ROW REDUNDANCY: BLOCK ARCHI ECTURE DESCRI PTI ON BACKGROUND OF Tﬁﬁb@NMEgWLgN
Fireél d of -the Invention The present invention generally relates tg, )
sem conductor nenories and, nore particularly, to rOM/redundancy%ﬁé?HhS
detection with_ interchanged self- timng generator, a sanple wordl

enabl e generator with row redundancy match detection, and row redun cy
control circuits for Dynam c 'Random Access nory (DRAM redundancy bl ock
architecture. Background Description Redundancy bl ock architecture for

DRAMs, proposed by H. AiyeF N ¥ S #i;fi“ﬁﬁ1iggm 10-ns
Dat a Raltoe gnd On- chi pwk; 3@%&7‘?3’%@@%‘?&? aavie] i ., no. b5,
Cct ober 1990, features flexible row redundancy replacenent. This
flexibility is advantageous because it allows redundancy el enments and
redundancy mat ch-det ection- decoders t ®BFERIPELON vely used wit hout

I ncreasing their nunber. This reduces the redundancy desi gn space over head

significantly, especially for Bhglkepounp oF THE INVENTION

Field of the Invention

The present invention generally relates to
semiconductor memories and, more particularly, to row
redundancy match detection with interchanged self- --
timing generator, a sample wordline enable generator
with row redundancy match detection, and row
redundancy control circuits for Dynamic Random Access
Mémory (DRAM) redundancy block architecture.

Background -Description

Redundancy block architecture for DRAMs,
proposed by H. L. Kalter et al. in "A S0-ns 16-Mb
DRAM with 10-ns Data Rate and On-chip ECC", IEEE J.
Solid-State Circuits, vol. 25, no. 5, October 1990,
features flexible row redundancy replacement. This
flexibility is advantageous because it allows
redundancy elements and redundancy match-detection-
decoders to be effectively used without increasing
their number. This reduces the redundancy design
space overhead significantly, especially for high
density DRAMs such as 256-Mb DRAMs and beyond, while

'allowing good fault repairability. :

In contrast to conventional intra-block

redundancy replacement, redundancy block architecture



densit'y DRAMs such as 256- My DRAMs and beyond, while allow ng good failt
repairability. In contrast to conventional intra-block redundancy

repl acenent, redundancy bl ock architecture 2 is required to handle nore
redundancy match- detection-decoders "sinultaneously", although the total
nunmber of redundancy requirenments is significantly less. This is because of
the flexibility of this architecture. It is yery inportant to arrange the
decoders effectively and to enable a fast and reliable redundancy natch

detection to avoi ¢5a,pat.g ggﬁ$?%ﬁﬁre%ég% eyt fatidhe act ua
i npl enent ati on. UNNﬁA%y %%d$ﬁﬁ§gﬁv I'S t erefore an obj ect of the
present i nvent i ondesestdentdesadansdisianliiagecuslyti.i adtbordkhitde uses a
row redundancy cofbtal @umber! o AEHsRIHCy Fdlqudiemehiteeliys reduces design
space. significantly less. This is because of the

flexibility of this architecture. It is very

important to arrange the decoders effectively and to

enable a fast and reliable redundancy match detection

to avoid a potential speed and area penalty for the

actual implementation.
.SUMMARY OF THE INVENTION

It is therefore an object of the present
invention to provide a redundancy block .architecture
which uses a row redundancy control circuit ,
arrangement that effectively reduces design spacé.

It is a further object of the invention to |,
provide a fast and reliable redundancy match
detection by means of a NOR type redundancy match
detection with an interchanged self-timing generator.

It is another object of the invention to provide
a sample wordline enable (SWLE) generator which
allows SWLE to set the sample wordline (SWL) at a
time when wordline enable (WLE) sets the wordline
(WL) regardless of normal or redundancy mode, while
tracking the delay for the redundancy match
detection.

- The present invention is related to the
invention disclosed in U.S. Patent No. 5,517,442 to
Kirihata et al., the subject matter of which is
incorporated herein by reference. According to the
present invention, row redundancy control circuits
are arranged parallel to word direction and are



It is"a further object of the invention to provide a fast and reliable
rredundancy match detection by neans of a NOR type redundancy match
detection with an interchanged self-timng generator. It is another object
of the invention to provide a sanple wordline enable (SWE) generator which
all.ows SW.E to set the sanple wordline (SW) at a tinme when wordline enable
(WLE) sets the wordline (W) regardless of mormal or redundancy node, while
tracking the delay for the redundancy match detection. The present

invigt i422 i s ’ el &.}lleﬁaﬁ@edh?tiﬂﬁénbb@gpdi o€l eﬁedré@?ﬁa@clﬁabmatkblosrhis ;
5, 517, to Kirihata,. et ., the subject majter o [ is.incorpqrate
herein by refenmﬁﬁfhﬁgiﬁeﬂ?ﬁgcgangﬁe B%ggeﬁ Pﬂ%%h?f%n,°r%§F?8§&H§ cy
control circuits lay eut atigedreduathekyt conbrdldblechkiloy Bntiradecing
arranged at the boi agple LOgobeduRARNEKaPLaCH: LN Scdf Chbk CEbihRaahRIe

makes it possible to ect
wires, {(2) half-length-one-way row redundancy-

wordline-enable-signal wires which allows space

saving, and. (3) distributed wordline enable decoders

designed to -take advantage of the saved space.

According to another aspect of the invention, an

illegal normal/reduhdancy access problem caused by

the address versus timing skew has been solved. The_
timing nécessary for this detection is given locdlly
by using its adjacent redundancy match detection.

This allows the circuit to operate completely as an

address driven circuit, resulting in fast and

reliable redundancy match detection. In addition, a

sample wordline enable signal (SWLE) is generated by

using row redundancy match detection. One two-input

OR gate allows the time at which SWLE sets sample

wordline (SWL) to be the same as the time at which

wordline enable (WLE) signal sets wordline (WL). The
time at which SWLE sets SWL remains consistent
regardless of'mode, eliminating the existing
reliability concern. This two-input OR gate cémbined
with row redundancy match detection works as an ideal

sample wordline enable generator. P
In general, the purposes of the present

invention are the following: _

e Provide an ideal arrangement for redundancy-
match-detection-decoders to reduce the design
space.

d Allow fast and reliable redundancy-match-
detection.



| ay olit the redundancy control block by introducing (1) split-global -bus
shared with |l ocal row redundancy wires, (2) half-Iength-one-way row
redundancy- wordl i ne-enabl e-signal wires which allows space saving, and (3)
di stributed wordline enabl e decoders designed to take advantage of the
saved space. According to another aspect of the invention, an illegal

nor mal / redundancy access probl em caused by %pe address versus tim ng skew
has been solwved. The tim ng necessary for this detection is given locally

by using. its adj acentgegqyndagey Ipt Ghalekeshbo. stipsedlbous hbe circult
to operate conpletely as an addreéess driven circuit, resulting in fast and
reliabl e redundancy natBabdet genesatornugdngt reAungasgrprataBrdl i ne enabl e

signal (SWE) is genergéedcagéusbagtrQWbbadgadancy mat ch detection. One
two-input OR gate allows the tinme at which SWE sets sanple wordline (SW)
to be the sanme as the tinme at which wordline enable (WE) signal sets
wordline (W.). The tine at BRIEF PAFCRIPATIONOF $HE DRAWINGSSt ent

regardl ess of node, elimnating the existing reliability concern. This

two-i nput OR gate conbi ned .
The foregoing and other objects, aspects and

advantages will be better understood from the
following detailed description of a preferred
embodiment of the invention with reference to the
drawings, in which: ' y

Figure 1 is a block diagram of a 256-Mb DRAM;

Figure 2 is a block diagram of a single 16-Mb
unit of the 256-Mb DRAM shown in Figure 1; _

Figure 3 is a block and logic diagram of the
sixteen row redundancy (RRDN) control circuits and a
16-input NOR gate used in the 16-Mb unit shown in
Figure 2;

Figure 4 is a block diagram of the split global

~ bus architecture used in the preferred embodiment of
the invention; '

Figure 5 is a block diagram of a 16~Mb unit used
in the architecture shown in Figure 4 showing the
locations of the wordlines (WLs) and redundant
wordlines (RWLs);

- Figure 6 is a block and logic diagram showing
the RRDN and wiring arrangement of the 16-Mb unit of
Figure 5;

Figure 7 is wiring diagram showing a RWL
arrangement for multi-WL replacement according to the
invention;

Figure 8 is a block and logic diagram of a row
redundancy (RRDN) control circuit;



wi th fow redundancy match detection works as an ideal sanple wordline
ehabl e 'generator. In general, the purposes of the present invention are the
foll owi ng: Provide an ideal arrangenent for redundancy-

mat ch- det ecti on-decoders to reduce the design space. * Al'l ow fast and
rel-i abl e redundancy-mat ch- detection. 4 * Realize a fast and reliable
sanpl e wordl i ne enabl e generator using redufidancy-match- detection post
decoders. BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoi ng and ot her

obj ects, aspects and @d¢ameaged and It iveimeidievgrandehowdmd fhem t he

(ol on g det el e RGP gt e RO Rl Uy vent o0
redundancy modes;

Figure 10 is a circuit diagram of the fuse latch
(FLAT) circuit;

Figure 11 is a timing diagram showing the
operation of the FLAT on power-up;

Figure 12 is a table showing the operation of
the FILAT for the conditions of existing and blown
fuses;

Figure 13 is a logic diagram of an AND type .
redundancy match detection circuit;

Figure 14 is a timing diagram showing the
~operation of the circuit of Figure 13;

Figure 15 is a logic diagram, similar to Figqre'

8, of a NOR type redundancy match detection circuit;

Figure 16 is a timing diagram showing the
operation of the circuit of Figure 15;

Fiéure_l? is a logic diagram of a NOR type
redundancy match detection circuit with interchanged
self-timing generator; _

Figure 18 is a timing diagram showing the
operation of the circuit of Figure 17;

Figure 19 is a logic diagram of an existing
sample wordline enable (SWLE) generator;

Figure 20 is a timing diagram showing the
operation of the_SWLE generator of Figure 19;

Figure 21 is a logic diagram of the SWLE
generator with row redundancy match detection;

Figure 22 is a timing diagram showing the
operation of the SWLE generator of Figure 21;

Figure 23 is a block diagram of the split global
bus architecture of Figure 4 modified with one sample



Figure 1 is a block diagramof a 256-My DRAM Figure 2 is a bl ock di agram
of* a si'ngle 16-Md unit of the 256- My DRAM shown in Figure 1; Figure 3 is a
bl ock and | ogic diagramof the sixteen row redundancy (RRDN) control
circuits and a 16-input NOR gate used in the 16-M unit shown in Figure 2;
Figure 4 is a block diagramof the split global bus architecture used in
the preferred enbodi nent of the invention; gigure 5 is a block diagramof a
16-Mo unit used in the architecture shown in Figure 4 showing the |ocations
of the wordl i neswé6¥¥3)nanqswejuiganihevateditereof( BAkSEhip BEhgushardds a

bl ock and | ogi c diagram show_ng.the . d wring arrangenent of the

16- Mo unit of Fi%%ﬁg ghﬁrggké #?%m ﬂiﬁ%%diagranlshomﬁng a RWL
arrangenment for nulti FilgurepRacdsed ok diiagram vfictheveplidnglcibpke 8

i's a block and | ggkcadiagtamal e IO W igRHeNd2R6% 1 ERBENY 1 EANbHY sHrl G t;
: each 16-Mb unit. '

DETAILED DESCRIPTION OF PREFERRED
-.EMBODIMENTS OF THE INVENTION

~ Referring now to the drawings, and more

particularly to Figure 1, there is shown a 256-Mb
DRAM 10. This architecture is comprised of sixteen
16-Mb units 11, one of which is shown in more detail
in Figure 2. Each 16-Mb unit is divided into two
arrays, the primary array 21 containing 256 wordlines
(WLs) and a redundant array 22 confaining 16
redundant wordlines (RWLs). The redundant array 22
allows the repair of up to sixteen faults, using
sixteen row redundancy (RRDN) control circuits as
shown in more detail in Figure 3, where a wordline
(WL) and redundancy wordlines (RWLi) are set by a
wordline enable (WLE) signal and the corresponding
redundancy wordline enable signal (RWLEi),
respectively. In a standby state, WLE and RWLE are
‘both low, and the N nodes are all high. In a normal
mode, all the N nodes go low, enabling WLE "(i.e., WL%Q
goes high). In a redundancy mode, one RWLE goes high,
and the corresponding node N stays at a high level,
not enabling WLE (i.e., WLE stays at a low level).
The more detailed operations to control WLE and RWLEs
are described below.

Each row redundancy (RRDN) control circuit 31
compares the row addresses (ADDRs) with its



5 Fidgure 9 is a timing diagram showi ng the operation of the RRDN of Figure
8 I'n normal and redundancy nodes; Figure 10 is a circuit diagramof the
fuse latch (FLAT) circuit; Figure 11 is a timng diagram show ng the
operation of the FLAT on power-up; Figure 12 is a table show ng the
operation of the FLAT for the conditions of existing and bl own fuses;
Figure 13 is a |logic diagramof an AND type7redundancy match detection
circuit; Figure 14 is a timng diagram showi ng the operation of the circuit
of Figure 13; Fi rqondumed ofusei stategrand ackivahies @ithafie 8, of a NOR
type redundancy BrateSdseihgnEhe Lt or FRWEE igndls, & idittwesli agram
showi ng the operation of the Circuit of Fiqure 15;
input NOR gate decoder 32 receives the outputs from
the nodes Ni. When at least one address in an RRDNi
~control circuit 31 does not match its programmed fuse
state, the signal at the corresponding node Ni falls,
while keeping the corresponding RWLEi at a low level.
When all ADDRs match its RRDN programmed fuse states,
the corresponding RWLEi signal rises, but a
corresponding node Ni remains at high level. If all
nodes Ni from RDDNs fall, WLE rises, which is a )
normal mode. If one node Ni remains high, WLE reﬁaiﬁs
low, which is a redundancy mode. In this redundancy
mode, the corresponding RWLEi rises, activating the
corresponding redundancy wordline RWLi. '
The architecturé requires one WLE signal,
sixteen RWLE<0:15> signals, and sixteen N<0:15>
signals for the outbﬁts from RRDNs 31. Twenty address
wires for possible 1K replacement are also required.
In general, RRDN circuit design space is determined
by the number of wires, because devices can be
designed under the wires and the wiring space is more
than sufficient. The architecture requires at least
fifty-two wires (in addition to the necessary control
signal and power lines), resulting in a minimum 156
pum (52 pm X 3) design space, assuming a wiring pitch
of 3 um. According to a first aspect of the nd
invention, a solution is provided which effectively
reduces additional design space for the redﬁndancy
control circuits to only 27 um.
Figure 4 shows a split global bus architecture
as disclosed in U.S. Patent No. 5,517,442 to Kirihata
et al. which is assumed for the present invention. In



Figure 17 is a logic diagramof a NOR type redundancy natch detection
gitcuit-with interchanged self-timng generator; Figure 18 is a timng

di agram showi ng the operation of the circuit of Figure 17; Figure 19 is a

| ogi ¢ di agram of an existing sanple wordline enable (SW.E) generator;
Figure 20 is a timng diagram showi ng the operation of the SWE generator
of Figure 19; Figure 21 is a logic diagramgf the SWE generator with row
redundancy match detection; Figure 22 is a timng diagram show ng the
operation of the thild paseitdatued, Feget etdd/bdtitgim e 26-Mis alt ook thagram

of one SPLIt o0 OllPiR AT a LEEMECasls FLAER SamAL sl dh g garl

units; and Fi gur eedpectivdilyocKThe aZﬁ@-er@fDRPdé g sty aﬁlsixteen 16~
Mb units 43, one of which is shown in more detail in
Figure 5. The 16-Mb unit consists of 8K wordlines
(Wls). Any defective element in the unit is _
replaceable by any of sixteen redundancy wordlines
(RWL<0:15>) .in the redundancy block 52. The WLs and
RWLs are'aiternatively driven from the left and right
wordline drivers. Sixteen row redundancy (RRDN<0:15>)
control circuits 53 are arranged at the bottom of
each 16-Mb unit. _

Figure 6 shows the detailed RRDN circuit S$3 and
wiring arrangement for the invention. More
particularly, the invention provides a row redundancy
control circuit arrangement which effectively reduces

-des1qn space. This. reduction is- achieved by (1) split
global-address-bus shared with local row-redundancy
wires, (2) half-length-one-way redundancy-enable
wires for double-sided row decoder, and (3)
distributed wordline enable decodes.

(1) Split global address bus shared with row
redundancy local wires: The local address wires are
shared with level two metal (M2) split global bus
lines as described in U.S. Patent No. 5,517,442 to
Kirihata et al. RRDN circuits are laid out under theJ‘
wires. This eliminates the necessity for the twenty
address wires and devices for RRDN circuits, while
shortening the address input wires for the RRDN
circuits from the global bus lines.

(2) Half-length-one-way redundancy-enable wires
for double-~sided row decoder: The eight row
redundancy (RRDN<0:7>) circuits designed in the left



bus architecture of Figure 4 nodified with one SW. in each 16-M unit.
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE | NVENTI ON Referring
now to the drawi ngs, and nore particularly to Figure 1, there is shown a
256- Mo DRAM 10. ‘This architecture is conprised of sixteen 16-M units 11,
one of which is shown in nore detail in Figure 2. Each 16-My unit is
divided into two arrays, the primary array 21 containing 256 wordlines
(WLs) and a redundant array 22 containing 16 redundant wordlines (RAS).
The redundant ar BALBnit wRntralscpher COFrePPeRALI% tekaht anedyndasryy
si xteen row r edunéardyikEROMNwEL0t v9) @hiehi ABe adr BR@WErdm MEKE Tekdi | in

= vordl i he onabl CMHE® o G SEREE: RESHE FeL AT RETNSB A e
enabl e signal (RWiBiquitespectheerjghtnhalftunibycentatel W€ and RWE are
o oo MLy gt oo fain B, plpabyolss
goes hi gh, which are driven from the right drivers. This allows

the maximum number of parallel redundancy wordline

enable (RWLE<0:15>) wires to be halved.

(3) Distributed wordline enable decoders: The
16-input NOR decoders (32 in Figure 3) which generate
the signal WLE are distributed. The wires (N<0:15>)
for the inputs to the distributed NOR gates are laid
out in the unused space for the redundant wordline
enable (RWLE<0:15>) lines. This results in the design
space reduction for sixteen (N<0:15>) wires. The WLE
signal is connected to both side WL drivers.

This description assumes a single WL
replacement; however, the invention could be applied
for a multi-wordline replacement. Figure 7 shows a
RWL arrangement for the multi-wordline replacement.

If one of four WLs are defeqtiVe, they are replaced

with four corresponding RWLs. In order to allow up to

a possible sixteen replacements, sixty—-four RWLs are

laid out in the redundancy block. Four consecutive

RWLs act as a group and are used to replace four

consecutive WLs when one of them is defective. Unlike

the single RWL replacement, four consecutive ad
redundant wordlines (RWL<4i:4I+3>) are controlled by
one corresponding redundant word line enabié
(RWLE<i>) signal and are driven from the same side of
the unit. Each adjacent four consecutive RWL group
are driven from the other side of the unit.

Figure 8 shows a detailed circuit of the



and t'he correspondi ng node N stays at a high | evel, not enabling WE (i.e.,
WE stays at a low |l evel). The nore detail ed operations to control WE and
RW.Es are described bel ow. Each row redundancy (RRDN) control circuit 31
conpares the row addresses (ADDRs) with its 7 programed fuse states and
activates either corresponding node Ni or RALEi signal. A sixteen input NOR
gate decoder 32 receives the outputs from tifpge nodes Ni. Wien at | east one
address in an RRDNi control circuit 31 does not match its programed fuse
state, the si gna&‘eahﬁdwlcyorxﬁa&&ﬂoruﬁﬁ@ctwe décddasr S(RREN) enkeia'pi ng the

correspondi ng RWéEi at, evel e C

programed fuse tlgtué: 'h%co??%%’ps%dlgnfg%éé Si g% &; ses) bu and
correspondi ng node NGR lgatm Wecader @ delshawn din Fisgae 9, f‘-”rmiFQDDNs
fall, WE rises, paBp@h dised ¥ e Milfredd AR WY Mot/ §iRRIdH thah, WE

r emai ns
programmed fuse state. As described above, the node N

falls in normal mode, because at least one FADDR goes
high. This disables RWLE activation even when signal
SET rises. In a redundancy mode, the node N remains
high, activating RWLE output and AND gate 83 when SET
rises.

Figure 10 shows a detail of the fuse latch .
(FLAT) in Figure 9, which acts as an address/fuse
comparator. The complementary metal oxide
semiconductor (CMOS) latch is coﬁprised of a pair of
cross—coupled inverters 101 and 102 providing
complementary outputs (via inverter 103) to transfer
gates 104 and 105. The latch is set in chip power-up

phase by signals FPUP and FPUN at the gates of PFET

106 and NFET 107, respectively, as shown in the

timing diagram of Figure 11. ADDR and ADDR are true

and complement row addresses, respectively. Both ADDR

and ADDR are low in a standby state. Either ADDR or

—— ) _— . <z
ADDR rises when RAS falls (i.e., ADDR rises when

the address is "0", and ADDR rises when the address
is niw), If a fuse 108 exists ("o" St;te), FADDR
follows ADDR. FADDR, on the other hand, follows

ADDR if the fuse is blown ("1" state).



| ow, Which is a redundancy node. In this redundancy node, the corresponding
RW'EI ri-ses, activating the correspondi ng redundancy wordline RALi. The
architecture requires one WLE signal, sixteen RALE<O 15> signals, and

si xteen N<O0: 15> signals for the outputs from RRDNs 31. Twenty address w res
for possible 1K replacenent are also required. In general, RRDN circuit
design space is determ ned by the nunber of 1m res, because devices can be
desi gned under the wires and the wiring space is nore than sufficient. The
architecture requi res The €Eadtldwing -dimcwsisian (@ssugedi tthar® t2o t he

necessary cont rol @by RAUIed | 105 ndest W0 dided 13 HidRIBIGH o7 ]

(52 [err] x 3) deS|g space, assumng a W ring pItC of 3 [err]. Accordlng
to a first aspect3Bf fhdL"nidnthsh £use ctaiR1aw-s FHOOR a@&qmlm

effectively r e?uce:isaddwhbgga;hed%ﬁ4m§@ms‘ Qilrott hﬁtl’c%id:tlh‘éa

circuits to only r [ shows | a architecture
as disclosed in U‘z"é §t'%ﬁ‘ﬁ N%%r%ﬁﬁﬁ “%Hﬁt%gﬁ ’\Mﬁ%ﬂ*qgﬁ
assumed for the preaenAmeyeggépgwgpped FADDR rises when the address

matches the.programmed fuse state (address/fuse match
detection). One FLAT is required for each address. In
ordér to allow 1K possible réplacement per array, ten
FLATs are required. .

According to another aspect of the inventioh,
there is provided a row redundancy match detection
circuit with interchanged self-timing generator that
eliminates an illegal normal/redundancy access
problem caused by the address versus time skew. In
general, there are two approaches fqr the redundancy
match detection; AND and NOR type. The match
detection decoder illustrated in Figure 8 is the NOR
type. Conventional AND type and NOR type decoder
operations are discussed next. Figure 13 shows a row
redundancy (RRDN) match detection circuit using AND
gates 132, where a signal FDDR is an output from a
fuse latch circuit (FLAT) 131. As shown in Figure 14,
signal FADDR rises if the corresponding address ADDR
matches the programmed fuse state. A redundancy match
detection RDMD<i> decodes all its FADDRs and controls
its corresponding redundancy-wordline-enable signal
RWLE<i>. Signal RWLE<i> will rise only when all its
FADDRs are high (all input ADDRs match the programmed
fuse states for its corresponding FLATs). A wordline-~
enable signal (WLE) from NOR gate 133, which



this architecture, each top/bottom 128-M half of the chip has an

I ndependent gl obal address bus 41 and 42, respectively. The 256- Mo DRAM
consi sts of sixteen 16- M units 43, one of which is shown in nore detai
in Figure 5. The 16-M unit consists of 8K wordlines (Ws). Any defective
element in the unit is replaceable by any of sixteen redundancy wordlines
(RW.<0:15>) in the redundancy bl ock 52. ThaW.s and RW.s are alternatively
driven fromthe left and right wordline drivers. Sixteen row redundancy
(RRDN< 0:15>) coattélatiesCdl nbrwhlanorilinegqiigt, wiabeel @nafleznch 16- M

unit. Figure 6 Sgg\fﬁx/bl;_g Sg(rit ?{ﬁ}&% lxyam%lﬁ'x rl%l\%l t I?O%ngWLEglg %:!.sesgemant

for the invention e ‘invention provides a
r edundancy contrbhecCDCUBSPQMHQuyﬂnﬁdunﬁanQYﬂ@DrédumﬁeMylde&utes de5|gn

space. This redughéggeas ﬁh%ﬂggjégééthHgﬂddfm&hOQ§h1a%@&6%% bus shared

wi th local rowredun ancy wres, (2) | .engt h-qne-way redundancy-enabl e
wires for doubl eSBRRAGIr oREFENESCC %1 Hﬁ§9> s high when the signal

SET falls.

In this- AND redundancy match detection, - the
timing for RWLE<i> is automatically generated by the
ADDR transition (FADDRs are generated by ADDRs). The

signal SET , however, must set the signal WLE> In

order to avoid an illegal WLE activation, the time

that SET falls must be later than the time that

RWLE<i> rises. Although the time that SET falls

could be determined according to the simulation
results, it must be sufficiently delayed to avoid
illegal WLE activation, resulting in a slow
operation.

Figure 15 shows a redundancy match detection
using NOR gates 152. As shown ‘in Figure 16, signal
FADDR rises if its corresponding ADDR does not match
the programmed fuse state. RDMD<i> decodes all its
FADDRs and controls its corresponding RWLE<i>. In a <
normal mode, all nodes N<i> fall when signals ADDR
arrive, activating WLE. A node N<i> remains high only
when all its FADDRs remain low (i.e., all input ADDRs
match the programmed fuse states). In this case, the
corresponding RWLE<i> AND gate 154 will be enabled
when the signal SET rises. WLE output by NOR gate 153



di stributed wordline enabl e decodes. (1) Split global address bus shared

wi th row redundancy local wires: The |ocal address wires are shared with

| evel two nmetal (M2) split global bus lines as described in U S. Patent No.
5,517,442 to Kirihata et al. RRDN circuits are laid.out under the wres.
This elimnates the necessity for the twenty address wires and devices for
RRDN circuits, while shortening the addresst3d nput wires for the RRDN

circuits fromthe gl obal bus lines. (2) Half-Iength-one-way
r edundancy- enam(¥%W4%%Sfb?WdbDbFEesFﬁéﬂnﬁﬁﬂFﬂéwaﬁy'bﬁ?&P%$gFPerHﬁ#>

redundancy (RRDNi%ﬂa’in@lﬁEglhIdeQ&bmﬂﬁé the thérh#£f tmode 9 hal f unit
controls the correspogfin géggé dund an ‘HH%E£L<QC7%éEKP ﬁh are
driven fromthe |eft g?% B §¥H§r %éﬂ&n#%ﬁvWQa Fesct g £5>)
circuits in the riighindiafér WLE Esnanbbmahiczbly epgpuechied doghFADPBRENdancy
wordlines (RW<8:1pde that FADDRs are generated by ADDRs). The signal

SET, however, must set the sighal RWLE<i>. In order

to avoid an illegal RWLE<i> activation, the time that

SET rises must be later than the time that a node

N<i> falls. Although the time that SET rises would be

determined according to the simulation results, it

must Be sufficiently delayed in order to avoid

illegal RWLE<i> activation, resulting in slow

operation. '

There is a requirement to des1gn a fast and
reliable row redundancy match detection. The existing
detections described above require timing for either
WLE or RWLE, resulting in an access speed penalty.

The access speed penalty would be increased for the
high density DRAMs (e.g., 256-Mb DRAMs), because the
DRAMs must handle many row redundancy'(RRDN) contact

circuits and the SET and SET timing must be

sufficiently delayed for all RRDN circuits. The
invention allows a fast and reliable redundancy match
detection by means of a NOR type redundancy match
detection with an interchanged self-timing generatorzg
Figure 17 shows a redundancy match detection
using NOR gates 172, where N<i> generated by RDMD<i>
is interchanged with the N<i+l1> (which is generated
by its adjacent RDMD<i+1>. N<i> is a timing signal
for setting RWLE<i+1>. N<i+l1> is a timing signal for
setting RWLE<i>. Note that RDMD<i> and RWLE<i+1> '



which are driven fromthe right drivers. This allows the maxi num nunber of -
paral | el redundancy wordline enable (RWE<O:15>) wires to be halved. (3)

Di stributed wordline enabl e decoders: The 16-input NOR decoders (32 in
Figure 3) which generate the signal WLE are distributed. The wires
(N<0:15>) for the inputs to the . distributed NOR gates are laid out in the
unused space for the redundant wordline enabbe (RAE<QO 15>) lines. This
results in the design space reduction for sixteen (N<O:15>) wires. The WE
signal is connectednnotbdehestdéhmlnﬁﬂumdascmipéedesmﬂib@hgnu§§§un@g-a

single W rep'aCGSEHBothQ@%&%%tet V&ﬂkhQnaﬁeuhﬁLE@1@99|ISQcEa%ea
mul ti-wordline replacenment. Figure ows ,a arran ement for t he

nul ti-wordline re%PéXeﬁEﬁtreﬁpngﬁ@qﬁfWFGGﬂlﬂfsaQré HimEcERPePet hey are

replaced with fousceesseapendone BWray.l AsOsHewnt dnaFligurap18o FAPDRSI bl e
si xteen repl acenent s

Four consecutive RWES a&?tgge céfg§%%§ﬁg§ggehﬂggd&982régﬁaéggﬁgﬂﬁﬂ%y ot ock.

consecutive W.s \wpeogpanmefl fheem istadef.cdt NOB. ROMD<fk2 deeodesghdlRiks

repl acement, fourFﬁBﬂﬁECHBhvéontrols its corresponding RWLE<i>. In a
normal mode, all nodes N<i> fall when FADDRs arrive,
activating WLE. A node N<i> remains high only when
all its FADDRs remain low (i.e., all input ADDRs for
the corresponding FLATs match the programmed fuse
states). In this case, N<i+l> generated.by the i
adjacent RDMD<i+1> falls, activating the
corresponding RWLE<i>. WLE remains low in the
redundancy mode, because the N<i> remains high,
disabling the normal mode.

The redundancy match detection is accomplished
completely as an address driven circuit. No speciai
timing generator is necessary. The adjacent RDMD<i+1>
acts as a timing generator. The timing skew between
N<i> and N<i+l1l> would be very small, because
RDMD<i+1> uses the exact same layout of the RDMD<i>
and is implemented near RDMD<i+1>. Almost no
additional margin is required, resulting in a very
fast and reliable redundancy match detection.

According to another aspect of the invention, a
'sample wordline enable (SWLE) generator is provided
which allows SWLE to set sample wordline (SWL) at a
time when wordline enable (WLE) signal sets the
wordline (WL) regardless of normal or redundancy
mode, while tracking the delay for the redundancy
match detection. As before, the following discussion
assumes a redundancy array architecture which allows



reduridant wordl i nes (RW.<4i:41+3>) are controlled by one correspondi ng
redundant word |ine enable (RWE<i >) signal and are driven fromthe sane
side of the unit. Each adjacent four consecutive RAL group are driven from
the other side of the unit. Figure 8 shows a detailed circuit of the 10
redundancy match detection decoder (RRDN) 31 in Figure 3. It consists-of
fuse | atches (FLATs) 81 and a NOR gate decot®r 82. As shown in Figure 9,
signal FADDR rises if the address ADDR does not match the programmed fuse
state. As descri Uete apep@irt € npdéoNsixteeni fawbesmin nodes-KBochBAY, at

| east one FADDR qesndli gt IbhSr8iss aBhanaBNLF PRGNS i D5 PVEHnibEn Signal

SET rises. In a redundancy node, the node N remains, high, activating RALE
out put and AND gt BBLYH RS SEovRsd8. FEgRtieet 1016 ureheni asgpmede f use
|l atch (FLAT) in Mgt ewSraybhéeéh(wL)s sedandadey essrdlifes (RWL<0:15>),

and sample wordline (SWL) are set by the wordline
enable (WLE) signal, the redundancy wordline enable
(RWLE<0:15>) signal, and the sample wordline enable
(SWLE) signal, respectively. '

Each RDDN compares the row addresses ADDR with
its programmed fuse states, and activates either
corfesponding N or RWLE signals. When a RRDN'detgctg
a normal mode (at least one address does not match

" its programmed fuse state), N falls. When RRDN
detects a redundancy mode (all ADDRs match their RRDN
programmed fuse states), the corresponding RWLE
rises. WLE rises only when all sixteen Ns fall, as’
shown in Figure 3. ; ;

A sample wordline (SWL), which simulates WL

rising/falling delays, gives an ideal timing for the

bitline sense operation. It is important to set SWL
at a time that WL is set. Figure 19 shows the
existing SWLE generator to set SWL in the form of OR
gate 191. With reference to Figure 20, when either

WLE or RWLE rises, SWLE rises to set SWL. There is,

however, a concern. The time at which SWLE sets SWL
depends on whether the chip is in normal mode or

redundancy mode. This SWLE timing change may cause a't

potential timing problem depending on the access
mode, resulting in reliability problems. The concern
becomes significant if one SWLE is shared with other

units to save power dissipation, because the time (a)
or (a’) at which SWLE sets SWL is completely
independent of the time (b) at which WLE sets WL (or



conparator. The conpl enentary netal oxide sem conductor (CMOS) latch is
gonhprised of a pair of cross-coupled inverters 101 and 102 providi ng
conpl ementary outputs (via inverter 103) to transfer gates 104 and 105. The
latch is set in chip power-up phase by signals [err] and FPUN at the gates
of PFET 106 and NFET 107, respectively, as shown in the timng di agram of
Figure 11. ADDR and ADDR are true and conpkE&nent row addresses,

respectively. Both ADDR and [err] are low_ in a standby . sta Elth r ADDR
or [err] r|sesthﬁeﬁlmﬂs(babl@t(Nh§°h|ﬁﬁﬁﬁlSeFFsggL%héﬁ P%E is

"0", and ADDR rigsgsuifeRgt B8 J¢&RAFS dientl'slignkll defvaiepﬁl@&te)tlmtes fid"
State), FADDR follows AE§R FADDR, on the other hand, follows [err] | f

the fuse is bl owioPe1ed{Sre) . 11 The fol | owi ng di scussi on assunes t hat
a programred address Figare021i ishidws ﬂmseSM§EthnBrgmnranGcardEnq1tqrma

fuse I's bl own. FéEEPHQQSBEq ﬂglmhere two 8-input NOR gates 211 and
212 and one AND gate 213 compose the 16-input NOR WLE
generator. A SWLE signal is given by using row
redundancy match detection. One two-input OR gate 214
allows the time at which SWLE sets SWL to be the same
as the time at which the WLE signal sets the wordline
(WL) . The tlme at which SWLE sets SWL remains
consistent regardless of mode (normal or redundancy),
eliminating the existing reliability concern. This
two-input OR combined with row redundancy match
detection works as an ideal sample wordline enable
generator. As shown in Figure 22, the time at which
SWLE sets SWL is the same as the time at which WLE
sets WL. The signal SWLE can accordlngly set SWL
without using RWLEs even in a redundancy mode,
because either node 0 or 1 rises. Note that only one
RRDN can detect a redundancy mode in each RAS cycle.
Consequently, the time at which SWLE sets SWL is
consistent regardless of the mode (normal or
redundancy) , while tracking the delay for the
redundancy detection. The time at which RWLE set the
corresponding RWL in the redundancy mode is earlier
than the time at which WLE sets WL in the normal modét
because RWLE is directly activated by the
corresponding RDDN circuit. SWLE sets SWL later than
RWLE (the set time of SWLE is the same as the set
time of WLE in the normal mode). This should not be a
problem (or may be an advantage), because this

increases the signal development time for the row



ri ses when the address does not match the programmed fuse state
(address/fuse unmatch detection). If ADDR and ADDR are swapped, FADDR ri ses
when the address nmatches the. progranmed fuse state (address/fuse match
detection). One FLAT is required for each address. In order to allow 1K
possi bl e repl acenent per array, ten FLATs are required. According to

anot her aspect of the invention, there is p1r7ovi ded a row redundancy natch
detection circuit wth_i nterchanged self-timng generator that elim nates
an illegal normal® T yc@ttess probl em caused by the address versus
time skew. In general OﬁélesteLaIElt!\@ appigead ein fdre tdentread witlatleg mat.ch

detection; AND a p. h I din
Figure 8 is the %:}%Jﬁ ar‘lve tIO%féJ g%?c{g ﬂ%ﬁ%a}é Aﬁ%co
operations are dlw&heﬁlx&gur&m&ss%ra ﬁhﬁ\/u@cﬁjmdys%@m

mat ch detection t SELEB 2( boEs: Sl oFrPs i ggan
out put from a fus%gél:;% pﬁoﬁ\' IXQZ(EA%ﬁ %31( slﬁoa% |n Foure ,’Ljilﬁ si gnal

FADDR rises if t@%&*@%ﬁﬁ%ﬁﬁﬁ?@s@bﬁm m%rﬁ? edikbed fuse
state. A redundan@e @& hslowest redundancy match detection points in

the chip. SWL is set when either SLWEt or SWLEDb is
activated. f .

One SWL 241 is designed in each 16-Mb unit as
shown in Figure 24. SWLE is generated by using
'sixteen RDDNs 242 in each unit. This architecture has
an additional advantage that SWLE sets SWL, while
tracking the address wiring delay. '

‘While the invention has been described in terms
of preferred embodiments, those skilled in the art
will recognlze that the invention can be practiced.
with modlflcatlon within the spirit and scope of the
appended claims. It will be appreciated that the
purposes of the present invention have been met;
specifically to provide an ideal arrangement for
redundancy-match-detection-decoders to reduce the
design space, to allow fast and reliable redundancy-
match-detection, and to realize a fast and reliable
sample wordline enable generator using redundaﬁcy—
match-detection post decoders. '



det ect’i on RDMVD<i > decodes all its FADDRs and controls its corresponding
redundancy-wor dl i'ne- enabl e si gnal RWE<i >. Signal RMLE<'>—MLL“‘LL%§T32LX\__‘
when all its FADDRs are high (all input ADDRs match the programe

states for its corresponding FLATS). A wordline- enable si i’mlmm #ﬂ
NOR.gate 133, which 12 activates a normal wordline (vm Eﬂﬂh
only if all RALEs remain low. If one RALE<i 1&ises, the: corre%pdnmn1 *
redundancy-wordline will be enabled. In this case, the normal will not be

enabl ed, because one RW.E<i > i s hi gh when €e™ gnal SET falls. In this-
AND redundancy mat ch detection, the timng for RALE<i > is autonatically

generated by the ADDR transiti FADDRS . enerated .b The
signal [err] , howevel}; %é‘l’étﬂ%s’gfbﬁ%‘ﬁ %ﬁ_ HVE q-f‘lual ‘% %1\)‘/0?’3 an
il legal WE acti vatliadm ashenew mdh@tES{.E@r@ofsaed:la:enm IsttetsrPatentt he
tinme that is as follows:

1. A random access memory redundancy block
architecture comprising:

a memory array, said memory array being divided
into two halves, each said half including a plurality
of memory units, each said memory unit including a
primary wordline block, a redundancy'wprdline block |
and a row redundancy control circuit;

a split-global-bus with local row redundancy
wires, each said half of said memory array having a
"global bus on one side;

a local bus between said global busses;

a plurality of distributed wordline enable
decoders, one for each of said memory units; and

half-length-one-way row redundancy-distributed
wordline~enable-signal wires connecting said
distributed wordline enable decoders to said split~
global-bus, said half-length-one-way row redundancy-
distributed wordline-enable-signal wires allowing
space in which said distributed wordline enable
decoders are fabricated.

2. The random access memory redundancy block
architecture recited in claim 1 wherein the
redundancy control circuit for each said memory unit
is located at a bottom of the memory unit.

3. The random access memory redundancy block



RW.E<i > rises. Although the time that [err] falls could be determ ned
according to the sinmulation results, it nust be sufficiently dé
avoid illegal WLE activation, resulting in a slow oper_famm' ' '
shows a redundancy match detection using NOR gates 152. ’s"mmnmmﬁmre
16, signal FADDR rises if its correspondi ng ADDR doesinot rfatc¢h #hes = .
programmed fuse state. RDVD<i > decodes all i1% FADDRs and controls its
corresponding RALE<i >. In a normal node, all nodes N<i> fall when signals
ADDR arrive, actiA@E¢hteeeure negdtrdi inr ehains2 Hvhgrew yEhwen all its

FADDRs remain | owdddendaity ESREEADERETRE Chot Nead O BdTREmbHG CuRit @t es) .

In this case, the _correspondi ng RW.E<i > AND te. 154 w || e enabl ed when
the signal SET ridRe SHE ShiBAre pSVRBRE GY; ESdundancy Aecoders. | 83PN t ho
redundancy node, kechliste¢ddeN<geneeatensdai ghrrespaidimy tdwe nor mal node.

redundancy enable signal and controls a corresponding
row redundancy wordline in row redundancy wordlines
in the row redundancy block of the memory unit.

4. The random access memory redundancy block
architecture recited in claim 3 wherein at least two
row redundancy decoders are horizontally arrangeﬁ
along a wordline direction. ' 1

5. The random access memofy redundancy block
architecture recited in claim 4 wherein redundancy
wordlines in the redundancy wordline block are
interleaved with half said redundancy wordlines
driven from a left side of the redundancy wordline
block and half said redundancy wordlines driven from
a right side of the redundancy wordline block.

6. The random access memory redundancy block
architecture recited in claim 5 wherein redundancy
decoders in a left half of the redundancy wordline
block are assigned for the row redundancy wordline in
a left half of the redundancy wordline block and
decoders in a right half of the redundancy wordline
block are assigned for the row redundancy wordline in
a right half of the redundancy wordline block.

7. The random access memory Yedundancy block
architecture recited in claim 6 wherein row
redundancy enable signals in the left half of the row



In thls NOR type redundance match detection, the timng for WE i
automatical |y generated by FADDRs (note that FADDRs arRWlmm “‘ H“\
ADDRs). The signal SET, however, nust set the signal

avoid an illegal RWE<i > activation, the tinme that SETlrISES nust be Iater
than the time that a node N<i> falls. Although the time that SET rises
woul d be determ ned according to the sinuléﬂlon results, it nust be
sufficiently delayed in order to avoid ille RWLE<i > activation,

resulting in sl ok SSPEIARNDH. Comerel | Rleck r%%ﬁﬁﬂ Q) TRl a fast and
reliable row redwaiaraspdrai iy OLeéneCfedxﬁhdéﬁt@ exdrdl ipgleiecihenbegescri bed

b t f h WL d
penal ty. The. acc 8ot st i FRIYRATY 1 FHOIS IR A7 P g dend ty
DRAMs (e.qg., ZSGMWY dreattallLes es 1 duea BRANS trhstrightdll'aahfarryf rcne
redundancy (RRDN) ﬁﬁ%ﬁ\ﬁn%@ltﬁfm@%}é%ﬁgéd {t‘&:%‘ft be

sufficiently deIayed for Ircuits he 1 nvention a fast and

reliable redundaﬁ@frm%%cﬁQ%rrﬁum srordNares i thejuntgity match

half of the redundancy wordline block so as to leave
unused wiring space for other purposes in a central
portion of the redundancy wordline block.

-8. The random access memory redundancy block
architecture recited in claim 5 wherein said
distributed wordline enable decoders comprise at
least one decoding stage generating wordline enable
signals, each said stage having'corresponding sub-
decoders which decode at least two sub-wordline
enable signals, the decoded result of each sub-
wordline enable signal being input to a next stage of
the decoder, thereby reducing parallel wires of the
sub~wordline enable generators.

9. The random access memory redundancy block
architecture recited in claim 8 wherein the sub-
decoders are centrally located so as to reduce wiring
lengths.

10. The random access memory redundancy block
architecture recited in claim 8 wherein row
redundancy enable signals in the left half of the row
redundancy control block are wired to coﬁ%rol
corresponding row redundancy wordlines in the left
half of the redundancy wordline block and row
redundancy enable signals in the right half of the



detecCtion with an interchanged sel f-tinm ng generat Lgure 17 shows a
redundancy mat ch detection using NOR gates 172, mﬁetg\EE?S‘QEﬁeﬁang\by
RDMVD<i > is interchanged with the N<i+l> (which is |ts adjacent
RDMVD<i +l >. N<i> is a timng signal for setting RmL

timng signal for setting RALE<i >. Note that RDVD<| > andL

cannot detect the redundancy node sinultanedlisly and cannot - actlvate tmo

RW.E<i > and RW.E<i +| >, because only one redundancy wordline at a tinme can
be accessed in omevarredundancyoaantiofi BPek 18re FADEFE r§Q eSONErPle

dce){:(rjgzgog_?: nlgt ?DEEIQQ@%‘%S&:LHQE foldt Qégﬁhagh@m&ayﬁﬁemethé NEBhRDVD<I |>
DDRs controls its corres < a.no
node, all nodes MELf fof |t %eﬁeﬁﬂmcé{rVPGgf g%'?'l’#%?k ng° VEE. tﬂ Eg&geNLInE

remai ns hi gh onl yanusa abiring £PEERs ineancentopal (porxtioml ofibhet ADDRs for
the Correspondin%_F;Nﬁaﬁg§qQ tHfiﬁéogiggﬂ?dtﬂgSshb-decoders being
located this central portion so as to reduce wiring
lengths.

11. The random access memory redundancy block
architecture recited in claim 1 wherein said memory
‘units in each said half of said memory array are
arranged in parallel to form a bank in which address
bus lines are shared with all the redundancy block
bus.

12. The random access memory redundancy block
architecture recited in claim 1 wherein the row
redunaancy control circuit for each said memory unit
comprises:

a plurality of fuse latch circuits each
receiving addresseé from a global address bus, said
fuse latch circuits generating outputs corresponding
to whether a fuse exists or is blown;

a plurality of NOR gates connected to receive
outputs from corresponding groups of fuse latch
circuits and generating decoded output signals;

a plurality of AND gates, each connected to an
output of a cofresponding one of said plurality of
NOR gates, said plurality of AND gates beiné enabled
to generate redundancy wordline enable signals; and

a logic circuit connected to receive the decoded
output signals from said plurality of NOR gates and
generating a wordline enable signal whereby



statés). In this case, N<i+1> generated by the adj ac I +1> falls,
activating the correspondi ng RALE<i >. WLE remains low.in the ancy
node, because the N<i > remains high, disabling the;néﬂ

The
redundancy match detection is acconplished conpl et el *mm@éﬂ riven
circuit. No special timng generator is necessary.' The adj ace I +1>
acts as a timng generator. The timng skewvdetween N<i> and N<i+l > woul d -
be very snall, because RDVD<i +1> uses the exact same |ayout of the RDVD<i>
and is inpl enent epdurdamErDrateh. datreEioRolgdrrEPBRbIShed gFAMPdetedyi r ed,

resulting in a veyy d@sia@pdssehiabkn eegaE8NENePEbE e TBhERALOAg AgCOr di Ng
to anot her aspect, of the invention

., a.sanple wordline enable (S
generator is proﬂjd]e%g%i’éﬂr’&?ilsmdgﬂﬁéngg 2EreEs M P hor of it e%é%’) at a
time when wordl i nRidareds evéibhys siphalb skes.the wordline (W) regardl ess of
normal or redundancy node, while tracking the delay for the redundancy
mat ch detection.” As before, the follow ng discussion assunes a redundancy
array architecturld wifhée wahdos access memory redundancy block

architecture recited in claim 12 wherein said
plurality of AND gates are enabled by adjacent
decoded output signals from said plurality of NOR
gates acting as a timing generator, minimizing timing
skew.

14. The random access memory redundancy block
architecture recited in claim 12 wherein the logic
circuit comprises:

first and second NOR gates connected to receive
first and second groups of decoded output signals
from said plurality of NOR gates; and

an AND gate connected to receive outputs from
said first and second NOR gates to generate said
wordline enable signal.

15. The random access memory redundancy block
architecture recited in claim 14 further comprising:

a two-input OR gate for each said row redundancy
.control circuit connected to receive the outputs of
said first and second NOR gates and generating a i
sample wordline enable signal; and N

a sample wordline circuit responsive to the
sample wordline enable circuits, said sample wordline
circuit being set at a time when the wordline enable
sets the wordline signal regardless of normal or

redundancy mode, while tracking a delay for



15 tihé repair of up to sixteen faults in a 16-Md DRAM using sixteen row
redundancy (RDDN<Q 15>) control circuits as shown in Figure 4.

further assunmed that wordline (W), redundancy mordlfﬁgg_(RWEZO~15>}—~and
sanple wordline (SW) are set by the wordline enable (

redundancy wordline enable (RWE<O: 15>) signal, and t Egﬂyﬂ

enabl e (SW.E) signal, respectively. Each RDBR conpares T he raow

ADDR with its progr d fuse states d activates either correspondlng N
or RW.E signals. 3ﬁ§ﬁH§ RﬁﬁNWﬁEﬁQﬂ%P%f%kﬁ node (at |east one address
does not match its progranned fuse state) N falls. When RRDN detects a

redundancy node ( @@&ﬁ dclupgoskates), the

correspondi ng RAL rlses rlses oni rﬁr gggtg& %g all, as shown

in Figure 3. A sdﬁﬁ?blﬁéﬂéurﬁeIF¥NW99d\Mﬂ(9¥&§Wnﬁﬁaﬂb§rﬂﬁn said sample
wordline circuit is located in a center of a chip on

which the random access memory is implemented.

17. The random access memory redundancy block
architecturé recited in claim 15 wherein said sample
wordline circuit is a distributed circuit
incorporated into the row redundancy control circuit
for each said memory unit. S



rising/falling delays, gives an ideal timng for the bitline sense
eperation. It is inportant to set SW. at ‘atinme that W. is set. Figure 19
shows the existing SWE generator to set SW. in the formof OR gate 191.
Wth reference to Figure 20, when either W.LE or RALE rises, SWE rises to
set SW.. There is, however, a concern. The tinme at which SWE sets SW
depends on whether the chip is in normabgnode or redundancy node. This SWE
ti mng change nmay cause a potential timng problem depending on the access
nmode, resulting in rel ROWIREDUNDANEYSsBLOGK ABGEHTECIdRAes significant if
one SWE is shared with other units to save power dissipation, because the
time (a) ABSIRACHt which SWE sets SW is conpletely independent of the
time (b) at which W.E sets W. (or. ., 16 the tifrt]eztiéjbl) @iﬁ\g@iph RWE sets
RW) in other Rew redupdangy copgol Gircus (¥ iwinehhe elxire OERERICe AT f or
some cel | gfranged parallel to word direction and are arranged at the bottom of the redundancy

block (52). This architecture change makes it possible to effectively lay out the
redundancy control bloci( by introducing, split-global-bus (41, 42) shared with local row
redundancy wires, half-length-one-way row redundancy-wordline-enable-signal wires
which allows Space saving, and distributed wordline enable decoders designed to take
advantage of the saved space.

Fig. 4



Fi giw.e 21 shows the SWE generator according to the invention, where two
%€ nput NOR gates 211 and 212 and one AND gate 213 cdnpose 'the 16-i nput NOR
WLE generator. A SWE signal is given by using row redundancy match -
det.ection. One two-input OR gate 214 allows the tinme at which SWE sets SW
to be the sane as the tinme at which  the E signal sets the wordline (W),
The time at which SWE sets SW r emai ns'/dénsi st ent regardl ess of node
(normal or redundancy), elimnating the existing reliability concern. This
t wo-i nput OR. conbi ned with row redundancy match detection works as an i deal
sanpl e wordline enabl e generator. As shown in Figure 22, the time at which
SWLE sets SW. is the sane as the tinme at which W.EE sets W.. The signal SWE
can accordingly set SW. wi thout using RALEs even in a redundancy node,
"because ei ther_naode [ises Noie that DN ca ecg a

or ‘
dund ' RAAS | B q t 4 t ich $WLE
' ggtgnsazcysngcﬁgwgt2:faMe aﬂg%gs éﬁﬁ?rg gﬂfricdﬁgg,cy;, whi | e

de
tracking the ¢ f b he fir, npa gejt i i it i ch RWLE set
e U | PONIT"S (R URY T GGt ONFP 1] Uiy

U (D

[

)

16M | 116M | ]16M | |16M ||16M | |16M |{16M | |16M
UNIT §{ [UNIT | fUNIT | [UNIT | JUNIT | JUNIT | [UNT | JUNIT

10 -~ HGA

16MbUNIT

| 21
N
22 X |
U ]
\ REDUNDANCY
_ » ARRAY

RWL<0:15> !

FG.2




corraesponding RAL in the redundancy node is earlier than the tine at which
WLE sets W. in the-normal node because RWE is directly activated by the
corresponding RDDN circuit. SWE sets SW. later than RALE (the set tine of
SWE is the sanme as the set tine of W.E in the normal node). This should
not be a problem (or may be an advantage), because this increases the
signal devel opnent tine for the row oredundancy cells. One SW 231 is
designed in the center of the chip and shared with other 16-M) units as
shown in Figure 23. Sixteen RRDNs 232 in the unit are used for the SWEt .
(top) and SW.Eb (bottom) generators using the circuit described above. Note
that these units are the sl owest redund@hey natch detection points in the
chip. SW is set when either SLWEt or SW,Eb is activated. One SW. 241 is
designed in each 16-My unit as

&2 16-INPUT-NOR FOR WLE DECODER
N, . N
RWLE<O> f NCO>  RWLECD T N> RWLE<15> T | N¢t55
RRONKO> [—————- RRONG> [———="—77 RRDN<i5>
| ADDR's

g - L o
- ) | € —>
RES | RIECID
RYLECD> @_g 2!3 RYLECI3)
L ) i
RILECT> | RWLEC14>
- i
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shown in Figure 24. SWE is generated by using sixteen RDDNs 242 in each
unit. This architecture has an additional advantage that SWE sets SW,
while tracking the address wiring delay. Wile the invention has been
described in terns of preferred enbodi nents, those skilled in the art wll
recogni ze that the invention can be practiced with nodification within the
spirit and scope of the appended clains, |t wll be appreciated that the
pur poses of the present invention have %é@% nmet; specifically to provide an
i deal arrangenent for redundancy-nmatch-detection-decoders to reduce the
design space, to allow fast and reliable redundancy- match-detection, and
to realize a fast and reliable sanple wordline enabl e generator using
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claimas new and desire to-secure by Letters Patent is as follows: 1. A
rrandom access nenory redundancy bl ock architecture conprising: a nenory
array, said menory array being divided into two hal ves, each said half
including a plurality of nmenory units, each said nenory unit including a
primary wordline block, a redundancy wordline bl ock and a row redundancy
control circuit; a split-global-bus with |ocal row redundancy wres, each
said half of said nmenory array having4é1%lobal bus on one side; a |ocal bus
bet ween said gl obal busses; a plurality of distributed wordline enable
decoders,-one for each of said menory units; and half-Iength-one-way row:
redundancy-di stri buted wordline-enabl e-signal wres connecting said
di stributed wordline enable decoders to said split- gl obal-bus, said
hal f -1 engt h- one-way rjow r gdundancy- di stri buted rdlj pe-enabl e-si gnal

[ enabl e decoders are

fabri cat ed.
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2. The random access nenory redundancy bl ock architecture recited in claim
s1 wherein the redundancy control circuit for each said nmenory unit is

| ocated at a bottom of the nmenory uni't. 3. The random access nenory
redundancy bl ock [err] 19 architecture recited in claim2 wherein the
redundancy control circuit for each said nenory unit has two or nore even
row redundancy decoders, each said decoder generates da correspondi ng row
redundancy ‘enabl e si gnal and controlsfﬂwﬂorresponding row r edundancy
wordline in row redundancy wordlines in the row redundancy bl ock of the
menory unit. 4. The random access nenory redundancy bl ock architecture
recited in claim3 wherein at | east two row redundancy decoders are
horizontal ly arranged along a wordline direction. 5. The random access
menory redundancy bl ock -
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architecture recited in claim4 wherein redundancy wordlines in the

s edundancy wordline block are interleaved with half said redundancy
wordlines driven froma left side of the redundancy wordline block and hal f
sai d reédundancy wordlines driven froma right side of the redundancy
wordl i ne bl ock. 6. The random access nenory redundancy bl ock architecture
recited in claimb5 wherein redundancy decoders in a left half of the
redundancy wordline bl ock are assigned 6/d2 the row redundancy wordline in a
| eft half of the redundancy wordline block and decoders in a right half of
t he redundancy wordline block are assigned for the row redundancy wordline
inaright half of the redundancy wordline block. 7. The random access
menory redundancy bl ock architecture recited in claim6 wherein_row
redundancy enabl e signals infllke left half of the rqwrﬁf—??—reﬁﬁﬁdﬁﬁby
control block are w ™

vler

sler
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correspondi ng row redundancy wordlines in the left half of the redundancy
mordl i ne bl ock and row redundancy enable signals in the right half of the
row redundancy control block are wired to control correspondi ng row
redundancy wordlines in the right half of the redundancy wordline bl ock so
as to | eave unused wiring space for other purposes in a central portion of
t he redundancy wordline block. 8. The random access nenory redundancy bl ock
architecture recited in claimb5 wherei #/%ai d di'stributed wordline enable
decoders conprise at | east one decodi ng stage generating wordline enable
signals, each said stage having correspondi ng sub- decoders which decode at
| east two sub-wordline enable signals, the decoded result of each sub-

wor dl i ne enagbﬁ S|gnalnmm“ng input to a next stage of the decoder, thereby
reduci ng par 3 W reg of the sub-wordline enable generators. 9. The

random access ey redundangy bl ock architecture recit edibd0x! ai m 8
wherei n the sub=Zygoor r SOMK® alTy Tocqted so as to reduce wring
| engt hs. L - .
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10. The random access nenory redundancy bl ock architecture recited in claim
8 wherein row redundancy enable signals in the left half of the row
redundancy control block are wired to control correspondi ng row redundancy
wordlines in the left half of the redundancy wordline bl ock and row
redundancy enable signals in the right half of the 21 row redundancy
control block are wired to control correspondi ng row redundancy wordli nes
in the right half of the redundancy woﬂUﬁEne bl ock so as to | eave unused
wiring space in a central portion of the redundancy wordline bl ock, the
sub-decoders being located this central portion so as to reduce wring._

| engths. 11. The r%ndon1access menory redundancy bl ock architecture recited
in claima1l wherei ntlsai ' ' id half of said nmenory array
are arranged in parallel to forma bank in whigh address
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bus l.ines are shared with all the redundancy bl ock bus. 12. The random
;Aaccess nenory redundancy bl ock architecture recited in claiml1 wherein the
rOM/redundancy control circuit for each said nenory unit conprises: a
plurality of fuse latch circui'ts each receiving addresses froma gl oba
address bus, said fuse latch circuits generating outputs corresponding to
whet her a fuse exists or.is blown; a pl Qfllty of NOR gates connected to
recei ve outputs from correspondi ng gro Z of fuse latch circuits and
generating decoded output signals; a plurality of AND gates, each connected
to an output of a corresponding one of said plurality of NOR gates, said
plurality of AND gates belng enabl ed to generate redundancy wor dl i ne enabl e
signals; and a Il N _cormected to recekw C ORIER0>

out put . si gnal s -f£+¢% {sai DM@K(D S and gen rdline
enabl e signal whete
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22 redundancy match detection is acconplished conpletely as an address
driven circuit thereby elimnating an illegal normal/redundancy access
probl em caused by address versus timng skew. 13. The random access nenory
redundancy btock architecture recited in claim12 wherein said plurality of
AND gates are enabl ed by adjacent decoded output signals fromsaid
plurality of NOR gates acting as a tining g erator, mnimzing timng
skew. 14. The random access nmenory redun g @£ bl ock architecture recited in
claim 12 wherein the logic circuit conprises: first and second NOR gates
connected to receive first and second groups of decoded output signals from
said plurality of NOR gates; and an AND gate connected to receive outputs
fromsaid first and second NOR gates to generate said wordline enable
signal. 15. The random access nenory redundancy bl ock
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archi.tecture recited in claim14 further conprising: a two-input OR gate
for each said row redundancy control circuit connected to receive the
outputs of said first and second NOR gates and generating a sanple wordline
enabl e signal; and a sanple wordline circuit responsive to the sanple
wordlirne enable circuits, said sanple wordline circuit being set at a tine -
when ‘the wordline enable sets the mordll?$25|gnal regardl ess of normal or
redundancy node, while tracking a del ay [err] redundancy

mat ch operation. 16. The random access nenory redundancy bl ock architecture
recited in claim15 wherein said sanple wordline circuit is located in a

center of a chip on which t a menory is inplenented. 17. The
random access nmenor —*edund2§9§m@13@$.ﬁﬁghitecLuLe Leaited in claim15
wherei n said sanplenmorﬂ bne CIFCUIH is a distributed circuit
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I ncorporated into the row redundancy control circuit for each said nenory
unit. -
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