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seni C
" for

conduct or

dynam ¢ RAM (randon1access nmenory)
counter circuiit for 5 automatic refresh, for exanple. v%en a figure is

"A SEM CONDUCTOR MEMORY". This invention relates to a

menory, and to a technique which is effective when utilized
i ncorporating therein an addres

di spl ayed on a CRT (cathode ray tube), data in the form of %5{93}8

| ogic "1"

I n accordance with dots constituting the figure is
advance into nmenory. The figure is 10 =-dilspl ayed by sequentially readlng
out the data witten into the menory in synchronismwth the CRT raster
scan tinmng. Wen a dynamic RAMis used as a refresh nenory for displaying

such a figure (or character), édﬁﬁ@§§Q§Q$ﬁ$QBlMﬁﬂOHﬁasequentlally 15
generated froman external control circuit such as a mcro-processor or the

l'i ke.

W have devel oped a sem conduct or

read-out operation in a phedetiavenfednsSeRURRES LWCh afenitnddddbt he
refresh 20 nenory descri bed above. As an exanple of the prior art

ref erences desmeinbrpg Bhddebail teléndyuarivhildhVi sTRiftfict ioah weenmade of

Japanese Pat ent Lai d- Open No. 82282/1982.
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utilized for a dynamic RAM (random access memory)

incorporating therein an address counter circuit for

automatic refresh, for example.

When a figure is displayed on a CRT (cathode
ray tube), data in the form of logic "0" and logic “1‘
in accordance with dots constituting the figure is

written in advance into memory. The figure is

- displayed by sequentially reading out the data

written into the memory in sthhronism with the

CRT raster scan timing. When a dynamic RAM is used

as a refresh memory for displaying such a figure

(or character), address signals must be sequentially
generated from an external control circuit such as
a micro-processor or the like.

We have developed a semiconauctor memory
which can easily effect a fead;out operation in a
predetermined seéuehéé such as that with the refresh
memory described above. As an example of the prior
art references describing in detail'thé dynamic RAM,
mehtion éan be made of Japanese Patent Laid-Open

No. 82282/1982,

menory which can easily effect a

®
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-2- It is an object of the present invention to provide a sem conductor

menory capabl e of effecting easily the read-out operation in a TN
fregdet erm ned sequence. According to a first aspect of the present P
_ntion there is provided a sen conductor nmenory i‘ncluding: (a) Sl a
pedory array having a plurality of merfory cells; (b) ) first nmeans for
generating timng signals in a tine series manner without the need of

recei ving external clock signals; (c) an address counter coupled to

~said first nmeans, saig.,aqdr %%so%g’télq.]t rofé %I ug)a‘?as an.s for%%ener at- ing
rom

address data de5|gnat|ng menor Tn response to

the timing eb0B2bvakiesdl dehhicondieAlT mihbryillca pable Secon%éetxs coupl ed

to said nmenory array and to an externa Sal S

i ncl udi ng n@aBs1{0theekedld-vult! dpeHaltliond idat? piy rr@qmry cells
designated by said address counter to said external tern1na According to

a second asgeqﬁeﬁtethe present invention there is provided a sem conduct or
menory
According to a first aspect of the present

invention there is prov1ded a semﬂconductor memory

including:

(a) a memory ariay having a piurality of memory

cells;

(b) first meens for generating timing signals in

a time series manner without the need.of receiving

external clock signals; | -

(c) an address counter coupled to said first

meens, said address counter including means for generat-

ing address data designating memory cells from said

memory array in response.to the timing signailof said

first means; and

(a) second means coupled to said memory array Nt

and to an external_terminal,_said secend means

including means for serially transmitting data stored

in memory cells designated by said address eounter

to said external terminal. |
According to a second aspect of the present

invention there is provided a semiconductor memory

including: | |

(a) a memory array including a plﬁrality of

memory cells arranged in rows and columns:



i ncluding: (a) a nmenory array including a plurality of nmenory cells

artanged in rows and col ums; (b) first means for generating -
tirmuag signals in a tine series nmanner w thout the need of receiving @
external clock signals; (c) - arnrladdress counter coupled to said firg

means, said address counter includi ngZ/neans for generating address signals
designating a nenory cell row fromsaid nenory array in response to the

timng signal gf said fE%%Et”ﬁ%@%gd?%é%%%eﬁ&ﬁrﬁWi lél‘%ﬂﬁi ¥ e

- sequentially designated by sal counter accordanc

tinmng signal;of;sai debiks! mIRARY WAMKA) the neEPNAdEANS fpuUpl ed to
said nenory array and to an-external termnal, said second neans incl uding

means for seréatbynkiap3bek! signdalsy stored in the menory cell row
desi gnated by said address counter to said external termnal. Accordi ng

to a third aspert of thanpaddeeiss Rorikitedn ddigyled s 4 @dBFiarst
sem conduct or nenory o
means, said address counter including means for
-generating address signals designating a hemory cell
roﬁ from said memory array in response to the timing
signal of said first means, so that said memory cell
s ' rows are segquentially designated by said address
counter in accordance with thg timing signal of said
. first means; and
(a) second means coupled to said memory array
and_to an external terminal, said second means
including means for serially transmitting data stored

in the memory cell row designated by said address

counter to said external terminal.



I'ncl udi ng:
arranged i

(a) a nenory array having a plurality of nmenory cells

n rows and col umms; (b) first nmeans for generating timng .

SN

recei vi ng external

"

ock signals; (c) an address counter coupled to said first neans,

(égignals in a tine series manner w thout the need of
ai d address counter

buffer circuit providing internal

I ncl udi ng nmeans: for generating address signals in
response to the timng signal of bd first nmeans; (d) an address
address signals in response to external

address signals; (e) Accordindgiutdipl ebrdcaspéet bt vhRenpsaksdngenory array

and said address buffer and between said nenory array and said address
counter; (fipventiorcdrhexs ieapeovideéddk ngembcdsdictoromnemokyi ng sai d
mul tiplexor to select either the internal
address bufifeludinddt or the address signals generated by said address
counter; ( ( :
sai d nul tipledxor, said BRRABELTRRAOLRAVIRG | JdPHarabdhE PErMEBPEFti ng a

menory cel

sel ect ed b¥eddisy FAARTIEA ;T

menory aer%)and

address signals generated by said

) an address- decoder coupl ed between said nenory array and

col

umngecond neans coupled to said

| row from sai g nenor qéégy-in response to the address signals’

first means for generating timing signals in
a time series manner without the need of receiving
external clock signals;

(c) an address_counter coupled to said first
means, said address counter'inCIQding meahs for
generating address signals in response to the tiﬁing
signal of said first ﬁeans;

(d) an address buffer circuit providing internal
address éignals in response to external address
signals; | |

(e) oa multiplexor coupled between said memory
array and said.address buffer and between said mernory
array and said address counter;

(£) control means including means for controlling
said multiplexor to select either the internal address
signals generated by said address buffer circuit or
the address signals generated by said address counter;
(g) an address.deCOder coupled between said
memory array and said multiplexor, said address
decoder including means for selecting a memory cell
row from said memory array in résponse to the address
signals selected by said multiplexor; and

(h) second means coupled to said memory array and
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to an external termnal, said second neans including neans for serially
trapsmtting data stored in a nenory cell row selected by the address o
si gnat’s whi ch sai d address count €r d§ﬁerates to said external termnal i ‘i
series. The preesent invention will now be described in greater detail‘g,
way of exanple with reference to the acconpanyi ng draw ngs, wherein:- '
Figure 1 is a block diagram showi ng a preferred enbodi nent of a

sem conduct or ¢ ex trdid e te i rie MAVES Dd ne sk vgd ame aviié Chn€xpd dhgs t he
operation of the circuit showmn in Figure 1 ; Figure 3 is a circuit diagram
of a sense anmpleanserfoandGer iAMDY VtransyitHinyréatda i steredrinia di agram of a
shift register and a colum switch circuit; Figure 5is a circuit diagram
of a CMOS i nvewerory cell row selected by the address signals which :

said address counter generates to said external

terminal in series.

o/



Figure 6 is a circuit diagramof a CMOS cl ocked inverter; Figure 7 is a
circuit diagramof a data output buffer circuit; 5 Figure 8 is a
bl ock diagram of an automatic refresh circuit; and Figure 9 is a circuit s
di agram of an alternative enbodi nent of an automatic refresh circuit. -10
e grring to Figure 1, each circui} block encircled by dotted lines is
iv ed on one sem conduct or substrépe such as single crystal silicon,
t¥ough not limted to this construction, by known MOS integrated circuit
“production 15 techni ques. N-channel insulated gate field effect transistors
(hereinafter referredrf® gfesMPBrERSehtEBASKLTY! hBG Bl GusicifiLh will be
described later are forned on a P-type sem conductor substrate, and
P-channel NfSRHsaese doraet BY @ayaBeNek¥np1vell thedeFaddile is in turn
formed on the surface of t he sem conductor substrate. Thus, the sem con-
duct or subsig aike cFcémpatigsing €oaWRAgs,behegkengate of the N-channel
MOSFETs, while the N-type

Figure 1 is a block diagram showing a

preferred embodiment of a semiconductor memory;
Figure 2 is a waveform diagram which

explains the operation of the circuit shown in Figure

2

1; | - ' W,

Figure 3 is a circuit diagram of a sense
amplifier and a memory array;
| Figure 4 is a circuit diagram of a shift
register and a column switch circuit;

Figure 5 is a circuit diagram of a CMOS

inverter;
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well region forns the conmon substrate gate of 5

t he P-channel

NCSEEIS' Though not |limted to this arrangenent, the substrate gate of the

N-‘chehnel MOSFETs is.kept at a negative potential, and that of the ~

P-channel MOSFETs, at a power source voltage Vcc |level of the circuit. 10 62)
and

Termnals I/Q_ AO - Al7; [err], Vcc and Vss Jare external term nals,
power is supplied froma suitabl e external~power source,

not shown,

to the

termnals Vcc and Vss. As will becone apparent fromthe follow ng 15
he sem conductor nenpry of this enbodi nent constitutes a
pseudo static nenory, thdufiPihe dohst retfFeht i diagram aft adCMESt hi s

descri ption,

t

configuration.

menory cell.

change detection circui _tsF.f or ede.} ecd iQ%fpgﬂgfi (g%ggggxlrrﬁe% g: aaglﬁs ’

T

ﬁgacg qfﬁDreé¥2J.ln this menory is formed by a dynam c type

* conductar’ nenory includes address

timng generation circuit ﬁ%ﬁrgene-.ratlng \%

S
receiving the j ‘ the detection circuits. Thus, 25
Shal ety

access can be

address si ggal s al one. | e & L s (4o 5§00k 25 ARY HEPRASEDStic

b/

e sem conductor nenory - al so by changing

refresh circuit; and

Figure 9 is a circuit diagram of an

“alternative embodiment of an automatic refresh
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circuit.

Referring to Figure 1, each circuit
block encircled by dotted lines is formed on one
Semiconductor substrate such as single crystal
silicon, though nqt limiteé@ to this construction,
by known MOS integrated circuit production
techniques. N-channel insulated gate field effect
transistors (hereinafter referred to as "MOSFETs")
constituting circuits which will be described
later are formed on a P-type semiconductor
substrate, and P-channel MOSFETs are formed
on an N-type well region that is in turn

formed on the surface of

si gnal
and a
pon

t he



meqpry array; the famliar 1-MOS nenory cells consisting of a nenory

' C itor and an address 5 sel ecti on MOSFET are arranged in a
Though not limted to this configuration, the menory cell has a i
f bit line construction in which its input/output node is,connected to

are disposed in parallel with each other. XJhe synbol PC represents a data

| ine precharge circuit. Though not Iimted to this nethod, the precharge
operation of the nmenory array of this enbodiment i's executed by nerely
short-circui tthg &émiconducthe pabstofateonpThnwent athe dsmidonres by a MOSFET
This also holds true of the comon conpl enentary data |lines-which will be
di scussed | at @uctornsuhesratst seastitvdas & ieampen aulistratech -
conplenentary data line/is egual to an _internediate |evel of 20

about Vcc/ 2. 9FhesOfr FhRgNmEhanRele YOSFETSysivhiid e Fhadinte’Rhe | evel change

in conparison with the case where each conplenentary data |Iine is charged
up fromoO volve%g FﬁngBC§PEW§|Figiﬁa?qﬂﬁaﬁ -rak tqgk?xﬁébe sufficiently

gy e et racep s R S M 5L

arrangement, the substrate gate of the N-channel -

either one of a pair of conplenentary daggglines D and [err] that 10

MOSFETs is kept at a negative potential, and that
of the P-channel MOSFETs, at a power source voltage
vcc level of the circuit.

10 Terminals I/0, A0 - Al7, WE, CS, OE, §f§§,
Vecc and Vss are external terminals, and power is
supplied from a suitable external power source,
not shown, to the terminals Vec ahd Vss.

As will become apparent from the following

15 description, the semiconductor memory of this
enmbodiment cohstitutes a pseudo static memory,
though the construction is not limited to this
configuration. Each memory cell in this memory
is formeé by a évnamic type memory cell. The semi-

20 conductor memory includes address signal-éhange
detection circuits for detecting change of address
signals, and & timing generation circuit for.gene-
rating various timing signals upon receiving the
detection output of the detection circuits. Thus,

25 access can be made to the semiconductor memory



MOSFET, the tinme required for the precharge operation can be reduced and
nmogeover, with the [ ower power consunption. Since the precharge level is
sel¥o the inter- 5 medi ate | evel of about Vcc/2 as described abqye
the swi tching MOSFET of thée nenory cell can be sufficiently changed in thg
ungaturated state even . when its gate voltage (word |ine section voltage\d$
at 'the ordinary logic level (Vcc) at the tine 10 of read-out of the
menory cell. Therefore, the whole char of the data storage capacitor can
be read out without using a bootstrap wdlltage. The precharge | evel of one

- of the data |ing3shobyWehahdlihg THPMEds Isigiih S&iiied 1s used as a

read- 15 : out ré&ference voltage. his elimnates the neces- sity of

a dummy cell for gengnatigere uqawtsyngiﬁrmw%l\%g@(%enw Synmbol SA

represents a sense anplifier, which consists of a conpl ementary MOS)

latch 20 - = membeyi ariragl;udiheg famddiiarofl MDE mendiE tddIFFETs consi sting
of P- and N-channel MOSFETs | ocated across the power source vol tage Vcc and

earth potential cdasistiniye ofi ac wiemonye SapEditdyy .and tan paidreds i nput /

out put nodes are connected to the conpl enentary 25 data lines D

and [ebr], respseflliecdlipn MASFIER egep@drsmnged *in a matrix. - Though
not limited'to this configuration, the memory'cel;
has a folded bit line const:uction ih which its

kj input/output node is connected to either one of
a pair of complementary data lines D and D that
10 -are disposed in parallel with each other.

" The symbol'PC représents a data line precharge
circuit. Though not limited to this method, the
precharge operation of the memory array of this
embodiment is executed by merely short-circuiting-

15 the pair of complementafy data lines by a MOSFET
This also holds true of the common complementary
‘ data linesz;hich will be discussed later. 1In this
instance, the precharge level of each complementary
Gata line/is equal to an intermediate level of
20 about Vec/2. This arrangement makes it possible
" to reduce the level change in comparison with the
case where each complementary data line is charged
-~ up from 0 volt to the Vecc level. Since the tran-
| sigtor can be sufficiently turned on under the -

25 unsaturated state even by the use of an ordinary



[err] the power switch MOSFETs. Here, both of non-inversion timng pul se
. ra«] and inversion timng pulse [err] are represented by [err]. The pair -
é;gj power switch MOSFETs are turned on inmediately 5 . before . N
fecharge, so that the conplenentary data lines D and D keep t-he Vcc and
¥ss levels in the floating state, respectively. The synbol C SWrepresents
a colum sw tch, which connects the c | ementary data |ine selected 10
i n accordance with a colum selectiom?gggnal to the common conpl enent ary
data lines (represented by one line) CD, [err]. The synbol R-ADB represents
a row addr essldgiéelevehi ¢iicepceaisy eheciatienaloladliee o U Bredtarge
through the external termnals AO - A8 and gener- ates interna
conpl enent ar YOSFETos he dnkne EERViIEEAafigr|[ Ehe] prepbarpe ppetied ifom [can ng
description and drawi ngs, a pair of internal_ conplenmentary address signals
such as aO ak& EQQHCQé%anNFQEER%%éntEHtBytEB lower ppWeT| gEaSHAPtion.
conpl enentary address signal aO. Therefore, the internal conplenentary
address signals a0Singe ghé pEeFhargeedeved lis fet & ddwntigters t he
i nternal conplenentary address signals aO - a8. 25 The synbo
C- AIB represéﬁ%@iétéoiﬂﬁﬁlaegré??ut Vcc/2 as described above,

the switching MOSFET of the memory cell can be .

sufficiently changed in the unsaturated state even

when its gate voltage (word line section voltage) &)
is at the ordinary logic level (Vcc) at the time

10 of read-out of the memory cell. Therefore, the
whole charge of the.data storage capacitor can be
read out without using é bootstrap voltage. The
precharge level of one of the data lines for which
the memory cell is not selected is used as a read-

15 out reference voltage.' This eliminates the neces-
sity of a dummy cell for generating a read-out
reference voltage.

The symbol SA represents a sense amplifier,
which consists of.a CMOS (complementary MOS) latch
20 circuit including a pair of power switch MOSFETs
consisting of P- and N-channel MOSFETs located across
the power source voltage Vcc and earth potential
Vss of the circuit, respectively. TIts pair of ihput/
output nodes are connected to the complementary

25 data lines D and D, respectively. 2 timing pulse



buffer, which recei ves external address signals through external termnals
A% - ,Al4, and generates internal conplenentary address signals a9 - al4 and

[ehL{ [err]. In the follow ng description and draw ngs, 5 t he
internal conplenentary address signals a9 - al4 and [err] - [err] will
represented, as simlar, as the timng pul ses, by internal conpl enenta
address signals a9--- al4. The synbol | R-DCR represents a row address

decoder, which receives the internal npl enmentary 10 addr ess
signals aO - a8 through the multiplexor MPX which will be discussed |ater,
and generates @Ra qonireks cehe cpoweyn8yViteh NPARETSThi Hewen dbpithe
selection signal_is transn1tted to MARY |n synchronismwith a word |ine

sel ection tiMlﬂfiﬂPn' nversign tining) Puipe ??ﬁbﬁpdwﬁpyéﬁFégénts a main
SA descr bed alTERE tﬁ‘ﬁ’es r%%gé%%l%é?é?%%\“—sénﬁwoigaﬂ‘i Th& B4 bover
sutt o MOSTETS o2 bops, puf i PERS 609 cherkh EA"IRBRBERATY vl
L %é@%e?%ﬁ%“f‘%%ﬁ%ﬁér‘-é*éh%f EfpphepgAEaceragal e comon
MA. lines D and D keep the Vcc and Vss levels in the
floating state, respectively.
LQ The symbol CQSW represents a column switch,
which connects the complementary data line selected
10 - in accordance with a column selection signal to
| the common complementary data lines (représented
by one line) CD, CD.
The symbol R-ADB represents 2 row_éddress_
buffer, which receives éxternal address signals
15 through the external terminals A0 - A8 and gener-
ates internal complementary address signals a0 -
a8 and a0 - a8. In the fcllowing désé:iption and
drawings, a pair of internal camplemeniary address
.signals such as a0 and EO will be répresegted by
20 the intermal complementary:address signal a0. |
: Thexefore,_the_internal cbmplementary addre;s
signals a0 - a8 and a0 - 28 will be represented
‘as the intermal cpmplementary address signéls gp_-
. _ o :

25 The symbol C-ADE represents a column address



he synbol DOB represenfs a data output buffer, which delivers read-out

@

fromthe main anpli- fier MAto the external termnals 1/O by neans of

output timng pulse [err]. Since the output 5 timng pul se [ernrl -

is at the low level during the wite-in operation, this data output - buffer
iss brought into the inoperative (output high inpedance) state. The synbol
DI B represents a data input buffer, 10 whi ch delivers the wite-in
data fromthe external termnals I/Oto the common conpl enentary data |ines
by neans of the input timng pulse [err]. Since the input timng pul se
[err] is at 4hadew hayadn dbcddvébcek a8nQYt 2882L8L1 Rignhhks buffer 15

DB is inoperative in the sanme way as the data output baffer DOB. The
various tim Qe hlfiplextesrdl beshrmbaatsang gepeyat gabyesachtes the
following circuit blocks. 20 The synbol REG r epresents an

addr ess si gnalp &l siTénont sy cad@rebichigaseEvas +haladdress signals
ao -
the signal s, dr@ & 4 €l4on-Istthet follewing Geptrgptiont Ahd Afdwined, on.

25

5
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25

a8 (or [err] - [err]) and detects the change of the rise or fall of

Synbol CEG represents an address signal change
these internal complementary address signals a9 - al4 and.

a9 - alf will be represented, as similar as the timing

pulses, by internal complementary address signals a9-- ald.
The symbol R-DCR represents a row address !QJ

decoder, which receives the internal complementary

address signals'EO - a8 through the multiplexor

MPX which will be discussed later, and generates

word line selection signal for M-ARY. This word

line selection signal is transmitted to M=-ARY in

synchrénism with a word line selection timing

signal ¢x.
The symbol MA represents a main amplifier,

{

which has the same circuit consttuctioh as the
sense amplifier SA described already. The timing
pulse ¢gna controls its pair of power switch MOSFETs.
The timing signal ¢ma consists of mutually comple-
mentary signals ¢ma and gma. A precharge circuit
(not shown) which is'équivalent to the precharge
circuit PCl is located on the common complementary

dztz lines on the input sicde of this main amplifier

M.



detection-circuit, which receives address signals a9 - al4 (or [err] -
[eﬁLL%, and detects the change of the rise or fall of the signals, though
theNeircuit is not Iimted to this construction. 5 The address
signal change detection circuit REG consists of exclusive-OR circuit

recei ving address signals aO - a8 and their delay signals, respectiv éﬁq
and a logical sumcircuit receiving the qutput signals of the excl usiVe-or
circuits, 10 t hough t he. circuit!i not limted to this construc-
tiron. That is, an exclusive-OR circui ecei ving the address signal and

t he del ay signal of The sitbeds DOBgxaiprieseprtsyiaddd tiaorowdgmit duldffess, si gnal .
In this enbodi nent, nine exclusive-OR circuits are 15 provi ded, and
t he output si gndhdchf depdyersi ¥eadroutsidpd-aof vam diie sadre amplied to the

| ogical sumcircuit. Therefore, when any of the address signals aO - a8
change, the addf&8% M¥AgtQ toRagytegerdcitiedpiciadail/ Ry Rerates an

address signal 20 change detectio ulse [err], which is synchroni zed
with its change@?n?ﬁ&?ufhéla’gaﬂe@%egl’&fpechasrﬁtcedé‘tr@ctqq}??‘b? rcuit CEG has

the sae circuil,construqtion as the address, sl hangs, datection
write-in operation, this data output buffer is
brought into the inoperative (output high impedance)
Vo state. _
The symbol DiB.represents a data input buffer,
10 which delivers the write-in data from the externai
- terminals I/0 to the common complementary data
lines by means of the input timing pulse ¢&in.
.Since the input timing pulse ¢in is at the low
‘level during the read-out operation, this buffer
15 _ DIB is inoperative in the same way as the da£a
“output buffer DOB.
The various timing signals described above
aré generated by each of the following circuit
blocks. - _ _

20 -+ The symbol REG represents an address signal
change detection circuit which receives the add:ess
signals a0 - aB (or a0 - aB) and detects the change

-bf the rise or fall of the signals, though the con-
struction is not limited to this corfiguration.

25 : Symbol CEG represents an aédréss sicnal change



nd their delay signals, respec- tively, and a logical sumcircuit

é%ézzh of exclusive-OR circuits receiving the address signals a9 -
€iving the output signals of these exclusive-OR circuits. This address/ -

signal change detection circuit CEG 5 generates an address change.
detection pulse [err] which is synchronized with the change tim ng when any
of " the address signals a9 - al7 changes n the sane may as the address

si gnal change detection circuit REG desc d above. The
synbol TG represents a timng generation crrcurt mhrch generates principal
timng signal Getleseibhediabugad]ywhschhedosived & LEidfsides the
address signal change detection pulses O and [err the t1 mng generation

circuit TG reagiveald 16r a9 - aiMite andallled etit@NdheBhahgdlidr sel ection
signal [err] and an output enable signal [err] that are applied thereto,
and gener at estheseisesonf falki of phesedigniils,sthoalghMeke IR S a

mul tipl exor, which selectively transmts the internal conplenentary 20
addr ess S|gani% not - 1isitedetat Shilsy constaudtdon.buf f er R-ADB and the

i nternal conplenentary address signals aO - a8 generated by the automatic
refresh circuit FE?h%hﬁéﬂrﬁFFISbgnéés§hﬁbge Aetection cligcuit

REG consists of exclusiv@rOR circuits receiving
address signals a0 - a8 and their delay signals, -
respectively, and a ;ogical sum_circtit receiving QJ
the output signals of the exclusive-or circuits,
10 fhough fhe.circuit'is not limited to this éonstrue-
tion. That is, &an exclusive-OR ¢ircuit receiving
the address signalfgnd the delay signal of the
address signal/is;movided'for each address signal.
In this embodiment, nine exclusive-OR circuits are
15 provided, and'the outpuﬁ signals of these nine
~ exclusive~OR circuits are applied to the logical
sum circuit. Therefore, when any of the adéress
signals a0 - a8 change, the address signal change
detection circuit REG generztes an address signal
20 change detection pulse gr which is synchronized
with its change timing. -
The address signal change detection circuit
CEG has the same circuit construction as the address
signal change Getection circrit REG. It consists

25 of exclusive-OR circuits receiving the address



decoder R-DC, in accordance with a control signal 25
fr<Om.the-automatic refresh signal REF which w ||

be descr

(not shown)

| bed later. The .
syhbél V. Grepresents a substrate bias voltage generation circuit,
recei ves a posi- tive power source voltage and generates a negative
bi as voltage to be supplied to the substrate gates of -the N channel

M\ c h

MOSFETs. The synbol REF represents the Eg:onatic re- fresh circuit
descri bed above. As will be described ’ er, this circuit includes a
refresh address counter, 10 atinmer, and so forth, and is-actuated

when a re- fresignghal a®RESHaflroantheheirededbyt signadls ,f alelspeice- t he | ow

| evel . When the refresh signal RESH falls to the |ow | evel

during the high

| evel period oftivelyhi gndechetogdnaldi gnml cieculit trlecedwimgatthe refresh 15
circuit REF supplies to the multiplexor MPX a control signal [err] for

sel ecting the ioutpubl signadssofi ghese exciushiyveORr esrcyddst.er i ncor po-
rated therein, in response to the fall of the refresh signal '
| evel . Thus, tHEhistaddreps signal ghanger desestden cdrGdide&BG om t he
refresh address counter is agglied to the address signal cha

circuit REG and@¢Re¥akes ofPd

gxess change detection pulse

to the | ow

cge detection

which is synchronized with the change timing when

‘any of the address signals a% - a17 changes, in

{2 the same way as the address signal change detection

- circuit REG described above.

10 '~ The symbol TG represents a timing generation

‘circuit, which generates principal timing signals

described already as the typical examples. Besides

~the address signal change detection pulses ¢r and

¢c, the timing generation circuit TG receives a

15 write enable signal WE, a chip selection signal

CS and an output enable signal OE that are applied

thereto, and generates a series of timing pulses.

The symbol MPX represents a multipiexor, which

selectively transmits the intermal complenm

tary

20 address siganls a0 - a8 generated by the address

buffer R-ADB and the imternal complementary address

signals a0 - a8 generated by the automatic refresh

circuit REF which will be described later, to the

cecoder R~DC, in accordance with a control signal

25 (not shown) f£rom the automatic refresh signal REF



NCR t hrough the nultiplexor MPX. The address signal change detection
3 It REG produces the 25 detection pulse [err] when the internal
dr ess si gnal applied thereto changes. Upon receiving the detection ‘-
pul se O, the timng generation circuit TG produces ‘various timng signals.’
A plurality of nmenory cells connected to one word line fhat is 5

designated by the refresh address coynter are therefore refreshed. Wen the
refresh signal RESH is kept at the | *?Ievel, the refresh address counter
advances with a predetermned interval of time due to the 10 tinmer
operation. Wwhaekf wigdl tee deaforddeddatar.on (self-refresh) is carried out
continuously. This enbodi nent nmakes it possible to carry out a continuous
read- out oper at i ofThiey symibalz iy, therepdesantersubstrgteacoidsd |ine
selection.. 15 operation) of this automatic refresh circuit REF. The
nenory array VRlARge geaqratian Gincw khivhich xgeeivesratpeshtrch t he
read-out signals of the conplenentary data lines are applied in parallel.
The aut onmt i &ivef POSIRIiSQUEe M tade ARG (ARPSFAtLD (R Negatiys oscill ation

circuit which generates the %Pift cl.ock [erré for the shift register SR
desBri bed abbd@s voltage to be supplied 'to the substrate gate

]
&
o0

of the N-channel MOSFETSs.
The symbol REF represents the automatic re-
fresh circgit described above. A; will be described ;)
later, this circuit includes a refresh address counte;,
10 a timer, and so forth, and is actuated when a re-
fresh signal RESH from the external terminal falls
to the low.level. When the refresh signal RESH falls
to the low level during the high level period of the
chip selection sagnal CS, the automatic réfresh
15 circuit REF supplies to the multiplexor MPX a
control signal ¢gref for selecting the internal
address signals from the refresh counter incorpo-
rated thereirn, in response to the fall ol tne
refresh signal to the low level. Thus, the inter-
20 nal address signzl produced from the refresh
address counter is applied to the address signal
change detection circuit REG and to the row decoder
R-DCR through the multiplexor MPX. The address
signal change detection circuit RSG profuces the

25 detection pulse ¢r when the internal address signal



Next, the continuous read-out operation of this enbodinment will be
deﬁg%ibed with reference to the waveform di agram of Figure 2. 25

Wneni the chip selection signal [err], the output enabl e signal [err]
and the refresh signal [err] are changed to the low | evels as shown in
Figure 2A to C respectively, the address counter circuit provided in the(?ED
automatic refresh circuit REF is on é%ﬁeset, 5 and the nul tipl exo
MPX is set to the side of the autondti ¢ refresh circuit REF~In this

i nstance, the word line selection operation is carried out by the address
si gnal gener adpplbgdt hheadtoesbangest.er Uponc weceithiagsittyeal read out to
each com 10 - plenmentary data line is taken parallel into the shift
regi ster SR &ehectibn philse dper &heot inf nghgepleirat ioagicireni®R i s ef fect ed
by the shift clock [err] generated by the oscillation circuit described
above, 512-bi PGdpraducesovarioupstiming signadssi.al Ay pdaivialdtad t hr ough t he
data output buffer DOB. Wien this operation is conpleted, the built- in
timer circuitOfcHBPArEsCEALEdFRBECEERSE One) wosd di@eaddmadsdscount er

circuit, and éhe_addreas siggal i chgpggl to +1, thereby effecting the
next® wor d 20 9€SigRaFRRLXFEE: FEATEFE: SS ?ﬁ@?@ﬁ?t@F? the shift

therefore refreshed. |
When the refresh signal RESH is kept at the
\_ .. low level, the refresh address counter advances
with a predetermined interval of time due to the
10 timer operation. Therefore, the refresh operation
(self-refresh) is carried out continﬁously.
This embodiment makes it possible to carry
out a continuous read-out operation by utilizing
the refreéh operation (the word line selection .
15 operation) of this automatic refresh circuit REF.
The memory array M-ARY is equipped with a shift
w registe: SR to which the read-out signals of the
complementary data lines are applied in parallel.
The automatic refresh circuit REF is egulpped with
20 an oscillation circuit which generates the shift
-clock ¢sr for the shift register SR described above.
- - Next, the continuous read-out operation of
. this embodiment will be described with reference
to the waveform diagram of Figure_Z.

25 When the chip selection signal CS, the output



ration of the shift register SR and the ‘advanci ng operation of the

ress counter circuit are repeated in the same way, thereby nmaking it
ossible to read out continuously all the bits wi thout supplying the 25
address signals from outside. When the chip selection si‘gnal. [err] and.
the refresh signal RESH are at the high level ([err] is.irrelevant), a chip
non-sel ection state (or the stand-byl9ituation) is established. The refresh
5 operation is effected when the chip selection sianal [err] is at
the high level and when the refresh signal [err] is at the low |evel ([err]
is irrel evant Jonsi d ghdlE TEdndUEHE fésgesutsegﬁaﬁtwcaileb%hanoed

di stingui shed fromthe other operation nodes he conbi nati on
of the extern&l @Mﬂrﬂﬂwziqy&ﬂssaSﬁ;ﬂmwm318hbmguaeczAcuotCdlagran1of t he
sense anplifier SA the precharge circuit PO and the nenory array M ARY.
The nmenory ar raaspéditive Xy cotise raddressi cbunterucakchytoprovided pairs
of data lines, a plurality of word lines and a plurality of nmenory cells.
In the draw ngn hhee\vautomatic onefpesh oircait REReisDopckerekesnd the
menory cells MS1 to MS5 connected to these data |lines are shown in order to
si mpli fy and the multiplexor MPX is set to the side of the

automatic refresh circuit REF. In this instance;
the word line selection operation is carried out
by the address signal génerated by the.address ;)
counter Cixcﬁit.' The signal read out to each com-

10 plementary data line is taken parallel into the
shift register.SR. Since the shift operation of
the shift register SR is effected by the shift
clock ¢sr generated by the oscillation circuit
described above, 512-bit data, 0 to 511, is

15 = serially delivered throﬁgh the data output buffer
DOB. When this operation is completed, the built-
in timer circuit generates an aévance pulse ¢ for
the address counter circuit, and the address signal
is changeé@ to +1, thereby effecting the next word

20 line selection oPeratiOn.' Thereafter, the shift
operation of the shift register SR and the advancing
operétion'of-the address counter circuit are repeated
in the'same way, thereby making it possible to read
out continucusly all the bits without supplying the

25 address signals from outside. -



20, Il'lustration. Each of the nmenory cells M51 - MsS5 is constructed
wi{h a switching MOSFET [err] and a data storaae capacitor Cn The gat
"t he—4wi t chi ng MOSFET [err] as the selection ternminal of the nmenory cell

connected to one-of "the corresponding word |ines 25 W - W, and S
cuerent carrying el ectrode as the daiﬁli nput/output term nal of the
menory cell is connected to one of the dafa lines Do and [err]. One of the

pl ates of each capacitor Cmis connected to the power source [err]. 5

The sense anplifier SA conprises a CMOS latch circuit which in turn

conpri ses P-channel WieSFERe [otriy swicedteion sighdl dsred /€KSFETs [err] and
[err] as shown in the drawing. A P-channel MOSFET Q which is subjected to
swit chi ng cont refresh edgriali (RESH girg ai) the high etevel s(0Bitis posed '
between the CMOS latch circuit and the power termnal [err], and an
N-channel MOSFEFriedeviandr)posedhia anTsekeaiiss | state cloxutheand earth
potential point (O volt) of the circuit. This N-channel MOSFET [err] is
subj ected to st TRY Bituation)cdift reptagdished niThe srefwesherr]. The
precharge circuit PCL consists of an N channel  MOSFET Q7 that is

i nt er posed bet RR&FaFiRh Aseifacteqd whebshgFipp selection

signal CS is at the high level and when the refresh

signal iﬁgﬁ is at the low level (OE is irrelevant),
\_ so that the continuous read-out operation can be
'distinguished from the other operation modes by
10 the combination of the external control signals.
Figure 3 shows a circuit diagram of the sense
amplifier SA, the precharée circuit PCl and the
memory array M-ARY.
.The memory array M-ARY is constructed with a plurality of
15 pairs of data lines, a pluraiity of word lines apd
a2 plurality of memory cells. In the drawing,
‘however, only one pair.of data lines Do, Do ané
the memory cells MS1 to MS5 connected to these
data lines are shown in order to simplify
20 illustration. Each of the memory cells MS1 - MS5 is
constructed with a switching MOSFET leand_a data storage
capacitor cm. The gate of the switching MOSFET
: Qm!as the selection terminal of the memory cell is
_'cotnected to one of the corresponling woré lines

25 - Wo - W4, and its current carrying electrode as the



Figure 4 is a circuit diagramof the shift 20 regi ster SR and the
olum switch GSW The shift register SRin this enbodinment is constructed

first and second shift registers [err] and [err] in order to. ‘w#*
conpl ementary output signals [err] and [err] which change at the
me—timng, though 25 the enbodinent is not linjted to this
constructi on. The first shift registgr_[err] is arranged in such a
fashion as to receive the data from on Yde of data lines [err] anpbng a
plurality of pairs of data lines [err]. 5 The second shift

register [eraktbsiﬁﬁﬁ@?ﬂﬁ@p‘uﬁ terhihaladl Whedmendrie@Me dde data from
the other side of the data“lines [err] of the plurality of data line pairs.
The operatiopgnfbct ko oheadd ¥ROTRLHiYinek) Do and DRgi Vmgs are
controlled by the presetting signal [err] and the timng signals [err]. The
presetting sbgnthe| pliajteiss ofaienet tapard tiuxiC | dweelcdrotectent et er mi ned
period of tinme at the timng at which the dat&‘signal applied to the pair

15 oftﬂetpohbmesohxdaﬂMiJﬁ ed by the sense anplifier SA though it
is not limted to this arrangeﬁ%nt. The timng signal [err] is raised
per$odically The sense amplifier SA comprises a CMOS latch

circuit which in turn comprises P-channel MOSFETs
Q, and 0, and N-channel/ﬁOSFE?s-Q3'and Q, as shown
_in the drawing. A P-channell&OSFET Qé which is LJ
subjected to switching control by the timing signal
10 fpa is interposed between the CMOS latch circuit
and the power terminal Veer and an N-channel MOSFET
Q5 is interposed between the CMOS latch circuit
and earth potential point (0 volt) of the circuit.
This N-channel MOSFET Qg is subjected to switching
15 control by the timing signal ¢pa.
The precharge circuit PCl consists of an N-
channei MOSFET Q, that is interposed between a pair
of data lines Do and Do.
Figure 4 is a circuit diagram of the shift
20 register SR and the column switch C-SW.
The shift register SR in this embodiment is constructed
with  first and second shift registers Sr; and
Srz'in order to obtain complementary output signals
CD1 ané CD1 which change at the same timing, though

25 the erbodiment is not limited to this construction.



Ay

to the high level after the operation of the sense anplifier SAif the
refresh control signal RESE 20 and the chip selection signal [eLk
~aresat the low level. The tinmng signal [err] is a signal which has
opposite phase to the tim'ng signal [err]. The timng signal [err] is

si ghal having substantially the sane phase as the timng signal [err]T25
The first and second shift registers haveégaé sane construction.
Therefore, the construction and operation only the first shift register
Srl will be described in detail but those of the second shift register Sr2

wil be omtted 5 e girst TheetiEabigiLl seedlst g ooy ses 2

plurality of unit shift stages each cofrespondi Aag one

lines [err] of shenhngnpayhabhays 88draBedddi thenaktdnictofhibhe Stage. Each
unit shift stage cascades to the other stages. 10 The fina

unit shift stageiderocfs@atdi bgnés bhe D&nsb daindnki gepPueanBkiiyses a CMOS
inverter 0 VI, a CMOS cl ocked i hvePt er CIVF, a transter MOSFET QL4
i nter posed bet weEnpahrsdafadataelineand _thb _i,npyt, DogeDqf. the cl ocked
i nverter CIVI and a 15 transfer NOSFET QtO | tergosed bet ween t he
i nput 5 .~ . The second shift register Sr, is arranged in
such a fashion as to receive the data from the
other side of the data lines 5;, EI of the plurality
g, of data line pairs.
The operations of the first and second shift
10 registers are controlled by the presetting signal gps
and the timing signals ¢sr, dsr and gsrl. .
The presetting ‘signal ¢gps is raised to the hich
‘level for a predetermined period of time at the
timing at which the data signal applied to the pair
15 of data lines is amplified;by.the sense amplifier
SA, though it is not limited to this_arraﬁgement.
LJ - The timing signal ¢sr is raised periodically
to the high level after the operation of the sense
amplifier SA if the refresh control signal KESH
20 '~ and the chip selection signal CS are at the low
| level. The timing signal ¢sr is a signal which has
the opposite phase to the timing signal ¢sr. The
timing signal ¢srl is a signal having substantially
' the same phase as the timing signal ¢sr.

25 .. The first and second shift registers have the



L 3

no f the clocked inverter CIV1l and the output node of the unit shift
st of a preceding stage. The unit shift stage of the preceding :stage _
c ponding to the second data l'ine [err] conprises 20 a hal f. bl t\«s -
shift stage consisting, in turn, of a CMOS inverter 1V2 and a CMOS cl ocked
|nverter CIV2 that are connected in series with each other, a half bit
stlage consisting of a transfer MOSFET gh and preset neans consisting of a
transfer MOSFET 25 Simla ;L- he unit shift stage
correspondi ng to the thlrd dat a I|ne D consists of two half bit shift

Stage is pr 85?%35 PRARE rubRekic, RN o P ehBo T T
Che uni ahi 1E54; SEca38p, B, “%?v%é% e R R O

the unit sh|f esScCri e ode 1's con- nected to

the input nod@aﬁ saeauabhsaaf 4 nSigeaaiof Hdie didd s Ser?&esé g shown)

t hat corresponds the 512nd data line [err] (not shown).
~Though not |igh§ed &ggggkgrag&qngqmmﬂ%et&ﬁ;ﬁg&gﬂ node of t he additiona

unit shift stage, tha one current carry el ectrode of MOSFET QL3 shown
in Fsgure 4, is kepe Fired ShiFal addidtef $PP comprises a pluralitv cf
unit shift stagés each corresponding one by oﬁe'to the
data lines Dé, Dy, D, of the memory array, and an
additional unit shift stage. Each unit shift | | ;J
stage cascades to the other stages.
10 ' The final unit shift stage corresponding to
the first data line Docomprises a CMOS inverter
i, a CMOS clocked inverter CIvl, a transfer
MOSFET Q,, iﬁterpbsed between the data line D, and
the input node of the ‘clocked inverter CIV1 and a
15 transfer MOSFET Qlo interposea between the input
node of the clocked inverter CIVl and the output
node of the unit shift stage'of & preceding stage. \;
The unit shift stage of the preceding stage:
corresponding to the second data line Dl.comprises
20 a half bit shift stage consisting, in turm, of a
CMOS inverter IV2 and a CMOS clocked inverter CIV2
that are connected in series with each other, a
half bit stage consisting of a transfer MOSFET Ql1
and preset means consisting of a transfer MOSIZT

25 Ql5. Similarly, the unit shift stage corresponding



15 circuit. Each inverter and each clocked inverter in the first
shif't register Srl has the constructions such as shown in Figures 5 and 6,
-respectively. Each inverter conprises a P-channel MOSFET 20 - B
an N-channel MOSFET B1 as shown in Figure 5. The clocked inverter
compri.ses P-channel MOSFETs B2, @3 and N-channel MOSFETs (B4, 5.
brought into the active state when th qy[ﬁng 25 signals [err
[err] are at the | ow and high |evels, respectively, in response thereto,
and produces a SH%G$I having an jnverted level to the |evel of .the si gnal

appIIFd Eo |}§q toked 19eta rbine (3, RARRASHHRE BN BRéA PAE tining
signals [err are_at the high d | I I
rﬁspectivelyhéﬁ¥}§ﬂ§ﬁﬂ&ﬁf 4Réa%§ S?%a 1 I?ntgntheorgagrsvz state.” In
this case, the lev _at I I
by the stray capaci Qi Qg{ndﬁagﬁ tha a&& §§8% ?h%ﬁggtgéﬁ¥tous ove

de QUT. Th i f
of a1 when (e Lﬁ%%@hﬁeﬁl“@é@@é 8845 EohboBkSETBRTCT i1

5 the shift operation. The additional unit shift

stage has the same consttuction as the unit shift

;stage described above, and its output node is con-

—

C nected to the input node of the unit shift stage
- of the iﬁitial stage (hot shown) that correséonds.
10 to the 512nd data line'D511 Inot shown). Though
not limited to this afrangement, the input node of
the additional ﬁnit shift stege, that is, one
current carry electrode of MOSFET Ql3 shown in
Figure 4, is kept.at earth potential of the
15 circult. - | —
| Each inverter and each clocked lnverter in
the flrst shift regls.er Srl has the conseructlons
such—as shown in Figures 5 anc 6, respectively.
Each 1nverter comprlses a P- channel MOSFET
20 QBD and an N—channel MOSFET Qal as shown in Flgure
5.
The ciocked inverter_cemprises Pechannel
MOSFETs 032, 033 and__N-channel MOSFETs 034, 035.
it is trought into the active state when the timing

25 _ signals ¢sr and EEr gre at the low end high levels,



betmeen each pair of data lines is anpllfled t he 15 preset signal
S ralsed to the high level for a predeterm ned period of tine.-
¢ ore “the transfer MOSFETs Cﬂ4 to QL6 are turned on, and the data_of“’

correspondlng 20 cl ocked inverters ClVl, ClV2 and Cl V3,
rgspectively. In this case, these inverters are in the active state.
Therefore, the data of the data |line D transferred to the out put

termnal of the inverter 1Vl through the ansfer MOSFET Cﬂ3 t hrough t he
25 cl ocked inver ClVvl and _thr h the inverter
Siilarly, t nESRRESCIPeLRe df zefpaed) SR ety 4 rarcmcetsf Asterred to

R L B e g «m
respect | vel y. 4102 g bfgk CdpbaY k! %_sl%\ﬂl WAt to tshtgght i nto the

I nactive state. SinCe th I mng signal I's raise € high | eve

I e st e 0
has deen trangkeraed b8 @HeaReght andhaoRullRblellss! HdtPedfividls, j Nverter
the ciocked invefte: is brought into thé inactive
state. 1In this case. the level of the outpﬁt node )
OUT is kept at the previous'level by the stray "~
capacitance (not shown) that exists at.the output
10 node OUT. |
The fifst shift'regisﬁer_opetates in the
following manner. _
First of all, when the data signal applied'
between each pair of daté lines is amplified; the
15 ' preset signal @ps is raised to the high level for
a predetermined period of time. The:efore,-the
transfer MOSFETs Q14 to Q16 are turned on, -
and the data of the data lines Do' Dl and.D2 are
applied to the input nodes of the cbrrespondihg
20 . clocked inverters CIVI, CIV2 and CIV3, respectively.
In this case, these inverters are in the active
state. .Thérefore, thé data of the data line Db is
transfer:éd to the.output terminal of the inverter
IVl through the transler MOSTET 013, through the

25 clocked inverter CIV1 and through the inverter IVi.



V2 is transferred to the input node of the clocked inverter Cl V1 through
'MOSFET QLo Sinmilarly, the 15 data signal of the data line [err] is
“trarfsferred to the input node of the clocked inverter Cl V2 through M

Q1. The data signal of the data line D3, not shown, is transferreg t he
inpbt node of the clocked inverter ClIV3 through MOSFET Ql2. 20

The signal |level applied to the additi | unit shift stage, not s ,

that is, the O Vlow level, is transf to the i nput node of the clocked

inverter in the unit shift stage of the initial stage. 25 _
Next, when theSimilaglyi,grtdes datar jofathe ddt rlim@Rioy Gwnge to the | ow,
hi gh and | ow | evel s, respectively, the clocked inverteks CIVI2to CIV3 are
brought into tareatransferaied tandheheoutmrtsfternidiEhEloQhdé 0 QL3 are
turned OFF. 5 The data of the data line D is transferred to the
out put node of invertevsr d¥2 ewd I¥3nesponse thereto. Similarly, the data
signals of the data |lines [err] and [err] are transferred to the out put
nodes of the invert8ext,vw thes timdnee@iignails disx and @sr are The sane

operations are thereafter repeated.. As a result, the data signals of the
data Pines at the high and low levels, respectively, the

- clocked inverters CIV]1 through CIV3 are brought
into the inactive state. Since the timing signal
Lg ¢srl is raised to the high level in synchronism

 with the timing signal gsr, the transfer MOSFETs

10 Q10 to Q13 are képt ON. As a result, the

data of the data line Dl_that has been transferred

in advance to the output terminal of the inverter

IV2 is.transferred to the input node of the clocked

inverter CIV1 through MOSFET Q10. Similarly, the

15 data signal of the data'line'D2 is transferred to
the input node of the clocked inverter CIV2 through
MOSFET Ql11. The data signal of the data line D3,
not_shown, is transferred to the input node of the
clocked inverter CIV3 throuch MOSFET Ql12.

20 ~ . .~ The signal level applied to the additional
-unit shift stage, not shown, that is, the 0 V low
level, is transferred to the input node of the
clocked inverter in the unit shift stage of the

- initisl stage.

25 , - Next, when the timing signals ¢sr, gsr and



are sequentially produced fromthe output of the final stage circuit of the
first shift register Sri, that is, fromthe output node of the inverter 15
YL, The output of the final stage circuit drops to the low level in 5 ‘e
¢ dance with the input level (the low level) of the additional unit <"
stage when the shift operation of the data signal ;is conpleted. 20
The second shift register Sr2 has an ditional unit shift stage connected
to the unit shift stage of the initt age, in the sane way as the first
shift register [err]. The current carry electrode of MOSFET @1 in this

addi tional unigsShfdgsindhasg&ed ehe2dow, higheahhhi1bet gkkedls of the
circuit in the sane way as. that of MOSFET CES. The second shift register

Sr2 is operat echdpedtBrdiy) Nehéi @notkedeinveprtdrketalited are the sane as
those supplied to the first shift register Srl. 5 The dat a
signal s appli @fvd die Siedught nEstbethé abepvehetaeese andplthlei er SA is
operat ed have the phases that are opposite to those of the data signals
applied to thetmkxisfer MGSTETFs |Qbh0dtD QA3 are turned ORFefore, the first
and second shift registers '

5 The data of the data line'D1 is transferred to the

ocutput node of the inverter IVl in response thereto.
Similarly, the data signals of the data lines D,
and D3 are transferred to the output nodes of the - LJ
inverters IVZ and IV3, respectively.

10 Thé same operations are thereafier repeated.
As a result,zthe data signals of the data lines
are seguentially produéed-from the output of the
final stage circuit of the first shift register
Srl, that is, from the output node of the inverter

15 Ivl. The output of the final stage circuit . drops
to the low level in accordance with the input level
(the low level) of the additional unit shift stage
when the shift operation: of the Gata signzl is’
completed.

20 : The second shift register Sr2 has an additionzl
unit shift stage connected to the unit shift stage
of the initial stage, in the same wéy-as the first shift
register Srl. The current carry electrode of MOSFET
Q21 in this additicnal unit shilt stage is kept at

25 earth potential of the circuit in the same way



Srl and Sr2 produce the conplenentary signals CD1 and CD , respectively.
.*Since the first and second shift registers of this enbodi nent are equi pped
wi:t h the additional 15 unit shift stages, respectively, theI’p\put
signals CDL1 and [err] after the data signals reset to these shift Fggisters
aref’shifted out are not at the com plenentary levels but are at tw

f
I“rre at which the output signals

| evel . There- fore, the conpletion of shifP%P the preset data 20

can be detected by detecting the point o£2¢ .

CD1 and [err] are no longer at the conplenentary levels. In Figure 4, the
col um swi t ch GeSWARAMYE SRSsPEORATS, PP Og énahﬁiﬁerégisie sed between

25 each data line and the common conpl enentary dat '

i nes CD and

[err]. MOSFETs g0 s b&datecNOFt e t ihiegU8ignki fegs PO FEY hagrl are

subj ected to switching control by the colum selection signal Yo produced
fromthe col umgsiacadert GHECRIsdIsdme & those sdpFigedetd. théimlarly,
MOSFETs @2, 23 and (24 are subjected to switching control by the colum
sel ection signdlixrst smidtyxegespext$ykly. Figure 7 is a circuit diagram of
t he data output buffer DOB. .

5 The data signals applied to the data lines:

Do EI, B;_when the sense amplifier SA is operated
have the phases that are opposite to those of the
La data signals applied to the data lines Do' Dl and

Dz.
10 Therefore, the first and second shift registers
| Sil and Sr2 produce the complementafy signals CD1
and CDI, respectively.
-Since the first and second shift registers of
this embodiment are equipped with the additional -

5 unit shift stages, respéctivéiy, the output signals
CD1 and CD1 after the data signals reset to these
shift.registers are shifted out are not at the com-
plementary levels but are at the low level. There-
fore, the compietion of shift of the preset data

20 can be detected by detecting the point of time at .

| which the output signals CDl1 and CD1 are no longer
at the complementary levels.

In Figure 4, the column switch C-SW comprises
MOSFETs Q20 to Q24 that are interposed between

25 each data line and the common complementary data



10 As shown in this draw ng, the data output buf f er DOB

rises transfer MOSFETs @6 to (B9, CMOS inverters 1V20 to |V22, oMOS

D circuits @ and &, and N-channel output MOSFETs Q40 and Q41. 15

timng signal [err] applied to this circuit drops to the low |level o
“when both the chip selection signal [err] and the refresh control signal °
[érr] are at the low level, that is, when the con- tinuous serial output of
the nenory data is desig- 20 A nated to nenory, and it rises to the
high level at the other tines erefore, the conplenentary signals CD and

err roduced 4f [ r S u 4 are applied
o e NaD, L ir Tl et 5. [ SbSFEReD B?E“%*dghs? LESRnbcRed A8 APD L

and QB7 i T dhad rﬂé‘@aslﬂ'i@é.b@réhd'ﬁ_aéréhﬁub?&:lt@&elto Wen an ordinary
menory operation is requested by the external confrol signals ([err]: |ow

level , RESE lywgitdiemed )coMeEbE by BhReabd1 6l 3&2eb¥ibB8Usignal ON by the
tlnlng signal [err], and the conplenentary signals of the common

conpl enent aryydﬁtprddwéd Eromdtheredlans qeppbeedct-ocRhehdMID circuits Gl
and 2. The operation of the data output buffer DOB
5 in Figure 1. Similarly, MOSFETs 022, 023 and 024
are subjected to switching control by the column
selection signals Yl and Y2, respectively.
Figure 7 is a circuit diagram of the data o/
output buffer DOB. |
10 As shown in this drawing, the. data output

buffer DOB comprises transfer MOSFETs Q36 to
039, CMOS inverters IV20 to IV22, CMOS NAND -
circuits Gl and G2, and N-channel output MOSFETs
Q40 and Q41. _ |
15 The timing signal ﬁsl applied_to this circui;
drops to the low level'only when both the chip
selection signal Cs ané the refresh control signal
RESE are at the low level, that is, when the con-
tinuous serial output of the memory data is desig-
20 nated to memory, and it rises to the high level at
the other times.
Therefore, the complementary signals CDl1l and
CDI produced from the shift register shown in
Ficures 1 ancé 4 &are applied to the NAND circuits

. 25 Gl and G2 through the transfer MOSFETs Q36 and Q37



s .controlled by the timng signal [err]. It becones 10

| noperative

when the timng signal [err] is at the lowlevel. In this case, the output

t he {15

MOSFETs 040 and 041 are turned OFF, and the data output buffer DOB #s\in
t he-ly gh output inpedance state. Wien the timng signal [err] is r
Y?

high leve], the data output buffer DOB becomes opera

to
and

proé]uces a high or |ow l'evel output signal gdf\l gure 8 is a-schematic circuit

di agram of the automatic refresh circuit

20 The automatic

refresh circuit conprises an address counter ACNT, a tinmer circuit TM an
oscillation cirgiffi theS€imdngasdigoiad Feiig £4 rene tiolFSevepate circuit GC

a control
25

circuit CNC and a coi ncidence detection circuit COD,

circuit iswhen lanmorédnaxryt menamndperdtion is fdémguesitedss

counter ACNT conprises nine binary counters (not shown) for generating
9-bit internal hidtbesextgrnad sontyrqls signalsrCaomewtkeveh, series, and
count advance pulses 0 5 supﬁlied fromthe tiner circuit TM

address count er REERF hdghed@vedy ra

controg circuit CNC

10

15

20

OK by the timing signal ¢sf, and the complementary
signals of the common complementary data lines CD
and CD are supplied to the NAND circuits Gl and G2.

The operation of the data output buffer DOB

is_cbntrolled by the timing signal gop. It becomes

inoperative when the timing signal gop is at the
low level. In this case, the output MOSFETs Q40
and Q41 are turned OFF, and the data output buffer
DOB is in the high output impedance state.

When the timing signal gop is raised to the

_ high 1evel,_the data output bﬁffer DOB becomes

operative, and produces a high or low level output
signal. . _ |

Figure 8 is a schematic cirduit diagram of
the autoﬁatic_refresh circuit REF.

The automatic refresh circui£ comprises an
aadréss counter ACNT, a fimer_circuit T™, an
oscillation circuit -0SC, a waveform shaping circuit
WFS, a gate circuit GC, a control circuit CNC and
a coinci&enCe detection circuit CCD, though this

circuit is not limited to this construction.

The

A% Qi and Q30 sl texEned om t he

t hough this



The oscillation circuit OSC generates a pul se signal of a reference period.

fRough not shown in 10 detail, the oscillation circuit OSC conprises
i ng oscillation circuit consisting of a plurality of inverters that are /-
pgnected in the ring form for exanple. The operation of the tiner C|rcur(

TMis con- 15 trolled by the control signal [err] supplied fromthe
dontrol .circuit CNC, and the timer ci it TM produces the advance pul se
[err] during operation. The wavef or aping circuit WS receives the
output of the oscillation.circuit OSC, and generates 20 pul se

signal s having a Bpase which is substantlally t he same as. the contro
signals [err] to GOt HAE CdGomnrisesc nite operation of

this gate cifcuit i S con- roII d b control signal [err] supplied
fromthe 25 glnary EES )1$h?gﬁﬁ¥FE§?%%9t St@itransfers

the pul se signals of t wavef or m g, circuit VFS to its output
termnal s dug %SIPFQ éﬁﬁmflgﬂéi] cﬁﬁbﬁﬁb tQQﬁIC|rCU|t COD

hown 1 Fi ofPErBC s T ehrdee 2 M Hdink AT, VSRR (he signat
Ievgls of thSﬁSp&&%%pErom.the timer circuit TM. The address
counter ACNT is reset by a reset signal ¢rsl
supplied from the control circuit CNC.
The oscillarion.circuit OSC generates a pulse W
signal of a reference period. 'Thougn not shown in
10 'detail, the oscillation circuit OSC comprises a
ring oscillation circnit'consisting of a plurality
of inverters that are connected in the'ring form,
for exanple.
The operation of the timer circuit TM is con-
15 trolled by the control signal ¢rs2 supplied from
the control c1rcuit CNC, and the timer circult ™
produces the advance pulse ¢ during 0peratlon. LJ
The waveform shaping c1rcu1t WEFS recelves the
ontnu* of the osc*” ion circuit osc, ané'generates
20 pulse signals having a phase which is substant;ally
the same as the control signals ¢sr, Z_- to be
- produced from the gate circuit GC. |
The operation of this gate circuit GC is con-
troiled by the control.signai ggc suppiied from the

25 control circuit CNC. The gate circuit GC transfers



signals coincide with each other. The coinci dence detection circuit can be
conposed of a two-input CMOS NAND circuit, for exanple. 10 The
control circuit CNC receives the output enable signal, the chip selectlon
si gnal, and the refresh control signal through the external ter- mna
[erkT~and [err], and receives also the detection pulse [err] descril
above and the word 15 l'ine selechgag timng signal [err] gens ed
fromthe timng generation circuit TG s im Figure 1 to produce vari ous
control signals. The control signal [err] is formed on the basis of the
refresh controlths guls¢ #iqnalmehathegwaveformt shapppasriscphbise to the
refresh control signal [err], though it is not limted to this arrangenent.
The mul ti pl exoWEXS hbkh ??FP#EdF%F&?%%l%C@Br%HE SEFpBPeEPtFﬁE addr ess
counter ACNT when the refresh ontr w | evel in

25 . order to é?E%tF%iF #%ﬁ?g§ﬁ°ﬁpﬁ?§%F6ﬁ Eﬁe recgﬁg €€ont i nuous
t t t h l, |

Sgnals [orr] iR (ULRRE [%f$l?a g&ii *H8 FBY, PEvERe BRLFY Fe8iRERs

the cgptlnuous éi"ké&% 18?§f§ﬁ8@ Ef 398 S?&éuéés a detection

pulse @gcc when the signal levels of these output

signals coincide with each other. The coincidence

L/ detection circuit can be composed of a two-input
CMOS NAND circuit, for example.

10 The control circuit CNC receives the output
enzable signal, the chip selection signal and the
refresh control signa1 through the external ter-
minals OE, CS and RFSH, and receives also the
detection pulse @gcc described above and the word

15 line selection timing signal ¢x_generatea from the
timing generation circuit TG shown in Figure 1 to
produce various control signals. |

The control signal ¢ref is formed on the
basis of the refresh control signal RESH, ané has

20 the opposite phase to the refresh control signal
RFSH, though it is not limited to this arrangement.

The multiplexor MPX shown in Figure 1 selects
the output of the address counter ACNT when the
refresh control signal BESE is at the low level in

25 : order to execute the auto refresh operation and



requested to the nmenmory, the control signal [err] is raised to the high
el for a predetermned period of tine. In this instance, the address
nter ACNT is reset to the state of the count 10 val ue 0. The _
ntrol signal [err] is set to the |ow |evel when the external tontrol - /
signals [err] and [err] are at the high and | ow | evel s,. respectively. It"fﬂ
raised to the high |l evel whén the exte 15 control signal RFSH is .
at the high level. Wen the control si [err] is at the low | evel, the
timer circuit TMis brought into the active state and produces the advance

pul se [err] eheacntdehRius TPV UObpefFation of the dd¥& control signa
[err] is raised to the high level mhen all of the external control signals

CS, [err] andipmmil). are at the low level, and is set to the lowlevel for a
predeterm ned period after the passage of a predeternined period of tine
fromthe 25 Wheni @l lofoft ithe vl cmomoralknsibgnizlecPEpn pul se
[err] is produced while the external control signals [err] and [err] are at
the | ow | evelS wmds REGHe axey @tcethril kew [kevel | sthabdisedwhenm t he ti mer
circuit TM As will beconme nore apparent fromfurther
5 the continuous read-out operation of the data is
- requested to the memory, the control signal #rsl is
raised to the high level for a predetermined
period of time. 1In this instance, the address ' Mj
counter ACNT is reset to the state of the count
10 ~ value 0.
' The control signal #rs2 is set to the low
level when the external control signals CS and
RFSH are at the high and low levels, respectively.
It is raised to the high level when the external
15 control signal RFSH is at the high level. When
the control signal ¢@rs2 is at the low level, the

timer circuit TM is brought into the active state

and produces the advance pulse ¢ of a predetermined
period.
20 The control signal ¢rs2 is raised to the high

level when all of the external control signals TS,
"OE and RFSH are at the low level, and is set to the
low level for é'predetermined period after the
pzssage of 2 predetermined period@ of time from the

25 peint of time when the coincidence detection pulse



5.. description, the delay tine fromthe generation of the coincidence

detection pulse [err] till the generation of the control signal [err] is
substan- tially equal to the retrace time necessary for driving a CK

di sp~ay. 10 The presetting signal [err] is raised to thg yh

| evel for a predeterm ned period after the.sense anplifier SA is opwjafed,
though it is not limted to this arrange > In this enbodi nent, >’ pr e-.
.set signal [err] is ralsed to the high level after 15 t he passage of

a predeterm ne poj nt of ting when the word_line

gsge tine fr8n1the

sel ection tini %n%ﬁw@r?éﬁ?? §h+%FsEBetSxFﬁEnﬁFgﬁ°P§§8F s¥Foa}Feset
signal [err] be_set h_| ey fte lifier contro
signal [err] tmﬂﬁn?ﬁ%ggﬁgg g at ¥Rt fol gat@iBént 8F signa
[err] is also raised to t nchrgggsnlmnth the neration

b
of the word |i REEHIETPY s?l gﬁﬁ §F8h3?e?e¥Ffma rtépFroFiFﬁ Xt er na
control signal sn& er%ﬁ? 2‘9%1}#egééoggvlﬁogﬁgggggrggtt ?go}“owuk_% I t hough not

I|n1ted 25 angenent e con Sirgna [err] i's

34- st to t*“fé{BEifyﬁioﬁﬁ eﬁgeaeigy'E@h@ikrbﬂetggnﬁéﬁEE%ngk the shift
contro signals Jerr
of the coincidence detection pulse gcc till the
generation of the control signal ¢rs2 is substan-
L ' tially egual to the retrace time necessary for
driving a CRT display. _

10 The presetting signal #ps is raised'to the.high
lével for a predetermined period after.the sense
amplifier SA is operated, though it is not limited
to this arrangement. In this embodiment, the pre-
set signal ¢ps is raised to the high level after

15 the passage of a predetermined delay time from the
point of time when the word liné selection timing
signal ¢x is raised to the high level. The preset
signal ¢ps may be set to the high level after the
sense amplifier.contr§1 signal ¢pa has been produced.

20 The gate_control signal ¢gc is also raised to the
high level in synchropism with the generation of

the word line selection timing signal ¢x after all’

of the externzl control signals CS, OF and RFSH

have dropped to the low level, though not limited.

25 This arrangement, the gate control signal ¢gc_is



and [err] when the control signal [err] is at the high level. 5
AR\ circuit operation of the menmory brought forth by the automatic refresh
uit RFE shown in Figure 8 is as descri bed above. Thus, when the chip ¢~
g+ection signal CSis at the chip non-selection level (the high level) -
tfie 10 refresh control signal RFSH are-at the |ow | evel, the control
sirgnal [err] is raised to the high level in response to the forner, and the
address signals aOto a8 of the ?@mL*ystenrof the address counter ACNT are
sel ected by the nultipl exor MPX 15 (shown in Figure 1). The address
si gnal changegglet€Sting Low Cléve REEH (688eFi €8T Enhipdet gaks the change of
the internal address signal produced fromthe nultiplexor MPX. Upon
recei ving theyeliestion ¢fltice [shift &batibli BYgEaNer gekgngerr cuit TG (see
20 Figure 1) produces various control signals in order to operate
the row syst emndigsal twhélhethercohtnelssignalogsitPnisgasi ghel Ox is
tenporarily changed to the non-selection |evel (the lowlevel), so that one
word |ine, tHhatghasevwskn 25 ' ‘selected in advance in the previous

opera-ion cycl e, Is tenporarily changed to the non-selection |evel
The circuit operation of the memory brought

forth by the automatic refresh circuit RFE shown
in Figure 8 is as described above.
Thus, when the chip selectiqn'signal CS is at the ;J
chip non-selection level (the high level) and the
10 refresh control signal RFSH are at the low level,
the control signal ¢ref is raised to the high level
in response to the former, and the address signals
a0 to a8 of the row system of the address
counter ACNT are selected by the multiplexor MPX
15 . (shown in Figure 1). The addfess signal change
detection circuit REG (see Figure 1) detects the
.change of the internal address signal produced from
the multipleXor MPX. Upon receiving the detection
pulse ¢r,:the timing generation circuit TG (see
20 | Figure 1)'produces various control signzls in order
.to.operate the row system circuit.
The word line selection timing signal ¢x is
temporarily changed to the nbnfselection level (the
low level), so that cne woré line, that kas beexn

25 selected in advance in the previous operation cycle,



together with the other non-selected word |lines. The sense anplifier

control signal [err] is set to the level that renders the sense_anplifier 5
SA (Figures 1 and 3) inoperative, in synchronismwth the tini R [
thesyimng signal [err] is changed to the low |evel. The cont
[esr] is raised to the high |evel for a predeterm ned period

the 10 word line is set to the n el ection level, so

precharge circuit PCL (Figures 1 and 3) S operated and each data line in
the nenory array MARY is precharged to a precharge |evel of about Vcc/2.
15 isTheenisati g skangedotot thengontgadkcteon] lievedai sed to the

high level after the control signal [err] is set to the |ow |level. Then,
the row decodetode#¥e&x seiehttikewotberi neneselespeddiwogdt dink&.i nter- nal
address signal a0 - a8 to the selection level. 20 . The sense
anplifier control sThmasehseramptifdertgonkrolesdnpdr #pgedsting the sense
anplifier SA after the word line selection timng signa%whern] Is set to
the high | evelset Ttercherbevad thak zepdAsers LBl Fenser sMPLAE IS nory cells

to the data lines are anpljfied by 25 .t he iense a%plitier SA. The
anpl i%ied dat S&i gﬁ%\ggres 1l and 3) inoperative, in synchronism

with the timing at which the timing signal gy is
changed to the low level.
K? The control signal dpc is raised to the high
level for a predetermined period of time after the
10 word line is set to the non-selection level, so
that the precharge circuit PCl (Figures 1 and 3)
is operated and each data line in the memory array
M-AﬁY is précharged to a precharge level of about
vee/2.
15 The word line selection timing signal ¢x is
raised to the high level after the control signal
¢pc is set to the low level. Then, the row decoder
R-DCR sets the word line corresponding to the inter-
nal address signal a0 - a8 to the selectiorn level.
20 _ The sense amplifier control signal ¢gpa is set
to the level for operating the sense amplifier SA
after the word line selection timing signal ¢x is set
' to the high level. Therefore, the data signals applied
from the memory cells to the data lines are amplified by

25 the sense amplifier SA. The amplified data signals



are re-witten into the nenory cells. In other words, a refresh operation

' onducted. Wien the chip selection signal [err] and the refresh control
al RFSH are at the high and 5 | ow | evel s, respecgtively, the
rol signals [err] and [err] are kept at the low level. In this case;;ﬂt

t address counter ACNT and the timer gircuit TMare kept in the active
state. Therefore, the advance pul se [er{bh?s produced 10 fromthe

timer circuit TM and the address counter CNT is incremented by 1. The word
| i ne having the updated address is then selected, and the refresh operation
of the nenorgreelesvirdltdieg rigtico tHeatmemoyny |¢eakls s ekrcutker werds,

When the chip selection signal [err] is at the non-selection |evel, the

timng generajippreéilUbbetst §88S180LoRBAE R, [ he control signals that
operate the columm systemcircuit. Next, the circuit operation when the

conti- 20 nRes tredcRYp S82EatieR bIghalt CEChed Wne be expl ained.
When all the external control signals [err] and [err] are changed to the

low l'evel, theegpeéhotositeodl sighal RFSHehreoathenki aligheweld for a
predeterm ned 25 - period in response to the former. Therefore, the
5 low levels, respectively, the control signals ¢rsl
and $rs2 are kept at the low level. 1In this case,
the address counter ACNT and the timer ciréuit ™
are kept in the active state. ' ' o w
Therefore, the advance pulse ¢ is produced
10 from the timer circuit TM, and the address counter
CNT is incremented by 1. The word line having the
updated address is then selected, and the refresh
operation of the memory cells belonging to that
word line is executed.
15 when the chip selection signal CS is at the
non-selection level, the timing generation circuit
TG does not produce the control signals that "
operate the column system circuit. |
Next, the circuit operation when the conti-
20 nuous read-out operation is instructed will be
explained.
When all the external control signals Ts, OF and
RFSH are changed to the low lével, the control signal
¢srl is set to the high level for a predetermined

25 period in response to the former. Therefore, the



The preset signal [err] and the gate control signal [err] are again

produced in response to the word line selection timng signal [err].
Thérefore, the data signals read out fromthe nenory cells 5 Q

belxﬁﬁlng to the second word line are continuously read out, repeati

t hereafter the sane operation. Figure 9 is a block dlagran1of an aut Ora
refresh circuit in accordance with anot enbodi - nent of the present

i nvention. 10 In this enmbodtnent, a refresh operation is
carried out in a relatively short period durln t he conti nuous data

read- out operation. Ther preset shENRAf Ppshapdetiiel eatigecOMIPossi bl e in
thi s enbodi nrent even_when the speed of continuous data 15 r ead- out

operation is | ofA9PAd éEFoﬁﬁF|égPéPrB§Pd@Fﬁ@uﬂﬁ REPRQ&%@W@§E§*&h addr ess

counter ACNT, a ti circui,it TM an.o C|Ilat|o circuit OSC, a waveform
shapi ng C|rCU|tw9F%E5§n§aF§18FF&BPtt 2 c FhET@§CTENd 20

d d ' hi I d
Thi e conatruct | ﬁﬁ?céhg”a%ééégét cEERBPY %c%% e ey ttl F1E cult ose
t he waé/ef orm shggiggggn tWéCBe gggg CI rcw t % lt hg?ufg nci dence

detectTon cir % hose
shown read out, repeating_the:eafter the same operation.

Figure 9 is a block diagram of an automatic

k{ : refresh circuit in accordance with another embodi-
ment of the present_inventioh.

10 In this embodiment, a refresh operation is
carried out in a relaﬁively short period during
the continuous data read-out Operation; Therefore,
the refresh operation becomes possible in this
embodiment even when the spéed of continuous data

15 read-out operation is low.

The automatic refresh circuit REF comprises an
address counter ACNT, a timer circuit TM, an
oscillation circuit OSC, a waveform shaping circuit
WS, a gate circuit GC'_a control circuit CNC ang

20 a coincidence detection circuit COD, though this
circuit is not limited to this comstruction.

The addreés counter ACNT, the oscillation
circuit 0SC, the waveform_shaping circuit WFS, the
gate circu.t GC and hhe coincidence cdetectiocn cir-

25 ceit COD have the same constructions as those shown



in Figure 8, respectively. The tinmer circuit TMreceives the output of the
cosexy lation circuit OSC, and its operation is controlled by the control .
aI [err] applied fromthe control circuit CNC. The tiner circuit TM__ 4/

getier at es t he advance pul se [err] having the sane period as the period: o

tle pul se signals that are generated fromthe wave- form shaping circuit

-S when the control signal 10 iwoderr] is in the active |ow | evel
state. If the con- trol signal [erPTkﬁs at the high level, the tiner does
not generate the advance pulse [err]. Upon receiving the external control

signal s [err]intQQ?GQEeﬁtV?@f%&é%idéﬁﬂj ?nd the word 15 l'ine
rl, ro

selection timng signal [er the co circuit CNC produces various

control signals. ThgeCeRhed c3ir@nale 9 edes anasd eshOpud hes basis of the
refresh control signal [err] in the sane way as the control signal shown in

Figure 8. 20 the oscillatibencildcudit (0BT CQHg dtsicpatstisnrisand [err]
are changed to the low level, the control signal [err] is raised to the

high level foeoatpogdeteby nheé pontadl ksidmals s daprbiddefeant rol si gnal
shown in Figure 8. Therefore, the address counter ACNT 25 IS reset
to the count theueofitrol circuit CNC. '
The timer circuit TM generates the advance
pul;e # having the same period as the peribd of
the pulse signals.that are generated from the wave-
form shaping circuit WFS when the control signal

10 ¢rs2 is in the active low level state. If the con-
trol signal grs2 is at the high level, the timer
does not generate the advance pulse ¢.

Upon receiving the external conﬁrbl signals
€S, OE, RFSH, the detection pulse gcc and the word
15 line selection_timing signal ﬁx, the'control circuit
- CNC produces various control signals.
The control signal gref is generated on the -’
basis of the réfresh control signal RFSH in the
same way as the control signzl shown in Figure 8.

20 When all of the control signals CS, OF and RFSH
are changed to the low level, the control signal ¢grsl
is raised to the high level for a predetermined
period in the same way as the contrél'signal shown
irn Figu:é 8. Therefc:e, the address counter ACNT

25 is reset to the count value 0.



address counter ACNT is set to the count value 0. In other words, the count

I h-'t he address counter ACNT is changed to a val ue which causes i nst Ax '
tiions to be sent to the first word line. The out put o
addvess counter ACNT is applied to the gﬁ%gss si gnal change det ect

cincuit REG through the multiplexor nce, the detection pulse ™ is
produced. The timng generation CIrCUI G produces the control signals 10
in response to the detection pulse O, and the row address decoder R-DCR,
the sense anplifier SA and the precharge circuit PCl are operated at the
same timng asaddy@ssheb iz AdNEN d etlatd thd wdurmpPbapge t @, each data

line 15 of the nenory array MARY is anplified by the sense
anplifier SA ne gthesetweridmalteradunts in agesl dddiéss hhgiinteyel for a
pr edet er mi ned peri od. Therefore, each of the data signals applied to each

data line is phAE3Et itso clHengsd ftto regralwe MR {semalses rosstiramd 20
2). The gate control signal [err] is raised to the high level in
synchroni sm wi tiianse & dengent e cthe nbirxgeseerdiing.[err] is set to the
| ow | evel . Therefore, the gate circuit GC is opened, and
5 The output of the address counter ACNT is
appliéd-to the address signal change detection
circﬁit REG through the multiplexor MPX; hence,
kg the detection pglse ér is produced. The timing
generation circuit TG produces the control signals
10 in response to the detection pulse ¢r, and the row
address decoder R-DCR, the sense émplifier SA and
the precharge circuit PCl are operated at the same
timing as described above.

When the data signal applied to each data line

15 of the memory array M-ARY is éﬁplified by the sense
amplifier SA, the preset signal ¢ps is riased to
the high level for a predetermined period. Therefore,
each of the data signals applied to each data line is
preset to the shift register SR (see Figures 1 anc

20 2).

The gate control signal ¢gc is raised to the
hich level in synchronism with the timing at which
the preset signal ¢ps is set to the low level.
Therefore, the gate circuit GC is opened, and

25 procuces the shift control signals ¢sr, ¢sr and



5 produces the shift control signals [err] and [err]. Since -
p §ﬁ e control signals [err] and [err] are produced, the data signals that
e been preset to the shift register SR are continuously produced
therefrom 5 When all the data signals read out fromthe neﬁvf’
cglls belonging to the first word line are produced, the tw outputs CD1
and [err] of the shift register SR are to the low | evel. Wen these
outputs CD1 and [err] are set to the sa evel, the coincidence 10

detection circuit COD produces the coincidence detection pulse [err]. The
_gate control d¢isglal [sdimcle itheset comtirvd |sogrEMelgsn, r@gsPoasd t o t he out put
of the coincidence detection pulse [err], and the gate circuit GCis 15

cl osed. After dsnlr ecet guedveedpertihed data peiswall € ridmat Heagerkeeni on of the
coi nci dence detection pulse [err], the control signal [err] is set to the

| ow | evel , soPmieget fe tthees frtcmqgrﬁ\neme%me dgpeneinpously tjive and
pr oduces the advance pul se [err Since this advance pulse [err] is

pr oduced, t he PXQUEes dhGHeSTo is incremented by one. Thus, the count

changes fromO to %hen all the data signals read out from the
memory cells belonginé to the first word line are
produced,_thé two outputs CDl and CD1 of the shift
registei SR are set to the low level. When these ;J
outputs CD1 and CD1 are set to the same level, the coincidence
10 detection circuit COD produces the coincidence
detection pulse @gcc.

The gate control signal ¢gc is set to the low
level in response to the output of the coincidence
detection pulse gcc, and the gate circuit GC is

15 ciosed.

After a predetermined period has passed from
the geﬁeration of the coincidence detection pulse
Pcc, the control signal ¢rs2 is set to the low
level, so that the timer circuit TM becomes opera-

20 tive and produces the advance pulse ¢. Since this
advance pulse ¢ is produced, the address counter
ACKRT is incremented by one. Thus, the count changes
from 0 to 1.
The row system circuit starts again operating

25 . when the output of the ada:ees counter ACNT changes.



The row systemcircuit starts again operating 25 when the out put of
the address counter ACNT changes. When the external control signal

[ery] _and [err] are kept at the high and |ow | evels, respectively, tﬁ%%?
control signal [err] is kept at the low level in the sane way as the
contfrol signal in the fore- 5 goi ng enbodi nent. Unlike the control
signal [err] in the foregoing enbodiﬁggt, however, this control . signa
[err] is raised to the high level fo pre- determ ned period fromthe
poi nt of time when the coincidence detection pulse [err] is produced in 10

response to the | ow krEg! thbabRteinah! coherett &k 1G0T GnSEFEE s [err]

and [err]. In response to the high | evel state of the control signal [err],
the timer circuate Theps Btotnbt highoahle lowopeneallisye respeetiiselsd predeter -
15 - m ned period fromthe generation of the coincidence detection

pul se [err], inthéecoppoeltsigagltgreleid ckepbi ag ¢hieodiometevelhe period of
the inopera- tive state of the tinmer circuit TM when the external control
signals [err] ahd therpameevay afethewchoigiol2signal incaheediomeds with the
o et el he  oetne enoutment . Unlike the contrer signal gees ino ') 'S
the foregoing embodiment, however, this control
signal ¢rs2 is raised to the high level for a pre-
o~ determined period from the point of time wheh the
coincidence detection pulse gcc is produced in
10 reséonse to the low level state of all the external
control signals CS, OS and RFSE.
In response to the high level state of the
control signal @rs2, ﬁhe timer circuit TM is
brought into the inoperative state for a predeter-
15 mined period from the géneration 6f the coinéidence
detection pulse gcc, in the opposite way to the
v fo:egoing embodiment. The period of the inopera-
tive state of the timer circuit TM when the external
control sigmals CS, Of and RFSE are at the low level

20 corresponds with the retrace'period necessary for

a CRT display. _ .

The presetting signal ¢gps is raised to the high
level for a predetermined period when all the
external control signals CS, OZ and KFSE are at

25 ' the low level. W%hen the detection pulse gcc is



| evel for a predeterm ned period when all the external control signals

J] and [err] are at 25 the low |l evel. Wen the detection pul se
] is produced, the preset signal [err] is raised also to the high /-
| for a predeterm ned period after the control &signal rs2 falls to tR€
| evel . The timng at which the preset signal [err] .is 5 rai sed
to the high level is controlled by the word Iine selection timng signa
[err] in the sanme way as in the for }ng enbodi nent. The gate contro

signal [err] is raised to the high vel in synchronismwth the timng at
whi ch 10 he reset_signal %grrL ia set to the/low |level. The gate
signal [err] HEPé&ﬁﬁ at R PREFRE| BIENALNPPE LReTRISRE @50 BUl se [err] is
generated. The autpratjc refresh_operation er.r]: high level, RFSH: | ow
level ) when t etﬁ* iie%ﬁftﬁ?§ 35 regeker@ 88ih§ﬁf°gsa5§§ﬁ is the sane as
in the foregq - | The cLbCUi pegratiqn e ata conti nuous
r ead- out opeﬁ% |6%ﬁ?§9¢£§€%%?%2 ?gggsykgﬁgo§é.E#%uéguWﬁgﬁegrl t he external
control sign [ .20 hicRNEnhte €6 e o;the low | evel, the
control si gng#hsT eﬁ[?irlli ?%i%%hc?ogt%ebﬁ%aﬁgl g\%gﬁg‘?ogp% 6‘trsedet er m ned
5 raised to the high level is controlled by the
word line selection timing signal ¢x in the same
way as in the foregoing embodiment. |
The gate control signal ¢gc is raised to the o/
high level in synchronism with the timing at which
10 the preset'signai ¢ps is set to the/low'level.
The gate signal ¢gc is kept at the high level until
the coincidence pulse $cc is generated.

The automatic refresh operation (CS: high

level, RFSE: loW'level) when the circuit of this -

15 embodiment is used is the same as in the foregoing
embodiment.
The circuit operation when a data continuous o

read-out operation'is requested is as follows. '

Thus, when all the external control signals CS, OE

20 " and RFSH are changed to the low level, the control signal-

grsl is raised to the high level for a predetermined
period, énd the count number of the address counter
ACNT is reset to 0.

The ﬁiming'generation circuit TG shown in .;?

25 Figure 1 generates various control signals in



petiod, and the count nunber of the address counter ACNT is reset to 0. The
t'imng generation circuit TG shown in 25 Figure 1 generates vap~QUS
comtrol signals in, 45 response to the change of the output of the ’
address counter ACNT. Thereéfore, the row address decoder R-DCR, the e
anplifier SA and the precharge circuit PCL are operated at the sane timng

as in b5 t he foregoi ng enbodi nent. g§ presetting signal [err] is
raised to the high level for a predeterm period after the sense
anplifier SAis operated, so that the data signals of the nenory cells

connect ed 10t NeebpakeBbd ehd change %Il GuRESlof AHd\alidde 1 egi St er

SR shown in Figure he .gate co si gnal I's ralised to the high

llevel in synchrggiysapew henhe ahRaEdrd] fheOfrdhadd s addaimdr[err] to
the low | evel, so that 15 the gate circuit GC is opened. The data

signal s of the RipgR,dghe ehse RmplRTidre Peraiaitk fgrutdgshi ft
register SRin response to the first shift control signals [err] and [err].
The out put signeigchienPcile azlei peredied @it the same timing as in
5 the foregoing embodiment. .
The presefting signal @gps is raised to the high
level for a predetermined period after the sense
4 amplifier SA is operated, so that the data signals
of the memory cells connected to the first word
10 ~ line are preset to the shift register SR shown in
Figure 4.
The gate control signal égc is raised to the
high level in synchronism with the change timing
éf the preset signal ¢pc to the low level, so that
15 the gate circuit GC is 6penea; |
'The data signals of the first data lines Do,
W ' Do are generateé from the shift register SR in
response to the first shift control signals ¢gsr and
#sT. The output signals from the shift recgister
20 SR are applied to the external terminal I/0 through
the data output buffer DOB.
. Similarly, the data Signals of the second and
third daﬁa lines D1, DI ané D2, DZ are sequentially
génerated at the external terminal I/0 through the

25 shift register SR and the data output buifer DOB



D1,

DCOB
re

Ther ef or e,
synchroni s

SR are applied to the external termnal 1/0O through the data

buffer DOB. Simlarly, the data signals of the second and third data

[err] and D2, [err] are sequentially generated at the externaLﬁ/

ocectlvely The tinmer circuit TM gen
synchronismw th the output of the shift

al 1/0 through the 25 shift register SR and the data out put

s the advance pulse [err] in

44 in response to the segogd and third shift control signals,

control signal

the address counter ACNT is repeatedly increnented by one in

m

ith th hi ft t t SR. Th
system ci r cui Eﬁ%ﬁéﬁhﬁmﬁﬁ? eéss%gg?gtﬁﬁgeﬁﬁfﬁé ﬁﬁég%fﬁg%ﬁé°3hangerg¥lthe

count in the 3
word |ines are

menory cells conn%édtdﬁeef *&f@&pf%vgeﬁeggtggneﬁe' Sag¥RENt ed.

case, the coincidence

unl ess al |

out . Therefore the prese
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25

t

etection pu

gﬁ? nter ACNT. As a result, a plurality of
%%éﬁﬁ%ntl é%Yggyed and the refresh operatlon of the

In this

I's not produced

B 1940 3 Sixg 'E*ﬁclﬁ’f@ﬁf&mtﬁl‘cﬁetﬁé' &Btf:ﬁﬂ' a&eehéRsﬁ&%tshl fted

signal [err] is kept at
control signal. Therefore, the address counter

ACNT is repeatedly incremented by one in synchronism

with the shift operation of the shift register SR.
The row system circuits are sequentially operated
in response to the change of the count in the
address counter ACNT. As a result, a'plurality of
word lines_are sequentially selected, and the

refresh operation of the memory cells connected to

- the respective word lines is executed.

In this case, the coincidence detection pulse

gcc is noi produced unless all the data signals
éreset to the shift register SR are shifted out.
Therefore; the préset_signal ﬁps is kept at the
low level.

After the preset data signal co*responc ing to
the 512nd data line is produced from the shift
register SR, the shift control signals @sr, @sr.
ané @srl are generated, and both of.the outputs

CDl and CD1 of the shift register SR are set o

‘the low level.

The coincidence detection pulse gcc is



| ow | evel . After the preset data signal corresponding to 20 t he

512nd data line is produced fromthe shift register SR the shift cegftrof)-
_signals [err] and [err] are generated, and both of the outputs CDl1 a@ﬁs?i _
[erf] of the shift register SR are set to the low level. 25 The
coi.nci dence detection pulse [err] is rated when these output signals
CD1 and [err] are at the |ow | evel. We s detection pulse [err] is
generated, the control signal [err] is raised to the high level 5

for a predeterm ned period. Therefore, the gener- ation of the advance

pul se [err] fromthe tinmet circuit TMIis.inhihited Jhe adgsess counter
ACNT conpri sesZfAPREAEERaMPEC FREESS oé‘\ﬁt&)%nte%rcle&haalss,t(‘.f?el caoﬁt funber of 10
0 to 511. Theregfore, ,whe j st detection pulse [err] is generated,
the count in tﬁéeaagrégg S&ﬂﬁgpg&CNT is returned fromb511 to 0. The shift

operation of the shj r @ghls | 4S\y qﬁgﬁ : | eriod in
whi ch the 15 w%%r?t ?o l%i%éir%:gﬁ[ie%rdrq%‘}lggg;t t g’%%%}%%/%%pmen t he

control signal ¢her tbnitsd1eisdgid r2 is raised to the high level

5 for a éredetermined'period. Therefore, the gener-
ation of the advénce bulée'¢ from the timer circuit
TM is inhibited.
Y The address counter ACNT Comprises nine
binary counters and hence has the count number of
10 0 to 511. Therefofe,-when_thg first detection
pulse gcc is generated, the count in the address
counter ACNT is'retufned from 511 to 0.
The shift operaﬁion'of the shift register SR
is not executed during the period in which the
15 control signal ¢sf2 is at the high level.
When the control signal ¢sr2 is returned to
\J. the low level after a éredétérmined period, the
| timer circuit TM is operated in response thereto.
2s a result, the ad#anée pulse ¢ is generatea by
20 the timer circuit TM. | |
N The address counter ACNT is incremented by 1.
'In this case, the coﬁnt number when the first
detection pulse @gcc is generated ié 0 as described
above, the increased count nuﬁber is 1. That is,

25 it becomes a value designating the second word line.



the low | evel after a predeterm ned period, the timer circuit TMis

qted in response thereto. As a result, the advance pulse [err] is
ated by 20 the timer circuit TM The address cqunter ACNT is
mented by 1. In this case, the count nunber when the first detection’
[err] is generated is 0 as described above, the i-ncreased count

is 1. That 'is, 25 .t becones a val ue designating the second
mord Line. The row systemcircuit again operated in response to the
change of the output of the address counter ACNT. The preset signal [err]
Is again set to the 5 hi gh IeveI for a predeterm ned period in
response to the f t I [er ft the control
signal [err] is rg %r ﬁég'rggs '&gn I%g'w eve asxleq%adaalrnesé‘?xaa?%% data signal s

;regdsg?t t er}g}e‘ %sgsﬂrg(%:c%tegrh% ql—’z%r%e%t S%t t(etchcéontr sir%kn'\éﬂ elrlr]nei ;Orai sed
again to thea?agg gegghnt@rsxggﬁqonlsnlmﬁyh the change of the preset signal
[err] to the eveI. Thus, the sane operations as those described
already are 15 mhe pgeketc@idal gps is again set to the
5 high level for a predetermined period in response
to the first word line selection eignal ¢x after
the control signal ¢sr2 is returned to the low
level. &as a.result, the data signals read out from
the memory cells connected to the.second word line
- 10 are set to the shift register SR.
The gate control signal ¢ggc is raised again
to the high leﬁel in synchronism with the change
of the preset signal ¢ps to the low level. Thus,
the same operations as those described already are
15 carried out. |
Since the additional unit shift stage described
above'is provided in this embodiment, the shift
register SR has the number of unit shift stages
which is greater by one than the numbef of datea
20 line pairs. Therefore, the preset signal ¢ps is
generated at a fiming such that a plurality of word

lines can be sequentially selected.

The above described semiconductor memory has the

followina advantages.

25 (a) Since the memory cells are selected by the



Si nce the additi onal

enbodlnent

unit shift stage described above is provided in t
the shift register SR has the nunber of unit shift stages

|s\g,Leater by one than the nunber of data 20 line pairs. Theref gli

the preset signal [err] is generated at a timng such that a plurality of
word |ines can be sequentially selected. The above descri bed sem conduct or
menory has the foll ow ng advant ages. 2 -~ (a) Since the nenory cells
are selected by the built-in addres oGnter, continuous read-out can be
made w t hout supplying external address signals. (b) Due to the effect
described in poapdtaph gairesssevundrAyCclcontiiioys teddbdet fe@dna refresh

menory 5
ot her word

for displaying characters or ‘figures on CRT can be obtained.

S,

m cro-processor or the like is unnecessary, and the system can be
sinmplified.

is used as the address counter

di recti on,
di rection.

andat Aemé RppAuCcEgirs remory ddakl sdacta tref desh nemery

10

15

20

25

5Therefore the circuit can be sinplified

for dlsplaylng characters or figures on CRT can be
obtained. 1In other words, an external address signal
generation circuit consisting of a micro-processor
or the like is unnecessary, and the system can be
simplified.

{c)  The address countef of the automatic refresh
circuit is used as the address counter described
above to select the word line direction, and the
shift register is used to select the data line
direction. Therefore, the circuit can be simplified
and high speed data read-out can be made. For, when
the shift register is used, a column change-over
operation involving the resetting of the common

data line is not necessary.

A nuﬁber of modifications of the above
described semiconductor memory may be made. For
example, the shift clock of the shift register may
be supplied.from an external terminal. A column
selection address counter circuit may be provided
in place of the shift register. Furthermore, various
combinations of external control signals for

executing continuous read-out may be employed, or

In

abe emédenali thddrite supplynialg gortematd braddress tstgnaslsti ng of a

10(bjc) Dugh&ocatieces femntdasmfibed® autpamagrapkf f@3h circuit
descri bed above to select the word |ine



ed, a columm change-over operation involving the resetting of the

n data line is not necessary. A nunber of nodifications of the abov
20 descri bed sem conductor nenory may be nmade. For exanple, the 'shift cloc
of, the shift register may be supplied froman external terminal. A columm
sel ection address counter circuit nay bg provided in place of the shift
regi ster. Furthernore, various 25 coﬁbizéjions of external control signals:
for executing continuous read-out nay be enployed, or new contr ol
signals may be dis Thou h the i.nvention as t hus been descri bed
primrily MAPﬁerPBEEH e SEgNZ &yﬂﬁﬁié° %Wﬁ%% ts the background and field
of utilization of the vent i sent,invention
particularly linmited t g?@t% %% (%§¥$61%%b§% %pb??%gg?%“ d??ﬁffgeﬁype RAM
by addi ng an, agfleess y0GARHA et ! do % dndfi @ RahGngLA Lgr operation

functi ons.

15 @d hi gh speed data read-out can be made. For, when the shift register

‘the background and field of utilization of the

5 invention, the present invention is not particularly
limited thereto, but can also be applied to a étatic
type RAM by adding an address generation circuit

so as to add the similar operation functions. ' &)



+

1. A sem conduct or nmenory including: (a) a nenory array having

a plurality of menory cells; (b) first—means for generating tini
Sigﬂgis in atine series nmanner without the iﬁd of receiving external é;%)

cl ock signals; (c) ah address coynter ﬂl’iﬂ"l ﬂll erst mean
sai @ address counter including neans gen

designating nenory cells fromsaid nennry array in response *to the timng
signal of said first neans; and (d) second neans coupled to said
menory array guxiMs; an ext er nal terminal, said second means including means
for serially transmtting data stored in nenory cells designated by said
address countler to sai A es¢mic@hdietor raémo?Py includiAgsem conductor nenory
according to claim1l, wherein each of said nenory cells conprises a dynam c
type nmenory cded)l . 3. a memgryearrandogyibngnenplyratésydofigmesociyai m 2,

further including; (e) an address buffer circuit providing i nt er nal
address si gn®el¥sor said nenory array in response to . external address
signals; (f) a mul tiplexor coupled between said nenory

(b) - first means for generating timing signals

in a time series manner without the need of receiving
external clock signals;

(c) an address counter coupled to said first
means, said'address counter including means for
generating address data-deSignating memory cells from
said memory array in responée to the timing signal of
said first means; and

(d) second means coupled to said memory array
and to aﬁ external terminal, said second means including
means for serially transmitting data stored in memory
cells designated by séid address counter to said

extefnal terminal.

2. A semiconductor memory according to claim 1,
wherein each of said memory cells comprises a dynamic

type memory cell.

3._ A semiconductor memory according to claim 2,
further including} |

(e) ' an address buffer circuit pfoviding internal
-éddress éignals for said memory array in response to
external address signals; |

(£) a multiplexor coupled between said memory



aymand sai d address buffer and between said menory array and said
sy counter; and (g) ~control neans Tnctudimg—eans—For

ling said rmultiplexor to select either i I signhals & J°
efated by said address buffer circuit or ac”a“m"m"ﬁﬂﬁizﬁgnat ed by sai d%
dress counter to apply to said y-array. &, ¢ L # 1 conduct or
nmenory including: (a) a ne array including a plurality of .menory
cells arranged in rows and col ums; (b) first neans for generating

€ss counter cou tosaid first

nmeans, saiqapp%%eéﬁdCQH??egth%gngggn- 31s @ generating address signals
desi gnating a nmenory cell row fromsaid memory array in response to the
- timng signgy of sai dcbhEsb1NRBBRs 39l nYAInd AT RidtFOMBiry ©
sequenti al | y” desi gnated by said address counter in accordance with the

timng signsdi@fmeptdpibket wBaBeledrtde(ither inteiRRANGdmANSs coupled to
said nmenory array and to an external terminal, said second neans including
neans for seignhly genssateti by dalid siddreds bufifemeirguiceldr row
desi gnated. by said address counter to said external termnal.

address data generated by said address counter to

TV TPyl RS fbCS TR WPl iy

apply to said memory array.

4. A semiconductor memorf including: | ' QJ
(a) - a memory array including a plufality of |
memory cells arranged in rows and éolumns;

(b) first means for generating timing_signa;s in
a time series manner without the need of receiving
external clock signals:_

(c) - an,address counter coupled to said first
means, said address countér_inciuding means for |
generating address signals designating a memory cell
row from said memory array in response £o the timing
signal of said first means, so that said memory cell
rowé are sequentially designated by said address
counter in accordance with the timing signal of said
first means; and

(d) second means coupled to said memory array
and to an external terminal, séid second means
including means for serially transmitting data stored
in the memory cell row designated by said address

counter to said external terminal.



5. % A sem conduct or nenory accordlng to cIéTﬁ?Z“GﬁETETn*sald second

means conprises converting nmeans coupl i ﬂn m nal ape—
whi'sk” converts parallel data into ser dat m ﬂm,mm“,ﬁn ng rre
[

coupl ed between said nmenory array and sald conveftlhg'heanS*and whifady
transmts data stored i-n menory cells designated by said address count€r to
sai d convertisng neans im sEpddbeducedd méedeynasabddcngt el caaams4furt her

i ncl udes neans for controlling said converting neans so that said
converting nmedresresigr isdid $emmmdkmednsacampriedstooaaédt¢nngeahsg means by
said trans- mtting nmeans to said external termnal. 6.

sem conduct ocowmied) tcsaid exteres hi hesninakr and whmdhconnﬁermﬁg means

i ncludes a shift resister. 7. A sem conductor menory according to
cl ai m 4, mhemaﬂﬁk%ﬁﬂ1Qﬁtéﬁﬂmﬁ¢mﬁﬁ#yabeﬂ@tacoﬁpdl§§§namdyﬁaﬁ9cm??pé menory
cell. 8. A sem conduct or nenory according to claim?7, further

i ncl udi ng an CARRIRS RAKWRRR LM BEMBEY RERAEfRANEABAY CRPVEF ARG sai d
Furt her i ncl TRARS ARbAAT LTS Cn AR LR ne EF Hde SEoMAMAEHnEo0dRpr | ses
converting m%%?%&%2‘3df%y said address counter to said converting
means in parallel, and wherein said control means
- further includes means for controlling said converting
means so that said converting means serially provides

data applled to said converting means by said trans-

mlttlng means to said external termlnal.

6. : A semiconductor memory according to claim 5,
wherein said converting means includes a shift

resister.

7. A semiconductor memory according to claim 4,
wherein each of said memory cells comprises a dynamic

type memory cell.

8. A semiconductor memory according to claim 7,
further including an address decoder coupled between

- said memory array and said address counter.

9.- | A semicondu;tor mehory according'té claim 8,
further including a”control éircﬁit; wherein said
second means comprises converting means which are
coupled to said external terminal and which convert

parallel data into serial data, and transmitting



:§§§§>Ed to said external term nal and which convert parallel data into

S @l data, and transmtting nmeans whi ch ar-e—ceupted—between—said e

ry array and said converting nmeans and which tr. ' ] tored i N’

the menory cell row designated by sai dress iﬂlﬁﬂ%ﬂﬂmg@mgonverti ng
ndans in parallel, and wherein said cgaﬁgﬁl cir c| ns for

controlling said converting nmeans so that said converting neans serially
provi de data applied to said converting neans by said transmitting nmeans to
sai d ext er nmleaney mhialh & coupled betweendssidrmemooyyaaceyrding to claim
9, wherein said first nmeans includes neans for controlling said address
counter so engt sadid] canfestsinoureans darfgwhiel transhétedataenory cell row
when said converting neans transnits all of the data stored _in a previously
desi gnat ed Sd@died ddl ItheopanPryiee bkt EPYafieségnphad. byisaid A

sem conduct or, menory according to, claim 10, wherein said converting nmeans
incl udes a 8fidressegaunder to said con¥ertiBAdNeaBF ABnBAYaAd€drding to

claim 10, wherein said firsf neans conprises a timer circuit for generating
sai d tiningagqyﬁhqiein salé controf °CPréafe fne gges means for
controlling said converting means so that said
converting means serially provide data applied to .
said converting means by said transmitting means to

said external terminal.

10. A semiconducfor mémofy according fé claim 9,
wherein said first means'includes means for éonfrolling
said address counter so that said address counter
designates a different memory cell row when said
converting means transmits all of the data stored in

a previously designated memory cell row to said

external terminal.

11. A semiconductor memory according to claim -
10, wherein said converting means includes a shift

resister.

12. A semiconductor memory according to claim
10, wherein said first means comprises a timer circuit

for generating said timing signals.

13. A semiconductor memory including:

(a) a memory array having a plurality of memory



13.7; A sem conduct or nmenory i ncluding: ( a nmenory array
a.ﬁ!urality of nmenory cells arran I n roﬁ%‘gﬁa_EETUﬁﬁ§T‘Tb7‘
fiMs& means for generating tining si%§g$s in T "ﬂ ' ner w t{hko
t hegneed of receiving external clock signals; mrm"m'mﬂr ess co
coupled to said first neans, said address countef ihcludisng*nmeans for
generating address signals_in response to the timng signal of said first
means; (d) cellgmparamged buf FevscarPEurPlBmasiidi ng i nternal address
signals in response to ﬁgternal address signals; (e) . .a mul tiplexor
coupl ed bet weBW sai d nehbF§tPea)sah8TrsIPBSEAGARYs thOirgr sd9dadet iden sai d

d. said add ter. (f control i ncl udi
reans for cort rOHTE P Ehr RPEPRI BXBRORS EhRoBEeR BloroERd Hoiter nal

addr ess signal era y A ddress buffer circuit or the address
signal s gene§% %%P ?{s%f%cgdﬁiggglgbunter; (9) an address decoder

coupl ed betwegn said ne g¥d§g§§¥ 88ntakd By EEB’G¥8rsa§ | ¢33dqr ess

decoder including neans ecting a menory cell Tow fromsaid nmenory
array in respsgst 0sdDe 248L€88 counter including means for

ter

generating address signals in respoﬁse to the timing
signai of said first means;

(a) an address buffer circuit providing internal
address.signals in response to external address
signals; |

(e) a multiplexor coupled between said memory
‘array and said address buffer and between said memory
array and said address counter;

(£) ' control means including means for controlling
said mulﬁiblexor to sélect either the internal address
siénals generated by said address buffer circuit or
'the address signals'generated'by said address counter;
(g)  an address decoder coupled between said
memory array and said Multipiexdr, said address
decoder including means for selecting a memory cell

row from said memory array in response.to the address
signals selected by said multiplexor;.and

(h) . second means coupled to said memory array and
to an external terminal, said secqnd means including
meéns for serially transmitting data stored in a

memory cell row selected by the address signals which



N)al s sel ected by said nultiplexor; and (h) . second neans coupl ed to
g nenory array and to an external term nal, sald second nmeans including
veans for serially transmtting data stored i h Iy P W. Sel ect ed v °
by the address signals which sai d-addr ess ammﬁmdmﬁﬁnw,#'&o sai d o
external termnal in series. 14. f;hr/ksenicOﬂ uct @r We »according to
claim 13, wherein each of said nenory cells conprises a dynanm c type nenory
cell. 15. A semi conduct or nmenory according to claim 14, wherein said
second nNeanga Q@ RNAdTRSsC PRItd Nemarstedupd eshi® erterexlernal tern nal
and which converts parallel data into serial data, and trans- mtting nmeans
coupl ed bet weamisaild ilemeniem s ay and said converting neans and which
transnits data stored in the nenory cell row selected by the address

signals of said address counter to said converting_ neans in parallel, and
wherei n sai d4control AeseditENAWEtanm AGRRT ERFROFHING ok rel 23Mg sai d
converting neans so that said converting neans serially provides data
applied to ééde@GﬁﬁéPtﬁﬁ@hn§5h§QﬁP5%%%95¥eﬁﬁﬂﬂ§t??ﬁf¥&é§% %0 said

external termnal. 16. - A semd conductor. menory according to claim
dynamic type memory cell. :

15. A semiconductor meﬁory according to claim
14, wherein said second means comprises converting
means coupled to said external terminal and which
converts parallél data into serial data, and trans-
mitting means coupled between said memory array aﬁd
said converting means and which transmits data stored
in the memory cell row selected by the address signals
of said éddress counter to said converting means in
parallel, and wherein said cqnt;ol means further
include means for controlling said converting means

so that said converting means serially provides data
applied to said converting means by said transmitting 1\)

means to said external terminal.

16. | A semiconductor memory according to claim
15, wherein said first heans include means for
controllihg said address counter so that said
address counter designates a different memory cell
row when said converting means transmits all of the
data stbred in a préviously designated'memory cell

row to said external tefminal.

17. A semiconductor memory according to claim



-

15, ; mhérein said first means include neans for controlling said address

counter so that said address counter designates a different Menory Ccg

whéq_sai d converting means transmts all of the data stored in a prg |y
deS|gnated menory cell row'to said ext |t

sen conduct or menory accordi ng to cl alg ﬂleMlmHmN”m)nvert

means include a shift resister. A seh conductors menory accordi ng

to any one of the preceding clalns 13 to 17, wherein said neans for

generati ng adb esehsrghnl samﬂtbbnvsaitdnqddéesas dadnude @oghi¥a i n response
to the timng signals of said first means w thout the need of receiving

external addressistemnals. 19. A seni conduct or nmenory constructed and
arranged to operate substantially as herein described with reference to and
as |IIustrated in the accom panying draw ngs.

18. A semiconductor memory according to any one

of the preceding claims 13 to 17, wherein said means
for generating address signals within said address

. counter does so in response to the timing signals of
said first means without the need of receiving

external address signals.

19. A semiconductor memory constructed and
arranged to operate substantially as herein described
with reference to and as illustrated in the accom-

panying drawings.




