2127 40Q.;1- "A seniconductor nemory" The present invention rgl‘lﬁ e}ﬁt@)ﬁa

sem - juctor nenory, and nore particularly to a sem - conductor nenory
mhicrIQS;/judes i nsul ated-gate field effect transistors (hereinafter

referr to as "MOSFETs™) 5 as principal circuit . elenents. Sem condugctar
menories, for exanple, random access nenories (RAMs) are classified into Gé
the dynam c type and the static type. Since the dynamc type RAMis snaller
than the static type in the nunber 10 of elenents constituting nenory cells
for storing data, the former is readily rendered - large in capacity as
conpared with the latter. The dynanic type RAM “however, needs to be .
externally supplied with nore timng signals for operation than those of

the static type 15 RAM and has the di sadvantage of a difficult timng

control. We have therefore thought et o8 §8H3 cibﬁth mb¥ @ ‘RAM whi ch can
be put into a | arge nmenory capacity—ané—gge—exgernaF—grﬂrgg control of
which 20 is sinple as in the static type RAM- According to the present '
i nvention there is provided a sem conductor nenory including:

The present invention relates to a semi-
conductor memory, and more particularly to a semi-

conductor memory which includes insulated-gate field e;

effect transistors (hereinafter referred to as "MOSFETs")
5 as principal circuit elements. .
Semiconductor memories, for example, random
access memories (RAMs) are classified into the dynamic
type.and the static type. Since the dynamic type
ﬁAM is smaller than the static type in the number
10 of elements constituting memory cells for storing
data, the'formér is readily rendered la;ge in capacity |
o : as compared with the latter. The dynamic type RAM,. Q%
however, needs to be externally supplied with more
timing signals for operation than those of the static'type
-“15 RAM and has the disadvantage of a diffiCﬁlt timing
control. | '
We have therefore thought out a pseudo
static type RAM which can be éut into a.large mémory
capacity and the externalitiming control of which
20 is simple as in the static type RAM.
According to the present invention there

is provided a semiconductor memory including:



~2- (a) a plurality of dynamc nenory cells; (b) a first selector circuit
whi ch receives first address signals, and which selects one of said

plurality of dynanmic nenory cells specified by the 5 first address T Riis,
and the tinme<of operation of .which is controlled by a first timng i%%l;

(c) a plurality of pairs of data |ines connected to said dynam c ne

cefls so that each pair of data lines~i ¢ Tespectively provided with a
potential 10 difference in accordance with the data read out froma

sel ected dynam c nenory ¢abla ptralptyrafi dynahisememosypteiiefs each of
whi ch 'has a pair of input and output terninals that are coupled to a
correspondi ng pair of dath)l anfirstheeléctespeitcwit senseh angpteivess havi ng
their operations controlled by second timng signals; (e) a first precharge
‘circuit which fdrssupfdgess sihgnabsurandiyhaehpsgelects ore 2of i sridand
operates so as to precharge _said data lines at a potential 20 internediate
bet ween binarypéPﬁgéFtYe9glgyP6mb% BeRPEY Tl LS nheci Fed By cehes in

accordance it Bsgeh Thade kel SaThIE! dnd ad LIS oF HEELSLLG SH nsa
ool eeLind LeYeharbaRREn g BE 4 ERbe ELRRRG hagle; and (9 2 timng
(c) a plurality of pairs of data lines
connected to said dynamic memory cells so that each pair
g// of data lines is respectively provided with a potential
10 difference in accordance with the data read out from
a selected dynamic memory cell;
(d) a plurality of sense amplifiers each of
‘which has a pair of input and output terminals that are -
coupled to a corresponding pair of data lines, the
15 respective sense amplifiers havinq tﬁeir opérations
controlled by second timing signals;_
(e) a first.precharge'circuit which is coupled
to said plurality of pairs of data lines and operates
so as to precharge said data lines at a potential
20 intermediate between binary signal levels to be stored
in aynamic memory cells in accordance with a third
timing signal; |
(£) a first detector circuit including means
connected to receive said first address signals for
25 dgtecting level changes .in the first address signals;
and | | ‘

(g) a timing generator circuit connected to



- 2a - receive the detection outputs of said first detector circuit, and

i ncl yei~ag neans for generating said third timng signal for operating said
firs echarge circuit, said first timng signal for operating said 5 .
firsf\!sglector circuit after stopping the operation of said first- precharge

circuit, and said second timng signals_for operating said sense

anplifiers. -3- The present inventroﬁawrll now be described in greater
detail by way of exanple with reference to the acconpanyi ng draw ngs,

wher ei n: - Fi geeeelvies thebletkcdiagr antphesi o sapdeferseddetectber m of

sem conductor nmenory; Figures 2A and 2B are circuit diagrans show ng
det ai | ed ci rceoilrcaitangedeinslofiingemeanscfpdugeorratingy saidwthiirdFi gur e

1; and Figure 3 is a waveform di agram which assists 10 in the explanation

of the operat téming shgnadnfesneperstinpsnsayd Rirstr pigcharpegure 1,

various circuit bl ocks enclosed with a dotted_line are formed on a single

circuit, said first timing signal for operating said
5 first selector circuit after stopping the operation

of said first precharge circuit, and said second timing

signals for operating said sense amplifiers.



sem conductor substrate by the manufacturing technology 15 of known CMOS
(Conpl enentary Met al - Oxi de- Sem conductor) integrated circuits. Termnals
I+ QG [err} [err] are forned as the external termnals of the single chip. A
supply voltage is fed across the ternmnals[err] froman external 20 wer
SQche unit (not shown). A nmenory array M ARY is conposed of knomn_%(@ﬁ%FET
type nmenory cells arranged in the shape of a matri x. Each nenory ce
~constructed of one MOSFET and one capacitor. In the enbodi nent discl osed,
25 the nenory array has the fol ded bit.lgne organization, although it

wi |l be appreciated that the invention -4- is not restricted thereto. In
the nmenory array of the folded bit |ine organization, the respective nenory
cell's have their input or Theppresedesinoenttontwitlithew Bé aeparibed in
conplementary data lines D and 5 D extended on the sem conduct or
substrate in pargfeaterodetahlobiiewayasfwekampteuwilthsreberanth teof erence
to Figures 2A and 2B to be described later. A data |line precharge circuit
[err] is construtbet ccepmpanyingdrawingfer vhereinttrs the conplementary 10

data lines D and D by receiying a p[echarge ﬁUIse [err] .
_ . Figure 1 is a block diagram showing a preferred

5  form of semiconductor memory; |
Figures 2A and 2B are circuit diagrams showing
detailed circuit arrangements of the semicbnd;ctor
memory shown in Figure 1; and
Figure 3 is a waveform diagram which assists
10 in the explénation of the operation of the semiconductor
memory. |
| Referring to Figure 1, varipus circuit blocks
enclosed yith a dotted line are formed on a single
semiconductor substrate by the manufacturing technology
15  of known CMOS (Complementary Metal-Oxide-Semiconductor)
- integrated circuits. Terminals I/0; A

i+1 ~ By CS,

| ~— . WE; Ay - A;; and V., Vo are formed as the external
terminals of the single chip. A supply voltage is
fed across the terminals'vcc and Vg from an external
- 20 power source unit (not showh). |
A mgmory-array.MfARY is composed of known
1-MOSFET type memory cells arranged in the shape of
a matrix. Each memory cell is constructed of one
MOSFET and one capacitor. 1In the embodiment disclosed,

25 the memory array has the folded bit line organization,-

although it will be appreciated that the invention



A sense anplifier SAis constructed of a plurality of unit circuits each of

whi ch~is made up of a CMOS (conpl enentary type netal - oxi de- seni conduct or)
15 | atch circuit, and power swtch MOSFETs which are respectively - .
| oca on the supply voltage [err] side of the unit circuits and the earth
pot e al [err] side of the circuitry, g‘pair of input and output nodes of .,
the sense anplifier are coupled to the 20 conpl enentary data |lines D and
D correspondi ng thereto. The power switch MOSFETs | ocated on the supply
voltage [err] side and the earth potential [err] side of the circuitry,
respectively, hpye,dbetésepietedaprérees. tiql trd ﬁ&mbtg‘ R¥rayoBals [err]
25 A colum switch GSWis provided by which only one pair of
conpl enentary deliat foT@edtvibeline-Srgani £atLdngr eheorpkpectiveomendry
conpl enentary data lines in accordance with columm select signals supplied
from a col um ask=l ks cshatee otlkeif- DPut cobcodeputi hodebatenpléd to
An X address buffer X-ADB forms internal conplenmentary address signals
[err] by recei withextef nal patdrefscemphenentaryugatandinesnPnand A0 to Ai.
A Y address buffer Y-ADB forns interpal conplenentary address si?nals [err]
5 D extended on the semiconductor substrate in parallel
to each other, as will be understood with reference.
to Figures 2A and 2B to be described later.
A data line precharge circuit PC1 is construc- ")
ted of a MOSFET that short-circuits the complementary
10 data lines D and D by receiving a precharge pulse
¢pc1’ _
A sense amplifier SA is constructed of a
plurality of unit circuits each of which is made up
of a CMOS {(complementary type metal-oxide-semiconductor)
15 ° FET latch circuit, and power switch MOSFETs which
are respectively located on the supply voltage'vcc
side of the unit circuits and the earth potential
' | o/

VSS side of the circuitry. A pair of input and output

nodes of the sense amplifier are coupled to the
20 - complemgntary data lines D and D corresponding :thereto.
The power switch MOSFETs located on the supply voltage

 Voc side and the earth potential Voo side of the

S
circuitry, respectively, have their conductance con-

trolled by timing signals dpaI' ¢p62 and ¢pé1, ¢pa2'
25 A column switch C-SW is provided by which

only one pair of complementary datallines to be



10 by receiving external address signals through the. termnalsferr] A
row address decoder R-DCR forns the word |ine select signals of the nenory
array M ARY by receiving the conplenentary address signals [err] 15 to
ai, [err] The word line select signals are transmitted to the nennrydfiggy
M ARY in‘synchronismw th a timng pulse [err] A colum address decod
CDOCR forns data |ine sel ect signal s, tgp Jbe supplied to the nenory 20

array M ARY by receiving the conpl enentary address signals [err] The data
line select signals are transmtted to the colum switch CSWin

synchroni sm wi t lel eldtid G rieulcvup1ed [t Tommon compleméntadghaaga Circuit
PC2, for precharging the conmon data lines, is constructed of a MOSFET

-6- that short- dines tin Ecccdanre odghl evdmmar sedaick Isiges s/ suppdiieidng a
precharge pulse [err] A main anplifier MA has a circuit arrangenent simlar
to that of the $&ose aaqelumneadgxespfiedoders C-DORe tgnibe glgsfdrihed VA i s
constructed of a CMOS FET latch circuit, and a power swi tch MOSFETs which
are respectivel}aFGEated on the supply voltage V side of the latch

5 An X address buffer X-ADB forms intefnal

complementary address signals age E; to a,, E; by

receiving external address signals through the terminals -

. A, to A;. A Y address buffer Y-ADB forms internal
L/ . 0 i°
complementary address signals 5417 834y tO aj, aj

10 by receiving external address signals through the.

terminals Ai+1

A row address decoder R-DCR forms the word

to A..
3

line select.signals of the memory array M-ARY by
regeiving.the complementary address signals age EE
'15 to a; ., E;. The word line select signals are'transmitted
to the memory array M-ARY in synchronism with a timing
pulse ¢x.
S A column address decoder C-DCR forms data
line select signals to be supplied to the memory
20 array M-ARY by receiving the complementary address
~signals ay ., E;:I to aye E;.'
The data line select signals are transmitted
to the column switch C-SW in synchronism with a_timing
| pulse ¢Y‘ |
25 A-precharge circuit Pczj_for precharging

the common data ;ines, is-constructed of a MOSFET



CIrCUIt and the earth potential [err] side of the circuitry. A pair of

| and out put nodes of the CMOS FET latch 10 <circuit are respectively

cO egd to the pair of common conplenentary data |lines. The respective .
power” swi t ch MOSFETs have their conductance controlled by timng signals
[err]mal' sma2 and Omal' Onm2- A data output buffer DOB responds to a

timng 15 signal [err] to supply 1he external termnal 1/Owth data
corresponding to read data fed fromthe nain anplifier MA. During a wwiting

operation, the data outPut buffer DOB is held in non- operating state
Che i ntng si GHiA® [MIE-CLTTH Ll RO EommeR nFABPLPRRREAT By ARFENALRE=20 ¢ he

tput of th d d di t . Thi t
oignal [err] it racrfc#%&ef;‘a”‘fgéﬁc"%?“%'eé‘% %1 fioca: et osh bnoration. The M
menory array MARY is sq Gonsir ﬁffif{?ﬁ vgpsg %hggaéda'esar%sqgalnén@re

changed during the reading oper I on operation
responsively a%d téNérﬂaEh@faiﬁ nQ@z‘i’?@taM'Bfi?!igrtBﬂ outpyt . @%,t he data
out put . buffer I's brought into t h | npedance state by the timng

signal [erg] WHELhsR | 0801 £o8r bea. swpéané eFGegeanvngat bROSUFBETL 3 a8kha
plurality of sem conductor nenories. A data input buffer DIB responds to a

timng signal di#arddit,0 &uppd ypbwer connooh dAOSFETReshichhanei resbectidala
fed to the terminal 1/O During the readi ng node,
located on the supply voltage VCC 51de of the latch

circuit and the earth potential'vss side of the circuitryf
A pair of input and output nodes of the CMOS FET latch
10 circuit afe respectively coupled to the pair of common

complementary data lines. The respective power switch

MOSFETs have their:conductance controlled by timing

signals dmat’ ma2 mal’ "ma2

A data output buffer DOB responds to a timing

15 signal Zga_to supp;y the éxternal terminal I/0 with data
cofresponding to read data fed from the main amplifier
MA. During a writing operation, the data output buffer
DOB is held in'its non-operating sﬁate by the timing. o
signal E;;. In addition, a timing signal éHZ.renders

20 the outppt of the DOB a high impedance during a reading
operation. This timing signal ¢Hz is principally used
for performing a refresh operation. The memory array
M-ARY is so constructed that, when :hé address signals
are changed during the reading operation, the refresh

25 oberation is responsively'executed. With the arrangement
wherein the outﬁut_of.the data output buffer DOB is-

brought into the high impedance state by the timing



the data input buffer DIBis held in its non-operating state by the tinLQQ
signal [err] The various timng signals referred to above are forned
Gircuit blocks to be described bel ow 10 . An edge trigger
circuit [err]’ (address transient detector) detects the rising or falling
edges of the address signals by receiving the internal address signals
[éfr] An edge trigger circuit [errf taddress transient 15 det ector)
“detects the rising or falling edges of the address signals by receiving the
i nternal addr essighamabi [ewileBaoh 0bgtibecadgeet Giigpay Cotraedt amkrg and
EGT is constructed of eX& usive OR circuits which Y 20 receive the
i nternal addresshei gnapstpepf] at plpeall tandft semdebadusitgnramembhnéeeof
respecitvely, and an OR circuit which receives the outputs of the exclusive
OR circuits, as will be déséetBednputebuffrenDiBe respondss tat al £48insgne of
the internal address signals a to 25 [err] has changed, the edge trigger
circuits EGT afdspet “ﬁwrﬁ?eaﬁépaﬁtéﬁﬁlSﬁmEGPsé§tFe4?Pe§yH8ﬁPoH6&§emﬁth

L M 1050 Ll Eh B ERRSELNEL 1/0° uBiRE e U EohEg "

the data input buffer DIB is held in its non-operating
state by the timing signél éRw
The various himing.signals referred to above
— are formed by circuit blocks to be described below.
10 - An edge trigger circuit EGTy (address transient
'depector) detects the rising or falling ‘edges of the
address signals by reéeiving the infernal address signals

a, to a

0 (or a0 to a ).

i

An edge prigger circuit EGT, (address transient

Y
15 detector) detects the rising or falling edges of the

address signals by receiving the internal address signals

{or a, to a.).

to a ie1 3

a j

i+l
' Each of the edge trigger circuits EGTx and

EG'I‘Y is constructed of exclusive OR circuits which

20  receive the internal address signals a, to a; and a

0
and the delay signals thereof respecitvely, and

i+
to a

j .

an OR circuit which receives the outputs of the exclusive
OR circuits, as will be described later. When the level
of at least one of the internal address signals a, to

25 a; and a to aj has changed, the edge trigger circuits

i+t

EGT, and EGT

X Y EX T EY

form edge detection pulses 4 and ¢
synéhronous with the timing of thelchange, respectively.



the transient of the row address signals and the edge detection pulse [err]

I ng&gating th

di gui shed

ought” t.o respond to the transient of the row address signals and’ those
whi ch- ought to respond to the transient of the colum address signals. A
timng generator circuit TG fornms. thewvai-ous 10 timng signals referred to
above. The tim ng generator circuit TG forns the series of timng pul ses by
receiving a wite enabl

[ . VE and [ | . f
ext er nal ?&?’:%%231%? ) eg%%i & e’tcht‘(lgl oendgpeucltase"’tS :aégﬁnxaoln%u? %‘g@% err]

correspondi ng
15
MOSFETs and e

e transient of the colum address signals are clearly
, It is 5 possi ble to generate the timng signals whi

chi;p sel e

sefeFafetRaibe Rl B R AR, e Ol (e TNEE,

ch

t he

different frogegaehighheul st SyQl caRmgs A ld vgh Of ed 16 £- Sh@nnel
MOSFET such as a MOSFET [err] s one straight |line added across the

drain and souggeuhmhc&aaadiresisn sAgdhl st @rdl Hligiriyhdidt fdHm $ hea N-chapwel

MOSFETs such

25 of nenory

as a MOSFET Q The P-channel MOSFETs and N-channel MOSFETSs
are of theg enpassépet twogenehasenemer \t iarimgy Mgl cortsi sl soudhta pdural ity

colums and a plurality of word lines [err] to W. The

20

respective nenespondl ¢en$her & riagsdeindalofi 1t her rawearkines s shenahdtdnd .

Accordi ngly,

only one nenory : :
those which ought to respond to the transient of the

column address signals.

10

A timing genebator circuit TG forms the various

timing signals referred to above. The timing generator

‘circuit TG forms the seéries of timing pulses by receiving

15

20

a write enable signal WE and a chip select signal [
from the corresponding ex;ernal terminals, besides the
edge detection pulses ¢Ex and ﬁEY;

Referring.now to Figures'ZA and 2B, each of
P-channel MOSFETs and éach of N-channel MOSFETs are
shown by gymbols which are different from each other.
The symbol representative of the P-channel MOSFET such
as a MO'SFET'Q7 has one straight line added across the

drain and source thereof, in order to distinguish it

from the N-channel MOSFETs such as a MOSFET Q The

6.
Pfchannel MOSFETs and N-channel MOSFETs are of the

‘enhancement mode.

- 25

The memory array M-ARY consists of'a pihrality

of memory columns and a plurality of word liﬁes w1 to

-;ws. The respective memory q6iumns are identicél in

arrangemeht to one another. Aétordingly, only one memory

-

<



colum is illustrated in detail in Figure 2A. As shown, each nenory col umm
Is constructed of one pair of conplenentary data lines D, D, and nenory
cells which are arranged at a predetermned regularity and the input 5

and out put nodes of which are respectively coupled to either of the pa
-conpl ementary data lines D and D. The nmenory cells are identical in
aPrangenent to one another. One nenory 8etl is constructed of, for exanple
a switching MOSFET [err] and a MOS capacitor C coupl ed 10 thereto. The ‘gat e
of the switchi ngoMaFETsi D1 008t AREBAYifClbths1USRAFAguRet AN NAk §RBwn,
selecting the particular nenory cell. The selecting termnals of the
respecti ve nenoegchehésony ecobuphetlst cohberocotedspdndnegpatdrdoli nes. The
precharge circuit [err] is constituted by 15 a sw tchi ng MOSFET whose
source - drain penplémerbapyedabat hbresthe Bonphdnwamary datasl| whéshD and
D, such as a MOSFET 014 illustrated. As shown the sense amplifier SA is
constituted by %P%m&f??%@ﬁ%léheﬁt&??dﬁiﬁﬁmFE¢dl5?5Hlérﬁéulﬁnﬂht6ﬁ 2pputs

conposed of_ P-chapnel MOS and. N- channe One pair
of input amd ou?PhtOhbRRE 6?3?%'° 1?ETaTStEﬁSBFgcvaIﬁr&°88£ﬁFea°to t he

o T acn UE?rtym%téfw SEFhe Patr qPcrefbifafbisly’ data Sipks' BoRAEBIE Y
and with the eacif pEACHS | 8byygl LOBCAGRELCES LHeaFkufdbhEd: BEouE

N- channel S [err connec
another. One memory cell is constructed of, for example,

AN a switching MOSFET Q._ and a MOS capacitor C coupled

15
10 thereto. The gate of the switching MOSFET in one memory
cell is used as a terminal for selecting the partitular
memory cell. The selecting terminals of the respective
memor& cells -are coupled to the corresponding word lines.
The prechafge circuit PC, is constituted by
15 a switching MOSFET whose source - drain path is coupled
between the complementary data lines D and D, such as a
MOSFET Q,, illustrated. |
W, As shown the sense amplifier SA is constituted
by a CMOS (complementary MOS) FET latch circuit which
20 1is composed of P-channel MOSFETs 07, 09 and N-channei
MOSFETs 06’ 08. One pair of input and output nodes
of the CMOS FET latch circuit are coupled to the
complementary data lines D and D. .The latch circuit

is fed with the supply voltage V through P-channel

cC

12? 013 in a parallel connection and with the

earth potential voltage V

25 MOSFETs Q

ss of the circuitry through

N-channel MOSFETs Q ‘Q,.in a parallel connection.

10° “11

These power switéh MOSFETs Q Q and MOSFETs Q

10° 11 iae 12°



These power swi tch MOSFETs [err] -10- [err] are used in common for the

s of

MOSFETs [err]

circuits (not shown) arranged in other simlar menory colums
signals [err]for activating the sense anplifier SA are applied to
the 5 MOSFETs [err] while the timng signals [err] del ayed
W th Tespect to the timng signals [err] are applied to the gates of "the
The tim ng signal s[err$ &be-changed conplenentarily to each

other so as to bring the power switch MOSFETs 10 [err] into the "o

"of f" states a@1§h&rsanse@ih@.commk@mfge,tbhelﬂtnhngisrghébs(Peﬁrphownére

changed conpl

enentarily to each other so as to bring the power swt

. The

nll

ch

or

R

o

MOSFETs [err] arrap@edhtn @fhep sipiiagiBeBeryt cPhEmM88me tine. That is, the

timng 15 si

nal [err] for example, .is ase- i ted timng si
relative to tﬁe tihing]sT@ﬁa?fT£$$]SignégiggpaEac paf ?ﬂé Bﬁﬁé9a§

MCSFETs [err]
In contrast,

5

10

15

AR armonceRBLERIENCHr "hhA B BOTBRCRL, KBRLgeffpr 8] thb o

o

MOSFETS'Q1O,

delayed with respect to the timing signals &

012, while the timing signals_tpaz, pa2

pal’ ¢spa1

are applied to the gates of the MOSFETs Q,,, Q Th

13°

timing signals ¢pa1 and 6pa1 are changed complementar

to each other so as to bring the power switch MOSFETs

Q,p 2nd Q,, into the "on" or "off" states at the same

time. Likewise, the timing signals o

pa2 and ﬁpaz are

changed complementarily to each other so as to bbing

the power switch MOSFETs Q11 and Q into the "on" or

13
"off states at the same time. That is, the timing

paj’ for example, is a phase-inverted timing

signal

signal relative to the timing signél épa1

nal
€ch

e

ily

o

¢



~

conparatively high conductance. 5 Accordingly, the respective=katch
circuits constituting the sense anplifier SA are activated corrparati .
weakly by the timng signhals [err] and and they are subsequently act\*Vated
intensely by the timng signals [err] Since, 10 the sense amplifier SA
is_activated in - two divided stages, the large drop in the high |evel
potential of the conplenentary data |ines whi<ch is otherw se brought about
by the starting of the operation of the sense anplifier can be prevented,
‘and fast read-out of data can be executed. 15 More specifically, in
the case where a mnute read-out voltage fromthe nenory cell is anplified
by the sense anplEé¢bro£m¢hehpONEBFEWit@hrMﬁSBETsoﬁgéranﬂv&iéIﬂaN
conductance are first brought into the_ 'on" states Dy the timng signals
[err] endoved TiktR cseompprativelyolowspondypgénsceel v Inegondnest , .
anplify the potential difference between_the conplenentary data |ines.

Si nce the pogﬁﬁﬁi%ﬁ Eﬁ?f%ﬁ%ﬁ%@sbglmeéﬁgtﬁg;cbﬁpggﬁﬁﬁﬁgrylgété lines is

smal | in the jinitial .period.of the amlifying operation, the MOSFETs [err]
constitutingcfﬁgaggﬁége&ﬁp%HQQHCQ§E%§%a"%%%aboth held in the conductive

states.g For this %Fc?fgiﬁéﬁﬁzp_hecpgggggtgggiqiéqﬁwiously been held in the
1gh T'e |

data line on the I de are transiently schar ged
circuits constituting the sense amplifier SA are activated

‘comparatively weakly by the timing signals ¢pé1 and fpal’

[ and they are sﬁbsequently activated intensely by the
timing signals ¢pa2 and ¢ba2' Since,
10 the sense amplifier SA is activated in two divided

stages, the large drop in the high level potential of the .

complementary data lines which is otherwise bréught about

by .the starting of the operation of the sense amplifier

can be prevented,-and fast read-out of data can be executed.
15 - More specifically, in the case whebe a minute read-out

voltage from the memory cell is-amplified by the sense

amplifier SA, the MOSFETs Q0 le of comparatively

16w conductance are first brought into the "on" states

by the timing signals ¢pal’ ?;;I,
20 SA respcnsively begins to amplify the potential difference

The sense amplifier

between the complementary data lines. Since the potential
difference.between the complementary data lines is small
in the initial period of the amplifying dperation, the
MOSFETs Q¢ and Qg constituting the sense amplifier SA

25 are both held in the conductive states; For this



thro one side of the MOSFETs constituting the sense anplifier SA and the

i tch MOSFET. Therefore, S the potential on the high | evel side
However, since t he conductances of the power sw tch MOSFETs <
[errT”which are first brought into the conductive states by the timng
signals [err] and Opal are set at a conparatively small value in advance,
the quantity 10 of the charges in tte -high |level side data |ine to be
undesirably discharged at this tine can be linted to a small val ue, and
the large drop of the high | evel side potential can be prevented. \Wen the
potential difference between the conplenentary data |ines has becone

suf fici ent Ineasén, chmngystﬂayingtnﬂﬁwﬁpﬂﬁiﬁ%?hﬁqe#¢}doincbhpadatavely hi gh
conductance are brought into the "on" states by the timng signals [err]
wher eby t hdiagpenf $heg hdgdy digvel FldaarrransigntlerdBachargedder ed
fast. Accor the fast read-out can be effected whi|le 20 the drop
of the pot ég‘t"Pgtls}{‘oPntehélﬁegP f é'\}’\ﬁ P&%P@Téﬁ G bt e nt B ySBRER | | nes is

prevent o0, Luiggor 89 ol WIS ST AR SPSLALER, O phlee penge arpl 11 e
otk M o %ing%vﬁ 44 gl TSR, one rz'wt

circuit (coire ST Word 11 nesjt cons
decoder R-ReRce ‘the conductances of the power switch MGSFETs

)

Qs Q35 which are firgt brought into the conductive
states by the timing signals d%al and Eg;; are set at /-
a comparatively small value in advance, the gquantity
10 of the charges in the high level side data line to be
undesirably discharged at this time can be limited to
a small value, and the large drop of the high level side
potential can be prevented. When the potential difference
between the complementary data lines has becbme‘surritiently
15 large, the switching MOSFETs Qi1, 013 of comparatively
high conductance are brought into the "on" states by
the timing signals ¢pa2’ ¢pa2’ whereby the ampllfylng
operation of the sense amplifier SA is renuered fast.
Accordingly, the fast read-out can be effected while
20  the drop of the potential of the high level side of
the éomplementary data iines is prevented, by carrying
out the amplifying operation of the sense'amplifier
SA in the two divided stages in this manner.

The row decoder R-DCR is constructed of a plurality of

25 unit circuits. In Figure 2A, one unit circuit (ébbresponding



I's shown. The row decoder R-DCR includes a NAND circuit ND of CMOS circuit
arrnagenent which is conposed of N-channel MOSFETs[err] and 5 P-channe

MCSFETs (B7 to Q41 which receive the internal address signals [errk;ggé '
I [} .
ND

Accordingly, four word line select signals for selecting the word |

[ers] are fornmed by the NAND circuit ND. The output of the NAND circui

is inverted by 10 a CMOS inverter [err], and the inverted signal is
transmtted through cut MCSFETs [ert]i4o-the gates of MOSFETs [err] which
constitute a transfer gate circuit TRF. The sources of the respective
MCSFETs [err&gare supplied with word |ine select timng signals gerr] 15 to
[err] These Worfour #ord| kines) monstibwbine therrovodgecdenr B-PERned by a
circuit (not shown) which constitutes a part of the row decoder R-DCR.  The
| evel s of theSreRpeesi vVEhorew |derodert eR+DERNing signals [err] are

STonal's 1 or mAF BYAtRco P ik IR of (W8 $EFeELr AibnberRETYIG ord
LT oL E LRSS Aond £11E AT HB5EETS B,0LID R elahr T EPOTSC
when bOt@1j¥LéﬁgH£§§;MCSFEﬂ§1Q37 to th_which receive the internal
address signals as to ag e Accordingly, four word line
) select signals for selecting the word.lines wo.to w3
. are formed by the NAND circuit ND.
The output of the NAND circuit ND is inverted by
10 a CMOS inverter IVl, and the inverted signal is transmitted
through cut MCSFETs Q28 - Q}l to the gates of MCSFETs
QZQ - Q27 which ccnstitute'a transfer gate circuit TRF.
The sources of the'respective MCSFETs QZu to Q27
are supplied with word line select timing signals ¢§OO
15 to ¢Xll' These word line select timing signals ¢XOO to
¢X11 are formed by a circuit (not shown) which constitutes
a part of the row decoder R-DCR. .The levels of the
respective word line select timing signals ¢XOO tc ¢Xll
.are determined by the combiha;icns of the timing pulse
20 ?X with decode signals formed by decbding the éddress
signals ags 3 of two bits.
The |
word line select timing signal ¢%¢0 is brought to its
high_level in response to the change of the timing pulée

25 ¢X to the high level (logic "1") when both the address



signals [err] and [err] are at the low level (logic "0" ). The signal

[err] is brought to its high level in synchronismwth the timng pul se
ferr]jdwhen the address signal [err] is at the x high |level and the signal
[err] /at the low level. Simlarly, 5 the signals [err] are briought to
their i gh level in accordance with the address signals [err] and the v
timng pulse[err] Accordingly, the unit circuit constituting the row '
decoder R-DCR bri'ngs one of the word |lireg4err] 10 to its high |evel
‘(selected level) in synchronismwith the timng pulse [err] when the output
of the NAND circuit ND has been rendered to the low |level in accordance

wth the addgesteskonahs 82 ar@OaclBRe"acy gk lselll\%nf%ié g Signal s

[err] 15 are a G5i B ciréuits constrTutrng the row

decoder F%Eggﬁt O?add'EEONBowgﬁEEIB its hi%h lev M Espuppl i ed

wi th the out XPhe cuit are interpose betmeen e respective

word |inesyapd Eﬁét Hlﬂthnbhibe ?0 vwhen tt'lh% GadYgry iyl tébe psldiessne
signals a2 - a6 does not i nd |cate one set of word lines [err]Yy that is,

when the output 1eetthendAkDecisigniall MWD ii'ss att tthee Iuwhl ¢walkel Sidﬁe’id\ﬁ)SF,ETs
[err]3 are responsrvely brought into the "on" states. As a result t he
word |iBesthersigfalar xgsldndt¢§§&thrpom€mmghtlﬁptﬁhﬁﬁﬁfﬁiﬂk IQ#?}

1n-accordance with the address signals aq and a, and
the timing pulse.¢ . )

Accordingly, the unit circuit constituting
éhe row decoder R-DCR brings one of the word lines LI

10 to its high level (selected level) in synchronism with
the timing pulse ¢X when the output of the NAND circuit
ND has been rendered to the low level in accorddnce with
“the address Signals as - ag.
-The word line select timing signals ?&OQ ~ Tx11
15 are also fed to the unit circuits (not shown) constituting
the row decoder R-DCR.

Ih-additicn, MOSFETs an to QZ3 whose gates are : I\,
supplied ‘with the output of the NAND circuit aré interposed
between the respective word lines and earth potential.

éo When the combination of the address signals ay - ag does
not indicate one set of word lines (W; - wh), that is,
when the out?ut of the NAND circuit ND fs at the high
lével, the MOSFETs Qg - st are responsively brought
into the "on" states. As a result, the word lines Wy -,
= Q3

25 are held at earth potential by the MOSFETs 0y



- 15 - when they are unselected. In this respect, the MOSFETs 5 which are
controlled by the output of the NAND circuit are arranged between the word
i nes and earth potential of the circuitry in order that, when the de ﬁ%éd
word line in one set- of word lines is to be rendered the selected le S/
t he, remai ni ng undesired word lines 10 nay be prevented from beconing e
selected level. Resetting MCSFETs Q to Q whose gates are supplied with a
reset pulse [err] are interposed betwegr the respective word |ines and
earth. The word line selected in a precéding operation cycle, e. g., 15 a
read cycle is reset to the earth level for the next operation cycle in such

a way that wheae tWopFEFe hasellected.” 0Tn Ryikearispdd: | Nend atsirmed se
[err] The colum switch CSWis constructed of MOSFETs which are interposed

bet ween g hewadopl erentangrddfled2®yl ithes cDtzudnd ft ftéec MM ccirpliehender y
data lines CD, CD, such as NDSFER;&err] shown in Figure 2B. The gates
of the MOSPERANIRG |Petweendiie sPrd thiness ainst teagityn gotferdmahe col um ,
decoder C-DCR A precharge MOSFET Q  which constitutes the precharge 44 25
circuit PC2 is inPérpbge8ibetddEy iRe oxdminhednpwaednttdrey defired nes CD
and CD. One_pai,r .of input and out put nodig of the main anph{fie; MA havi ng
acircuit aWBgﬂg&ﬁBﬁtl i AREasSet 0! word lines is to be rendere

the selected level, the remaining undesired word lines
10 may be prevented from becoming the selected level.
Resetting MCSFETs Q, to Q¢ whose gates are supplied

are interpcsed between the

with a reset pulse ¢nw

respective word lines and earth. The
word line selected in a preceding overation cycle, e. g.,
15 a read cycie is reset to tﬁe earth level fof the next
operation cycle in such a way that these MOSFETs Q, to Qg
turn "on" by receiving the reset pulse ¢gw;
- The column switch C-SW is constructed of MOSFETs
which are interposed between the complementary aata
20 lines D, D and the common complementary data lines CD, CD,
such as MCSFETs Qqa and Q43 shown in Figure 2B.
' The gates of the MOSFETs QAZ and Q43 are supplied with
a select signal from the columﬁ decoder C-DCR.
A precharge MOSFET Q44 which constitutes the precharge
25 circuit PC2 is interposed between the common complementary
data lines CD and CD.
One pair of input and output nodes cf the main

amplifier MA having a circuit arrangement similar to



- 16 - that of the sense anplifier SA are coupled to the conmn

conpl ntary data lines CD and CD. Further, the conpl enentary output nodes
of ata input buffer DIB are coupled to the cormmon data 5 |ines CD and -
CD. hown in Figure 2B, the edge trigger circuit [err] [err] is

con uted by the exclusive OR circuits [err]i which receive the internal )

address signals [err] and the del ayed §iggaLs of these 10 internal address
signals formed through delay circuits Do - Di, and the OR circuit which
recei ves the output signals of the exclusive OR circuits[err]. Next, the
operations of the above described circuit will be described with reference
to the waveiat nofli e aseride siyophi fheFi §Ar erd. cPhplednitiog tdiegreaimmaner r |

are opposite in phase to those [err] and [grr] as described before. 1n
Figure 3, c¢omplensntpry (data lines GPeangdi EDed for the sake of clarity. 20
Now, when any address signal [err] falls fromthe high |evel to the | ow

| evel as shown FWrifges obhe £ oppiemertany output nodgs @d| H&d signal [err]

thereof falls with a de . or di ngl t he ed det ecti o ul se [err]
which is réf‘r"cﬁ AP R%e qﬁéﬁ&i‘eﬁﬁé ?Fi"gf’?;#’&ﬁmg to" the common ddta
5 lines CD and CD. .

.As shown in Figure 2B, the edge trigger circuit E_GTX
(EGTY) is constituted by the exclusivg Oﬁ circuits
EX, - EX; which receive the internal address signals (—
ag - a4 (ai+l-' aj)_and the delayed signals of these
10 internal address signals formed through delay circuits
DO - Di’ and the OR circuit which receives the_output
signais of the exélusive Qﬁ circuits EXy - EX;.
Next, the operations of the above aescribed_circuit
will be described with reference to the waveform diagram
15 shown in Figure 3. |

The timing signals ¢pal and ¢pa2 are opposite in

phase to those 9%a1 and ¢§a2 as described before. In

Figurg 3, the timing signals Ppal’ ¢pa2 and ¢mal’ ¢ha2
-are omitted for the sake of clarity. .

20 Now, when any address signal a_falls from the

n
high level to the low level as shown in waveform A of
Figure 3, the delayed signal an‘ thereof falls
with a2 delay. Accordingly, the edge detection pulse .
?ﬁx (¢EY) which is held at the high level ("1") from

25 the bveginning of the change of the address signal a,



25 the begi nning of the change of the address signal an - 17 - unti

the generation of the delayed signal [err]' is outputted fromthe ed
trigger circuit [err]. Upon receiving the pulse [err] the timng ge r
TG forns therein a reset pulse [err] as shown in 5 waveformD of Figure
3, " This reset pulse [err]RS resets the operating states of the respective
cﬁﬂCU|ts whi ch have been determ ned in the preceding operation cycle, for
exanpl e, read operation cycle. By way off exanple, the word |ines are reset
by 10 the word line reset pulse [err] (not shown in Figure 3 fornmed on
the basis of the reset pulse [err] Li kew se, the word |ine select timng

signal Ox, h igh tnteh%ei el fiddl & Shgt fod | N
sel ect t|rH91 i gnal na t%f rin of 3 H & rar N
anplifier M%r%& %m%W@d%% wg& AQFﬂ% %d%} Gyuj‘b igure 3 are brought

into their reset states (res Ieve S thé‘resepruIse [err] By way of

exanpl e, the tiny nS|r@@@I1&1[n ithe quqgr ht(9! Yheedowimgies. 20 At -
the sane tine the?gthe t|n1ng%£|gna%£ [err] %% are br&ﬁ%ht to the

| ow | evel , igemetriatorgT6 goats therdin W Meset tﬂﬂwr@gmtaﬁo’wn in
reIatlonshlp to the forner signals are respectively
5 waveform D of Figure 3. This reset pulse dRS resets the
eperating states of the respective circuits which have been
determined in the preceding cperation cycle, for example,
read operaticn cycle. -
By way of example, the wofd lines are reset by
10 the word line reset pulse ¢Pw (not shown in Figure 3)
formed on the basis of the reset pulse ¢§S‘ Likewise,
the word line select timing signal ¢X’ the £iming-signals
gpal’ 9;a2 of the sense amplifier SA, the dsta line select
timing signal ¢Y; and the timing signals ¢ma1’ ¢ma2 of the
15 main amplifier MA as ehown by waveforms E, H, 1 and J in
Figure 3 are brought into thei:'reset states (reset levels)
W, by the reset pulse 7%5. By way of example, the timing
signals %, gbal’ ﬂbaa’ ?Y, ¢mal'and ¢haa are brought
to the low level. '

#

20 At the same time that the timing signals §

51gnals ?pal’ ?paa and ¢na1’ ? a2 lying in the complementary
relationship to the_former signals are respectively
brought tc the high level. In consequence, the sense

25 amplifier SA ahd main amplifier MA are respectively brought



brought to the high level. In consequence, the sense 25 anplifier SA and

mai n~aqplifier MA are respectively brought - 18 - into their inactive

st af and the conplenentary data lines D, D and the common o
cony ntary data lines CD, CD are brought into their floating states.
Parast’ti c capacitances (not shown) are coupled 5 to the respective

conpl enentary data |lines D, D and comon conpl enentary data |ines CD, CD.
In the parasitic capacitances, charges cojgesponding to the potentials of

t he respectively associated data |lines have been stored in the preceding
operation cycle. By way of exanple, there 10 will be studied the parasitic
capaci t ancgngpothehpwihaedtiplecds ¢ Hréde cemml erfentcampldatentare D and the
parasitic capacitance (ngt shown) coupled to the conplenentary data |line D.
I n the casdathelénebeDgoBpladetthar ¢ otaon |complRnerd sty tdatani tgnésvel (Vec)
and the data | pe D at the low |level (O in the precedi ng operation cycle
by way of &RanpPearenhbrpughdi dindocdpedin fAcatdmg tate®® |ine D has stored
charges corresponding to the high |evel (Vcc), and that of the data line D
has stored char §a52gatigsFamdc aPGthe(nﬁﬁ/Fbvﬁﬂ)[%ﬁ?]qouﬁﬂﬁﬁfrespective 20

O ar By FOnABP oHSRBoERL VA GRULOMER HAYEIdaLs 12068 T, B/ERa ) D &1

common complementary data lines CD, CD. 1In the parasitic

-

capacitances, charges corresponding to the potentials of the
respectively associated data lines have been stored in the b
preceding operation cycle. By way of example, there
10 ®111 be studied the parasitic capacitance (not shown)
coupled to the complementary data line D and the parasitic
capacitance (not shown) coupled to the complementary data
line D. In the case where the complementary data line D
was at the higH level (VCC) and the data line D at_the_-
15 low level (O V) in the preceding operatidn cycle by
way of example, the parasitic capacitance of the data
line D_has stored charges corresponding to the high W
level (Vo.), and that of the data line D has stored
chzrges corresponding to the low level (O:V). The resgpective
20 parasitic cépacitances of the ccmmon complementary

data lines CD, CD are similarly rendered to the high

.or low level.
‘The complementary data lines D, 3:and common complemeqtary

-

data lines CD, CD which have the parasitic capacitances

25 storing the charges determined in the preceding_operation



The conpl enentary data lines D, D and common conpl enentary data |ines CD,
CD whi ch have the parasitic capacitances 25 storing the charges determ ned
i<n the preceding operation. 19 - cycle in this manner are brought int

the floating States as described above, so that the parasitic capacit ,
coupled tb the conplenentary data |ines D, D and common conpl enent ar y{ dai4
| ies CD, CD hold the charges determ ned18 - in the preceding cycle of
operation. Accordingly, the respective potentials of the conpl enentary
data lines D, D and common conpl enentary data lines CD, CD are also held at
their values in the preceding cycle of operation. In the case where the

predet er m ne r §8S ' 1 e hye t d ¢t pPakasicll C
éyehé 98StRYY CmBRREr gré Erﬁgghg gﬁgétﬁhﬁ fPefﬁgﬁéogt%%b%

capaci tance of the conplenentary data at o npl ement ary

data line D hB &8@c?iﬁ6@déﬁ©v€KC£6 fha@Pehat baradstin thpadhewacesanpl e,
the parasitic capacitance in the conplenentary data |line D put into the

fl oating stateupledetorthedcdhplahentahyl datahdinbkar §¢. D aadr espandi ng to
the high level (Vcc), and that in the conplenentary data line Dsimlarly *
put into thecotnplemenytarntdatal YineheCbhaCPeboddr tbepohdirggst detlermioed

| evel (0 V). Therefore, the potential of the conplenentary data |ine D put
into the5f] odRi blgeopreceding heyaiet A€ APGRatdoBl [ 8cFPrddRBLyr th&t of the

I t dat [ D h the | I | (O V). ,
conpl ementary, dat 2, | V0o R IoLE1 LN ! B! S8b1t0edbary data lines

D, D and common complementary data lines CD, CD are also
kJ . held at their values in the preceding cycle of operation.
In the case where the predetermined charges have been
10 respectively stored in the parasitic capacitance of the
complementary data 1ine D and that of the complementary
data line ﬁ;in the preceding cycle of operafion és in the
above example, the parasitic capacitance in the complementary
data line D put into the floating state as described
15 above holds the charges.corresponding to the high level
(Veg)s and that in the complementary data line D similarly
put into_the floating state holds the charges corresponding
to the low level (O V). Therefore, the potential of
the complementary data line D put into the floating
20 state holds-the high level (VCC), whilst that of the
complementsry data line D holds the low level (O V).
This also applies to the common complementary cata lines
- CD, CD. |
"As a result of the de-energization of the sense

25 amplifier SA and main amplifier MA, the complementary



This also applies to the common conpl enentary data lines CD, CD. As a

res of the de-energization of the sense 25 anplifier SA and nain

anp r MA, the conpl enentary -20- data lines D, D and conmon .

co ntary data lines CD, CD - hol d the high | evel (Vcc) and | ow
level (OV) in the floating states. At the time at which the word lines ]
have been 5 reset, the precharge pulsgs. [err] and _ are generat ed.

Si nce the precharge MOSFETs [err] are turned "on" by the generation of

the precharge pulses [err]and [err] the conplenentary data |lines D and D
and the comon conpl ementary data |lines CD and CD are respectively 10

shor t- ci r cyitgd11ABLCBS! BPQRd_ ABuihon® 2hipl dukh Ky anse4li pipége between the

conpl enentary data linds D and D and bet Ween t he conmon conpl enentary data

lines CD apg,CPD so that hbBadcame! &ARM Aretdat(y ij)n%‘p ,1d% alglvéhe common
conplenentary data lines CD, CD are precharged to an internediate | eve

of about [¢OrYV) Inbshguedbbiinghetaitles. eset pulse [err] falls to the |ow .
| eveél , the reset status is released. The precharge operation ends upon the
rel ease of the Absthesttings. Aftt ehiche tdred weird Renesediavegcbeént he
FITR! " Skt S pkecharBe Buthes R By % denehatds v
.Since the precharge MOSFETs Olh and th are turned
non" by the generation of the precharge pulses ¢Ecl and
¢¥é2’ the complementary data lines D and D and the common
comﬁlementafy data lines CD and CD are respectively
10 short-circuited therebetween. As a result, the charges
disperse between the complementary data lines D and D
and between the common comflementary da;a lines CD and
CD, so that the complementary Qata linés D, D and the
common complementary data lines CD, CD are precharged
15 to an intermediate level of about Vs./2. |
Subsequently, when the reset pulse ¢§S falls to
the low level, the reset status is released. The precharge
operation ends upon.the release of the reset status.
After the end of the precharge of the complementary
20 data lines D, D by the precharge signal ¢pcl' the word line
select timing s_ignal.'esx rises to the high level as illus-
trated in waveform E of Figure 3. Thus, the high level
signal outputted from the roﬁ decoder R-DCR is applied

to one word line which is to be determined by the address

25 signals--A0 - A;. ‘The word line determined by the address



[

select timng signal [err] rises to the high level as illus- trated in

waveform E of Figure 3. Thus, the high level signal outputted fromthe

decoder-R-DCR is applied to one word line which is to be deternined by(%é%%

address 25 signals [err]. The word |ine det ermined by the address - -
,?Fals [érr] is selected, and is brought to the select |evel of the nenory

The switching MCSFET constituting-t&k menory cell is brought into the

"on" state by the high level potential of the selected word line. 5

"Charge dispersion occurs between the storage capacitor of the selected

menory cell and the para5|t|c capaci tance of one data line,

line D, to wsksnate hpnorly Jis selectede|andsigobppught ?ﬂethévﬁélﬁFtthe
data line Dis ¢ to a | evel |ch orresponds to . ch es stored in
e ey 10leShdtt G mangs ie S¥LEehine e SEET Gaens o EtinEn

h l.l. Si ' hi t h I h h
data 1ine D & &% g, & t%ﬁi.b%aoi%%t S e Sent nel3fechy, Bat e
[err]. As a r% m e%iﬁ%le aéhdéej %fég{l%& ‘ggf.&e?ﬁggdl ng 15 to the

held data in menory et-ween e data lines D and

D. Thes”1nutelvﬁé¥§éEaiéﬁéﬁéiaﬁﬂaté&%éwﬁﬁwﬁéﬁhd@ﬁ@ ét@ﬁégé’@&ﬂaé*@érses
as follows. In the case where charges corresponding to, e. g., [err] have
been stored |drtﬁﬁbSséﬂéﬁ#édxﬁﬁﬁbﬁyﬂbell and the parasitic capacitance
of one data line, e. g., data line D, to which the memory:
J cell is coupled; The level of the data line D is changed to
a level which correseonds to charges stored in the memory
10 capacitor of the memory cell, in other words, data storec
in the memory cell. Since, in this case, the memory
cell coupled tc the other ﬁata'line D is not selected,
this data line D holds the precharge level V,,/2. As a
result, a minute potential difference corresponding
15 to the held data in the selected memory cell develops
between the data lines D and D. The minute
potential difference between the data lines D and D
arisés as follows. In the Case where charges corresponding
to, e. g., VCC have been stored in the storage capacitor
20 of the mémory cell coupled to the data line D, the potential
of the data line D becomes higher than the potential -
(Vec/2) of the data line D. In contrast, in the case
where charges corresponding to, e. g., O V have been
stored in the storage capacitor of the memory cell, in

25 other words, in the case where no-charge has been stored



20 of the nenory cell coupled to the data Iine D, the potential of the data
lin
conZE%%?
stor

of the data |line D. Wien the sense anplifier is activated, the mnute 5

econes higher than the potential [err] of the data line D. In
in the case where charges corresponding to, e. g., 0 V have been
A n the storage capacitor of the nmenory cell, in 25 other words,
the case where no charge has been stored -22- in the storage capacitor,
the potential of the data |line D becones bewer than the potential (Vcc/?2)

pot enti al

That i

di f f er encelbng WRebetoreesohprenchhanythat potensd ad
sense anmplifier, SA. Subsequently, the timng signal [err] I's rendered

S,

in

di fference between the data lines D and D is thereby anplified.
upon the subsequent change of the timng signal [err] to the high
| evel . (theinithegsbormae CGppacitorhethewpbéenitialt bd ddeselabeplifier SAis
activated, and an anplifying operation which enlarges 10 the potenti al

NgoB2)s oft dtreed by t he

the high 148%2 }im@ Pining signal [err] the low level). Thus, the gain of

the sense anplif.er is increased,. and, 15 the tenti,al. difference
botveen tha ot Ehethe: Sehat SPPIOLLBF if BELLvRSPEnctAE, " Next .

the sa‘gﬁ }é@gﬁ{‘ﬁ%t%ﬁgﬁéx&%é”‘:‘s‘eé&‘ééﬁttL_E”hQQaSEER%'s berarn]d iDs brought to

t he hi

10

15

20

25

is thereby amplified. That is, upon the subsequent
change of the timing signal ¢pal to the high level (the
timing signal ;;;I-to the low level), the sense amplifier
SA is activated, and an amplifying operation which enlarges
the potential difference between the complementary data
lines D and D is started by the sense amplifier SA.
Subeequently, the timing signal ygéa is rendered the
high level (the timing signal E;;é the iow-level). Thus,
the gain of the sense amplifier SA is increased, and
the potential difference between the complementary data
lines D and D is further increased.

Next, at the same time that the data line select
timing signal ¢Y-is brought to the high level, the precharge
siSnal ¢bC2 is set at the low level.

Owing to the change of the precharge signal f?cz '
to the low level, the MOSFET Qh |
"off" state, with the result that the precharge of the

4 is brought into the

common complementary data lines CD, CD ends.
When the data line select timing signal Py is set-at

the high level, coiumn select signals for coupling to

at

-



signal [err] is set at the low level. 20 OM ng to the change of the
precharge signal [err] to the low level, the MOSFET [err] is brought into
the "of f" state, with the result that t he precharge of the common -
conpl ementary ‘data lines CD, CD ends. Wen the data |ine select tlnlng
si:gnal [err] is set at 25 the high level, colum select signals for
coupling to - 23 - the comon data-l#3es CD, CD one pair of

conpl enentary data lines D, D which are to be determnmi ned by the address
signals [err] are supplied fromthe colum decoder C-DCR to the col um
swtch CSW Therefore, one pair 5 of_conplenentary data lines D, D to be
sel ected by the cohmon dataclisegn@Ds @Deoneupbid 0 cohapdememtiary
conplementary data lines CD, CD through the colum switch CSW Wth a
timng rel attdabahlpnes RhiBhwhiebuarehtot baedekenminedc dypltdvee adsinessat a
lines D, D are coupled 10 to the conmon, cqonp Ienentarye%ata | i nes, CD, CD,

t he prechargﬁlﬁFa% ehgoynonA oﬁﬁ?eﬁﬁﬁ?&??ddﬁfamthés “meDQQ§98@Wbleted by

(he prechar g shrel (Ler L uen By G ol PSnksIHG S, 2
coer, U552 bk "Eopd et PRy |05, 8°HALRIDECPES " IBERATINA 85yl Tos e
sel ect ed dat@oiﬁﬂﬁssglegk'§1§£§Y£a£?€yc5ﬁ§ﬂéﬁ‘EBe@he common complementary
data lines CD, CD through the column switch CSV.
) With a timing relationship in which, about the
time when the complementary data lines D, D are coupled
10 to the common complementary data lines CD, CD, the precharge
of fhe common complementary data lines CD, CD is completed
by the precharge signal ¢c2’ the potentials of the -
common data.llnes CD, CD can be equalized to each other
even when noise  has acted on the comﬁon data lines
15 before the coupling between the common data lines and
the data lines. For this reason, the potential difference
between the selected data lines D, D is accurately transmitted
to the common cata lines CD, CD, so that this semiconductor-
memory can be rendered immune'against ncise.
20 Also the common complementary déta lines CD, cD
are precharged to VCC/Z by the precharging bpe#ation

of the prechérge MOSFET Q,, as described before. The

(2 .
potential of the common data line CD is therefore determined
by the charge dispersion of the charges stored in the

25 parasitic capacitance of the common data line CD (charges



to the coomon data lines CD, CD, so that this sem conductor menory can be

rend | mmune agai nst noi se. 20 - Al'so the common conpl enentary data
l'ine CD are precharged to [err] by the prechargi ng operation of the
pr ec MOSFET [err] as described before. The potential of the conmon

dat a ne CD is therefore determ ned by the charge dispersion of the
charges stored in the 25 parasitic capacitance of the common data |ine CD
(charges - 24 - corresponding to Wb%?Z) and charges stored in the
parasitic capacitance of the data line D selected and coupled to this
common data line CD. Likew se, the potential of the commpn data line CDis
det er mi neFaRFasrOndimg s (iR} sanh ehargeschrheged sRofke paremdtic

parasitic capacitance of the‘fonno data |i e CD ( charg orresponding to
Vee/ 2) andafpeifedce gfedhe Q&?FihQSIPlée ﬁ%ﬁﬁﬂtﬁﬂee BRPLRE data line D

| d
igrrgffaﬁent ﬁ‘ggg%lnﬁ?glst%et%og re ﬁ I f%"%ﬁ%’ cghﬁvﬁog\gﬁﬁiéﬁent ary data
lines CD, éﬁDt h%&%ﬂﬂﬂ“&éﬂ (i]ﬁémtﬁnyD@ 9§%§1Lé36b§Iﬂw@'SHak det erm ned

by the ch sperS|on 0 char ges oF ar as C capac fance of the

data |i %&§1%%S%pftﬁéﬂecrpﬁ%éé tdEoFe@aght epeepéﬁgélwe eagaeatﬂa%
eco than

line CD hi gher (1 ower) t he potenti al he commoin data |ine
CD whi ch igr dgfeclcimiR® data line CD (charges correspondlng to

VCC/Z) and charges stored in the parasitic capacitance
of the data line D selected and coupled to the common \o/
data line CD.
10 When the complementary data lines D, D are coupled
to the common complementary data lines CD, CD, the potential
of the common data line CD.whigh is determined by the
charge dispersion of‘the charges of the:parasitic capacitance
of the data line D and those of the parasitic capacitance
150f the common data line CD becomes higher (lower) than
the potential of the common data line CD which is determined
by the charge dispersion of the charges of the parasitic
capacitance of the data line D and those of the parasitic
capacitance of the common data line CD. |
20 Waveform G shown in Figure 3 illustrates by solid lines
the resbectivé potential changes of the data lines, D, D aﬁd

common data lines CD, CD in the case where the memory cell

coupled to the data line D is selected and where the
charges corresponding to VCC are stored in the storage

2scapacitor of the selected memory cell (or the case where



by the charge dispersion of the charges of the parasitic capacitance of the
data line D and those of the parasitic capacitance of the common data |i.ne
cD.. 20 Wavef orm G shown in Figure 3 illustrates by solid |ine L§
respective potential changes of the data lines, D, D and common {de il nes
CD” CDin the case where the nenory cell coupled to the data Ii S
s&tect ed and where the charges correspondiﬁa To [err] are stored in the
storage 25capacitor of the selected nenory cell (or the case where - 25-
the nenory cell coupled to the data line Dis selected and where the
charges corresponding to_Q V arisstored in the storage capacjtor of the

negnry cellﬁthEQNSSgeﬁFﬁélcaPP Feﬁ8$9&9wﬂ§§?t & l?ﬁﬁ%ﬁ;f inﬁs CD
D i AR ; Cfier. i _

and, CD 15 S2Bl bhate"dn"endRe IR LS dibe PPV 8l ioen the
the timng ing§LSSE89% etggpggﬁébﬁvgk,65gpdga4$fﬂ§%#ézer MA i s operated

I n response hese "changes; he | Jpot ent ‘ence bet ween t he

comon dat a || neayEDyailn EPaS a3 FRkIEhEd eluelh AU HRAE AN, (e

potential difference anp led by t main anplifier MA1s supplied to the
data out pst 1bHekecDDRRd EDeidabaptirpied by ftole RERnl dnplisFTds aMory put

signal corresponding to the input
specifically, when the timing signals ¢%al’ ?Eaz are

subsequently set at . the high level and the timing

W, signals ¢mal’ ¢h32 the low level, the main amplifier
MA is operated in response to these changes, and the
10potentiai difference between'the common data lines CD
and CD is amplified. _
- In the reading operation, the potential difference
amplified by the main-amplifier MA is supplied to the
data output buffer DGB. The data output buffer DGB
15transmits an output signal corresponding to the input
signal; to the terminal I/O.
In the writing operation, write data is transmitted
to the common data lines CD, CD through the data input
buffer DIB.. The levels of the data lines D, D are determined
20in accordance with the write data suprlied to the ccmmon
data lines CD, CD. As a result, the write data is transmitted
to the selected memory cell.
In | |
‘order to apply a voltage of at leést the supply voltage
25VCC + Vth (the threshoid voltage of the switching MOSFET)



signal, to the terminal 1/O "In the witing operation, wite data is

transpi{ted to the comon data lines CD, CD through the data input buffer
DIB.i%%E | evel s of the data lines D, D are determ ned 20i n accordance wth

t he e data supplied to the ccnrmon data lines CD, CD. As a result, the
wite data is transmtted to the selected nenory cell. In order to apply dws
vol tage of at |east the supply voltage 25[err] (the threshold voltage of

the switching MOSFET) = - 26 - to thgggate of the switching MOSFET of the
menory cell in witing data into the nmenory cell,.the word |Iine sel ect

timng signal [err]is brought to a high level of at |east the supply

voltage [err] + Vth.by a bootstr 5_ Gl ' o] h hyg11t he high
| evel (Vcdp dhe g teacf |Shfe K qc[%&'rgg 3* e%tégng%étﬁggbfg the MOS

capaci tor of the nenory cell wjfho I | pae, wapd thaeges to be
stored in it!hé"!]\m%ﬁ%'qa[ C;,nttoanélge el | 41, | ORE, wab g

be ‘increased. N'so in refreshing the menory

cell, the ward |ine 10 sel . tgmi Lokt €67 h highr degltll ©od the high
| evel. of &€ ee%tstut%q%tﬁﬁpgﬁ%]\?o?x aig% err by the bootstrap circuit (not

owr L on 3 (HARE E  RSEFLY BRIl YOS (oEtptertor of the menory cel
having 5 .jrcuit (not shown).Thus, the high- level (VCC) of the
data line 2s it is can be transmitted to the MOS capacitor
| of the memory cell without anj level loss, and charges
to be stored in the MOS capacifor-can be increased.
Also in refreshing the meﬁory cell, the word line
10 select timing.signal ?& is brought to the high level
of at least the supply voltage VCC'+ Vth by'thg bootstrap._
circuit(not shown). Thus, thé high level (VCC) of the
data line kept intact is reﬁritten without any level
loss into the MOS capacitor of the memory cell having
15 held the high level. |
In the reading operatioh; the_potentials of the
selected ¢omplementary data lines are amplified to the
high levél (VCC) and low-level (0 V) by the sense amplifier
SA, and the potentials of the common ccmp1ementary~data
20 lines are similarly amplified tc the high level (Vqq)
and low level (O V) by the main amplifier MA. Also
the potentials of the unselected compleﬁentary data
lines are amplified to the high level (VCC) and low
level (O V) by the sense amﬁlifiers SA of ihe corresponding

25 columns.



15 held the high level. In the reading operation, the potentials of the

sel ected conplenentary data lines are anplified to the high |evel (Vcc) .and
kow l evel (O V) by the sense anplifier SA and the potentials of-the common
conpl enmentary daaa 20 lines are simlarly anplified to the higﬁéggyel (Vcce)
'an |l ow I'evel (OV) by the main anplifier MA. Al so the potent of the
unsel ect-ed conpl enentary data |lines.agg anplified to the high level (Vcc)
and low level (OV) by the sense anplifiers SA of the correspondi ng 25

col ums. - 27 - By way of exanple, as indicated by the solid lines in
waveform G of Figure 3, the selected data.line D and conmon data |ine CD

are respectivel y Bynmaiyf iodfd elxanipgle ,hiah Immiidated By whd hso Bedskimedl id i er
SA and main anplifier 5 MA, while the selected data |ine D and conmon data
line CD ar e¥aesfipam iG/ sy Bigind id the thelé¢oved cdata (KNG Dyan dec sremse
anplifier and main anplifier. In addition, as indicated by dotted lines in
wavef orm G cfathi dine €D wire wesglesdiioelohamplified dplrehigly data |ines
is anplified to_10 the high level [err], and the renai.ni ng conpl enentary
data |ine tdeved (Jgclebdl the Vense aplidiar afpland sainmampb EiRT al s  of

the data Jines set _at .the hi.gh | evel or Jow level in this nner. are
transmt ted My ¥ ile the sef%cted data line D and common Jgkaeilne

CD are respecfively amplified to the low level (0 V) by the
sense amplifier and main amplifier. In addition, as indicated
kj - by dotted lines in waveform G of Figure 3, the unselected
| one of the complementary data lines is amplified to
10 the high level (VCC), and the'remaining complementary
data . line to the low level (O V) by the sense amplifier.
The potentials of the data lines set at the high
level or low level in this manner are transmitted to
the MOS capacitor of the memory cell in the refresh
15 operation described above.
- Also in the writing operation, in accordance with
data to be written, the potentials of the common data
lines and the data lines are respectively set at the
“high level (VCC) or low level (O V) by the data input
20 buffer DI3 and sense amplifier SA. By way of example,
in accordance with the data to be written, the-potentials
of the common data line CD and data line D are brought.
to the high level <VCC)' and those of the common data
line CD and data line D to the low level (O V).

25 In this manner, in any operétion, the potentials



the MOS capacitor of the nmenory cell in the refresh 15 operation descri bed

above. #plNso in the witing operation, in accordance with data to be
witt ( he potentials of the conmon data |lines and the data |lines are
respectively set at the high level (Vcc) or lowlevel (OV) by the data

I nput 20 buffer DIB and sense anplifier SA. By way of exanple,

accordance with the data to be witten, the potentials of the comon data

line CD and data line D are brought to rhé8 high | evel (Vcc), and

the comon data line CDand data line Dto the | ow | evel

(OV).

n

t hose of
25 In

data |ines

t hi t otenti al
D, D are 1 el AAPA Jnes e 1 E&FF%‘%%:?‘ Fkes B, A Aterde (

OV), and

2t the hi iR Lﬁ%'e?vﬁfé')cci}e o L, £V @em o 2ofcah e EBE BoERET L
cor espondi g 5 e (N0 ] i 15 S5 T SBORKL ek eblt kY | e

are stored e respectlve capacCl tances O

Ll kew se. ChaEges «Hy WSROV | &L TP &gtwew,efn@otwse 10bor

toothe low |l evel are stodre

in the & spectlve capacl tances o

onnnn

o

data |ings k}addedndoePesPiidify ﬂ&mihéfﬁaémalgﬁélcaﬁﬁeﬁﬁeaél&BrEstB%dlng
high level [err] level) are stored in the.capacitance of one data |ine

(common dat ad ithe) lowhd eMedr e o e ainli tige t Pespective capacitances of

the data lines D and D.  Likewise, charges corresponding to

the high level and those corresponding to the low level are

stored in the respective capacitances of the common data lines

10 ¢cp and TD. That is, when the charges corresponding to the.

high 1level (V

cc level) are stored in the capacitance'of one

data line (common data lihe), the charges corresponding to

the low level (O V level) are stored in the capacitance of

| .the other data line {(common data line).
15

of the data lines D, D and common data lines CD, CD

The charges stored in the respective capacitances

in this manner are used for the precharge of the data

lines D, D and the precharge of the common data lines

CD, CD as described above. That is, the charges are

.20 used for precharging the data lines and common data

lines in the next operation.

In the case of writing logic m1"

into the memory cell coupled to one data line D of the

complementary data lines, charges corresponding to, e.gq.,



the low level (OV level) are stored in the capacitance of the other data
line (common data line). 15 The charges stored in the respective .
capaci tances of the data lines D, D and commobn data lines CD, CDin IS
manner are used for the precharge of the data lines D, D and the pz?%é%rge
of” the comon data |ines CD, CD as ‘described above. That is, the ges
ar¥’ 20 used for precharging the data 29 nes and common data lines in the
next operation. In the case of witing logic "1" into the nenory cel
coupled to.one data line D of the conplenentary data |ines, charges
correspondi;g to, e.g., -29 - the supply voltage Vcc are stored in the
st orage capaddiet SUPPRYt Nelheser Yogelre storeshtinadihe istanage savragitor
simlarly witing logic "1" _into_the nmenory Cﬁ|l coupl ed tg tgeigthgr dat a
line D, chaP§e§h80FP€§63n8Pﬁg-toléaFPﬁtQaﬁﬁbe i ke (9235 OF THRMEFFtlitry

t din.th : (N ddi ti ' he.. f It | ogi
"0 into thEHRDE, BB Edliphator sPEnBeRARY IGeId GOURRED IS B copond ng
t th - ti t ' it of th
onory cel 1 Ohe" B%Hhatnsl B 1hndFEehl Boigeehondlay YL ERR T 0T Ll

CoVPLed 12, PPISBESE YoLm! bteiR EHECISt R lap £ 4 ity
cell., In addition, in the case of writing logic "O" into
the memory cell coupled to one data line D, chargés

U corresponding to .eﬁrth. potential (O V) are stored
in the storage capacitor of the memory cell, and in the case
10 of writing logic "QO® into the ﬁemory cell coupled to
the other data line D, charges corresponding to the
sppply voltage VCC are stcfed-in tne stcrage capacitor
of the memory cell. As illustrated,
" when the potential of the I/0 terminal is at
15 the high level (logic "1"), the data input buffer DIB
brings the common data line CD to the high level (Vgq)
and the ccmmon data line CD to the low level (O V)
Conversely, when the potential of the
I/0 terminal is at the low level (logic "O"), the datza
20 ‘input buffer DIB brings the common data iine CD.tb the
low level (O V) and the common data line CD to the high
level (Vg.). The : '
main amplifier MA amplifies.the_level of one common
data line CD and then'transmits it to the node CDI of
25 the output buffer DCB, and it amplifies the level of.



of the_nenory cell. As illustrated, when the potential of the I/0O
termggaw Is at 15 the high level (logic "1"), the data input buffer DB
e

bri he conmon data line CD to the high level (Vcc) and the ccrmobn data -
l'i.n Jto the low level (0 V) Conversely, when the potential of :the 1/0
termnal is at the lowlevel (logic "0"), the data 20 input buffer DIB QJ
brings the common data line CD to the Lowgl evel (0 V) and the common data
line CDto the high level [err] The main anplifier MA anplifies the

level of one common data line CD and then transmts it to the node CD of

25 the output buffer DCB,and it anplifies the |evel of. -30- the other
conmon dat théi oth€P conmbhedataadinmet §Di &inklo thiem dirfzawsmricde i@D of the .

out put buffer DCB. The output_buffer DOB is arranged so that when the |evel
of the nodtoCtheisthepheods CDRanft hbel ousipusf vfferoEBIDI, it supplies an
out put signal of high |evel Io ic "1") to the term nal I/O whereas when
the | evel Pet%%thbgebﬁffers PBméF Fﬁﬁﬁnﬁﬁé sevéhadf the node CDI,

supel o5 an, ot pu Lgns g1 o LoveL (1 0g 6. L1 Co Che corminal 1 g
fron1th§ ngﬁgna éiiégél ofagﬁe Bglleﬁ-toit ‘supplies an output

signal of high level (logic "1") to the terminal I/0,
whereas when the level of the node CDI is lower than
the level of the node CDI, it supplies an output signal o/
"of low level (logic "0") to the terminal I/0.

10 | According to this arrangement, the ccmplementary
" signals delivered from the main amplifier MA are supplied to
the data 'ohtpu_t buf‘f‘ef DOB.. However, i:he arrangement shown in
Figure 2B, may well be replaced with an
arrangement'wherein only one of the complementary signals

15 delivered from the main amplifier MA is supplied to
the data output buffer DOB. In this case, the data
output buffer DOB can have, for example, an ar: angement
which compares a certain reference voltage (for example,
the logic threshold voltage of the DCB) and the level

.20 of the signal from the main amplifier MA and which suppliés
the I/O terminal with an output signal conformed to
the result of the comparison.

The timing generator circuit TG is so arranged

as to provide the precharge signal ¢b02’ timing signal

25 ¢Y’ main amplifier control signals ¢mal’-¢%a2



v

t he data out put buffer DOB. However, t-he arrangenent shown in Figure 2B,
may well be replaced with an arrangenent wherein only one of the — .
conpl enentary signals 15 delivered fromthe main anplifier MAis su I?%ﬁ '
to the data output buffer DOB. In this case, the data output buffer an
haye, for ‘exanpl e, an arrangenent wni ch conpares a certain reference
vol'tage (f.or exanple, the logic threshold voltage of the DOB) and the |evel
20 of the signal fromthe main anplifier -M&81ard which supplies the I/0O
termnal with an output signal conforned to the result of the conparison

The timng %q?q,‘rh%t Yaclis gg ’t EP‘BQ[ id%]]%o Ad ad'neg@%‘fafoeri OSC%{F%/i de thF5$re-charge

signal [err I mng sign 2 err]® main anp ol "BXgn 2 [err]

P 31 - on thndadier dlrigh¥ir Qidedd KPR SCIHON SN 4 ddedfL0R! N edge

trigger circuit [err] but also the detection sign rom fhe edge

trigger cirGighalefr] $rcactad e &Aool WO R PRI £s&c ségnal s.
Thus, it becones 5 ssible to successively read out daI%.anpllfled by the

sense anpl i fiomard nthadcalomn-Eratug adddess tdiggredismM-THesp peldbessnés gnal s
Ai +| - A are successively changed after supplying one set of row group
addr ess Si gmwissibder to- sticctessilvelpmead Gl tdeet aldmpliafidd bpatheut from
t he correspondi ng addresses. '
sense amplifiers in advance.
That is, when the column-group address signals
W | Aji1 - Aj are successively changed after supplying one
set of row-group address,signals'Ao - Ai fo the memory,
10 the data can be read out from the corresponding addresses.
The detection signals ¢EX and ¢EY may well be.caused to
correspond respectively tola row address strobe signal and a
column address strobe signal which are supplied to a memory
of the known address multiplexing system. Accordingly,
15 the logic'cqnstructioh of the timing generator circuit
for forming the various timing signals mentioned above
may well be similar to that of a timing generator circuit
in the known memory.
The above déscribed embodiment
20 is provided_with_a.substrate bias voltage generator
circuit VBB-G_in order to obtain a fast operation
of the memory.
Furthermore, the aone describeq embodiment is so

arranged that, with a view to reducing the power

25 consumption, the main amplifier MA is prevented



The detection signals [err] may well be caused to correspond respectively
to gt Oy address strobe signal and a colunmm address strobe signal which are
suppl{{ed to a nenory of the known address nultiplexing system Accordingly, ¢
15 t ogi c construction of the timng generator circuit for formng the
various tinmng signals mentioned above may well be sinilar to that of a QJ
timng generator circuit in the known messéry. The above descri bed i
enbodi ment 20 is provided with a substrate bias voltage generator circuit

VBB Gin order to obtain a fast operation of the menory. Furthernore, the
above descri bed enbodinment is so rrang&p t hat , a view to reducing the

power 25 cORSANBPPBALiRGeINEIRBANALI Tt IDE OF ﬁ&ﬁ%ﬂ -32- from .
enbodi ot LQ%E@%@@F@@Q fs%%'eﬁx 'r&tf'*?zt?ﬁg %Lﬁi}d%‘? fthe address
R e T LR T et R S T
el edspaetle Fﬁé‘;ﬂ#fﬁ'@‘%&?ﬁ?ﬂ'ﬁ%@% i ot
sinplifgedpe handled similarly to the conventional MOS static
type RAM, except that any timing signal to. be externally
supplied to the memory is dispensed with and that the
refresh dperation is reqﬁired, Accordingly, the external g)
timing control can be simplified.
10 As the constituent memory cell, it is possible
to use a memory cell of the type which is used in the
dynamic type RAM, for example, a memory cell of comparaﬁively
small occupying area which is constructed of a single
switching MOSFET and a single storagg capacitor as stated
15 before. In consequence, the operation control can be
assimilated to that of the static type RAM, and the memory
capacity can be rendered large. |
The précharge operation is such that one pair of
complementary data lines and common com lementary aaua
20 lines are merely short-circuited, in order to bring them
to the intermediate level (about Vg./2) below the Vg
level. This precharge operation can be executed at
high speed because the'magnitﬁde of the level change
can be rendered smaller than in the precharge of the

25 conventional dynamic type RAM in which data lines are



10 ~ As the constituent nmenory cell, it is possible to use a nenory cel

of the type which is used in the dynamc type RAM for exanple, a nenory -
cell of conparatively small occupying area which is constructed of a siégzg)

swi t chi ng MOSFET and a singl é storage capacitor as stated 15 before. In
consequence, the operation control can be assimlated to that of the static’
type RAM and the nmenmory capacity can e 32rmiler ed | arge. The precharge -
operation is such that one pair of conplenentary data |ines and comon

conpl ementary data 20 lines are nerely short-circuited, in order to bring
themto the inter dlat | ev :

bout b he V | . T
pr echar ge op‘é‘?%{rﬁ% "f:%n hame eY:l(J %gﬂ?ﬁ [ﬁc(r:]]hi%f)glgwb %gﬁgets\égpﬁﬁﬁﬁlﬁ?ﬁae of
the | I ﬁg%¥ h th h f the 25
'coﬁveﬁrﬁongl dynan1c type MII1%§F€H¥%%§%1 |%ég aeeprec_gggecﬁargeg up
f oV h = di
rom to {;E@[‘ferr] Sggg@e&h;o &c @}ggegi.ggﬁg Eggaﬁbgzéerrre I at e

| evel bel ow t eve .as stated aboVe prec

Sat'SfaCtOf'éﬁtié&écﬁéﬁf& Oﬁelﬁtfﬁﬁﬁ 8PN ¥PgPesNEvERt fhenVvehkagatkher eof
is set at the ordinary | oglc level [err] Thus., a satisfactory precharge

| evel can Deyd Dragdl.tHéroonNtifséet i dt titee C@ﬁ«h@érwBc@ﬁeg&egeuhevgaoa l'ines
tothe V level as.in the prior art, a high bootstrap ¥
Thus, a satisfactory precharge level can be formed. In

oontrast, in the case of precharging the data lines to

Wi the VCc level as in the prior aft, a high bootstrap
voltage above the VCC level needs to be aprlied to the

10 gate of a pfecharge MOSFET in order to sufficiently

raise the precharge level. As a result, the circuit becomes

complieated,.and the operation thereof beeomes slow due

to the complicated circuit. In the above described

embodiment, the precharge level is formed by the charge
15 dispersion of the complementary data lines, and hence,

no current is dissipated at the precharge. Therefcore,

the power consumption can be reduced.

Since the precharge level is the intermediate level

of about VCC/Z, the switching MCSFET in the memory cell
20 falls into the “on" state favorably in reading out data

from the memory cell even when its gate voltage (ﬂord

line potential).is the ordinary logic high level (Vo).

The switching MOSFET in the memory

cell turns "on" in an unsaturation reglon when its gate

25 voltage becomes at least ¥ Vee * Vipe As a result, all



vol t age above the Vcc |l evel needs to be applied to the 10 gate of a

pr rge MOSFET in order to sufficiently raise the precharge level. As a
resyiiz) the circuit becones conplicated, and the operation thereof becones
sl ue to the conplicated circuit. In the above described enbodi nent, the

precharge level is formed by the charge 15 dispersion of the conpledentary;J
data lines, and hence, no current is digshpaied at the precharge. h
Therefore, the power consunption can be reduced. Since the precharge |evel
is the internediate | evel of about Vcc/2, the switching MCSFET in the

menory cell 20 falls into the "on" state favorably in reading out data from

or i nary |SGRESRE o BOBIMES; PRBRRS 8 FAR hERRaRcRU Al Wik ) cel |
cast [orrthe REoLEPERH) PoLEREE 9b Rl Be AsOTh7 chE KERAERIRNTY O,
convent | onaY e e EBe BB e kP R B el
reliabilityetfinPestpatiiete Pealized,NCe dumy nenory cells as in the
conventional dynam c type RAM are not provided, the above descri bed
enbodi mesit can sehtigedtbyCclefoslyzeellst Be parthef colnyetithonaierymanic
ﬁype-RAM.are not provided, the ébove described embodiment can
reduce the chip size by the part of.the dumny memory
cells and a part corresponding to a dummy word line
selector circuit. Further, since the read-out reférénce
10voltage't6 be referred to by the sense amplifier SA
is formed of the equal precharge leQels of the complemeatary
dsta lines D, D immediately before the read-out, it
follows up the fluctuation of the supply voltage Vog
Moreovef, the read-out reference voltage is, in
15 effect, freé frdm influence by the dispersion of elements

in the memory cells and such dummy memory cells. As

a result, the ope#ating margin of the circuit can be \rt

greaily enhancéd.
Furthermore, in the case where peripheral circuits including
20 the sense amplifier SA are constructed of CMQS circuits,
a reduced power consumpﬁion can be attained.
The sense amplifier.SA and the main
amplifier MA aré preferably cohstructed of CMOS
circuits. More specifically, when the sense amﬁlifier

25 SA and main amplifier MA are respectively constructed

$



cells and a part corresponding to a dummy word |ine selector circuit.
Further, since the read-out reference 10Ovoltage to be referred to by the

sense anplifier SAis forned of the equal precharge |evels of the Y
conplenmentary ‘data lines D, D imediately before the read-out, it fggéiﬁs-

up’the fluctuation of the supply voltage [err] Mreover, the read-o
ret®rence voltage is, in 15 effect, free frominfluence by the dispersion
of elements in the menory cells and such my nmenory cells. As a result,
the operating margin of the circuit can be greatly enhanced. Furthernore,
In the case where peripheral circuits including 20 the sense anplifier SA
are construcifcthd OFAIS cdirrcadiitiss wid ohe diree (c gmoves ed o UP¢ hamnean be
attained. The sense anplifier SA and the nain anplifier MA are preferably
const ruct ed MISKBEWES agid dricthsannddr MAIRETS ) ot |35 pdesibhe, sehtkoubplifier
25 SA and main anplifier MA are respectively constructed - 35 - of the
CMOS ci r cui trromMiiddlh garde SReRIGe ¢ igTc Ul o eumte| a9/CBFETee aneisboreaphecuit,
MOSFETs, it is possible, wthout provimlgié:g ecial circuit such as active
fC

restore circkft aRRG fyndiher potentialsh Pelewtptantntats data 5
17,0 B, Yhle UBPIoh YOS 34l o ke L) PRRET I O V) O the
potential (O V) of the circuitry respectively and also
to amplify the pbtentials of the common complementary
% data lines CD, Eﬁ to the supply voltagé (VCC) and
earth potential_(o V) of the circuitry resvectively.
10 Therefbre, the potehtial differencé betWeen the déta
lines D, D and that between the common data lines CD,
CD ét the reading operation, writihg operation or refresh
operation can be rendered great with a simple circuit,
so that malfunctions can be reduced. Cwing to the provision
15 of such sense amplifier, charges corresponding to the
supply voltage (VCC) and those corresponding to
earth potential (O V) can be stored in the respective'
pgrasitic capacitances of the data 1ines-D, D vefore
tHe precharge operation 1is started, so that the precharge
20 levels of the data lines D, D can be brought to about
vcc/a by the execution.of the prechafge operaticn. This
also applies ﬁo the comﬁon:complementary-data lines
cp, TP. | |
The address buffers X-ADB, Y-ADB, the edge trigger
25 circuitS'EGTX, EGTY-and the timing generator qirCuit TG



to anplify the potentials of the comon conplenentary data lines CD, CD to’
the supply voltage [err] and earth potential (O V) of the circuitry

res j vely. 10 Therefore, the potential difference between the data lines »
t hat between the common data |lines CD, CD at the reading

10N, witing operation or refresh operation can be rendered great
wth sinple circuit, so that mal functions can be reduced. OM ng to the
provi sion 15 of such sense anplifies,3gharges corresponding to the supply
vol tage (Vcc) and those corresponding to earth potential (O V) can be
stored in the respective parasitic capacitances of the data lines D, D
before the precharge operation is started, so that the precharge 20 | evels
of the dedesdtifeed RbYcBArHPMRNARLY ccamdtrustedr phystakiexecuti on of

t he precharge operation. This also applies to the conmon conpl ement ary-
~data |inestii® COrcuils ashirdsat buité cowtpupDBigNadBBmayhdeedgemedi gger 25
circuits. [err] and the timng generator circuit TG =~ - 36 - described
above are wireneven|theorrapactiwe oinpakt ftergpe ehpBBeLs so that the out put
signals may be forned whenever the respective input signals change. The
peripheral circuits of the sense anplifier 5 SA nmay alternatively be
constructed of MOSFETs ' : '

The peripheral circuits of the sense amplifier

5 SA, may alternatively be constructed of MOSFETs O
of either one channel type; P-channel MOSFETs or N-channel

MOSFETs in order to reduce the chip area. Fowever,

in the case of cqnstructing, e. E., fhé sensé amplifier

SA.out.of only the single-qhannel MCSFETs, it is necessary
10 to add a spééial circﬁit for normally keeping the potentials

of the respedtive data lines D, D at the high level (V¢c)

and the low level (O V). As the special circuit, it

is desirable to.uSe éhe so-called activé restore circuit

which is a kind of bootStrap circuit. _
15 Cne-éide-data lines in £he M-ARY may well be constfucted

as dummy déta liﬁes.. |

The respective cdmplémentary déta lines D, D may

have dummy cells ccupled.fhereto as_well; In this case,

the'circuit is S0 arrahged that when the memory cell
20.coupléd to one complementary data line i3 selected, the

dumny éell cocupled to the cther compiementary data line

is selected. Thus, the potential change of the wérd

line is transmitted to thé one data line through the



of either one channel type; P-channel MOSFETs or N channel MOSFETs in order
to reduce the chip area. However, in the case of constructing, e. g., the
sense anplifier SA out of only the single-channel MOSFETs, it is necessar
10 to add a special circuit for normally keeping the potentials of the /Cgi
rggpective data lines D, D at the hi level (Vcc) and the | ow | evel (

As=t he special circuit, it is desirable to use the so-called active restore
circuit which is a kind of bootstrap circuit. 15 Cne-side data |ines
in the MARY may well be constructed as dummy data |ines. The respective
conplenmentary data lines D, D may have dummy cells coupled thereto as well.

In this caseyndéwimed mapad Stacars fingtesl $btchden MGSFBENBrYythel | 20
coupl ed to one conplenentary data line is selected, the dunmy cell coupled
t 0 the ot herseleyiedromdmony dee bl | | tiee i overlaptesipadhtisnceéhbepweent i al
change of the word line is transmtted to the one data line through the

- 37 - undesthecapaiectnedeiof thes WET amd WoSFETeoflataeclinkeet ed nenory
cell (the over|ap capacitance between the gate el ectrode of the FET and the
one data |irfileynt £he sare skire tihe pokenpbiaht¢hangnanfeacrordword 5

e Tor SN eo | Gt ST f Led L0, L0 OLRET (JAL R hREeE N ouan the
| data line through thé undesired capacitance of the switching
MOSFET of the selected dummy cell. In this respect, a
/ potential change_afforaed to a data line in response
to the potential changé of a word 1ihe is regarded as
10 noise. However, potential changes simultaneously afforded
to a pair of data lines ar? regarded as inphase noise.
The sense aﬁplifier,is, in effect, insensitive to the
inphase noise. Accordingly, the malfunctions of the
circuit can be further reduced in spite of the undesired
15 potential changes afforded to the pair of complementary
data lines.
As the edge trigger circuit, it is also possible
to employ an OR or AND gate which receives the complementary
address signals ag Ea and whose logic threshold voltage
20 is biased to the high level or low level side.
The edge trigger circuit may well be one with which
a plurality of bit data'aré.read/written in parallel.
Further, the peripheral circuits can.édopt various
aspects of performance.

25 In addition, redundant memory arrays fcr saving



MOSFET of the selected dummy cell. In this respect, a pdtential change
afforded to a data line in response to the potential change of a word |ine
is regarded as 10 noise. -However, potential changes S|nultaneously afforded =

to a N of data.lines are regarded as inphase noise. The sense anplifier
is, ﬁje fect, insensitive to the inphase noise. Accordingly, the ) &;
mal f yhcyions of the circuit can be furthar reduced in spite of the '

undesited 15 potential changes afforded to the pair of conplenentary data
lines. As the edge trig ger circuit, it is also possible to enploy an OR or
AND gat e whi cRefeebivesbifs éBHpPeﬁEﬁtt&r"‘}néd&rié@é‘% P P9 AM9Vigdad whose

| ogi ¢ threshol d vol t age: s bi ased g %R ¥F| or |ow level side.
The edge trigger circuifY ﬁﬁbeﬁEPFebet ﬁeaWHPﬁ’ FEF M ISR P& bit data
are read/ wittg p I Further t he peripheral circuits can adopt
vari ous aspec?ggefge ?Pgihgﬁ I n addi tion, redundant nenory
arrays for saving .38 - defectlve bits and a smntchlng circuit may be
provi ded. FurthernDre, t he auto- refresh functi on may mell be incl uded.



- 39 - CLAI M5, 1. A sem conduct or menory_l uding: (a) a plurality
{\!\‘g ‘ whi ch receives fir
S

of dynam c nenory cells; (b) a first %m!‘
address signal s, - and which selects 4 'urality of dynam c
menory cells specified by the first address signals, dnd the tine of

operation-of which is controlled by a firsjgtinmng signal; (c) .a plurality
oﬁﬁbairs of data |lines connected to said dynam c nenory cells so that each
pair of data 1@ilairm@s is respectively provided with a potential difference
i n accordance with the data read out froma selected dynam c nenory cell;

(d) a plurality,of senseaagenildotiductszh mdmody cihdBsdingai r of input and
output termnals that are 15 coupled to a corresponding pair of data |lines,
t he respective sense anpl{ia)i ar plluanalngyt e rdymemiiat imsmorynteblsed by
second timng signals; {e) a first precharge circuit which is coupled to
said plurality of pairs dblda £ilnsteselettprercirenish wiich recgivedar ge
-said data lines at a potential: inter- nmediate between binary signal |evels
to be stored i £igphaftdressosianaliss andotviehralefth ene tef dsaidi ng
signal; (f)._a first _detector  cirqguit includiﬁ%.neans f%;ggnnected

0
recei ve sai @ fPleFaiddveof SYFIME mumory cells spec by the élrst

address signals, and the time of operation of which is
controlled by a first timihg signal;
CJ{ | (c) a blurality of pairs of data lines connecfed
to said dynamic memory cells.solthat each pair of data
10 lines is respectively provided with a potential difference
in accordance with the data read out froh a selected
dynamic memory cell;
(d) a plurality of sense amplifiers each of
which has a pair of input and output terminals that are
15.coup1ed to a corfespondihg pair of data lines, the
respective sense amplifiers having their operations
N . controlled by second timing signals; ‘
| (e) a first precharge circuit which is coupled
to said plurality of pairs of data lines and operates so
20 as to precharge said data lines at a potential inter-
mediate between binary signal level's to be stored in
dynamic memory.cells in accordance with a third
timing signal;
(f) a first detector circuit including means
25 connected to receive said first address signals for

- _ deteéting level Changes in the-fifst address signals; and



detecting | evel changes in the first addr B ﬁ“ nals and -40- (g) a

timng generator circuit connec nu““ “ e detectlon out puts of said
first detector circuit, and |nc generating said third ¥

“timpgrsignal for operatlng said ¥irst precharge 5 circuit, satd first
tim'ﬁg77 ignal for operating said first selector circuit after st oppi ng the&,
operation of said first precharge CIFGUWB -and said second timng signals

for operating said sense anplifiers. 2. A seni conduct or menory

according to claim 1, 128Wh§r%1§b%%b%éﬁ?¥gé%/é%2§é“1£ngghcell%&ﬁ rises a

MOSFET whose gate is us term nal’,” and d|ng
capaci tor whi o] e X menory -
according to %Fclﬁvg H\M%erggq:%cgglg preéﬁI rggbfmsr%lu‘litﬁ(%nprl ses FETs each

15 of* which SEQEE&EEVCHhhslhEQuagh@ﬁ%@§H¥'Ebﬂ“ﬁénéiaé%ﬁéiééiESthfk&eSponse
to the timng signal supplied from'said timng generator  circuit. 4.

A semi conduct @imiiREDEY gAGLOErN@pled atidigNshidEIfst SrechLrgd sense
amplifier conprises a 20 conplenmentary MOSFET circuit. 5. A
sen1conduatorc&taniy,asadddfdgstotahwngAszgnalrﬁnrlapéxnhrqg $$@da pai r of
common data |ines;
. first selector c1:cu1t after stopping the operation of
said first precharge éir;uit, and said second timing
signals for opefatiné said senée_amplifiers. , '
2. A sémiconductor meﬁory according to claim 1,
10 wherein said each dynamic memory cell comﬁfises a MOSFET
whose gate is used as a selecting terminal, and a
charge holding éapacitdr'which is coupled to said MOSFET.
3. A semlconductor memory accordlng to claim 2,
whereln sald precharge circuit comprises MOSFETs each
15 of which short-circuits the corresponding pair of data
| lines iﬁ response to the timing sighal supplied from
said timihg generator circuit..
4. A semiconductof'memor§ according to claim 3, 1
wherein said each sense amplifier comériseé a
20 compleﬁentary MOSFET circuit.
5. A semiconductor memory according to_claim 4,
further_including:
| .(h) é pair of common data lines;
(i) a second selector circuit which receives
25 sedond.address signals, in order to couple to said
common data lines the pair of daﬁa lineé Specified by

: Y
- the second address signals among said plurality of pairs



Zi) a second selector circuit mhich'receivé§?25 jecond address signals, in

order to couple to said conmon daL lmmms“‘m H! of data |ines specified
by the second address signals anp u‘

\ of pairs .- -41- at a
lines, and the tinme of operation of which is controlled by a fourth 'ng
signal ; (f) a second precharge circuit .wiijch is coupled to said cormon data
| i~rfes; 5 (k) a main anplifier which is coupled to said common

data lines, angft Bathi Tenek,0aadakthen t@meWVIEC bperadadtn A &thivh adifth
timng signal; and (1) a second detector circuit which detects changes of

t he second addeeatrsiigedl by a0fourth timingaisdgnali;ng generator circuit
recei ving outputs of said first and second detector circuits, in order to
generate said timng sigidlsaf second: prelchaggeperiatauwirt whiighysi ofcammiled
second selector circuit, said precharge circuits and said main anplifier.
15 6. ' kos &l 8oramawdr dataodygngscéording to claim5, wherein said

mai n anplifier conprises a conplenentary MOSFET circuit. 7. A
sem conducPor nenory accdKdi AgPgdncpEPHLEief whdich 4§ FuRlad ka sais

cirouit and Saldubl 892015880 Sh cRl He SH RIS 16k (it
is controlled by a fifth timing signal; and
(1) a second detector circuit which Qetedts
‘s changes of the second address signals;

10 - said timing generator circuit receiving 6utputs
of said first and second detector ci:cuits, in order to
generate said timing signals for controlling operation
timings of said second selector circuit, said precharge
circuits and said main amplifier. |

15 6. A semiconductor memory according to claim 5,
wherein said main amplifier comprises a complementary
MOSFET circuit.

7. A semiconductor memdry aécording to claim 3,
A wherein said first detector circuit and said timing
| 20 generator circuit comprise static type complementary
MOSFET circuité, |
8. A semiconductor memory according to claim 3,.
wherein said each sense amplifier comp:ises a static'type
complementary MOSFET latch circuit, a first switching
25 MOSFET which is interposed between one power feed

terminal of said latch circuit and a power source

terminal, and a second switching MOSFET which is



MOSFET circuits. 8. A seni conduct or rrem)r y_accordi ng to claim 3,
wherein said each sense anplifi _er mﬂlﬂm |c type conpl enentary

ok,

(13

MOSFETtatch circuit, a first sw vvh‘ich is interposed
bet v 50 e power feed terminal of' sdidtlatc scnrcwt and a power source
t er mny and a second swi tching MOSFET which is -42- interposed betweeQ,

Ing power feed term nal of satdd2atch circuit and another power
source termnal. 9. A sem conduct or menory constructed and arranged
to operate syhsbapbisald berwdtal A rkéimmfdp&:&theé&feéﬁmiﬁaﬁo gnd as
illustrated in the acconpanying draw ngs.

said latch circuit and another power source terminal.

-

9. A semiconductor memory constructed and
arranged to operate substantially as herein described
5 with reference to and as illustrated in the

accompanying drawings.
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