DYNAM C MEMORY 2149250 The present invention-relates to a dynam c nenory.
Japanese Patent Publication No. 39073/ 1980 discloses a dynam c

;;;gau}access menory (hereinafter 5 referred to as a DRAM having fol ded
bi

linés, A system has been proposed for a DRAMin which data is, read from
nmory cehls by use of dumy nenmpgY..eld whfigP known as dummy cells) of a
capac{ Aande approxi mately half that of the nenory cells, i.e., gﬁ%g%zftggng
du el Ils whi ch have reference capacitors of a capacitance ab
t Rat \of * cgpacitors used for storing data (such cells will hereinafter be
o as hal f-si zehduppiseak! ShveWibr fEIE s Cid CAlidyRimibi s type,
¥t 15 stored in the nenory cell is detected by a di¥ferential
sense anplifi ermehdep. conpares potentials which vary according to the
guantity of electric charge stored in the nmenory cell and the dummy cell.
However, studi es conduciapahgseh®atendniPutd iafat2ilon tNe. p3EGZ2I1980enticn
have shown that it is virtually inpossible to manufacture hal f-size dummy
cells with the disgkopeecasfivnandct Fandem-taecemshmemazy | theseinafitethere
is a problemof accuracy. On the_other hand, it has_been found desirable
that the durfry Eefesredotipdassa BRAYY higwisundalided &it hkingsmry cells,
I.e., each of the dummy_cells should be provided with a reference capacitor
of a capacitance substaht PEPF§Mefas Peen proposed for a DRAM in which

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 durmy cells which have reference capacitors of
é 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
sense amplifier which compares potentials which vary
accoréing to the guantity of electric charges stored
in the memory cell and the dummy csll.
However, studiess conéucted by <the invantors of
20 ths present inventicn, have shown that it is virtually
impossible to manufacture half-size dummy ce2lls with
the same precision zs that of the memory cells, so that
there 1s a preocrlem of accuracy. On the cthsr hand, it
has 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 egual to that



f . .

- 2 - of the capacitor used for storing data in a menory cell (such cells
herei fafter being referred to as full-size dunmy cells). A variety
menor™es have been pr-oposéd 5 enpl oying full-size dumy cells,
waste | arge quantities of power in the resetting of the dumy c
t hei.r sensing speed is |low. The present2iavention seeks to provild
dynam ¢ nenory which permts the use of full-size nenory cells,
whi ch need not consune as nuch power as the known dynami c nenories with
full-size menory cells. In a first aspect, the present invention provides

a dynanm ¢ nmenor yofohpei sapgciton bsed| forsstatringi dgtania sememonyucébl 15
substrate; a plurality of nenory cells connected to the bit |ines, each
menory cell havi hgughcaphtstberebpafteri hgingt seferred torasofutlesizec
charge; two further |ines_extending on the substrate so as to intersect the
bit lines; a firdemBY; €8htfd-el enent connected between one of the bit Iines
and a first capacitor, the first sMAtching_eIenent being controlled by a
first one of the further® Yagietysol memories hage hgeRywPYeRPRgdel enent

connect ed beémeegmploying'full-size dummy cells, but these waste large

‘quantities of poweér in the resetting of the dummy cells,
and their sensing speed is low.
. - The present invention seeks to provide a dynamic
memory”ﬁhiCh permits the use of full-size memory cells,
10 but which need not consume as much power as the known
dynamic memories with full-size memory cells.
In a first aspect, the present invention
provideéla'dynamic memory comprising:
| two bit 1ines'extéhding on a semiconductor
15 substrate:
a plufélity of memory cells connected to the
tit lines, each memcry cell having a capacitor for
— stcriﬁé déﬁé in the form of electric charge;

two further lines extending on the substrate

158
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'so as to intersect the bit lines;

a first'swi;;hing element connected between
crne of the bit lin=s and a first capacitof, ﬁhe first
switching element being controlled by a first one of
the further lines;

25 a second switching element connected between
the other bit.line and a second capacitor, the second

switching element being controlled by the second
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the other bit Iine and a second capaci-tor,. the second switching el ement
being controll ed by the second 3 further line; and a third swtchipg
g bet ween the first and second capacitors. Thé thi-rd sw tching '

{ may be connected between 5 the first and second capacitors so

¢ el ectrodes of thse capacitors are electrically connected to each
‘the third switching el enent when the -third swtching elenent is in
state. Alternatively.the thlﬁd-swntchlng el ement may conprise two
switche’s, each of which 10 are between a reference potential line and a
correspondftmgtm bine heantdo capacitors. The switching of the two switches
i's thus synchronised. In addition to the advant age of reduced power
consunption, such? a“ﬂ’ﬂ‘%n?“é“’r@hﬂ%/ HESP Y RETNRE dhR1 G4 SIS atkeh a way
that there is a |ncre se in accuracy in the matching of the capacitances
of the nen%ﬁ?o% | FEPEHU-THR" dummy cel |'s. Enbodi ments of the present

invention wll e ﬁf?&révpfgcﬁ%xgeéférﬁemp% >fqnef)fco%fﬁaermge@d: p¥eéen

reference to 20 the acconpanyi ng W Nngs In
5 the first and second capacitors so that the electrodes of

Ehse capacitors are electrically connected to each other by
" the third switching element when_the third switéhing
element is in the on state. Alternatively.the third
Switching element may comprise two switches, each of which
10 are between a ;eference éotential line and a corresponding
one of the two capaciﬁors. The switching of the two
switches is thus synchronised.
In additidn to the_advantage_of reduced power
consumption, such a dynamic memory may be manufactured in
15 "such a way that there is an increase in accuracy in the
matching of the capacitances of the memory cells and the
dummy cells.
Embodiments of the present invention will now be \;J
described in detail, by way of example, Qith reference to

20 the accompanying drawings in which:
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Fig. | is a circuit diagramof dummy nmenory cells according to a first
enbodi‘ment of the present invention; Fig. 2 is a block diagramof 'a menory
array=5" and related circuits; Fig. 3 is a circuit diagramof a spe
configuration of, a nenory cell, sense anplifier, active-restore cirg
and recharging circuit; Fig. 4 is a timlgg chart of the reading 10
operation of the nenory; Fig. 5is a plan view of the |layout of du
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-BPigant BsBa cérpetti ¢bhgraki gf Quhmyamemnoryi t

di agram of dummy cells according to a_second enbodi ment of the present
_invention and 20cells accorgipg boja Hipshnembediventhef| theupreserte dumy
cells of the second enbodi ment. Enbodinent 1: In the foll owi ng description,
t he insul at ed ga%%V°FE+Hneffect transistors (hereinafter referred to 25

MOSFETs) used are all of _the enhancepent t e unles ot her wi se. t he
drawi ngs, identical or p%ﬁ@rng bar#sCafe déﬁﬁ?ﬁame tﬁemgﬁﬂﬁyrﬁrﬁ?énce

5 and related circuits;

Fig. 3 is a circuit diagram of a specific
eonfiguration 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 plan view of the layout of durmy
memory cells for use in the first embodiment of the
present invention;

Figs. 6 and 7 are sectional views thiohgh the

15 dummy cell of Fig. 5, taken along the lines A-A' and
| B-B' respectively;

Fig. 8 is a circuit diagram of dummy cells

- acccrding to a second embodiment of the present

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

Embodiment 1:

the following description, the insulated

effect transistors (hereinafter referred to



synmbols. Fig. 1 is a circuit diagramef dummy nenory cells according to a
first enbodi nent. of the present invention, having a pair of conplenengaﬁy
bit lines 5 BLI ‘and BLI, and a pair of dummy word |ines DWI and DWef *
Al $6 own are n-channel MOSFETs TI T2 for reading information fromthe
capacitors ClL and C2 form-ng mry menory cells, an n-channel

for® short-circuiting the dummy capacitors (dummy cells) 10 d
ahd nd nodes A and B. Preferably a folded bit |ine systemis enployed
ry array MARY shown which will be described in nore detail later.
Thepai i/ of bytbbileses BLI and.BLI extend 15 :-parallel to each other, and
rmed as a unitary structure together wi'th bit lines of the nenory
array MARY . first dEdgy dedsrp cdlricuds] diagrem of dumrye memorlyi ne BLI s
formed by the MOSFET Tl and the 20 capacitor d, and a second dummy -
menory cel | P82lgoareerédngo tohe Hilrst embrdimend ofr k¢ wyresiend MOSFET T2
and the capacitor C2. The dumry nenory cells DSI and DS2 forma pair. The
capaci t ors CLD¥RAtEDDPnabavdRFad PRACe STt FAMPICEentarys st ddmiesl |y equal to
t hose of _the_capacitgors of the nenory cells. ' :

Th ircuit_i:s shown
schemat i 8al | PrinapPgBLL, apd ah&ad i yéﬁ@ﬁg ﬁﬂ&@? Tt slpI s of
DWL2. Also shown are n-channel MOSFETs Tl and T2 for

reading information from the memory, capacitors Cl and
C2 forming dummy memory éells, an n-channel MOSFET T3
for short-circuiting the dummy ;apacitors (dummy cells)
10 Cl and C2, and nodes A and B;'- |
Preferably a folded bit line system is employed
for a memory array MARY shown which will be described
in more detail later.
The pair of bit lines BL1 and BLI extend
15 parallel to each other; and are formed as a unitary
structure together with bit;lines of the memory array
MARY.
- A first dummy memory cell DS1 coﬁnected to tha

it 1in

b

&3

Bul is formed by the MOSFTET Tl and the

)
D
O

apacitor {1, and a second dummy memory celi DS2
ccnnected to the bit line BLT is formed by tha MOSFET
T2 and the capacitor C2._
The dummy memory cells DS1 and DS2 form a pair.
The capacitors Cl and C2.have capacitances thafJare
25 substantially equal to those of the capacitofs'éf the’
memory cells. The circuit is shbwn'schematicailf in

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



é : _
the capacitors-C and C2 which are .not ¢onnected to nodes A and B, i.e.
pl atesP2 and P4, are.connected to earths as shown in Fig. 1. Howev:
earthtg the plates .P2 and P4 neans that they are maintained at

predet erm ned caonstant potential. Accordp,ng to a structure t be

described later*with reference to Figs. to 7, the plates P2fan f the
capacitors Cl and C2 are naintained at the | evel of the power} o
vol tage. 10 In Fig. 2, a menory array MARY consists lurality

of pairs of bit lines BLI to BL2_ that extend parallel to one another, a
plurality of wor ¢85 Fé@agtors fiapRal2exhin &FerPQﬁtcaﬁgB§§e@otPhe bi t

I d I [t f [ M.8. 15
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vor ) e VL1 CRAT6S B0 et obid PR BhUG! DSt et 1S

cxarpl e remiy ¢ M o Redly S IR LA RO IR o el on

poi nts between t e word I e‘pair
preferably 8¢ Dikelei@tmngd %HE@aHié BbeEntiadl! yacRduGhiveol gyers that

extend over elenent- formng regions on top of “an insul atlng ?lln1and dat a
i nput/out put ter girRaktudle tHALNGLINbEEr HBYcFEBREY 168klS wiRRSLEEEeLEHCEN
comon, and are connected to the data line corresponding thereto in order
to maxim ze to Figs. 5 to 7, the plates P2 and P4 of the capacitors
Cl and C2 are maintained at the level of the power-
—
source voltage.

10 In Fig. 2, a memory array MARY consists of a
plurality of.pairs of bit lines BL1 to BL2 that extend
parallel to one another, a plurality of word lines WL1
to WL4 that extend at right angles to the bit lines,
and a plurality of memory cells MLl_to MLé.

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 linss, e.g.,

Y crossas both lines of the pair o

I

kit lin=s =L1 and

BLl. One mermory cell, for example memory c=21! ML1l, is
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g tocn f the zwo intersection points between

¢ werd line WLl and the pair of bit lines 3.1 and

Preferably the bit lines are formed by =lec-



“
the-el enent-form ng regions on the seni conductor substrate or reduce the
area of the sem.conductor substrate. Therefore the nenory cells are . "
arranged as shown in Fig. 2. This structure helps to reduce 5 t he ntmfber*
of contacts required between the nenorLy cells and the data |ines. Equal
oers of menory cells are connected to each pair of bit linés, i.n order
to 4pAke the parasitic capacitance. of each bit |ine the sane. Therefore, 10

sen bne word line is selected, unwanted potential variations or noise
[ rted to each of the bit

lines through the parasitic capacitance between
he £el ect edtherelénentafdrmbhpgbkegliongsonhgshei semicovtiuthar word line is
kept at the sane level, In a nenory having 15 folded bit |lines, the noise
parted to theshER¥e oF BpeurentbewpERaacfoithel spairendursered is
virtually ignored by the sense anplifier, since_the noise is comobn node
noi se. SenseSuppriaters Thprefpre Lhe fempEyt Ged1lsoare arrangedits (or
active pull-up cjrcuits)_AR1, and %rechargiggécircuits PCl and PC2,
1] .

AR2
are connect €3 t PR b%i?%gpfzbitTPFﬁe§ QEFfuB P5 LRqrefyce
eobectiyel Yendon e bP EbdeadrCLAIE R LERER O SSRIE 212,
CBL, respectNly sd8€chLr UL 95,EE9- 2 is forned on a sem --
Equal numbers of memory cells are connected to
each pair of bit lines, in order to make the parasitic LJ
capacitance of each bit line the same. Therefore,
10 when one word line is selected, unwanted potential
variations or noise imparted to each of the bit.lines
through the parasitic capacitance between the selected
word line and the bit lines that intersect that word
line is kept at the same level. In a memory having
15 folded bit lines, the noise imparted to the pairs of
tit lines when a word line is Selectea is virtually
ignored by the sense amplifier, since the noise is
ccomon mode noise. _ ' -/
Sense amplifiers SAl, Si2, active-res<ccre
29 circuits (or active pull?ué circuits) AR1l, AR2, and

precharging circuits PCl and PC2, are connected to the

rzirs of bit iines BL1, EET, BL2 and L2, respectively,
as shown in Fig. 2. Column switches CSWi and CSWZ 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 sem;?f;

conductor substrate together with various other’- =



conduct or substrate together with various other: -- circuits (not shown).
The résult is a nenory on the sem conductor substrate. The menory- of
ermrbod~ent is of an.address nultiplex type. Therefore, in addition
circuits 5 shgwn in Fig. 2, the sem conductor substrate al so suppo
address buffers; a row address decodef, -a“word driver which receivfe
output fromthe row address decoder and forms word |ine select signals T
are supplied to the word lines W to W4, a colum address 10 decoder
which fornms select signals that are supplied to the colum sw tches CSW
and CSW2, -a nmi n"CARPPIEFefnQRi ERCHRDL i fThe Besult| §papsmemargnPrtellevi a t he
common bit |ines CBL'ang CBL, an output buffer which receives an out put

fromthe main anPPPFERAUGRAT gBHRFEHBFE-1ine 15 select circuits which

formd d i | ignal s that . plied - d d

| nes DW! - and Dwo. - THPCRSREDY, f alhif; ARBURRRPEE of S RF Ch ERRTTRS o
RAS dd Lgnal . | i gnal d
2 VE (wite enana) ESBTeE RBR.  netRror®: T S08HFign bty EHfties 1o
control the QDperapLg SinE§§[ Ebeéﬁecééﬁfé6§d?é?ﬁf QEbé@F§€?C%I§8'tS can be

formed in substantially thesane r as'those o e nenory o nown

?ﬁdgngiFU|ti-_pé@épéfﬁéeQBdkésESbHEE€E§§S§rYo&oaééféﬁéb&e&@&éﬁ,Cér£64&5

driver which receives an output from the row address
decoder and forms word line select signals that are
supplied to the word 1in¢s WL1 to WL4, a column address
10 decoder which.forms select signals that are_supplied
to the qélumn switches CSW1 and CSW2, a main amplifief
which amplifies data signals transmitted via the common.
bit lines CBL and CBL, an output buffer which receives
an output from the main amplifier, and dummy word line
15 select circuits'which_form dummy word line select
signals that are supplied to the dummy word lines DWL1
-and DWL2. There also is a.timing genérator which
(O receives a RAS (roﬁ acdress strpbe) signal,‘a C&AS
_-{célumn address strobe) signal, and a WE (write ernatle)
20 siznal, and vhich forms various timing signais tc

control the operations of all these circuits. Most of

these circuits can be formed in substantially the same




The tim ng of changes in select signals applied to the dumry word |ines
DWI, DW2 of this enbodi ment is slightly different fromthat of ag >
conventional nenory, as will be obvious fromthe timng-chart of Fig.‘ﬂ“ *
One of: the two dummy word lines DAL1 and DW.2 attains the select |evel at
the sane time as 5 one of the wyd Hﬂnes in the nenory array MARY attains
hey select level, and the other dummy word line attains the select |evel

af¥Yer the sense anpllflers SAl and SA2 are operated hy the timng signal
2%6 r] . The dummy word line select signals can be generated by slightly

| nodi fyi rgbdddalenyt dis @liilghtilat didfeinet tiremetstgrad @ [err] and by

slifghtly nodi fying the dummy word |ine select circuit. Fig. 3 is a circuit
i agram of acoswveatdgmalfl memeoaryd rasmoril Ic ddd ohsianhs dirameadiend ianidygnam ¢
menory 15 according to the first enbodi nent, having n-channel MOSFETs T6
to T15, conplobmarkt @fy Fdigt. |7.ne Ol lofartheBliwaa rdhmmp avindorisin@®l Difid CB2 f or
boosting the bit lines. so shown are a sense anplifier control signal [err]
a prechargi n@nsi ®Wai2 patalins &he s&elaat Jevelstaly cheomamg tige as gnal
[err] conpensating for any drop in |evel of a high-level bit Iine due to
the sensiSng &Fer &L &he ﬂ?é'dsér’ré"@sar%ﬁ |ql'1%rm95)¥rr%<ﬁ1"'s’i3§{ JARY RtFainsf

VOSFETS 0 3 T7whose qave and, dial SlSef 0% A% SYIPY el da 2

the select level after the sense amplifiers SAl and SA2

are operated by the timing signal'ﬂpa. The dummy word Q‘)
line select.signals can be generated by slightly
10 . modifying a delay circuit that receives timing siQnals
.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 embodiment, having n-channel

MOSFETs T6 to T15, complementary bit lines ELl and BLI,

o

nd capacitors CBl and CB2 for boosting the kit lines.
£lsc shown are a sense amplifier contro’_s;g.al Pop + @
precharcing signal & be 1 and an active-restor 50 ntrol

20 signal grés compensating for any drop in l=vei: cf a

igh-level bit line due to the sensing operatio

o g

3

The sense amplifier SAl consists cf a pair of
MOSFETs T6 and T7 whose gate and drain electrodes are
connected in a cross—goupled manner. The 6peration of

25 the sense amplifier SAl is contrélled by MOSFET T15,
the gate of which receives the sense amplifier control

signal gPA'
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25 the sense anplifier SAl is contfolted by MOSFET T15, the gate of which
recei ves the sense anplifier control signal [err] The actiwve-restore
ci*rcu™’ AR consists of MOSFETs T8, T9, TI, T13, and boosti ng capacit
CBl1 and €B2. The boosting capacitors CB\<9nd CB2 are constructed in
substantially the sane manner as the 5 Y} MOSFETs, so that each of the
boosting capacitors CBlL and CB2 has an el ectrode (hereinafter refer
as the first electrode) that corresponds to the gate of the MOSFET

| ectrod h i naft h econd. el ect rode) .t hat
go??e;goﬁdg SLGLR2 sgch§L§ ggéxa E?EER%EFE&FFBHESA%i EARSKBREETIL  The

I d CB d 2 ted th FET
Te, i, 1o ana OITELE ERELES: L Pr 3 i oofnge R0 atrarLtOer GRl o
are const ruct ed 38ai epbhe SREPLABENSheo8abhe VEEERTS) Lhe cgpagilors O3

and CB2 effectively act as varlab pac tors he capaci nce etmeen
each pair of flr&bnéﬁguéﬁéenﬂneEQSEEQH€§al§¥V€ﬁ¥ S8Rt | mhhnbPeali £

electrode is at a low level close to zero his case, since t

nutual coupl 5ng KOSFEES,t 86 thatteadH 6§ECORE BLESLIRGCSapScYESKs @ggre is .
little change in the potentlal of the first el ectrode, even when the _
control signal [end]CBRshapphnedleotibéese¢hendirhfeesr ofieferdd@ €8PaEi t ance

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, Tl1l, T9 and Tl13, as shown in Fig.

3.

Since the capacitors CBl and CB2 are constructed

Pt
(V)

in the same manner as the MOSFETs, the capacitors CBl
and CB2 effectively act as variable capacitors. The
capacitance between each pair of first and seccnd
Y electrcées is very small 1f the first electrode is at
a2 low level close to zsro. 1In this case, since the
26 mutual ccupling between the first and sécond electrodes
is weak, there is little change in the poteﬁtial of the
first electrode, even when the control signal gres is
applied to the second electrode. The capaqitance
between the first and second electrodes rises to a .
25 relativély large value if the first electrode is at a

potential which is higher'than'a-threshold voltage

thereof. 1In this case, the potential of the first



between the first and second el ectrodes rises to a 25
value if the first electrode is at a potential which i
threshol d voltage thereof. In this case, the potential
e changes in response to the control signal O

relatively | arge

s higher than a,
of -the first

es when.it is applied
second el ectrode. This neans \ at a selective bootstrap voltage can
).\ The precharging circuit PCl consists of pre- 5 char gi ng

2 and T14 between a power-source termnal Vcc and bit

resprctl [ MOSFET . T10Q .pr ovi ded etmee the bit
and 't cX:b { ilneei"ﬁélag éacr%stﬂorﬁe S € %‘Ttr% M3

gonsi sts 10 g\mof e -iGhan do NHIELd Sid J Qi &1

a capacitor &%or storing d es controlF

#% Sel B on

i gnal or dr I #}Pﬁﬁ tyd Ts,
ilo%nect ed toﬂ%ﬁb%?%g%gﬁle%}wgf%wt the ga ]tetsasgl%eéaq‘c# %Ar\éc%é are

connected to the worcHd e\&ﬁz%rln\éucn.r-g?ﬁtgqicﬂ RS A

addr ess-sel ecting NCSFETS act as select termnals of t

the el est r odehalrlgiagd MEBFETs a9 2dan@ TPV HeidEd d P lsourcd -h-€ rrermry

ﬁ?gﬂ5€%?%§%;n|s

cells. In this enbodinent, the capacitor 20 C cf Fig. 1 and the
capaci tor [ertte]rmlmatlhéquammdyme:l 11 ineeuBL1apBIX dstactiielsama@r ea so

that they have apprcxinma
an_equa1121ng MOSFET T10 provided between

BL1 and the bit line BLI.

ely the sane capacitance. The capacitor C

the bit line

Each of the memory cells ML1 and ML3 consists

10 of an n-channel MOSFET QM for selecting the address,

and a capacitor CM for storing data. Electrodes

controlled by a selection signal or drain electrodes

El and E2 of the address selecting MOSFETs, are

connected to the bit line BLl or BLI, and

15 electrodes are connected ﬁo the word line

The gate electrodes of the address-selecting

the gate
WL3 or WLI.

MOSFETs

act as select terminals of the memory cells, and the

e.cctrodes El and E2 act as data input/ouiput tarminals

of the memory cells. 1In this embodiment,

20 Cl ¢ Fig. 1 and the capacitor C,, in the mamory csll

M

occupy approximately the same area so tha:z thev havs

aprrcoxinately the same capacitance. The capacitor Cl

in the dummy memory cell ané the capacitor CM ia the -

memory cell are manufactured by the same

25 steps, as in a conventional dynamic RAM.

manufacturing

This structuré

enables the capacitors Cl and CM to have a high degree

of relative. accuracy.

| i nes BL1,

and

are

and

*



. .
in the dummy nenory cell and the capacitor CMin the nenory cell are
manufactured by the same manufacturing 25 . steps, as in a-conventional

dynam«¢ RAM  This structure enables the capacitors ClL and [err ave a
hi gh degree of relative accuracy. As is well known, -capacit an -
integrated circuit are obtained by rep ing a sel ective procgssi

technique a plurality of times, utilizing a masking film such|as RS
~photoresist film In this case, however, the 5 effective el ectXQ areas of
the capacitors Cl and CM are subject to unwanted vari ati ons, dependi ng upon
errors in the alignmenasoistwel helhowni capacitersfofapacirtegrted the
dumy nenory cell is smaller than that of capacitor CM.any variation in

t he capacit anceintuttpaeetoptTingdebyoreBeat HaG kA nge LeFbl Ve sPEPERT " han

t hat of capacitor CM so that the relative accuracy of the capacitgors Cl
and CM decr eastechmiaudea ophe¥ahahy, ohnkhmehe EEbEg?%%?saCﬂa% H“Q:ﬁh

nearly the sane sjze variatiop.in the capac- itancg of capagitor C is
Inoh et

appr oxi mat el y %ﬁﬁ%laéoggzg?ﬁ?Fé?t; il%ia th AR cap3eFiahte Bt
[orr] is i notehSERckirr: STERFrye JReRSCHF ace "pabhl: £A8°ELhRa 5 REe
Che pot ent | al  BFOIREt ofor RavlnkBucyBERACDRE, MEPeRRenl oot ERrlet Ef ata
stored in the §ﬁ£e§i§gnment-of the mask. If the size of capacitor Cl
in the dummy memory cell is smaller than.that of capacitor
~ CM‘ any variation in the capacitance of capacitqr Cl due
10 to a masking error ié greater than that of capacitor CM'
so that the relative accuracy of the capacitors Cl and CM
decreases. On the other hand, when the capacitors Cl and
CM have nearly the same size, any variation in the capac-
itance of capacitor Cl is approximately egual to a similar

" 15 variation in the capacitance of capacitor CM' so that

+the ralative accuracy of the capacitors Cl and CM is

— tinen data is to be read out from the dynanic
manors ceil, wnich in this embodiment has one MOSFET

22 par cell, the portential of one of the pair of bit lines

is set according to the data stored in the selected

éerermined by the distribution of electric charge

Lh ] ';_(.__
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menory cell. The potential of the bit :line.is determned by the
distribution of electric charge the bit line and the sel ected nenory e@&l.
The 25 bit lines of this enbodi mrent have -a-parasitic *
cgpaci tance that is nmuch greater thanghe capacitance citors €M of the

% cells, as.in an ordinary‘dﬁ mc RAM Therefore the sel ected
cell inparts only a very small potential change of very snal
voltage anplitude to the bit line. In order to distinguish between

| and |ow_5 . level yalt f_such_smal | litude, the d
ef col | ARARATE FEEHEn Aol (T EST RotBR el 6TFR I REAGRY (e pal |
f bit lines. T, ir,of bit |i har ged_by the initial
operati on of S pruehars, vt ie ity BREHE SoRaTEREl Samie f 101 °
tential . | | dinth
orory el | 1 ah T EE ETSEe LTRrRarT SRUE (e b0 O A A W

starting of Sel esiden €8 dheiRapin osbivasd Ao LEW1 TEAB Yoge! | and

this small voltage Is anplified by the sense 15 I firer. The reference
vol tage iss det&ren nesh fagédicofli Shch betha DI Shp Bl €6dé | ctRdag@mmpet ween t he
capacitor in the dummy cell and a bit line to which the capacitor is
connect ed. Theen®f£ICSTE PplHee IUSLfHrenSe aeSLELIE B85 PREeSdbher so t hat
the differencein |evels

bit line of the pair of bit lines. Thus, the pair of

~bit lines are precharged by the initial operation of
the precharging circuit so that thgy have the same
10 pdtential._ Then, a small voltage corresponding ﬁo the
data stored in the mémory cell 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 sensé

amplifier.

[
w

The reference voltage is determined by the’
distribution of electric charge between the capacitor

zcizoer o/

in the dummy cell and a bit line to which the ca

4e]

is connected. The reference voltags must be as

U accurate as possible sco that the diflference in levels

Nt

cf the pair of bit lines can be amplified sufficienzly,
and the difference in levels of the pair of bit lines
can increase to a predetefmined difference within a
short period of time when the sense amplifier is

25 operated, or in other WOrds, so that the data-caﬁ}be¢
read out without error at high speed.

Therefore the relative accuracy of the



2 _
of the pair of bit |Iines can be anplified sufficiently, and the difference
in l®&vels of the pair of bit lines can increase to a predeterm ned
di f f"efence within a.short period of tine when the sense anplifier ig
operated, or in other words, so that t 2tgata can be read out wthg
at high speed.” Therefore the relative racy of the capaci tor
dummy nenory cell and the capacitor in the nenory cell nust be suf
high. Fig. 4 is a timng chart of the nenory circuit of the present
i nvention. The operation of

he menory 5 of thi.s enpodi mnent (refer to
Figs. 1, 2 and cS3"a\?c7i11tl°rbéndé"i’éar %ﬂ‘ybée&ﬁw tcl’?queﬁéﬂgﬁ & FSPF%étﬂrm' ng
chart of Fig. 4. ln. t f Bels) Cript] 1.t 0.s . .assuned for
conveni ence t h;gln écrﬁv?o?{%"‘o?ﬁ)e%{%ﬂ{i ?S]Ssp ibeeg g<'§1‘&%d'("Jl'esnetlsié’ct |l(9?1;e°addr ess si gnal
to the nenory. |n othes words,.. an: I i £ LSS | ed ect
menory cell MI connec?ré'g'tc‘)1 g‘lst%ﬁ |t%gﬂ&?%®h%§ ort?;l,e g‘r?r hét:tg'(}\ﬁ\:/?)ﬁri l'ine

i's selected, dypmgpaor i ' l e oot il Jehenee
potential is appli gg?f%éstegﬁb%ﬁqeidr%%ﬁl. qtg\%gi schartg;%%sioténglhe( %#%39% I

short-circust YHORMs leribcliimen®s (Magert R FAYAddr,ess atlar ahewgilanale RAS
rises to a high which is nearly equal to the power-source voltage [err]
so that the swdedtribedibelow with reference to the timing chart of

Ja -
ent’ly

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 MLl connected to bit line BLI. Therefore, when
thaf word ;ine is selected, dummy word line DWL]1 is
.selected such that the feference potential is applied
15 to bit line BLI1.
A discharge signal'(dummy cell shcrtféircuit
gignal) #,  rises when the row address strobs signal

N/ %ad> risss to a high level which is nsarly egual te the

i

power-scurce vcltage V

cc’ S°o that the switch T
L .

. s i . s s o
1. 1 iz turnad on. At the same %ims, the charcge

N
(o)

a Gatum of "1", as will be described iater. The

precharge signal_ﬁpc rises to a high level because the




20 Fig. 1 is turned.on. At the same -tine ,the charge stored in the _
capacitors Cl, .C2 beccones exactly half that stored in the correspondin&é

menory cell storing a datumof "I", as will be described'later. The
harge signal Opc rises to a high | gvel because the signal -is at a high
\.- Therefore, the ging circuits , PC2 operate, and the bit -line BLI
| s precharged to a high level, [err] as showmn in Fig. 4G The

ye l'‘evel [err] can be considered to be virtually equal to Vcc

cc is the power-source voltage). Wien the RAS signal falls, as

hawn j/n Fi g. a5 shomn dRe Fﬂﬂect‘?@r-geTg‘?gﬁéﬁcﬁérgles&eﬁ’glll preo SBRaSt he
operation of the precharging circuitg PCL,_PC2 stops. ,|n oth war. ds,
MOSFETs T12, FPBS&F?&I‘FPOQC& be d.lrs"“&iéyt §Aved &Fr . cmé“’g‘&ﬁr?ywm IS
short-circuit ignale%err 10- f%!ls)in synchronismw th the fall of the
RAS signal, a$ i SEYF Ce g R9T fg the swi-tching MOSFET T3 off. A

curmy word| e Sel ety W Pl MUY 34 Qi ety
5 00l 1S SoUP o Y Gl e S e Bk the
of bit lines. ;NGRS &f WHY precharging circuits PCl, PC2 stops.
In other words, MOSFETs T12, T13 and T10 of Fig. 3 |
are turned off.
The dummy éeli short-circuit signal ﬁg;
10 falls in synchronism with ﬁhe fall of the RAS signal,
 as shown in Fig. 4B, turning the SWitching MOSFET T3
off. o _'
A dummy wbrd_line select circuit (not shown)
starts to operaté in synchronism;with the fall of
15 the RAS signal. Part of the address signal is
suppliea to the dummy word line select circuit as a

‘discrimination signal for the memory cell that will

in Fig. 4C. Since the switching MOSFET T1 is now in
the on staﬁe, the capacitor Cl_inlduﬁmy memory cell
DSl is connected to bit line BLl which has been

25 precharged to a high level. As a result, the .
potential of the bit line BLl changes from thé'pré—

charge level vprc to a reference potential 1eve1fvref,



t he address signal specifies word Li-ne Wl , - the 20 potential of the dummy
word +4ne DWWl rises in synchronismwth the fall of the RAS:'signal, as.

showm™in Fig. 4C. Si.nce the switching MOSFET Tl is nowin the on state

the capacitor ¢ in dumry nenory cell Dﬁl is connected to bit line B o
whi ch has been*25 precharged to a ki g él~eve|. As a result, the pgt -
of the bit line BLI changes fromthe pre- charge level V toar
potential level [err] orc as shown in Fig. 4G The timng for sdlecti
the word line W.1 is virtually the same as the timng for selecting\th
dummy word |i ne aBWshowrhémefFdigs, 4hen word line Wl 5 reaches a hig
| evel , the capacitor CMin the nmenory cell corresponding to the data |ine
BLI, which is to be readhsuttimisngc SioveSed@tdnhéhgatnd dd msL Fldhiiéh has

been precharged to the _high level, [err If the datgﬁﬁjt witten into
capacitor CM of WfF&udddr FheSamep as e jtdmigg £on Sef §Rfiingyd appl i ed

to bit i BLI_ dr , li | | ect ed t h ' _
F g, 4G  Gonver SUIRY Motthd ki Pk | Eherertity S whd Jite 88 change
[ tential_ of the.bit |i BLI_.f £ 2

A w11 be- dosc iGNt Fhd Vg b RS Sppl b o MeIEYY  or g
of dummy nenory

cell corresponding to the data line BLI, which is to
be read out,.is connected to the data line BT1 which
has been precharged to the high.level,-Vprc. If the
data bit written into capacitof CM of the memory cell
10 ML1 is "0", a read voltage VRl applied to bit line BLT
drdps, when'word line WL1 is selected out, 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 prech;rge level vprc‘ |
15 As will be described 1ater, the voltage
| previously applied to capacitor Cl of dummy memory

cell DS1 is egual to V so- that the reference

0
~
N

C

pracharge level V and the voltage VRIL.
20 Af:er the potzntials of the word line WLl and
the dtmmy word line DLl reach a high levsl, the sense
1ifisr control signal rises as shown in Fig. 4D.

This turns on the sense amplifier power switcn T15,

and the sense amplifief SAl starts its sensing




cell DSl is equal to [err] so that the reference potential [err] has value

wh s between the precharge level [err] and the voltage VRL. 20 «

Afft erf th& potentials of the word line WI and the dummy word |ine DA *
reach-a -hj gh level, the sense anplifier control signal rises as shown in
F\g4D. Yhis turns on the sense anp1L er power sw tch T15, and the sense
angl i“pi SAl starts its sensing operation. Wen this sensing operation
staNts, tHe potential of the data |ine BLI rapidly drops to a | ow | evel

as s fn Fig. 4G and the potential of the. data |ine BLI drops
slightly due data heineiBhhldrepsi sbiopelntden. to|vheottmitimlids, it is
preferable that the pair of MOSFETs T6 and T7_of the sense anplifier SA
are not conpl¥REING FRRERBIPRANd TR fother | wekds at tF yiafPeefembleart of the
sensi ng operation, because the potential difference between the pair -of bit
lines BLI and'H% the rﬁﬁl?e?Ps%‘?ﬂ Tentey2 e%?."f/\h et $#8SRappens t he
electric charge on_the bif line that reaches a high.level Ls djischarged
through the 1HPlikirn %Wf?e@ A‘F?m%ﬂﬁg?ﬁ?'st‘?’ég%a%%i?%%I%g}' Thi s .
unwant ed di scharge. s t pai f EQ§EET 16, and T7 e turned on
or off conpl eJ_t‘@Testf"‘f)aytt'%)ﬁg ga\%r]r% ]ff{&g%t%)%rgfo he %_o?%’ﬁ '}!Z('F %???%Je%%@ bet ween
Lhe palf o BdcdddBsend ol yer [@PEPLEALL BtubEl dhe phppPEFSALes fof
any unwanted voltage drop 1n the bit _

bit lines BL1l and BLI is not yet sufficiently great.

When this happens the electric charge on the bit line

that reaches a high level is discharged through the

10 sense amplifier SAl, and this is undesirable. This

unwanted discharge stops when the pair of MOSFETs T6

and T7 are turned on or off completély by the

amplification of the potential difference between the

pair of bit lines. The active-restore circuit ARl

i5 compensates for any unwanted voltage drop in the bit

lines. The potentials of bit lines BLl1 and BLI are
L o o 3 ~q 9 7 % ~vy -y 114 3 a NS TEEm u
ive-r=store circuit AR]l throuch .cutting MNCSFETs

the

[e))

0 : Preferably the restore signal #__

-
ad

i

n

potential of the dummy word line DWL2 rise almost
simuitansously after the sense amplifier control
signal gPA rises, as shown 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

BLl. Therefore, when the restore signal gres.ié



lines. - The potentials of bit Iines 'BLl. and BLI are applied to the boosting
capacitors CBl and CB2 .in the active-restore circuit ARl through ‘cut }4Tg
MOSFE¥s T11 and Tl 3. .20 - Preferably the restore signal [er/f] n
the potential of the dummy word |ine EMR%ﬁrise al nost si mul t aneou ngégey
the sense anplirfier control signal [err]y%ises, as shown in Figs./4E ,
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 pot ral of

the bit [i BL1. -Th - wh t he | l. '

geﬁer iatt edl, nte he 'pﬂﬁ’éﬁﬁqetra?e] 'g;t%?lep‘?eqn‘?%ttleaellr g%{ ?%gees%’fgrn%heélg%%é‘f?%l%apaci t or
CBI ri t i.gh .l .th ' - . | Th
VOSFET T8 1 5 Curtit Bl Aty b SRS P D i fhae, T
th h the b ' |t ' tenti hd i

B e restor eq T LA fiudeoditd W1 tde Meg  oPie diostir 44 1D
Fig. 4G On the f%hﬁ{rr{'@d‘dontél?fﬁ@ﬁﬂﬂﬂr AAPachd Hoddded Ovol tiige

substantially no boosting function since its first electrode 1s at a | ow

| evel in responsg,dpiddechudievitte Boddteim tedpdei . calese a0
significant change in the gate potential of the MOSFET T9, even when the
restore signal [#Hd |Jpotendbréf ethe it reivee NBL1 is restored to a

level close to the power-source voltage, as shown 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
change in the gate potential of the MOSFET T9, even
" when the restore signal ﬁ;es is generated, but remains

at low level. Therefore, the potential of bit line

fo)
wn

SLT remains at a low level as shown in Fig. 4G.

The MOSFEZIT T2 in the dummy memcry cell DS2 is

[N
[

capacitor €2 in Zummy memory cell DS2 is discharged

in response to the potential of the bit line §ET having
& lew level which is clcse to zero volts. Herce the
potential of capaci;or C2 (node B of Fig. 1) changes

as shown in Fig. 4I, and the potential of capacitor.

25 Cl (node A) changes as shown in Fié. 4H.

The potentials of the dummy word line DWL1,

X sense amplifier control signal ﬂéa, the dummy




15 -at low level. Therefore, the potential of bit line BLI renains .at a
low | evel as shown in Fig.. 4G The MOSFET T2 in the dummy menory cel | DS

ed on when potential of the dummy word line DIL2 rises, as snowT1n *
, so that the 20 capaci tor CEqFQ in durmy nenorycel | .DS2 is

ed in response to the potenti of the bit line BLI having.a | ow

l eyel i<h is-close to zero volts. Hence the potential of capacitor C2
(nad Fig. 1) changes as shown in Fig. 41, and the potential of '
capwsci tor 25 (node A) changes as shown in Fig. 4H The potentials of
t he wor"fPIIq el BWDHL Ze rfhe #1R0 9 flies orREXASRANGHAIY to fher] the
dunmy word line DAL2, the word |lines corresponding to the sel ected

menory cel I s,S&hfFtak MemGTSF €&t iral2aqe e 128 t%rﬁ’t?rféa%ég gnal rises
2 & ""That aagﬁ%%éﬁ&*{%eﬁffwﬂ{fg%% A G oA s
giﬁicﬁfg'n?s%hfé% S S0y M AR g el 'a’-'sf%ea% ¥, and
ool e o1 ke G0 1% ST SUS e AL ol 2l on

menory cells DS1 and RS2 d Saéé’ﬂlﬁ%é’ %ﬁ@ed aéel[lergl,lo]_ril‘ ses, and I n

response thereto, the capacitors unny menory
circuit signal ﬂdc 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- c1rcu1t1ng
MOSFET T3 between the dunmy memory cells DS1 and DS2
is turned on when the signal gdc rlses,_and in response
thereto, the capacitors Cl and C2 in the dummy memory
cells DS1 and DS2 are\short-éircuited. -The capacitors
15 Cl and C2 have been charged to a'high level which is
close to the rpower-source voltage'vcc and to a low
iezvel which is close to zero according to the

entials of the bit lines BLl znd BLT, during the ~

td

seriod in v***h the MOSFETs Tl ard T2 were on. Thera-

is stored in

Repeating this cycle ensures that the dummy

capacitors always store a charge which is equal to

25 half the power-source voltage VCC precharged by the
preceding rnadlﬂg cycle. 1In other words, the result

is the same as that when a dummy cell of capacity



cells DSl and DS2 are short-circuidted. . The capacitors 15 d and
bee harged to a high level which is close to the power-source foltage V

and a low level .which'is close to zero according to the potgnti

the bit lines BLI and BLlI, during the period in which the MOS ' ayd T2
were or.. , There- 20 fore, when t he M@SFET T3 is turned on} i
exactly equal to the precharged [err] Is stored in th capaci and

C2. Repeating this cycle ensures that .the dummy capacitors alwa
charge which is equal to 25 hal f the power-source voltage [err]
precharged by tRalprebasi R FBSdWﬁB°E¥cFéPa°Fﬁ°6thérpﬁﬁﬁbérgﬁﬁetpesult is
the sanme as thag whepn a du ceIF g aﬁ |§%ﬂ hzhf t hat of t he nenDry
capacitor is précbargyed-ro" dymmy| Fedi iSqRRRFNBEIRY; s
precharged to [ﬁrrb Fig. 5is a dlagranlmhlch specifically 5 il lustrates
the | ayout of t dﬁﬁﬁy cell. Figs. 6 and 7 are a section taken along the

line AA" of Fig. 5, an?egébﬁcigog 5?§§98ﬁ|QHQCBthEE9?1§g§é¥°f Fig. 5,

respectively. It is pre e T hat evi ce ment is

pr oduced by?se|f?ih¥€r9¥éQaEh8”1§gguEOof Eﬁéfaﬁhhgneﬁﬂi teﬁhggques usi ng

polycrystal ine silicon layers Fi gs unmy word Fines la and Ib
and.- 7 are a section taken along the line A-A' of Fig.

store a

5, and a section taken along the line B-B' of Fig. 5,
respectively. It is preferable that the device of
this embodiment is.produced by selective oxidation and
10 self-alignment techniques using polycrystalline silicon
layers. |
In Figs? 5 to 7, dummy word lineg la and 1b
are formed by parts of a second level polycrystalline
silicon layer 7. Also shown are a LOCOS oxide film
15 2, a first level polycrystalline silicon layer 3
that forms one electrode of a capacitor, aluminium

lzyers 4a and 4b that fcrm data lines, a diffusion

=
]
m

zyer or active region I, and corntacts 6 ketween the

diffusion laver 5 and the alumlnlg. data lines 4a and

{29

20 :b. Another part 7 cf the sacond level polycrystalliine

gilicon layer forms the gate electrcde cf ths short-

0
'.l

ircuiting MOSFET T3.
The field oxide film 2 has a relatively largg
thickness and is formed on the main surface of a

. semiconductor substrate 100 composed of p-type single




are f.ormed by parts of a second |evel" polycrystalline silicon layer 7. Al so
shown are a LOCOS oxide film1l5 . 2, a first level polycrystalline S|hﬁ‘p
g R that forns one el ectrode of a capaC|tor al um nium | ayers 4a and 4b *
qdata lines, a diffusion |aygrjor active region 5, and cor.tacts 6
tRe diffusion laver 5 and rhe um niumdata lines 4a and 20  4b.
‘paft 7 of the second | evel polycrystalline silicon |layer forns the
gane elect ode of the short- ciruiting MOSFET T3 The field oxide film2

dtively . |ar Ehlckn ss and is formed on the main surface of a
' torlgéBEFFgge yoBre ﬁﬁogéﬂeéf pApy pBsylagiage fgdmallOlne silicon

where no activye re I on F the pattern of t e actlve regi on
5is indicéﬁgan yabFSEgz BﬁggnesgnlﬁngﬁFgﬁ ngQ" ﬁlfﬁfbﬁ§§|ﬁ a sna%l

hi ck f f d trate 100
e Karve bRt stk IS AR R R £ © e
the MISFETS apdqaodi 81 §eiil el ebEREAY, tR%e gp{' Faf2Pafskang nlhe T11st

| evel polycrys I'ne silicon ayer ttern |n Peafdd by the one

dot chainslingihp Ebg- the ﬁegre&sf QBHEQ ayen t:*a?%}‘c'm %';ngQ' 23yl @hkng film 2

and the insulating film101 hi n oxi I's formed on the
surface of theawbmgwﬁababhtaessl I mﬁenfhﬁer 13vRY bRayerydabNMne

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 insﬁlating film 101.
‘10 A thin oxide film 102 is formed on_the surface of the
polycrysfalline silicon .layer 3 by the oxidation
thereof, to act as an insulating film. The second
level polycrystalline silicon layers la, 1lb and 7,
have patterns indicated by the solid lines in Fig. 5,
15 and are formed on the semiéondﬁcth substrate 100.
N-type semiconductor regions 103a to 1034 are formed
cn the surface of the semiconductor substrate 100
wiere tiie active region 5 will be formed, but at -/
niaces that are not covered by the first and second

-

level polverystalline silicon layers, to form source

to
o

and drain regions for the MOSFETs. These n-tvpe

miconcducter regions are formed bv implantin

Yo

rity icns, using the first and second level
polycrystalline silicon layers as masks for the

25 introducﬁion of the impurities{

A'silicon oxide film 104 which will act as aﬁ

intermediate insulating film is also formed on the



t her®of, to act as an insulating fi.lm The second | evel polycrystalline _
siligon-layers la, Ib and 7, have patterns indicated by the solid lin '
Ffg. 37 15 and are formed on the sem conductor substrate 100. N-t
sem conductor regions 103a to 103d are formed on the surface of th
sem conduct.or substrate 100 where the-a§Pve region 5 will be forn
at places that are not covered by the first and second 20 | evel |
pol ycrystallline-silicon |ayers, to formsource and drain regions for
MOSFETs. These n-type semiconductor regions are formed by inplanting
impurity ions, @iy SUuREFqe Qf fhe samimPnduatopsvstrstts 1100 silicon”
| ayers as masks for the 25 introduction of the inpurities. A silicon

oxi de film 104 MHEHAYT HRing layent daetnhidd inastiing ipaFteund i s al so
formed on the | i urface .of the sem conductor substrate 100.

Al uni ni um wi ri ndﬂ%&%i’%ﬁ%&% S t‘i(i@rlﬁb hingscdineFigr thenew
dotted chain Ii L.y Fig...5 ar.e .fornmed .on t sidicon _oxide film 104. The
al um nium 5 wr}?’ﬁ:rq{éerq aéﬁrtshﬁgslgr‘hfoéfb °§?J‘eé]eel ilcdéll 1y 1&% _ 19 t he
n-type sem gondygtqr ' t f.act_-ho f.Qrned in. .t silicon
o Het i1 m T04. AdTine WA (Y %4%1&0{%1‘%[ SR s o 2 L or

each 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

100 dummy memory cell consists of the first polycrystalline
silicon layer 3, the thin oxide film 101 formed ° |
thereunder, and an inversion layer (not shown) that is
induced on the surface of the semiconductor substrate
100 when the power-source voltage VCc is applied to

:%"  the polycrystalline silicon layer 3, in the same way
-as in the capacitor in a memory cell.

Embodiment 2.

— Fig. 8 1s a circuit diagran cf dummy memory

(¢}
=

ells in a dyramic mesmcry according o a sescond
20 embediment of the pressn< inventicn. The dummy
memory cells have reading n-channel MOSFETs T4 and
T5, and there is a feeder line %VCC which supplies a
potential of half the powe;—éouxce voltage_Vcc.

A short-circuiting circuit consisting of the

S — T4, TS5 for short-circuiting the dummy cells

\hj—nd DS2 and the capacitors Cl, C2 in the dummy

<ﬂry cells, according to this embodiment, is



10 dummy nenory cell consists of the-first polycrystalline silicon |ayer
3, the thin oxide film 101 fornmed thereunder, and an inversion |ayer (Hot

shown hat is induced on the surface of the sem conductor. substrate 10® *
when/t power -source voltage V is gg!ied to the polycrystalline silicon

| ay¢r 3, \\n the sane way as in the-c itor in a nenory cell. "Enbodi nent
2. 'Fiy s acircuit diagramof dummy nenory calls in a dynam c nenory
accaqr 0 a second 20 -enbdi ment of the present invention. The dummy-
MENDRY ¥ have reading n-channel MOSFETs T4 and T5, and there is a

feedeN | [ EpFLIRAACROStBALi EBeampwetlt Fan be kalfi-sherpeder - dour ce
voltage Terr] A short-circuiting circuit consisting of the 25 ETs T4,

T5 for short-8PRERI BPRYIERETALRRY EBPWR)[ BAY] besfoamedDin &he shme

Te ! o5 gneliFEBeEnaE ERECnBhorPecRhTBE COPAILRaPFedSo ADSENEASRRYI (11 or
tnbod nont ) o8 FHA: *FPOeI1 MRS EHOGFA BEF cARSERIBAOFoFRACFANPE of ¢ he
he second” enbat EEABECahd che T IMLERRLha £ 0N Tt O ot Thed bel ow i n
conjunction with thesgnfi gHEPstiERVE¥Ctne! l8mory of the second

embodiment of the present invention will be described -
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 will be described in detail. When a
power-source circuit is closed, a voltage is applied
from the~%vcc feeder line td the dummy capacitors C1,
C2 through two separate shcrt-circuiting-MOSFETs T4

15 and_TS. The reading operation is initiated in
synchronism with the fall of the §i§ signal. In-the-

second and subseguent reading operations, an electric

charce egual tc :the precharge cf~§vc

0

stored in ths durny capaciters Cl, C2 of Fig. Z by

20 ths preceding resading onerzticn Thersfcre virtually
no current flcws theretc from the %VCC feeder line
The voltage ix supplied tc the }V | iine
2 CC =7F< Zz CC

is formed by a voltage generatof circuit (not shown)'zﬂy
which receives thé power-source voltége VCC' f :
25 Pfeferably the Voltage generator ciréuit is

formed on théfsemiconductor substrate togethéfﬂﬁgth

the various circuits described with reference to the
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operation of this enbodinent is nearly.the sane as 10 that of the fir
enbodi ment, and hence only differences in the operation wll -be descri
in deeail. Wien a power-source circuit is closed, a voltage is appl
fromthe [err] feeder line to the dummy_gapacitors O, C2 through t\
separate short-circuiting MOSFETs T4-152% and T5. The readi ng operation
initiated in synchronismwith the fall of the RAS signal. 1In the sedond
and subsequent readi ng operations, an electric charge equal the precharg
of [err] has . al.ready been.stored.in t@f dQﬁﬁ%ﬁ capacitors O,
Fig. 2 by 20 EMEOGABERE 83 Fadding dPePEEsn t0 PRESERS @, APCISERFno
current TLove LR Eha Hamethed eblrnigedaldig, He vl hagaler ]
supplied tc [erf] I'ine'Ts or red y a vol tage generator circult*(Cnot shown)

whi ch receives {he PRWRL ??e%%r‘é‘%?&a%r[c%rirt] nay include, fortleXagiphy, the

vol t age generator circul ormed on the sem conductor 'subsStrate-todether

wi'th the varioug Goitdigls dd93@e6miWn Rdnfigh@N et 1R slik®ancefNbodi ment of
Fig. 1, in order to prévent an increase in the nunber of external termnals

of the memogy. EleméaklbagdonteReed Ah @drGdst DEtwediC thde polr -2earlee, a
vol tage divider which consists of resistance 5 elenents connected in

seri es between ttheminadr andurhe geotndlteandnale @ndunth tispedadlce and an
i npedance

converter circuit consisting of a'sourcebfollowér
MOSFET which receives the output of the voltage divider.
When a sufficiently low output impedance is
10 reguired for the voltage generator circuit, there must
be a corresponding increase in the siée of the MOSFET
of the impedance converter circuit.
According to this second embodiment, ;he
precharge level-%vCC reqgquired for the ordinary
gs_' operational cycles of the memory is obtained by
substant;ally short—-circuiting the dummy capacitcrs
Cl ané C2 by the MOSFETs T4 and T5. During ths

U/ ordinary crerational cycles of the memory, thereiore,
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converter circuit consisting of a source-follower MOSFET which receives the
out put of the voltage divider. Wien a sufficiently | ow output |npedance I S

10 red for the voltage generator circuit, there nust be a ' .
ing increase in the size ofqthe MOSFET of the I npedance converter
cording to this second &nbQdi ment, the precharge level [err]

r the ordinary 15 operational cycles of the nenory is obtained
iaIIy short - circuiting the dumy capacitcrs C and C2 by the

,opa| £yl es of :
FETs\ T4 ?R%e‘?/%’F? ‘%)'é L0 L9:Lhe RLUNNBLY oggggtsgfgg%?%s £9,gmal @?rﬁmyno

mer he vol t age generator CI cuit should have a driving power
sufficient to precharge t he dunmy capacitors to the J[err] Ilevel over a

relatively long peri Oﬁiﬁf bi B, abﬁiX‘EeGlé‘beof'Erﬁetfggae\é’e&fsﬁg goci reuit

Is closed to the time the nmenory starts to operate, So that t | t age tor
circuit my hgypra El@é@ltt&?i:é!sbbﬂhsotlépm%anG? réPePEABE WRRESal15he MOSFET
of the voltage generator circuit need have only a relatively snmall size.
Fig. 9 issa platoviedendtihg thyosamef compbrests| astbAbseoseespgnds to Fi g.
8, reference nunerals 5 1 to 7 denoting the sane conponents as those of
Fig. 3. Also shown in Fig. 9 is a diffusion layer 8 that

acts as semiconductor wiring for supplying a voltage
of-%vcc
In Fig. 9, active regions 5 have a pattern as
10 indicated by the broken 1ines;' Second level poly-
crystalline silicon layers 7a and 7b receive the
dummy cell short-circuiting.signal ﬁ;;, First level
polycrystalline silicon'layers 3a and 3b are not

formed over the semiconductor surface between the

[
(93]

polycrystalline silicon layers 7a and 7b, so that the
n-type semiconductor layer 8 is formed on the surface
in the active region 5.

According to this second eﬂbodlment, aiuminicn o’
layers 4a, ib forming the bit lines are integrail with
20 aluminium layers that form bit lines of a memcryv arrav

(rot shown), and are spaced apart by the same pitch
as that of those aluminiﬁm layers. As shown'in Fig.
Y, the main portions of the dummy capacitors C1 anda
C, have a pattern resembling a baseball home bgs?.
25 The pattern of these main portions is sUbstaﬁtially
the same, and has the same size as that of tﬁé;memofy -

cells, which are not shown.



3. Also shown in Fig. 9 is a diffusion layer 8 that acts as sem conduct
wiriTg for supplying a voltage of [err] In Fig. 9, active regions-5 h Ve a
patt&re as 10 i ndi.cated* by the broken lines. Second |evel poly- - N
crystalline silicon |ayers 7a and 7b recerve the dunmy cel
short-circuitimg signal dc First ley pol ycrystalline silicon | ayer.
and 3b are not formed over the sem conductor surface between the 15
pol ycrystalline silicon layers 7a and 7b, so that the n-type sem cond '
| ayer 8 is formed on the surface in the active region 5. According to this
second enbodi mnerBE£8@4 & ni um | ayers 4a, 4b forning the bit linés are
integral with 20 al um nium | ayers that rmbit I|Jes of a nennry array
(not shown), and are sp d§¥ éﬁﬁﬁmﬁﬁ Y fKLS hose

I I Fic f d
Capact tor s C1 arPEfShan W iy é%n%%%q% Bobindd o, ARESe. 25

lQﬁepifLZrQS"I hta@%'%d“n%%o%ﬂy%%} oD 3 ﬂwm@apa% s
Si nce the pal C){Lﬂgvél ce%gc;};g/scﬂés oﬂ{g&eapfgpet n{g}[%i ary bi t

lines are short- rcuite menory capacitor apacl tor
error between the two capacitors can be reduced,

regardless of any va;iations in the capacitors due to
the manufacturing process, so that it is possible to
provide a memory device of a smaller size.

‘10 ] | The electric charge stored in the capacitor
of the dummy cell during the preceding reading
operation may be utilized for the precharging operation
of the next reading operation. Such a memory consumes

less power than memory devices in which the bit lines

wm

are precharged to a level VCC to read data, and then

the dummy memory cells are all discharged to a level

1
’2\7

~e
L

N The sense amplifier responds withcut dslay

since the bit lines are precharged tc V... Thereiore,

S

20 data can bhe read at a higher speed than in LEmory
Gevices in which the bit lines are pracharged TS Z Ve
e
- Since the memory cells and dummy celle ars cf

o _{‘4?905tant¢a11y the same size, the minimum dimensicns

{‘vi . .
éfhe memory may be determined using the memory cells
%Zreference,_and_a memory with a high degree of

¥gration may be designed with ease. .In other words,



5 may have the sanme size. Therefore, any capacitance error between the
two capacitors can be reduced, regardl ess of any varlatlons in the =

capaci tors due to the nanufacturlng process so t hat- IS, possible tow - o
pr o N\Q nenory device of a smaller ij The el,ectric charge
stgred i/n\t he capacitor of the dumy. I durr ng the preceding readi ng

y be utilized for the precharging operation of the next readi ng
Such a nenory consunes | ess power than nenory devices in which

th ' | are precharged to a level Vcc to read data, and then the
“dungy nenoyy “&?@9 sarbtRin Guenarerkl s fh a | shate Tra begses anpl i fi er
resps

ds i th ut gﬂ{ .since the bit lines are precharged to [err]
Therrefore, rtf"ad“%'ep?}éeﬁ)e]a]tsa HheHEnigBe S i3ani s retenninatbyi ces

in which the b|t | in are recharged t err]. Since the nenory cells and

dumy cell's &Pe B S eﬂz@l Ty t’ﬁee’éeafﬁei%ﬂ 7€ (MR R S dRithsi ons of
the nmenory e d t usi t he ry. ceIIs reference and a
W%Jé & rk%fdz T tg{ ‘%st tegratian. ot her

menory with a |gh egr ratlon

d Mh t de t
\3,8[ arsn durr?ry ce Is'ag)ee a shape arfzﬁ glgsgu?sgsﬁldﬁf%eaﬁ e%ﬁﬁ’;ﬂ%én?se t(rjre
M ni mum si ze pfi% jGRIE iR Qe hes dYEY: 46 '%r | thrg il i pory cells

nmust have a |l arge size, reducing the degree gration.
cells. Despite this, it is very difficult to achieve

the same variations during the mahufacturing 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.
?5 No additional time is required since the full-
ize durmy cells are precharged during the restoring
cf memcry cells that are at "1", i.e., since tWo'dummy

hort-circuited a halr charge is distribut=agd o/

0
({5
o
[
[{1]
pl
ot
M
u

during the restoration of memory cells which are hciding

20 2 data Fit "1", Therefore it is pcssikl

b

0,

to provide

a memory dsvice that reads data at high speed.
€ince a voltage of-%Vcn is alwavs supplied to
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.
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5 The shape of dummy cells is usually designed using a mninmmsize whi
is The-sanme as that of the nenory cells. Despite this, it is-very dif
t'o achf eve the sane variations during the nanufacturlng process as

affecting the nenory cells. 10 nce the capacitance of

cells varies only slightly, i.e., sin€e. difference in capacitapce| ./ .
relative to a nenory cell is snmall, there is no need to provide a |[nar gh
conpensate for errors. There- fore the data can be read out at hi

15 . No additional tinme is required since the full- size

cell's are precharged durTirg Rakr reftdumny etpachbeys cedusledato atiee :

i.e., since two dupmy cells are short-circuited a half charge is

di stri but ed durl%“c' hef rediRiemenyrEyY hibolinesl 2ze vwhertoetrewl tedg 20 a
provi de a yrenory device that

ggggs[grﬁt{!ﬁt ag high § e}bef géﬁg}'hb%g%p%?’lf%é‘ga%ge[%?ﬁll%f a3 VYeys 3RPprhes to
ooy o111 LA ARPMAL AR A B bepdbt LS
LIS YA TETER BN PORELE o BOLTEL e ROt B R o0
of conpl ementar ys&heht "ESad iy SHE1e £ LS &the power-source circuit
has been closed). Therefore the areas occupied by
the feeder circuit and its wiring may be reduced. Fof
" the same reason, almost no current flows to set the
10 1n1t1a1 conditions of the dummy cells, so that the
memory dev1ce is free from the problen of potent1a1
variations in the power-source line due to intermittent
currents.
As shown in Fig. 9, the layout of dummy cells
15 may be made almost the same as that of the memcry cells,
to minimize variations due to the manufacturing process.
In the embodiment of Fig. 5, the correspcnding dummy

N czils ars arrangeé aslant for layout reasons, so that
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290 memory cells.

3

he present iaventiecrn is not limizad to the
embodiments discussed above, but may be modified-in
many ways. ror instance, the invention can be applisd

to a dynamic memory having grooves in the memory cells

*!Bg utilize the MOS capacity of the side surfaces
h&reof. Also to ensure that the memory devices are

2f affected by any variations in the manufacturing



y have a precharge level of Jerr] and thus al nost no current
Terr] feeder line during 5 the actual reading operations-
andf and sub- sequent reading cycles after the power-source circeff

kh cljosed). Therefore the areas occupied by the feeder circuit and

) initial conditions of the dummy cells, so that the nenory

S freeotéess)t he jpsobesivwaflectleat itdle apantitmrs il tdred power - sour ce
line due to intermttent currents. As shown in Fig. 9, the layout of dumy
cells 15 gy be eade dummgtcehb Rave Whe t3ame FtRUREURSAS B IS, to

m nimze variations due to the manufacturing process. In the enbodi nent of
Fig. 5 the E3PRekpRRdFmglRalie SORFEFRAMYLIT SGNRRY 1S5t ayout reasons, so
that their shagg IS ggr kgfll cJifferent. from that the 20 nenory cells.
The presentPIRYBREPLH FEEnBRESE i CRRACH IS (HE MPbAIRATE Y Stussed above,
but may be nodifi ] y ; Ost i i can be
applied to a dynaﬁ?cb%%gn%?yAég%?%%tg%o*/gé %Pﬁlﬁ%&%ﬂ(}%f@ 25 to
utilize the Mferapambéy 9i75b¢s§'ﬁ£s pedcesyidied afe ¥ Snip ensure that
the nenory devices are affected by-any variations in the manufacturing -
29 - ‘application and describes matter which is also described

in that application. Attention is therefore drawn to

_ Application No. 86.16198.
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process, it is desirable that the capacitors d and C2 in each dumry cel
have-the same structure as the capacitor CMin the correspondi ng -nenory
cel | ~Preferably al] .these capacitors are MOS capacitors. 5

Pat ent Application No. 86.16198 (published under nunber 2175476) h
di vi ded out of ‘this application-and describes matter which is al so
“described in that application. Attention is therefore drawn to Ap({
No. 86.16198. -30- CLAIMS: 1. ggdynanic menory conpri sing:

| i nes extending on a sem conductor su rate: 5 a plural
menory cells gpppggted to the bit lines, each nenory cell having a
capacitor for—storrng data in the formof electric charge; two further

| i nes extendi pg on thedgﬂgﬁiéamém§@ya§om§&igﬂﬁgsect the bit lines; 10

a first switching el ement connected between one of the bit lines and a
first capacitor, thettorisitshinedi exteddimyptohe ngemicrdndidtet by a first
one of the further lines; a second swtching el enent connected between the
15 other bitshbatrah€:a second capacitor, the second sw tching el enent

being controlled by the second further |ine;_ and )
5 _ a plurality of memory cells connected to the bit

lines, each memory cell having a capacitor for storing data
in the form of eléctric charge;

| two further lines extending on the substrate so as
to.intersect the bit lines;

10 a first switching element connected between one of
the bit lines anad a firstlcapacitor, the first switching
element being controlled by a first one of the further
lines; |

a secqnd switching element connected between the
15 other bit line and a second capacitor, the second switching
element being controlled by the second further line; and
| a third switching element connected between the.
\_/ first and second capacitors:
| wherein the first and second capacitors are located

20 between the two further lines. -

2. A dynamic memory according to claim 1, wherein the
third switching element is connected between the first and
second capacitors so fhat the electrodes of these
caéacitors are electrically}connected to each other by the

‘{%iifgﬁﬁ% switching element when the third switching element is

" m. in thelon state.

s’
& X

__ A dynamic memory according to claim 1, wherein the

* [4 L M H] *



a third swtching el ement connected between the first and second
capacitors; wherein the first and second capacitors are |ocated 20 between
the two further lines. 2. A dynam c nenory according to claiml, ~" °
whererfi_the third switching elenent is connected between the first and
pacitors so that the el ectrodes of these capacitors afe

*ly connected to each other by the 25 third swi tchi ng el enent
ird switching elenment is ih 31the on state. A dynam c nenory

o claiml1, wherein the -31- third switching el enment conprises
/ e ' QQ%¥ ; A& RIdAl ine
tE’iﬂs%/m(lj)t%:h etﬁné%%]ﬁérlsgcon %%ea%%o%%%eivﬁ;@efer- er?ge
potential |¢Re, £ihee sS¥dd & 6 dnd e FdfSteril RENA D 19 tai¥E S bei ng
synchroni sed. 4. A dynam ¢ nenory according to claim 3 having nmeans for
appl yi ng a s&tetidnswei el asdtwden ot Hdiesecdml ayapadqicientarml tdheneefdr-ch
reference potential is greater than the earth potential but |ess than the
power - sour cend® potemtial hipti cthe swiemigrmprof the firsk dndharsesamshory
according to any one of the pre- ceding clains wherein the bit lines are
subst an?i al $y1 pahes |keing synchponpsrdd ¢ nenory according to any one of the

4. A dynamic memory according to claim 3 having means

2

for applying a reference potential to the reference
potential line, which reference potential is greater than
the earth potential but less than the power-source

10 potential applied to the memory.
5. A dynamic memory according to any one of the pre-
ceding claims wherein the bit lines are substantially
parallel.
6. A dynamic memory acéording to any one of the

15 preceding claims wherein the capacitances of the capacitors
in the memory cells and of the first and second capécitors
are substantially equal. |
7. A dynamic memory according to any one of the !
pfeceding claims, wherein one of the further.lines is

20 selected at a time substantiallf equal to the time of
selection of one of the memory cells, and the other is
selected subsequently.
8. A dynamic memory according to claim 7, having an
amplifier for generating a potential of a compleméntary

25 1level which is to be written into the first and second
capacitors when the first and second further lines are

respectively selected, and the third switching element is

I

NG



-

15 preceding clainms wherein the capacitances of the capacitors in the
nory gells and of the first and second capacitors are substantially
equal?’?: A dynanmtc neénory according to any one of the preceding
claims, wherein one of the further lines is 20 selected at a tine
substantially equal to the tinme of selection of one of the nenory cellfs,
and the other 'is selected subsequently. B8.32 - A dynam c nenory accor
to claim7, having an anplifier for generating a potential of a
conplementary 25 level which is to be witten into the first and second
capaci tors whe@ué&@af6ﬁ55f65¥iéEEKHMLffHﬂévﬂhéé'Hﬁéf@ﬂ%aﬂespeCtively
Sel ected, and the third swtching el'enent iIs - 32 - turned on after the
anplifier has pperatenl.dghamic menBRANEUbIRIAY 14O SsAReralihy saschebpeiln
described with reference to and as illustrated in Figs. 1 to 7 or Figs.
and 9. with reference to and as illustrated in Figs. 1 to 7 or

Figs. 8 and 9.

"« ¢ L M 0§ %



