DY VEMORY 2175476 The present invention relates to a
dyn menory. Japanese Patent Publication No. 39073/ 1980 di scl oses a

dynam-¢ random access nenory (hereinafter 5 referred to as a DRAM  having
folded bit lines. A system has been proposed for a DRAMin which data is-

read fromnenory cells by use of dummi nenory cells (also klﬂn lﬂmy
celil s) of a capacitance approxi RXMANIGMEMORGt of the rrermrylmc?e%is? .e.,

by 10 using dunmy cells which have reference capacistors of a capacitance(r
about half that of capacitors used for storing data (such cells will .
hereinafter be referred,to as half-size dunmmy cells). Wth a nenory circuit
of this type, a data bi I’ aPFETE }r%v'?'h‘él?férfb‘?lftceeglt‘?§cﬁé{r?é‘t’€d by a
differenti al Se{ﬁ@fm@f“)l i fier which conpares potentials which vary accordi ng
to the quantity o ectric charge stored in the nenory cell and the dumy

cell. However, studies fpuhidebdiedherdsVEOich Mo 23 dd¥e Alagent

invention, have shown that it is virtually inpossible to manufacture

hal f - si ze dummadicatlcsesd tah dyransiaTer i -sd@re s ridimiryof (Hdre ity cel | s,
so that there is a problemof accuracy. On the other hand, it has been .
found desi r @bl eraffetradhead@ama RAMN) doulny Xolsledfbitthd isese si ze as t he
menory cells, i.e., each of the dumy cells should be provided with a
reference capacitor of & S¥EFaM thaf LerhReerIsad g walDRAM tisgwhich

data is read from memory cells by use of dummy memory'
cells (also known as dummy cells) of a capacitance
approximately half that of the memory cells, i.e., by
10 using dummy cells which have reference capacitors of
a capacitance about half that of capacitors used for
storing data'(such cells will hereinafter be referred
to as half-size dummy cells).
With a memory circuit of this type, a data bit
15 stored in the memory cell is detected by a differential
seﬁse amplifier which compares poﬁentials which vary
according to the quantity of electric charge stored
W in the memory'celi and the .dummy cell.
However, studies conducted by the inventors of
20 the present invention, have shown that it is virtually
impossible to-manufacture.half-size dummy cells with
the same precision as that ¢f the memory cells, so.that
there is a problem of accuracy. On the other hand, it
haé been found desirable that the dummy cells should
25 be of the same size as the memory cells, i.e., each of
the dummy cells should be provided with a reference

capacitor of a capacitance substantially equal to that



-.2 : of the capacitor used for storing data in a nenory cell (such cel
hereinafter being referred to as full-size dumy cells). A variety of '
menori es have been proposed 5 enpl oying full-size dummy cells, but the
wast e I arge quantities of power in the resetting of  the dummy cells, and
their sensing speed is |low. The present invention seeks to provide a
dynam ¢ nmenpry which permts the use of full-size nenory cells, 10 but
whi ch need not consunme as nuch power as the known dynamic nmenories with
full-siz» nenory cells. According to : t he present
invention there is provided a dynam c nenory conprising: firsf and second
capacitors, a first reference voltage being inpressed between el ectrodes of
-each.5 capacitor during a first period,to store a reference.electric
charge therein; a first switching eleneng connected in series with the
first capacitor, which is turned on during a second period after the first
pé€ri od has ended, and 10 which remains on during a third period after the
_second period hasogndad; capatitst 0968 ¥bi CHoep ddwan fid o meokrghiad1
elenment is turned on during the second period; is - _

(such cells hereinafter being reféerred to as full-size

dummy cells).

A variety of memories have been proposed

LJ 5 employing full-size duﬁmy cells, but these waste large

quantities of power in the resetting of the dummy cells,
and their sensing speed is low.

The present invention seeks to provide a dynamic
memory which permits the use of full-size memory cells,

10 but which need not éonSume as much power as the known

dynamic memories with full-size memory cells.



=\1pressed with a first reference potential corresponding to the

ygnce el ectric charge fromthe first capacitor; a second node formng a
ith the first 5 node, and which is inpressed with a potential that is
to be detected during at |east the second period; a‘first circuit which
applies potentials of conplenentary levels to the first and second nodes
during the third period; 10 a second -switching el enent connected
in series with the second node togethgi with the second capacitor, and..
which is turned on during the third perfiod; a third node which is inphkgssed
with a second reference voltage which is substantially equal to the 15 :
first reference voltage; and a switching circuit between the first and
second capacitors and A¢eoxding ttbde, and whi ch connethe phesentst and
second capacitors to the third node during a fourth period afater the third
period 20  hakPERREten HREES ntS RECYHES db%tﬂ@@ﬁmfﬁe“@P%E¥rEﬁE@r%ﬁ1?$e first

and second capacitors re setn&o tcrbq_gslcrastau%];%[sence voﬁ{éa c %(e
operation of the swi t cht MTHT P 'Eﬁbsﬁf % Tﬂ% pr esent

invention wlloopu be ééké&“&ééwee%ye&@&t?&d@éaSP'&acM‘th

reference to t%e actonpan g raw ngs in
5 capacitor during a first period to store a reference

‘electric charge therein;
a first switching elemeﬁt connected in series
with the first capa¢i£qr, Which is turned on dﬁring a
second period after the first period has ended, and
10 which remains on during a third period after the second
period has ended;
a first node which, when the first switching

element is turned on during the second period, is



-5 - Fig. | is acircuit diagramof dummy nenory cells according to a
first enbodi nent of the present invention; Fig. 2 is a bl ock diagram of @
menory array 5 and related circuits; Fig. 3 is a circuit diagramof a
specific configuration of a nenory cell, sense anplifier, active-restore
circuif, and precharging circuit; Fig. 4 is a timng chart of the reading

10 ~operation of the nenory; Fig. 5 i 4@ -plan view of the |ayout of dummy
menory-cells for use in the first enbodi nent of the present invention;

Figs. 6.and 7 are sectional views through the 15 dummy cell _of Fig. 5,
taken along the lines A-A. and B-B  respectively; Fig. 8 is a circuit,

di agram of dummy tBPFeSSRQrirh tiol tS s FEFeFeBTBoBPRERE 1B FREFPTRAUENT

i nvention; and 20 Fig. 9. s .a.plan_view_of t | ayout of the
~dumy cells of th‘é°s1él&%nﬁe%%?fg?%%9°tl§rﬂ?ocﬁhﬁ€ﬁfe f.r°f“'nggﬁeg¥’6# owi ng
description, the éﬁ% gate field effect transistors (hereinafter
referred to 25 s) used are all of the enhancenent type unless

stated otherwise. In the grauwdii$ nddteHdrédng®h pair with the first
: 5 node, and which is impressed with a potential that is
to be detected during at least the second period:;

a first circuit which applies potentials of
complementary levels to the first and second nodes
during the third period;

10 a second sﬁitching element connected in series
with the second node together with the second capacitor,
-and which is turned on during the third period;

a third node which is impressed with a second

reference voltage which is substantially equal to the
15 first reference voltage; and
a switching circuit between the first and
second capacitors and the third node, and which
_iv/ connects the first and second capacitors to the third
node during a fourth period afater the third period
20 has ended;
wherein voltages petween the electrodes of the
first and second capacitors are set.to the first
reference Voltage by the operation of the switching
circuit. . .
25 Embodiments of the present invention will now
be described in detail, by way of example, with reference

to the acccempanying drawings in which:




cqrrespondlng parts are denoted by the sane reference -6- synbols. Fig.
1 a circuit diagramof dummy nenory cells according to a first
eQE%ﬁlnent of the present invention, having a pair of conplenentary bit

i 5 BLI and BLI, and a pair of dummy word lines DW1 and DW.2. Al so
shown are n-channel MOSFETs [err] and [err] for reading information from
the menory, capacitors C and C2 foring dummy nenory cells, an n-channe
MOSFET T3 for short-circuiting the dunmy capacitors (dunmy ceIIs) 10 -
~and C2, and nodes A and B. Preferably a folded b|t i ne systen1|s enphdyed

for a nmenory array I\/A§Y sh wnsv\,h o %({ I¢ aé)%‘\ n rlaore detail later.
The pair of bit lines BB and®BtI éﬁf%h 9 1ﬂu Y, T8 Yot her, and
are fored as 414l gasras hycLyrs £Poel Natbdlibdl e ldhes folskhie Mmenory

array MARY. ATiTrst nDry ce connecte to the bit line BLI is
formed by theiMGQEEIo;L and the 20 capacitor d, and a second dummy
menory cell DS2 connected to the bit line BLI is fornmed by the MOSFET T2
and the capacitor C2. rFibe duimyaneiotly diddrandIf anctheRoryf armag pair. The
capacitors O and C2 have capacitances that are 25 substantially equal to
t hose of the eagacefletedofirhuits;. : > ‘

Fig. 3 is a circuit diagram of a specific
configuration of a memory cell, sense amplifier,
active-restore circuit, and precharging circuit;

Fig. 4 is a.timing chart of the reading

10 operation of the memory; |

Fig. 5 is a blan view of the layout of dUmmy'
memory cells for use in the first'embodiment of the
pfesent inQention;

- Figs. 6 and 7 afe.sectional views through the
15 - dummy cell of Fig. 5, taken along the lines A-A' and
B-B' respectively; | |

'Fig. €& is a circuit diagram of dummy cells
éccording to a second embodiment of the present Nt
invention; and

20 Fig. 9 is a plan view of the layout of the.
dummy cells of the second embodiment.

Embodiment 1:

In the following description, the insulated
gate field éffect transistors (hereinafter referred to
25 as MOSFETs) used are all of the enhancement type unless
stated otherwise. In the drawings, identical or

corresponding parts are denoted by the same reference



menory cells. The circuit is showmn schematically in Fig. 1. It should be
understood that, the plates of - 7 - the capacitors d and C2 which a_
not connected to nodes A and B, i.e. plates P2 and P4, are connected to

earths as shown in Fig. 1. However, earthing the plates P2 and P4 neans
that they are maintained at a 5 predetern1ned constant potential.
According to a structure that will be de8cribed later with reference to
Figs. 5 to 7, the plates P2 and P4 of the capacitors O and C2 are
nalntalﬁéd at the level of the power- source voltage. 10 In Fig.

2, a nenory array %1Gonsists of a plurality of pairs of bit lines BLI to
BL2 that extend parallel to one another, a-plurality of word lines Wl to
W4 that extend at right eg g Rh [ f menory
cells M.l to M.8. 15 . The nen%%5b2%$a€§ %§04g§€ydﬁ¥i$%$ﬁ) l'ine
construction and &emmsjdcc@tdlhgrtexaHEEESwDéﬁbédimédﬂJofQﬂﬁ§%&%sQQEh l'i nes
of a pair of bit lines, e.g., crosses both |[ines of the pair of bit |ines
BLI and BLI. Cnelmwwgmyomelhaviog axpapt eofrermmyl engdrtady biits 14tear r anged
at. one of the two intersection points between the word |ine W.1 and the
pair of bit |ihes 3B a8§d BB} . apﬁeﬁepabryoi h@umy wandkdl imes DHdedndy el ec-

trically-conducti Iaye that extend over elenent- form.ng regions on top
of an insul ating xﬁq &iagtﬁhown are -channel MOSFETs Tl and %2 for

reading information from the memory, capacitors Cl and

A a C2 forming dummy memory cells, an n-channel MOSFET T3
for short-circuiting the dummy capacitors (dummy cells)
10 Cl and C2, and nodes A and B.

Preferably a folded bit line system is employed
for a memory arréy MARY shown which ﬁill be described
in more detail later.

The pair of bit lines BLl1 and EET extend

15 parallel to each otﬁer, and are formed as a unitary
structure together with bit lines of the memory array
MARY.
A first dummy memory cell DS1 connected to-the
bit line BLl is formed by the MOSéET Tl and the
- - 20 capacitor Cl, and a second dummy memory cell DS2
connected to the bit line BLI is formed by the MOSFET
T2 and the capacitor C2.
The dummy memory cells Dsi and DS2 form a pair.
The capécitors Cl and C2 have capacitances that are
25 substantially equal to those of the capacitors of the
memory cells. The circuit is shown schematically in

Fig. 1. It should be understood that, the plates of



Q%%} i nput / out put terminals of two neighbouring nenmory cells are
~constructed in comon, and are connected to the data |ine correspondi ng
~thereto in order to maxim ze - 8 - the elenent-forming regions on the
sem conductor substrate or reduce the area of the sem conductor substrate.
- Therefore the menory cells are arrangfd as shown in Fig. 2. This structure
hel ps to reduce 5 the nunber of contdcts required between the nenory
cells and the data lines. Equal nunbers of nenory cells are connected to

: .each pair of bit lines, in order to nake the parasitic capacitance of ‘sch

bit line the SRHE- cJBﬂP{Qf&fcﬂOand V&?thqq:@l k egpbitﬂgob;ﬁteé lgc{gd, unwant ed

potential variations or noise Inparted to ea I nes t hrough the

parasitic capaghs@fcg HedVeen tde prlcd e wolad plai,ngrandohhechéd tdnes that
intersect that word line is kept at the sane level. In a nmenory having 15

fol ded bit |inearthdecasosisewn Marrigs, tlo t Howesers ehrhhingi thhe phetes word
line is selected is virtually ignored by the sense anplifier, since the
noi se i s comoh2nanid Pdimeanscrhat dhdy faner smadataiged atcai ve-restore 20
circuits (or active pull-up circuits) AR, AR2, and precharging circuits
PA and PC2, aPée‘é%ﬁﬂ@B%%thP‘i?rfé“ﬁhiH%tWi@ilt-'l AFESTALRY BP12 BL2 and BL2,
respectively, ggréggﬁggiéhgi 'if& éxﬂéggééi é%pqg%egsw%tgnge_e¥gngée

to Figs. 5 to 7, the platés P2 and P4 of the capacitofs

Cl and C2 are maintained at the level of the power-

source voltage.

10 In Fig. 2, a memory arrdy MARY_consiéts_of a
plurality of pairs of bit lines BLl1 to BL2Z that extend
parallel to one another, a plurality of wgrd lines WL1.
to WL4 that extend at right angles to the bit lines,
and a plurality of memory‘cells ML1 to MLS.

15 The memory array MARY has a folded bit line
construction and a word line, for example word line
WL1l, crosses both lines of a pair of bit lines, e.9.,
crosses both lines of the pair of bit lines BL1l and e/
BLI. One memory cell, for example memory cell ML1l, is

20 arranged at one of the two intersection points between

~ the word line WL1 and the pair of bit lines BLl and
BLI. Preferably the bit lines are.formed by elec-
trically-conductive layers that extend over element-
formihg fegions on top of an insulating film and data
25 input/output terminals of two neighbouring memory cells

are constructed in common, and are connected to the

data line corresponding thereto in order to maximize



UBL, respectively. The circuit of Fig. 2 is formed on a sem - conduct or
substrate together with various other - 9 - circuits (not shown).

result is a nenory on. the senmiconductor substrate. The nenory of this
enbodi nent is of an address nmultiplex type. Therefore, in addition to the
circuits 5 shown in Fig. 2, the sem ecogduct or substrate al so supports
addressy buffers, a row address decoder, a word driver which receives an

out put }omthe row address decoder and forms word |ine select si gnal s that
are supplied to the word:lines W.l to W4, a colum address 10 decoder
whi ch forns sel ectheigfrmenttfarming §Gﬁ|§|°ﬂéd°f’0thﬁe5%‘m€9ﬁﬂ‘ﬁﬁqrches CSW
and CSW2, a nain a I|f|er mhlgﬁ anpl fies datg nals.tra tted via the
conmon bit |ines FRFecEr, * BafRef \Aﬁi"%hs?%‘é‘?’?iﬁ%c out put

fromthe main anpl.i and

. " oh
}‘orm dunmy vvo(rjd I?‘fﬁs?e# sct SI rehgpeaﬁgmé%pfégggcér IJL; u&rﬁsweydmwlo(r:d
DW.1 5 I RAS
I nes an 5 %géﬁ%@%) Cg‘fag‘snggg E‘Eﬁ@éoﬁeY‘%'é%rFéé‘dé@s a

(row address stro ress strobe) signal, and a WE
(wite enabl & 20tpe Sl &fnd:df'ﬁ'a‘é'&sf QEREiYadi BEtwbé fige Shahidys O
control the operations of all these circui'ts. Myst of these circuits can be
fornmed in substanierld yardheclwa@ata lines.

provi ded between the pairs of bit lines and conmon bit 25 |ines CBL j@ -

Equal numbers of meﬁory cells are connected to

v each pair of bit lines, in order to make the parasitic
capacitance of each bit line the samef Therefore,

10 when one word line is selected, unwanted potential
variations or noise'imparﬁed to each of the bit lines
'thrdugh the parasitic capacitance between the selected
word line and the bit lines that intersect that word
line is kept at ﬁhe same level. In a memory having

15 folded bit lines, the noise imparted to the pairs of
bit lines when a word line is selected is virtually
ignored by the sense amplifier, since the noise is
common mode noise.

Sense amplifiers 8SAl, SA2, active-restore

20 circuits (or active pull—ué circuits) ARl, AR2Z, and
precharging circuits PCl and PC2, are connected to the
pairs of bit lines BL1l, BLl, BL2 and BL2, respectively,
as shown'in Fig. 2. <Column switches CSW1l and CSW2 are
provided between the pairs of bit lines and common bit

25 lines CBL and TBL, respectively.

The circuit of Fig. 2 is formed on a semi-

conductor substrate together with various other

ot

?



gg%%er as those of the menory of a known address multi- plex system it is

cessary to describe these 25 circuits in detail. The timng of
changes in select signals applied to the durmmy word |ines DW1, DW2 of
this - 10 - enbodinent is slightly different fromthat of a conventional

menory, as will be obvious fromthe timng chart of Fig. 7. One of the two
dumy word lines DW.1 and DW?2 attaiths-the select level at the same tine as
5 one of the word lines in the nmenory array MARY attains the select |evgl,

and the other dunmmy word line attains the select |evel after the sensés

anplifiers SAl ,and, SA2, are operated the tim ng signal [®err The du ’
word |ine sel EEFCEFEﬁafgoY:aﬂP‘b"é“a)g'enéﬁé ercfswtsllisgﬁt F“ngSY[Qng]P?yi ng arTTry

delay circuit _that rec s_t.l ignals [err] and by slightly nodifying
t he dunmmy moraeW%%gnégﬁgc %éé%%l .éFﬁg. 3 isacircuit diagramof a sense

anplifier and nmenory ggblgehses éprtrrfsafgmdaa@ma%co@ﬁgnrxaééess according

to the first enbodinent, having n-channel MOSFETs [err] to [err]
conpl enent ar ym@i tiplagst b . anthditd foryl GapaadieisnCBb 8Rd €B2chDEs boosting

the bit lines. Also shown are a sense anplifier control signal [err] a
rechar gi ng si ghawn[ énrfFiqnd2 antlaetsami-cesivaterceabstka@ alsognal [err]
conpensating for any drop in level of a high-level bit line due to the
sensi ng oper ashpports address buffers, a row address decoder, a word
driver which receives an output from the row address
decoder and forms word line select signals that are - _ g&
supplied to the word lines WLl to WL@,'a column address
10 decoder which forms-select signals that are supplied
to the column switches CSW1 and CSW2, a main amplifier
which amplifies data signals transmitted wvia the common
bit lines CBL and TBL, an output buffer which receives
an output from the main amplifier, and dummy word line.
15 seiect circuits which form dummy word line select
signals that are supplied to the dummy word linés DWL1
and DWL2. There also is a timing generator which
receives a RAS (row address strobe) signal, a TAS o
(column address strobe) signal, and a WE (write enable)
20 signal, and which forms various timing signals to
control the operations of all these circuits. Most of
these circuits can be formed in substantially the same
manner as those of the memory of a known address multi-
plex system, it is unnecessary to describe these
25 circuits in detail.

The timing of changes in select signals

applied to the dummy word lines DWL1, DWL2 of this



The sense anplifier SAl consists of a pair of MOSFETs T6 and T7 whose gate
and drain el ectrodes are connected in a cross-coupl ed manner. The oper at i @EN.5
of 25 the sense anplifier SAl is controlled by MOSFET T15, the gate of
whi ch receives the sense anplifier control signal [err] The '
active-restore circuit AR consists of MOSFETs T8, T9, TII, Ti3, and _
boosti:ng capacitors CBl1 and CB2. The bod$Xxi-ng capacitors CBl1 and CB2 are
constructed in substantially the same nanner as the 5 MOSFETs, so that

each of ¥he boosting capacitors CBl and CB2 has an el ectrode (hereinafter

ef dt the first el ectrade) .that..corresponds to the gate of the.
R/?)SlgrE'rreandoagsel e%f'l?(lz) : ?rﬁte(ra% ’t‘)é}tHYePé&%&d’ePE g§°’f‘h§h§*éc%ﬂd'?' el ect rode)

t hat corresponds ary( .alhn, el : S t ET
The first el ectro%i%%‘;%&ftj?%lgg%éa%ﬁydr s%gcg{ﬁénagcéggéggsc%g%%c e%%ﬁtﬁ}?e '
MOSFETs T8, Tll, da@Pbdl@Bigas ShaMe gk Ehe tido SLRRE $OPa CRRA sy CBL
and CB2 are constructed 15 I n the sane nmanner as the MOSFETs, the

capacitors CBl anghdBMWEd fooid MR thaClsed@ctanieabl cacapRei £ A& . tibhe as

capaci tance between each pair of first and second el ectrodes is very small

i f the first ®l ectnedef thaitweard dvinesvdin thesmemorygeanray MARN ;atoasins Si nce
the 20 mut ual coupling between the first and second el ectrodes is weak,
there is-little cigEelert Hevysdiremndglthef other dummy word line attains

the select IeVel after the sense amplifiers SAl and SA2
o ' are operated by the timing signal ﬂpa; .The_dummy word

line select signals can be generated by slightly

10 modifying a delay.circuit that'receiQes timing signals
gpa' and by slightly modifying the dummy word line |
select circuit.

Fig. 3 is.a circuit diagram of a sense amplifier

and memory cells used for reading a_dynamic.memory

15 according to the first ehbodiment, having n-channel
MOSFETs T6é to T15, complementary bit lines BL1 and BLI,
and capacitors CBl and CB2 for boosting the bit lines.
Also shown are a sense amplifier control signal ﬂfA' a

precharging signal Qb and an active-restore control

o] $

20 signal @ compensating for any drop in level of a

res
high-level bit line due to the sensing operation.
The sense amplifier SAl consists of a pair of
MOSFETs T6 and T7 whose gate and drain electrodes are
connected in a cross-coupled manner. The operation of
25 the sense amplifier SAl .is controlled by MOSFET T15,

the gate of which receives the sense amplifier control

signal ﬂPA'



f't.__'el ectrode, even when the control signal [err] Is applied to the
nd el ectrode. The capacitance between the first and second el ectrodes
rises to-a 25 relatively large value if the first electrode is at a
potential which is higher than a threshold voltage thereof. In this case,
the potential of the first -12- electrode changes in response to the
control signal Ores when it is apprikH To the second el ectrode. This neans
that a selective bootstrap voltage can be formed. The precharging circuit
PC consists of pre- 5 chargi ng MOSFETs T12 and T14 between a Lo
power - source term nal I | . r iye and an )
equal i zi ng MOSFET TlOT%)(FO\a/?gg‘égbié?%\ggﬁét%egco‘ﬁ%_ljpflznle%%gg% %J)_ﬁée bit line
BLI . Each of jpgpeeuory,cebl seM| a0, Ml Sy Hlpaci@brancly channel
MOSFET [err] for selecting fhe address, and a capacitor CMfor storing

data. Electrogaa esdlrorhedbdyseingetfHsddibrd WH a0 ¢B2i Brel ectrodes El
and E2 of the address sel ecting MOSFETs, are connected to the bit |ine BLI

or BL1, and t kengarectéd inetebstaniesakble thenrsamtecthanmerhaswehd | ine W.3 or
W.1. The gate el ectrodes of the address-sel ecti ng MOSFETs act as sel ect

t erm nal s S5of MRSFEERer §octhat eaghl ehethe daosidey mapasdtprsa€Blas data

| nput/output term.nals of the nmenory cells. In this enbodinent, the

capaci tor 20 an@1CBf hpg. 2B ghectrif alhirisisatitey ﬁetfl‘?é'rﬁ@r’rﬁ?yaﬁel_l

the first electrode) that corresponds to the gate of
the MOSFET and an electrode (hereinafter referred to
as the second electrode) that corresponds to the source
10 and drain electrodes of the MOSFET. The first
electrodes of the capacitors CBl and CB2 are connected
to the MOSFETs T8, Tll, T9 and T13, as shown in Fig.
3. .
Sinee the capacitors CBl and CB2 are constructed
15 in the same manner as the MOSFETs, the capacitors CBl
and CB2 effectively aet as variable capacitors. The
capacitance between-each'pair of first and second
electrodes is very small if the first electrode is at -
a low level close to zero. In this case, since the
20 mutual coupling between the first and second electrodes
is weak, there is little.change in the potential of the
first electrode, even when the control signal qres is
applied to the second electrode. The capacitance
between the first and second electrodes rises to a
25 relatively large value if the first electrode is at a
potential which is higher than a threshold voltage

thereof. In this case, the potential of the first



sane capacitance. The capacitor O in the dumy nenory cell and the
capacitor CMin the nmenory cell are manufactured by the sane manufacturin
25 steps, as in a conventional dynamic RAM This structure enables the
capacitors d and CMto have a high de_grleze of relative accuracy. - 13 -
As is’well known, capacitors of an integrated circuit are obtained by
repeatigig a sel ective processing technique a plurality of tinmes, utilizing:
a maski filmsuch as photoresist film In this case, however, the 5
effective el ectrogeeétfsde (dhdrtfe L ApAGidsplonse tan@neMeanersUbigdal 0
unwant ed vari ations, depending upon errors in the alignnent of the nask.

If the size of cafaci twierllit nid feppluredy teenhey seebhdi lscetdde. t IeHig hat
of capacitor [err] any variation in the capacitance of capacitor Cl due 10
to a maski ng erroneans gthalt & sdlAchive bobtsipapi vol tigerdas dbe hEnrmerh.
relative accuracy of the capacitors ¢ ‘and CM decreases. On the other hand,
when the capacitors O a BERANATSANYy RS udSnBCi senshsys vof iRES DN in

€
th - Mit f. ' ' i mat el |t i mil 15
Vari ot on i nothe COBEHHTATRE OIS, A4t r T PEEERR: SCREVPETSRYIAE accur acy
of the capacitor St&mm @4(': Saddqgieta%.q.Q\e§UfBE'19' E'E'Yl,yrespectively and

an equalizing MOSFET T10 provided between the bit line

M occupy approxi mately the sane area so that they have approxi mately the .
¢

o BLl and the bit line BEI.
Each of the memory cells ML1 and ML3 consists
10 of an n-channel MOSFET QM for selecting the address,

and a capacitor C, for storing data. Electrodes

M
controlled by a selection signal or drain electrodes
El and E2 of the aédress selecting MOSFETs, are
connected to the bit'line BL1 ér BLI, and the gate
15 electrodes are connected-to the word line WL3 or WLL.
The gate electrodes of the address-selecting MOSFETs
act as select terminals of the memory cells, and the
— electrodes El1 and E2 act as data input/output terminals
of the memory cells. In this embodiment, the capacitor
200 Cl of Fig. 1 and the capacitor CM in the mémory cell
occupy approximately the same area so that they have
approximately the same capacitance. The capacitor Cl
in the dummy memory cell and the capacitor.CM in the
memory cell are manufactured by the same manufacturing
25 steps, as iﬁ a Conventioﬁal dynamic RAM. This structure

enables the capacitors Cl and CM to have a high degree

of relative accuracy.

- . — e . Ve s ... — . e L e - et v ey e mmE I L, f g s w e,



é%%gn*data is to be read out fromthe dynamc menory cell, which in this
#bodi mnent has one MOSFET 20 per cell, the potential of one of the pair of
bit lines is set according to the data stored in the selected nenory cell.

The potential of the bit line is deternined by the distfibution of electric
charge between the bit line and the selected nenory cell. The 25 bit |ines
of this enbodi nent have a parasiti< 1@pacitance that is nuch greater than

t he capacitance of capacitors C of the menory cells, as in an M - 14 -
ordinary dynam ¢ RAM Therefore the selected nmenory cell inparts only‘d
very small potential change of very small reading voltage anplitude to tHe

bit |ine.

I n order t&s distWelguiksipwrot wepachitghs| efeanabntegratesl | evel

vol tages of such small anplitude, the dummy nennri?cejl applies a reference

vol tage to tREESEhera2If 1o 5aisst Rehaopsating gi ge

fesve MrRCesHEDai r of

bit [ char ged he initial tion.of the prechargi
rouit S0t RRERERESS MRl I e 1 imege; Rt 4P LR e KA A ¢ age

circuit so t

correspondi ngulp JDHSA MAEE . NSnTRABEY LEL] RSP hpet veen the

pair of bit
cell and tshee fEddwi FEMOIactaide aHAst bies theBkh

sense 15

10

20

25

nes i n accordance Wth starting of séleéction o e menory

anplifier. : _
subject to unwanted variations, depending upon errors in

the alignment of the mésk. If the size of'capacitor Cl
in the duﬁmy memory cell is smaller than that of capacitor
Cyr any variation in the capacitance of capacitor Cl éue
to a masking error is greater'thén that of capacitor CM'
so that the relative accuracy of the capacitors Cl and CM
decreases. On the other han&, when the capacitors Cl and
CM have nearly the same sizg; any variation in the capac-
itance of capacitor Cl is approximately equal to a similar
variétion in the capacitance of capaciﬁor CM, so that
the’ relative accuracy of the capacitors Cl and Cy is
increased sufficiently. |

| When data is to.be read out from the dynamic
menory cell, which in this embodiment has one MOSFET
per cell, the potential of one of the pair of bit lines
is set according to the data stored in the selected
memory cell. The potential of the bit line is
determined by the distribution of electric charge
between the bit iine and the selected memory cell;' The
bit lines of this embodiment have a parasitic
capacitance that is much greater than the capacitance

of capacitors CM of the memory cells, as in an

p¥eitape ¢5 a'?l{@"dN‘; & by the

-



bet ween the capacitor in the dummy cell and a bit line to which the
capacitor is connected. The reference voltage nust be as 20 accurate as
possi ble so that the difference in levels of the pair of bit lines can be
amplified sufficiently, and the difference in |levels of the pair of bit
lines‘can increase to a predetermn ned dili% erence within a short period of
time when the sense anplifier is 25 operated, or in other words, so.that
the datcan be read out without error at high speed. Therefore the

rel ative accuracy_of.the -15- paci tor in the du mepory _cell and the
capacitor in the R ??r%eﬂX“ﬁﬁhﬁ 3L##H%ﬁ%%ﬁnytﬁFg%¥lﬁ?ggé4”?%9%#tilﬁ ng
chart of the neno [ | f g Y ent. =L gon of the
menory 5 of thisé%%goil %%Qf?gggfpto i%g@ﬂ¥153k§ﬁ51§¥ ﬁ??$6%25%escribed
‘bel ow wi th referegggytomd e tdda iy GRAtagd aliplitddel Bot BRe fid Qv
description, it is assuned for convenience that a word Iine W. supplies a
10 . sel ecti on addrgserg@eégned distimyuimibetwelen atibhdrleoellsandnlawdr ess
signal is supplied to select nmenory cell M. connected to bit Iine BLI.
Theref ore, whgn t bavelovel tages iaf suidivtsadlldamplitode,| the vy s

sel ected such that the reference potential is applied.
memory cell applies a reference voltage to the other_

The reference voltage is determ ned by the distribution of electric charge..
‘;‘Vgpv

bit line of the pair of bit lines. Thus, the pair of
\ bit 1ines are precharged by the initial operation of

the precharging circuit so éhat they have the same

10 potential. Then, a small voltage corresponding to the
data stored in the memory ¢ell ‘is applied between the
pair of bit lines in accordance with starting of
selection.of the memory cell and the dummy memory
cell, and this small voltage is amplified by the sense

15 amplifier.

The reference voltage is determined by the
distribution of electric charge between the cépacitor
- in the dummy cell and a bit line to which the capacitor

is connected. The reference voltage must be as

20 accurate as possible so that the difference in levels
of the pair of bit lines can be amplified sufficiently,
and the difference in levels of the pair of bit lines
can increase to a predetermined difference within a
short period of time when the sense amplifier is’

25 operated, or in other words, so that the data can be
read out-withouﬁ error at high speed.

Therefore the relative accuracy of the



r--r."}] ri ses when the row address strobe signal RAS rises to a high |evel
which is nearly equal to the power-source voltage V so that the switch
[err] in 20 Fig. 1 isturned on. At the sane tine, the charge stored in
the capacitors C, C2 becones exactly half that stored in the correspondi ng
memory cell storing a datumof "1"s 1% -will be described later. The
ptecharge signal [err] rises to a high |l evel because the 25 RAS signal
is at a high level. Therefore, the precharging circuits PCl, PC2 opeWate,
and the bit line BLI or BL2 is_precharged to_a high |evel, V as shown’in
Fig. 4G TheCpPaeherpelt cthe dpmmy memogy €6Adi Gégeﬂ_h?o‘:b@a%?‘?’&al ly equal

to [err] (where V. _is the pawer-source ..t age en the RAS signal
falls, as shoWd Flﬁelltf‘%“.m%yzfﬁl i g’@né. 31§F§H£FY¥E+?T-a| so falls, so

that the operation of e pr r.gi Ci Lt seP . o) ot her
words, MOSFETs T12, ﬁ%&hn‘g %?o‘%“@%& c?gglrtegfu%gdﬁ%?%%%r%{n%w cel |
short-circuitopi ghal pt&sddt hvedtdldrS | ey BpBEQRISA ¥kt Bnd Nedgty Of the
RAS signal, as shown in Fig. 4B, turning the swi tching MOSFET T3 off. A
dummy word |iag cielecdmisddimedt (M@fexh@onFigkar L Roan@eBatwiin wynchroni sm

with the fall of .
described below with reference to the timing chart of

-,\_to bit line BL1. A discharge signal (dummy cell short-circuit signal)
s
S

Fig. 4.
In the following description, it is assumed ' ;)
for convenience that a word line WLl supplies a
10 selection address signal to the memory. 1In other
words, an address signal is supplied to select memory
cell ML1 connected to bit line BLI. Therefore, when
. that word line is selected, dummy word line DﬁLl is
selected such that the reference potential is appiied
15 to bit line BLI.
A discharge signai {dummy cell short-circuit

signal) gdc rises when the row address strobe signal

RAS rises to a high level which is nearly equal to the
cc’ S°© that the switch T3 in
20 Fig. 1 is turned on. At the same time, the charge

power-source voltage V

stored in the capacitors Cl, C2 becomes exactly haif

that stored in the corresponding memory cell storing

a datum of "1", as will be described later. The

precharge signal gpc rises to a high level becauée the
25 RAS signal is at a-high level. Therefore, the

precharging circuits PCl, PC2 operate, and the bit

line BL1 or BLZ is precharged to a high level, V

’

prc



word.line select circuit as a discrimnation signal for the nenory cel

that Will be connected to a pair of bit lines. Therefore, when the address
signal specifies word line W.1, the 20 potential of the dumy word Iine
DW.1 rises in synchronismwith the fall of the RAS signal, as shown in Fig.
4C. Since the switching MOSFET Tl is now®nmthe on state, the capacitor Cl
in du menory cell DSl is connected to bit |ine BLI which has been 25
precharged to a high level. As a result, the potential of the bit |ine BLI
changes fromthe pre- r el 0 a reference tential_|evel
[err] prc - 17B§ gg%gﬁo%ﬁ #%gFiééc4(¥ﬁﬁTﬁf?ﬁ YT ST S eﬁgcbiﬁanthﬁ wor d
line WLl is virtu : ag | 14 ti u wor d
line DWI. Theref%%g¥laﬁgﬁamg§ds€i%gfs& p%Pga%ggbﬁgé%%ChRgH%nggan¥ﬁe
capacitor CMin tkaenpohey-668htce0ovsEEagadi Ng to the data line BLI, which
Is to be read out, is connected to the data |ine BLI which has been
precharged to the high | edbén fherRAs|didel diild &hi aswshbwaninnFogcapacit or
CM of the nmenory cell 10 M| is "0", a read voltage VR applied to bit
line BLI drops, \Mﬁenth@rarﬁcherWISi%ﬂ%bl%aismtf,alds.slsovmhah fhg. 4G

Conversely, if the data bit is "|I", there , ) .
' operation of the precharging circuits PCl, PC2 stops.

~

15 the RAS signal. Part of the address si"gnal is supplied to the durmy%_-

In other words, MOSFETs Tl12, T13 and T10 of Fig. 3

W are turned off.

zdc
10 falls in synchronism with the fall of the RAS signal,

The dummy cell short-circuit signal

as shown in Fig. 4B, tﬁrning the switching MOSFET T3
off. - |
A durmmy word line select circuit (not éhown)
starts to operate in synéhronism with the fall-of
15 the RAS signal. Part of the address signal is
supplied to the dummy word line select circuit as a
discrimination signal for the memory cell that will
- | be connected to a pair of bit lines. Therefore, when
the address signal specifies word line WL1, the
20 potential of the dummy word line DWL1l rises in
synchronism with the falllof the RAS signal, as shown
in Fig. 4C. Since the switching MOSFET Tl is now in
the on state, the capacitor Cl in dummy memory cell
DS1 is connected to bit line BL1 which has been
25 precharged to a hiéh level. As a result, the
potential of the bit line BL1 changes from the pre-

1 : ] .
charge level Vprc to a reference potential level Voef?



eggina significant change in potential of the bit line BLI fromthe

c¢harge level [err] 15 As will be described later, the voltage
previously applied to capacitor C of dummy nenmory cell DSl is equal to
[err]/2, so that the reference potential Vref has a val ue which lies
between t he precharge |evel V and Bhe vol tage VRL. prc 20
After the potentials of the word Ilné and the dummy word |ine DW1
reach a high | evel, the sense anpllfler control signal rises as shown in
Fig. 4D. This turns on the sense anplifier power switch T15, and the SGhse
anplifier SAl s ahown tih #28Si@g.25 operation. Wen thi's sensing
operation starts, the potential of the data |line BLI rapidly drops to a | ow
| evel as shown in Fi-gThéGtimtidgt Borpsétattihg ofhd ord linkBwildaka |ine BL
drops slightly due to the initial sensing operation. In other words, it is
pref erabl e t hatintivallyi thef sMBEFESsthe RiMiMg Tdr tdudl esrrisw ¢Mpllf|er SAl
are not conpletely turned on and off 5 | mredi ately after the start of the -
sensing oper aduomy mesduddnenBWht enThereere erdirie wdvddme Melpair of bit

lines BLI and BLI .is no t . sufficientl reat. Wien t is happens t he
el ectric Ghar F&aGhesna %Féglﬁﬁgeﬁhth?e %ﬂ% S1EO% G IbvRile PEMeETchar ged

through the 1Q..);5205¢ AMBLAGh§" £5 ke 388ed N Sd SSEPISHIAP'SE £olN S

be read out, is connected to the data line BLI which

+

has been precharged to the high level, V . If the .
. prc <

data bit written into capacitor C,, of the memory cell

M
10 MLl is "0", a read voltage VRl applied to bit line BLT
drops, when word line WL]l is selected dut, as shown
in Fig. 4G. "Conversely, if the data bit is "1", there
is no significant change in potential of the bit line
BL1 from the precharge level Vprc’ '
15 As will bé described later,.the voltage |
previously applied to capacitor Cl of dummy memory
" .cell DS1 is equal to VCC/Z, so that the reference

potential V has a value which lies between the L,

ref
precharge level Vprc and the voltage VRL.

20 After the potentials of the word line WL1 and
the dummy word line DWL1 reach a high level, the sense
amplifier control signal rises as shown in Fig. 4D.
This turns on the sense amplifier power switch T15,
and the sense amplifier SAl starts its sensing

25 operation. When this sensing operation starts, the

potential of the data line BL1 rapidly drops to a low

level as shown in Fig. 4G, and the potential of the



unwant ed di scharge stops when the pair of MOSFETs T6 and T7 are turned on
or off conpletely by the anplification of the potential difference betwe
the pair of bit lines. The active-restore circuit AR 15 conpensat es f
any unwanted voltage dfop in the bit lines. The potentials of bit |ines
BLI and- BLI are applied to the boosting capacitors CBl and CB2 in the
active-restore circuit AR through cuttil®g MOSFETs TIl and T13. 20
Preferably the restore signal [err] and the potential of the dunmy word
line DW2 rise al npbst sinultaneously after the sense anplifier control

si gnal OPA 11 ses, a2, SN i Fiipe 4 3 19EaullEobORS! L Age epaci tor CB1

provi des a boosti ng unction'since’its first electrode 1s at a high

llevel in responsegd@sife dpsatibOt e ikhe?f wbb@sbhi itlme%ﬂéerabﬁ@refore,
when the restore signal [err] s - 19 - generated, the potential of

the first el ectrogiga®ftidepdindosdi MPSFHTC ITEOAnEBIr7r b§eshé Osénde gh | evel

t tat exceeds the power-source voltage [err] The MOSFET T8 is turned on
sufficiently by téaepbbiberedSAblagand: complleitedyt hnongh oheaddosff ng
capacitor CBl, so that the potential of the bit |ine BLl is restored to a
| evel close t? thtmpedidtebirafdepnithegstags efokhei ReRsHNT 4ePeXF XM ot her

hand, the boostlngegg.ggiéég ég%%ntial difference between the pair of

bit lines BL1l and BLT is not yet sufficiently great.
W When this happens the electric charge on the bit iine
that reaches a high level is discharged through the

10 sense amplifier SAl, and this is undesirable. This
unwanﬁed discharge stops when the pair of MOSFETs T6
and'T7 ére-turned on or off completely by the.
amplification-of the potential difference between the.
pair éf bit lines.. The active-restore circuit AR1

15 compensates for any uﬁwanted voltage drop in the bit
lines. The potentials of bit lines BLl1l and BLI are
applied to the boosting capacitors CBl and CB2 in the

e _ active-restore circuit ARl through cutting MOSFETs
Tll and T13.

20 | Préferably the restore signal'ﬁres and the
potential of the dummy word line DWL2 rise almost
simultaneously after the sense amplifier control
Signal gPA rises, as shﬁwn in Figs. 4F and 4E.

The boosting capacitor CBl provides a boosting

25 function since its first electrode is at a high level
in response.to the rise in potential of the bit line

BL1. Therefore, when the restore signal gres is

— e s Jp— —— M Bie o T



1'has substantial ly no boosting function since its first electrode is at
aaWw |l evel in response to the low level of the bit Iine BLI. There is no
significant change in the gate potential of the MOSFET T9, even when the
restore signal O is generated, but remains res 15 at low level.
Therefore, the potential of bit lineiBLk remains at a |ow | evel as shown in
Fig. 4G The MOSFET T2 in the dummy nenory cell DS2 is turned on when the
potential of the dumy word Line DWL2 rises, as shown in Fig. 4E, so that

t he 20 capacitor C2 in dummy menory cell DS2 is discharged in responge to
the potential g¢neratdss thencdatientiadi p§ Sheofirsvetlegtrdde oftl ose to zero
volts. Hence the potentjal of capacitor C2 (node B of FiP.Yéilchanges as
shown in Fig. @ Rerpting sepatiter GBlcEpgest bP 25higly IgvRldel®t changes

as shown in Fig. 4H,_ The potentials of t d worgd, |in 1. the sense
ol or ConFiTedds, e BRI ERutaR i 1 EaS e or e  RESTRA 28 ¢ 1o vor
| i nes correspondi t he s | store signal
[err] fall mﬁeﬂgtﬂ%ﬁs% ﬁgﬂgﬁgggig@g&%#ﬁoiﬁgﬂ %&f‘%ﬁethe sam% tinme,
the prechag gi ngosi el efiRfudh t8e BBo3tinkhahphtitsrréady 4 qpif ormthe

next sensing operation. It s desirable fhat the dummy cell short- circuit
signal [err] risepdderdimhiomithe withlihe BLSeis restored to a
level close to the power-source voltage,.aﬁlshown in
Fig. 4G.
On the other hand, the boosting capacitor CB2
10 has substantially no boosting function since its first
electrode is.at a low level in response to the low
level of the bit line BLI. There is no significant
éhange in the gate potential of the MOSFET T9, even
when the resfore signal gres is generafed, but remains
15 at low level. Therefore, the potential of bit line
BLT remaiﬁs at a low level as shown in Fig. 4G.
The MOSFET T2 in the dummy memory cell DS2 is
turned'on when the potential of the dummy word line \;‘
DWL2 rises, as shown in Fig. 4E, so that the
20 capacitor C2 in dummy memory cell DS2 is discharged
in response to the potential of the bit line BL1 having
a low level which is close to zero volts; Hence the
potential of capacitor C2 (node B of Fig. 1) changes
as shown in Fig. 4I, and the poténtial of capacitor
25 Cl (node A) changes as shown in Fig. 4H.
The potentials of the dummy word line DWL1,

the sense amplifier control signal ﬁpa' the dummy

— s mae e ——— Th 1%t e . PR ——
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of the RAS signal after the data read-out, and after the signals on the . .=
dunmmy word ljnes DAL1 and DW.2 10 have fallen, as shown in Fig. 4B. Th
short-circuiting MOSFET T3 between the dumry nenory cells DSI and DS2 is
turned on when the signal [err] rises, and in response thereto, the

capacitors d and C2 in the dumry nenory cells DS1 and DS2 are
short-circuited. The capacitors 15 Cl 28nd C2 have been charged to a high

| evel _V\gi,_ch is close to the power-source voltage V'  and to a | ow | evel

which i% close to zero according to the potentials of the bit lines BLI and

BLI, duri. th ' ' ' t.he MOSEE Tl d T2 e on. There- 20
fore, \l;\/:]laggt heel\/tloﬁ'i:ﬂ‘rI id"l%ln"’? ;H%{Lﬁ‘{]'né: %oﬁ’,org lﬁgFaeggﬁﬁﬁf?‘\é\ﬁi’cﬁ%Itq Fe

or ech d ' | apaGist ngd. ], Repeati ng
Phie Cyoe onsur Selqedd ey RY163PARL] Bhe, LELEOSIORITla TR Rl EF i s

equal to 25  halfafhaHaVeires TS 8iyahl 2ges¥ECa Bl S5 08¢ Yy L NG, precedi ng
reading cycle. In other words, the result is the sane as that” when a dumy

cell of capacity at tHe -sdw@d ftiimegt the pbechePBiygCepasal of i sriyerchay ged to
[err] i.e., when a half-size dumy cell is precharged to R Fig. 5is a
di agr am whi chd spehidti dei |1is Feadyl ltospeafeosmt hbe| ngout saxis e achematicsl.| .
Figs. 6 and 7 are a section taken along the line A-A" of Fig.

It is desirable that the dummy cell short-

circuit signal B;; rises in synchronism with the rise
\ of the RAS signal after the data read-out, and after
the signals on the dummy word lines DWL1 and DWL2
10 have fallen, as shown in Fig. 4B. The short—circuiting
MOSFET T3 between the dummy memory cells DS1 and DS2
is tufned on when the signal B;c rises, and in response
théreto, the capacitors Cl and C2 in the dummy memory
cells DSlland DS2 are §hort—cir¢uited. The capacitors
15 Cl and C2 have been charged to a high level which is .

close to the power-source Voltage v and to a low

CC
level which is close to zero according to the
potentials of the bit_lines BL1l and BLT, during the
period in which the MOSFETs Tl and T2 were on. There-
- 20 fore, when the MOSFET T3 is turned on, a charge

exactly equal to the precharged 1

ZVCC is stored in

the capacitors Cl and C2.
Repeéting this cycle ensures that the dummy
capaciﬁors alWaYs store é charge which is equal Eb
25 half the power-source voltaée VCC prechargéd by the
preceding reading cycle. 1In other words, the result

is the same as that when a dummy cell of capacity
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aid a section taken along the line B-B' of Fig. 5, respectively. It is
€t’erabl e that the device of this enbodinment is produced by selective

oxi dation and 10 sel f-alignnent techni ques using polycrystalline silicon
| ayers. In Figs. 5to 7, dummy word lines l.a and | b are’forned by parts of
a second |l evel polycrystalline silig | ayer 7. Also shown are a LOCOS
oxide film 15 2, afirst level polycrystalline silicon |ayer 3 that
forns one el ectrode of a capacitor, alum niumlayers 4a and 4b that form
data lines, a diffusion layer or active region 5 and contacts 6 bet waen
the diffusion hayerthaandf ttiee ahemdry Wapdriidor Aespdachadgad to4b.  Anot her
part 7 of the second | evel polycrystalline silicon layer forns the gate

el ectrode of tﬁ@cshbre-.cWhanaihqﬁﬂﬂﬂﬂ%ETdﬁmmYThelﬂiébdpnaéhhrdédln 2 has a
relatively large thickness and is formed on the main surface of a 25

seni conduct or §@b%geate 100 conposed of p-type single crystalline silicon
where no active region s, fornmed, the pattern of the active

region 5 is -22- i n%’?%at%d"sbf tf’ricﬂlggfr?lrz‘]p I%Ilf‘é'g:h ﬁﬁeFﬁng%&Hﬁg_ film 101
1209 2 SEN  RbEKRRSs | nd LA R e e
insulating 5 b8l MiAl 4 NGAMRRFRN A Meehe! fifiel ALY TOF #I1§ '
5, and a sectioh taken along the line B-B' of Fig. 5§,
respectively. It is preferable that the device of-
this embodiment is.produced.by sélective oxidation and
10 self-alignment technigues using polycrystalline silicon
layers. _ _
In Figs. 5 to 7, dummy word lines la and 1b
are formed by parts of a second level polydrystalline : : }
'silicon léyer 7. Alsq shown are a LOCOS oxide film
15 2, a first level polycrystalline silicon layer 3
that forms one electrode of a capacitor, aluminium
layers 4a and 4b that form data lines, a diffusion
layer or activé_region 5, and contacts 6 between the -
diffusion layer 5 and the aluminium data lines 4a ahd
20 4b. Another part 7 of the second level polycrystalline
silicon layer forms the gate elecfrode_of the short-
circuiting MOSFET T3.

The field oxide film 2 has a relatively large

thickness and is formed on the main surface of a
25 semiconductor substrate 100 composed of p-type single
crystalline silicon where no active region 5 is formed.

In Fig. 5, the pattern of the active region 5 is

B S S MR = o o e, o S U B T NI, St s



various capacitors. The first |evel polycrystalline silicon |ayer 3, has =
the pattern indicated by the one dot chain line in Fig. 5, and is forrred-
over the field insulating film2 and the insulating film 101. 10 A thin
oxide film102 is formed on the surface of the polycrystalline silicon

| ayer :3 by the oxidation thereof, to act as an insulating film The second

| evel polycrystalline silicon layers |a,23 - and 7, have patterns indicated

by the solid lines in Fig. 5, 15 and are formed on the sem conduct or
substrake 100. N-type seni conductor regions 103a to 103d are formed on the

f f th i d bstrat.e 100 th ti . 6ol 5wl
surface of Lhe seponduchhy SUESLERLAAOD Wier o g Bebu Ve ROl gn ° )
evel Botyorystal hLgndiyl 600 | el Gkaddh ' PerOBpaBils digh Faceipns | or

fthe MOSFETs. These n-t sem conductor regions are forne y 1nplanting
inpurity ions, usiRg $&RiEbhdicEdy fsYhdeLRlo RBkYyer ¥akahétgeSi | i1 Ccon

| ayers '‘as masks for the 25 I ntroduction of the inpurities. A silicon
oxide film 104 whigfivhl § @rll ase aformddy redifalrtn angakat inguiatimgs al so
formed on the - 23 - main surface of the sem conductor substrate 100.

Al'umi ni um wi rBng Eaymer foratle MOSFERe iatyl patdtiedectiridi Ealwdfdy tie two
dotted chain lines in Fig. 5 are fornmed on the silicon oxide film 104. The
al um ni um various capacitors. The first level polycrystalline
silicon layer 3, has the pattern indicated by the
< one dot chain line in Fig. 5, and is formed over the
field insulating film 2 and the insulating film 10l.
10 A thin oxide film 102-is.formed on the surface of the
polycrystalline silicon layer 3 by the oxidation
thereof, to act as an insulating film. The second,
level polycrygtalline'silicon layers la, lb and 7,
have patterns indicated by-the'solid lines in Fig. 5,
15 and are formed on the semiconductor substrate 100.
N-type semiconductor regions 103a to 103d are formed
on the surface of the semiconductor substrate 100
where the active region 5 will be formed, but at
places that are not covered by the first and second
20 level polycrystalline silicon layers, to form source
and drain regions for the MOSFETs. These n-type
semiconductor regions are formed by implanting
impurity ions, using the first and segond level
polycrystalline silicon layers as masks for the
25 introduction of the impurities.

A silicon oxide film 104 which will act as an

intermediate insulating film is also formed on the



N\W ring layers 4a and 4b are electrically connected to the n-type
gitsgonduct or regi ons through contact holes 6 formed in the silicon oxide
fil'm 104 and the oxide film 101. In this enbodinent, the capacitor in each
10 dummy nenory cell consists of the first polycrystalline silicon Fayer
3, the thin oxide film 101 formed thereunder, and an inversion |ayer (not
shown) that is induced on the surfadd of the sem conductor substrate 100
when the power-source voltage V is applied to 15 t he pol ycrystalline
silicon layer 3, in the same way as in the capacitor in a nmenory cell
Enbodi ment 2. Fi

dynani c rrermr?ah'gc%‘? .%ﬁgt%‘é ﬁ'é“"et i %3’6‘% g%oag%ﬁ?eggri/éelplrzsggta
i nventi on. TRFuH J;[A/gh ‘JJ[)}esr{'a%ﬁ qbng 91896‘85' FETs T4 and

T5, and there ' i's supp I es”a“ po EhtTal of half the
pover - sour ce yeai@&@e&%flt& Sﬂwtd'di:'treﬁu'c'hhﬂﬁ %aggl inCPIG] 54 ifi Of the 25
MOSFETs T4, T5 for short-circuiting the dummy cells DSI and DS2 and the
capacitors C fofied Mo hghel WA ot deelfliSm 30Q0r dTRE & Dukinsurenbodi nent ,
S - 24 - designed so that the nmenory can be cold-started. A sense

anpl i fiers (novishmyn)ayess Ha faordreld iaret kd esamecahhpecomsedted tf the first -

enbodi nent, so that Figs
the n-type semiconductor regions through contact holes

6 formed in the silicon oxide film 104 and the oxide
film 101.
In this embodiment, the capacitor in each
10 dummy memory cell consists of the first pol?crystalline
silicon layer 3, the thin oxide film 101 formed
£hereunder, and an inversion layer (not shown) that is
induced on the surface of the semiconductor substrate

100 when the power-source voltage V is applied to

cC
15 the polycrystalline silicon layer 3, in the same way
as in the capacitor in a memory cell.

Embodiment 2.

Fig. 8 is a circuit diagram of dummy memory QJ
cells in a dynamit memory according to a second |
20 embodiment of the present invention. The dummy
memory cells have reading n-channel MOSFETs T4 and .
TS5, and there is a feeder line %VCC which supplies a
potential of half the power-source voltage VCC'
A short-circuiting circuit consisting of the CoF
25 MOSFETs T4, TS for short-circuiting the dummy cells
DS1 and DS2 and the capacitors Cl, C2 in the dummy

memory cells, according to this embodiment, is

L . g~y S



3 and 4 should be consulted for details of the sense 5 anplifier and thg
timng chart: The operation of the nenory of the second enbodi nent of th’_,"..
present i.nvention will be described below in conjunction with these -
figures. However, the operation of this enbodinent is nearly the sanme as 10
that. of the first enbodi nent, and hence only differences in the operation

will be described in detail. Wen a powe® source circuit is closed, a

vol tagei,s applied fromthe [err] feeder line to. the dummy capacitors C

C2 through two separate short-circuiting MOSFETs T4 15 and T5. The

reading operati ongbs: b @ Sthd SRR S Dol b EBFalall pfa! NG RAS

signal. 1In the second and subsequent reading operations, an electric

charge equal to thengseahgueied (SY lshowhds mily’ 88J¥oPREA $4OERY ddhd he
dummy capacitors Cl, C2 of Fig. 2 by 20 the precedi ng readi ng operation.
Ther ef ore vi rt ual hanmer cas rigmdt fdHvhd Fdreto ehbodimbat| es6]that . line.
The voltage [err] supplied to the [err] line is forned by a voltage
generator circuit3(aed 4hsivwldibe tansediteds folredpbails sofir tiee vadrissge [err]
25 Preferably the voltage generator circuit is formed on the
seniconductor5sub%@?%&%&?%mﬁﬁ4u§hQMQHm¥PWeGFQFFGUS circuits described with
reference to the - 25 - enbodiqgnt of In order to prevent an

Fig. 1,
increase in the nunber of ¥xtHMSFA Hﬂ&wﬂfn§hg BFUPRE REnbR. second

embodiment of the present invention will be described

U below in conjunction with these figures. However, the
operation of this embodiment is nearly the same as

10 that of the first embodiment, and hence only differences
in the operation wili'be described in detail. When a
power-source circuit is closed, a voltage is applied
from the%_-vCC feeder line to. the dummy capacitors Cl,
C2 through two sebarate-short—circuitiﬁg MOSFETs T4

15 ané T5. The reading operation is initiated in
synchronism with the fall of the RAS signal. In the
second and subsequent reading operations, an electric
charge equal to the precharge of-%vCC has already been
stored in the dummy capacitors Cl, C2 of Fig. 2 by

< 20 the preceding reading operation. Therefore virtually

no current flows thereto from the %Vcc'feeder.line.

1-V supplied to the line

1
2°CC "2"‘_’cc

is formed by a voltage generator circuit (not shown)

The voltage

which receives the power-source voltage VCC‘
25 Preferably the voltage generator circuit is
formed on the semiconductor substrate together with

the various circuits described with reference to the

B T
s e mcm————
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&%@gvoltage generator circuit may include, for exanple, a voltage divider
W th consists of resistance 5 el enents connected in series between the
power - source term nal and the ground term nal, and.an inpedance converter
circuit consisting of a source-follower MOSFET which receives the output of
the voltage divider. Wien a sufficiently | ow output inpedance is 10

requi red for the voltage generator"C?Pcﬁit, there nmust be a correspondi ng

i ncrease in-the size of the MOSFET of the inpedance converter circuit.
According to this second enbodi nent, the precharge |level [err] requiréﬁ‘fqr

the ordinary Tebo i @3 €YV §l,e3n0brhBE BENPEYveSE AN Al
substantially short-circuiting the dummy capacitors C and C2 by the

MOSFETs ‘T4 anding ShPufunber e ekdeRahY €penahi DHAbE CyKd aferryt.ne nenory,
therefore, the voltage generator circuit needs to produce 20 virtually no
drivi ng power.Thel he Madeagengracoat oircul tundy simel widaviom ekampleg power
sufficient to precharge the du capacitors to the [err] Ilevel over a

rel atively | ory ypartiage cfividex whdcheeanshetsi b peR¥stancgower - sour ce
circuit is closed to the tine 25, when the nenory starts to operate, so
that the Vol t RERRIHE ABeGEALER F8Y1RIVRELRRT RS 2SH HIPW RSt

| npedance. | n other rd he MOSFET _of the,voltage . - ener at or
circuit need HERAPSHH a:i‘sdr é:lthgt Ay 8P ds heFpLAaL, ahd%n impédartd

converter circuit consisting of a source~follower

MOSFET which receives the output of the voltage divider.

o/
When a sufficiently low output impedance is
10 required for the voltage generator circuit, there mus£
be a correspondihg increase in.the size of the MOSFET
of the impedance converter circuit.
According to this second embodiment, the
precharge level %VCC required for the ordinary-
15 operational cycleS of the memory is obtained by
subétantially short-circuiting the dummy capacitors
Cl and C2 by the MOSFETs T4 and TS. Durihg_the
ordinary operational cycles of the memory, therefore, L

the voltage generator circuit needs to produce

20 virtually no driving power. The voltage generator
circui£ should have a driving power sufficient to
precharge the dummy capacitors to the %VCC level over
a relatively long period of time, between the time
whén the power-source circuit is closed to the time

25 when the memory starts to operate, so #hat the voltage

generator circuit may have a relatively high output

impedance. In other words, the MOSFET of the voltage



size. Fig. 9 is a plan view of the | ayout of dummy cells that corresponds R
to Fig. 8, reference nunerals 5 1 to 7 denoting the sane conponents as J
those of Fig. 3. A'so shown in Fig. 9 is a diffusion |layer 8 that acts as '
sem conductor wiring for supplying a voltage of [err] In Fig. 9, active
regi ons-5 have a pattern as 10 i.ndi cated by the broken lines. Second

| evel .poly- crystalline silicon |layers-7# and 7b receive the dummy cel
short-circuiting signal [err] First |evel polycrystalline silicon |ayers 3a
and 3b are not formed over the sem conductor surface bet ween the 15

pol yerystal | i ne SOREPREH BB el M P AL ol BB CRIRERTOLCL

| ayer 8 is formed? € sur ace In e ac Ve INg"to this
second enbodi ment g;3Lum ni um layers 4a, 4b forn1ng the bit lines are
i ntegral with 20 alun1n|un1layers that formbit lines of a nmenory array

(not shown), and are spacgdgapgrisby pien seidy R dhedlalyBat 8F ahiese
al'um nium |l ayers. As shown In Fig. 9, the main portions of the dunmy

capacitors [err] eedlﬁzthatecarpe$pemdsrtnxﬂﬂyJ gy aelferehekl nhmaeabase. 25
The pattern of these main portions is substantially the sane, and has the
sane size as Bhat lotot Redanabipg cehé¢ ssandichpanentst ashshnse of-Fig. -

3. Also shown in Flg.'9 is a diffusion layer 8 that

acts as semiconductor wiring for supplying a voltage
1 .

: W, _ of Ve |
| In Fig. 9, active regions 5 have a pattern as
10 indicated by the brokeﬁ lines. Second level poly-
crystailine silicbn'layers 7a and 7b receive the
dummy cell °hort—c1rcu1t1ng signal gd . First level
polycrystalllne silicon layers 3a and 3b are not
formed over the semiconductor surface between the
15 polycrystélline silicon layers 7a and 7b, so that the
n-type semicdnductor layer 8 is formed on the surface
in the active region 5.
>~ | © According to this second embodiment, aluminium
layers 4a, 4b forming the bit lines are integral with
. 20 aluminium layers that form bit lines of a memory array
(not shown), and are spaced apart by the same pitch
as that of those aluminium layers. As shown in Fig.
9, the main portions of the dummy capacitors C1 and
C, have a pattern resembling a baseball home base.
25 The pattern of these main portions is substantially

the same, and has the same size as that of the memory

cells, which are not shown.



~ementary bit lines are short- circuited, each nenory capacitor and

- .capacitor 5 may have the sane size. Therefore, any capacitance
error between the two capacitors can be reduced, regardless of any
variations in the capacitors due tg the_manufacturing process, so that it
IS possible to provide a nenory device of a snaller size. 10 The
el ectric charge stored in the capacitor of the dummy cell during the
precedi ng readi ng operation may be utilized for the prechargi ng oper atysn
of the next re&fdiergsoperation. Such a nenory consunes | esS power than
menory devices in which the bit lines 15 are precharged to a level V to
read data, and then tBéngenthenpabryofefikl ssiealdumiysciedidged to a | eve
[err] The sense anplifier responds_w thout delay since the bit lines are
prechar ged t o PEPEFteth&PefBrecopplenentary Mithel inag axe ghergher speed
than in nenory .devi.cesg i ich the bit |]nes anf recharggd,to [err] Since

the nmenory ceFE§°&ﬁ&e§ﬂn%?ggeW?§°ﬁ¥e°?Fa§iﬁﬁﬁfﬁﬂ Y e 8SHE9%i ze, the
”1n'”“”]dknenﬁégnﬁagg.Egg JER' ¥ ; DRY bfhé%%éﬁ#@ o M Jihg enory cell's

. ] N
25 as a'reference, "and a nmenory Wth a d@gr e of integration my be -
desi g?ed }["‘Fhe%@@% bkRwALRCERYOLHS  cobSR: Hotd -G BB el s are used and
an attenpt ‘is -

regardless of any variations in the capacitors due to

é%ég;ts Since the pair of full-size dummy cells connected to the
|

the manufacturing process, so that it is possible to
provide a memory device of a smaller size.

10 ' The electric charge stored in the capacitﬁr
of the dummy cell during the preqeding reading
operation may be utilized for the precharging operation |
of tpé next reading operation. Such a memory consumes
.less power than memory devices in1which the bit lines

15 are precharged to a level v to read data, and then

CcC
the dummy memory cells are all discharged to a level
1.. -
2Vee:

The sense amplifier responds without delay

since the bit lines are precharged to V Therefore,

cc*
20 data can be read at a higher speed than in memory
devices in which the bit liﬁes are p?echarged to-%vcc.
Since the memory cells and dummy cells are of
substantially the same size, the minimum dimensions
of the memory may be determined using the memory_ceils - R,
25 as a reference, and a memory with a high degreé of a

integration may be designed with ease. In other words,

when half-size dummy cells are used and an attempt is

TITETES TR Ta L cms v ke TR T



- 28 - made to obtain dumy cells of a shape anal ogous to that of the
menory cells, the mnimmsize is determ ned by the dummy cells.

G0
Therefore, the nmenory cells nust have a large size, reducing the degree éanbf
integration. 5 The shape of dummy cells is usually designed using a niniﬁup
si ze. #hich is the sane as that of the_pggpgy cells. Despite this, it is :
very difficult to achieve the sanme vari dtions during the manufacturing
process as those affecting the nenory cells. 10 Si nce the

capaci t&ce of dummy cells varies only slightly, i.e., since any difference
I.n capacitance rehagéVeo t&baifeBinkC &ld11isS oMl khapBeifal §géds Negd to
provide a margin to conpensate for errors. There- fore the data can be read
out at hi gh speedthdb of the memdyy amills,onthle hmintmum &egeiisdistanedde
full- size dummy cells are precharged during the restoring of nenory cells
that are at "1", byethesdumey tael lismmTheaieiforgn e tbhonemery ceel el mustal f
.charge is distributed during the restoration of menory cells which are

hol di ng 20 a dat ahdve 2 1largectidger F9ugingpsisi Brared of olrtRIER Heor y

device that reads_data at high. speed. Since a vohﬁag of rr]. _is always
supplied to the dﬁﬂﬁyg%%??sféﬂﬂyégﬁrﬁf. Eaditng SEFCH¥ %ﬁﬁhﬁ@ég e
initializing the @E{}}Q}}{mﬁgéiée |ghi iUl §hMashet U8 ¢ aQ%‘?%ﬁ%’%é‘t&oﬁérC“'t
is closed, so that this dynam c menory device operates normally as soon as
the power- sourcecgifgUitpdspidd@is, it is very difficult to achieve
}'\/ the same variations during the manufacturing process
as those affecting the memory cells.
10 Since the capacitance of'dummy cells varies
only slightly, i.e., since any difference in capacitance
relative to a memory cell is small, there is no need
| : to provide a margin to compensate for errors. There-
fore the data can be.read out at high speed.
15 No additional time is required since the full-

size dummy cells are precharged during the restoring

of memory cells that are at "1", i.e., since two dummy

C

cells are short-circuited a half charge is distributed
during the restoration of memory cells which are helding
. 20 a data bit "1". Therefore it is possible to provide

a memory device that reads data at high speed.

Since a voltage of ;V is always supplied to

CcC
the dummy cells, no extra reading cycle (dummy cycle)
initializing the dummy cells is required when the _ -

25 power-source circuit is closed, so that this dynamic

memory device operates normally as soon as the power-

source circuit is closed.




v

I\JYines are short-circuited so that they have a precharge |evel of [err]
hus al nbost no current flows to the feeder line during 5 t he
actual reading operations (the second and sub- sequent reading cycles  after
t he power-source circuit has been closed). Therefore the areas occupi ed by
the feeder circuit and its wiring rr‘ayzgoe' reduced. For the sane reason,

- The pair of dummy capacitors coupled to the pair of conpl efrent ary
{
‘

al nrost no current flows to set the 10 initial conditions of the dunny
cells, so that the nenory device is free fromthe probl em of potentlal .
variations in the powefrsoML£e 4 rheunq,%ecta |c_qttgg.g1 Eggai 8“1‘36 As shown
in Fig. 9, the layout of dummy cel nDst e sane as

that of the negriy &€léSmplemdhttdy aﬁﬁ/quln@sl a&s. QHSrEDciP@ui@é‘&'f acturing
process. In the enbodiment of Fig. 5, the corresponﬁi%ng dummy cells are

arranged asl ansof that aploey haas enprexhariat lichelr of pg | Samidr e y
different fromthat of the 20 menory ceIIs1 The pr fit invention is not
limted to theabmboti mentureint Hlsws disorde BV nipeder nbiné i during many
ways. For instance, the invention can be ap |eg to a_dynam c menory having
gr ooves i nSt het’h%n%?'ﬁf“%]ellf%a%g t‘??q}'tqqll% t(ﬁ-éel\/ésceaﬁaﬁ‘@ys‘é}? the side

surfaces thereof. nsur t hat_t he devi ces are noI af f ect ed
by any varl at I 6 gU?lhttﬁ a %.‘fﬁ ter t e ower-source cilrcuit

has been closed). Therefore the areas occupied by
the feeder circuit and_its Qiring may be reduced. For
the same reason, almost no current.flows to set the

10 initial conditions of the dummy cells, so that the
memory device.is free from the problem of potentiél
variations in the power-source line due to igtermittent
currents. '

As shown in Fig. 9, the iayout of dummy ceils

15 may be made almost the same as that of the memory cells,
to minimize wvariations due to the manufacturing process.
In the embodiment of Fig. 5, the corresponding dummy
ce11$ are arranged aslant for layout reasons, so that o/
their shape is markedly different from that of the

20 memory cells.

The present invention is not limited to the
embodiments discussed above, but may be modified in
many ways. For instance, the invention can be applied
to a dynamic memory having grooves in the memory-cells

25 to utilize the MOS capacity of the side surfaces.
thereof. Also to ensure that the memory devices are

not affected by any variations in the manufacturing



- 3Q - ‘process, it is desirable that the capacitors d and C2 in each dummy
cell have the same structure as the capacitor CMin the corresponding o
menory cell. Preferably all these capacitors are M3XS capacitors. 5 i '
The present application is divided from UK Patent Application No. 8422521,
(publlshed under No. 2149250A) and descriges matter- which is also described

in that application. Attention is there- fore drawn to Application No.

8422521. 31 CLAIMS: 1. A dynami c nenory conprising: first and second
capaci thaf's, a first reference voltage being inpressed between el ectrodes of
~each 5  capacitoprggessy 2tfissdegirdsie tthatt ahe &apabétenseCélandrlc

charge therein; a first switching el enent connected in series with the

first capacitor, ehith eschudweny creldutiave £heesone p&rigtuzft ap the first
‘period has ended, and which remains 10 on during a third perlod after the
second peri od hascepdedton €irit thricannasponHies Fﬁ@°FVr§F 1dwi t chi ng

el-ement is turned on _durjng the second peri IS | ssed Wi.th_a first
ref erence potentiBFeESF?Eégoﬂh}r&P??thé;qqgﬁﬂ§§u5§e cfﬁpgcéﬁgfaé fr om

the first capa%gtor; The present application is divided from UK
Patent Application No. 8422521 (published under

No. 2149250A) and describes matter which is also
described in that appliéation. Attention is there-

fore drawn to Application No. 8422521.



15 . a second node formng a pair with the first node, and which is
Gé%@fessed with a potential that is to be detected during at |east the
ond period; a first circuit which applies potentials of conple- nentary

|l evel s to the first and second nodes during t ' rggpd; a second
sy-t chi ng el ement connected in series with thgmm“m.lﬂtlgmuget her with
the second capacitor, and which is turned on duriag it he Ir€ perjiod; a

third node which is inpressed with a se@ind 25 reference voltage which-js
substantially equal to the first reference voltage;, and a_sw tching chuj t

bet ween t he duA™MS:and second ~ 32 capacitors and the third node, and which -
connects the first and second capacitors to the third node during a fourth =
period afterlthe t# dyngavicomemaryeadupgrighegei n vol t ages: bet ween t he

el ectrodes of the first 5 and second capacitors are set to the first

ref erence vol tage HiTSte 39FcS8FPBA SRPRAALSHFt chi br st (efiqcense A

dynam ¢ nenmory. accordi.ng to claim.1 erein,the first switching elenment is-
ot ween 1 he Yo Ade iR B d were e AR PePUBEE, P oEodfs o SAdha " Suwrt chi ng

el ement 4 s MEREN 2G0 d t (¥g¥§¥ , 3. A
dynam c gms\rrt)]r'fL aclcordidtr?gqtn%egl gfdlfngﬂl2 g?‘@g?gi ?ngz,ééﬁﬁé;?%i nt eé-rﬁe'r st capacitor’
and the secqubdiafizcichargeattesftantially equal capacitances.

a first switching element connected in series with
the first capacitor, which is turned on during a second
period after the first period has ended, and which remains

10 on during a third period after the second period has ended;

a first node which, when the first switching element
is turned-on during the second peribd, is impressed with al
first reference potential corresponding to the reference.
electric chafge from the first capacitor;

15 a second node forming a pair with the first node,
and which is impressed with a potential that is to be
detected during at least the éecdnd period;

a first circuit which applies potentials of comple- o
mentary levels to the first and second nodes during the

20 third period:

a second switching.element connected in series with
the second node together with the second capacitor, and >
which is turned on during the third period;

a third node which is impressed with a second ' -

o

25 reference voltage which is substantially equal to the first
reference voltage; and

a switching circuit between the first and second



4. A dynanmi ¢ nenory according to any one of the 15 preceding clains,

wher-ein the first circuit has a sense anplifier which—anptif+es—the— Y
potential difference between the potential that i tect ed and th -
first reference potential that is applied to the I‘! Im iﬁ%ﬂ!ﬂnodes. 5
5. A dynam c nenory according to any one of t S ns,
wherei'n'the switching circuit- -has a third §gitching;elenent bet ween the

first capacitor and the third node, and a fourth sw tching el enent between

t he sec®nd capagikeh D I . whi MREM ¥,
~according to g%;%btg%étg? gt hgap%ggegﬁlggégﬁl%%é@,an%erhelid_r?l %%?F %slrr?y o] lﬁ%ﬁory
cells are proviaddseeatltl eapacstong €6 €hé NtHlrd aRAd T idd a2 fbukth 33
switching el ement between the third capacitor and the second node, wherein

a potential thgerisdt efberdehectkilrdspepidd etag erider;second node from t he

menory cell. 7. A dynam ¢ nenory according to claim6, wherein the 5
firTst, second and thiWaeeaﬁacV?btégﬂ%vhetnﬁﬁnzﬂh&fﬂyeptm$%ﬂ: oﬁp&betﬁgces.
8. A dypam_c .nenory according to claim6 or claim?7, erein sai
first, secoﬁd ARd FFFPﬁdsﬁF?éﬁ’rh B ¥R Met R thes fiissdd rgdesenrel d- ef f ect

br ecedi ng. oi ai HeLaRS: BY e IOBERT TR O T TR R E8 pr echar ge
the first and gecond ROdgRahfc ! MénSAFBaccording to claim 1, wherein the
first switching element is between the first node and the
N first capacitor, -and the second switéhing element is
10 betweén the second node and the second capacitor.
3. A dynamic memory according to claim 1 or claim 2,
wherein the first capacitor and fhe second capacitor have
substantially equal capacitances;-
4, A dynamic memory according to any one of the
15 preceding claims, wherein the firét circuit has a sense
amplifier which amplifies the potential difference between
the potential that is to be detected and the first |
‘reference potential that is applied to the first and second
nodes.
20 S, A  dynamic. memory according to any one of the
- preceding claims, wherein the switching circuit has a third
switchihg element between the first capacitor and the third
node, and a four;h switching element between the second
capacitor and the third node.
25 6. A dynamic memory according to any one of thé.
| preceding claims, wherein a plurality of memory cellé are

provided, each consisting of a third capacitor and a fifth



ential during the first period. 10. A dynami c nenory according to

im9, wherein the 15 precharging circuit hé§“§‘§rxth—swLLcthg{elenent

ween a power-source termnal and the first . d a seventh sw tching
el ement between the power-source ternnal andlwgg’, M”Hm 11. ‘A
dynam ¢ nenory according to claim9 or claim16, b ne pr echar gi ng
citcuit has an eighth switching el ement between the first *antl second nodes.

12. A dynam ¢ nenory according to aﬁ? one of the preceding clains, -

wher el n an act | ¥enteel ghent' LElLed e OMSLIEL LD 1t (Y secon

secona node, wherein a potential that is to be dgfected is
applied to the second node from the memory cell.
7. A.dynamic memory according to claim 6, wherein the

5 first, second and third capacitors havg substantially equal
capacitances. | |
8. - A dynamic memory according to claim 6 or claim 7,
wherein said first, second and fifth switching elements are
insulated gate field-effect transistors.

10 9. A dynamic memory according to any one of the
‘preceding claims, wherein a precharging circuit is provided
to precharge the first and second nodes to the same

) éotgntial during the first period.
10. A dynamic -memory according-io claim 9, wherein the

15 precharging circuit has a sixth switching element between a
power-source terminal and the first node, and a seventh
switching element between the power-source terminal and the
second node.

11. A dynamic memory according tb claim 9 or claim 10,

20 wherein the precharging circuit has an eighth switching
element between the first and second nodes.

12, A dynamic memory-aécording to any one of the
preceding claims, wherein an active-restore circuit is

connected to the first and second nodes.




