COLUYN REDUNDANCY CI RCUI T FOR DYNAM C RANDOM ACCESS MEMORY The present
invention relates to sem conductor S integrated circuit nmenon C%afr r?g(}
particularly, to circuits for providing redundant col ums Cﬁzsﬁih ﬁ6£35
when ot her portions of the nmenory are found defective. In integrated
circuft menories, a single defect 10 in any portion of the array of nenory
cel | s™ay render the entire menory usel ess. Furthernore, as inprovenents
in the design and fabrication of integrated circuits are nade, greater
nunber's of nenory cells are being placed oq_a single chip and as a result,
very large scale 15 integrated circuits are made. I n such cases, the
probability of producing one or nore defective nenory cells may be readily
i ncreased, to such an exCODBUMHSREDUNBPANCY CIROBTI FRORTMENAMIGel ess. 20

As a prior proposal to solve sucgegggﬂlg@aﬁgsnh@gﬁiéﬁd circuit nenories
have been desi gned and fabricate at spare nenory cells
in addition to nornmal nenory cells are arranged on the sane chip in order

to substitute defect-fige SeB M ent icH | sehlatedel €6t isemitUiRicE@IOry
cells. To achievgesuc ubstitution, integrated_circuit neppries peed
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in any portion of the array of memory cells may render
the entire memory useless. Furthermore, as improvements -
in the design and fabrication of integrated circuits are
made, greater numbers of memory cells are being placed on
a single chip and as a result, very large scale
15  integrated circuits are made. In such cases, the
probability of producing one or more defective memory
cells may be readily increased, to such an extent as to
render the entire memory useless. '

20 As a prior proposal to solve such problems,
integrated circuit memories have been designed and
fabricated in such a manner that spare memory cells in

W, - addition to normal memory cells are arranged on the same
chip in order to substitute defect-free spare memory

25 cells for defective normal memory cells. To achieve such
substitution, integrated circuit memories need decoder
circuits: normal decoders which may use address signals
to selectively disable a row or a column associated with
defective memory cells; and spare decoders which may

30 address a row or a column_asSociated -with defect-free
spafe memory cells with said address signals.

_ After fabrication of such an integrated circuit
memory, it would be tested to determine whether or not
35 normal memory cells are defective. If rows or columns



-2- including normal nmenory célls*are determ ned as defective, then the
integrated circuit menories would be programed in such a manner that a
spare decoder including defect-free spare nmenory cells may be enabled 5 by
address signals selecting the defective normal nenory cells and al so, a-
nor mal decoder selecting a row or a columm corresponding to defective-;i
normal nmenory cells may be disabled by said address signals. 10 —
There are two ways of programmng in tipat manner; one using nonvolatile ~_
menory el ements, and the other by blow ng polysilicon fuses. Again, the

met hod of bl ow ng fuses can be divided intg the use qof |aser spqots and the
use of el edPGlwfing r 8Rrmad CIEMSEYy Cadds dRFP t § aherAdREE8pndAt of

sem conducggredeives i aHalr inte§iateasedrculer mdiir aerwaulgdpadancy
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line by the defect-free“sparerow |line can he acconplished 30 rel atively
easily. HoREvéF?aPﬁédCHVuﬁiﬂemm Sig sone probl ens.

Particularly, when a spare decoder as disclosed in U S. Patent No. =
4,228, 958 15 used hflo3s e U Uas DF PRSI SRFAIY A ERalTABAY ISV CO
one using nonvolatile memory elements, and the other by ;J
blowing polysilicon fuses. Again, the method of blowing
fuses can be divided into the use of laser spots and the
use of electrical current.
15

Currently, according to the development of
semiconductor device manufacturing processes, there has
been a redundancy scheme with which blocks including
defective normal memory cells may be replaced with spare
20 blocks including defect-free spare memory cells. For
example, assuming :that 64K normal memory cells are
divided into 4 blocks of 16K riemory cells, a fault of one
cell of 16K memory cells constituting each block requires _
the replacement of the defective block with a defect-free A
25 16K spare memory cell block. '

In a dynamic random access memory, the row
redundancy of substituting the faulty normal row line by
the defect-free spare row line can be accomplished

30 relatively easily. However, the column redundancy raises

"somé problems.  Particularly, when a spare decoder as
disclosed in U.S. Paten’t No. 4,228,528 is used in a -’

semiconductor dynamic random access memory device, such a

device needs to include circuits for 'detecting the column

35 address transition at a static column mode operation. As



. saky
devi ce needs to include circuits for detecting the colum 35 address
transition at a static colum node operation. As -3- aresult, such
on-chip addition of colum address transition detection circuits incurs the
drawback of increased chip size. 5 For exanple, Figures 1 and 2
are circuit diagrans illustrative of the normal decoder and spare decoder
respeb¥ively of a prior art circuit performng colum redundancy by way of
| aser fusing. 10 A colum line (or bit line) of the normal nenory
cell array is connected to a line 8 of Frgure 1. A colum line of t he
spare nenory cell array is connected to a line 18 of Flgure 2.

To substitute,t m

operation of ¢ hgﬁﬁﬁﬁ%ﬁﬁ n%?E%I éecggbqg gggglsa cgégﬁﬁ% %Haﬁ?ﬁfof
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progranned by; d&hsd éocﬁhg FQ@ spare decoder may be 20 enabled with the
na

I nput of col.um .address si S input to the normal decoder. On the ot her
hand, the use of the nornmal decoder neans bl owi ng of fuse 17 in the spare
decoder. -Z fbﬁuéﬁaﬁpﬂ.é apdgueka’ 1 dndAErd Idixiceld Vd?i%rams
selecting. a gggg § Ctloqﬂiiy the use of .the s der
Figure 2. KE&EA ErP]o A8FoSLr SEpghSPILe3 ht

to a | ogi c I Qnesp@d:'ei(wglpumfl ev_epiciofovamldi:amtgnpésfammgptﬁolurhm t he
| ow state of ré&ﬁﬁéan&@eﬂy[$£§]okslégggeE%giHSN in the static col um node,

col um addr ess

10 A column line (or bit line) of the normal memory
\/  cell array is connected te a line 8 of Figure 1. A
column line of the spare memory cell array is connected

to a line 18 of Figure 2. |

15 To substitute the column line of the normal
memory cell array, the operation of the column normal
decoder will be disabled by'the blowing of fuse 7, while
fuses 15 and 16 of the column spare decoder of Figure 2

- are programmed by fusing so that the spare decoder may be

20 enabled with the ihput of column address signals input to
the normal decoder. On the other hand, the use of the
normal decoder means blowing of fuse 17 in the spare
decoder.

25 Figure 3 is a waveform diagram illustrative of
selecting a spare column in connection with the use of
the spare decoder of Figure 2.

IneDRAM_devices, when RAS (Row Address Strobe) is

30 breught to a logic”low state (ground level), row address
signals are input. In the low state of RAS, when CA&S is
rendered low in the static'colpmn mode, column address
signals'are ihput to the column spare decoder. In this
case, whenever the transition of column address signals

35 arises, such detected transition clock is a reset clock



signals are input to the colum spare decoder. |In this case, whenever the
transition of columm address signals 35 arises, such detected transition
clock is a reset clock -4- RST shown in Figure 3. The reset clock RST is
coupled to a gate of an N-channel MOS transistor 12 of Figure 2. To produce
such a clock, the colum address 5 transition detection circuit is )
inevitably required to be arranged on the same chip. This causes an *
increase of chip size. Another problemd-s that of power consunption 10 -~
si nce, whenever the reset clock RST is input to the gate of the transistor
12, the transistor at Ieast ne of tra Si 1OA ) Lt hrough
11A (or 11BFTc§ EPUE’L nPfF e d et of ‘f‘ﬁ% lﬁ%s{aﬁt ‘?‘r‘ﬁiﬁ& 5R 15 aim
to provideat batEOonmmgr-chamrﬁmdmtwﬁmtﬁ rraiof fPigerepky perform ng
colum redundancy; - a CMOS integrated circuit for sinply perform ng 20

col um redundancy in a static colum node; - a CMOS integrated circuit for
performnm ng col um E‘@dupdamca)yslmluitkare:plachrmmhe c IaNDs rdeiﬂmdaacy

circuit mh I [ 25
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access nenﬁryaagﬁ@qunﬁheaﬁ@mﬁeﬁhlp ofTh#$m&ab$©§k§n ¢ﬂﬁﬁapfblock

i ncluding @fipnangel, nenory cells arranged in rows and col utms, nor nal
sense anplifirers connected to pairs -of colums

Another problem is that of power consumption

10 since, whenever the reset clock RST is input to the gate
"of the transistor 12, the transistor 12 and at least one &)

of transistors 10A (or 10B) through 11A (or 11B) conduct.

Preferred embodiments of the present invention
15 aim to provide the following:

- a CMOS integrated circuit for simply performing
column redundancy; - a '
- a CMOS integrated circult for simply performing
20 column redundancy in a static column mode ; _
- a CMOS integrated circuit for performing column
redundancy by block replacement
- a CMOS redundancy circuit whlch has relatively .
reduced power consumption and chip size; N
25 |
| According to the present invention, there is
provided a dynamic random access memory comprising:

a plurality of normal blocks, each normal block including
30 normal memory cells arranged in rows and columns, normal
sense amplifiers connected to pairs of columns
respectively and normal trénsm;ssion jtraneistors, each
transmission transistor having a source, a drain and a
' gate, each source (or drain) of said transistors being

35 connected to a respective column; ' o



respectively and normal transm ssion transistors, each transni ssion

transi stor having a source, a drain and a gate, each source (or drain) of
said transistors being 35 connected to a respective col um; -5- a spare
bl ock. i ncl udi ng spare nenory cells having the same nunber of cells as said
nor ma¥ menory cells in rows and col ums, spare sense anplifiers connected
to paﬁrs of columns respectively and spare transm ssion transistors, 5 each
spar.e transm ssion transistor having a source, a drain and a gate, each
source (or drain) of said transistors beih connected to a respective
colum; an input/output neans for transmtting data information, 10 said

nmeans bei ng cgn t h, | r S e) of sai nsm. ssi on

transi stors; % Bﬁ%g [ tbaogtcn%g%g’a%égu%%e}sn,e%g§¥h %%H'r%l ika(ﬁllﬂﬁ"l H’ﬁe
bei ng connect &@meo numberitef celiai dsnspidl norhalt memoiysstehls r inskowsr s
of each norma I 3 p Iégq$ [ I¥§§E¥% gat.e sgi-d
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normal bl gckeachr espeter nir@skmipéerdn f tean@isdefreChhveng’ €8 PPured Y, ad
spare col um decogdin ans connected to said |atch 25 ans and_sai d, gpare
colum Iine, P&®HPo nd a9§3'7fre Gestk SiOMBF P %Fgﬁ{;am)h ?fie SRbBt of
said first | ogransigtarsiimindammecteditadd exdspectivertobbmnks and a
spare bl ock enabling signal with said second |ogic signal and the input of
true and conpl enent col um address 30 signals when there are defective
normal bl ocks@naddput/output means for transmitting data information,

10 said means being connected to each drain (or source) of
N\ said transmission transistors;

' a plurality of normal column lines, each normal column
line being connected to the gates of said normal.
15 transmission transistors of each normal block:

a spare column line connected to the gates of said spare
- transmission transistors of the spare block;

20 latch means for providing first and second logic signals
in dependants upon whether said normal blocks are
determined defect-free or defective, respectively;

a spare column decoding means connected to said latch.
25 means and said spare column line, for providing a spare
' block disabling signal with the in?ut of said first logic
signal when there are not defective normal blocks and a
spare block enabling signal-with said second logic signal
and the input of true and complement column address

30 signals when there are defective normal blocks; and

normal column decoding means 'c':onnec':ted to said normal
column lines and said spare'column decoding means, for
addressing a specified normal block with the input of
35 column address signals'hnder the control of said spare



normal col umm decodi ng neans connected to said nornal

spare co
t he i nput

colum |ines and sai d

um decodi ng neans, for addressing a specified normal block with
of 35 colum address signals under the control of said spare

-6- bl ock disabling signal when there are no defective normal bl ocks
di sabling said normal colum decodi ng neans so as to not select said
bl ocks with the input of said spare bl ock enabling signal when there
defective 5 normal bl ocks. For a bettefg-understanding of the invention and
to shom1hom1the sane nay be carried into effect, reference will now be )

made,
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reference will now be made, by way of example, to Figures
4 to 6 of the accompanying diagrammatic drawings, in
which:

Figure 4 is a circuit diagram illustrative of an
embodiment of the invention for performing block column
redundancy in a semiconductor dynamic RAM;

Figure 5 is a detailed circuit diagram of a latch
circuit, a spare column decoder and logic circuit and a
normal column decoder, used as parts of the embodiment of
Figure 4; and

Figure's is a timing diagram of a reset clock
used in the embodiment of Figures 4 and 5.

In the semiconductor DRAM device of ‘Figure 4, R1

and R2 represent row (or word) lines, MC a memory cell,
reference numerals 71 throu'gh 78 sense amplifiers,
reference numerals 81 through 84 input/output switching
circuits, reference numerals 91 and 92 input/output sense
amplifiers, refe#ence numeral 100 a latch circuit,
reference numeral 200 a spare column decoder and logic
circuit, and reference numeral 47 a normal column decoder
which is coupled to the output terminal of the spare
column decoder 200 and inputs column address siQnals_CAl
(or TAT) through CAn-1 (or CAn-1). Memory cells MC are



ref erence nungeral 200 a spare columm decoder and logic circuit, and

ref erence nuneral 47 a normal columm decoder which is coupled to the output
term nal of the spare colum decoder 200 and inputs columm address signals
CAl 35 (or [err]) through CAn-1 (or [err]). Menory cells MC are -7-
assoctated with each of sense anpllflers 71 through 78 in known fol ded bit
line &/pe. The sense anplifier 71 in a normal block BL1 is connected to the
respective input/output bus lines I/O and [err] via a pair of 5
transm’'ssion transistors 101 and 102. The ot her sense anplifier 72 in the
bl ock BL1, and the remaining sense anplifiers 73 to 78 in blocks [err], SBL
and SBL, are connected to the respective-inpdt/output bus lines 1/00 and
[err] through I/O 3 and [err] via transm ssion 10 transi stors 105
through 116 assosheted whthFEguheof4senaguampbiﬁﬁerﬁug1IthGOBGhr§8IﬁG>0

and [err] throuﬂewh/ Co3aBRdph 8" ié.f%r %P@%”Ee%fé’ éél%éé‘eaxﬂ;]?ﬁ’fféw?l in a

i nput/ out put sW tchi ng crrcuits nes of
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sense flml)gbf | egfaplt/8ae Q@t P eatines ?/I/Ehgazwtmnwal &f gaie | afch

ci rcui i's, cou o the spare colu ec

term nal of th§r§B§WésﬁbPﬂnE @g%;f 88 pﬁéﬁg to 3@53°té$%f§588ﬁunn

line 60 connecamplifiiehe 72paire bhech&oBBLEEﬂd [end] thed émainingosphse to

the normal deCQx‘[ﬂgg ?Ze??”“ﬁft ﬁg {93 NqY mbl@é?fkﬁﬁiﬁ aBg, [snal sEE, narenl
C 0 oth

decoders conne revi ated nornma ks respectlvely Each of
normal bl ocks eenngeked to. the respectivejdapur Rus skipes 170

anplifiers andahyo THTY Oﬁhkéﬁéﬁm BA0 013 téﬁBSIM 9ia transmission
o/ 10 transistors 105 through 116 as shown in Figure 4.
| Input/output bus line pairs I/0 0 and I/0 0 through I/0 3
and I/0 3 are connected to the respective input/output
switching circuits 81 through 84. Output lines of the
input/output switching circuits 83 and 84 are coupled to
15 input/output sense amplifiers 91 and 92 respectively.

The output terminal of the latch circuit 100 is
coupled to the spare column decoder 200. The output
terminal of the spare column decoder 200 is coupled to a
20 spare column line 60 connected to the spare blocks SBL and
SBL and also is coupled to the normal decoder 47 connected
: to normal blocks BL1 and BL1 and normal decoders connected
\— - to other abbreviated normal blocks respectively. Each of
- normal blocks BL, BLl ..... etc. includes a pair of sense
25 amplifiers and two pairs of transmission transistors, as
does each of spare blocks SBL, SBL. | '

Now let us assume that there are normal memory cells

. of 256K bits in the normal blocks of Figure 4, and an

30 eight bit row address and a ten bit column address CAO
through CA9 are needed.

One of.fhe column address CAO and CA9 and one of its
- complements CA0 and CA9 are supplied to input/output
35



does each of spare blocks SBL, SBL. Now | et us assune that there are nornmal
menory cells of 256K bits in the normal bl ocks of Figure 4, and an 30
eight bit row address and a ten bit colum address CAO through CA9 are
needed. One of the colum address CAO and CA9 and one of its conpl enents
[err] and [err] are supplied to input/output 35 switching circuits: 81

t hrough 84 respectively and they are used as switching control signalsﬁTor
transferring data signals between i npug£output pairs /OO0 and [err]
through 1/0 3 and [err] and input/output sense anplifiers 5 91 and 92
respectively. Therefore, there are 512 ge[err¥ X 2) or I blgc wi th the
array spl FF1tRP4POWCHEFYRAES t&iat thToughe §41 FeRREFE &¥al f, of

256 bl ?cks.reacdrs?d bls&erkgwﬁtehma (celrfirdl xSignm@rmmethammn e SBL
respective_norng ocC re . ar [ res a cks

and [err]g fr e&EWQQﬁﬁHbﬁBWFl n P4 4%?% 818 hv'ha v%ég ﬁseléhre 4.
256 nornathmohghnld@cdﬂeﬂgidbﬁhe&tamdtbnpub/oetpettseasnoﬁmmlhﬁﬂan31I|nes
70 forgsigy L é’%%geé‘ék%ﬁ. ng é%f&yéck&@{ e L 4P hgwe -?rﬁdxone

spare colunn connected to spare i ne
sel ecti ngzslpa'lf@l!ﬂJock%OSBE anttispthgr @%RﬁlhnﬁBHi‘ét ltfﬁé’ cE‘H‘t’r@aé-f"%e menory

array. Thaaltatigh GiHeé UléfEOBall¥neinidothd orighie haDay, Obfhlzsis dne:cn«sthe

i nput of clock 20 RST Il [ow, wh tal
oout o e 2O hlre Syt e J20 o0 o Bl g 36 L ad sl 2 Lo

cells of maspefcttﬂve nnormelb| ok . tharhe:se bire rsimilabl a(elspﬂdtiware
faJleFo spare blocks SBL and SBL on’ each lower portion of the
left and right halves of Figure 4. ' &;)

~.

256 normal column decoders connected to the

respective normal column lines 70 for simultaneously

15 selecting normal blocks of two halves and one spare

column decoder 200 connected to the spare column line 60

for selecting spare blocks SBL and §§i'are arranged at

the centre of the memory array. The latch circuit 100

functions to latch low or high due to the input of clock

20 RST, as will be mentioned below, when §K§_is at a low
level state in a static column mode operétion.

Now, if one or more memory cells of one of the
normal blocks, that is, the normal block BL1l, are failed, O
25 normal blocks BL1 and BLI will be replaced with spare
blocks SBL and SBL including defect-free memory cells
with a low state output of the normal column decoder 47
and a high state output of the spare column decoder 200.

30 . Figure s.represents a detailed circuit diagram of
the normal column decoder 47, the spare column decoder
200 and the latch circuit 100.

Referring to Figure 5, the latch circuit 100 is
35 composed of a pair of N-channel MOS driver transistors 31



25 normal blocks BL1 and [err] will be replaced"with spare bl ocks SBL and
ferr] including defect-free nenory cells with a | ow state output of the "
nor mal col'unm decoder 47 and a high state output of the spare col umm
decoder 200. 30 Figure 5 represents a detailed circuit diagram of
the nbrmal col utm decoder 47, . the spare col unmm decoder 200 and the | atch
ci rcuin 100. Referring to Figure 5, the latch circuit 100 is 35 conposed
of a pair of N-channel MOS driver transistors 31 -9- and 32 of which
each gate is connected to the drain 400 or-gh00 of the other, and both
sources of which are connected to the ground source; an N channel MOS
transi stor 30 whose drai n-source current path is 5 connected between the

drain 400 and 8Ré §Ronfl walekeeaghngater fisccaumeshadcted ther Wralns il y
vol t agedsow CEo¥C G5 ct%ld otf”e'_tﬁéa"cE‘tl‘}QtQ;,daabﬂ?dChﬁfﬂt?Ls'@&df@”éiﬁiﬂﬁiéﬁ vdos e
source-drain current pa s connect ed befween the su vo| t age source
and the drian %8@%‘61%@433%09&{%% sg’i@ué’c#m(?&ueﬁcFé t%g &"a‘? aﬂgtf'faﬁ’cp%n
inverter 34 cobraqisilstor hgodrehoSO0drreigatsourert takrrei®t gfathe is

N- channel |. SOk, i I C S j | 5

ment i oned H%FE?%%@E%#?ET%EEQE§§%q%%?dﬁga%gc%ggrgggd ggﬁ%%ﬁﬁgnﬁ?Jgﬁé;i%
conposed of trmashesfuse Y&t connectedTdetpean Suppy vl tage Eouree e ess

CAL t hrough C@nae%wtéifﬁgﬂi 468 4 apSPhanhen JMLStEsnslstbP 3 Ihhbdse
transferring the columm address [err] through [err respectlveu¥; fuses F1
to F8 respecti FeRyCLoARBAR.FUESENe PARh IS SFonneqigd ketyeen the supply

voltage source and the drian 500 and whose gate is
, 10 connected to the drain 400; and an inverter 34 connected
/ to the drain 500.

A“gate terminal 48 of the N-channel MOS
transistor 30 is coupled to the clock RST as will be.
15 mentioned hereinafter. o

The'spa:e column decoder and logic circuit 200 is
composed of transmission gates T1 to T8 for transferring
the column address CAl through CA8 respectively;

20 transmission gates T1 to T6 for transferring the column
address CA1 through CAS respectively; fuses Fl1 to F8

- respectively connected to the output of transmission
-gates T1 through T8; fuses F1 to F8 respectively
connected to output lines of transmission gates T1

25 through T8; a NAND gate 45 whose input terminals are
connected to connection nodes of fuse pairs F1 and Fl to

F8 and F8; N-channel MOS transistors 51 to 58 whose
drains are respectively connected to input terminals of
the NAND gate 45 and whose sources are connected to the

30 ‘ground source}.and an inverter 46 whose input is
connected to the output line of the NAND gate 45.
Transmission gate pairs T1 and TI to T8 and T8 are each
composed of N-channel anﬂ P-channel MOS transistor pairs

35 and 36 as shown in Figure 5. Gates of N-channel MOS

35 transistors 35 are connected to a line 49, and gates of



gates T1 through T8; fuses [err] ‘to [err] respectively connected to output’
lines of transm ssion gates [err] 25 through [err]; a NAND gate 45 whose °
i nput termnals are connected to connection nodes of fuse pairs F1 and

[err] to F8 and [err]; N-channel MOS transistors 51 to 58 whose drains.are
respectively connected to input termnals of the NAND gate 45 and whose
sources are connected to the 30 ground source; and an inverter 46 wh

i nput is connected to the output |ine-ph~the NAND gate 45. TransntsS|on .
gate pairs Tl and [err] to T8 and T8 are each conposed of N-channel and
P-channel MOS transistor pairs 35 and 36 as shown in Figure 5. Gates of

N- channel mmalr ams stoerps3stars Sénisest exbnnected nbo4e, line §dit.es of

P- channel {J5 ' 2b0Lhd3%@ 8re0RBRARRT LMD 1 |14 Plputhedrnimrid and

50 are connecte e I nput -termnpa t he outgut t rntnal
i nverter 3nd é‘é}ﬁacﬁumfy terminal of the bnvputercpdi resrectdvelvherter 46
IS connected to the spare colunn line 60 and to the input termnal of the

nor mal _col utm decoder d,of a, knqwn I't. shoul d he noted
that tfe out put te'ﬂh?né? P“t ethES‘ 4%W6e -"r%gﬁé'&?Felﬂ/sc&rﬁtect ed
10 to i npuiormyatietl sooftheermpametgcomuml Jmtemaodem]deﬂ:@ tRee imputa

col um de r e I ] to CA8
(or [err])oedtﬁ‘([ﬁi?%% %chp ﬁgs}%ﬁrﬁ Hp eqlg{tvée %ﬁ"g _ %Jo'#e) ESLQ

t er m nal anwnfNQchnhaﬁedItoﬁhﬂnhérhﬂ @otemtﬂhﬁb ﬂhebeuMymm

coupl ed t @ H8H1070f rﬂ!@ﬁ&@é@f‘eﬂ@é‘%é?%& 184 taet;Q%lyFwﬁfe&ed
represents a t|n1€g dla%ra ? rese ock RST apggied t the I n ut
S

ternm h8I &P of PR t FEm@ P&ﬁﬂ SR ecoder

The normal column decoder 47 received the column address g)
signals CAl (or CAl) to CA8 (or TA8) and the output
signal of the inverter 46, and the output terminal
thereof is connected to the normal column line 70, being

15 coupled to gates of transmission transistors 101 to 108.

Figure 6 represents a timing diagram of a reset
clock RST applied to the input terminal 48 of Figure 5 in
a static column mode operation.

20
Referring to Figure 6, the reset clock RST has a
pulse of high state after RAS goes low but before column
address signals COL ADD are received into the column o
decoders. | ' —
25

The operation of the circuit of Figures 4 and §
will now be described in more detail.

In the case where the spare blocks SBL and SBL

30 are not selected, all fuses are not blown. Even if the
reset pulse RST of Figure 6 is applied to the terminal

48, the potential of node 400 is always kept at a high
state. Therefore, the P-channel MOS transistor 33
remains at an OFF state and the N;channel MOS transistor

35 32 keeps an ON state, whereby the nbde 500 is latched to



20 Referring to Figure 6, the reset clock RST has a pul se of high state
after RAS goes | ow but before colum address signals COL ADD are received
into the colunmm decoders. 25 The operation of the circuit of Figures 4 and
5 wil] now be described in nore detail. In the case where the spare bl ocks
[err]Tand SBL 30 are not selected, all fuses are not blown. Even if the
reset\gulse RST of Figure 6 is applled to the termnal 48, the potential of
node 400 is always kept at a high state. Therefore, the P-channel MOS
transistor 33 remains at an OFF state and™&#& N channel MOS transistor 35
32 keeps an ON state, whereby the node 500 is latched to -11- a low
state and the gu 5Q n@f er n ' t
SuiBy dtd€e SaAndl e gﬁfgﬁtt 113k MBh @enéné e

Then, transn155|on ates T1 t rr] to Jerr]

However, N-chdfRt tlaar@lgﬂ o$§a15§ to'Igl‘}f’are BRRSRigHtanogateseMbyte he
out put of the NANENGSFE #5 T8 Bbcambi gbrstate and the output of the
inverter 46 is at a | ow state. Therfore, the spare colum |ine 60 becones

| ow and transmi ssion transistors 109 to 116 become OFF so 10 - that spare
menory cel I5s° of spare Hboweker SBIN-aivhrnelr |MES e trahsisiterisedsl The Gt e of

NOR ot o o oncEubtAERREC oyl hdf Wl saLoll 00 MOl B 4
[err]). Vhen tale :orhah %bﬁbﬁnandn§h900u§puéleétehebﬁnwbaheapuw is at a
“low state. Therfore, the spare column line 60 becomes
low and transm1551on transistors 109 to 116 become OFF so
10 that spare memory cells of spare blocks SBL and SBL are

\_ not selected.

The output of the inverter 46 is applied to the

‘normal column decoder 47 formed by the NOR gate along

15 with column address signals cal (CAL) to CAS8 (or CA8).
When the normal column line 70 is selected by the input
signals of the normal column decoder 47, the line 70
becomes high and then transmission transistors 101 to 108

of Figure 4 are all turned on. Therefore, one normal

20 memory cell of normal blocks BL1 and'ﬁiT may be selected

- by row selection signal on a row line Rl or R2.

Now, the case where the column redundancy is
- performed due to one or more defective normal memory
25 cells will be described in detail.

~ Now, let us assume that one or more memory cells
- of normal block BL1 or/and BLI are defective and column
address signals CAl to CA2 are all low (the complement

30 ‘signals CAl to CAZ are all high).

At this time, fuses F1 to F8 corresponding to the
lines for transferring the column address signal of a low
state and the master fuse MF are all blown by laser

35 spots. Therefore the node 400 is in a floating state
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f the normal colum decoder 47, the line 70 becones high and then’

lon transistors 101 to 108 of Figure 4 are all turned on.

Therefore, one normal 20 nenory cell of normal blocks BL1 and [err] may be

sel ect ed

where t he
normal ne
t hat one
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by row selection signal on a rowline RL or R2. Now, the case -

colum redundancy is perforned due to one or nore defective:’{
mory 25 cells will be described in detail. Now, |let us assusg®
or nore nenory cells of nornell2bl ock BL1 or/and [err] are .
and colum address signals CAlL to CA2 are all low (the conpl enen
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stgnals [ fhd 1£ndC56] tPHRER18EToR halted ri! AP T er Y Sbddeids NAND

15

20

25
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35

conductive and N—bhanhél transistors 57 to 58 become OFF.

Therefore, complement column address signals CAl
to CAS which are all high states are applied to the NAND
gate 45 via transmissioq gateS'TT to T8 and unblown fuses
FI to F8. As a result, the output of the inverter 46
becomes high.

Therefore, transmission transistors 109 to 116
connected to the spare column line 60 become conductive,
whereby spare blocks SBL and'Eﬁf'are selected. On the
other hand, due to the high state of the output of the
inverter 46, outputs of all normal decoders become low
and all'transmission transistors in the respective normal
blocks become nonconductive. Therefore, in a read
operation, if column address signals CAO and CA9 are all
low states and a row (or word) line Rl is .selected, a
data signal stored in a memory cell 600 of the spare
block SBL is delivered to the input/output sense
amplifier 92 via the sense amplifier 77, the transmission
transistor 114, the input/output bus line I/0 3 and the
input/output switching circuit 84.

As mehtioned_abo?e, although the above embodiment
has been described for a column redundancy scheme of 256K

-/



15 gate 45 via transm ssion gates [err] to[ert] and unblown fuses [err]
to [err]. As aresult, the output of the inverter 46 becones high.
Therefore,” transm ssion transistors 109 to 116 20 connected to the spare
column line 60 becone conductive, whereby spare bl ocks SBL and SBL are
selecfed. On the other hand, due to the high state of the output of the

i nver T 46, outputs of all nornal decoders becone | ow and all transm ssion
transistors in the respective normal 25 bl ocks becone nonconducti ve.
Therefore, in a read operation, if columladdress signals CAO and CA9 are
all low states and arow (or word) line RL is selected, a data signa

stored in a megpan el kaR00.of DR BB Sobagk 3 Iy dehlver eshdde S

i nput / out put via sense anp frer
transnissiontthmsastoﬁan-ithmaynmﬂaﬂmhxnbebapp&nné Wﬂrq Andegabyte

i nput / out put b SRk RO EANCY I GRRL a 2| Asakpve
enbodi nent 355d¥as genﬂ\esm)} gf?'r%%m‘ggl umm regg\ﬁg(an ﬁs@%?neﬁ%fszl%?l/(
-13- dynanic F$FUE® 4i || be appreciated by those skilled in the art that
it my read |y be applied to a 1 Megabyte dynam ¢ RAM by the use of four
256K dynam ¢ RAMs of ure 5 .Ther re. _the.i st.rrated enbodi t may
achi eve a reduced chip g?’i%f%ﬁ%augget ﬁi&iﬁ%a?ﬁgn? ﬁg&mz? %‘ &y tq,c ﬁ‘ﬁ on
det ecti on circai reducednathimeside edaaseorhiie sabbverpentioneds adstiass due

to the use of EPQnéQtli%rPh&éféﬂtﬁo?xnd LML SS e 936 needed, and
accomplish low power consumption due to the use of the
10 latch circuit and transmission gates.

~ The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
15 disclosed in this specification and/or drawings, or to
' any novel one, or any novel combination, of the steps of
any method or process disclosed herein.
20
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The invention is not restricted to the details of the foregoing.

enbodi nent s. The i nvention extends to any novel one, or any novel

conbi nation, of the features disclosed in this specification and/or’

drawi ngs, or to 15 any novel one, or any novel conbination, of the steps of
any nethod or process disclosed herein. 20 25 30 35 - 14 - CLAIMS: *f

A dynam ¢ random access nenory conprising: 5 a plurality of norf

bl ocks, each normal bl ock including a nunber of normal nenory cells
arranged in rows and col umms, normal sense anplifiers connected to pairs of
colums respectively and normal transm ssion transistors, each transm ssion
transi stor having a source, a drajnfaﬁﬂ I0 - a gate, each source (or
drain) of sgig _transistors arranged to be connected to a respective
colum; a | ock including spare nenory cells arranged in rows and
colums, the spare nmenory cells of the spare 15 bl ock being substantially
Lhe Same i Dui0Slyrdindd\% i dh TMUAs HedGyRlofBERLYagel | S | NC] Uded 1n a
sai d norn&l bl ocK,” spare sense anplitiers connected to pairs of colums
respectively and spare transm ssion transistors, each spare transm ssion

transigt or haV!aﬁgfpausfa_qri%g, 8r2Chodhiall N bldkks,2 @ach némAl Swlece (or
ransi StbOI’S ‘ranged to be conffct ed to a.r spectslve

drain) Ofincs.l.z%.tI n ) d
o g a number of normal memory cells arranged in row
and columns, normal sense amplifiers connected to pairs of
columns respectively and normal transmission transistors,
each transmission transistor having a source, a drain and
10 a gate, each source (or drain) of said transistors \‘)

arranged to be connected to a respective column:;

a-spare block including spare memory cells arranged
in rows and columns, the spare memory cells of the spare
15 block being substantially the same in number as the said
number of normal memory cells included in a said normal
block, spare sense amplifiers connected toc pairs of
columns respectively and spare transmission transistors,
each spare transmission transistor having a source, a.
20 drain and a gate, each source (or drain) of said
transistors arranged to be connected to a respective
column;

an input/output means for transmitting data
25 information, said means being connected to each drain (or
source) of said transmission transistors:;

a plurality of normal column lines, each normal
column line being connected to the gates of said normal
30 transmission transistors of one or more corrésponding said
normal blocks:;

a spare column line connected to the gates of said
spare transmission transistors of the spare block:;

_—
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1

colum; an input/output neans for transmtti-ng data 25 I nformation, said
nmeans bei ng connected to each drain (or source) of said transm ssion
transistor’s; a plurality of normal columm |ines, each normal columm |ine
bei ng. connected to the gates of said normal 30 transm ssion transistors
of ong or nore corresponding said normal bl ocks; a spare columm line
conned'%d to the gates of said spare transm ssion transistors of the spare

bl ock; 35 - 15 - latch nmeans for providing first and second | ogic
si gnal s dependi ng upon whet her said normal bl ocks are determ ned
defect-free or defective, respectively; 5 a spare colum decodi ng

means connected to said | atch means and_sagd_spare colum line, for
provi ding a spare block disabling signal in response to an input .of a said
first logic signal nsetht heansar fonotpranfidiing/efnestuland osksondd Iogic

provi ding a spar o | Lgnal .i Lesp i ec

| ogi ¢ signal a%{'lg?%egi ?Sg’t%%%f]ﬂ%?uéijgﬁd w@&%ﬂ]e%mﬁéﬁéoﬁﬂ%éaﬁdigggkgi g%g S
when there aredefbé¢mined defect-fHreeker defeabivel respeatd¥edding neans
connected to said normal 15 colum Ilines and spare colum decoding

means, for addressing a specified normal block in response to an jnput of
col um addPess si gndl SPRFRIGOLITR é&?ﬂdé-lngoﬂe§§ﬁdc§f}§95%5%39 ﬁ?%gbi?g‘é’ _

si gnal when t hgsésngr endosdeleaipare twlmin bl Deks gog brovdidiay iagspare
normal colum 2Pk §EOM19ngea05naP 87 18sPBhs®tECan’ Anbulo dB! o PLLEkS TN
first logic signal. when there are not defective normal
blocks and for pfoviding a spare block enabling signal in
% 10 response to said second'logic signal and the input of true
~ and complement column address signals when there are
defective normal blocks; and o

normal column decoding means connected to said normal

15 column 1lines and spare column dJdecoding means, for

addressing a specified normal block in response to an

input of colﬁmn address signals under the control of said

spare block disabling signal when there are no defective

normal blocks and for disabling said normal column

20 decoding means so as to not select said normal blocks in

_ response to said spare block enabling signal when there
are defective normal blocks.

2. A dynamic random access mémory according to Claim 1,

25 wherein said latch means includes a first input terminal
receiving'a supply voltage, a master fuse connected to

said first input terminal, and a second input terminal for
receiving a reset clock which is ar:angea to activate
after an activation of a row address strobe signal but

30 before an activation of column address signals, said latch
means for providing said first logic signal in response to

an input of said supply.vbltége if said master fuse is not

" blown when said normal blocks are determined to be defect-
free, and said latch means arranged to provide said second

35 logic signal in response to said reset clock if said

* c L L] S *




response to said spare bl ock enabl'ing signal when there are defective
nor mal bl ocks. 2. A dynam c random access nenory according to daim1l, 25 -
wherein said | atch nmeans includes a first input term nal receiving a supply
vol tage, a master fuse connected to said first input termnal, and a second
input terminal for receiving a reset clock which is arranged to activates
after an activation of a row address strobe signal but 30 bef ore an a=#
activation of colum address signals, said | atch neans for providing said.
first logic signal in response to an input of said supply voltage if said
master fuse is not blown when said nonnal_ bl ocks are determned to be

defect- free, and said | atch neans arranged to provi de said second 35

| ogi ¢ si gnmhstarr%&@nsn:.tsléahdwhaﬁefozfé osf shidaifbrmal Bfockgmiker fuse
i's bl own mg ﬁ one of g ﬂ%na bl ocks is determned to be defective. 3.
A dynani ¢ f8h8EREEEEeES FgBSE&BFdlng to Caim2, 5 wherein said
| atch neans conprises a clanping node connected to said nmaster fuse, an
out put nodg, a gr u d a ann path is
connect ed gétmegnggﬂgﬁfglgﬁﬁ?ﬁé %%ﬁgséﬂééﬁggg Q§%8%§3g§h§§ecﬁ% gnd whose
gate i 8 cowheredtn t®saidi dlatebndneans |ﬂempri§¢a1nal ciampisg |n¢deter
connegt ;ed egmseeeéavce %'a%@'xﬁlfstépdﬂxsémdans%h@ fdde, nstrml.xﬂad a
secon ransi st or ose C el -path i onne ween_sai d cl anpi ng
node and s3PY*GFo es'ou?c?lr’r'ﬁa:e 5\;% 5% Eéﬁﬂ@ﬁ@'ec}?"‘lg‘ s&Sd out put
terninal . dSndectdéddybetwern aIsadd acitampingrrtqueccmﬁil ®aido Gretmd3,
source node and whose gate is connected to said second
10 input terminal, a first ‘inverter connected between said
clamping node and said output node, and 'a second
transistor whose channel path is connected between said
clamping node and said ground source node and whose gate
is connected to said output terminal.

15
4. A dynamic random access memory according to Claim 3,
wherein said first and second transistors are N-channel
MOS transistors and said first inverter is a CMOS
inverter.

20 '
5. & dynamic random access memory according to Claim 3
or 4, wherein said spare column decoding means comprises:

a plurality of true and complement column address
25 input terminals inputting true and complement column
address signals of each column address signal;

" a plurality of true and complement transmitting paths
connected to said true and complement column address input
30 ' terminals respectively;

a2 plurality of transmission' means associated in
series on said transmitting paths respectively, for
transmitting true and/or. complement column address signal

35 in response to said output logic signal of latch means;

I




wherein said first and second transistors are N-channel MOS transistors and
said first inverter is a CMOS inverter. 20 5. A dynam c random access
~nenory according to Claim3 or 4, wherein said spare col unmm decodi ng nmeans
conprises: a plurality of true and conplenent colum address 25 I nput
ternmifals inputting true and conplement colum address signals of each
col unaddr ess signal; a plurality of true and conplenent transmtting
pat hs connected to said true and conpl ement col utm address i nput 30
termnals respectively; a plurality of transm ssion neans associated in
series on said transmtting paths respectively, for transmtting true

~and/ or conpl ement col um address signal_ ¥ in response to said output
| ogi ¢ signal of latch neans; - 17 - aplurality of fuses associated. in
series on said trags ltdx*dlﬁ@at@f Eﬁ§B§Ctd§‘§‘éd’iat§é’d d3 AUSRT 14 NSk NQhiRl Own
when there is, no defg&tlve nor mal. bl ock |l own sg@.as to transmt
sel ect ed si gnhFensmiLEing: Raths 1 F@@P@Gﬁm@fadﬂﬁégs uspm Pedngapgt

Cf)rml Ie_m%‘nt ?ObMBWnad_ﬁéﬂS‘Bhéthi% &xd\/@@fédteir@ dormif edocke g&er mbwh: eakfs; a
plurality o npecf i npde co nec erm.nals o
true and conp%gngﬁtéf$§#E£#I$§ 5F?5&%he56%3§§ SEHFeSSE naI

a pluraliBy oaddraaslsagnglahoseseh@nmmmp;nmegtacelumnnaddeessnspgnalsel

bet ween sai d grapeehbpE aeéeaeeaét§aédngmamdbi@&kge node and whose gates
are coupled to the 15 conpl enent of sai d output |0gic signal of |atch

means; and
a plurality of connecting nodes commonly connected at

| the end terminals of true and complement transmitting
\yj. 10 paths of each column address signal;

a plurality of transistors whose channel paths are
connected in parallel between said connecting nodes and
said ground source node and whose gates are coupled to the

15 complement of said output logic signal of latch means; and

a logic gate connected to said connecting nodes.

6. A dynamic random access memory according to Claim 5,

20 wherein each said transmission means comprises a pair of
P-channel MOS transistor and N-channel MOS transistor

) whose channel paths are connected in parallel, the gate of
—/ the P-channel MOS transistor being coupled to the
' complement of said output logic signal of the latch means
25 ' and the gate of the N-channel MOS transistor being coupled

to said output logic signal of latch means.

7. A dynamic random access memory according to any
preceding claim, wherein normal and spare memory cells are
30 arranged in a folded bit line configuration.

8. A dynamic random access memory according to any
preceding claim, wherein the or each said fuse is made of
polycrystalline silicon.

35
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a logic gate connected to said connecting nodes. 6. A dynam c random
;access nenory according to daimb5, 20 wherein each said transm ssion
“means conprises a pair of P-channel MOS transistor and N-channel MOS
transi stor whose channel paths are connected in parallel, the gate of the
P-channel MOS transistor being coupled to the conpl enment of said output =
| ogi c signal of the latch neans 25 and the gate of the N-channel MOSk&#
transi stor being coupled to said output |ogic signal of latch neans. 7. “A
dynam ¢ random access nenory according to any preceding claim wherein -
normal and spare nmenory cells are 30 arranged in a folded bit line
configuration. 8. A dynam ¢ random d8cess nenory according to any
preceding claim wherein the or each said fuse is made of polycrystalline
silicon. 3% A1dynamiq HyRAAMcAFERESNTERCLYs ARGARAANE R FhimoSd aim 5
or 6, or tor Gai B’ t&f Am appepdentast afpendadt Otobclvhar & nosagd | ogic
gate is an AND gate f d,each of ;said transmt'tlglgL gat hs i prggra d so as
to transm%heFRl% said logif gateqdsean MR agatgpandy it S?F&hdom
access nmenoransmibist g | phthis 45 hErogrdmhed e sdesay | bed twansnigf etlr@ce to

any one orthpé,.eccg{uﬂ %&SG.SAS s’r’iéﬁaf. of the a(.:colrrpanyi ng draw ngs.

10. A dynamic random access memo'ry substantially as
hereinbefore described with reference to any one or more
of Figures 4, 5 or 6 of the accompanying drawings.
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