2165378 "A SEM CONDUCTOR STORAGE DEVICE". This invention relates to a

t I que applicable to the technol ogy of sem ocnductor integrated circuits

a em conduct or storage devices, and nore particularly relates to'a
techni que for a sem conductor storage device 5 which is provided, for

I nstance, with spare nenory colums or nmenory rows and a redundancy :
circuit. In a sem conductor storage device such as RAM (Rando@@ﬁxz
Menory), the reduction of yield due to a defective bit or.the o ég of
a defective 10 word |line such as a disconnection or short circuit thereof
beconmes nore likely as the capacity of the repory array I ncreases. | n order
to inprove this yield, it has been proposed t0 provide a redundancy circuit
whi ch can cope successfully with the defective 15 bit and the defective

word line by substitutingea sBMISORITUDOKE SPHRAGE PBBUYREY! OW prepared
separately for a colum or a row containing the defective bit or the

defective word line in a nenory array. W have devel oped,

as one system 20

of such a redundancy circuit construction, a systemin which a neans for
setting an addres&hdis dnusnsrionoredates tondnbeghnigueoapmliicapliehe

defective bit

2 : _
to the technology of semiocnductor ;ntegrated circuits and

semiconductor storage devices, and more particularly relates

to a technique for a semiconductor storage device

N 5 which is provided, for instance, with spare memory

columns or memory rows and a redundancy circuit.

In a semiconductor storage device such as RAM

(Random Access Memory), the reduction of yield due

to a defective bit or thé occurrence of a defective

10 word line such as a disconnection or short circuit

thereof becomes more likely as the capacity of the

memory array increases. In order to improve this

yield, it has been proposed to provide a redundancy

circnit which can cope successfully with the defective

15 bit and the defective word line by substituting a spare

memory column or memory row prepared separately for

a column or a row containing the defective bit or

the defective word line in a memory array.

We have developed, as one system

20 of such a redundancy circuit construction, a system |

in which a means for setting an address of a memory

column or a memory row containing the defective bit

~ .



(hereinafter called defective address) and an address conparator circuit =
conparing the defective address set in said nmeans with an.input address arg
provi-ded, and a spare nenory columm or nenory row is selected 5 in place
of the regular menory col unn or menory row when the aforesaid two addresses
coincide with each other. Figure 1 of the acconpanying draw ngs shows a
schematic construction of this system 10 -~ 2 Referring to-Figure 1, the
circuit includes an address buffer 1 which forns internal address signals
axi and axi based on an address signal Axi input from an external equipnent
2 an address (mamderafittex lcaldestiale fen tival addicksss andjreat saddressd axi
supplied fromthe address buffer 1. 15 An address conparator circuit 3 1is
provi ded wi t lcompantdfase tdirculddrepmparing rithedetectiveiaddras$ s circuit
conpares the internal address signals axi and axi supplied fromthe address
buf fer 1 witleet daf &alid ameans sskthaAn KRR ¢5S 13ke RYeided, addr ess
setting neens 20 and delivers a cqjncide signal is] when said address
signal s and taRd @ef%ﬂ%@%&@m&ﬂ@%ﬂﬁﬁ#e‘f V& $¢LeFkednot her. A

sel ecti ongsi gnal formqgg ﬁircuit 4 delivers a yedundancy sel ection signa
a

[err] for “sel _tﬂlr?gcea rﬁ%%’?d@ﬁ’“mnc- A RFWEE S si gnal
Lerr] is sypmﬂe%:l éﬁeraefo%eﬂié Wo%&@resasegselz?&fﬂé’ihé with each

other.

Figure 1 of the acchpanying drawings shoﬁs a
schematic_construction of this system.
10 Referring to Figure_l; the circuit includes an address buffer 1
which forms internal address signals axi and axi based
on an address siénal Axi input from an external equipment
2 an address decoder which decodes internal address
signals axi and axi supplied from the address buffer 1.
15 An address comparator circuit 3 is provided
with  a defective address setting means therein. This
circuit compares the internal address signals axi
and axT supplied from the address buffer 1 with a defective
address set beforehand in the defective address setting meens
20 and delivers a coincide signal @gsj when said address
signals and the defective address coincide completely
with one another. A selection signal forming circuit
4 délivers a redundandy séléétioﬂ signal ¢xsj for
selecting a spare ﬁembry row, when said coincidence

25 signal @#sj is supplied thereto. At that time, a selection



- 3. .- signal [er] is not output. A word line driver 5s, which is nmade to

) espond to the spare nenory row to be substituted for the nenory row of
tNe/def ective address, is driven by the redundancy sel ection signal 5
[err]. As the result, a word line of the spare nenbry row is selected. Wén
t he coi ncidence of the addresses is not detected, the signal [err] is not
output. In this case, the selection signal [err] is output froma selec- 10
tion signal formng circuit 4. At this tine, word line driver 5 selected
by the decoder 2 is driven. As the result, a Fegular word line is selected.

In the-redggggggygﬁkécggtngg'gugpugn addR3a GAHRAE SRSy em as descri bed

above, an oOpéra 570f conpartng addresses is executed for the internal

address sigHabf 2% ma@¥d tSUBRrredpondMtdenaddhse hénoty kowt only when a

spare nmenory row Is sel ected, but also when a regular nenory rowis

sel ected. ¥Bi peCcaupetidupeablrem ithet heimorscedw OfMhHes défletitddredy 20 a time
period required for the conparison of addresses. It is an object of the

present ingaakess,t fsslpiven dy dhecyedundancy sedevtdandsdigmalst or age
device pro- vided with a redundancy circuit. = -4- '
5 ¢xsj. As the result, a word line of the spare memory
row is selected.
When the coincidence of the addresses is not
detected, the signal ¢xsj is not output. In this \?
case, the selection signal ¢xij is output from a selec-
10 tion signal forming circuit 4. At this time,.a_word
line driver 5 selected by the decoder 2 is driven._
As the result, a regular word line is selected.
In the redundancy circuit of such an address
comparison system as described above, an operation
15 of comparing addresses is executed for the internal
address signals axi, axi supplied from the address
buffer 1 not only when a spare memory row is selected,
but also when a regular memory row is selected. This

causes a problem in that access time is'delayed by

20 a time period required for the comparison of addresses.

It is an object of the present invention to shorten an

access time in a semiconductor storage device pro-

vided with a redundancy circuit.



According"to a first aspect of the present invention there is provided a

sem conductor storage device including: a nmenory array; a first circuit
recei.ving an input address signal; a second circuit made to respond to an

out put signal of "said first circuit and form ng an address signal to be
suppl'ied to an address decoder; said address decoder being coupled to said
menory array and decodi ng sai d address §ignél formed by said second circuit
so as to forma selection signal to be supplied to said nenory array; a
‘spare nenory; an address conparator circuit receiving an output signal of
-said first circuit; said address conparator circuit including store neans
for storing a defective REPesdiBIghAl 2ahdrFEaAsSPEEt e8nbhri Ryeskat
defective address signal stored.in saidégéore means Wi th the output signal

of said first TR TOANSI St BcPFBYIEPENAI SEBERPRGUEEPEUSECORAEE t o

respond to an oytput sjgnal .of said address conparator circuit and form ng
a selection sidﬁ%fa?%rlgﬁfﬁdﬁﬁgre menory. According to a second aspect of

the present a memory array:

a first circuit receiving an input address
signal; |
a secohd circuit made to réspond to an output
N signaltof said first circuit and forming an address
signal to be supplied to an add:ess decoder; said
éddress'decoder being coupled to said memory array
and decoding said-address signal formed by said second
circuit so as to form é selection signal to be
supplied to Said memory array:
a spare memory;
an aadress comparator circuit receiving an
output signal of said first cifcuit; said address
L comparator.circuit including store meéns for storing
a defective addreés signal and means for comparing
the defective address signal stored in said store

means with the output signal of said first circuit;

.-

and
é selection signal forming circuit made to

respond to an output signal of éaid address comparator

circuit and forming a selection signal for_said

spare memdry. | o

According to a second aspect of the present



Lnvention there is provided a sem conductor storage device including: a
wEeRpry array having a plurality of nenory cells; 5 a first :
(1Y L . . _ . . . .
G&PEUit receiving an input address signal; a second circuit coupled to said
st circuit and forming an address sPgnal in response to an output Sigadl
of said first circuit; 10 an address decoder coupled to6 said
second circuit and formng a selection signal in response to the address
signal of said second circuit; a word line driver coupled to said address
decoder and to said. nmenpry array, so.as.to respond to 15 an output signal
in sai d decodtRVEREtLPPetR §efbﬁnpﬁ°¥éa§9t Poﬁeg‘gﬁﬁé‘p“f:&‘%e s&f@FAd9%d to a
word line in said renbry,giLay; a spare menory including a plurality of
menory cells; optce 1NCiudilg address conparator circuit coupled to said
first circuit and recej v n t .Sl | _o Lg.tirst circuit, wherein
sai d address conparatoét%gg% tkagyugéggggo?egﬁégﬁgngr%gtoﬁQ%f%a
defectivezmhgé§fs§ignal and conparator neans for conparing the 25
defective address signal stored in said store neans

5 a first circuit receiving an input address

signai;
a second circuit coupled to said first
circuit and forming an addres§‘signal in response to an MJ
output signal of said first ci?cuit; |
10 an address decoder éoupled to said ‘second
circuit and forming a selection signal in response to
the address éighal of said second circuit;
a word line driver coupled to said address
decoder and to said memory array, SO as to'respond to
15 an output signal in said decoder and thereby form a
selection signal to be supplied to a word line in said
memory érray;
a spare memory inéluding a plurality of
memory cells; | |
20 ' an address comparator circuit coupled to
said firét circuit and receiving an outpﬁt signallof
said first circuit, wherein said address comparator
circuit includes-store means for storing a defective
address signal éhd comparator means for_Cémparing the

25 defective address signal stored in said store means



with the output signal of said first circuit; and a sel ection signal 2N
formng circuit responsive to an output signal of said conparator neans f.
forming*5 a selection signal for said spafe nmenory. The present invention=-

wi |{ -now be described in greater detail b¥ way of exanples w th reference
to the remai‘ning figures of the acconpanying draw ngs, wherein:- 10 15 20
25 - Figure 2 is a block di agram showi ng one enbodi - ment of the present

i nvention applieg;{g eﬁgyaae%agféggnégvb@ega%tlh&@% pgdungancy circuit;

Figure 3 is a circuit diagra dress com parator circuit; Figure
4 is acircuit diggram showi ng one exanple of a structure of an address
buffer; Figure 5 i1s a waveform di agram showi ng the timngs of a

di scrimnation signal andaasepedthibAessghact ifem_mahg_nalirleiQutrlé!ébofnrsqrﬁean
address conparator circuit; Figure 6 is a circuit diagram show ng one
exanpl e of an adtlsess detpdersignal of said comparator means for forming
5 a selection signal for said spare memory.
The present invention will now be described in

greater detail by way of examples with reference to the

remaining figures of the accompanying drawings, wherein:-

v
10
15
20

25/

————



Fiqure 7 shows a bl ock structure of the principal part of a second
Gﬁ?hdlnent of the present invention; 15 Figure 8 is a circuit diagram

v 'ng one exanple of a pre-decoder; Figure 9 shows a block structure of -
the principal part of a third embodi ment of the preésent invention; and 2QJ
Figure 10 shows a circuit structure of a specific exanple thereof’ Figure 2
shows a first enbodi nent of the present I nvention which is applied to a
peri pheral CMOS type dynamic RAM In thr3 figure, synbols la and | b denote
a row address buffer and a col utm addresS buffer which receive 5 address
signals Axi and Ayi supplied in a nultiplex systemfrom an externa
~ equipment and forminternal conplenmentary address signals axi, [err], and

ayi, ayi, respectivel Mar kg 2a.angd. 2b denqt row addres decoder and a
cglunnyaddresg dé@ﬁﬁe% iﬁ?%? q@?bé% QEFt?W¥9€* for receiving
t he i nternal nent ar d- , ayi

supp: I ed f“FcWﬁ ?5’ O\Hrzifyc?% rg{ﬁ%}%ejf@f %%ié%l%?maé a%gjsgbuf f e?” | b and
formng a i [ 4 he sel ection signal,
respec?i v@l\ﬁ@{ pgfﬁ%‘e%ebérq&{ ?élhneS %ﬁ%&%f& gn&fs fornmed by the )

Figure 3 is a circuit diagram of an address com-

5 parator circuit; |
Figure 4 is a circuit diagram showing one example
of a structure of an address buffer; e
Figure 5 is a waveform diagram showing the timings
of a discrimination siQnal and a word line selection signal
10 output from an address‘comparator circuit;
Figure 6 is a circuit diagram shbwing one example
of an address decoder;
Figure 7 shows a block structure of the.principal '
part of a second embodiment of the present invention;
15 Figure 8 is a circuit diagram showing one example
of a pre-decoder; _ ' S
Figure 9 shows a block structure of the principal
part of a third embodiment of ihe'présent invention;
and
20 Figure 10 shows a circuit structure of a specific
example thereof;

Figure 2 shows a first embodiment of the present



rOM/address decoder 2a are supplied to a word line driver 5, and thereb

word |ine dri

ver made to correspond to the address Axi is selected and

enahled" to be driven. Data |ine selection signals fornmed by the col um
adqbess decoder 2b are supplied to a colum switch 7 provided for each data
lin€ in a menory array 6. The nenory array 6 is constituted by the well-

known one MOS type nenory cells each of ich is formed of a storage

capacitor and an address sel ecti ng MOSF

transi stor),

shown in the

l'ine in thisqyimi

menory array

potential whi

Next, with oaddress ibuffer candde colummtaddress nbwbier cehichrxegeive to

@

25 (insulated gate field effect
not shown in detail in the figure, and is arranged in a

matrix. A seﬂ@@e@m:ifvheichamaa lie® pseahpegipBefal coibs wppeh i s not

figure, and said co umm smﬁtchh?éare provi ded for each data

¢ RaMyray 6. In reading data, each data line of the

6 is set to a precharge |evel by the precharg- ing circuit not
shown in the fignmmathisciigureuws&mbehsh1daandl1hedésogévanrawreference
ch 10 is required for the operation of the sense anplifier 7.

each data_ line. The data glven to the data line are anplified by the

oper at i on® of ad@eese riig

anplified by

iArkrard AyHa$ePR1RAl 1nfatRelbipdexspyREem

the sense anplifier is supplied to a main
from an external equipment and form internal complementary

address signals axi, axi, and ayi, ayi, respectively.

Marks 2a and 2b denote a row address decoder and a

column address decoder which are provided, respec-

10 tively, for receiving the internal complementary ad-

dress signals axi, axi, and ayi, ayi Supplied from

S

1

aid row address buffer 1a and column address buffer

b and forming a word line selection signal and a data

line selection signal, respeétively.

15

Word line selection signals formed by the

row address decoder 2a are supplied to a word line driver

5, and thereby a word line driver made to correspond

to the address Axi is selected and enabled to be driven.

Data line selection signals-formed by the column

20 address decoder 2b are'supplied to a column switch 7

provided for each data line in a memory array 6.

The memory array 6 is constituted by the well-

known one MOS type memory cells each of which is formed

of a storage capacitof and ‘an address selecting MOSFET

25 (insulated gate field effect transistor), not shown



palifier 9 through the colum switch 7 which is turned on by the selection.

vl delivered fromthe colum address decoder 2b. The data read from
enory array 6 are anplified by the main anplifier 9 and 20delivered to°
an input/output termnal 11 through an output buffer 10, In witing, date
supplied to the input/output termnal 11 are taken in by an input ‘buffer 12
and witten in a nmenory cell in the nmenory array 6 sel ected by the address
decoder 2a and 2b. 25 On. one sidg of. said nmenmory array 6, spare nenory
rows 6s are provided. Although one sgére menory row 6s may al so serve the
purpose, a {h Wetdiy i thestigure, aawdpisvareangedt bhsaembedinent. The
Spare nenory rows 6s are regarded ' as formng 5 substantially a part of the
menory arr gy sens@campiifiier pea odataeliparpreehargingwetseunhich i s not
shown In the figure, is separated fromeach word |line of the nmenory array
6, while eadiiciatis|not siiowmeinpbthe fiigure,randcsaid eaadumbonmon with each
data line of |Qthe nenory array 6. Nuneral _3 denotes an address conparator
circuit, whewhtth prawe errvidedi fon each datacline dndthis me®PrMg neans
whi ch can store an address of a defec- tive word |ine having a defect such
as a def &ct?%®@¥56bit or a di sconnection. This circuit conpares an .

In reading data, each data line of the memory
array 6 is set to a precharge level by the precharg-.
ing circuit not shown in the figure. In other words,
each data line is given a reference potential which

10is requifed for the operatibn of the sense amplifier
7. Next, with a word line selected,.the déta in a
memory cell are given to each data line. The data
given to the data line are amplified by the operation
of the sense amplifier 7. A data signal of the data

151line amplified by the sense amplifier is supplied to a main
amplifier 9 through the column switch 7 which is turned
on by the selection signal delivered from the column

—_ address decoder 223 The data read from the memory

array 6 are a:mplif.ied by the main amplifier 9 and

20delivered to an input/output terminal 11 through an
output buffer 10. In writing, data supplied to the
input/output terminal 11 are taken in by an iﬁput
buffer 12 and written in a memory cell in the memory -
array 6 selected by the address decoder 2a and 2b._

25 On one side of said memory array 6, spare memory



address signal input fromthe outside with an address signal stored inside
and detects whether the input address coinsides with the defective addres @
orr not. The address storing.nmeans incorporated in this address 20 g
conparator circuit 3 has tHe sanme construction as a publictly-known address
storing neans which is provided with a program el enent such as a fuse and
designed so that the defective address canyge set by discon- necting said
program el ement or varying the resistance 25 value thereof. Mreover, this
address conprator circuit 3 is constructed so that the input address is
conpar ed bit XPyshi6s @reh PERY idefect AlEhoRghe SNe SRARMALNATNY IRV bits -

i scr i mnat i 67 BegnBLECoRErves the FISERTS th e Y PLReE s, &

the one of o TEHR AR ESVGHAE 20y B AMRRAYEY Lnch w11 be described
el ecti on ci roui t SeriRye HABTY Hoys 6 are’ AP B s BilgS, 2 20
Formed of & SRSy @ par O ey A A T
[err] ~ line of the spare memory row 6s, which is not shown

in the figure, is separated from each word line of

the mémory'grray 6, while each data line of the spare

memory row 6s is made common with each data line of
10the memory array 6.

Numeral 3 denotes_an address comparator circuit,
which is provided therein with a defective address
storing means which can store an address of a defec-
tive word line having a defect such as a defective

15 bit or a disconnection. This circuit compares an
address signal input from the:outside with an address
" signal Sto;ed inside and detects whether the input
— address coinsides with the defective address or not.
The addreSs_storing means incp:porated in this address
20 comparator circuit 3 has the same construction as a
publictlkanown aadress storing means which is provided
with a program element such as a fuse and designed.
so ;hat_the_aefective_;dd:ess can be set by discon-
necting.said program element or varying the resistance

25 value thereof. Moreover, this address comprator circuit



formng circuit

and address signal select- -ing MOSFETs [err]and [err]. The program of
e ‘fuse ele- nent FU is conducted in such a manner that a vol t age

program a resistance elenment R a conplenentary signal

20virtual 'y equal
term nal

[err].

The conplenentary signal formng circuit CFC outputs com

to a source voltage Vcc is inpressed on a common progra.m
PD whil e an address signal is inpressed on. t he gate of MOSFET '

pl ementary signals PO PO correspondi.nglito the state 25of di sconnection of

the fuse elenent FU. The conpl enentary

signal s PO and PO put one of

MOSFETs Q gk Qprigtidrt &\ s atieaanthé henpatheaddires dei OFompared One of the
conpl enentary address signals [err] or [err] is selected by these MOSFETs

and B. \Mith Byheftuse t ertentdéfédttive caddressectand wheniallance,
PO goes high, and MOSFET 2 goes ON.

si gnal

t he
Thereby the selection circuit

3 sel ectthe e el dreiseidg el thidthe bifes if thessetidefectivection circuit
3an has the sane con- struction as the above circuit. 10 The out puts of

the addressddtessd aclactlewelidiserinination sional rgsiais deliveness

addr ess S|1_g{1als axl, ax1l to [err], [err] indicate addresses to be relived,

and at

eXAkEH- t hem goes low level if this is not the case. 15

decoder - CII’CUIt 3b cgurporl es g, brecharge

€C1l11C "example of the address

comparator circuit 3 is shown together with the one

of a se‘lection signal forming circuit 4, which will
be described later. |

10 The address i:omp_arator circuit 3 comprises of

address signal selection circuits 3 to 3'an and a

al
decoder circuit 3b.

The address signal selection circuit 3 comprises,

al
for instance, a fuse element FU formed of a polysilicon
151ayer and serving as a program element, MOSFET Q1
for ﬁmogrmn,a'resistance element R, a complementary
signal forming circuit_CFc; and address signal select-
ing MOSFETS Qzlaﬁd Q. The program of the fuse ele-
ment FU is conducted in such a manner that a voltagé
20virtually equal to a source vol.tage-vcc is impressed
on a common program terminal PD while an address
signal is'impres#ed on the gate of MOSFET Q1. The
complementary signal forming circuit CFC outputs com-

plementary signals PO, PO corresponding'td the state

. 250f disconnection of the fuse element FU. The complementary

The



MOSFET 4, input MOSFETs [err] to [err] which forma NAND circuit =, *
substantially, and a CMOS inverter circuit IVl, as shown in the figure. '
output [err] of the decoder circuit 3b goes high when the address signal

ax1l,; 20 [err] to [err], [err] indicate addresses to be relieved, since al

of the input: MOSFETs to Q@ go ONin response thereto. In contrast, said
~output- [err] goes | ow when said address sigpals do not indicate said

~ address, since at |east one of MOSFETs - Q@ goes 25 OFF. ‘Accordi ng

to this enbodiment, the aforesaid ad- dress conparator circuit 3 is

suppl i ed wit by LI £ BNty TBIhes Sorsé BEl oS Ts a9d aRAT Q. f @AMeHeby the
| evel conversion of the address signal Axi and t akef out 530f the

preceedi ng stoapes®iteaint kHd ayther riat heie tOPR stabef heopet pet thé the final
stage of the row address buffer la. The address conparator circuit 3
performs the comylkenertary tdddreks exignel sidaix oser oax| hisbaelectédsai d

conpl enentary address signals axi' and [err]. 10 The address buffer |la
in this enbodyrestiesMOISERES QplandiQ{y ofhe@nhenfeseecelepent] connected
in cascade, as shown in Figure 4, although the invention is not limted to
thi s confi gsEH iigh disgonneckedadtox cinetanes, othe pigpaliPQ geess circuits
has been adopted for the follow ng reasons.

high, and MOSFET Q, goes ON.. Thereby the selection

circuit 3a1 selects the address signal ax The ad-

1.
dress signal selection circuit 3_, has the same con-
struction as the above circuit.

10 The outputs of the address signal selection cir-
cuits 3a

to 3a all go high if address signals. ax

1 n 1
EE? to ax , 3§; indicate addresses to be relived, and
~at least one of them goes low level if this is not the
case.

15 The decoder circuit 3b comprises a precharge
MOSFET Qy» input MOSFETs Qs to Q6 which form a NAND
circuit substantially, and a CMOS inverter circuit vy,
as shown in the figure. The output ¢s of the decodgr

" circuit 3b goes high when the address signals_ax1.

20 Ei;'to ax, ax_ indicate addresses to be relieved,
since all of the input MOSFETs Qg to QS go ON in
response thereto. In contrast, said output gs goes
low when said addrgés'signals do not indicate said

address, since at least one of MOSFETS'QS to Q; goes
25 OFF. |



The row address decoder 2a shown in Fig. 2 com prises a plurality of unit
dpdoder circuits such as those each conposed of a NAND circuit and an

' Qerter circuit as a buffer circuit receiving an output from 20 the -
former, though the detail thereof is not shown in the figure. Each unit s
decoder circuit decodes the address signals axi, axi of plural bits
supplied fromthe row address buffer Ia{;and delivers a decode signal based
t hereon. The nunber of the unit decoder Circuits 25 is nade proportional to
t he nunber of word |ines of the nenory array 6, and thus it is increased
“with an increaggdordimg arpathiy exibédime®tproyherdforésaid agsordance with

this increase, the nunber of the unit decoder circuits to be driven by the
row addr esix dsshwidngrad=tors. ¢ imewits el i Eveupphiced twibtlh ut gt 1L ehentaryni t
decoder circuit is distributed to four word lines by the word line driver 5
for the puadiessfsigwls axiheandinset' ofoxmed uby tthecbefeelcircuit, for
I nstance, a |arge nunber of unit decoder circuits, 10 such as 128, are
needed if eonvexrsdan of the address neional thel mndrtakenrgue is 512. Each
unit decoder circuit is_provided, at its gate, with a Eluralit% of I nput
MOSFETs 5 cai the PEeraeding i 5729e of eath PRElen 12 athesRhah YhED1S
figure since the circujt itself js not related direc
g the output of the ginai'stage ©Of the row a&égéss buffer
la. The address comparator circuit 3 performs the
comparison with a defective address on the basis of
said complementary address signals axi' and axi'.
10 The address buffer la in this embodiment
comprises a plurality of CMOS inverters IV1-u IV7
connected in cascade, as shown in Figure 4, although
the invention is not limited to this configuration.
Such a cascade connection of a plurality of
15 circuits has been adopted for the following reasons.
The row address decoder 2a shown in Fig. 2 com-
prises a plurality of unit decoder c¢ircuits such as
those each composed of a NAND circuit and an inverter
circuit as a buffer circuit receiving an output from
20 the former, though the detail thereof is not shown
in the figure. Each unit decoder circuit decodes the
address signals axi, axi of plural bits supplied from
the row address buffer 1a, and delivers a decode signal
based thereon. The number of the unit decoder circuits

25 is made proportional to the number of word lines of



to the present invention. Each input MOSFET has a not negligible gate

capaci tance. .Accordingly, a large capacitance constructed with the gate .
capaci tance of nunmerous input MOSFETs is connected to the output |ine of @

t he ;row 20 address buffer. 'In addition, since the menory array 6 forned o

a sem conducfor chip has a relatively Iarge si ze and each unit decoder
circuit in the row address de- coder 2a is, di sposed corresponding to a word
line, the wiring line for supplying the-addﬁéss signal to 25 each unit
decoder circuit is very long. This results in a very long output wiring

for the row gddr aasoRyf sérrag,as Seeld koG W 1170 inceatddkaldy has a |arge
stray capacitance. Thereforég, the row address buffer |a necessitates 5

having a conghdghabkasdr ivi kheCeRpRicitys@fl e nemexy Wtddycigntly drive a
very high capacitance |oad forned by the aforesaid gate capacitance and

W ring capacthaaceoribhbelwith tiid increase) fthiennumbelv s &hecir- cuit
[err] working as the final stage of the buffer in lo Figure 4 ncessitate
havi ng a suf hindtedecpdeawc@dendsissttanbe dorivenk byg thiee repeedidxessri ati on
of an. .address signal high enough in spite of the aforesaid heavy | oad.
Accor di ngl g, buiferedpedsi incrieased. wEven ybhensithe outpusrel e r] and
[err] are enlar%e In 150t her words, MOSFETs [err] and [err] are nade
| ar ger . it decoder circuit is distributed to four wor
lines by the word line driver 5 for the purpose of
U reducing the number of the unit decoder circuit, for
instance, a large number of unit decoder circuits,
10 such as 128, are needed if the number of the word
lines of the memory array 6 is 512.
Each unit decoder circuit is provided, at its
gate, with a plurality of input MOSFETs receiving
address signals, though they are not shown in the
15 figure since the circuit itself is not related directly
to the present invention. Each input MOSFET has a |
not negligible gate capacitance. Accordingly, a large
capacitance constructed with the gate capacitance of numerous
input MOSFETs is connected to the output line of the row
oo 2address buffer. In.addition, since the memory array 6 formed
on a semiconductor chip has a relatively large size
and each unit decoder circuit in the row address de-
coder 2a is disposed corresponding to a word line,

the wiring line for éupplying the address signal to.

25 each unit decoder circuit is very long. This results -



5 this connection, an inverter circuit 1V6 is made to have,
GEWsadvantageously, | arge i nput capacitance proportional to the driving
“capacity thereof. An inverter circuit 1V3, which is made to operate 20 as a-*
l'evel -discrimnating circuit and a wave form shapirg circuit, is designeq,.
to have a relatively small -capacitance so as not to restrict the speed of
variation of the address signal Axi which is an input signal thereto. In
ot her words, MOSFETs [err] and [err], whi formthe 25 inverter circuit
[err], are small. Consequently, the “inVerter circuit 1V3 has only a
relativel yi | QW iy ifthd RAGEY widid Wt Rnd i s dfateédsto |V7 are
omtted froma circult ;arrangenent of" Fig. 4 so as to nmake the in- 5 verter
circuit [efydfed i1, arsudly Ady il (i rdatliF£L1y Yhad he speed of
variation of an output signal of the inverter circuit [err] is restricted
to a hi gh dagfeetnayn dapageaianpe. capacity of the inverter circuit IV8. As
the result, it beconmes difficult 10 to obtain address signals axi and [err]
whi ch can resp@erdfdregh tpearby @ddress]bueffersi pnaledessitfdtes t he
“inverter circuits I'V4 to |V7 are pro- vided so that a signal having a high
respons® d@psekhg @ tdons iqarakieyddiving QapanitpHo cthad ihecamverter 15

circuit 1V8 even when the driving capacity of the inverter
sufficiently drive a very high capacitance load formed

by the aforesaid gate capacitance and wiring capacitance.
MOSFETs Q,, and Q,, which form an inverter cir- N
cuit IVy working as the final stage of the buffer in
10 Figure 4 ncessitate having a sufficiently low ON
resistance for making the speed of variation of an
address signal high enough in spite of the aforesaid
heavy load. Accordingly, the respective channel width
and size of MOSFETs Q,, and Q,, are enlarged. 1In
15 other words, MOSFETs Qs34 and Q,, are made larger.
In this connection, an inverter circuit IV6 is
made to have, disadvantageously, large input capacitance
proportional to'tgg driving capacity thereof.
An inverter circuit 193, which is_made to operate
zoas a level-discriﬁihating circuit and a wave form shaping
circuit, is.designed to have a relatively small capacitance
so as not to restrict the speed of variation of the
address signal Axi.which is an input signal thereto.
In other words, MOSFETs Qq and Q10, which form the

25inverter circuit-IV3, are small. Conseguently, the



circuit [err] is relatively small. The inverter circuit 1V7 is constructed
so that it can drive the inverter circuit 1V8 sufficiently and that it -
forns a‘relatively light load on the in- 20verter circuit 1V6 positioned
the stage beforé it. The ihverter circuit IV is constructed so that 6 it
can sufficiently drive the inverter circuit 1V7 positioned in the stage
behind it and that it forns a relatively light load on the inverter circuit
[err] 25 positioned in the stage before itfb The inverter circuits IV5
and 1V4 are constructed in the sane way as the above. The P-channel MOSFET
[err] which investaoneitcuit alV nvas tenlyi acnelatévelywboki dgigingn out put
buffer, is formed 5 to have such | arge sizes as a channel width of 150 pm
and a channel capagityof 2 um (hereinafter represented as 150/.2), and the
N-channel MOSFET Q is also formed 22 to have such | arge sizes as. 75/ 2,
al though the invenlftinvertenctircuitediVy tai EVgoaregomitted. £XO8FETs 10
[err] and [err] constituting the inverter circuit [err are required to be
abl e to driveat®trfulleraxrargenent 9£/Fig. ad §R| asatotmakaethbegedncircuit,
and therefq;e they are desigggd éo_have Igrger si zes than MOSFETs [err] and-

3 drive an in o

[err]. verter circuit erter circuit Ivg
‘directly, the speed pf variation of an output signal
of the inverter circuit'IV3 is rést:icted to a high
degree by a‘la:ge,input capacity of the inverter
circuit Ivé. As the result, it becomes difficult
10 to obtain address signals axi and axi which can respond
at high speed to the address signal Axi. |
| Thus,_the iﬁverter circuits.IV4 to IV7 are pro-
vided so that a signal having a high response speed
to the input signal Axi can be applied to the inverter
15 circuit Ivg even when the driving capacity of the inverter
circuit IVy is relatively small.
The inverter circuit Iv; is constructed so that
" it can drive the invertér circuit IV8 sufficiently
ahd that_it fofms a.relatively light load on the in-
20verter circuit IV positiqﬁed in fhe stage before it.
| The inverter circuit IVG is constructed so that
it can sufficienﬁly drive the ipverter circuit IV7
positioned in the stéée béhind it and tha£ it forms
a relatively light load:on the inverter circuit IV,

5
'25positioned in the Stage before it.



Thus, the size of MOSFETs [err] and [err] is 200/2 and 100/2, 19 - 20
é§§ fespectlvely MOSFETs [err] and[err] formi ng the inverter circuit V7
e- 80/ 2 and 40/ 2 respectively. MOSFETs[err] and QL6 form ng the
inverter circuit [err] are 100/2 and 50/ 2 respectively, and MOSFETs [errL‘
and [err] formng the inverter circuit IV5 are 150/2 and 75/ 2 respectively.
MOSFETs Q 20 and [err] constituting the inverter circuit [err] are 20/2 and
50/ 2, respectively, so as to enable the in t of an address signal Axi of
TTL ( Transistor Transistor Logic) |everF, i nstance. MOSFETs Q and Q
formng the 11 nvert L. rcu % IV are 50/ 2 and 25/ 2,
respectivel y. 4The inverfsrpggrpu}ﬁa ; pl 8R4I IVy BFei APRBtERCERAC Ui t s

havi ng dri acity_subst i ncreased in sequence, in this wa

t he rgspong% g% %a%e 8 ﬁﬁdeg a%ﬁ%?ér circuit la tg signals is inprozed.
The out puts of the |nverteﬁi %err% and [er é# 8 he 5 abovg d%scribed CMOS
inverters [err]The Prehann RSREYeQppe ¥ § s%dePWPﬂBeB pR&i &, are
suppli ed as internal e ntar address_si nd axi o th
angesald +BVF€Hﬁ¥e§%rﬂnggdg§923° %&NG A5 AR §Bg §a§85%§§Va93r CFFES

Is(\/g\mwlﬂg FEg- hdve OButhe18E8E" s10ebaRd. at BRafHEDUNEAR beeqbpuerters 'V5 and

pm and a channel length of 2 pm (hereinafter represented
as 150/2), and the N-channel MOSFET sz is also formedl
to have such large sizes as 75/2, although the inven- QJ
tion is not limited to this configuration. MOSFETs o
10 Q19 and on constitﬁting the in#erter circuit IV8
are reguired to be able to drive the inverter circuit
IV, as well as the decoder circuit, and therefore they
are designed to have-larger sizes than MOSFETs Q21 and sz.

Thus, the size of MOSFETs Qi9 and on.is 200/2 and 100/2,

15 respectively.. MOSFETs Q17 and Q8 forming the inverter
circuit IV7 are 80/2 and 40/2 respectively. MOSFETS le and
Q,¢ forming the inverter circuit IV, are 100/2 and 50/2 w
respectively, and MOSFETs.Ql3 and 014 forming rhe inverter
circuit IV, are 150/2 and 75/2 respectively. MOSFETs Qg
20 and Q,, constituting the inverter crrcuit IV3 are 20/2
and 50/2, respectively, so as to enable the input of an
address signal Axi of TTL ( Transistor Transistor Logic)
level, for insranee. MCSFETs Qll.ahd Qiz forming’the
inverter circuit IV, are 50/2 and 25/2, respectively. .

4 .
25 By providing a plurality of inverter circuits



formthe preceeding stage of the row address buffer la, are supplied

thereto respectively as conpl enentary address signals axi' and axi'. Here, :
i n*the above-described circuit arrangenent, the 15 row address decoder 2a .

is cqonnected to t'he respective outputs of the inverters [err] and [err]
formng the final stage of the row address buffer la through a relatively
long wiring line as descri bed above; therefore, these inverters require
.relatively large driving capacity. 20l c&ﬁ?rast t hereto, the address
‘conparator circuit 3 does not require the output of a circuit having | arge
‘driving capacm@yinsudhimiﬂgu;apﬂnﬁtxﬁsuhstanki&l{xﬁiqcinﬁsaéeimheeqhenuét
3itself fornms a relatlvely i ght | oad. Accordln Y, as descri bed above,

t he 25out put s 18f thiH& WaYer fthes NEBPORRE |SESe %ﬁl &BEEEr  stage

of the- rom1address buffer | a may be su i ed to t he address conpar at or
circuit 3. A éﬁiﬁ%} %§§W T]have | ess driving power

LE?BEE L‘Ef iSﬁ[LZrZaﬁ%e& fAﬁhq 2* e cam%*@fgS&fS@éL;X; by
EerGr] rlosegc%:aln rat‘="e-(§iegs (ﬁ%wegt 2’21 | ve %;y&t ol 'S gr‘fg}ait Irfg}a}s‘]eggﬁd

[err] are al S%ﬁﬁ%ﬂ&@%ﬁ%ﬁ@%ﬁcﬁ?}% supplied as internal
| complementary address signAls axi and axi to the

aforesaid row address decoder 2a. As for the address
_caﬁparatcr circuit 3 shown in Fig. 1, on the other

10 hand, the outputs of the inverters IVy and IV,, which
form the preceeding stage of the row address buffer la,
are supplied thefetb respectively as complementary
address signals axi' and axi'.

Heré, in the above~described circuit arrangement, the
15row address decoder 2a is connected to the respective

outputs of the inverters IV8 and IV, forming the final

9
stage of the row address buffer 1a through a relatively
long wiring line as described above; therefore, these
inverters reqﬁire relatively large driving capacity.

20In contrast theréto, the address comparator circuit
3 does not require the output of a circuit having

_.1arge driving capacity,_such'as-the inverters Ivsland-
IVy, because the circuit 3 itself forms a relatively

light load. Accordingly, as described above, the

25 outputs of the inverters Ivs-ana Iv6 forming the preceeding



((- of the inverters [err] and [err] are enployed as input signals for the
dﬁress conparator circuit 3. Wen the selection signal [err] is output, .
the word line driver 5 selected by the decoder 2a at that tirme 15 is '
driven. Wen the selection signal [err] is output, the spare word |ine
driver 5s is driven, and a spare nenory row is thereby selected. Since the
timng of the deliveries of the signﬁL [err] and [err] is accelerated as
descri bed above, according to thi.s enbbdi nent, the 20 sel ection of the
spare nenory row is also performed at high speed. As the result, the access
time of tlseagemafy the sioor addaess WMififera lepaay emsuppldeds i s provi ded
in parallel to a word line so as to be substituted for a nenory 25 row

cont ai ni ngoa tief addires siconpandtersireuwddscr. bdd thewgh mhe . a spare
menory col umm and. a sense anplifier. may_ al so be provided in parallel to
a data |i davesterst Ivhe aé}ﬁa;%grélm legsudrivinpponaistthaR ed for a data

| ine contai.ning the defective bit etc. Other- wise, the spare nenory colum

may be pr dheddavesgemfed Vg Bndh Ty 4h& dedd@ortineo Rt 1the he
aboveenpodi nent, in addition,_ adequyate jnternal, control, signals are forned
on themga§ﬁ§HﬁCQ%W%N§WﬁﬁRﬁ%NﬁﬁQﬂ$¥k§lﬁﬂi%e§ﬁgﬁﬁﬂn%;ufﬁi 5 (Col um

small. Accordingly, as is shown by the broken line

C;ég line of Figure 5D, conpared with the case in which the outputs axi and

in Fig.'Sc,_the variation in the discrimination signal @gsj
is accelerated and the deliveries of selécgidn.signals et
¢xsj and ¢éxij are also accelerated as shown by a brokén |
10 line of Figure 5D, compared with the case in which the
outputs axi and axi of the inverters IVg and Ifg are |
employed as input signals for the address comﬁarator
circuit_3. When the selection signal éxsj is output, the
word line driver 5 selected by the decoder 2a at that time
15 is driven. When the selection signal ¢xij is output, the
spare word line driver 5s is driven, and a spare memory
row is thereby selected. Since the timing of the kJ.
deliveries of the signals ésj and éxij is acceierated_as
described above, according to this embodiment, the
20 selection of the spare memory row is also performed at
high speed. As the result, the access time of the
memory is shortened..
While a spare memory row 6s is providea in parallel
to a word line so as to be suﬁétituted for a memoiy
25 row éohtaining a defective_bit in the abbve—described

embodiment, a spare memory column and a sense amplifier



Address Strobe) signal, which are supplied fromthe external 10 equipnent,
and the address buffers la and Ib are operated by these internal control
si‘gnal s so as to take in the signals Axi and Ayi which are input by a
mul ty pl ex system and to set' the timng of the selection signals [err] and
[err] which are output froma selection signal 15 forming circuit 4. Next,
a second enbodi nent of the present inventi w Il be described with
"reference to Figures 6 to 8. A dynam c-RAMTn this enbodinment is formed by
. the same CMOS integrated circuit technique as in the 20 flrst enbodi nent .

10 a periphepal, QYOS UPB:SYIRTAC 18ANSh1WS T IOUARN sk depOder Ciroui ¢

I's forned of dynan1c C rCU|t UC|ng the nu o CIrCUIt el enent s,

as shown in Ehgt Enefl ebose%aﬁ.ee cB1 w0 Wan U&esubsq'fﬂ:‘ﬂiﬁrd Gdcuit s

conposed of N-channel FETs [érr] [err],[err] which are connected in

series and og Bhea $3RECEONEadAley SherieFective Hlt add.eSDttdr- nal s axi,
([err])are inpressed, and a precharging P- 5 channel MOSFET [err] on the

gate of whichigel,i thegspageamemelrty] columpraysed providedl awydtned i on, the
out puts of a plurallty of decoder circuits are set to precharge | eve
(virtual | y5 awliehelkhef spareumemoryl rage [err]) by said timng signal [err].
Since every input axi ([err]) is
In the above. embodiment, in addition, adegquate
ihternal control signals are formed on the basis of
W, a RAS (Row Address Strobe) signal and a Cas (Column
Address Strobe) signal, which are supplied from the external
10eqﬁipment, and the address buffers la and lb are operated
by these internal control signals so as to take in
the signals Axi and Ayi which are input by a multiplex
system and to set the timing of the selection signals

#xij and ¢xsj which are output from a selection signal

15 forming circuit 4.

Next, a second embodiment of the present invention
will be described with reference to Figures 6 to 8.
A dynamic RAM in this embodiment is formed by
the same CMOS integrated circuit technique as in the
20 first embodiment. |
In a peripheral CMOS type dynamic RAM of this
embodiment, a decoder circuit is formed of é dynamic
circuit for reducing the number of circuit elemenﬁs,

as shown_in Fig. 6, for instance. As shown, the



10 high after a precharging operation has been effected by the timng
nal [err] only the output of the decoder circuit to be selected is |ow
r-ef ore consuned power is nmuch less in this enbodi ment than in an NMOS

type decoder. 15 When said CMOS type decoder is enmpl oyed, however, thp
speed of extracting the charge of an output node is slowed down-since the
N-channel type MOSFETs [err], [err] are connected in series, and as the
result, access time nmay be prolonged. 2§ In this enbodi nment,

therefore, a pre decoder 13 is provided in front of the address decoder 2,
as shomn | 7. : I i nter dr ss-signals axi ,
axj [err] #%ﬁ)?ﬁg%ﬁggn%% gaﬁéggggfgﬁaﬁ ??n%ﬁugaéggg @d4i’s used as an
i nput sig for t he t he nunber '
of input t eﬂ%’fb?'t ﬁ%?ﬁfgggéﬁge gﬂ Bﬁ géE gat 8reby the nunber
of MOSFETs 1?; é‘&iﬁbsé‘étéé o8 ﬁﬁﬂé’ﬁeﬂnté'f‘ﬂéffﬂagfekgesi LI of the

out put of t -decoder, cah be expedited oresal d pre-decoder 13
s construgipe afo] (TXTRAEE. ifSr&568A, | andi §UpLenatygihfi -embodi nent,

internal conplenentary address signals axi, axi outpu?ifron1the addr ess
buffer B afigaremel QESFED Qfgubnstﬂ@aQStéOﬁftﬁﬁieﬂdéeﬁimﬂﬁgpaighal

@ is impressed. In this construction, the outputs
of a plurality of decoder circuits are set to precharge
level (virtually a level of a source voltage vcc) by ;J
said timing signal @. Since every input axi (axi) is

10 high aftef a precharging operation has been effected.
by the timing signal &, only the output of the decoder
circuit to be selected is low. Therefore consumed power
is much less in this embodiment than in an NMOS type
decoder. |

15 . When said CMOS type decoder is employed, however,
the speed of extracting the chafge of an output node is
slowed down-since the N~-channel type MOSFETs Q24, Qo5r°°°
are connected in series, and as the result, access
‘time may be prolonged.

20 In this embodiment, therefore, a pre-decoder 13
is provided in front of the address decoder 2, as
shown in Fig. 7, so as to decode a pair of internal
address signals axi, axj (axi, axj) .in advance, and
a signal axij thus obtained is used as an input signal

25 for the main decoder 2. By this arrangement, the number



10 circuit 3 in place of the output axij of the pre- decoder 13. In
consequence, the timng of variation in the discrimnation signal [err]
del i vered fromthe address comparator circuit 3 is accelerated, conpare

Wi th the case in which the output axij of the pre-decoder 15 13 is enpl oyed
as tfie i nputt signal, and thereby the access tine is shortened. Figures 9
and 10 show a third enbodi mrent of the present invention. A dynamic RAMin
this enbodinment is provided with 20 a gfurality of spare nenory rows. These
spare nmenory rows in plural are sel®ected by a redundancy decoder 14. In

this enbodi nent, the pre-dec der 3 |s provi-d the same ma as in the
above- descr|95d1§888ngeiﬂ?na Sh SRty (é% it DALYt he address

conpar at or cAPLERe3SbX B ARPRS: Pt n@%ﬁf %wder eﬁti"’r"f”%ﬁ%ﬁa%ﬁriééress
comer X i lbbuges®, L AUILHES, SOERY o Wt Wl o) o (e
o o PTG RAE TEAR ol B i o (et or s LT
of the spare MeMDipke’ Q¥oresatiepr@ddecoder 13 is constructed,
for instance, as .shown in Figure 8. ‘
- In this embodiment, internal complementarj address
;4 signals axi, axi output from the address buffer 1 are
empldyed as input signals for the address comparator
10 circuit 3 in place of the output axij of the pre-
decoder 13. 1In qonsequénde, the timing of variation
in the discriminatioh'signal gsj delivered from the address
comparator circuit 3 is accelerated, compared with
the case in which the output axij of the pie-decoder

15 13 is employed as the input signal, and thereby the

access time is shortened.

Figures 9 and 10 show a third embodiment of the
present inventioh.

A dynamic ﬁAM in this embodiment is ?rovided with
20.a.plura1ity of spare memory fows. These spare memory
rows in plural are seleéted by a redundancy decoder

8. - o
h In this embodiment};fhe pre-decoder 13 is provided

in the'same way as in the above-described second em-



A signal [err] obtained by inverting the discrimnation signal [err] by an
werter 15 is supplied to each regular address decoder 2a. Theregby every
coder output is forced to go high when the decision signal [err] i s at. 15¢

a hi"gh level. In other words, the regular word line driver 5 is not .
sel ected. Each address decoder 2ai and the redundancy de- coder 14 have a
series circuit conprising MOSFETs [err]' [err] and[err],[err] on which the

output 20 axij fromthe pre-decoder 439i% inpressed, and MOSFETs [err] and
[err] on which the decision signal [err] or the inverted signal [err]
t her eof ogigdimentom The adbpeds cotiparatiorofitheidddress ibpffesed, as shown
in Fig. 10. Wien the output (decision signal) [err] of the address 25
conpar at ot aciareuiused g@eéﬂﬁ%ﬁ1ﬂiﬁnikﬁtﬁﬂr(ﬁﬂpnﬁ1ﬁ§ﬂﬁﬁer B} the input

address Axi with _a set defective address, e red ndan decoder 14 forms a
sel ecti on28gRaRAPEESE SOFPATR IQ%R&H%FI ne & ipatiPR ehy

sel ected. Then the spare mord I|ne driver 5s is drlven by a 5 driving
signal [esignad &8 euteyts froR R 3AXRSY RIMPARALPY HRLEFREE| ni nat i on

decoder® o3 gwsa%%?@iﬁ?&%e”ﬁir%%&ed AL 6] Tbaer 201 T emi ns
high so tt?;‘"i‘lt e RUIARY WY I dd e funasanlc%' é‘é’ e 81 §BES- |
vided fo: selecting one of a plurality of_spare memofj
rows. Based on the output of this redundancy decoder
14, a spare word line driver 5s driving the word line
10 of the spare memory row is selected.

A signal ¢@s obtained by inverting the dlscrlmlnatlon
signal ¢s by an 1nver§er 15 is supplied to each regular
address decoder 2a. Thereby every Qecoder output is
forced to go high when the decision signal ¢s is at

15 a high level. In other words, the regular word line
driver 5 is not selected. |

Each address decoder 2ai and the redundancy de-
coaer 14 have a series circuit comprising MOSFETs
Q3+ Q37+ -+- and Qg Qqqs ... ON which the output

20 axij from the pre-decoder 13 is impressed, and MOSFETs
Q55 and Q3g-on which the decision signal #s or the
inverted signal ¢s thereof output from the address
comparator circuit 3 is lmpressed, as shown in Fig. 10.

When the output (decision signal) ¢s of the address

25 comparator circuit 3 goes high due to the coincidence



When an input address does not coincide with a defective address, that is i
when the discrimnation signal [err] goes |ow, the redundancy decoder 14 S
nbt -operated, while a regular decoder 2ai is activated. At this 15 tine '
selggtion signal is output’ fromone decoder 2ai which corresponds to an

output aij fromthe pre- decoder 13. Based on this selection signal, the
regular. word line driver 5 is selected, and the word line driver 5 is

operated by the driving signal [err] teo s& 20 one word line at a selection
level. In this enbodinment as well as in the preceding two enbodi nents, the

formation obghkediippiitMaddrieds FxENAitH 2 Herlerst Bl ddBr-agsgess tine
Is therefore shortened, conpared with the case in which the output of the

pre- 25 deceter rkdundacny Qeedder ad ifopms s geElledtaiorn ignakddr ess
conparator circuit 3. Wth the present invention, the follow ng effects can
be attai nedgxsarmnd theAspare wWier diinte admiakmdends dhexeby cseledted| si ng
a defective address setting neans an address conparator circuit, etc., the
addr ess comTiueax drhecispareumwonds ldnepldriven ts &s dnimean thgken out of the
preceedi ng_ stage of an address buffer fornmed of a plurality of stages. This
const r uct i DIRXdVARGe $ ignaly @ tG AElGFY & SR HMENATY iTAWgl&F) ¢ he

di scrimnation signal deliyvered_ . . . .
en the dlscf%mlnatlon signal #gs goes high, MOSFET

Q3g provided in the regular address decoder 2ai goes
s off. Consequéntly the output of every decoder 2ai
| remains high so that the regular word line driver 5
10 is not selected.

When an inpu# address does not coincide with a
defective address, that is, when the discrimination .signal
¢s goes low, the redundancy decoder 14 ié not operated,
while a regular decoder 2ai is activated. At this..

15 time a selection signal is output from one decoder
2ai which corresponds to an output aij from:the pre-
decoder 13. Based on this selection signal, the regular
word line driver 5 is selected, and the word line
driver 5 is operatedlby the driving signal ¢s to set

20 one word line ‘at a selection level.

In this embodiment és_well as in the p:eceding _
two embodiments, the formation of the discrimination signal
is accelerated and the.acdess time_is therefore shortened,
compared with the case'in which'the output of the pre;

25 decoder 13 is employed as an input'signal'for the



fromthe address conparator circuit, bringing forth the effects that the
-Ulse of a selection signal is accelerated the access tinme is shortened,

a eading is perforned at high speed. 15 (b) In RAMin which a

p ecoder is provided in front of the address decoder, and, in addltlon_f
a redundancy circuit is provided, the address conparator circuit i’s
supplied with an output of an address buffer pro- vided in the stage before
the pre-decoder. This construc- 2& tion enables the acceleration of the
output timng of the decision S|gnal delivered fromthe address conparator

circuit, éthEQQCBﬁé%QaEQE %E@%%] § that the rise of a selection signal is

accelerate € access tine 1s ortened, and readlng is perfornmed 25 at
hi gh speed. wiks %? re@ent ReRr A Bl £ f§§gg' bed above
specifically mnth re nce to the approprlate flgures of t rawi ngs, nay

be nodifi gdni Bedake@RPedel respects as will be 5 apparent to those
skilled in the art. \Wile the application to the CMOXS type dynam c RAM i s

shown in the aheveaseperovidedemiadi e Hedurndihdy Etuit\eoi- on is al so
applicable to a conplete NMOS type dynamic RAM 10 for instance, on
condi ti Bnpriisingha dedectdvieufdddress setting means an address
comparator circuit, etc., the address comparator cir-
cuit is supplied.with an output taken out of the preceeding
stage of an address buffer formed of a plurality of ;J
stages. This construction enables the acceleration
100f the output timing of the discriminatioh signal delivered
from the address comparator circuit, bringing forth
the effects -that the rise of a selection signal is

accelerated, the access time is shortened, and reading

is performed at high speed.

15 (b) In RaM in which a pre-decoder is provided in
front of the address decoder, and, in addition, a.reaundancy
circuit is provided, the addrese comparator circuit ;J_
is supplied with an output of an address buffer pro-
vided in the stage before the pre-decoder. This construc-
20 tion enables the acceleration of the.output timing
of the decision signal delivered from the address
comparator'circuit, bringing forth the effects that
the rise of a seiection signal is accelerated, the
access time is shortened, and'reading is performed

25 at higﬁ speed.



Is formed of circuits in plural stages or that the pre-decoder is provi ded

in front of the address decoder. Wiile the above apply to dynam c RAMs, 15
thhe present invention is not limted to these exanples and can be adapted -
to alF the sem conductor st'orage devices, such as a static RAM that are
provided with a redundancy circuit. * C L M S * CLAM: 1.

A sem conductor storage device incIudianQa menory array; a first circuit
receiving an input address signal; a second circuit made to respond to an

out put signal of said first circuit and form.n n_address signal to be
supplied to an address decgﬁ%r?bgnggﬁﬁﬂFé Eddg@gﬂgﬁmﬁgFﬁg Ebgﬁﬁed to said

menory array and_ decodi ng.sai.d_address si.gnal ,fornmed. b aid _second circuit
so as to form a 3%f¢€ ??%ﬁ1§?§n3$°Y8 BRESY bFF%Eytglggiéeﬁsﬁspfeérray; a
R, TR RS HpEPRLALE" RLEUL! o ERLYRBRHRGS iy 7 O
be modified in a number of respects as will be
5 appérent to those skilled in the art. |
While the application to the CMOS type
dynamic RAM is shown in fhe above-described
embodiments, the présent invention is also
applicable to a complete NMOS type dynamic RAM,
10 for instanCe,'on condition.that the address buffer
is formed of circuits in plural stages or that
the pre-decoder is provided in front §f the
address decoder.
While the above apply to dynamic RAMs,
15 the present invention is not limited to these
examples and can be adapted to all the
semiconductor storage devices, such as a static

.LJ. RAM, that are provided with a redundancy

circuit.



ofypar at or
C?Eygnal and means for conparing the defective address signal

circuit including store neans for storing a defective address

stored in said

ore means with the output signal of sald fi a sel ection
signal forming circuit made to respond %o lm Iml""m Il”r I
conparator circuit and formng a selectlon S|gnak fer said gpare henory.

A sem conductor storage device according to claim1l, wherein:

said addreg;

said first

circuit is fouamMBof the preceding-stage circuit of an address buffer

circuit,
circuit of

and said second circuit is fornmed. of the succeeding- s
sai d addreds srieendpctortsta@rage devigesinitediingt or

devi ce according to claim2, further including: a word line driver

recei ving the sel ecti oh ReMEY DUEPYIt from sai d address decoder
form ng, based on this signal, a selection signal to be suaglled to a word
line in said memory ar? aytIShcC WREREE nTeCai YingaaR HaRBEya

sel ected by the. selectlon signal delivered fronlsaid sel ecti on signal
'nd

formng cird@fgna

t age
st or age

and

Ee&Sword |ine

a second circuit made to respond to an output

signal of said first circuit and forming an address
signal to be supplied to an address. decoder; said.
address decoder being coupled to said memory array
and decoding said address signal formed by said second
circuit so as to form a selection signal to be
supplied to said memory array;

a spére memory:

an address comparator circuit receiving an
output signal of said first circuit; said address
comparator circuit including store means for storing
a defective address signal and means for comparing
the defective address signal stored in said store
means with the ogtput signal of said first circuit;
and i

a selection signal forming circuit made to
respond to an output signal of said address comparator
circuit and forming a selection signal for said
spare memory.
2. A semiéonductor storage device according
to claim 1, wherein:

| said first circuit is formed of the

preceding-stage circuit of an address buffer circuit,

H



-

said selection signal fornming circuit delivers-a-signal for stopping the o
:‘?f

operation of .said word |line driver and signal for driving the word |ine

cormarator erreu V. T resPonee ko et or WHOMLIRN AL s <o

clai 3, whetein: each of said first and second circui'ts™is*forned of a
plurality of inverter circuits. 5. A sem conductor storage device .
according to claim4, wherein: the inverter circuits formng said first and
second circuiang aedd ewohdfcinsuliat ¢d Jaromed ofi dihk efdeceedingsi stors
and the insulated gate field-effect transistors for form ng an out put

signal of saistagecoridamiituwpf aspidnaddriessgdn fiflean ailrcvitsul ated gate
field-effect transistors for forning the output signal of said first
circuit. 6. 3. A sdwisombicendpctosr sforaed devisoranerrdbngl aim 5,
wherein: each of said inverter circuits is formed of a CMOS inverter
circuit. A s&® 3dictor Supthes 4BGA8EiaSsording to claim 1, wherein

a word line driver receiving the selection
' signal output from szid address decoder, and forming,
base¢ on this signal, a selection signal to be
supplied to a word line in said memory arraf; and
wherein:
said Spare méﬁory has a worg line:selected
by the selection signal delivered from said selection
signal forming éircuit; and
said selection signal forming circuit
delivers a signal for stopping the operation of said
woré line driver and a signal for driving the word
line in said spare meﬁory, in response to the output
signal of szid address comparator circuit.
\ 4. A semiconductor storage device according
to claim 3, wherein;
each of said first and second circuits is
formed of a plurality of inverter circuits.
5. A.semiconductor storage device according
to claim 4, wherein:
the inverter circuifs forming said first

and second circuits are formed of insulated gate



aid first circuit is fornmed of ap, address buﬁ+e¢~TTTfﬁTfﬂﬂaﬁaﬂgaid second
@*rcuit Is fornmed of a pre-decdd decodi ng an m“ pplied from
ai d address buffer circuit, and form ng, base4mﬁ‘m!m\w a decoded °*
‘signal to be supplied to said address decoder L A %en1conductom¢
storage def/ierdeetbedt ngransibapms7, ahdrt her including: a word |ine driver
recei ving the selection signal output from said address decoder, and
form ng, based on t htke sinaul atadsepaet fé 1gi-gifleato WRnSAHIPEY to a word -
line in said nenory array; and wherein: said spare nmepory has a word |ine
sel ect ed b?DIh%OE%XE%t¢6n°§FBH5IsdQPPGePgd se5P ATy bh signa
formng circuit, _and sel ection si qﬁg# C t delivers a
si gnal fora%Qd®%¢ﬂgl?ﬁ%96pEP§floﬁeoan&H& @ﬂqeefﬁﬁ%%' %%ﬂ a signal for
driving the word Ilne n s

nennr i n.respons he out put
si gnal of %%ﬁﬂsbﬂﬂ?é§s 26 QFQPB EPFCRW: signd} £esé?e’rr‘%conductor

storage deyjce includipng a nenory array haV|ng a plurality of nenory cells;
a first C|¥tﬁrf ?éﬁﬁ?ﬁgng'an i nput addr ess

6. ' A semiconductor storage device according to

claim 5, wherein:

each of said invefter cifcuits is formed of

a CMIE inverter circuit.. _ QJ
A semiconductor storage device accordinc to
claim 1, wherein:

said first circuit is formed of an address
buffer circuit; and

said second circuit is fofmeé of a pre-decoder
decoding an address signal supplied from said address
buffer circuit, and forming, based on this signal,_
a decoded sigral to be supplied to said address
decoder. o _ _ J
8.‘ A semiconductor storage device according to
claim 7, further including:

a word line driver receiving the selection
signal output from said address decoder, and forming,
based on this siénal, a selection signal to be supplied
to a word line in said membry array; and wherein:

said spare memory has a word line selected by
the selection signél delivered from said selection

signal forming circuit, and



s e : - - : : : : :
si.gnal; a second circuit coupled to said first circuit and form ng an
address signal in response to an output. signal of said first circuit;an
addr ess' decoder coupled to said second circuit and

Si gQ_EI— in response to the address signal of 3®&i dsgmmnwummuﬁm'/‘gnrd

&

| i ne=<driver toupled to said address decoder and to said®‘meftory afray, so as
to respond to an output signal in said decoder and thereby forma sel ection

signal to be supplied to a word liche in said nenory cells;

including a plurality of memsajdcselectiomadsiignal chopaing ocrrcuituit

coupled to said first circuit and receiving an output signal _
circuit, wherein sdpdivgdsedssignpdr S5 StORRING| the Leperatior afassifior

storing a defective address signal and conparator _ neans for conparing
the defective addreesdsilgngl dseyesdaind mitiandl cfoadBiving the wardut
signal of said first circuit; and a selection signal formng circuit
responsive to an obipat 15i §RAR S§PaLE MeMtw atBrI9RRORSE ohO fther dytRut

sel ection signa

for said spare nenory. 10. A sem conduct or storage

devi ce according t8igRainPs, Sakér aRRTesisd GIRRATRFPEFITTSEi¥or med of the

9. A semiconductor storage device including:
a memory array having a plurality of memory
cells;

a first circuit receiving an inzut address

~signal;

a second circuit coupled to said first

a spare nenory

of said first

circuit and forminc an address signal in response to an

output signal of said first circuit;
an address decoder coupleé to said second
cirzuit anéd Iorming a selecticn signal in response to

the address signal oI said second circuit:

a weré line driver ccuplad to said address decoder

and to said wemory, array, so as to respond to an output

signal in said decoder and thereby form a selection signal

to be supplied to a word line in said memory cells;
a spare Temcrv including a plurality of

memory cells:

said first circuit and receiving an output signal of
said first circuit, wherein said address comparator
circuit includes store means for storing a defective

address signal and comparator means for comparing



~preceding-stage circuit of an address buffer circuit,

. cwrcuit is fornmed of the succeedi ng- _stage u u muffer_c-J'rcuit.s
A seniconductor storage dedilce act llmm "mlnml
|d spare menory includes a word |ine coupl & fo nerdbry

mnth t he selection signal delivered fromsaid selection signal formng
anghyhaegiedt3vedaddrests ¥igragnatdedri ity sdidWtorel i vers a

f or stopping the operation of said word |ine driver and a signal

driving thendahd Wikf ithesaudpiarsdgraiciof said eSpssisecipcibe; oahgut

of said conparator neans. 12. A sem conduct or storage device

according to claimlla eedeecticonaignalsdiarniing tc i Secorsbonsfvets i s

formed of a plurality of inverter circuits. 13. A sem conduct or

circuit,
si gnal

si gnal

and sai d second

10, wherein
y célls and suppe

ed

f or

st or age devtoeaacoatpungstignalaiofi &2 idvoonparater imesns efori femiagf or mi ng

said first and second circuits are forned of
transi storsa sedewitdoai 8ignali néoratsed dymparfe alahaffect transi stors for

i nsul ated gate field-effect

form ng the output signal of said second circuit are nade | arger than
the insul attf.gate fi & geafitonduatar sfionags denideragerrdirg ot®put signa
of said first circuit. 14. A sem caonduct or storage devi ce according
to claim 9, wherein said first circuit is formed of the

preceding~-stage circuit of an address buffer circuit,
and said second circuit is formed of the succeeding-
stage of saié address buffer circuit.

11. A semiconductér storage device according to
claim 10, wherein said spare memory includes a word
line coupled td memory cells and supplied with the
selection signal delivered from said selection signal
forming circuit, andé wheréin said selection signal
forming circuit delivers a signal Ior stopping the
operation of said word line driver ané 2 signal for
driving the word line in said spare memcry, in
response to the output signal of said-ccmpatator mezns.
12. A semiconductor storége device according tc
¢claim 11, wherein each of said first and second circuits
is formed of a plurality of inverter circuits.

13. A semiconductor storage device according to
claim 12, whereln.the inverter circuits forming sai
first and second circuits are formed of insulated

gate field-effect transistors, and wherein the

insulated gate field-effect transistors for forming



claim 13, wherein each of said inverter circuits ormed of a CMOS
Lnverter circuit. 15. A sem conduct or stor’ﬂ’é , ”’ﬂﬂm’il ng to

cl'aim9, wherein said first circuit ipcldJes an rcuit, u
mheﬁgln said second circuit includes a pre-decoder for decodﬁnd an address
5|gnaf supplied from said address buffer circuit, so as to formthe address

signal to be supplb@fph® §2AaaddEesasdecedBha Lorcuit ar® fg@econduct or
st orage devi ce accordlng to"claim15, wherein said spare nenory includes a

word line couplgggép ERERT¥héeihsudAdeaugpkiedivhihekhacteheah-on signal
delivered fromsard selection signal formng circuit, and wherein said

sel ection S|gnais£@r§1ﬂgrcfotm&hgdeheveuspatssggahlfOE sha@gpifagstthe
operation of said word |line driver and a signal for driving the word |ine
in said spare aeermouit.in response to the output signal of said conparator
means. 17. A sem conduct or storage device according to claim16,
wherei n each ofésai d nendryesitbrdiatbudesonageodaydceapactrdingndoan
address sel ecti ng MOSFET. 33 * C L MSs * 18 A
sen1conductor slatmgkl devheredncorahngft said inverter circuits is

formed of a CMOS inverter circuit.
15.. A semiconductor'stOrage device according to
claim 9, wherein said first circuit includes an address
et beffer circuit, and wherein said seconéd circuit
includes a pre-decoder for decoaing an address signal
supplied from said address buffer circuit, so as to
form the address signal to be supplied to said
address decoder.
16. A semiconductor storage device according to
claim 15, wherein said spare memory includes a word
line coupled to memory cells and supplied with the
' selection éignal delivered from said selection signal
\_ forming circuit, and wherein said selection signal
.forming circuif delivers a signal for stopping the
'operation of said word line driver and a signal for
driving the word line in said spare memory,'in
response to the output signal of said comparator means.
17. | A semiconductor_storage device according'
to claim 16, wheréin each of said memory cells
includes a storage capacitor and an address selecting

MOSFET.



claim 17, wherein said address buffer circuit circuit.
: A sem conductor storage device accor wher ei n _
CMOS circuit includes CMOS i nve rs. lmH I"L“ Em uct or oL

storage devi ce constructed substantla y as herel nc descmi wth referegge
to and as illustrated in Figures 2 to 6; or Figures 7 and 8; or Figures 9
and 10 of the acconpanying draw ngs. '

18. A senlconductor storage dev1ce according to

claim 17, whereln said address buffer circult is formed-
ofmé“CMOS circﬁit. | |

19. A semiéonductor storage deviée aqcording

to claim 18, wherein said CMOS circuit includes CMOS

inverters. |

20. A semiconductor storage device constructed
substantially as herein described with reference to

and as illustrated in Figures 2 to 6; or Figures 7 W
and 8; or Fiéures 9 and 10 of the éccompanying

drawings.




