2128830 -1- SEM CONDUCTOR MEMORY DEVI CE BACKGROUND OF THE | NVENTI ON Thi s
invention relates to a sem conductor nenory device and nore particularly to
a dynami ¢ random access menory (hereinafter referred'to as "dynam ¢ RAM')
havi ng \ah operating node in which data conprising a plurallty of b|ts can
be read\éy{ or witten in serially. The address nultiplex system ‘in which
address signals are applied tw ce separately as an address designation
system has been enployed in a sem conduc- tor nenory devic %gggtgarge
menory capacity such as a 64K bit (65,536 bits) dynam c RA

reduce the nunber of pins on the package hol ding the nenory deV|ce VWhen
this address multiplex systemis used~for a 64K bit dynanmic RAM the nunber
of pins on the package nay be 16. In other words, the 64K bit dynam ¢ RAM
is placed in a 16-pin package. The function of each pin is standarized, as
shown in Figure 4, when packaging a 64K bit dynamic RAMin a 16-pin
package. | n SEMBEPNRUETOR MBMORY DEVAEE: signals are applied in two separate

hal ves to pins 5 -7 ang ins 9 % 13. ?ln_l |sNgeneraIIy used for  -2-
refresh, pins 2 and§iE_EEﬁgﬂgeﬂ_agzﬁbLﬁﬂﬂﬁﬂﬂﬁLand output pins, and pin 3 as
a write ena%&gs nalt& re&g%es fg a semiconductor memory -
device and more particularly to a dynamic random
access memory (hereinafter referred to as "“dynamic
L4 RAM") having an operating mode in which data comprising a
plurality of bits can be read out or written in
serially. ;

The address multiplex system, in which address
signals are applied twice sepgﬁately’éé'an-address
.designat&on system, has been employed in a semiconduc-
tor memory device with a large mémory capacity such as

a 64K bit (65,536 bits) dynamic RAM, in order to reduce |

the number of pins on the package holding the memory
. device. When this address multiplex system is used
for a 64K bit dynamic RAM, the nﬁmber of pins on the
package may be 16, In other words, ihe 64K bit dynamic
RAM is placed in a 16-pin package.
The function of each pin is standarized, as shown

in Figure 4, when packaging a 64K bit dynamic RAM in
a 16-pin package, In other words, 16-bit address
signals are applied in two separate halves to pins 5 -7 and

pins 9 - 13. Pin 1 is generally used for




Pins 4 and 15 are used as input pins for a row address strobe signal RAS
(hereinafter referred to as "RAS signal”) 5 and a col um address str
sj gnal CAS (hereinafter .ref- erred to as "CAS signal"), and pins 8 QQ£16
as power  pins. 256K.bit ( = 262,144 bits) dynam c¢ RAMs have been ddvel dped
extensively in recent years. The nunber of address signals is great in a
256K bit dynami< RAM 10 than in a 64K bit dynamc RAM In order to
construct a 256K bi't dynamic RAM while secring an input pin for refresh
control "signals, therefore, the design concept of the conventional 64K bit

RAM nust be changed to either increase the nunber, of pins or detect the
ref¥dsh 15 ti Afh§eFRonPLiRE fePBEi dAsRES BFeEnast FAtAgd e Y RECRREEPHTI CAS

. Si ls, th by maki [ ible_t > pi.n 1.of th - Ri k

2T nput pin PEFSarsaqPaRsSnanal VRS e PORBYE: S L8BRManTENI REP Bottden ¢ he
64K bit dy”a”bf?gmﬁﬂéﬂg 396a5§6ﬁs23t§%%ﬁﬁgh2 MS2Q,1S ol @3t 13 glag f or mer
case. In order to develop~a dynam c aving~a greater menory capacity

such as a I'M bitohs %fgﬁézoﬁﬁgbimémwme RAWL r3R4i RET QRSO RAS tsllgnﬁ'im?er |

of pins is in- evita unl ess the design concept itself can be changed.
According £0 andii §StodsRARChAQtebBesREEBENE i GAXENTREN (hRREee nkE tRiO\Heded a
sem conduct or nenory device including: (a) a nenory cell array having a
plurality of &rrédpub-ast pORSt eighaals, andwbiab 8 phdraki by ebweenRins.
cells ' . _

256K bit ( = 262,144 bits) dynamic RAMs have been

W developed extensively in recent years. The number of
address signals is greater in a 256K bit dynamic RAM
10 than in a 64K bit dynamic RAM. In order to construct
a 256X bit dynamic RAM while securing an input pin fér
refresh contrpl signals, therefore, the design concépt
of the conventiénal 64K bit RAM gust be changed to
either increase the number of pins or detéct the refresh
15 tiﬁing from the relationship of the timings of the RAg
and CAS signals, thereby making it possible to use
- pin 1 of the l6-pin package as an input pin for an
address signal Ag. However, compatibility between
the 64K bit dynamic RAM and the 256K bitldynamic RAM
20 is lost in the former case.
In order to develop a dynamic RAM having a greater
memory capacity suCh:as a 1M bit (= 1,024,000 bits)
'dynamic RAM; an increase in the number of pins is in-

evitable unless the design concept itself can be changed.



are arranged so as to be selected substantially simultaneously and said
menory.-cell s thus selected are connected to said input-output termnals in

a ong-tpyone 10 manner; (b) a first switch circuit connected to said .
I nput - put termnals of said nmenory cell array, and having a plurality of
contt ermnals, the first switch circuit being arranged to selectively
connect a said 15 input-output terminal to an input circuit in-accordance
with signals on the control termBnals; (c) a second swtch circuit o
connected to said input-output termnals of said nenory cell array, and —_

having a plurality-ebrgon§reb heefgel aspkhe secend ? Wels@h t20 circuit be&gg
arranged to sel ectively, connect _a_said input-output termnal to an output

ci rcui t1RYPRER dEMRES Wi £ hPEPYREFS BnSFWéCBBHFFBPrt@FWPﬁ% eVA@e a contro
circui timetypddiigng a control signal; and 25 (e) a selecting

circuit arranged {a? ?CSé hgeggn% 9 hggg ogtgg% qlsald control

circuit and a plu gna rre spon pIurgllty of address
S|gdhls;nwmﬁ-¢wtgmplyeampnﬂlal|-1=r"'":=f‘ﬁfffx:f’~~x;=nmse~—s cont rol

term “%ﬂ%ﬂg—, apd ghisRcang1aphisly Cb‘ECHé}nﬁrg Qe 1l St
sel ective connecti ng one of said gut output termnals. to sald I nput
ci r cui t2EH PSRRIV Pt 28 FRUPE, sﬁﬁﬂc ge FHEFE&PFéP1§¥IeCt|ver and

sequentsﬁhdytmmiyngnaeﬁaml ReémbAPUte@UEPUhukekal Baktedotater than said
pr edet er m ned é one_of a 1npu£n83Ep8thUt term nals to sai. d |nput circuit

and saJ%P%Rﬁ% L ¥R RS erminals in a oné-to-on

10 manner;

(b) a first switch circuit connected to said -HJ
input-output terminals of said memory cell array, and
having a plurality of control terminals, the first switch
circuit being arranged té selectively connect a said

15 input-output terminal to an input circuit in accordanée
with signals on the control terminals; _

- (c) a second switch circuit connected to said
input-output terminals of said memory cell array,  and
having a plurality'of control terminals, the second switch

20 circuit being arranged-to selectively connect a said
input-output terminal to an output circuit in accordance
with signals on the control terminals;

(d) a control circuit outputting a control Q_)
signal; and ’

25 (e) a selecting circuit arranged to receive the
control 51gna1 output from said control circuit and a
plurality of signals corresponding to a plurality of
address signals, and to apply a plurality of selection
signals to said control terminals of said first and

30 second switch circuits, for first selectively connectlng
one of said input-output terminals to sa1d input
circuit and said output circuit, and for thereafter

. selectively and sequentially conhecting remaining
input-output terminals other than said predetermined

35 one of said input-output terminals to said input circuit

and said output circuit.



T4 - According to a second aspect of the present invention there is
provi ded a sem conductor nenory device including: (a) a nenory cell array .

bhaving a plurality of 5 input-output terminals, in which a plurality of §\
menory cells are arranged so as to be selected substantially sinultaneo {LQ)
and said nmenory cells thus selected are connected to said input-output
termnals’in a-one-to-one manner; 10 -4 - (b) a first switch circuit
connected to said input-aqut at termnal s of said mory . ell array and

having a plurality of'c%ﬁf?g 1pdr iPnal §CCPRE FIoPSE tsWift FREcPFESE thei ng
arranged to séhwenktiehytbenaett prewidednputenitpntucdor nanory devikgut
cirzuit in acgg&@agggQQS with signals on the control termnals; (c) a

second switch circuit”connected to said_input-output term.nals of said

nmemory cell array and h&3)n BePPE¥arely 8fre¥nbayingeanipdarslitye ofecond

swi tch cireui inpetrgueptengedmifassel, eehi Whli¥hCanpaelrad i2) ©F chemdRyt - out put
termnal to an gftput circuit in accor?anﬁe-mﬁéh siﬁnali on the_control
termnals; (dfehlEoRFFoRTERPEGRt SBURBUER RE £SL6GEFT S¥PSHaPtialdY- (e) a
sel ecting cirsiimblaanangetlyt anduspiid memdsyszied l1sothusl siederited aref said
first and sec L LG, G LCUjat e Li,QN . Sl I l.ch_c egts
predeternined8?ﬁ35§%%§tBétgggéniﬁgFio%gggFg Eﬁﬁggﬁfﬁghéﬁ Pn%&?—ghtﬁﬁf
term nal s of Bar@eRenory cell array to said input and '

10 ({b) a first switch circuit_conneqted'to said
input-output terminals of said memory cell array and
./ having a plurality of control terminals, the first switch
circuit being arranged to selectively connect a said
‘input-output terminal to an input circuit in accordance
15 with signals on the control terminals;

(c) a second switch circuit connected to said
input-output terminals of said memory cell array and
having aﬂplurélity of control terminals, the second
switch circuit being arranged to selectively connect a

20 said input-output terminal to an output circuit in
accordance with signals on the control terminals;
(d) a control circuit outputting a control
signal; and | | _ o
_ - (e) a selecting circuit arranged to output to
said control terminals of said first and second switch
circuits a selection signal'which connects a predetermined
input-output terminal of.said plﬁrality of input-output
terminals of said memory cell array to said input and
output circuits, and thereafter to output to said control
30 terminals selection signals which connect sequentially
and selectively a piurality of inpuﬁ—output terminals.
other than said predetérmined_input-outputlterminal to
said inpht and output circuits in response to the control
signal output from said control circuit.
35 According to a third aspect of the present
invention there is provided a semiconductor memory device
including:



output circuits, and thereafter to output to said control 30 termnals

sel n signals which connect sequentially and selectively a plurality of
I npyt put terminals other than said predeterm ned input-output term nal
to sQid nput and output circuits in response to the contr.ol signal output
fromsaid control circuit. 35 According to a third aspect of the
present invention there is provi dediaa -sem conductor nenory devi-ce

i ncl udi ng: -4a- (a) a nmenory cell array having a plurality of ,

i nput - out put term(edl &, remody cteld Eruregt itayiofg rerpryrakitys af e arranged;ﬂ.
so as t s - ed i al.l i taneausd v ' &gfnry cells i
t hus se ggtggdggﬁgjhg g%#ﬂé’%’%gg 'tol%z‘i"’iﬂd'r%ﬂnpft-out pyult@?g?%%]%rs na: o
one-t o- oA lFaamer 2aTEPNSEG WY &F G &F seRFeRd erbstart e} hput - out put

B e
, Wi ircuit bein arranged to sel ectively connect a
sai d3i nFEPPEGEFG tPeSHYTat PRt Y tc‘??%’d%elﬁ rﬂ"bc%o?r&l%ﬁﬁ%'%ﬁ’? h signals

one themaankkq! termnals; (c) a control circuit outputting a control
control of gnal outBl % FHEEH TSI Fofidcthd B5TERIARATET VS U0 o
correspontpng termiplalsalaft yadid awmarss %ﬁ]g]naﬁ@ja)anoamg hppigga@plurality
of seleghi@d1ity of control terminals, the switch circuit being

10 arranged to selectively connect a said input-output
terminal to an input circuit in accordance with signals MJ
one the control terminals;

(c) a control circuit outputting a control
signal; and - ' o

15 (d) a selecting circuit arranged to receive the
control signal output from said control circuit and a
plurality of signals corresponding to a plurality of
address signals, and to apply a plufalitj of seieétion
signals to said control terminals of said switch circuit,

20 for first selectively connecting a predetermined one of
said input-output terminals to said input circuit and
for thereafter selectively and sequentially connecting
remaining input-output terminals other than said
predetermined one of said input-output terminals to said \‘)

25 input circuit.’ o '

' According to a fourth aspect of the present
invention there is provided a semiconductor memory device
including: | . | |

(a) a memory cell array having a plurality of

30 input-output terminals, in which a plurality of memory
cells are arranged so as to be selected substahtielly
simultaneously and said memory cells thus selected are
connected to said input-output terminals- in a one-to-one
manner; : '

35 - (b) a switch circuit connected to said
input-output terminals of said memory cell arfay, and
having a plurality of control terminals, the switch



Signals to said control terminals of said switch circuit, 20 for first
sel ectively connecting a predeterm ned one of said input-output term nals
t.o said input circuit and for thereafter selectively and sequential | D
connect i ng remaining input-output termnals other ‘than said predet {/:r{?;ed
one of said input-output termnals to said 25 input circuit. Accor to a
fourth aspect of the present invention thgeds provided a sem conductor
menory device including: (a) a nenory cell array having a plurality of 30

i nput - out put’ teiﬁtﬂatSbetﬁthkebn@eﬁ|Mbabbnchﬁv@ﬂwDﬁbnﬁebESaa@ﬁnﬁiranged
soastobesel ted substantiall S|rrultaneu cells
thussel ected & éugonngg £30es o %3%& Cpa- 8Ht€ Qéﬁ%uﬁilgn ﬁgfééﬂgqﬁf one
manner; 35 w1th SiGbyla oni tbke centuiofl ¢cemmdaiadd it o sai d i nput - out put
ternminal's of said rrermry(geyl g 2bha¥o12k4d Aaving.a tLEr Ay By Rhegyit rol
termnals, the switch - circuit being arr ed to selectlvely
connect a séldsﬁﬂbﬁiloﬁﬁﬁut ternlnal to an out put CIrCUIt in accordance

with signals on the contya aesauaaltang( @hr%uCiQntaer"an Gcwot r@aewetl ng a
control 5 S|gngh t% % a.sel ? 8 %IF%UIt ar.r.an recelvg:f
control signal ﬁtﬁﬁ? PonrsdPa C8HF 5i élP@hF?lgnﬁ §P r SHEEP IS af%gnal s
correspondi ng aophupalityi 0§ efignals corresponding to a plurality of
address signals, and to apply a plurality of selection
10 signals to said control terminals of said switch

circuit, for first sélectively connecting a predetermined

e one of said input-output terminals to said output circuit
and for thereafter selectively and sequentially
connecting remaining input output terminals other than

15 said prédetermined one of said input—output terminals
to said output circuit. '
BR'IEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram of a semiconductor
memory device in accordance with one embodiment of the
20 present invention; ' o
Figure 2 is a timing charg of the device of
Figure 1 when operating normally; _ _
Figure 3 is a timing chart of the device
W when in nibble mode; '

25 . Figure 4 is a schematic view-of the arrangement
of the pins of a 16-pin package when it contains a



ignals, and to apply a plurality of selection 10 signals to said
A dxmnals of said switch circuit, for first selectively connecting
l ned one of said input-output terminals to said output circuit
reafter selectively and sequentially connecting. remaining input
output termnals other than 15 said predeterm ned one of said input-output
termnals to said output circuit. BRI EF DESCRI PTI ON OF THE DRAW NGS*Fi gure
1 is a block diagramof a sem conductor nenory<device in accordance with
one enbodi nent of the 20 present invention;, Figure .2 is a timng charg of

addr ess
contr ol

t he device of Figure 1 mhen_operatiﬁﬁ‘nornally; Figure 3 is a timng chart

of the IR TT | APl EP00e hAAN i 44s a schematic
Vi ew oﬁgﬁée&g(%rangerfd;%@@ﬁe pI rPs 0 gaaigie&?rfyl;%%é$ en it contains a

-5- sedf coilusi of demRydedevi ce having a nenory capacity of 64K.bits.or
nore; Figure 5 1s a circuit diagramof the device-in accordance with one

~enbodi ment ®f g Priasentcireert idinigrand of die devieribl ock di agram of an
exanpl e of the selecting circuit 7 shown in Figure 1. DESCRI PTION OF THE
PREFERREED FM4I{d¥ MENTES driegy uembdtliiment luf cthedipapsantofinyeR3gkingi t dynani c
and ' .
Figure 6 is a block diagram of an example of
the selecting dircuit 7 shoﬁn'in figure 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a block diagram of a 256K bit dynamic
* RAM to which the present inventiom is app'_li!d_.  The
so—-called "nibble mode® function which can read§and
write serial data comprising a plurality”of bits'-,‘-"sti(:h as 4
bits, is added to the dynamic RAM of this embodiment.
The dynamic RAM of this embodiment can be also used
as an ordinary 256K bit dynamic RAM by utilizing the
first pin as an input pin for an address signal Ag.
In fhe diagram, all the circuit blocks encircled
by the broken line are formed on a single semiconductor
substrate by known semiconductor integrated circuit

techniqﬁes. Terminals D, WE, RAS, CAS, D v

in? out? ‘cc?
vss and Ao thriough A8 are connected to the corres=
ponding pins.provided on the.packag?;;kyggg~fhis

256K bit dynamic RAM is used only in the nibble mode,
however, the_address of the most significant bitj—the

address signal Ag in this embodiment, is not provided

-~



RAM to which the present inventiorr is applied. The so-called "nibbl e
nmode" function which can read-and wite serial data conprising a plu allty
of bits, such as 4 bits; is added to the dynami ¢ RAM of this enbodi{mept. .
The dynami ¢ RAM of this enbodi nent can be al so used as an ordinary 2 It
dynam c RAM by utilizing the first pin as an input pin for an address
signal A8. In the diagram all the circuit blocks encircled by the broken
line are formed on a single sem conductor substrate by known sem conduct or
integrated circuit techniques. Term nal s[ e~6}, WE, RAS, CAS, [err] Vcc,
[ert],and [err] through [err] are connected to the corres- ponding pi ns
provided on thgs patkpgse de¥wiibdd LK bHendenaEreii AV A§ magdpenly in

t he ni bbl e node, however, the address of the nost significant bit,- the
addr ess si gnalogiettdd iand i sefivesti momtrols termipadyifded exampme,as will be
described later. Hence termnal A8 may be omtted and a refresh contro
termnal for & e qyavdded dmstiesdd qfn@éadadfir@ﬁssséaaabss si gnal

term nal A8, connected to the corresponding pin ( of .the package. It
will be neces§§ﬁﬁ%4ﬁ dgpr sRested Fo J&GeCPFFeé nB&Bssary for the

f h 56K d I
ont rol 11 ng. t HEdbel i fiorHto Ratass. ?Z?ﬁ #oir Eﬁnflsﬁﬁgﬁér?' PRS0 ook
di agr am referer&%&%%v&dre%% 15843 ¢2nIRIRLYr§oLbrAbH Y re bl S

d|V|ded into four g
operation on the 256K bit dynamic RAM, and apply a

: -/ control signal controlling the operatiog tg\the refresh _
. control terminal,
In the block diagram, reference numeral 1 repre-
5 sents a memory cell array, which is divided in%o four
: o memory cell matrices la,-ib, lc and ldjzgggzg;bemory

cell matrix la - 14 has a 64X bit memory capacity.

In other words, 65,536 memory cells in each memory
matrix are arranged in a matrix of S;Q\Srows) by 128

(columns). The memory cell matrices are disposed

C rvamar -

symmetrically about X decoders 2a, 2b and Y decoders
3a, 3b at the center.. _

Reference numeral 4 represents an address buffer
circuit. A plurality of address signals are.divided in two.
and each half applied successively from a micro-processor (hereinafter .
referred to as "CPU"), not shown, to the address
buffer circuit 4. X address signals A, - Ag and
Y address signals %,o' - Ag are applied in a time-

sharing manner from the CPU to the address buffer circuit 4,



nennr(izéll matrices la , 1b , 1c and 1d, Each nenory cell matrix la - |d
has a bit menory capacity. In other words, 65,6536 nenory cells in each
‘ menory matrix are arranged in a matrix of 512 (rows) hy 128 (columms). The .
menory cell matrices are disposed symetrically about X decoders 2a, 2b and
Y decoders 3a, 3b at the center. Reference nuneral 4 represents an address
buffer circuit. A plurality of address signals are divided in-tw. "and
each half applied suscessively froma mcro-processor (hereinafter.
referred to as "CPU'), not shown, tp the address buffer circuit 4. X
address signals [err] and Y address signals [err] are applied in a tinme-,

sharing manper froqmjthe CRU tq .t he address fe Lrcuite 4. -7- The ~
addr esd1® es§ (r{?!‘hti[{]eﬁ hrk 2’ &"“&iﬁ%ﬁ)g’#j i 5'ﬁ'ﬁl:bteg‘aggr ess buffers '
correspondi ng, to t er, ' 95:5 - r e ] s.applied to.the
buffer"P@ﬁ &fﬁ’tref.s ﬁ]‘?,_{t#% S é’r%%%aélyr?teo?ﬁd [ l(}%ny%t ?@P%TBB?ni t address ;
buf fens, . | agﬂﬂr IsS 8 ddh&os R FRFFiUCti on and each has a
| at ch f%%pﬁ%ﬁﬁ#%l |n§§%iégﬁﬁ%ﬁf§§§§¥éss signals, although this is not :

parti - M@ Yy, eSSLRHIY  enfRIEMRAGE 1 BN3/is t3aoand8Shniepr esent i nternal
controﬁ signal generators. The -internal control signal generator 5a

gener aidir&dl bt ferennt re singrtal=ld@esSs, tudfielrsabavieerthe on t he basi s of
[err] signals applied thereto fromthe CPU, The internal control signal
gener &ame Monstruction and each has a latch function holding _
the input address signals, although this is not parti-
cularly essential. ' ' '
Reference numerals 5a and 5b represent intermal
control 'signa.lﬁ generators. The internal confrol] signal
gene'ratb_r S5a genebates suitable control signals RAS2,
7 and fpy on the basis of RAS signals ?.pplied 'l:h-eretd-
from the CPU., The internal control signal generator 5b
generates suitable control signals CASl, CAS2, CAS3,
4., #, and dop on the basis of the CAS signals applied
thereto from the CPU. o
The signal RAS2 output from the internal control 7
- signal genera’cof 5a is applied to the address buffer
circuit 4. When the external RAS signal falls from
high level to low level, the signal RAS2 rises in-
synchronism with it, as shown in Figure 2. " Accord-
ingly, the address buffer circuit’4 takes in and
latches the X address signals A_#o - A g and outputs
both internal address signals axQ - axs corresponding
to the address signals A, - Ag, and internal address



-

generates sui
t he basis of
RAS2 out put f

address buffers circuit 4. Wien the external
| evel , the signal RAS2 rises in synchronismwth it, as.
Accord- ingly, the address buffer circuit 4 takes in and
addr ess

| evel to | ow
in Figure 2.

| at ches the.X address signals [err]and outputs both internal
corresponding to the address_gignals [err] and internal

sighals [err]

tabl e control signals CAS1, CAS2, [err], [err] and [efr
the [err] signals applied thereto fromthe CPU The s\
romthe intiernal control signal generator 5a is applie

o the

[err] signal falls from high

shown

addxgss -8- signals_[err] that are phase=Tnverted with respect to the
addr ess si gnaF&gpaLf] a,ghe 3ignthatéars phase-invartad attthordspecty signal)

output fromthe internal signal generator 5a and the internal address
signal s [err]*Pi thepaddness 3 bgraks ding Ite Agyh

ess buffer circuit 4 are
el ection

applied to the X dgcoders nd, 2b, . respectively. The word line
[err?’?i%’e@n& %‘gg@f"?%@,é}i GtelsF i Res SdEBRIRAS2 when

timng signa

decoder s 20 anaBEEcEieh e A el ML Khnerartoga S8 BB6t 1 nal
address sional selefdl ddaredt ‘sipn e

4, and bring the

deternm ned byf#ée EHsrfEdrsdHLEdreldirdlit 4 are applied to the

§

AN L e ey e - e

G ARG T PV AR L L S

X decoders 2a and 2b, r;spectively. The word line
selection timing signal ¢, rises to high level shortly
after the signal RAS2 when ‘the RAS signal falls to
low ievel. Accordingly, the right and left X decoders
2a and 2b each select one word line determined by the.
internal.addrgss signals a;, a4 (1 = 0 = 7) supplied
from the address buffer circuit 4, and bring the
lines to a selection level. In qfher-words, a_word
line determined by the address signals Ayo = Ayp 1s
selected from each of the mémory cell matrices la -
ld. When the signal gp, applied from the internal
signal generator 5a to each memory cell.matrix la - 1d
rises next, the data from all the memory cells
connected to the word lines selected_by the X decoders
2a, 2b are amplified by corresponding pre—-amplifiers
(not shown), and are each latched.

 The signal CAS2 output from the internal signal
generator 5b is also appl{g@ to the address buffer |
circuit 4 in the same w§y as the signal RAS2., When

; | edgf romst he maddR8SS, er circuit
ines to a se tlong£§VbF&ilghbfhg€ -dé? L&ord l i ne



selected fromeach of the nenory cell matrices la - Id. Wen the signa

[Jerr] applied fromthe internal signal generator 5a to each nmenory cell
9 |d rises next, the data fromall the nenory. cells connected to

nes sel ected by the X decoders 2a, 2b are anplified by,
¥ ng pre-anplifiers (not shown), and are each | atched. The signal -
CAS2 ourplt fromthe internal signal generator 5b is also applied to'the
“address buffer circuit 4 in the sane way as the signal RAS2. When -9-
the external [err] signal falls frompigh level to |ow shortly after the
[err] signal described above, the signal CAS2 rises in synchronismwith it

b
as showzatengﬁw%sﬂ—@hgﬂgﬁau:SfQﬁerfﬁomtHfgﬁdﬂéeéi Byfier circuit 4 takes”

in the Y address signals [err] applied theréto and |atches them The

buf fer 4nbbenyoutgersthet RAENsesnal addepsbedi apeve,[€helscarapsponding to
t he address signals [err] and internal address S|gnals [err]that are

phase-i 0x8et edlsest hnr synehtrohbshheidhditgsasi ghaws {mrFigd¥et hese interna

- address signals ,the internal address signals [err] [err] and [err]are

: appl i ed2t.o WhenvthésolappeBa, Sthe addrpestbuffer dhecwignal [err] (data

. line selection timng signal) gener ted by the internal signal generator 5b
i s “appl tafesol Fh@h?'ge %€F§S3 bA oTﬂeAﬁ@I%PP$¥@@select|on tim ng

signal fetik, m&efagcﬁéét£§£ftehé%wfer 4 then outputs
both internal address signals a?o a.y8 corrgspondlng
to the address signals Ayo - Ays’ and internal address
.signals 3;5 -‘Z;é that are phase-~inverted with respect
to the address ‘signals A -—Ays. Of these internal
address jigna%ijzfgf?;nfffffg;address signals Ao
ay7 and a¥9'- ay7 are applied to the Y decoders 3a,
3b, respectively. | o '

The signal dy'(data line selection timiggagignal)
generated by the internal signal generator 5b is
applied to the Y decoders 3a and 3b, The data line
selection timing signal 'dy rises a little after the
signal CAS2, as shown in Figure 2. When the signal "'y
rises, the Y decoders 3a and 3b each select one data
line (or a data liﬁ; pair) corresponding to the address

signals'A - Ay7 from the memory matrices la - 14,

yo
The signal dma generated by the intermal signal

generator 5b is applied to four main amplifiers}%Al '

through MA4, The signal'ﬁ rises a little after the

data line selection timing signal d as shown in

x



1

P

»

signal CAS2, as shown in Figure 2. Wen the signal. [err] rises, the Y
decoders 3a and 3b each select one data |line (or a data |ine pair)
corresponding to the address signals A~ - A fromthe nenory matri “ha
t 1d, The signal [err] generated by the internal signal generator I -
applied to,four main anplifiers MAL through MAA. The signal [err]j
little after the data line selection-timng signal [err] as shown\
-10- Figure.2. Wuen the signal J[err] rises, the data that is |atched by"
four pre-anplifiers.connected to the four_jgata lines (or four data line
argg) selected by the Y decoders 3a and gb are sinmultaneously anplified by
the main anplifiers MAI - MM and are | atched. The RAS signal and the CAS
signal are al sBigppki @d tﬁhanchlangisi:@nalgdm_m,atme @atéhehapi n 1 of the
package containing the sem conductor nenory device is used as an input pin
for an addressigi gahrhed sl fownepreham ans dqpreabqderto] tived foarr] (the

bits with the hest{ address afe applied to pin 1 in a time-sharing
manner, the gag?giéPeﬁoégr Eégﬁréiﬁﬁl R%}q§iN5%%ﬂft@ﬁe#YtﬁéeCAS si gnal
goes from hi gh I gg&g% gval;l' e%ga%ﬁt%:\s’airth e Si Is argdgd_g a t | ow

level . Accordlng &5c ang gont r ol
si gnal Of:héoﬁﬁéiﬁv@rh 14172900058 iy Uiey Gl %'t gl of | ow
|l evel, a gate (a is opene a gate circul s a control signa

CAS1 as a contr ol srw@aﬁmaﬁdnﬁefaqr&m mrﬁlgnhr %&reeangsaapighact' ng
circuit.

to a changing signal generator 6. When pin 1 of the
package contgining the semiconductor memory device is
used as an input pin for an address signal, namely when
the address signals A <8 &nd Ay8 (the bits with thé ‘highest
addresses) are applled to pin 1 in a time-sharing manner,
the RAS signal goes from hlgh level to low, and then the
CAS signal goes from hlgh level to low. Thereafter these
signals are kepé at low level. Accordingly, the chang-
ing signal generator 6 produce a control signal %NF of
low level. In response to the control signal ¢NF of
Q,? low level, a gate Ga is opened, and a gate'circuit-Gb
outputs a cont;ol signal CASl as a control signal ¢c.
Reference numeral 7 represents a selecting cirguit.
Figure 6 is a block diagram of an example of this
selecting circuit 7. The selecting circuit 7 consists
of a latch circuit 12 which latches.the internal

address signals ax8’-3;8 and a 8’ E;a_applied thereto

b4
in a time-sharing_manner, a decoder 13 for decoding

signals_output from the latch circuit 12, that is,



Figure 6 is a block diagram of an exanple of this selecting circuit 7. The
selecting circuit 7 consists of a latch.circuit 12 which | atches the

i nt ernal ress signals [err] applied thereto in a tine-sharing nanner, a
decoder r decoding signals output fromthe latch circuit 12, that is,
the inte address signals, and a shift register 11 for receiving decoded

signal s odgut fromthe decoder: 13. The shift register 11 consi-sts of four
registers 11-1, 11-2, 11-3 and 11-4 that correspond in a one-to- one way to
the decoded signals fromthe decoder-1lI3= WWen the control signal (shift

pul se) [err] rises to high level, for exanple, each register receives e
ei ther the correspondi ng decoded signal fromthe decoder 13 or the signal =~

out put feRE ihceregl SAddrods tSpgidBSL MY SAgENSTddistdpull signal, and
outputs a signal corres- ponding to the input signal when the shift pul se
[err] fafbs tecéiwnitevidcodsthsigp bt eyutmrtsificn dfhen devodait ' nenory
circuit such as a flip-flop circuit, although this is not particularly
essenti al 3. | MTh¢eshbfprafeginker the qrnsisds iof dparedagisttiesscont rol si gnal
[err] of low |evel fromthe_ changi ng signal generator 6, and the interna

addr ess Stghal S 1%r rjl- ang binf €Y awrespandedn ¢ ofeterch circuit 12
10,2 L eaL g, DL Lo LS, OBl e Hie el addyess i gnal s
decoder gden FARD SRR SIGHA (shAP!ALH0 4 %152 TP RILH
level, for example, each register receives eitheg}the W)
corresponding decodeq signal from the deCdder 13 oxr .
the signal output fr?p the register of the preceding
stage as its input signél, and outputs a signal corres-
ponding to the input'signal when the shift éulse ¢c‘
falls to low level. Each register consists of a one-bit
memory circuit such as a flip-flop circuit, although
this is not particularly essential.’
In the normal mode, the gate Ga is opened by the

control signal ¢NF of low level from the changing signal

generétor'ﬁ,'and the internal address signals axé, ;_J
a.gs ay8 and <'=1Y8 are applied to the latch circuit 12

in a time-sharing manner through this gate Ga. The
internal address signals thus latched in theﬁlatch
circuit 12 aie input to, and decoded by, the decoder -
13. Each decoded signal is applied to the corresponding
register. At the samé time, the cohtrol signal CAS1l

is applied to each register as the control signal ¢¢.

The control signal CAS1 is_a pulse signal with a pre-~.



register. At the sanme tine, the control signal CASl1 is applied to each
regi-ster as the control signal [err] The control signal CASl is a pul se
signal with a pre- -12- determned pulse width that is formed in
synchronismw th the CAS signal falling to low |l evel. Wen this pul se

signal rises to high level, for exanple, each register takes in the-tgcoded
signal supplied:fromthe decoder 13, and produces a decoded signgé?%ééits
0

out put when the pul se signal falTs to |low | evel. Accordingly, ‘on out put
lines [err] connected to these registers igjbrought to high level, and the
others to low level. One of gates G -G s opened by the output |ine of
the Selecting circuit 7 which is high level, so that one unit of the data

| atched in thedekenmangli phdse Wiith Wpatiss ofprmed i SHNHRNIST HHtSr
circuit 8 and isou t external I'i%nl n other words; in the data read from

each of the 4 &BSoFPScELEDAAL FRLELNT OFP y1PMel el ddEhiTEF BRALSTe addr ess
signals [err] (highest_ address bits) is.applied to the o huf.fer
circciut 8. T%éggﬁ phtSBaf g%rh'b?}?-i%ﬁﬂ"BP%ﬁt?)’fﬁ"ép];?e ea“’lpﬁoitgeeﬁ 5% at the
timng of the gi | . [e : : | | QLY AL 1 0N
circuit 5b. Re ggg%cékné%r_%g&g %%p%'% enjt'g&é |%&ufé%ﬁ%§ cl rcwe?:tto_ whi ch
data is applieq3exbgangkbiuctef £’ 8866a8¢ B ghal ad U LANPUER WiRA/e t e
control signal generator to which a wite enabl e signal is applied. The
wite enable siange ¥Eghs1keglldtto low level. Accordingly, one of

output lines Nl - N4 connected to these registers is

Y N : . -
brought to high level, and the others to low level. One

of gates Gl - G4 is opened.by the output liné_gf the
selecting circuit 7 which'is high level, so that one unit
of the data latched in the main amplifiers MAL - MA4 is
applied t.d an output buffer .circuit 8 and i's output e’it;%mally'
In other words, in the data read from each of the
4 memory'celi'mat:ices, only the data determinéd‘by~the
address signals Aggs Ays (highest address bits) is.applied
to the output bﬁffer'cirégiths. The output buffer cir- |
. cuit 8 outputs the applifd data at the timing of the
signal ¢op-output from the internal'signal'éeneration
circuit 5b. |
Reference numeral 9 represents an input ngfef
circuit to which data is applied eXternally;
Reference numeral 10 represents a read/write'control
signal generator to which & write enable signal WE
is apélied. The write enable signal WE is kept at

high level during the data reading operation. In



high | evel during the data reading operation. In -13- response to this

hi gh-1 evel wite enable signal [err] the read/wite control signal ,
“generator 10 produces a signal RA of a potential that.renders the input
buffer circuit 9 inoperative. Accordingly, the input buffer circuit 9 is
kept 1nopetgtive during the data reading operation. The wite enable signal -
VE is k t lowlevel during the data witing operation. In response.to
t he | ow\< wite enable signal [err] the read/wite control generator 10
produces signal RW2 of a potential,jhat -renders the input buffef circuit
9 operative. Hence the input buffer circuit 9 is nade operative, and -
genera t tth?liFQ I i CQh; 0 &li a D .applied ~
therettéee} ter%l%.- - hzﬁs%ﬂwgceﬂ%r}g%{l%%ﬁit %]%pes?’ tgg iw.g’t he same way as
duri ng e Feidwia 1D tir¥l ¢agmalbedndater 1oupdacesl ecting circuit 7
opens only one of four gates [err] through g4 that is determ ned by the '

i nput addvigamlsiRWeleS [aepojt edrtd llethih tTir@ndiegsaltheutipptatf rom t he i nput

buffer circuit 9 is sent to the corresponding driver of four drivers [err]

t hr ougfufiferyatigctidt Shdnopena tiyened Acgogidgnglyqutthbet ifiputh t he dri ver

whi ch has_ received the signal output fromthe input buffer cir- cuit 9is
appl i e®uif etheinehdity Sadsajeptyinoperative during the data

reading operation,

The write enable signal WE is kept. at low le’vei_
during the data writing operation. In response té the ' o/
low-level write enable signal WE, thé_read/write.control |
generator 10 produces a signal RW2 of _é. po‘_cez_rl:iai that
-renders the input buffer circuit 9 operative. Hence
the input buffer circuit 9 is_madé operative, aﬁd
generates an output signal which corresponds to the

data D .applied thgfetq externally, The seiecting

in
circuit 7 operates in the same way as during the |
reading operation described above. xnu; the selecting
circuit 7 opens only one of four gates g; through 8,
that is determined by the input address signals A g
and Agg. The signal output from the input buffgr
circuit 9 is sent to the corresponding driver of four
drivers dipg = dinh_through_the gate that has been |
opened. S _ :

A signal output from_the driver:which has _
received.the signal output from the input buffer cir-

cuit § is applied to the memory array 1l via the



-14- corresponding nmain anplifier of the four main anpli- fiers MAL - MA4.
The X decoders 2a, 2b and the Y decoders 3a, -3b each sel ect one nmenory cel
fromthe menory cell matrices la - 1d determ ned by the address sigpafs,
[ert] and [err]. appli-ed to these decoders. The nmenory cell matriceg dgd the
main anpli-_fiers correspond in a one-to-one way. A signal output t he
mai n anplifier of the four nmain anplifiers MAL - MA4 which has received the
signal output. fromthe input buffer circuit 9 i-s--appli-ed to, and witten
into, the selected nenory cell of the cor[_gponding menory cell matrix. In
t hi sycase (during the data witing opera--"tion), the signal [err]of a
potential (hi ghohr@egbbnbiak h&ﬂﬂeaﬁ?tbfiéﬁt&ﬂtt@éfféﬁr(&éfﬁ“émﬁiﬂaperat'Ve
is not applied to the buffer circuit 8 fromthe internal signal generator
5b, so that thgilekfMalciraaLl 8THeeX detoders a2£, JThearsi oftd Yerr] is
generated on the basis of the control signal R fromthe read/wite
control signal dgendeasoBal03boeatheséléet cemel memsry cvelleBiomvitdre data is
to be witten in. The sainal [err] ?oes hi gh | evel when data is to be read

out. Wien the BBBRTYI cedynbatziced) {3 skl determinedbde thrieddressaddr ess-
signals [err] ggrggl]algrg taEeﬂ in;gdtile a_gIdAressaIE)I;JHe%r &l rt%ueiste4 as a
o x7 yo y7

- -decoders, The memory cell matrices and the main ampli-

fiers correspuhd in a one~to-one way. A signalngzgput

from the main amplifier of the'four main amp}}fiers

MAl - MA4 which has feceived.the signal output from

the input buffer circuit 9 fs—applied to, and written

into, the selected memory céll of the corresponding

memory.cell matrix. _

s . - In this case * {(during fhe data-writing opérar
tion), the signal éOP of a potential (high level) that
renders the output buffer circuit 8 operative is hot_
applied to the buffer circuit 8 from the internal |
signal generator 5b, so that the buffer circuit 8_does
not operate. The signal dgp is generated on the basis

 of the control signal RW2 from the read/write control
signal genérator ;O, or the like, and goes low level
when data is to be written in. The signal fyp goes
high level when data is to be.read out,

When the 256K bit dynamic RAM is used in the
nibble mode, the address signalssA, - Ayg and A, -

yo
'Ays are taken into the address buffer circuit 4 as a



result of the first fall of the RAS signal and the first fall of the [err]

signal, in the same way as in the nornal operating node descri bed above.

" Accordingly, one nenory cell is selected fromeach of the four. nenory cel
matri c y the address signals [err] and [err] in the sane way as in the
nor mal, ating node described above, and one nenory cell is selected by

t he addvre signals [err] and [err] fromthe four nmenory cells thus -

sel ect®d. /I n other words, the selecting circuit 7 changes only one out put

| ine determ ned by the address sigg§ s [err] and [err] to high level, and
the rest to lowlevel. In the nibbl& npode, the CAS signal is nmade to chawa;
with a short period, as showa in Figure 3, while the RAS signal is kept af*

| ow | evedsuifthe £haiWi g anall eanai @A Jidaas aMaether the node is
normal node or nibble node fromthe [err] signal and the CAS signal. Wen-

the CASsrghatalnlds tdhe [GAE |LQrlalaf tier HHee sBAS siagnals has fallen to | ow

| evel and. the CAS signal does not change thereafter (normal node), the
changi ntheignatalg @prEtond mded dessrtibed abovevel Aconrdiingllysi gnal [err]
as descri bed above. Wen the [err] signal falls to |ow |level after the
[err] simpmatenayy fedlleds ¢9lestas dromeache ofeithe fogaral changes again
thereafter (nibhle node), the contraol signal [err] is changed from | ow
level tREMOTY QRll\MAFTLGRS BYh ten AFA5SSmSHINR1ehxeecofg7f al | of the CAS
st gnal gr?d IAOW l-e\fkel.i i%l Q: ee tsg?nec%rétyr %ls %.Ingrt!:%le %rr;n]al operating

mode described abéve, and one memory cell is selected W,
by the address signals A_x8 ahd éyS from the four
memory cells thus selected. 1In other words, the
selecting circuit 7 changes only one output line
determined by the address signals Axelénd.Ay8 to high
level, énd the rest to low level.
In the nibble moae, the E§§.sign@l is'maae.tb
change wi;h a Shori.period, as shown in figure 3,
while. the §K§ signal is'kggynqg.léw level.
The changing signal generator 6 jﬁdgeé whetﬁer
the mode Ais normal mode or nibble mode.from thé RA&S ;;J
signal and the EE% éignal. When the EK§ signal falls
to low level after the §X§_Signal has fallén tollow.lével
and the CAS signal does noﬁlchange thereaftef (normai mode) ,
the changin§ signal generatdr 5 prqduces'the low-level Eon—
trol signal ¢NF-éS describeq above. When.the CAS signai
falls to low level after the RAS signal hés fallen to low

level and the CAS signal changes again thereafter (nibble

mode), the control signal ¢NF is changed from low level to

¥



I's thus changed to high level, the gate Ga is closed and the gate Gb
produces a control signal CAS as the control signal [err] Since the gate

& is closed, the signals (the inter- nal address signals [err]) output
fromthe address buffer circuit 4 are no longer applied to the sel ectingr~~
circuit 7. . The gate Gb applies the control signal CAS as the control fo7F™
signal [err] to‘the selecting circuit 7, so that it operates |like a sh
regi ster. The control signal CAS is a signal that i.s forned based on the
CAS.signal and rises to high level in synchronismwth the fall of the CAS
signal to low |l evel. Wien the CAS signal aga- falls, the control signa
CAS' rises again in response, as shown in Figure.3. In other words, in the
‘nibbl e node theighnlekedl isi 8PALhEORLsREGOERStRe PELESNS! B4R Wi Gk
repeatedly rises fromlow level to high then falls fromhigh Ievel to | ow
The out put |in&aSt sigrasekectlbnglevetui t sTn¥bi ehefésntrdECOMRRNIAHN | evel

i n nibble nobde is determ ned by the address signals [err] and [efﬁF‘that
are taken in atlst fbusakchaogefihéo[ bigh 3evyeh| tinel gaté hea fid Iclafsddhe CAS
signal, in the same way as in the normal nobde. -17- In other words, the
sel ecting circ@ffl FhepgrseeShi RreAECHs bd| eonbrrl i sigmvl S’ vasy e in the
nor mal node unti | thiséerrL si,gnal changes, and the CAS signal changes and.
changes once af8PhrCAsSafB2li8e- exanpl e, that the

Since the gate Ga is closed, the signals (the inter-

ku) nal address signals axS' ax8’ a g ay8) output from the

address buffer circuit 4 are noylonger applied to the
selecting circuit 7. The gate Gb appliés the control
signal CAS' as the control signal ¢c to the selecting
circuit 7, so that it operates like a shift fegister._
The control signal CAS' is a signal that is formed
based on the CAS siénal and rises to high level in
synchronism with the fall of the CAS signal to low
level. When the CAS signal again falls, the control
signal CAS' rises again in response, as shown in
Figure 3. 1In other words, in the nibble mode the con-
trol signal CAS' becomes a pulse signal which repeatedly
rises from low level to high then falls from high level
to low. |

The output line of the selecting circuit 7 which
first becomes high level in nibble mode is determined
by the address signals A#B and Ay8 ;hat are taken in
at.the fall of the RAS signal and at the fall of the

CAS signal, in the same way as in the normal mode.



decoder 13 outputs to the register 11-2 a decoded signal of high |evel by

t he igaternal address signals [err] and [err] that are shaped based on the

) N\sj gnals [err] and [err] taken in at the fall of. the [err] and CAS

nd decoded | ow|evel signals to the rest of the registers. In

, since the shift clock [err] (control signal CAS1) changes to

hi gh | evel, each register takes in the correspondi ng decoded si gnal from
the decoder 13. Wen the shift clock (control signal CASl1l) falls to | ow
level, the signal output fromthe rggister 11-2 changes to high | evel and

t he outputs of the rest change to IOM/IeveI The CAS signal then rises to,.
hi gh | In. s chr nlsn1 .the rise. to high | evel;™

hi s CAS si,
the int |ﬂ§hq§nﬁ LDg, C1E S/ 3&8§§rﬁﬁ§sﬁ#gﬂ%bével contro
' I I . th
Gedode e a0 Jf*‘e%ﬁ"%c i AR sp°the Bo3ER RleOllabty® e
th tp f t ual |
apSI ?Z(rﬁlté(;%egrl gl Isl'?gﬂsa%g%‘éc’ léglldngtlcl){/g gg:ghg??al St gﬁ?’%&%saﬁﬁ ?ﬁeugl g%al

out put JHPIRdd Dr¥LERRiN]  Assife ,SERHE exBmbLS, | BAHY. the Ot her words, when
the [err] signal again falls to | Ow | evel, the’control signal [err] becones

hi gh | éwselodand I3heutputtsolts ¢hal régd's tier ampm addasotib@ shift clock [err]
to each register Wien this shift clock [err] (control signal CAS') rises
to hi gsignadl oft hé ghedeyedr by the internal address signals

a.gs axB’ v8 and ay8 that are shaped based on the address
g taken in at the fall of the RAS and

¥y
CAS signals, and decoded low-level signals to the

 signals AxB'de A -
rest of the registers. In this case, since the sﬁift
clock dc (control signal CASl) changes to high level,
each register takes in the corresponding decoded sighal
from the decoder 13. ‘When the shift cloqk'dc (controi
signal CASl) falls to low level, the'sigﬁal output
from the register 1l=-2 chahges to high lével and the
outputé of the rest change to low level. The CAS signal
then rises to high level. In synchronism with the
rise of this CAS signal to high level, the internal
control signal generator 5b produces the high—levél
control signal TAS3. When the control signai CAS3 rises
to high level, the decoder 13 inside the selecting
circuit 7.is rendered inoperative, and at th%_same.'
time the signals output from the decoder 13 are not
actually applied to the registers. Accordingly eéch .
register takes in the signal outﬁut from ifs precediﬁg



-

11-1, for exanple, receives the signal output fromthe register 11-2 of the
preceding stage as its input and, simlarly, the register 11-2 receives_the

stgnal output fromthe register 11-3 as its input. Since the shift r her
11 ‘consists of:a | oop of these registers 11-1 through 11-4, the regis

11-4 receives the output fromthe register 11-1 of the preceding sta

Its input. Next; when the CAS signal again falls to |l ow | evel, each

regi ster outputs a signal corresponding to the input signal taken into that
regi.ster. In the ermbodi nent described abovgg.therefore, the signal output
fromthe register 11-1 becones high |evel en the CAS' signal falls, and
the signal s ofthage fasodhtshénpedt. of the registers 11-2 through 11-4 change

to low level. We gever t he. %err] gnal éga|n rises to high level and
falls to | ow | evel ; r%ﬁghﬁﬁew fisn HE&ErtBEd PDoFtenal ragrin 3s ot her

vords, the 1 eqoeheg it e’pow%é‘ﬁ??éé%éﬁiﬁtﬁﬁé\q@é%%'eve' ot nes
err] through *Fer LY €7 ?]‘tf‘Qo'F?éﬁ%%th%‘”?% %’ﬁéf#aé“%% Gt 1ines of
T e Sl
falls, the ga(eogitbo §§gﬁ§lr¢Asnﬁ fféé& DY HEAUSALL - the register
| '11-1, for example, receives thé signal output from the
: register 11-2 of the preceding stage as its input aﬂd,
similarly, the register 11-2 receives the signal odipﬁt
from the register 11-3 as its input. Since the shift
register_li consists of a loop of these registers ll-1
through 1ll~-4, the register 11-4 receives the.oazbut
from the register ll-l of the preceding stage as its
input, ' .

Next, when the CAS' signal again falls to low
level, each register outputs a sighal corresponding
to the input signal taken into that register. In the
embodiment described above, therefore, the_sighal
output from the register 11-1 becomes high level when
the CAS' signal falls, and the signals output from the
rest of the registers 11-2 through 11-4 change to low
level. Whenever the CAS sigﬁal_again rises to high
level and falls to low level, the operafion desqribed
above is repeated. In other words, the registers 11-2,
11-1, 11~4 and 11-3 output high-level signals in order.



ally. Thus, the gates [err] to [err] and the gates [err] to [err]

Ve formoutput and input switch circuits. These gates can be

i nsul ated gate field effect transistors. As described

previ oystx/, one nenory cell is selected fromeach of the f.our nenory

[ -Py the address signals [err]. Hence, the main anplifiers [err]"
t hrough MM corresponding to these nmenory matrices anplify and latch'the
data fromthe nenory cells selected fromthe correspondi ng nenory cel
matri ces. Accordingly, one gate C|r;# is first opened by the address
signals [err] and.[err] and the dat atched in the corresponding main

%enf()!t ! Iﬁé?“f’f?ﬁglﬂ?%g ‘{ ?‘?m gnal jféﬁi eél}%eée tl-?a?ﬂﬁcggﬂf ﬁui hfer (r)gqmlaf ni ng

main a S e pl eqH$ﬂ5 I ggﬁmbuffer circuit 8 and
are readlo eﬁs%fqaﬁeh’ 5}& a%lf&i N dégxkgr%* g’"%@cr% bove, the data -
| atched in t{ecomi Wl "Eh@rg&w di&‘dﬂi@fc}é I fixough (}Léo foll owed by the

data latched 1n the main anplifier [err] th in [err] nd that in [err].
Since thg shigl) regtsésporddingihta tinparemse Moreaoutputedd st the 4-bit
data frontthe Hain anpifier in the nibble node, is driven by changes in the
CAS si gof rtihe | seldwetimeg reiraest i tnphmmenﬂaldat.a dan the read out at a

hi gher speed than in the conventional -
embodiment described above, the gate circuit G, (gz)

opens first and every time the CAS signal falls, the
gate circuits Gl' G, and 63 (gi, gh, g3) open sequenti-’
ally. Thus, the gates Gl to G4 and the gates gl to g,
| respectively form output and input SW1tch circuits,
These gates can be formed from insulated gate field effect

transistors.

, " As described previously, one mehory cell is
selected from each of the four memory matrices by the
address signals A, = A, and Ayq - Ay7. Hence, the
main amplifiers MA; through MA4 corresponding to these
memory matrices amplify and latch the data from the
memory cells selected from the corresponding memory
cell matrices.

Accordingly, one gate circuit is first opened by
the address signals Ag and Ayg and the data latched
in the corresponding main amplifier is applied to the .
output buffer circuit 8 and output from it. Next,
every time the CAS signal falls, the data latched in
the remaining main amplifiers are applied sequentially
to the output buffer circuit 8 and are read out sequen-~
tially. In the example described above, the data

latched in the main amplifier MA2 is output first,



systemin which the data is read out bit-by-bit fromthe nenory cell array
by changi ng the address signals. Wen the data is witten in the nibble
pode, the read/wite control signal generator 10 generates a control si
RW that renders the input buffer . circuit operative, in accordance w
wite enable signal WE of low level. 1In this case, the output buff
circuit 8is rendered inoperative by the signal [err] In a wite ope(a
as with the read operation des- cribed above, the shift register 11 in
selecting circuit 7 is operated by the chagge in the CAS signal. Thereby
the 4-bit data is witten sequentlally into the nenory cells of the
correspondlng menory matrix of the memory matrices la - |d through the gate
circuits [errFofseuweR, by OtheXdapd elatdtodd i in tdlee sanEh wapldFier t he read
operation described above, the output line [err] of the selecting circuit 7
is first to bsbgnethaghimenk% eamﬂtthatnﬁanA§4 nes N1, N4, and N3 in order
beconme high | evel sequentialty in accordance with the - -21 change of the
[err] signal. The $irce t#ﬁtSQ#f@aﬁ%84%$Qﬁe%kmnﬁhkﬂh19P%§a¢sﬁoﬁy cell inside

the menory matrix Ib, for exa Vi a theégate 2, and the next i tem of
data is transﬂ?t?%dr?%da°%nﬂ?n%/) 4dhit data a@in pEpdifiers via the

t | ar | he b- t dat t tt
Pnio o nenory BorE RS ARy, SRATP et R SORIGanE ghe GRS FAEC & |
memory cel | i ngj dey tige RSy Bdd X Va!b%x}eh,e t34 Qata can be

G read out at a higher speed than in the conventional
\/I

naI

systeﬁ in which the data is read out bit-by-bit from
the memory cell'arréy'by changing the address signéls.
When the data is written in the nibble mode, the

read/write control signal qenefator 10 genefates a
‘contfol signal RW2 that renders the input buﬁfer
c1rcu1t operatlve, in accordance with the write enable _
signal WE of low level ' In this case, the output buffer
circuit 8 is rendered inoperative by the signal ¢6P

In a write operatién, as with the read Sperétion Qes-'

S cribed above, the shift regiSﬁer-ll in the selecting
circuit 7 is operated by Ehe change in the CAS Signal.
Thereby the 4-bit data ié wfitten sequentially into
the memory cellslbf the correépqﬁding memory matrix of the
memory matrices la - 1d through the gate circuits 9, —'g4.

Aséumé, for example, that in the same way'as |
in the read operation described above, the ouEpuE
line N, of the Sélecting circuit 7 is first to become
high level and the-cutput lines N;, N,, and N, in order

become high level sequentially in accordance with the



g3, respectively. In the memory matrices la - Id, the nenory cells into
Which the data is witten are the nenory cells detern1ned by the address
signals fefx] - [err] and [err] To prevent unwanted dat.a from being witten
into th ry cells, the control signal [err] is applied.to the input

buf fer cy it 9. This circuit 9 takes in external data i n-synchroni sm
with the n- trol signal [err] to prevent unwanted data from bei ng’
transmtted to the nmenory cells. Wen the [err] 'signal and-the CAS signal
fall to low level to read out or wdfje. in data after this dynanic RAM has

been used in the nibble node,. neM/lnternaI address si gnal s correspondi ng K@r

h dd ' ' ' he | h
circui t*§90gR OF LA PAS Benaky (BRGNS L E OEB B rerator 5

circuit he gate e interna gnal generat or
out put StrQﬁsﬁQ’E{:é&'t§'5“ﬁém§€§3c@il|ﬂ!‘éid?é(e€he mendp dBEFISc L hat the
~ decoder 13 -22- receives new internal address signals, decodes them and.

appl i e81bhefdﬁceﬁ§ﬂpsegnai§ tnet%stshg | apitHernddt Mham dhe shift clock
[err] rises to high |level, the shif gister 11 takes in the decoded :

S|gnalsdaﬁadxshénahﬂmlthedttclmcked@ry]cellﬂim thoe Imemdrewel , the shift

register 11 outputs si gnal's correspondln to the decoded S|gnaIS'that wer.e
taken iaedlivatrixthe vlastheesrtepsy at |%gﬂirhﬁi&¥‘s ﬁtﬁrﬁi—}b'_rmde, "t he nor mal
-node operatéggégescrlbed above | s, executed; and |f i s ni bbl e node, the

ni bbl e BB at? obs | ransbi e Andided tirry 1nto a memory

cell in the memory matrix ld via the gate g, and into
a memory cell inside the memory matrix le via ihe gate
83 respectively. In the ﬁemory matrices la - ld the
memory cells into which the data is wrxtten are the
memory cells determined by the address signals A -
x? and Ayp f.Ay7._ To prevent unwantedldata from‘peing.
written into the memery cells, the control signal__dc
is applied to the input buffer circuit 9. This circuit
S takes in external data in synchronism with the coh-
trol'signal g, to prevent unwanted data frég being
transmitted to the demory cells; o |
When the RAS signal and the CAS signal_fall to .
low level.to read out or wriie in data after this
dynamic RAM hes been used in the nibble mode, neﬁ
internal address 51gnals correspondlng to the |
address signals that will be used this time are applled
to the latch circult 12 via the gate Ga. The internal
control signal generator 5b outputs the control signal

CAs3 of low level.  This means that the decoder 13

~

v -



above. In the nibble node, 4-bit data can be read out or witten in
serially in the manner described above sinply by changi ng the CAS signal
ohce the X address signals [err] and the Y address signals [err] arexg:
applied. In the normmal operating node, data can be read out or mw}fg n:
Into one desired nmenory cell by using pin 1 as the address signal {-pt
and applying thée address signals [err] and [err] in a tinme- shari
I n other words, the RAM of this enbodi nent can be used as an ordi nary 256K
bit .RAM even in the nibble node. \Wen the m conduct or nenory devi ce of

t hi'senbodi ment is used in njbble node, thé“address signals applied to the
same pin in tR8CELUES sheY | haternalisadiress mignalsddeassdesi ghenms andat

determne the_initial state o he shift resistor used faor selecting one
‘memory cell #8 eiltﬁ%l‘i?‘if"‘{ﬁ& 3l 9 sthe stdddy neg@stere Ldenory cel |

. A ) 09|l ' ' | pch. . d.tq th .Sl I
gener at ea | norBe: He <L OnEh Sl o dF GRURNar devdd, " ReSRREeoce o
purposes ot hegektN@fe@s: 1 h@al{ébmitbn PiH L f&{fé’y‘% %lq'%lt%ﬁaris [ag&auﬁﬁgFor exanpl e

the foll ow ng.construction may be enplo I nput de [err] of
the address stignashi¥t flddie Addrass e New Qlgvedi t thel shige! ated

electrically fromthe address‘%ignal I nput pin (pin 1) shown in.
: register 11 outputs signals corresponding to the decoded

signals that were taken into it. If the subsequent
\/ operating mode is normal mode, the normal.mode operation
described above is executed;'ahd if it is nibble mode,n
the nibble mode operation is executed as described
above. |
In the nibble mode, 4~bit data can be read out or
written in serially in tﬂe'manner described above
simply by changing the CAS signal once tﬁe X address
signals Axo - Ag and the Y éddres; signals.Ayo-- Aia
| are.applied. In the normal operating mode, data can
be read out or written into one desired memory'cell
by using pin 1 as the address signal pin Ag and
.YB in a time-
sharing manner., In other words, the RAM of this

applying the address signals Ax8 and A

embodiment can Be'used as an ordinary 256K bit RAM
even in the nibble mode. | o

When the semiconductor mémory device of this
embodiment is used in nibble mode, the address signals
applied to the same pin in the time sharing are used :



Figure 4 and the node [err] is then connected to a predeternned potenti al
’ h as the ground potential point of the circuit. Then, as shown in
’an i nput node [err] of invertors [err] formng the addr ess si g-
and [err] fromthe X address signal [err] and an input node N6
of s [err] formng the address signals [err] and [err] fromthe Y
ignal [err] are each set to predeternm ned potentials. Nodes [err]
through [err] shown in the figure are each connected to predeterm ned
potentials. According to this arrangenent, the address signal input pin
(pin 1) can be used for other purposgg In such a case, the address buffer,
WN

t 4 th | il tipl ~
S'réii‘heesb"éfﬁgé%gfﬁea%h%'% oSl T R e T oo

ot e ot RbL LY £8RLE R0 a' Fob e P o gy ol exor operat 65 i n

atine $S gﬁ@} S applied to nodes
[err] aﬁgf{'erﬁaaﬂngigﬂéﬁﬂe niftl pl e oré%isgpectlv({e ) ??Ingl n 1 thus saved.
is usedtRe AedbPyfQE1R a4RF4PSh LB rDIngiWnal £ éi%edw"afm?chAM of this
enbodi ment can be nade conpatible wth conventlonal 64K bit RAMB;, and its
capaci tyoppaspend nte etise dadd ressi i gnabs earé hgermerted imgdehsary for the
-refresh operation nust be provided within this sem conductor nenory devi ce.
| f the bldersenicinmiattor rmmqmliiewiecappthjaj me:athbq used he same pin in

a tlne sharing way are generated w_thi
for purposes other than as the input pin for the

address signals, -
For-examﬁle the following cunstruction may be

employed. Firsf'an inpﬁtsnnde“Nil of fhe address
signai Ag of the address buffer circuit 4 is isolated
electrically from the address signal input pua(puzl)shmw11n
Figure 4 and the node N11 is then connected to a predetermined
potential point sucq_aS'?Eijghund potential poirt of
the circuit, Then, as shown in Figure 5, an input |
node Né of invertors Ivy, IVé'forming the address'sig-

' nals ag and_a;é from:the'x address signal A g and - ;;)
an input-npde\Ns of invertors IV ’ IV4 forming the = -~
address signals ayg and ay8 from the Y address signal
Ays are each set to predetermined potentials.
Nodes N7 through Nlo shown in the figure are each
connected to predetermined pofentials. According

- to this arrangement the address SLgnal input pin
(pin 1) can be used for other purposes. " in such a case,
the address buffer circuit 4 comprises the circhit as
shown in Figure 5 and a multiplexor provided between the
node Nll and nodes N5 and Ns. The multiplexor is

controlled by control signals (not shown in Figures 1 and 3)



[

t he sem conductor nenory device as descri bed above, the nmenory device

al ways operates in nibble node. Since the address signals A and A are
al ways kept at respecti.ve predeternined potentials, the address sigpals:AX8
and Ay8 that are taken in at the first fall of the RAS signal and
first fall of the CAS signal are always constant signals. Accordi
register of the plurality of registers formng the shift register
first generates a high-level output signal is always the sane in nibble
node. For this reason, the sequence of nEABry natrices from which the data
I siread, or intg whjch it is witten, is_always_the sane. |If the signals
apried to tfﬂ?&ﬁﬁgﬁné¥ﬂf &ihec FiPeF a5PESgeAe PR eaémﬁt%fﬂc?hﬁh%éW1£%hﬂuctor
menory devi ce escri ahave, .t . omj provided that
nmeasures are Eflge%eogr toé)eﬁ?’%\(/lesn??’t %e téﬂgngﬁégéﬁpﬁgﬂ??gm %qﬁ‘se}%ej? egc %ldnaglesci rcuit

7 fron1exerthggbgn%%qpvegﬁ% ggEhF@@cgoogoggg pddggssybuff s Ld gl t 4.

-25- If the n ri¥ throug err] in Figuré_4 arebconnected to their

respective prgaaligyExerd eeprRtiiaksyl. N18r gen Lorpesesavedthe séagnals to be
applied to the selecting cir- cuit 7 within the sem conductor nenory

devi ce, the ianpam ficar @ [refrleshhcoughbolVéignalt hehaddymasiciRAMIof err] can
be omtted. This results in a reduction of the chip area and the

producti on cddtis |@ank@ddinentheanobesmpder Forpatibie] ik ¢orvendanglerddk and

[err] . must be connected to nutually different potentials (e.g.,tlerr]).
bit RAMs; and its capacity can be increased. 'In such a

W case, the circuit necessary for the refresh operation must
be provided within this semiconductor memory device.

If the address signals that would be applied externally
to the same pin in a.time-sharing way are generated within
the semiconductor memory device as described above, the
memory device always operates in nibble mode. Since the
address signals Axa and %x&_i?e always kept at respective
predetermined potentials,_the~iggress signals Ax8 and Ay8
that are taken in at the first fall of the RAS signal and
at the first fall of the EX§'signal are always constant
-/ signals. Accordingly, that register of the plurality of

registers forming the shift register 11 which first
generates a high-level output signal is always the same in
nibble mode. For this reason, the sequence of memory

matrices from which the data is read, or into which it is

-Wwritten, is always the same.
If the signals applied to the selecting circuit

7 are generated within the semiconductor memory device

as described above, the gate Ga can be omitted

provided that measures are taken to pre?ent the signals
e S,

output from the selecting circuit 7 from exerting any

adverse influence on the address buffer circuit L,



In Figure 6, a circuit which outputs signals having predeterm ned voltages
to the shift register 11 when the shift pulse [err] (control signal CAS1)
gvel may be provided in place of the decoder- 13 and the latch
Yor exanple, a circuit may be provided which outputs a

hi gh-leyef/ stgnal to the register 11-1 and lowlevel signals to the rest of

the regi\st: Al t hough the above description deals with the case in which
signal s fresponding to the address signals to be applied externally to

the sane pin in a time- sharing manner are generated within the -
sem conductor nmenory device itself,_gpredetern ned potential nmay be (o
~applied to pin 1 instead. For-exanple the ground potential of the circuit
may be applled steadily to pin 1. In this case, the sem conductor nenory’

devi ce - 261 £ oflee Jdes FN‘}]IW@%C}%].Q i Fl B L@FaSaMEstede addr ess
cade { o nERELE e SRtk ive ot SR G Sﬁc%tt%?%lat'i%ey SHEdE Hynami o RAV
|s equal (Lo.1 @ent!:'l{@eé @I PUA LSS de{;%ﬁ?j[ (?6@21%&; c‘%n p.c RAMin the

sanme way”as en si correspon dress sigmal's Tare gener at ed

Wi thin t@@lée‘f'wz.&?ﬂgu@ﬁé’r émssaaa% efnewp BRAARXE! £1 NGGelde pin
arrangenent of the package of the 256K bit dynan1c RAM i s substantially the

same as t&gé of, acddudn trvly nege CttﬁAMdmmtsﬂa;dautm canb@eest abl i shed
bet ween a conveh-
omitted. This results in a reduction of the‘chip'area '

and the productioﬁ cost. However, the nodes N, and Ng f
and the nodes Ng and Nip must be connected to mutually
diffe;ent potentials (e.qg., Vss and Vcc).

In Figure 6, a circuit which 6utputs signals having
predetermined voltages to the shift register 11 when
the shift pulsé Be (control signal CASl) goes high
level may be provided in place of the decoder 13 and
the latch circuit 12. For example, a circﬁit may be
provided which outputs a hiéh—level signal to the
register 11-1 and low-level signals to the rest of the
registers. .
Although the above descriptioh deals with the case
in which signals COfresponding to the address Signais
to be applied éxternally Eo the same pin in a time-
sharing manner are generated within the semiconductor
nenory deyice itself, a predetermined potential may bé
applied td.pin 1 instead. For example, the ground

~.
potential of the circuit may be appl;ed steadily to

pin 1. 1In this case, the semiconductor memory device



tional 64K bit dynamic RAM and the 256K bit dynam c RAM and the capacity

of the nmenory in the 16-pin package can be increased. The refresh control
signal may be applied to pin 1 in the sanme way as in a conventional 64K bit.
dynanmic ' RAM L n this case, the refresh operation and the ni bble op |
are executed in a tinme sharing manner, that is, the data read or |
operation nmay be xecuted when the refresh control signal is at a
predeterm ned potential *(e.g. high potential) and the refresh operation may
be executed when the refresh control signake+s at another potential
(e.g.low potential). In this manner, a nenory having a |arge capacity can
be obt ai ned egserated rirt hd bbdre moddudnortheesame weyi as whehhthenbodi nent
descri bed above, the address signals applied to the same pinin a

ti me- shari ng aftitass @lenadsd axe gdtegededi yazhdinwithehsdoieendnetehe initi al
stae of the shift -27- register used for selecting one nmenory cell from
the pluralit ReFOLTRMARY el | +0sdbdet éésﬁr'oﬁilf'ﬁ@eﬁenﬁg9 p@nber9hy. For this

t hi ) dugt : ' n. b t iy i i bb
oo Si npl y BRI G Wl SR $hey 258" Lol BRR Acsorsredeal Foever,
th ' d devi cg- . ' | bbl I
he vl t© agesd SghaEper Bt BHaFAREY b1 afaRR  Phos RN bl i hfe T °hhe
nitial st > . s det ) | . |
appl i o0 To ArYTerani Rene] ROy RS, whinl GHEAEL 8 CoRkedpinrRg SNl <

the address signals are generated within the senti-

— conduc tor memory device and, moreover, since the pin
arrangement of the package of the 256K bit dynamic RAM
' is substantially the same as that of a 64K bit dynamic
RAM, compatibility can be established between a conven-
tional 64K bit dynamic RAM and the 256K bit dynamic
RAM, and the capacity of the memory in the l6-pin package can .
be increased. __ '
The refresh control signal may be applied to
pin 1 in the éamé way aé in a conventional 64K bit
dynamic RAM. In this case, the refresh opgration and the
nibble operation are executed in~a time sharing manner,
that is, the data read or write operation ma;\;;\executed
when the refrésh control signal is at a predetermined
potential (é.g. high potential) and the refresh operation
may’?i_executed when the refresh control signal is at

another potential (e.g.low potential). In this manner, a

memory having a large capacity can be obtained easily.
In the semiconductor memory device of the embodiment

described above, the address signals applied to the
same pin in a time-sharing mammer are used as address

signals which determine the initial stage of the shift

— -



specific circuit is needed to change the voltages (signals) applied to the
pins on a time basis. The pin arrangenment of the package contai ning the
‘dynami ¢ RAMASf this enbodiment is the sane as that of a.conventional 64K

bit dynam{q ARAM with the only ex- ception -being pin 1. Accordinglﬁ, a 64K
bit dynamict RAM can be upgraded to a 256K bit dynam c RAM sinply by
changing the wiring. In the enbodi nent described above, single bits of data
which are stored in-the nenory cells selected by the address signals [err]
are sinultaneously read and | atched by each of four main anplifiers, and a
shift register is actuated by a CAS2gi-gnal so as to sequentially out put thg;
data latched in the main anplifiers. Thus data can be read in at high

- 28- t. 4N ' th hi f t
regi sfgre?gg ac? Q,EQ% bf@{j see"?r%és‘ﬁﬁqc |Hgéarxn%yb cim'p]!r orkvﬁoglle&q,{ae?gpi nelsslo as to
sel ect o BuPBIPLY &F'rﬁeﬁéf&“ééﬁé %14@6@{ Yerdifdhe SRhgfited from the

four matrices.” This results In a structural "advantage for the
ci rcwt @sp:@us@r@yleh&ﬁ 1 sl , ¥ &Y Gl § HenthdtAavcdRAM m% #ye obtai ned
easily on the basis of the sanme design concept as the 25 bi't dynam ¢ RAM
~in the faévDyé nganrtbe espertd twiiteasiangiing tib ldesicgte afintdhey addr ess decoder
too much. First, a nenory cell array of 1IMbit is divided into four nenory
cell mathycezsking this pin be at the predetermined potential.

However, the semiconductor memory devices-camnot be
operated in nibble mode unless the volté;;§ (signals) | o
applied to different pins change with time if the initiai
stage of the shift register is determined by address
signals applied to different pins. In éther. words, a
specific circuit ié needed to change the voltageé (;ignais)
"applied to the pins on a time basis. |
The pin arfangement of the package containing.the
dynamic RAM of this embodiment is the ééme as that of
a conventional 64K bit dynamic RAM with the only ex-
ception being pin 1. Accordingly, a 64K bit dynamic B
RAM can be upgraded to a 256K bit dynamic RAM simply R
by changing the wirihg._. _
In the embodiment described'gbove, single bits
of data,whiéh-are stored in the memory cells_selected_
by the address signals Ao - A7 are simultaneously
read and latched by each of four main amplifiers,
and a shift register iswactuated by a CAS signal so
as to.sequentially output the data latched in the

main amplifiers. Thus data can be read in at high



(each having a nenory capacity of 256K bits) of the sanme construction, and
one nenory cell is selected fromeach of the nenory matrices by address
signals [err] The selecting circuit 7 which always operates in nibble node
further sel ects one.nenory cell fromthe four nmenory cells thus sel e%d.
Y

If pin 1 is used as the input pin for the address signal A8, the
sem con- ductor nenmory device can be packaged in a 16-pin packag
present invention is not particularly limted to the enbodi nment
above. For exanple, the nunber of nenory cell matrices form ng the nenory
cel{ sarray may be increased, and the out m}ta"data fromthe nenory matrices
may be output seriallly by the shiff register or a simlar devices.-

- -29- I n sypded. cdse ncirdmalcapdei,t p sklekeingnoiycdeti Zeinan be

i ncreased wi thout increasing the nunber of pins for the address signals by
sequenti al |y atdugdirichghensin fdatregdsperi d¢ extsatafll byt thehmosenory cel |
matrices by the shift register or the like in the ite opera- tion as

wel | . Thus eveh-#niddifasdndddt ProvdfetyaticRir el h%{-?/iq\% b0 REHSCF OBFacity of

'éM bit or nore can be unt ed i a-lG-pinga.cka . _E%ar fethe regi sters
escri bed may HEYY IFH ;}ﬁé’mt it F%%L’V/%'g & 59 e;f%‘t % rom the decoder
L300, VS, LoPdehen, (e B9 58k, SLgaaly Bk ohEslolel oM hsg and ocEl V6
when the contrQls§iydah NEtir3ckh@l1! §46hntage for the circuit
L because a 1M bit (= 1,048,576 bits) dynamic RAM can
be obtained easily on the basis of the same design -
concept as the 256K bit dynamic RAM in the following
manner without changing the design of the address
decoder too much. First, a memory cell #rray of
1M bit is divided ings_four memory cell matrices
" (each having a memory capacity of 256K bits) of the
same éonstruction, and one memory cell is selected
from each of the memory matrices by address signals

A, - A,. The selecting circuit 7 which always operates “

0 8
o/ in nibble mode further selects one memory cell from the

four memory cells thus selecte&. If pin 1 is used as the

input pin for the address signal Ag, the lMlbit semicon-

ductor memory device can be packaged in a l6-pin package.
Thé present invention is not particularly limited

to the émbé:diment described above. For example, the number of

mernqry'cell matrices forming the memory cell array may be increased,

and the output data from the memory matrices may be output seriallly

by the shift register or a similar devices,- .-



- 30 - CLAIMS. 1. A sem conduct or nmenory device including: (a) a
-menory cell array having a plurality of input-output termnals, in which a
pluralijy of menory cells are arranged so as to be selected substantially 5 .
simul t gpeQusly and said nenory cells thus selected are connected.to said

i nput - .termnals in a one-to-one manner; (b) a first switch circuit
connect\e A/0 said input-output termnals of said menory cell array, and 10
havi ng lurality of control terminals, the first switch circuit being

arranged to selectively connect a said input-output termnal to an input
circuit in accordance with signals o5&t he control ternirnals; (c) a second"a
switch circuit connected to said 15 input-output termnals of said nenory
cell arrany, sacld davase, atlpd wagpatitwliof orhe akenaaryridmtisse tdan second switch
circuit being arranged to selectively connect a said input-output term nal
to an ouppuinerezse W#M@rmﬁ\%}m thegymumpbem aheinsthad terninal s;

20 d) a control circuit outputting a control-signal; and (e) a

sel ect i nfhe| RRLF LS ArFLRALS (RY rRBISAF 1l SR IAGADPWut put from sai d
of adar oSatE g Lred Fetefnatas %o ik Fengi R BATHED gnal s (o skid
control E§r€ﬂé“¥ﬁif¥'féﬂfgter or the like in the write opera- | :
‘tion as well. Thus even a semiconductor memory device
| having a memory capacity of 1M bit or more can be
mounted in a l6-pin package. Each of the registers
described may be of the type that receives a signal
output from the decoder 13 as its ‘input when the
control signal ¢NF i§ low level, and receives a -
signal output from the register of a preceding stage
as its input signa; when the control signal ¢NF is

high level.



first and second switch circuits, for first selectively 11111111 111111
11111112121121111 * C L M S * -31- connecting one of said

lsnput ~output termnals t.o said input circuit and said output circui.t
for thereafter, selectively and sequentially connecting remaining i}

output termnals other than said predeterm ned one of 5
terminals to said input circuit and sard38utput circuit
sem conduct or nenory device according to claim1, furth
second selectinSLéF%§

second selecting circuit receiving.th lurality of  si
to ggid addre;s siénarg, ﬁnﬁeég%BE?PFﬁagagﬁpﬁkgrPﬁylﬁkg

signal s determ ned by sai | yrali of gnal st N
(g) a shift register cons?g i%g%%#géprﬁ?%|F?§3gfn§§éP§

in a One-t0-One-gppe;gagg?ﬁakgrayaawg,tﬁangﬂahﬁ prZG'Q

circuit, said sﬁ er. recelving said second sele

S
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er

aid i

ncl udi

nal orres
1BcTnd2ogr o
¥edia 3
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corres

0B féh

n signa

'7aﬂd

(f). a

wit having a 10 plurality of output termnals, and

pondi ng
ction
15,

ﬁoﬁaing

febi o

appl i ed via sai de@ytPHiet 8EFLAGLE 56T ESPENHNgel BeteR0s3Bs@RAL gl dycont rol
signals output fromsaid control circuit, and outputting selection signals
whi ch causest hesfimittafBdusegoafddsshliahmembey tellle enasesklencedf akthe
I nput -out put termnals of said nenory cell array determ ned by said second
sel ection signaksnhecsalidto said input-output terminals in a one-to-one

manner;

kﬁi _(b) a first switch circuit connected to said

input-output terminals of said memory cell array, and

10 having a plurality of control terminals, the first

switch circuit being arranged to selectively connect a

said input-output terminal to an input circuit in

accordance with signals on the control terminals;

(c) a second switch circuit connected to said

15 input-output terminals of said memory cell array, and

having a plurality of control terminals, the second

switch circuit being arranged to selectively connect a

said input-output terminal to an output circuit in

accordance with signals on the control terminals;

20 (d) a control circuit outputting a control

signal; and

(e) a selecting circuit arranged to receive

the control signal output from said control circuit

and a plurality of signals corresponding to a plurality

25 of address signals, and to apply a plurality of

selection signals to said control terminals of said

first and second switch circuits, for first selectively .

* c L M s *



25 input and output circuits, and then outputting further such selection
signal s which cause the first and second circuits to selectively and

sequent i &
said ne
shift rg

ia Ncel |
H fer is operated on by the control ,
g/or nmenory device accordi@g to 5 claim?2, wherein sai-d second

connect the - 32 - other said input-output term nals of

array to said input and output circuits, .every tinme sai

sel ectingZcircuit conprises a decoder circuit decoding the plurality of
signals corres ondingato the plurality-of said address signals. 4.

sem condB2EBFc

said sigpals, corress-

10 di,
are appl 18g" océgFal§e88§3g§gﬁg8%?ﬁa%cFFE&PEtCO

on first gggég

signal s Pase
said contro

RBr §PAeff cE2dLc BRGNS PEtatRTRI NS &ion SBid plurality

id.pIunaIi%&iof addr ess si gnal s- whi

£9e2400R Sggggghﬁga%&ng%haz%tR%gngﬁkgiggggnggggiqcond

on s

circuit conprises a first tefmnal to whicha

ress sig S applie

irst contro

signal. 3. A .

d

A
Oy
ch

ds £t therggt&egnal s based

At in tinme.

€ E@PEQHQQHC&eBeQEEng dayisc r%%%%%@%@%eﬁoo%ka%¥‘4"“herei”

signal deieaninpag-satPuti £8kmPRANE kB LhAB inpARPLieduid aggond terni nal
to which a second control signal determ ning said second 20 point in time
I s appl i eadjidaodtpuseconducentrol circuit outputting said control signal
. operating said shift register when said first and second control signals
are appl?ed to saif &éhstonddce6e0REmbeyMaBYiseahc@oREEngdeber mned tim
so that nenory cells are _
claim 1, further including:

‘rel ationship,

(f) a second selecting circuit having a

10 plurality of output terminals, and secona.selecting

circuit receiving the plurality of signals corresponding

to said address signals, and outputting a plurality of

second selection signals determinea by said plurality of

signals thus received; and

15

(g) a shift register consisting of a plurality

of registers corresponding in a one-to-one manner to said

20

25

output terminals of said second selecting circuit, said
shift register réceiving said second selection signals
applied via said outpuf terminals corresponding thereto
and said control signals output from said control
circuit, and outputting selection signals which cause
the first and second switch circuits to connect one of
the iﬁput—output terminals of said memory cell array
determined by said second selecfion signals to said

input and output circuits, and then outputting further

such selection signals which cause the first and second

circuits to selectively and séquentially connect the

_—
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25 sel ect ed sequentially fromsaid plurality of nenory cells sel ect d from
said nenory cell array and are connected to said input and out put 'b,,uits.
- 33- 6. A sem conduct or nmenory device aceording to claim
including a third selecting circuit outputting selection signals > _
sel ecting said plurality of memory cells fromsaid nenory cell array, and
in which 5 said nenory cells thus sel3@cted are connected to said

i nput -output termnals of said nenory cell array, thereby executing the
writing or readkhgrosaddt anpatoostpltofesaidadsl oft sdidemempryelded lvia said
i ngut -output termnals. 10 _ 7. A sem conductor nenory device
according to CPEFHV6t°wﬁé#§|Hn§&FdaPﬁ| PHLPELe CLFRY 1&Src FVEIYoFiMes 6814

first buffer It whi.ch receives a first address signal sypplied at the
Flrst point i nShint GRE15°6EcaTARRAREES Shgh tHEpC0d 7ok SHRB decond

point in tinme gnd 15 appl,i nd secand i3 gnal s _t.0 _sai d decoder
circuit; a secgnd bufferkcgggél %ﬁHFE%Er§€3F6§'% F&rngPgdépgtﬁQWj

address siggal §,3ppl i edwggrgqhdsal@sgegghgtsg eg%g%? 299 ca 1R Wy %& }ée%f

fourth address signals supplied at said second point in ting,
outputs a plurgl Béﬁo@Ert Ell&@ualtgaal:%aliage%@npqalrﬁniwr Jel &Y g@la1ishi rd
address signals and a plurality of fourth signals based on said plurality
.of fourth. addeeggesbghding a@dtaeSprandldegOdEr saiidCaddralischhigaagisves the
plurality of said third and fourth signals

4, A semiconductor memory dev1ce according to

Kﬁ) claim 3, wherein the plurallty of sa1d 51gnals corres-
10 ponding to said plurality of address signals which are
- applied to said second selecting circuit consist of
first signals based on first address signals applied at
a first point in time and second signéls based 6n second
address.signals applied at a secona point in time.
15 5. -A.semiconductor memory device according to
" claim 4, wherein said control circuit comprises a first
terminal to which a first control signal determining
said first point-in time is applied, a second terminal
to which a second control signal determining said second
20 point in time is applied, and a second control circuit
outputtihg said control sigﬁal for operating said shift
register when said first and second control signals are
applied to said first and éecond'terminals at a pre-
determined timing relationship, so that memory cells are
25 selected sequentially from said plurality of memory
cells selected from said memory cell array and are

connected to said input and output circuits.

/..
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25 and out puts selection signals for selecting said plurality of nenory
cells fromsaid nenory cell array. 34 - 8. . A sem conductor nenory

scording to claim 7, wherein said-third selecting circuit further
& conmon termnal receiving said first address si-gnal supplied at
oint in tinme and said 5 second address signal supplied at the
t intime, and in whi<hesaid first and second address signals

are applied fromsaid cormon termnal to said first buffer circuit,. 9.

A sem cogduct or MeRDIL U R AGOUNG J G & Al g hiereln said device. |

I s packaged in a packag

aving a plurald ty of pins

ich said g

conmmon t%qggﬁag,ogu§gwggiyﬁa%géia té'g#f?&‘%&feééiégyu¥¥%é¥ttO one of said

plurality of pins. 10

conductor nenory “device according to 15

claimo, oW@@bQitﬂngais@u@fd%ito@a'\Hligfr{hlss-ﬂiszcméﬁfdﬂgﬂd Hraid dhird

selecting circuit

I's connected is pin 1. 11. sem conduct Or menory

devi ce aetomempgyt @edny dremdfsdilte Mumensdidul Iclaimss, WIRT el Widich menory
cell. array consists of a plurality of nmenory cell 20 matrices each

cont & ni sgid pemoalyi tpldfs rmhus sadadtesd ark esrhedftesRith ey y cel |
matrices has one of said plurality of input-output termnals. 12. A
sem condddput-putpny dermdaadsceidisndd mempryoreeldf artmaypr ededieny cl ai s,

wher ei n

gate

10

15

20

25

said first and 25 second switch circuits consist of a plurality of
executing the writing or reading of data into or from

said selected memory cells via said input-output
terminals.

7. A semiconductor memory device according to
claim 6, wherein said third selecting circuit cohpfises
a first buffer circuit which reéeiveé é first address
signal supplied at the first point in tiﬁe and é secbnd
éddress signal applied at the second point in time and
applies said first-and second signals to said decoder

circuit; a second buffer circuit which receives a

. plurality of third'address signals applied at said

first point in time, and a plurality of fourth address
signals supplied at said second point in time, and
outputs a plurality of third signals based on said
plurality of third address signals and a plurality of
fourth signals based 6n said plurality of fourth .

address signals; and a second decoder circuit which

- receives the plurality of said third and fourth signals

and outputs selection signals for selecting said

plurality of memory cells from said memory éell array.

A

v



‘circuits. - 35 - 13. A sem conduct or nmenory device according to
any one of clains 4 to 10, wherein said selecting circuit conprises
.circuit arranged to |atch said first signals and said second sign an
apply said latched 5 first and second signals to said decoder cir
A seni conduct’or menory device including: (aj,a nmenory cell array i
plurality  of input-output termnals, in mhlc% a plurality of nmenory cells

are arranged so as to be selected substantlally 10 S|nultaneously and said
menory cell's thus sel ecthE WM e NRBOLY| ¢V hpRit 2eERTANT e¥%inal s i n

t b), a f t.ch t ted, t
Rt out put. TORha] & TSRS S e | S ey AR Rt Hy SERE ural i 1y

of control terlrﬂée]@_lds t;'ecf;%%fjtte\%rﬁq%f”fggélvf nga ér J.gs‘ft(.j éc?dre

sel ectively con a sai t'er m na 0 an C|rcu in

accor dance w té‘lg:]-‘.agl”aé %’ﬁéé‘ea@qmé O L& "bé‘fﬁéaarﬁc'l:fxﬁ‘e 5%@%?&"‘ tech

circuit connect to s 20 i nput-output termn said nenory cel
array and havidgedhdldiddddy HigitNtdWhpl £&d £l Ehe t HEcSEE OPsh i {60
circuit being arranged to sm(a%lvely connect a said input-output term nal
to an output ciimel tarnd ACCMAMIENGR W tH S PNehs SEcoHhe sddiss $pymanal s;
25 (d) a control circuit outputting a control signal; and

are applied from said common terminal to said first

buffer circuit.
kﬁ; -9, A semiconductor memory device according to

claim 8, wherein said device is packaged in a package

P
<

having a plurality of pins and in which said common
terminal of said third selecting circuit is connected to
one of said plurality of pins.
10. A semiconductor memory device according to

15 claiﬁ 9, wherein said pin to which said common terminal
of said third selecting circuit is connected is pin 1.
11. A semiconductor memory device according to
any one of the preceding claims, wherein.said memory
cell array consists of a plurality of memory cell

20 matrices each containing a plurality of memory cells,
and each of said memory cell matrices has one of said
plurality of input-output terminals. -
12. A semiconductor memory device according to
any one of the preceding claims, wherein said first and

25 second switch circuits.cohsist of a plurality of gate

circuits.

[



(e) a selecting circuit arranged to output to 11111111 111111

111 * C L M S * - 36 - said control
and second switch circuits a selection signal which connects
ed input-output termnal of said plurality of- input.-output .

said nenory cell array to said input and 5 output circuits,
ter to output to 3ad® Tontrol termnals selection sicgnals which

termnals

connect sequentially and selectively a plyrality of input-output termnals
énoru gy

ot her thah said pr2deeBtFPReUCHApUT

eVefm AgFeot

84i §°i nput and -~

msaid ‘e

-

g toclaim

t put ' it ' L | 10. i | tplut fr
conirol Wi¥ g SHSERPRESE 48 10T GAREESe RBigrheigeeRlubeLkrhif
14 wh : . I . . T . | oot i : -
"R P s of EEHLACC L, o EPRREL°ES 1 CEN 38 pELLDO 011 C
out putti

shift register consisting of a plurality of regis

ity o 15 ﬂ&r@éiays@éoﬂaegfgﬁafgnsﬂdseeoaggw ggilonaskaBal s; and a

efs receiving the control

signad s pikPritakd osecohd €06hEDE €brsail asdoautputtcagtsai d sel ection

si gnal s;

said shift register outputting said selection 20 signal

whi ch

connect slone of saAdseghicahdbytof mepory devpue tecdudihg:of said nmenory
cell array determ ned by said second selection signals to said input and
out put circuits antlal hearmemoput ceébly surdysbeeingon pilymalétwhe€h connect

sequent i

10

15

20

25

ally and selectively said input- .
input-output terminals, in which a plurality of memory

cells are arranged so as to be selected substantially

simultaneously and said memory cells thus selected are

connected to said input-output terminals in a one-to-one

manner;

(b) a first switch circuit connected to said

input-output terminals of said memory cell array and having

a plurality of control terminals, the first switch
circuit being arranged to selectively connect a said
input-output terminal to an input circuit in accordance
with signals on the control terminals;

(c) a second switch circuit connected to said
input-output terminals of said memory cell array.and
having a_plurality of control terminals, the second
switch circuit being arranged to selectively connect a -
said input-dufput terminal to an output circuit in
accordance with signals on the control terminals;

(d) a control circuit outputting a control
signal; and -

(e) a selecting circuit arranged to output to

kS [ L s *



25 output termnals to said input and output circuits every tinme said shift
register is operated on by the control signal. 11111111 111111
1111111112111112 * C .L M S * - 37 - 16. A S
sem conduct or nmenory. devi ce according to claim 15, further including Af ;
third selecting circuit outputting selectlgn signal s ‘for selecting sakg
plurality of menory cells fromsaid nenory el array, and in which 5
said menory cells thus selected are connected to said input-output
termnals of sasdideaonyrod| keamiag] st bér ebydefécsti ngdt secwnidt swgtoh
readi,ng of data into or fromsaid selected nmenory cells via said

i nput - out put tefhFABESS a7selectiop séahadnebérbr crprscysdevpredstesminag
to 10 claim16, wherein said third_selecting circuit conprises a buffer
circuit recelV|hﬁpﬁtpPHFBPFt§95F1PﬂﬂrGfaﬂaiés§1§F@HéF¥ §§pﬁPPé& QPtQUFlrst
point in tine ap of. fourth adg ess _signals_s

second point in ?Fﬁégaﬁﬁ SGt%ﬁfgl ﬁmgrBIEF YTy fﬁlﬁalgp ng Bﬁged on
15 said p|u§a|'8¥t§58tgk£gu?ggre§§d £QQ?E§ d %opLHE§LEt¥o Entrol

signal s based on's ura four ress signal’s q8coaer

circuit rece'v'eerﬁbﬁapguge&égxleﬁ Sl Haig'&ﬁﬁgﬂchﬁHéEQ §b98ék%1§@?§

out putting selection signals sele t|ng said plurality of nenor

cells from sai dagg@nBeYeéelivedyraypldBality ofAlﬁgutceuépgftovcemaaaysdevI ce
according to claim 17, wherein sald control circuit conprises a

other than said predetermined input-output terminal to

o’ said input and output circuits in response to the control

10 signal outplut from said.control circuit.
15. . A semiconductor memcry.device according to
claim 14, wherein said selecting circuit comprises a
second seiecting circuit with a plurality of output
ferminals, said second selecting circuit outéutting a

15 plurality of predetermined second selection .signals;
and a shift register consisting of a plurality of
registers receiving the contfol'signals output from:
said control circuit and outputting said selection
signals; said shift register outputting said selection

20 signai which connects one of said plurality of input-
output_terminals of said hemory cell array determined
by said second selection signals to said input and output
circuits and then outputting said selection signals
which connect Sequentialiy'and selectively said input;

25 output terminals to said inpﬁt and output circuits
every time said shift register is operated on by the

control signal.
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second control circuit having a first termnal to which a first contro
signal”~dgtermning said first point in 25 tine is applied and a second

term o whi ch a second control signal- determ ning.said second point in =

time ppl i ed, and said second control circuit outputs said , -38-

contr o gnal for operating said shift register when said first and second
control signals are applied to saBd #irst and second term nals:at a :
predeterm ned timng rel ati onshi p, whereby said nenory cells are selected 5.
sequentibély from Basemprandirtoromenenr jevéresasepediad from sai d nenory
cell array and are_connected to _said input and_output circuits. 19. A
sen1cond%zékw h%nnf?rHEQFcénﬁéEéiﬁgnﬁ t 1€?a§ﬁﬂfﬁt1%ﬁeFéFﬁU§§|d device is

kaged kage, 10, h Lural i d first t | of
e B RS R T O T e

of pins apdsgid seeprd Loy 1al ofeRaky g@@&rg&rgg Cubly Bl g segnnect ed”to,

the ot he? WO~ pi ns. Semcon nennry evi.ce

accol di NG { @ o P01 &L BhIE ;él%etég pheEshAegeld tbr $hignd second

swtch circuits cohsist of ‘a plurality o gate circuits constituted by
'”5U|ateﬁh§3%£bﬁt§ h €- eéiﬁghaigaaglgaeasme%ér cell Ar$8i, cenduebyr nenory
devi ce according to any 20 one of the precedlng cl ai s, wherein the nunber
of said éf&bﬁtpmépﬂhetﬁfﬂtﬂﬁbsoﬁfré&&dnﬁEBﬁrﬁae3|hnabray fxoh. 22. A
sem conduct or nenory device accordlng to

said selected memory cells via said input-output terminals.

17. - A semiconductor memory device according to. - &
10 claim 16, wherein said third selecting'circuit comprises
a buffer circuit receiving a p1ura1ity of third address
signals_supplied at a first point in time and a plurality
of fourth address signals supplied at a second point in
time and ocutputting a plurality of third signals based on
15 said plurality of third address signals and a plurality
| of fourth signals based on said plurality of fourth
address signals; and a decoder circuit receiving the
plurality of said third and fourth signals and outputting
éelection signals for selecting said plurality of memory
20 cells frqm said memory cell array.
18. - A semiconductor memory device according ‘to
claim 17, wherein said control circuit comprises a
second control circuit-having a first.terminal to which
a first control signal determining said first point in.
25 time is applied and a second terminal to which a second
control signal determining said second point in time is

applied, and said sécond control circuit outputs said
-
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claim 19, wherein said first termnal of said control circuit is connected

to one of two pins of said plurality 25 of pins other than that connecte 2
t.o said common term nal .of said third selecting Tircuit, and said secon
termnal of said control circuit is connected to the other of said two
pins. 11111111 1112111 111211111112112111 * C L M S * 39 23.
- A seni conduct or- menory devi ce according To %ny one of the preceding clains,
further including a plurality of anplifiers each of which |atches the data
read froma selewttbhenignakefdr dpePdting said SRIF €OoREYLTE O r MRHSEN Y
devigce according to any one of the preceding clains, wherein the data

out put through 4 instutand reetend scont poi s&gnalisyabq anmahsed)ftshséid

regi sters. 25. A sem conduct or nmenory device includin 10 _
(a) a menory ceﬁ’ir%ﬁradyitﬁﬁﬁ%gi at%mﬂrraahya%famb@@e'@@mpme eTxﬂmm(!js in
which-a plurality of. ne IIs are arranged so as_to be selecte
substantPaIIy %%ﬁ ?&éﬁﬁ %@YI%e{h%saE%l%%¥%EF%@e

- (b
cui toh oirod ¢ EORELTE J‘i‘i%pfé-‘a?n&esra% (LR LERY (8 ey ofeLlF P rbn g
cell array, . andfll}g,yeﬁrg_ct | verﬁtgﬁ} idn P4 :;P%ré’ dtgr.t%n@&{u? ?{Qg t?é’“éaclhd circuit

being arranged to s y “connect I npu
input and output circuits.

19. A semiconductor memory device according to
k«; claim.18, wherein said device is packaged in a package

10 having a plurality of pins, said first terminal of said
control circuit being connected to one of two pins of
said plurality of pins and said second terminal of said
éontrol circuit being connected fo the other of said
ﬁwo pins. '

15 20. A semiconductor memory device according to any
one of claims 14 to 19, wherein said first and second
switch circuits consist of a plurality of gate circuits
constituted by insulated gate field-effect transistors.
21. A semiconductor meﬁory device according to any

20 one of the preceding claims, wherein the number of said
input-output terminals of said memory cell array is 4.
22. - . A semiconductor memory device according to
‘claim 19, wherein said first terminal of said control
circuit is connected to one of two pins of said plurality

25 of pins other than that connected to said common terminal
of said third selecting circuit, and said second terminal

of said control circuit is connected to the other of

said two pins.
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20 termnal to an input circuit in accordance with signals on the
tern1na|s (c) a control ‘circuit outputting a control signal; and

sai gvgd

- Si 0Ra

s to said control termi

contr ol
(d) a

pg circuit arranged to receive 25 the control signal output from

Atrol circuit and a plurality of signals corresponding to a _

of address S|gnals ﬁg to apply a plurality of selection - 40
| S§ of said switch circuit, for first

sel ectively connecting a predeterm ned one of said input-output termnals .
to said BAput circhi semadohdncther gemogy Selvicte agloprakichgseguential |y -

connecting 5 renmining input-output terninals other than said
pr edet er Ah¥eangnefothgapPyerpgingocl pdmsy e fpirtdies tioodaidd ngngut circuit. 26.
A sem conduct or nmenory devi ce according to claiim 25, further including: 10 -

(e) a seBBHHaééF@cP?n@mBFFS&FFShgﬁFHg whdchy ilaFchresodhsudater i nal s, said

second sel e t|n circu

t he Iurallty of signals correspondi ng

to said 5288 e§§ Ti gn3F e°§ﬁ§EESP83¥t|ﬁg a plurality of second selection
S|gnags ggtern1ned bg gnEL%lelh%F%fyl%F %%gg%ckp%ﬁi{e%%;ved
r

shift regrster conS|s

ura

and (f) a

eglsters co respon ing in a

one-t0-0Bfie ”8@”@5 BréébﬁlﬁytEqélh%r”h%%&% A 3 %f%%@ﬁ%%'ECt'”g

circuit,

10

15

20

25

sai d Shl regi ster receiving sal secon ectron
through said output circuit is output serially by means

of shift registers.
25. A semiconductor memory device including:

{a) a memory cell array having a plurality of
input-output terminals, in which a plurality of memory
cells are arranged so as to be selected substantially
simultaneocusly and said memory cells thus selected are
connected to said input-output terminals in a one-to-one
mannér; |

(b) a switch circuit connected to said input-
output terminals of said memory cell array, and having
a plurality of control terminals, the switch circuit
being arranged to selectively connect a said input-output
terminal to an input circuit in accordance with signals
on the control terminals;

(c) a control circﬁit outputting a control
signal; and

(d) a selecting circuit arranged to receive
the control signal ohtput from said control circuit and
a plurality of signals correéponding to a plurality of

address signals, and to apply a plurality of selection

-
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20 signals applied via said output termnals corresponding thereto ane~said
control signals output fromsaid control circuit, and outputting s {ion
.signals which cause the.switch circuit to connect one of the inputt,
termnals of said nenory cell array determni ned by said 25 second ction
signals to said input circuit, and then outputting further such selection
signal s which cause the switch cirelit to selectively and sequentially’

t -41-.1th t Ld_i sout put _t L pal s. qf id ; .cell
array Lo sald SIPUELE P Td crRPEERT nhL Bt g ER TP PR EaR R R PR BRERELE on
by L he CO“trO'féfQﬁfist2§e1ectiveﬁy588h888998%3§tBF88é¥e9ﬁYh88 BREOLEI Ng to

5 claim 26, wherein said second sefecting Cir conprises a decoder
circuit decodiggidhenphtahibytofeshPnal s €0rs88800dpa8 Lorthetphygal ity of
sai d address signals. 28. A sem conduct or nmenory device according to

claim 27, wherepn thergafiteti s¥loétsablysagaakeqienteapdy- céAndeBengo said
plurality of address signals which are applied to said second sel ecting
circuit comsistermdifingtispghadstpasetieomifalstoandreshani gaals applied at
a first point in time and second signals based on second address signals
applied at a secoieteonimednon¢nef 9s8i@g9input-ouppyentevminatertaenory

devi ce according to claim28, wherein said control circuit conprises a
first terninalS3¥ wWRRHt a€¥F¥Fditeontrol signal determining said first point

intinm is appljed, a second termnal to which a second control signal
det ermi ni ng sat® second @ semiconductor memory device according to

) , claim 25, further including:

b—a
D

(e) a second selecting circuit having a
plurality of output terminéls, said second selecting
éiréuit receiving the plurality of signals corresponding
to said address signals, and outputfing a plurality of
second selection signals determined by said plurality of
15 signéls thus received; and |

(f) a shift register consisting of a plurality
of registers corresponding in a one-to-one manner to
said output terminals of said second selecting circuit,
said shift régister receiving said second selection
20 signals applied via said output terminals corresponding

thereto and said éonﬁrol signals output from said ;ontrol
circuit, and'outputting selection signals which cause
the switch circuit to connect one of the input-output
terminals of said memory cell array determined.by said
25 second selection éignals to said input circuit, and then
outputting further such selection signals which cause

the switch circuit to sélectively and sequentially connect

e
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20 point in time is applied, and a second control circuit outputting said
control signal for operating said shift register when said first and second
contraol. S|gnals are applied to said first-and second termnals at a

preder= ined timng relationship, so that nenory cells -are 25 sel ected
seque\!aa y fromsaid plurality of menory cells selected fromsaid menory
cell a and are connected to4daid input circuit. - 42 - 30. A

sen1conductor nmenory device according to claim29, further including a -
third setget bRfesi Lokl iQBuRUI IS HeGlinN SicNaASi d Werkhpdding said
plurality of menory cells fromsaid menory cell array, and in which 5 ot
sai d mengkya¢ekbs shids inphecicdd caria: C@veast erine ssaidl shipid - out put
termnals of said nmenory cell array, thereby executing the witing of data
into sai degébeetredsneperpted lon Wya tded dantpudl- ctgnal L ernminals. 31

- A sem conductor nenory device as defined in 10 claim 30, wherein said .

third seR@eting ci Acsemicominictes: menqnysdestideraqtanding we ch recei ves a
first address signal supplied at the first point in tipe and a second
addr e§s silaghml 2&ppWhegein ﬁﬁé@uﬁﬁﬁﬂfﬁxﬁleqqiﬁqrﬁ%%ﬁﬂﬂ%uﬁﬂ@&%&%%ﬁd first

and second signals to said decoder 1 circuit. S cond uffer circuit
whi ch reéeﬁ?&gd&rpF&F§PﬁFyd@FQﬁﬁWﬂiéiﬁﬁﬁ%ﬂf%ﬁ %P at said first

_point in tine, an Iur Lity .of f.a rth [ ed at said
second p&PAESFRC |g écﬁd%d’ﬁt é’u bral iy, dstday dcs)f S}J g‘ﬂpﬁébased on

sai d pIu&%IIty of %h%@%f%yydﬁ$%or memory device according to .

claim 27, wherein the plurality of said signals correspon-

10 ding to said plurality of address signals which are appiied
to said second selecting circuit consist of first signals
based on first address signals applied at a first point
in time and second signals based on second addfess
signals-applied at a second point in time.

15 29. | A semiconductor memory device aecording to
claim 28, wherein said control circuit_comprises a first
terminal to which a first contrel signal determining said
first point in time is applied, a second terminal to
which a second control signal determining said second

20 point in time is applied, and a second control circuit
outputting said control 51gna1 for operating said Shlft
register when said first and second control signals are
applied to said first and second terminals at a predeterm-
ined timing reiationship, so that memory cells are

25 selected sequentially from said plurality of memory
celis seleCfed from said memory cell atray and are

connected to said input circuit.
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20 signals and a plurality of fourth signals based on said plurality of
fourth address signals; and a second decoder circuit which receives the -~
plurality of said third.and fourth signals and outputs selection signalg-
for selecting.said plurality of nenory cells fromsaid 25 nenory cel
array. * C L M S * - 434, 32. - A sem conductor
menory devi ce according to claim31, wherein said third selecting circuit
further incLudgf a conwoqhternjnal receiviq&osal first address signal .
€ 91rst poi

supplied at th SR CHM G JAF Séc ?1‘61%?;?‘_61‘21‘?%’5%9 Z‘F‘gnal |
suppli ed at the.SaGP ' [t e, i irst_and secon
adg%ass si gnal gc are ar%p'{)?ﬁe‘&tﬁﬂr%m;sﬂgl&l%ogn %Q#%gnga%?%t]s%q ac"'fti"?"‘éltt- buf fer
circuit. 33. 8 -

wherein said de?ﬁtcpeﬁit:ﬁ{oaacglgl?gi&%n ;gal %{%ﬂ ??%e%%‘\fﬁ%ﬂﬁgﬁfda% ]ta“)\/{go]fgi?tﬁ{ ns
and in which safl nemBmN delTs Mdondfs Hiad dnérhtbﬂ}d &€l By Cldddli {n Ivhich
connected to one of said plurality of pins. 34. A sem conduct or
menory devike amiat diexprtyo cdldismidiis Wheled ted ad gk Ridhidetdd atb i common
termnal 15 of said third selecting circuit is connected is pin 1. 35.

A seniconductoﬁnnuhmqpﬁnﬁﬁ(ﬁgnminakﬁrqftsaiﬂnmemmrxﬁcéﬁmearn;yxhﬂn;ﬁéﬁyrm
25 to 34, wherein said nenory cell array consists of a plurality of nenory
.cel| matrices EHaFUEMGABithengding #1 tdatsf intorsaick|deleci®ed amineeach of

id nenory cell tri.ces has .one of said . .
sa ory cef?% via said input-output terminals.

U 31. A semiconductor memory device as defined in

10 claim 30, wherein said third selecting circuit comprises: .
a first buffer circuit which receives a first address
signal supplied at the first point in time and a second
address signal applied at the second point in time and
applies said first and second signals to said decoder

15 circhit; a éecond buffer circuit which receives a plurality
of third address signals_applied at said first point in
time, and a plurality of fourth address signals supplied
at said second point in time,_and outputs a plurality of
third signals based on said plurality of third address

20 signals and a plurality of fourth signals based on said
plurality of fourth address signals; and a second decoder
circuit which receives the plurality of said third and
fourth signals and outputs selection;signals for
selecting said plurality_of_mémory cells from said

25 memory cell array.

* € L M § %



plurality of input-output termnals. 36. A sem conduct or nenory

devi ce according to any one of the preceding clains 25 to 35, wherein said
SW t ch# cuit consists of a plurality of -gate circuits. 25  37. A
sem cNtgidgt or nenory devi ce according to any one of the pr.eceding clains 28
to 34, \aberein said selecting circuit conprises a latch circuit arranged to
-44- |atch said first signals and3said second signals and to apply said

| atched first and second signals to said decoder circuit. 38.

sem cond3zi or nenpAysemicordactordmegory desiime3dcomrddmigntoai d fir st -
termnal of said control 5 circuit is connected to one of two pins of e -
sai d pl ucbaimy3bi phesebnhepidhthirfasedestdogesircuddi Fusdhedn term nal of
said third selecting circuit, and_said second term nal of said control
circuit Irchedesct egomponntesPhBalofeS8iyingo SHilns f1rst ggddress

SFT COnUEL o1, TENOLY, SeVLEe bACKIOpckal, 3TN 0ot LAl SR 19
R L T T N LR TG LR S
e e EALERTEINE L FOL BnVASEDnt RSB IGEA] e eyt
control fesfi 82t & cbhBofWebeRiRhNCHbt said first buffer circuit.
33. A semiconductor memory devige according to
claim 32, wherein said device is packaged in a package o/
10 having a plurality of pins and in which said common
terminal of said third selecting circuit is connected to
 one of said plurality of'pins.
34. ' A semiconductor memory device accbrding to
¢laim 33, wherein said pin to which said common terminal
15 of said third selecting circuit is connected is pin 1.
35. A semiconductor memory device'aécording to any
one of the preceding claims 25 to 34, wherein said memory
cell array consists of ‘a plurality of memory cell
matrices each containing’a plurality of memory cells,
20 and each of said memory cell.matriées has one of said
plurality of input-output terminals.
36. © A semicénductor memory device according to
any one of the preceding claims 25 to 35, wherein Said:
switch circuit consists of a plurality of gate circuits.
25 37. | A semiconductor memory device aécofding tO'any

one of the preceding'ciaims 28 to 34, wherein said

selecting circuit comprises a latch circuit arranged to

R,



‘20 bei ng arranged to selectively connected a said input- output term nal
to an output circuit in accordance with signals on the control term nals;
{c) a control circuit outputting a control signal; and 25 f
selecting circuit arranged to receive the control signal output from<sard
control circuit and a plurality of siggal s corresponding to-a plurality of
- 45 - address.signals, and to apply a plurality of selection signals to
said control teatthakaidf fizisd swghalscanduiskidf eecbnasktigakeet aval Yo
connecting a predetermined.one of said input-output ternminals to said

out put circuitappllyssaifiod atkhbedafticstsehdcsierend signadguént sakildy
coﬁﬁécting remai ni ng i nput output termnals other than said pre- determ ned
one of said i nPBECBAEPEErEREifi-nals to said output circuit. 40. A

sem conductor nenory device acgcording to 10 - claim39, further including:
(e) a second séPecting cfrEEMECRPENCEROR BeBOCEYy d6Vi66t BGCOrELRENnAPs, said |

d | ecti L rcyit I, VI .t.he . pl | it ' l. ' di
to said addresafBndbs, "hRGCSH: FLE AGTACpEaFELPA) B SBLGnGOTSTOLal cct i on
i gnal's_deter mped by 1 doRbuEALlt ¥0bngl BRakso! Hiser grebyed: andaqtL,a
shift regi3ter CORSISting of a prarality of regrsters correspoRdrng Iri¥a

one-to-one MangerpfRsSatHePUtRdh tREW BBhRelteddld §S§GnGo§EBﬁCEEPQina1

circuit,

a

of said third-selectiné circuit, and said second terminal
o . of said control circuit is éonnected to the other of said
1 .,
two pins.
10 39. A semiconductor memory device including:

(a) a memory cell.array havihg a plurality of
input-output terminals, in which a plurality of memory
cells are arranged so as to bé selected subétantially
simuithneouély-ana said memory cells thus selectéd are

15 connected to said input-output terminéls ih a onefﬁo-one
manner; | |

(b} a switch circuit connected to said input-

/ output terminals of said memory céll afray, and.having
a plurality of control terminals, the switch circuit
20 being arranged to seléctively connected a said input- |
outpuf terminal to an output circuit in accordance with
signals on the control terminals;

{c) a control ciréuit outputfihg a control
signal; and

25 (d) a selecting circuit arrangéd to'réceive
the control signa1 output from Said.control_circuit and

a plurality of signals correspohding'to a plurality of

S —
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20 said shift register receiving said second selection signals applied via
' put termnals corresponding thereto and said control signals output

¢ array determ ned by sai d second selection signals to sai,d
output circuit, and then outputti-ngdd urther such selection signals which
cause - 46.- the switch circuit to. selectively and sequenti al |y, connect

the othepag2iedsi BRYH=Q,PUnd & E{F’Aft OJ |ster TRPde Cse%ie fig 10 said -

output circuit, evéry time sai opera on by the o

control %llgﬂalls 8o saldq controlAf%‘ﬂﬁmCéprséthp&W&ﬁrcﬁPf@rd' ng to
clai m 40, wherein said second selecting circuit conprises a decoder circuit

decodi ng folze flrgitalsietl e cafi vai 1gn &l ch s t s QN dh gl & e dirkien . W igy of sai d
address signals. 42. - - 'A sem conductor nenory device according to 10

cl ai m 41 sawdediepn tt-oa tplatr dermirefl saia saighadstmor reisecypiondimy to sai d
plurality of address signals which are applied to said second sel ecting
circait é@Astherepitierstsedieptdivehasad! creduentialddr esnrigmiales applied at
a first point in tinme and second signals based on second address 15 signals
appl i ed £Fm§1§é88nd"§HFan§P%§rﬁ?rmE?315 °th€¥sﬁ#ﬁnxﬁﬂﬂﬁnRﬁemmnnry devi ce
accordlngF&o cIa ere| sai d control circuit rises.a first

term nal M‘F‘Bﬁ °1n1€r d1n%1“}"grf’éf BRI SR % A §3¥%t point in
time is QBQEh%dC1§c%§%9nd tern1na| to

-40. A semiconductor memory device according to
10 claim 39, further including:
| (e} a second selecting_circuit with a plurality
of output terminaié, said second seleqting circuit
receiving the plurality of signals corresponding to said
éddress signals, and outputting a plurality of second
15 selection signals determined by said plurality of signals
thus receiyed;_and
(f) a shift.register consisting of a plurality
of registers corresponding in a'one—to-one manner to \;;
said oUtput.tgrminalsféf said second selecting circuit,
20 said shiftlregister receiving said second selection
signals applied_vié_said output terminals corresponding
thereto'ahd éaid.control signals output from said control
circuit, and qutputting_selection-signals_which cause the
" switch circuit to connect one of the input-output terminals
25 of said memory cell array determined by said second
selection siénals to said output circuit, and then

outputting further such selection signals which cause

A A



"20 which a second control signal deternmining said second point in time i
~applied, and a second control circuit outputting said control signal f&
soperating said shift register when said first and second control si
are applied to said first and second termnals at a 25 predeterm ne
rel ati onship, so that nmenory cells aresgelected sequentially from sai
plurality of menory cells selected fromsaid nenory cell array and are
connected to sehel swipth ciremit.to selddtivédly and seduseigpnguct or
menory device according to claim43, further including a third selecting
circuit out- pueniegt sehectther ssgidl snpuot-cetpect i tersinal ol of adatq of
merory cells fromsaid nenory cell array, and in which 5 said nenory cells
t hus sel ect ed BREOEHPREL et fay ke dS3id putpPwut plrcuit i ervesy ofimai d nenory
cell array, thereby executing the reading of data fromsaid selected nenory
celI's via sai F3HPUIRLLE IRITRISN nk§ opepated on by sk cepritrebrs hamak y

devi ce accprdi to 10 cJaim 44 erein said third selectipg circuit
conprises:ga f?fst buf f %ﬁW%ﬁﬁQggkﬁ?ﬁlW%m%{We CVLFF r]EC R st gnal

supplied at th | ISt PQI [Nt d econd address_signal applied at
t he second poiﬁ)t;ilﬁr;\ {?'n&ﬂ;%\%é{a%p al{%?saés]%cf%@i sr%fe%%dn%e%’oﬂ%l” ! g%%ﬂ‘élpﬁ%eiai d
decoder 15 cirguidesode s econ, Huf ] ¥ ' | yES ality of
third address si gn%?s appli edga:p&%?%hﬁ#é%e \[;%%l(r%?ajl:#fiér{rg,sg%%gpl urality
of fourth addressrsd il sngup! i1 plusfl T $e5PN6a D@1 Adatdsd | SBgn Y,
~outputs a plurality of _ _
U 42. A semiconductor memory device according to

10 claim 41, wherein the plurality of said Signéls corres-
ponding to said plurality of address signals which are
applied to said second selecting circuit consist of first
signals based on first address signals applied at a first
point iq time and second signals based on second address

15 signéls applied at a second point in time.
43. A semiconductor memory device according to
claim 42, wherein said control circuit comprisés a first
terminal to which a first control signal defermining said

(N first point in time is applied, a éecond terminal to

20 which a second control sigﬁal determining said second
point in time is_applied, and a second coﬁtroi circuit
'bﬁtputting said control siénal for operating said shift
register when said first and second control signals are
applied to said first and second terminals at a

25 predetermined timiné relétibnship, so that memory cells
are selected sequentially from said pluraliﬁy-of‘memory
cells selected from said hemory cell array and are

connected to said output circuit.
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third signals based on said plurality of third address 20 signals and a
plural ity of fourth signals based on said plurality of fourth address

si gn and a second decoder circuit whieh receives the plurality of said
‘third fourth signals and outputs selection signals for- selecting said
pluraNiyy of menory cells fromsaid nenory cell array. 25 46. A

sem conductor nenory device according to claim45, wherein said third

selecting circuit further conprises a common term-nal receiving said first

address 44111111 14148hiddAdddtadt1hémbdty* deviCe accordilg toS * - 48

- - signal supplied at the first point in time and said second address S|gnaU
suppl i edchaimhe3 sefontheoi incindingea &hdridn seiliesttisgi ¢ificndt W& -second

address signals are applied fromsaid common terninal to said flrst buf f er

circuit.p8ttiifg selectpoBeRigbAdEcEOr ﬁ@%ﬁFﬁlﬁévﬁ@édaéﬂéF@1ﬁ&YtG cl ai m 46,

wherein said device is packaged in a pac ge havi n plur of pins and
Ln mhlch?§®96§c6?ﬁbﬁ fEPR Satdomemery Cfi da§EP€bt%ﬁ§ éfl@’ S s cognected
o one of sai ura

g B e A AT R L L
termnnal o saﬁ%hkrgmiggegt LR0g |(.lcwe§n°| rle%tq,q,ﬁ} S tHdteby 49. A
e

seni condb®to &viee>alcéor Ing to any one precedlng clains 39

to 48, wﬁéswlﬁghéhgegeamé oe! Lia%rar ¢ RPN T Sefeckdd WeMdrdy of menory

cell matrices each containing a plurality of nenory cells, and each of
cells via said input-output terminals.

45. A semiconductor memory device according to
10 claim 44, wherein said third selecting circuit comprises:
a first buffer circuit which receives a.first address
. signal supplied at the first point in time ahd a seccnd
address signal applied at the second point in time and
applies said first and second signals to said decoder
15 circuit; a second-buffer circuit which receives a plurality
of third address signals applied at said first point in
time, and a plurality of fourth adaress.signals supplied
at said second point in time, and outputs a plurality of
\third signals based on saia plurality of third address
20 signals and a plurality of fourth signals based on said
plurality cf fourth address signals; and a second decoder
circuit which receives the plurality of said third and
fourth signals and outputs selection signals for selecting
said plurallty of memory cells from said memory cell array
25 46. A semlconductor memory device accordlng to
claim 45, whereln said thlrd selectlng circuit further

comprises a common term1na1 rece1v1ng said flrst address

R

),
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*sai d menory cell matrices has one of said plurality of i nput-output

termnals. 50. A sem conductor nenory device according to any -Qne

cof . the preceding clainms 39 to 49, wherein said Switch circuit consi4§§;gﬁ a
= ) H

plurality of gate circuits. 51. A sem conductor nenory devic
according to any one of the preceding cLapgs_-42 to 48, wherein sai
selecting circuit conprises a latch circuit arranged to 25 latch said first
signal s and sastigserogdppi geal stabhet 0inppl posatdihatenedahlir shiandeseaand
signals to said decoder circuit. -« - 49 - 52 A sem conduct or nmenory
devi,ce accordi addtess| signdY, suppited sai théi setonhdrponat oh saind, centr ol
ciTRuit is connected to one of two pins of said plurality of pins other
than that conntRtélich said £énabnandrappandsaddreasdsiahalissarecappgied
circuit, and said second term nal of said control ,circuit is connected to
the other of sEFeMt§@ifi Aemmen terminah tanfedfdlitrst huhbey aiyredt.
constructed su?itantialhé as_hereiin descri bed w.th referencg,to and 10 as

1

illustratedsin he acco aﬁ??h§°ﬂ?%ﬁfﬂ§smem°ry gevice accgrding to

claim 46, wherein said device is packaged in a package

having a plurality of pins and in which said common
terminal éf said third selecting circuit is connected to
one of said plurality of pins.
10 48. A semiconductor memory device according to
claim 47, wherein said pin to which said common terminal
of said third selecting circuit is connected is pin 1.
49. . A semiconductor memory device-.according to any
one 6f the preceding claims 39 to 48, wherein said memory -
15 cell array consists of a plurality of memory cell matrices
each conﬁaininé a plurality of memory cells, and each of
said memory cell matrices has one of said plurality of
input-output terminals.
L 50. A semiconductor memory device according to any
20 one of the préceding claiﬁs 39 to 49, wherein said switch
circuit consists of a plurality of gate circuits.
51. A semiconductor memory . device according to any
one of the preceding claims 42 to 48, wherein said
selecting circuit comprises a latch circuit arranged to
25 latch said first signals and said second signals and to
apply said latched first and second signals to said

decoder circuit.

A



- 49 -

52. A semiconductor memory dévice according to QJ
claim 47, wherein said first terminal of said control
circuit is connected to one of two pins of said plurality
of pins other than that connected to said common terminal
5 of said third selecting circuit, and said second terminal

of said control circuit is connected to the other of said

two pins.
53. A semiconductor memory device constructed \;J
substantially as herein described with reference to and
10 as illustrated in the accompanying drawings.
<
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