhide Mirldmosr, the word
lines [err] formed from a-second polycrystalline silicon |ayer 8 extend
over the filayepohyaryshaquntattihomelaygrpénEMereaunhﬂqnghdirection as
viewed in Fig. 4A. In addition, a power supply line [err] for supplying the
supply vol t &he {-esn]lattentghém yengeraebthetdel comtactydrol@ as one

el ectrode of the storage
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 C. in each memory cell M-CEL is formed

S
having a basic pattern shown in Fig. 6 on the

10 field insulating film 2 and a gate insulating f£ilm

3.

Moreover, the word lines WL ~ WL, formed {_}'

1-1 1-6
from a second polycrystalline silicon layer 8

extend over the first polycrystalline silicon

15 layer 6 in the vertical direction as viewed in

Fig. 4A.

In addition, a power supply line Vee-1 for i;;

supplying the supply voltage V.., to the polycrystalline

cC
silicon layer 6 as one electrode of the storage'

20 capacitor CS extends in the horzzontal dlrectlon

as viewed in Flg 4A.
On the other hand, the dummy data lines

bpL; 4, DDL,_, and the data lines DLy _;» DLy _,

formed from the aluminium layer 10 extend in

25 "usubstantially parallel with the power supply line



‘éO capacitor [err] extends in the horizontal direction as viewed in
Fig. 4A. On the other hand, the dumy data lines [err] and the data |ines

[err] fornmed fromthe alum niumlayer 10 extend in 25 substantially
parallel with the power "supply |ine -40- [err] as shown in Fig. 4A-~IRe
dummy data line [err] is connected to the drain region of the M SFET 6""
t heZXnprory cell M CEL through a contact4Bgle CHL, while the dummy dat i ne
DDL is connected 5 to the drain region of the MSFET [err] in another
menory cell M QR thrasughowrcdn atig .halz Cibhe Mung@y @atacagheof the data
lines DL = DL extends in the horizontal direction as .viewed in Fig.

4A sinmilarly t®hhe dursmcaateriddas [tdre [drHimnkdionc @fnedee#rs@erhe drain
region of the M SF % err] in a nenory cell through a contact hole at a

gi ven portion. Qhernd megldryDaelll Mr@RL ithrkiugh 4Adostactahgde as
follows. The field insulating film2 15 is forned on one part of the
surface of the Sy WhiditdFdreodusmysdadi@e LinahDly hd sygoanesseating film

is fornmed on . the. other .part af the suyrface of the sem conductor substrate
?_ 5 to the drail reéion 3% éﬂe MISFET QM in another

memory cell M-CEL through a contact hole CH2.
Moreover, each of the data lines DLl—l' DLl-l extends

in the horizontal direction as viewed in Fig. 4A

c

similarly to the dummy data lines DDL,_,, EEEI:I

10 and is connected to the drain region of the MISFET
QM in a memory cell through a contact hole at a
given portion.

aiw} _ 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 substrafe 1, while the gate insulating '
film 3 is formed on the other part of the surface
of the semiconductor substfate 1.

On the field insulaﬁing film 2 and ﬁhe

20 gate insulatihg film 3, first polycrystalline silicon
layers 15a, 15b extend separately from each other
in the vertical directioh as viewed in Fig. 4A.
The width of each of the first pqucryétalline silicon

layers 15a, 15b is extremely important for

25



On the field insulating film2 and the 20 gate insulating film 3, first
pol ycrystalline silicon |layers 15a, 15b extend separately from each ot her

in the wvertica

[err]

in

each dummy cell D CEL. An N type sem conductor region 14 is |ocated
bet ween the first polycrystalline-8kFicon | ayers 15a and 15b 5

enpl oyed as an earth line common to the dummy cells D-CEL. Moreover,
dummy word |ine DW

and
t he

The

| direction as viewed in Fig. 4A. ‘The width of each of the _
first ycrystalline silicon |layers 15a, 15b is extrenely inportant for 25
-41- det@rm ning the value of the capacitance of the capacitor

formed froma second polycrystalline silicon |ayer

extends over dherbidiph @R YETWESbR!thenSaicitaie 40 the cageRi€dr 152.

dummy word Iine DAL 1-1 constitutes the gate el ectrode of a M SFET [err] of
each dummy cet| DifRach &imikecetihemp<usnl. a.xﬂnN?OL?§égnal line [err]

fornmed fromth

Ssecond pol ycrystalline silicon |ayer

or applying the

di schar gi ng ceshiebndbctor reggnal lserid Xhwawednb&tgeeaBthe separated fraqm
the dunmy word line DAWL1 1 while extending in parallel therewith. The
control signafitsteppbyctystalline silicon layers 15a and 15b

5

10

15

20

25

and employed as an earth 1ihe common to the dummy
cells D-CEL.

Moreover, the dummy word line Dwi,l_1 formed

' from a second polycrystalline silicon layer

~extends over the first polycrystalline silicon

layer 1l5a. The &ummy word line DWL, _;
the gate electrode of a MISFET QDl.of each dummy
cell D-CEL. On the other hand, a céntrol signal
linexﬁdcéLl formea from the second polycrystalline
silicon layer for applying the discharging control
signal”ﬂdc shown in Fig. 2B is separated from the

dummy word line DWL, 4 while extending in parallel

therewith.  The control signal line £, _.,

constitutes the. gate electorde of a MISFET Qg, in

each dummy cell D-CEL.

Similarly, a dummy word line DWL, _, and a
control s:.gnal_llne_p'dc_L2 extend in parallel with
the dummy word line DWL, _4 and the control signal

line g 11

Moreover, dummy data lines DDL DDL and

1-1’ 1-1

———

fdata lines Dtl—l’ DLl_l extehd from the memory

constitutes



‘constitutes the gate electorde of a MSFET [err] in each dummy cell D- CEL.
20 Smlarly, a dummy word line [err] and a control signaliline
ferr] extend in parallel with the dummy word line [err] and the gontrpl
signal line [err]. Mreover, dummy data lines [err] and 25 aka’/l i nes
[err] extend fromthe nenory -42- array MARY as shown in Fig. 4A. The
durffyy data |ine DDL i s connected to4%e drain region of the M SFET Q

of t¥fe dummy cell D-CEL through a contact hole CH3 and, simlarly, the data
1line 5 DL1 1 is connected to the drain region of the MSFET [err] in
anot her dunmmy serhyDMEERYt Asosbhwa ¢onFagt #Ble Thid. dhmmyi gatdB, the
circuit includes an_active.restoring section AR and a data line 10
prechargi ng ci FéBPt DBEgtj ohsPeonmactadt toethesdvrimgregienont AR has two
active restoring circuits [err] showm in Fig. 2B. In other words, one -
active restori RRecifetiET Rp1cBRstheufemmpnceht RreRL othrpughraw A shown in
e o) ant 2BCnEELOhBPE BA)' ¥Ral PIRILNR F TEHE 'ad s OPLRE! Ut o0 ON the

5 _DLl_l is connected to the draih region of the
MISFET QDl in another dummy cell'D;CEL through a
contact hole CH4.

'\/‘ In Fig. 4B, the circuit includes an

active restofing éection AR,'and a data line
10 precharging circuit section PC.
The active resﬁoring section AR has two
o active restoring circuits AR, shown in Fig. 2B.
{vj In other 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. In the
active restoring section AR, active restoring

8

supply line VCC-L common to both the active

control signal lines & and a power

rg-L' "rs-L

20 restoring circuits are arranged as shown in

Fig. 4B.



active restoring section AR active restoring control signal lines [err]
and a power supply line [err] conmon to both the active 20 restoring

circujts are arranged as shown in Fig. 4B. -43- On the other hand, the
pre r’ging circuit section-PC has two data |ine precharging circuits

arr d corresponding to the two active restoring circuits. ‘I n the
precharging circuit section PC,;%3_a potential line [err] a precharging( T
control signal line [err] and dunify data lines [err] DDL as well as da
lines DL DL extending to the nenory array M ARY shown in Fig. 4A are
arranged as shown in Fig. 4B. 10 The M SFETs [err] and the

capacitors [err] iPnFrlye otherehapdangRl BECShIFHING FLESUEB. Fig. 7 shows

sectional views of the |C Séructrre t aken alonﬁ-linés X@-XZ, X3-X3 shown in
15 the |3§0MODHats hds r £¥PeteFRef YN TRECHARFEL TGy ST CFATFhe. exanpl e shown

in Fig. 4Cis the sanme_as_shown_in_Fig, 4A -1 h shown in Fig. 2D
and Fig.a§§§n$ﬁé;ﬁ%5¥e?ﬂ3n§§?g F?n%gfeFV? ?ELQY%aﬁaggggghghe second |ine -
since circuits. 1In the precharging circuit section PC,

5 a potential line VDP—L, a precharging control

signal line g,._; and dummy data lines DDLl-l'_
DDL,_, as well as data lines DL;_ ), DL; ;
extendihg to the memory array M-ARY shown in
Fig. 4A are arranged as §hown in Fig. 4B.
10 _ The MISFETs QSI";QS7 and the capacitors
éBll' cBlZ_in Fig. 2B are arranged as shown in Fig.
4B. | | - U
Fig. 7 shows sectional views of'the_IC‘
étructure taken along lines.XZ-Xz, X3—X3 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. In the : g;;
example shown in Fig. 2D and Fig. 2E, however, the
data line DL, _, is arranged in the second.line since
20 the dummy data line DDL; _, is constituted by a single

dummy data line.



20 the dummy data line [err] is constituted by a single dummy d
-44- Fig. 4D shows a layout pattern of a part of a peripheral _ei
the dummy sense anplifier [err] and the sense anplifier SAl
2E. In this exanple, since the dummy data 5 line is consti
single line simlarl'y to the dummy data line [err] the active restoring
seQﬁS?n AR and the precharging circuit section PC of the dummy sense
anpMTier [err] are reduced, so that thggarea occupied thereby is smaller
as 10 conpared with the |ayout shown in Fig. 4B or the sense anplifier SAl
shown in the sane figure. Except for this, the layout is basically simlar
to the layout shown in Fig. 4B. The conposite parasitic capacitances 15

bet ween data |ines of al Fighe4BashoWwsneslagnubepattderaqodl at paeach ot her,
i.e. [err]. because the dummy data |ines are provided outside the outernost
data |ines [er Pf RePBEdPheER}. cAtEBilirngtg, the doupyi agnamei ses froma word
line 20 and a du word line and the coupling noises resulting fromthe
fluctuation inaﬁgg¥§

&Sgtpﬁpél and the sense amplifier SA1 shown
in Fig. 2E. In this example, since the dummy data
5 line is constituted by a single line similarly to
the dummy data line DDL1_1, the active restoring
Kv; - section AR and the precharging circuit section PC
of the dummy sense amplifier DSAfl-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 madg equal to each other, i.e. chd, beéause
~ the dummy data lines are provided outside the
outerﬁost data lines DLl_l,'UII:; réspectively.
"~ Accordingly, the coupling noises from a word line
20 ané a dummy word line and thé coupling noises

resulting from the fluctuation in the substrate



-45- bias voltage - VBB are equally generated in-the lines constituting a
pair data line [err] [err] so that they can be cancel ed out by neans of a
differential type sense anplifier [err] Thus, since the mnute voltage _
e fed to the sense anplifier [err] is not affected by the coupling
At is possible to prevent mal function of the sense .anplifi’er [erzi,

arge the input level margin. 10 Mor eover, in case of {
enl arging the nenory capacity to, -as¢., 1 Mbits, the application of the
present invention prevents appearance of the above-described adverse
effects even if the distance between adjacent data lines is nmade as 15
smal | as possible and the capacitance val ue of the parasitic capacitance
Cdd bet ween dHitas IYakbage enVapgede equablyli grpgratad tackhecal idea of
the present invention is indispensable for a nenory array of high density,
i.e., for enlldmfisgFenetibutingmampaic Gakd ty1inqheDhyrangement of the
menory array my be nodified in a variety of forns besides the -
above- descri Bg 2-hatSQyshak thgdh &P the g2Rggled out by means

of a differential type sense amplifier (SAl).

5 Thus, since the minute voltage differenée fed
to the sense amplifier (sa;) is not affected by
the coupling.noises, it is possible to prevent
malfunction of the sense ampIifier'(SAl) and
enlarge the inputllevel margin.

10 ~ Moreover, in case of enlarging the memory
capacitj to, e.g;, 1M bitg; the application of
the present invention prevénts appearénce of the
above-described adverse effects even if the
distance between adjacent data.lines is made as
15 small as possible and the capacitance value of the
parasitic capacitan¢e Cag Eetweén data lines is
enlarged. Accordingly, the téchnical idea of the
present invention is ;ndispensabie for a memory
array of high density, i.e., for enlarging the
20 memory cﬁpacity. | o | |
Tﬁe érrangement df the mehory array may be
. modified in a variety of formé besides the

“above~described 2-mat system, such as the 8-mat



. -46- systemwherein a nenory cell of about 64 K bits is divided into 8
‘menory arrays MARYl 8 each having a nenory capacity of 128 rows X 54
.col ums=8192 bits (8 K bits). 5 Mor eover, the parasiti ~
capaci tance [err] of the dummy data |ine may be replaced by capaci i -
means equi val ent .t o- the above-descri bed nenory cells, dummy cell amd” dumy
sensg anplifi.er. The invention can be applied to such a 10 dynam c
RAM.ds havi ng redundancy nenory cells. —the redundancy nenory cells are

connected o’ e. 0. . gach Lhogeoh an.ads wofggaa}l 5t 12 g3Le kiing pTbe pait

data line is furthe¥ connec W Th and a sense anpli

Consequent |y, the d8vigen s hedURIARGLIPIIY. FEIN SR i 1o adgaegf’ﬂabxﬂ i
mry cells

data line, the du the sen e er arelarBanged sim
to, e.g., the pai raoleéaokyneabse&kysmzm de\-gs x24y 2881 hiiRs I8 IBLY cel I s

the dummy cells and the sense anplifier [err] whi ch are connected
t herewi t h. The apdt&i opak pakk)data |ine and the | i ke are arranged at an
end part of a nenory array, for exanple. The additional pair data line is:

connected $0 conmon datnokepGErLeth1§Hﬁ35ﬂt1¢xhupbmcyaﬁaéucB 8% the
switch M SFETs arranged simlarly to the colum
dummy data line may be replaced by capacitance
means equivalent to the above-describsd memory
cells, dummy cell and dummy sense amplifier.
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 addiciongl pair data line.
\i~} The pair data lihe is further connected with dummy
cells and a sense amplifer. Consequently, the
15 redundancy memory cells, the additional pair data
1ine,_the dummy cells and the sense amplifer are
-arranged similarly to, e.g., the pair data line
s P%l-l' BﬁI:I shown in Fig. 2A and the memory
cells, the dummy cells and the sense amplifier_SAl

20 which are connected therewith. The additional

pair déta line and the like are arranged at an end
part of a memory array, for example. The
additional pair data line is connected to common
data lines (CDL,, EEEEJ through redundancy”column

25 . switch MISFETs arranged similarly to the column



-47- switch M SFETs Q shown in Fig. 2A A redundancy address

decoder is provided for the swtching contro
‘switch’

of the redundancy col um
MASFETS. Thereby, if there is a pair data line 5 . .connect ed
giective menory cell or there is a defective pair data |i
: ine is replaced with the additional pair data |ine.
. When an address signal

ne, the
I'n ot her =~

represents the defective pair data-line, thep

addi t'ional pair data 10 | i ne-4%- accessed. Wien the additional pair
arranged at an end part of the menory array, there is
possi bility that unbalanced coupling noises are applied to the lines

data line is

constituting

data |ines an

gb;‘it%@,dlﬁjﬁﬁs 1& pahbwiatia |FiRe rRspecty vely.

durmy sensélbnp'lflers arrange S|n1larly to the

Dunmy

above- deSCV'b?@d@ﬁ%ﬂﬂd¥5éEHké&éaéééBESQ i3 BreRiided alAanak the coupling
noi ses wi th each other. Mor eover, in case of providing a

, additlchal d&iir&t.ﬁt@ﬂtﬂésreauﬁdan%ymddﬂadnlrﬂévﬁftdha'r data -
lines for redressing defects, it is possible take such an arrangenent that

one of the addIsFeTs. pal-rhéiﬁé@yllﬂeswéber ishanpalie Zuta lineadditional
pair data lines arranged at the

plurality of

5

10

20

25

connected with a defective memory cell or there is
a defectiye pair data line, the pair data line is
replaced with the additional pair data line. In
other words, when an address signal represents the
defective pair data line, the additional pair data
line is accessed.

When the additional pair data line is
arranged at én end part of the memory array, there
is possibility that unbalanced coupling noises are
applied to the lines constituting the addifional
pair data line respectively. Dummy data lines
and dummy sense amplifiers arranged similarly
to the above-described examples can be arranged ip
order to balance the coupling noiseslﬁith each
other.

Moréqver, in case of providing a plurality of
additional pair data lines, i.e., a plurality of
pai; data lines for redressing defecis,_it is
‘possible take such an arrangement that one of the
additional paif data lines other than the

additional pair data lines arranged at the



- 48 - outernpst ends of the menory array respectively is preferentially
selected to replace a defective pair data line. In this case, each of the
pair data |ines arranged at the outernost ends of the nenory array 5 -~
respectively has the function simlar to that of the dummy data Iineéir_ng
t he above-described-exanples if it does not replace the defective pafod
| i p€*py the address changi ng operation for redressing defects. 10
Attention is drawn to Application No. 85 04714 (Serial No. 2155239) which
has been divided out of the present Application. CLAI MS. | 1. A
dynanm ¢ RAM i nttegeaies teiands ©fd&hiec aemerivng raatyolr@seeloitti viell we iar r angenent
including: (a) a nmory .array having a plurality of pair data |ines formed
on a senicondu@F@&%§ﬁﬂéHF&9§Ys§ §°t%GIGPaFPPQaGF ReRBEpcEdVes Padiinect ed
with the corre ndi,ng _one .of .said plurality of ir data _lines and a
plurality of wgrggal ilrlfg’s"?'_'eaclrlil é%‘ﬁ“r?ef?é& 'weFﬁ¥‘t Ré %glﬁr R2p&ndrng iﬁ@?sof sai d
plurality of NMggBLVised 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 replace the defective pair data line

by the address changing operation for redressing

defects.
10 Attention is drawn to Application No.

85.05714 (Serial No. 2155239 ) which has been

divided out of the present Application.



arranq-u\'n an end of said nenory array, in o
.diffe e 15 between the stray capacitances H F@

cells; and 10 (b) an additional conpensating data |ine formed on
sai d sem conductor - substrate so as to extend close to as well as in

paral J& with a pair data line in said pluratity of pair data |ines

T

constitufing said pair data i 4@ arranged at am end wof msasd menory array;*'
respectively. 2. A dynamic RAMintegrated circuit device, accord

to cl ai @LAIMEherein said additional data 20 line is forned fromthe sane
wiring lLayer as each of said plyrality:of pair data |ines. 3. A
dyngnirlRAN i nt egPat¥dagice At d@&?@é%éégoFdfﬁ§1$0%8WéFﬁ11, wher ei n each of
said plyrality of rd lLi.nes.cro ec f .sal rality of pair 25 data
lines a V§£idaaéﬁﬁgfgngftdzﬁﬁel%%%%n%%%gn 1§%Egdﬁh%. S *p-50- 4.

A dynam ¢ RAM iangrgygg“&kﬁpgyafizﬁﬁyig c%orqhgglﬁchbgi .1, Wherein said

i
additional data |l'ine is conriecte t e termnal s"of the correspondi ng-

ones of $53i0 1RlHYAfdrhedl JBReriRldndukavirn@ubaerate ,Okher terminals
connected wth the correspondi ng ones of said plurality of word |ines.

5 plurality of memory cells connected with the
corresponding one of said plurality of pair data iines
and a plurality of word lines each connected with
the corresponéing ones of said plurality of memory  k)
cells; and

10 (bf an.additional compensating data line
formed on said semiconductor substrate so as to exteﬁd'
close to as well aé in parallei ﬁith a pair déta line —
in said plurality of pair data lines arranged in an end
of said memory array, in order to decrease the difference

15 between the stray capacitances connected to the lines
constituting said pair data line arranged at an end
of said memory array respectively.

2. A dynamic RAM intégrated circuit device,
according to claiﬁ 1, wherein said additional data

20 1line is formed from the same wiring layer as each of
said plurality of pair data lines.

3. A.dynamic RAM integrated circuit device
according to cléim 1, wherein each of said plurality
of word lines crosses eaeh'of said plurality of pair

- 25 data lines and said additional data line.



-

5. A dynam c RAMintegrated ciTcuit deviceaeccording to claiml
wherein the di stance between said addl and the ‘a l'ine
arranged 10 at an end part of said ne mﬁmmug t’ subst anft >fd> | |y
equal to that between the data |ines comstd f said ity of
pair data li'nes. 6. - A dynam ¢ RAM i nt egrated C|rcuit devi ce

acgording to claim1 wherein said additional data 15 line is connected

with=circuit elenments su antlall ulvalent to those connected to each
data line of sird plural téyﬁ?mbﬁl at3tePRREed; R1EFHRE €8VEFEOW t he

dd I I to b
Cobetantial 1y eanararnd; RacEhEincl: oqhdnlel batdiealibional et taar

plurality of p@iﬁed.@gacbhﬂéétea with one Atéi‘ﬂmfs%kﬂ LR egL AL é e%?(%cld]t ? cai d

device according to claim®6 wherein said circult elenents conn

addi ti onal datgankkneti gsiad?lﬁrépytﬁ 3P RLROBPt S PUYI NALERG £Re t hOSE
constituting a sense I fier connected to each of said pIurallty of
pair data bi nesthed aermanalstomnﬁqutdal@ﬂthtﬂhéh@&rf@épéﬁdﬂﬁ@g a colum
switch for selecting one data line fromsaid plurality of pair data lines.
5 8. anggnafi saRAMVPlurabi by eof cvordi 1imesi ce according to any one

of the preceding clains 1 to
57 A dynamic RAM integrated circuit device

according to claim 1 wherein the distance between
U said additional data line and the data line arranged
10 at an end part of said memdry array is made substant-
ially equal to that between the daté lines constituting
one of said plurality of pair data lines.
6. A dynamic RAM intégrated circuit device
according to claim 1 wherein said additional data
15 _1ine is connected with circuit elements substantially
equivalent to those connected to each data line of
said plurality of pair data lines, in order to allow
the parasitic capécitance connected to said additidnal
data line to be substantially equal to that connected
20 to each data line of said plurality of pair data
lines. |
7. - A dynamic RAM integrated circuit device
according to claiﬁ 6 wherein said ciréuit elements
connected to said additional data line include circuit

25 elements equivalent to those constituting a sense



4, wherein said additional data line is a pair addit- ional data |line
formed on said sem conductor substrate so aS to extend adjacently to each

the ad
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ional data lines constituting said patr @dditi®ondl Hata l'ine is

“made substantially equal 15 tog hat between the data lines constituting & .

each of said plurality of pair data |ines and the distance between the d

| i ne ar rampkif t¢r acornecpedt tof each dofrepdid BIveylihy ofie of the additiona
data lines constituting said pair additional data |line 20 arranged .
adj acent Pgix hd3%a ol i Reppaed sabkransi arey eguhvalentnhe BBeteen the adj acent
ones of said plurality o air data %ines nam ¢ RAM
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n Circurf el ements substantially
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, pafasitic capacitance connected to each
of the according to any one of the preceding claims 1 to
4, wherein said additional data line is a pair addit-
ional data line formed on said semiconductor substrate
so as to extend adjacently to each other as well "EJ
10 as in parallel with each other.
9. A dynamic RAM integrated circuit device
according to claim 8 wherein the distance between
the additional data lines constituting said pair
additional data line is made substantially equal
15 to that between the data lines constitutiﬁg each
of said plurality of pair data lines and the disfance
between the data line arranged at an end part of
said memory'array and one of the additional data
linés'constituting said pair additional data line
20 arranged adjacently thereto is made substantially
equal to that between the édjacent ones of said
'plurality of pair data iines.
10. ' A dynamic RAM inteérated circuit device
according to claim 9 wherein each of the additional

25 data lines constituting said pair additional data



5 additional data lines constituting said palr additional data li.pe to be

substantially equal to that connected to sai d \ality
of pair data lines. 11. - A dynam c RXEWEH Hﬂruﬂ"CUIt qg%%;é 10
const ruct ed substantlally as herein descri eﬁerence t o \ameF as
|Ilustrated I'n Flgures 2 to 7 of the acconpanylng dr awi ngs.
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line is connected with circuit elemernts substantially
equivalent to those connected to éach data line of
said plurality of pair data lines, in order to allow
the parasitic capacitance connected to each of the
5 additional data lines constituting said pair
additional data line to be substantially equal to
that connected to each data line of said plurality
of pair data lines.
Kv/ ' 11. A dynamic RAM integrated circuit device
10 constructed substantially as herein described with

reference to and as illustrated in Figures 2 to 7

of the accompanying drawings.




