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513ml [0 firm: a [10er mm} line pnwidud curresponuing to
an addmmmf raw inm 3 mkwted sum: an: pnwiiimfl mm:-
mrmriing, m mummy arrays. MM) kn M323“ A column
duucsdm ”H! ‘vs prm'ixkzd bumwn mummy arrays MA" and
MA! to duwdu a whim“ uudrcss signal to: select an
uddressxcd ufiiumu. am? 3150 a £363an dbccnéer Yl is pm“
vidud butwmn mummy arrays MA}. um} MAS

The semicumiucim‘ mammary device funhca“ £32111ch waft:
liemdxzrs SD“ ru 393 w 510m 3 mw addrcas a: which a
dcfuzrtiw mummy; call is pin-soul! maximum in wart? {inc
(dcfcctiw mum} ward Zinc) curmwunding my this; (k: Ezeiivn
raw addmx‘s if: :3 max :in sun: when the {Isibcsiwz row

i5, addressed and drive :1 wflcugmnding 513ml“: wmd lint: mm
a xulwcu make, an (m cucuil 150 m mumvt: wrung fiignals
from spam: ficuesdfirs SD!) and SDI. and an QR cirwi! C31 in
rcwiw Dumas signals Foam spam tiuwcicm 5132 mg? SIB.

The: Output signals 0f {CIR circa: _ ”fl and Cd are pruviéed
in wmmcm is?- 51331:; ward ‘2qu driving circuiu; included in
row dcmdem XCD Ea 31:3. Span: dccodum SDI] ice $33 an:
mmmmly pmmdmfl WE: array mime» aigna} him awn-2 and
an»! m warm was: :3“ mmmry arrays; MM! m MAS and
wim hum—army Mamas signuis hits at} m 3&3 m mare-$8 :1
mw in the mummy army. Row ducudurs XS) :0 X3 an:
pmvidcd wigh army azisiiraass signai biis 351-2 and an- I, and a
row dwmkr E39; mummy! when a umr‘rrfipnm‘éng, mnmrary
army is midrcmud, GR circuits; on am! CH fiach cmmsepfmd
M [Ma spare wm‘fl lines. watvidcd fur cmh of mummy armya
MN? 10 MILK
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Lat us assume that mrmai ward linca W0 and W1 arr:

defmfiw in mummy army MAIL that a mama! ward Eine W3
in mummy array MA] i5 dcfkciivfi, and that 32 animal ward
(in: “W3 in mummy army MAZ is. dufcclivu. 1:: mi man the
many, ut’ word line W!) is pmgmmmud in spun: afccader
551130. while {he address 93‘ word Em; WI i2: pmgmmmcd in
apart: demdm SD?“ This acidrma Bf Burma] Mini 1an W2 3'51
pmgrammcfl in 9.13am fiscmim Silk am! the gtédress a!
normal mud aim: W3 m gu'ugramnwd in swam: {Ima’xdzar 3m.

0R. cirmit GU seficcis; mic- a? aim-are ward Einus SWO“.
SWIG, SW21} 321:1 SW33, and the «111m! sigma! ufffil circuit
('31 mimtm on: m“ apart wwd Hum SWflL SW“, SW21 and
SW31.

When “urinal awn} line W9 is addms’aed. 1m: umpul
signal ufspar: Licmdaii 3D“ is urivmn inm Ii $1665.55} status,
and the «wuspui (1-? ()8: sirauii (30 is; actiwmi. In {his mam,
army mime-:55 Eigual bias 39-2 and and acliwiu mu dccwcr
:(n, and if}: Tamaininé; mw :Iccmiem X) m X3 arr; mgzin“
mined in a mumfliw 5mm. Thus, :1 mm! 11m: dréving dram}
incluuud m mw Suwdm' Pit} drives apart weed 1313;: SW01")
Emu a minded my; in rcspunsu m 1m: {aulpul Sigufl 01‘ OR
Circuit (30. A? {his tifilt‘. in mm decoder PM. a decade circuit
pmvidcd wm'sgivndmg up mums! ward Hm: wu is. min-
minur? in a nan—actixm sum, A5; :3 resuiL ciai‘ewive mama}
ward lint W11 is mpiamcz} with 5mm mud Em: SW45}.

lfdéfemiw mutual ward tine W1 {5 addresszci, that output
signal of spam: flectmr $132 mains an {I laws} in a selected
51am» [he Ouiput signai OF OR cimlil £11 :zlminzs an H level.
and smart: ward ling SW01 is selected. If defwtévc :10me
mm] lina W2 is 3di§r3$fii§d, the cmmu! xiigm} us“ 51mm
demdw 3133 aliaim. an H lm‘el in a Sclwlcij slain, [he 0:: 1pm
signai wt" UR circuit (31 mains an 1-) level, am? spam WW3
liuu $W11 is 51:19am, If duf live nurmul ward Em W3 is

addressed! 1m: uutpuz higua] 01' spare: dccudur 3m aiming; m
H lava} in .1 :zaieczefi $.1ng and 53m: ward line 3W3} Ia
sulculcd by {312 circuiz. G13 awmciingty. Mart spamming
Llcfccuve mumal W093 films W1}; W1, W2 and W3 an:
replaced wilt: spam wort! lines SW90 SWIM, SW]! and
SW20, rusgeuziwflyn

In this fluxiblc rtadusazjamty scshemu shows: in HQ” 533 a
single 5mm wwd Hm: can ht: activnlcd hyan'y {an2 111133121in
uf 5pm: duwduzg. Ear example? mum ward Eim: 31553“ can
he drivm mm a saieflcd flute by awn duwdcr 5m} uc SIJL
A single span: claw-3r um drive any (if a plulaiiiy {if spam
ward line Emu a SCIIL’CECF} slate. Pm: exzimplz, wan: dccudur
3200 can min: any 42? «3939:: word 11m; EiWfifL SW13: SW20
and SW30 imr: a seiccmd Siam Thus, an: 33mm: wt'zréi line: and
spam ducodw}; L39 am mmmpcmd in “mam—2m: rthiiium and
thcrcmm Ilsa ware mm! 1111:»: and Spam: dca’séqs can he
mun: Icfficié‘miy Bliiizid. The number of 5531’s Wimé iinus
and [be number czfsgan’ row ducmum in a sigh: mummy
army may he mimmd maViapcmlutu fmm 6:32:30 mum 35 3mg
:13 lhu numham 3:211?st the fulluwing melanin“:

 

 

LERSM'LM

wherein M is tin: {rumba Gr physical mummy arrays. m the»
number uf mummy arrays wk!) ‘ dul‘tcliw nm'mili word
films: are replaced with swan: wore line-s ainmhuna-ausig R
the ummhcr a? 25mm mw dccmfiom and I, dw- numhar m“
33mm wmd 1111ch {In a sings: mummy arm 5‘» Mme upméfimfly
Mm: is the Qumber (a: mcmmy amtys Maid: arr: Eugiuafly
indupamflcm fmm CHIC gamma A3 a {mum M-Ijm mprcscnig
mu numbm of spam mufl 13mm which are iugifiafiy inilc.
pendent me mm armihcr 3331‘ the unlim mummy. Iiersiim {he
mgiwlly infiswudcm gum: wmfl firms are 5pm“; ward Bum
wluciud hydifimwi rm» addresses. For multiple. in HR 53,
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if a mrmal tmrd line insimulmnmnnly gamma in mcmery
army-s MW and Edi-XE: ancmnry nrrnys. M3“? and MA} are
[mi lngically indepencicai {mm each wharf. In the arrmggzn
mum glacrwn 3n Fléi 53. 1A2, Rm}. lei-4 and [nae-L

By providing a spars: row decoder mmman 2:3 Ingmar}!
arrays. .1 gm“: 3mm {19% am have Lu b5 prcwificd Ear each
al‘ Span“: mml lines: whim] can rcstmin [be chin area Tram
increasing

This flérlélll‘l': mdunéazity 3:11am: slmwn in HQ}. 53 may be
employed {3:11 repairing a dcfiwllw column as Well. In
rwpairing a wféxéiw mlumn, the prwiousiy inanimate? print
an dnmsmwr Lhwzm‘bzg a madman 0f rcpainng; a nlcfcgiivc
culumn when: a memary array is (lividfic‘l in!“ A ixlmalily 231'
aubwaa‘m'fisl “it: (lawman pnflicularly deargtrilew £3112 way {21‘
Icpniring a dcfcciiw minim} in mulli—dwiécn lcu’I linens in a
Shamdimnfifi amgélifizzr amngcmcm and in a shares-1 53V
sachemc.

fill}, 54 is a whsmniic‘ diagram 0M“: mafiauratiim 6:an
array pm’liun in a smimnflumm mummy d a {weanling
m a wmmniimal llfimblc {Mundane}; schcmm In FIG. 5&3,
Iwn mummy blanks Mill and MREH 2m: Shawn, Mammy
blacks Mlli and MBA—l each include a: normal bit iinn pair
BI. and SBL pww'dw mncfipmlding to mach mummy tall
column and a spat? NI lm: (span: mlnmu) fm ram: :9; a
defective mlumn. ln H411 54‘ {In} spam bit line: 3ncluciezi in
Elm {spam mhmm £25 um clearly slmwu

Narnia} bit lines, BL anii 3qu at 1hr;- saint: tirluntan addmés
in menial-y 10232.5 Mill ancl MBjH sham a 56mm amplil’sfsr
55A Abit Jim: {inflating gala: [LG is prmvidcd lwlx‘ywn guise
amplifier SA and memriry hlncks; MW and MEG? Esme
ampliliur SA in. mane-card m an inmmal data line pair M)
thmugll an IQ gale 106 which wnduum in (capeusfi 113 a
ccvlumn Mleciing $321531 Y5 {mm mlamm cicada Y. fl.
nwmwy {Whack including a ‘ Iccwd memory cell (MBE, it»:
wxampln) la $1199.me m l __ a amplifier SA anci aim is. mad
mu llmmfmm. In l‘nii c9562, :3 nrsmxfilacmxl mamnry {flack
(Mllhl) is dimmncucd Imm mum amplil‘m: 59..

In the ahcvvncscritmtl nimrmkwnsa amplifim
arrange—mum a étfccu'vc cnlumn Mldrazas [Eil’fil be [my
grammcd fat each of dzfccvs in nannnl bit lines, in x singln
:numegwry hlcml‘: 65:31:1an Matting lines (Y5 lines} am} mm:
amplifiers; SA. Fm n nmmal bil lint: dtrl'ech the {Isfamlw
(ice-lama nddms fr; ymgrammud an a memm} Dwain b' “' ‘.
13th n muse amplifier fluvial. the: d¢f€CliVC culunlu 3&4}th
an programmed is: K”: 1:5": 21 $33303 whumn for each nf mamar}:
Macks Mlli wd MIKE—i which sham {his dare-mm wnsc
amplifier, Fm a mlnmn admiring lint: {VS lint} {infant the:
ulefuctix’c mlumn warm is. pmgrammud fur each (ta? the
mmumy I'm-c155, wmmclml m llxih Lulumu winning 31m: {Y3
line).

Al the lime {if greygamming. in male-r to use- 3 single:- spare
mlumn dcwém E13? 2; animal bit line dclkm, a 5mm: ampli—
liar MW! and n mlumn selecting lim‘: {Y3 aim} defect,
"Dan'l cum" i3 przigrarnmad 31 this [imu nl' gaggmmméng a
Llefwliw column azidmss, an adtlmss l0 spacify 3 mcmmy
black is inwlidaied, anti Egan: mlumnss an: triplazcd nimui‘
lanccmsly in a: plflrallly nf mammary; Hacks.

In 11w pmvinusly mmficzmd ducumcnn a éefcclivc mw is
mpaircil by replacing the defiamivc row with a, 5:1an ward
line pmvideé Willis: 3 mummy array including that alai‘rrfiw
mw. Thug, 2: 351a“: ward hm must lw provided for each gaf
memmry arrays.‘ and in: taxl’ii mud Kim-:5 an: not smacmly
tniilixcrd‘ If a :ln‘fcmiw: minimal ward line. in mm mummy
army is ruplacml will; a Spare ward linu in annihm‘ mummy
arrayfl Ihc utmlmi {if SE22 memmy army related circui'is will bi:
wnmliealml. and m: (1m; 5uch arrangcmeagl anus! he
Maiden am! is m: cmsidmd at all
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In repairing a éci‘tafivc column, :1 3pm: cnlumn is pram

Vidal fur cad“! and“ memory blacks, and spam mlumns an:
similarly nut clficianlly used. Allhrwgh the sham] he}
5:111:er2 Ema hum muaidmed for internal data line
arrangement, me W21}; to repair a defectivu ialumn in a
memmry array having; a le-calfglmml hicrarahiml data Hm
arrangement maid in a recent blmkqlividtzd arr: , gcmrcm has
never been ccmsiflmefi.

Mtanwhfic, in a annwnmnal LTMUS (Cnniylitnmmy
MOS) type wwimnjucmr device. the 512:; (:95 wwwnenm
(MOS transmnr: insulafiafi gait; type field «3222:! Ecans’atur} it;
mama-:1 m Encrcaséé: (hr: Lazagmnim dcmsity‘ ln nrdzsr in assure,
the mlialallity 1’3le cnmpnnnms thus mininmriwfi anti m
(alum; ll“: curmnl mmsnmasd by the: drum; (invite, Elm pmwr
supgxly walzagc in milusscd. in cmlcrm allaw inc umnwu‘m’
m ape-ram 31 :1 high spcfid. this llircslmld w’imgfi [if 1116' Mk" V
transismr mum l‘ar: haven‘t! depending upmx Ila; wwm apply
voltage “mix is because if 111-: radix) of 1m; Iéircshnld voltage
in the pawn: Rupiah; wing: is large, the transiéifm timing an“
the. MUS trum'mm {U 113:: an 31:11:: its delayuw ll; hawtwn {he
absnluw Vélfli: (21" the [magma vollagv: is lnwc sub
the-51191:! 163mg: animal in flaw lhmugh the SIDE. madam

ion ““le ihu Mfl‘} Iransiéamr i5 [umvsd of? invxcm571hi5
is liar "In? fnliawlng maxim Thu: thin-shalt} vintage: ié-f ilffillfial
as the gatevmufira vantage m ulluw .1 preacn‘lmi drain current
It! flaw, in an Irrizauml MUS iramistun it the “22135th
Vintage is kswm'nxL I'm: admin current-gate valiaga Gharaéwa
islic cunt» ; .ifls toward {he negative dimminnl The sub-
tlmtnhulil aims}: in mprficmml by Wu currcm value when]
gnu: \mlmgfi V33: in aha uhixrsmttsrimic curve is. 5W; and
tlwmlhm Ihc subvlhmhuld mm: m incmamés 33 [he liarcahuld

Millage is luwawd,
When the semiuéraducim device npcruten, the: ambient

lumpcmlum lllCTi: s, anii (he ‘ salute wing; 0f the thresh-
old mliagu af ma WES tram. NT in luwurczi rtrwhing in
man: mrin l}-ll'52‘efé§li‘1ld «:mmnl lczkkaga When {E195 32m
thrmlmld 1c haga current inc‘rwma the DC current 0f fiat.
2min: large 36:11.: knicgraicd elm“ increaaes, 21ml pal‘iirlu‘
lady in n dynamig type; sainticcmdumm memmy {Eula-2, the:
numb}; cumzfm (cuacni consunmd in a sund«by stakes}
inflow-cs,

In llrillfl’ m wartime: Lin: Suhall‘lmfil’mld leakage »::urr<:mw 2L
mulli~thwshfi§dwvulla§w (Z’MUS arrangumwt 3:»: :mpéizycd.

Hi}. 55 L‘ a diagram slimming a convenimnal muln‘
llxrcvshvlclvmhaga CMQ$ armngcmtinl by way gal iliuzfira—
mm. in FIG 53,1l1m: an: garm'idwl a main ptawqrr supply lim
WE Irsmsmifling a imwm 33mph: mlmgc Via; 2 wh~gmwur
supply lim: 9% muffled 5:: main mwcr sugaply line W2
ll‘uuugll a pfihauut‘i MUS Il‘ausifiuu 903, a main gmuag‘d km;
906 transmltling a ground voltage: Vsm and a subgmnud
line was wagécsd in main gmuml line 9615 thrnugh :m
n-Cha nnul £1405 Hamifiim 510?, MGS Iransislor 5303 caudmis
wlmn 3m saliva: Ears nigmt} 5233?? is at an l,_ lava? while: M663
immixmr 91W magnet»; when am mlivaiiun Sign} 135M? is
at an if lawl, MUS [faxflslum 9413 and 907 {zégcéi l V6 51

relnliW-ly high ihmslmld x-‘ullage (high—Vim. The iniémal
circuit upcmta‘s, Mil: a wing fwm mm n? pnwar apply
limes 902311;} @304 and a voltage from (mu: ulkgmund 112mm 906
and 998 119ml an bail] apemliun pnwcr supply voltagen. In
FIG. 55. as; five internal cirtuilg 111m: Huge, cascaded inverter
circuits 9W1. 91412 and 9146 m: shuwn Inverter airmail
9140 imludcn a gwhmmel MOS transistor PQ having a
source coupled in main pnwcr mpply km 9112 and an
(ll-channel b.4108 grandam NC) having a mum: amplecl m
grmmd lim: WIS. :‘m input signal IN is pmvitlcé in mmman
(u “m gains; in“ MUS melsmm FL! and N0. [maul signal [DJ
is set m an L 15%;] m 31 Qand‘hy cycle.
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Invamr circuit 9144‘: magmas. using vraimgcs m1 sub-s
paws; suppéy lint: 13% anti main grounif litre 9% as hath
cmpcrmjon pnwcrsupply mlmges. lnvcricr circuii 914C aparx
Me» with mlmgzzs us: mam pcwsr supply 2m ME sud
sub-gmum] 12's: 9&8 as [39th mpurznim paws; suppiy mm
agcs. MUS Emusvsims P13 and N0 in web of £11m; iavcriisr
circuits; ”Na in 9146’ him: [he absoluh: minim 91’ lhe
lhmshulct v-nimgrzs sax sui’ficienily smail {litwwfi'ih}. The
upswing: {’15 [kt circun. shown in FIG. 55 will 13:: now
dcscribed Willi [rif'cmmx {:3 FIG. 56.

In A ssaw‘hy cychs, inpui signal {N is set In an I hive}.
{i‘nutml signal @AifT is 51‘, an L level: and quucxl signal
{LPAC‘T is a! at: U ‘m’ai (Vex: law” In invertztf uirwzaix Mai/3‘
MOS lrausiswi 9Q {Miss us}, (in: mum: and mm 'Ehttfl‘t}? am
at the same V‘fliifigfi Magi, and mefinm 11C: curmm is aliawmd
la flaw. Meanwhilaz. 3:102? transislur N0 is prmiciecfi with
inpul sigma IN a! the gmufld vmllagu; {um/sari at its gate and is
in an 011' mm HQWCV‘CL the sub thrissahnld leakage slums}:
allnwcd in firm thrmigh MOS lmusimnr 911’! if: :m an}? slat:
is sdfiaficmly Ftduwd, lmcaum {he lhmshuki “31mg: uf [ha
transistor 90‘? is high. As a rcsull, 1hr: sub-Ihmfihulfia gamut
is reciucml Wet: if m: thrashuld whsge car MOS trsusisécvr
NQ is smali Thc Sulfi—thmshuld Curran! alkawud in flow
thrcmgh MGS 3mnsimw $07 muses the, mung“ have? rm
sub-ground fine 903 m be: highfit than lhe wand *éciilage:
iwcl, an that {his g3m~wum€ mgiuu uf MUS {musisiflt 3Q
in Emerita circa}; 914;; is sat in a reverse bias state, and its
sub-lhwsmld cum“:‘ I is further reduced.

In inwrlur drcuh 914?}, 1m: input signal is at an H lover},
anti MOS tmnsisim NC! is lumed uni the: swim and drain
ehmuf am at this same wing»: (we! and maxim: (10 sub
lhmslwld mug; shaman is. gunmalxzd. Magnwlliic,
p-L‘hanml MOS Hansisior PC) is providw with a signal at
pcwwcr suppiy Vfllifigs’; VL‘E level at its gum lu aliuw sub,
mmEmld leakage in! am: is [lam {liwxxruxrcri Si 7‘13 WEE
transismr 903 is if: am (if? sums 3m] MUS maria in: EEG is a
high-Vm Irwsiamr, (hf: submwsimld leakagc current is
sufficmmly resig‘amedv ‘i‘h‘us, tin: sub—ltu‘csbmld [sakagrz cur—
rent in inwrbar Circuii 91-1-3} is rfisiramcd. The subsihms‘anld
leakagit currczli at" MOS transistor 903 causes [ht wilagm
iuml {If sub—pom” swat}; Iiuc 904 m be Jaws; than mwnzr
supply miiagc- Var, mid the gum—mums rt}; 3;: m’ MOS
Imus-isle” H) is rm’crsiédiy biased in Silvana? dram; 9141?,
film wh—chslkéld lualags current M which 18 funhcr
mszmiuud. Similarly i0 inverts: Circuii am. {hi sub:
mwshcfid leakage cummi is rcsltainvd in inverter circuit
(314:;

When gm active, 63min: «s started, mnlmi signal qiikC‘l‘
5111311125 an H Email, wmml signal S'npflflfl‘ attains au {{1me
MUS Iransismcs 9311’s and 90'} are Lurmd an. suispumsf
supply firm 904 is caught} 19 main pfl’v‘c’tfl' supp-1y iim‘. 902,
and sulhgmund Hm: Q08 is coupled 10 main grasud lira: 996.
Thus, mesa invaytcr ciswiis 014:; In 9140 am supplicd with
a Lumen} {mm 2; mrmqmnding pmwr suppkfg limfgmuud
lirw, Iliuif 105%th i1 ausisiiim uperah: at a high spcud, and
limit mztpul signals am- Changed “cording 10 :itaiige iii iupni
signal IN.

In 1116 power sugplyarimuil arm ugflmmll as shuwa in FIG.
55‘ since the: legicszi ica‘ci M an input signal in a: stambhy
cycle: is pmvkmfig Emma: a minimum! path is: a rims:
source We is determinad acmrdingly. If {he 33ng sum: :31“
inpu! signal 1“» in a stand—by was is um predatérmiaccii 1m:
logic gam i5 mupicé ii) sub-pnwm suppiy iim: $204 and
sub-gmuml [inc 963,

As; {fisclmeti in Japanasc Pamm 133431390;st bin.
{v2 ”MK 11‘ DRAM {Hymamic Rumiumfiiswgs Mummy).
circa s having fist: same cimuii mm’igumicm such as; flecndf:
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cirmim and waxy-:3 Eim drive circuits an: prfl’s‘iéfid, [K3 the
swag: capaxily jmzrsgascs. [he namim (If sum drunks
significantly incraasns. If} ramming. trimming having (speak
ally providcii (hands cit-cum; :aml «9mm line drive aircuiki¥ a
pmscrimd numimr sf pmmular uimuiis maximises dam-ts)
are mimively 41mm amfing the circuits having, Ehx‘: same
camfigumlim in {cspasizsn m an addmss sigma}. If thugs:
circuits are: Emmi-51 by main Imuasésturs. 1h»; pmwr s2; [1in
circuit arrangmmw: 33'; shrmn in Fm, 55 (hierarchiczté IkiWEI'
supply a rtat'sgtmanl: sum! hruslmld I); (lining: ‘ currt‘nl Bid wing
circuit) may {3: cmifiayei in {his use, as; shawu m P! G. 531
activmioufiu “Ibrahim HF a pawn supply tn 2 dizzwdcr w 3:
Watt! Hm tiriwv mus: bi: cmulmlled fur and?» 0? 11m Hacks
(hemum a ward Eim: 35 Reina-ad an a NW1; iassfsyj i‘mmfl
signals cpAt‘Tanfl fipfiffl' am :tmiwted whiff) an active cyclaa
is sumaci. As a fili‘tstlii. the uumhw {11‘ Circuéése cummmi to
smhpuww sugpi}: fine 5594 cur subgmund Mm: 908 increasassi
étud as ihfs gamma: capacitance iacmms. if {hikcfé Ringer
time umil subwwcr ‘51!ng line 904 and subwgwuwj fish;
”[13 mm {Irivfin m [amatn’bml millage (Va: and grmlmi
voltage V55) lm’izi's amt] itmwfcm [he Lypcmtiam siarfing
timings of [he miemdl :iicufis 3110;1ch he ficta‘gcd Emil E1133:
valragcs hr: 9331925 53333413. which impedes. high—sgzcd 2:58:35“
:1ng upcmians.

As prwicmly iieazn’bccl, when a dermis“: mwknlunm is
mpaired lmirsg a spam dasmden a mwmnlumn m 1:: miemeai
is dumtmimd ai‘iar dtiizrmining i1“ 21 spam is. in he unscic‘um
used. In this Sabin. as stmwn in FIG 53¢ if rciiundmcy
repissccmem 5:5 gsfirtbrmal within It»: 5am: kiwi-z. a coma»
smntling powa 3:1?eg cficuii (a circuit transmit i113 any (if
the new: supply manage and ground Vciaixagc.) can he
sumac-:1 in masons: k2 an address signal it: mlml the
L‘mmcliuu. [L hawévcr, :1 spare. ruwmulunm is; used Eur
repairing a deisdivz: Géii in anmhcr mmncsfy i} mi; in {Six}!
tlsxiblc téflimdaflfl‘jf arrangement, 31 mémnry black including
a mommy call :0 hi: ciriven firm a salad-ad 5N mus! be
specified awarding m :1 Spam slittm'minatim resuh, the
pmwcr mums mimgfi: (gxswar 513511113! «'0‘»:ng and gmumi
Whagc} unmask 7m: iiz‘iwu mm :3 5131311: state at a high speed:
and high specs: accusing Qfifll‘fitifills calmed Em 1m iflmcnmdi

SUMMARY UV THIS ENVENHUN

It is an Dbjffici ml" Hm present invaménn {u provide: an
ail‘ay—dwidcd :«Lsmniwmlucim‘ ummury device including, a
radundancy CifflliiL which yrs-[min the use afiicicacy vt' spare:
lines (spare word Ii s“ and spam bit line pairs} {:3 be
significaml? impmvni

Annular Libjrszi 22f ihL‘ invcminn is to pmvidc an array
divided 5:: {camislustmr mszmmy dcvjce inciutling a L's/dun»
dancy uimuil. whifh gumzixs a dcfcmiw wrmfil film :0 by”
awnmmly regained wiibimt emmwus (meridian

"Yet anmharabjwi (ifthur: prtzmm [mum inn: is w pmviée: an
army-dividcrl samimmllwmr mamm‘y defies imfluciiug a
puwar suppEy timid! wiihnut increasing awemiag time and
cuxrcni curmumptim.

A fimhar aificm a? thi pmmm inwmim is. m pmvidc 2m
armydividad mmiunmmctor mummy davicc incluzfliug in
rwundancy cimuit math pumms mi: spam his; use (:51-
Uicncy m be impmxlsd am a ptbwcr supply circuit which
permits acrsssiag (imc and pm‘wur mnsumpzim 113 hemammal.

Brie: fly stated, in a semiconducmr memes}? afflicts award»
ing to flu: pmsmi inwmim, spare, firm: 3m prm'iglmi
mgulbfir as a 1:19. array; 3 Numily m" memory 3‘ :
pmvided mines], smiing m the spare arrays and a d kclivc
manual Kim: in mm: pinmliiy uf mmmr‘y mats 3:; mad:
mphwzhie with a; span: hm: in a cwntsmmling span: may
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A pnwcr supply Gil-quiz mtmsjmnding m 3 39m: bimk Es
driven firm 2!. 3:3}:de 5:11:22 whm an acziva gale is; imam.

{:“unhcrmurs, t .: seiecling way 01“ Inc puwcr $1191ny
cirmil is changisd between 1: Emma] mode and it mites}:
made.

By prm’idétzg a spam array cxciusively firm a spam ting; the:
spare Em: can bi: sharia) aim-rang a plurafit}? 131‘ mam-my blacks
m auh arrays, and iizcmibm an: 135:: umcitmcy 131' the 5mm
lines may 13:, significantéy imprm‘ad over 11):? case Gf 17:11:»
“ding a 5118:: line IQ! cant“; memary block Hr SUIT array.

In [Em arrawciividw “magenta-rm. {hit 531chng way 5}?th
pnwcr supply aircnii is changer} hmwmsu a mrmal mask; and
n refresh muffle-5 :m: numbers of hits in an afidmx‘. aignal in
bi: decoded can ht flifi‘cmu, and mefgw [he gmwca’ 3115.391}:
circuil can but dfiwu mm a scleméd 3131:: at a high 543an in
111:: Emma] mafia. Meanwhilcmimc 5 high signed respcpzszsv; i5
nut wquirud in {he Klimt}: minim a 13(th minim? uf addwis
signal him an: cffiwdai an av 34:43? a min imum n3." 3% ry pawar
auyply circui: and current czmmmpliun its rédncui}.

If a spare citing-1: is iatmieci, in the narmal swag paws:
supply switch citatéiis fax; bath :3 parlicular trainer}; Mack
including; the spars; damn: and an addrmwd mommy {stuck
arc driven inky a 33:; :23 Nate, 5:» mat the. pnmr supply
circuits; can Em driven Ema: ;\ 5515mm! mm: withcmi having; :1:
wail fur a mauiz 31' $9M: dclxzrminaliuu and {$1251 high speed
Flemming tupetaiimra arr: implcmcmcd,

In 1m: {5:13:25}: misfits, the: gamut supply circuit cxir‘rcspnmci»
ing in a: mommy black inc‘ludiug a memwjg; null if) he
minded is. clrivtin inm 3 satisfied 5mm according m Km: Smite
determination 51:51:11.: :3 :ha! {113 numhux ul' 11mm gupply
ciwuila m tn: 3 lcuicd in (he rafter-311 mode can [be a minimum

necessary Immbu. amt} 1hr Curran! cunsumpzicm ma; he
reduced. Thus, a szini-zunfiucmx mcmnr}; devise with
Impmwci 1w; dfifitzng‘y of mm cltmcnm: wiihxzut increase
Hamming; tme and current crwnmmplinn can. he impirae
mama},

The fmcgoing and mixer 613312615. features, aspects and
advantages cf the 13:63:31 inventicm will became mun:
apyarcm 1“"er the éhlimfing (Mafia! fiascrigiiun uf 1km
present invmtim when £31m“ in «zoniunmim with khc;
accompanying thawing-3t

 

 
 

BREE}: DESCRIE’I‘IUN OF THE DRAWINGS

F {3. l is a schamaiic diagram of a main pan if a
50mimmducm: marrying (Swim; aucurdiug In a first umbmhv
mun! uf’ H1: invaminn;

l' (j. 2;". it; a subsmau’: magma] Jamming huw a Licfiatfi'm
column in a (£11111)in 3H3}? Shawn in FIG. 1 is a‘cpasa‘ccl;

FTC. EB i5 a schematic: diagram (if a 5mm [Render used
for repairing a dcffimiw culumn;

lT U: 3A shmvs. a mndificminn 0F Ihr: Spar: (header;
1" G. 31*; £3 a :fiagmm 1365;31:1ng haw :1 difft-Cih‘t? gamma i5;

rupaircd by :3: may: éccxiadw slmwn in Flu 3:8;
I: (14 is a Ssflj‘malic diagram 31‘ an internal data reading

partinn in I31: may :swangumem sabuwn in FIG 1:
14 (Li: 5 is. a schemaLic diagram 01’ a main Fan of a

scmimndm‘ier mcmtarg device atmrdiug m a second
cmhndimcnl 3f the inwmém:

I" (j. 6 is. a gulztumiic Anagram (Jamming haw :1 {Katmai
imx data has and 3 Manual glam} clam bus an: mamcmd
am} a spam inc-:11 aim bus, am! a span: gimba} c3533; hm:- are:
umnwlcd in the, mcmm'y array Shawn in F k 5;

MG, 7 is 21 diagram showing the way to generate 23 spam
imca data hug seiecting signal;
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PK}, 8 is a scimmatic diagram mi :1 miumn sclectfiug

partiun in a spam array in She mummy array shims: in FIG,
5;

FIG} 9 L9 3 schemaii; fiiagmm of a mam part of a
mmimndmfinr mcmcar}; drama: aucnrding m a ihird (:mt‘eadi—mam mt‘ um inwmicm;

HG. m b; a dmgram shuwiug huw a dc Relive mw m the
rmmmy array shown in FIG. 9 is repaired by way atillualr‘aiiuu:

FIR 1'] $1: a schematic diagram nf an array portion in a
semiclmduclur mummy device auuunling, Eu a funrih
mnhuflfmwm (If mu inwnimil;

FIG“ 12 is; a diagram showing the clfecz nf a mfifl'lurj!
Muck anaxxgemwi Shaw: in HS. 11;

Hi}. 13 it: a whammic diagram cxf a flit lint xmlmitwn
immamian :figm? gammfinn pnrxizm far waking {imblemsa
awmialesl WAR] Lin: “magi-mum shuwu in FIG, 12;

Hi}, [4 i5 1 safiwcmmic diagram 01' a bit 13116 imiaaitzn
instructinu gmi gum: {linn pardon in {he mummy hijack
arrangcmmzi 53111sz in HG. 11;

FM}‘ [5 is :a sgfhcmatic‘ ciliitgwm depicting; km; a (infective
normal mw is mislamd wnh a 392m: mw wudiflg it) the
fuunh mnbudinwui;

FIR Hi i? a éiisgmm a.“ 9 memm‘y «tell almature;
FIG. 17 i3 a schemaiic di’gmm of an array puffiifll} in a

samiwmluczm mummy simian: awarding m a €1th mml’amliw
mxanl 01‘ (ha; inseqnfinn;

FIG. 18A shnws Lin; mymspoudcmcc inc-[wean «1&de
signal bits and :3 mlfifléfi mummy woman in a mmtal
cupcra‘itiun math: in me may am! ngmmcm shim” in FIG: 17;

Fifi 188 Shams 1h: carmgmudunm beztwwn address
sigma! him 353:) a 3:: anti mammary block in a 15:31 maéim

FIG. 1‘} 13 a schemasiv th'agram 01' em examplzz vi a mmlml
parties 10 wife: a memary black in the mat mods Shawn in
FIG. 18“;

FIG, 20 is a schematic diagram [if a mmfificatimz Qf the
fifth cmhmiimcm;

FIG‘ 2163. is a Suhcmzuic diagram of a hierarchical pmwr
Supply arrangemerai 1 awarding to a sixth cmhmfimcnl «21'
mt“- invumlcm;

.218 is a difagmm of El plow-2r SWiLCh circuél in u
' “I31 circuit 5mm in FIG. lick;

FIG. 22. is a whenmiv; diagrmn UT 22 mama”? may am’! a
pnwer swim: circaii acncss’ding to the sixth amimfiimcni;

HQ. 2393 is 4'1 «diagram shuwing m miecimi slate vi a
pawm'swimu Qitflflii in 3 gamma] mode in hiaarchitiaé 3,33ch
supply xrrangamem 1 carding to Kim aim: cmhodimmi;

“(i 238 E :3 w‘awfm’m diagram [chIYL-sézllmg: the tjgiél'fi‘
tiara:

FIG. .24 i2; 3: xvimmaiic diagram of mu miactcé titan: c-J‘ {he
him‘an‘chiaal powcr Sapplj; arrangement in FIG: 22 in a
mfmsh made:

FIG: 25 £5; a mlrzrtmiic diagram Of a mw~rclaicd coulrul
partial: in ma; gaza'uimnfluzmr mamas: duvim awarding to
flu: sixth cmimclinmm;

MU. 26 i5 3 magma: uf an example 01: a 13mm supply
hMck ficmdafsmwc: in MU 31:

FIG“. 27 in. a diagmn mi” a pawn: suppéy Muck immunlc
circuit For a mass: wpply black selecting $ignal (3:132;

FHL 23 is a anhrmatic diagram deflating} [um ackim'ss him
are allimaled in 3231;334:3211 pnwur supply anamgmracui l
3cmmmg 1;: 1333: 33x32 wkmtinmfl;

[910.29 3:»; a, :lmgmm 91’ a mmlificminn nf eh: hiremmhical
pnwcr mmfly ag'rglugzmcm according Eu Eh“: sixth fimhfidi‘
man
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13H}, 3!} is a signed wwct‘nrm diagram mpmsaming the
ujrumiun (vi 111:: lncramhiml wwcr 51112111}; armrtgcmml
shown in Fifi 2'9;

PILL 31 is. a diagram m' a mpcating cimu 11 in a rmxwralatud
peripheral «sin, y: in (118 modification at“ hicramhiw} power
supply anaegismmt 1.;

H1135. 3225; am? 328 3x2: diagram shmving ihfé Sislfifimd
states M the paw: swiicb circuit m a mum} mcide anci a
rcfmsb m113®§ mfipofli‘v’afiy in a hicrarc‘nica! lame: fiugply
arrangement 2 awarding in [he sixm amlmfiimam :3? me
inWm inn;

P f1 33 i5 :1 schcmzsaia rfiagram m!‘ 5; powu 2211111113! black
dwadar For HEEL 32A and 321’»;

F G. 54 is a (i fl am DE 3 power hlcsck decade tircuii fur
1 partiaulnr pfiwer supply Huck sailmling signal 11132;

F G. 35 i5 3 Saba-mam diagram at“ :1 muditimzicm 9f
hicrarchiczzi paws: glyph! arrangmmrm 2 acmréing EU the
m‘wih ambmfimem;

I? U, 36 is. 31 sch-mafia diagram of :1 contml partial“: in a
hierarchical WWI supply arrangcnwul 3 66008133ng 10 the
Sixth Embodiment;

F (E. 37 is a signal waval‘nrm char! rcpruémaiing 1hr
apemtirm nf héeramhiarai pawn: supply arrangemfzw in
awarding in the sixth amlmilimenl;

I" G, 38 £5 a diagram af an example {if 3 power supply
Mack dwmict 3318“?!) in FIG” M;

I” G. 39 i5. a: diagram af‘ 2111 c-xampb: 01’s: ragistcr shmvn in
1?le 315;

F (i. 40 is a. ashamanc iihxgram Bf an wampic at" a mum
up inmmction signal gmcrailicm partial”: ShUWfi in HQ 315;

I" G. 41 3:, a schmmlk: diagram 0f hicrarulfical puwrsr
supply armmgemwi 5. awarding m a sevenih ambudimcm c1f
Ihc imvmlimz;

l" U. 42 is :1 schemalic diagram 5 uwiug (he salctwd Siam
of he paw-war awiiiéz drama in hierarchical pchr supply
arrangcmml 1 according m lbw: save-n1!) emimdimcm in a
normal mach;

F (5. 43- i5 5 signal waveform ‘iagram mprcseming the
mammalian wmn {he powur switch circuit ShOWfl in FIG. 42
is Hammad;

F (ii. 44 1:5 34 sclwmaii: fliagram :1 (Wing “RS selected 512m:
of t 1; puvm supply switch circui! and hiwarchicai psCaWitr
sup 11y arrangémam i asmfifmg m Ifm sm‘umh ammfiémmi
in a refresh made;

F G. 45 i5 3 signal wawf‘x:vru1 ciagram rcprésuming: Inc
apharminn curmsgmmilng m 1hr: mlcctfifl 31:11:: aff 1hr: mammy
swim!) arc-m} 311mm in NC}. 44;

l" I? 46A i3 a 6%:ng if an cxampic {sf mu paws! Elm-k
damnlar in hiergmhica! {inwar mpp y arrangammi ”I amnn§~
ing [9 1m mwmi; cmkmdimmu;

15‘ 463131 3 5433211111 waxrcrfimm diagram repmwating the
Uprtmlmn M 111:: pmmr supply black {Iii-mick: circuit ghtéwn in
FIG. 46A;

17 (1 47A i9 a diagram (11‘ a pmwr suppiy Mack decade:
in hierarchicaE )mwar suppiy arrangemem i awarding ii: [he
swunlh cixlhvdjmtul;

[5 (1. 478 ii; a sigma wavmhrm diagram rupmsunting m
upmaliuu 11!“ um pnwur supply Muck Licmdcr shnwa in MG.
47A;

[1: Cl 43 is a xchcmmiu diagram 01' :1 n'mclifica'iion (1f
him’umhicai 391mm: mppiy armngmncul 1 according in the
seventh cmimdmml.

[T G. 2‘19 is 2-] asthmatic diagram (if :1 4303131103 martian in
hiitmmhica! pmwm‘ suppiy arm’agmmni 2 aflwzmfiug {(1 the
seventh cmi‘mdimmt‘.
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H03” 502% and 5013 :m: achemmfic diagrams Shnwia-g tin:

summed 51am: mi” 9%? Supply mwimh circuii. ‘11 hierzérchical
pnwm supgly arfangmncm E: awarding m the: is» 311111
cmtwdtmcm:

HQ 51!; is a fiiagzam 91’ the 1mm: supply bfimk éacméa:
circuit in hicmcbical 12mm gupply arrangammt 2 msmrd~
ing to {be mcmh embmlimmm;

 

F113. SIB is :1 wawt‘mm diagram rupmscilfing the upczw
(hm (If the :31“ch a? FIR 5m;

FIG. 52 is: 21 diagmm 01‘ Khu- power supmy Muck simmer
in hiurarchicai 130555121 mppiy arrangumcnl 3 awarding 10 (in;
swamh amhmfimmtg

FIG. 53 is a Schmmiin diagram 191' an array purliuu in a
scaliwflducwr 111:2“wa Gawiw wilh a wnvcuuuual flexiblu
mw redundancy mfkfigcmcm;

FIG. 54 is a fichcmaiic diagram of an array portion in a
ucxnwmifiuoal fimiblc wésmm mundane}: arrangmcnt;

FIG. 55 is; a diagram al’ an example HF 21 mnvcmimal
hieratchical pu'wcr uppig mrangcmwul; and

[T141156 is .21 wa Jim's) diagram rcpmsaming the amnflicm
m‘ 1km bifimmhkal pawn? supply arrangemem shfiwn ifl FM
55.

DESFR {PTION 1')!" TI 1E PREFERRED
EMEUDIMEN‘II‘S

First Emhudimcui
FIG, 1 is a swimmalia (Eiagram of an array panic-:2 in a

Svmiwnducm; mummy thivicu anrding m a first cmbcsdi-
manl ni’ {he invaminn. In FIG. L :1 memnry army 15 dividcd
inlu a pluralily ui' Sigma; amplifim blacks. (raw blacks) Rfiffl]
(u Rfl#xu. 111:5: was blade: [118115010 Rflfim cad: 582% Wind
lines. Raw biwks REM) m RRfi‘ry an: each divided {5135: u

pluraiily of $11|tl~array5~ Row Mack RB???‘ (i=9 :0 m} is.
clividm inlo mum] Sink—arrays 13134110 m MBém Thmt
nnmml suhdsrm 5,1; Mflfiiflm MRifin «Each have a pinniit}: as?"
mummy mug arranged in a matrix mf mws and méumm and
s an: Maui 11st {1121115}. A musing upcraiim is guritxenlcsi (In
lb»: basis vi at 51:11:39: auzgiificr black.

Raw Mocks RM! 1:» 2184111 an: pmvidu] with spam
arrays 5135143 {13 31W mspccfiwly [u Ftpfii? 21 dufcciiw
mlumn (a crfiumn including a defective. animal mummy
cell) in mrxmzmndiflg mw blocks WWI! In Rflffim‘ Thea:
Spam arrays SFe‘s’fl u; 594.5111 cad: hem; mama? strike {spam
mtmfity £11335} arranged in a plurality of CGEEHHHE. (The:
{lumber 13f m5 53:53:13.9: arrays: 33131:] 10 SBfim is the saw;
51?- the, number :11? [max (if mummy mils iminfim in a finnflal
suhrarmy.)

Nmmal 101.211 data buss: L109“ 1:) LlUwu 3y; 910$:ij 1U
normal Sui-arrays; M WK} 1L1 MBfimm respectiWE}: T116331:
[karma] 196413 data {1115.125 L303” {(1 [1]an mmmuuicatc: data
Only with cumspnuding manna} hub-arrays Mfiéfifi {0
Mfimuu.

Narmal subw-hirajgg aflwgud in Mignmml alamg; 1hr: cutlv
umu dircctiun Emu; «2911111111 Mocks (31ij is (I 81%;, Spam
11:11:31 Lima t: :s 3100 in 510113 an: aimilafl}; prmided to
napaw may}: 5:???13 1L;- SPfi‘m. These spare Luca! data bums;
$109 10 3mm mmmaficaw data :mly with carwspczmiing
span: arrays; 39%} m Sflmv Nnmml gkxhué data bums
NON)” m NGiDn an: prrwidcd m mmml Kulwarmys
arranged in aligamem in 11m mlumn dimuirsn, in mtxar
wards, m minim: bigwigs {SB/Ml in (71-31%), mammvciyr I‘htw;
nmmal glmhai {1am Emmi: NGIUH In NIT-1011 at? muplcd in
normal incai gm: 111mg pruvidufl far norm :1] Mlh-‘lff’!}’$ in
uc'srmsejmmling gamma {flanks mmugh ragcciive black
5:211:13ng gags; BEG. Bimk 3.1mm gale ESE; msducfis in
(gamma: m a wweggxmdiflg 1110121: select‘iflg signal in erm-
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:1ch a mrrézézpmding nm‘mal lam! 11313 has and a carry
sgmnding mammal glam} (kale: bum, whm :1 mrrispméling raw
block is 3clt‘2cittd Spam Emmi dam bums; 8109 ta} 315% am
31:30 muplcd m span: glam! dam bur; SUM) {hmngh 3mm?
spanding Mafia” selccimg gates BSG. muck gulmtiag gama
E36 pnwié‘ztai fm spare arrays 5m: in saw each mama
when an mnmpzmding raw black i5 mieclefi. m cmnmt a
warmspfindifig 5:913:12 lmzai data bus in spare gjvflmf (1211:: has;
EUR}

81; pmviaziing 3 spar: army 395% mmmaa to mutual
submayfi MEWHJ m M [Win in raw black Kiwi, spam
mlummz $130111de is; spate enzra y SPfii can ha mam for marina!
sub—arrays Mfiééfl in r’vi‘i’u’fin5 SH mm 1m; “:26 efficiamay a?
spam: columfis is; impmvcd.

when :1 513mm admin is pmvidud for each of normal
subdmyfi anti mare dfiffifii‘ffi mlumns that; the $P§ifii cuiv
11mm: pmvifléé in a: mmlai snub-array are prcmm, 1m dcfcc»
‘in Mama; can mat in; rcpaircd‘ Howvm it; as 31mm in
FIC‘L L 21mm mugs an: pmvidcd and spare miumns are
milieu-Lively pawédui, a large- xmmhtr 01' dckciiw ceiumna
preacm it! a manual sub-array can bx"; rcpalrfld by mpificimg
the dcfectiw E‘quumn with a imam:- Ccahlmn in a cefrespnnding
apart; army; which improwa; mt yit‘iliifi 0f the pmciucm

FIG, 2:3; is a diagram mnwing lmw :1 (Life 5% mmml
mlumn i5. repaired by way nf‘ Hmstmtinn‘ In PK“: 23., 5:33am:
aitays SWfiJ {:3 SPfim gm: include [our spar: 131: line pairs
(spam mlunmis.) 331,3 w 381$

{hiumn (Ema-dc fiifCESitS Y0 m Yr: are pravificd far «312me
blacks C'Ifiw Us: fBéfa‘ wa-pccliwify. A bpam @Cuéiiz await
54H} is prvwédtii Fm £92632 Muck SFr’é‘, {Iniumn {hamlet
uimuilh‘. Y0 Eu “Ft! mmsmil a cummn wlgming signai iimaugh
a mlumu $3165:ng 3m CSL wxmumx m mama? auhazmys
includcd in a wnwpandiug mlumn Mack, Spam dcmdc
circuit SP!) Irangtnils 3 Spam column winding signal
mmugh $13383 Wilma selecting Ems; SCSUD 1n $37313
pmvidad {m spare, hit, firm pairs 3m 0 m 51113:? msgaéctiwly
Lei us mm amaumc aha: mmml mlumns (mammal hi1 line:
pairsd an: rcgwed by reg: tartan! indqwndcmi'j; (mm one
number in wmwl mam-31“}! wlab-arrays Mfifiifl to Emma

FIG. 2B is : diagram shewing an example. (35 3:?er dcwcic
circuit SPI} 5110qu in FIG» 3A. In MG 2133 span: fluwdc
circuit SP!) inclmim UR circuits {mil in OS} {gmvidcd
cmmspmading w spam autumn micaflng lincs Si‘SLG 10
3275513, rcwcuiwiy Fur rash of (JR cjmuiis 06151310. UG’A
wart: fiacm‘icffi providéd :Grrcspumfiflg In mw Mag}; RBfifl
m Rfifim em: L§23§§€s§€fl Far (flit Circuit (M33, spars: dasmlcm
SSW m $3me at? gwmvidafi, and far OR {timi i1 113?}; 39337::
dwaciam EDIE} if: Sinm 2m: prm'ided, A daiackivc warms!
[xii Hm: pun Eu cad: LOW lxlwk. in plugmmuct! its a. want:
dccndfir provided fer cad} OR circuii.

anx as fihfiwn in Fifi. 2A. normal bit fine pair PRU} in
mam/wry sub‘army MBW is rcplawd with Spare hi1 iinu
pair 35w :3 mm: 3mg: 81%}, and nwrma} Eait line pair
PRU in mummy mil) {my mamm is mpiawd with 593:8
hit lint: paw SHLI in 39211: 31113} 5PM). Nurmai hit 1333 pm
FBI}. in mummy sullv-au‘ra'g M31311} is mglaced with spam:
bit line pair SEU} in spam arm}! 5PM , and dul'ectiw; marina}
hi1 Em: paint-z 91313 31113 I’Blfi included in memory sub,
arrays Mfiflmfl and MBé‘ffim msspumiwuly am ragahcad with
Spare bit iim: gram; 381 41') and 33m in 55pm- amg SE’fim In
this; term the mixireasa vi“ {Lafmiw manna} bit fine pair {181,0
is programmed in épztre (Emile: SD00. am? the afidrfis vi
defective normal hi: iim: pafr FBI}! is pmgnmmcd in lhc
spam dcmdur Pfiwiflfiij fag; an HR vitamin madam} mm:-
Sframiing m spare caflumn Summing lines (7811. Déf’mfiw
rmmml hi: 1m: 1m: P1512 has in; addmw ;msgrzmzmmi in
span: dewdar SD01 mamidcd far {9E circuit QGfl E’lefwii‘ic

 

  

 

21'}

23]

1‘-

fli‘l

41}

in

3mm

m:

hfi

12
nnrmul bit line pairs F315 and P3144 haw mi: addmssm
pmgmmmml in 5mm deeming SDllm and 5133111. As a
mmlll‘ when a lemtivfi manual hi1 line pair 15 addrcssezk a
mrmspunding span: minim 5213:31ng lim- is drfwxz ism a
sclemd 5mm At {his lime. awarding as: me {0111me ignals nf
mess UR circuiag, ihc ficmdmg, open-Mime: nfmigmn dmrcic
circuits Y1] m ‘61} w: smppsd. Mme wanifivaély. the 11:»: nf
the spam (Emmi: circuii 511:1an in FIG. 23% paméis {idem-m
normal hit 129:: pasta u“: 5:: mpmmd indupcndcmly {(6:71 cam:
another 3mm); memury “ bwrays MW! ti: Mfifémn.

In the: coufiguratian Ii spam:- xiiemde circuit Shfl‘ki‘i in
PIC}, 28$ thr: :«Edm’s is)? a dcfmivc anmmi hit 11111:: pair can
he pmgmmmefi fair each mw hlnck. 1! f5. madam nulc
mqueslud {1:93 Em: spars: anemic»; each stun; ”‘Dim’i cm“
stats. If annual manna] mlcclmg {inc US as: fléibfil’h’fi‘ cash
spare duwcier has: Unfiy 3:) bf: pmgwmmcd with Eh»: same,
addrufis fiignaL In [his East“ Iwwm-‘c r, by pmviding [fit ware
awash: Wk}: the fumian mfasixivring firm “Dan’s cans“ 51am!
dul‘wliw mama} hit lint: pairs can he mpaimd an a mw
Mach mm and attic-div: normal hi1 ljm’; pairs can be aim
rcpaircd by ruplaciag a dufective normal mlumu si-iecling
Hm? 21$ wall:

Modificatim
Nil 315; is: a diagram rat‘s mmiificaiitm M (11;: spans: damzxéie

cfimuil Shawn in {5113‘ 3A In FIG. 3A, a spare deumicr £51
diswacd fur a gamma Muck, Mun; npcciiicsefly, fur UR
circuit mm spam dwmiaars SDI") in am)“ rlCl pcm’ixic‘rd1
while Km Ufi dram: (303. 5mm dacudem 533$ to: $13311 an
prm-"idcc‘l, Span: {11:600ch 8808 m 5013;] mémupmmi w
Emlumn bkicifi main in FEW, respective}; whim fifmm
dcmdm 5031} Li: 351311 cmrcspund u: wlunm blade, {33$}
In (3134311. mspséxiiwly,

Lei us new assume 11131 a marina] hi! line pair PELfl in
nwmory whammy MEW is (lcfmtiw, and that a miumn
Wasting; liar: FEW, {mm mlnmu dammit, citcuh Yr: iii (3::ch-
tiwr. In mix mm; {I'm arklrstss (3f ciaifaclive nnrma! hit “fix”: pair
{781,0 is pragmmmmd in $921!: dig—under $3110, and the.
address [If defuczévu ummal cultsmn winding lint; (ISL ix
pragmmnmd in spam (iécmier 303:1. Wbca £512: adéresna af
dcfucliw normal calumn 5:336:31ng lint: (IFSL first pragramn’ml,
wart. dcwdcr SD33 has; it$ {:0}:me Mural»: ackimis bit
invalidnmd, and Rae (gamut signal nf mam meander Sffln
indicates a 83:1:th slate ii? :1 numml hi1 line pair currtspondw
in}; m a dziciziiw minim] ticketing hm; (33L 5;) any cf
memory sub-arrays Mfififln m Mkiéaimn in wlumu block
FEM; is addrcswd.

[n this cam, cieffitxiw nnrrnal 131'! “(It pair PB”) :2;
mplamd whit spam hit fine pair RE! 1} in spam: arm]; SPfifh
and dcikuhw umuml culumn humming 11113.“: C’EL {mm zuiv
unm décméc dram Va is rcptacad wiih span: comma
slamming firm SffSLl

Nate lhai in the arrangement Shawn in FIG. I, a siugiu
nmmory azuh‘afmy is; $31th 3m"? mnnwfw {a a m n:
spanding numizd glam! data but; 2% a mm}!g labil claim 25;
iupub‘uutpuf,

FIG‘ 4 i5 3 fiche-mam; diagram GI a data reading panic-u.
In FIG, 4‘ main amplifiers MAP!) Iu Maya are. pmvédw 1x)
Burma] glam! dam buses M5100 m Nfilfjn, mspcdivciy,
and 3 39am main amplifier MAPS ix. pnwidéd correapm‘xding
m a apart; gjnbai data has. SGIQ, Main amplifier MARS to
Msfl’n arc soiacnwiy activated m msmmsc m activating: {if
main amplifier activazkm sigmks PMQI m PAED‘ am! spare:
main ampiiiicr MAP?" is acfiwmd in rcspmm-zc In a spam
main amplifier acli aim stigma? [’Alis. Whm 3;:er main
amplifier naivaiim signal PASE; i3»; aciivamgt mxia samplii‘wr
activenliuu sign-(115 PAEfl Eu E‘Afin mm M! Imimaéncni in a
man-active 51am, mus whw a defcctiw bit is rcpaaircd by
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ropincmnmt, l-hii fiesta can be accurately read an In an!“
{0 write. data: ii \wfui (iri‘cxr 11mg only 10 ha pm-vfdud in pian-
cr[ 3 main ampiificf.

{Spare main 3:1‘;p1i§é§:z actiwmm signal FAB“ is umi‘wamd
when any at” {be (2511th sigaak $55013. circuits; (KAI! in {36:3
aimins an H 16ch

Mme that in 211:; configuratimn 6f 1th reading, gartian in
FIG, $1,, nurma! glntmi (Jam Imam; NGIOQ m NCiii}ti an:
4:011:13;ch Ia mafia! {0631 data hnéaffi pnwidefl wmsgsund»
mg m a selbcted IQW Mach Hun/War. since:- anly my: cf
whmm decade circuits Y0 w- Yn transmits an activated
cr'rlumn micafiifig signal mm a autumn sulcctmg Kim-(3 only
time of nmmm ginka} (331:5 humus NGIOQ m NGIHH mueivsia
the Gala u!" a sclmvlefl wanna? tell (when a uonnai memury
can 13 am. 7%:de

Hall the naemury sub—arrays arc:- ; mm! is 3 Medal raw
blank, a spate: $0631 {1:13:11 hm; is provided t‘m‘ each uf 11m swim
suhhii line pair’a in sat-h 14mm may; and spam: glam] data
buses are lwrm'idcfi magspnnding tn {hum piurzdiiy m” 893176
{Luca} data buses, 135mg Sgfim dmmims 5110!) Eu 51m having
Ihc-z coufiguraiimi ahflwn £21 FIG. 3A, me nf Thfi ware main
amplifims prawifiefi fa): 121: pluralily (if wan; giabal this:
Mini» 15 wimiwiy aciivawd. Allumalivciy, using the ou£pul
signalfi 0f [3»; : agar: riecmiurs mm m Sfifln, 2a anhlmn
Mach :1! which a defcczim unrmnl crdumn has imam repaired
I}; dwlcctui, am} we vaipui $2ng Milli: span: main amplififiu‘
pmvfdcd fm‘ ilk: éctccléd column blm‘k i3 sclecisfi and
transmiiwd. This can be implfimcmed by using a swim-ta
Circuit.

In FIGSw 2A and 3A3 spare dacndxfim art: :isaé [‘nr mw
Mack‘s; u: miumn blade; lVluwewz; the» number 0[ spurt:
decufjem can he wilaixlg; éaiennimd dapcficiing upun lht:
numhar 0f (igfeclivx: normal hil {inc pairs It: hit repaired in
3hr: 12min: mam ‘ ‘ array:

m numim ( .am Trait Linc: pairs in cauh 4:91" wars arrays:
SWO 3:) SP1?!“ man ht: mimhly rlatarmimsd. What is required
is man a plumiiiy ul'sparc hi; lint: [mine am pm ”1:13;! gar
calumn Mack

A5 (1684: hard Emmi. acwcding [a Ihv: first éizzhodimcm 9!"
1m: ixwmtium a spam array is provided fur math raw black,
and an whimsy dtfmiw uuzmal mlumn in a piaamliiy of
Huharmwa influfied is: a cmrrusgmnding mw Hawk mm hr:
repaired, m that Licfucliw fiormal mlumm Dan bi: tfliuieml};
mpaiwd in cash [mks iflflfik.

A 5;);er decaciet if! Select a spare column (spam: bit line
pair} i3 sham-d am‘mg £1 pluraliiy Inf :mmory :suwarrayfi, in
mhwr ward/am :5 spam damask: is um mammary fisr math sf
mummy Mlhrfifflly‘s‘ which reduces; {ha circuit necupying
21m: and iueymws ilw use efiiuiulxcy uf span: flawdwm
Semnd fimtxfiu‘nml

”G. 5 is; 3% sCEEfimafiC diagram (if a mommy arm}? gamma
in a mmiwaducicr mummy dwicv iLcci‘rdigag in :1 Sirmutl
cnnhndimam of 111:: inwntim, In the army :zmmgécmm
shown in FIG 5, block wiggling germs. 83G}; gmwidcd
ummspuudmg 1:) spam: aways 5PM) In SHAH [as-wives fiiguala
arm to (338m digélfifll Emu] signals Q30 10 {pm in 5:21:33 3
mfrmpcmding new blcscii. Mum specifically, Wham a ole-ftp
111w Burma] whim!) Ez- Icpaia‘mlg a pmsmflmd numbercf {spam
{meal clam b12561; amcmg 3pm: Inca] dram, bums; 5510:} :43 3??an
are aimuhauwusly minimum! In Spfifl: giubai dam tum SEEK).
The mixer amngszmcm is aha same as ihaa in Fifi L am!
mrmfipmding portims are denoted by We same referents:ch; 40mm,

FIG 5 i2: :1 Wham-aria diagram depicting how Burma]
glnbai (22113 hu :2; are mammal 10 111331 dam buses; (mi! 53mm
19m! {hm hm: . in HG. 6, nurmai gimml. Gala 11:23 311310 is
cmmnclnd m a Jamal x3313 Issue, 1.10} lhmugh 5: Meat: gaming
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gate BEG. Siam}; sizicciing gate: Iii-5L} mnflms in mspmsa: m
51 mw himsk Scicsiing Sigma} viii. Meanwhiég Spam $101331
dam blue. 3610 if; cannwmd m Spare Inca} (E38; m: 31m
mmugl‘l spam Mugs}; 5:31:6ng gala [$363 agjil 3E gm; ham:
time enameled as: a gummy of spam Inca! clam bum-a Fifi,
6 genuriwfl}: mom; spar: 11:11:31 data bus SIG}, Cimnmicd to
3mm gliubul flaw is , 313350 by way 0f {[Eyiétraiim‘

In a mummy («nth-é! my: nmmai mas-mow cans are armngad
in a matrix an" {0W5 and mlumm [a a fiparcfiamy spar»:
memm’y cells aw aflaflgcxi in EL mam}; (1‘3” rm cs anti “durum.
The number is? Calumns in lhe span: may hcxwrwr. is
aiguificam’t} 311131311; that; :11: number 0f columns in a mammal
subarmy, imanm 31m ware army is prm'iciéii in repair a
dcl‘wcliw; culumu in a normal aubmarmy in a airmagwafiing
mw Mack As. a mink, when: parasilic capaufimsc. L's: m
canned-ml 10 bus lines 10 {(9:31 data lam; [JUL smaller
paring! “aim-zilancc U: isprcsml at bus Ema Ufsgrsam imal
data 1‘! ‘ ‘ {Oi

Mcanwhik, mum? glfi’nai claw has RCEEC) 2m! spam
gum; dam bug Sfili} an: grandad extending in the whim“
dimclicm in f. Infirmary (my. and almost the same parasitic
capacitance Ch 35 {2wa hm Mast: bums. As a Icsuét, ifmfly
a gingli: spare 166513 213 m}; is; 62mm; and 10 ways: g'imal (i313
bus SHEA file Famfiéfic tapacitsmcc pm’dumfl is? {"Ewt’3:1” in
the time: of accessing a mammal mamcwy 0511, this parasitic
L‘apacimnw gmfl'uufi‘d m Ext: bus Jim: is; (EH-{Ta 3531 the time
at? accessing a span: nwmfir}; cull‘ 1hr: parasiéi; capwiianie
on the: bus as fiii’aail, '4 Signal changes in u ‘imifig fasaesr than
than! in an; my; 31 animal mummy cull. Thcréifam sigma!
[ampagatinn fishy it; {mam bEYWKSCH nnrmrx} “167m“? 8611
aw; jug and spark: talumn sulficting, the. Limings at"
c angux. in lhu miemal sign-113 Em: dilfcl‘cut, Wééth mum
cause inmnsisicmy in 30132er timing; and {fifrflflfiflfii fiparav
titms. Particulaflpe in m at what; manufinr}: array a strewn
in FIG, 5 is guariwicjzxi in plurality and multiplfihéa jazz; is;
inputfimtput ié’a 3;me mlumn i515; awed in a memmy array
and a nurmnl mmmn is mlttcmd in amihur mammary :maxy,
the timings mi" Liam! yang data an: {Iifi‘crcuh and Ilwrc"m:
the wt upshakl Xian“: .fi laifimfll dam cm; id (71:: difltréw. which
deaiabilimzs 111$ circuil typrzralions.

NW when «dawns 31R: winded Mquumialty in synchm—
nimiiu‘m with a clack xignnh dam is “tummy mu] nut
allasrnzimiy al'lcr it is mad and laluimd in parallel with
selected flake) i1! mama nmmm‘y‘ will array if Ihc E:’armu1i.s~
Liion mm: (:3? a {35x33 Eigml 23 difibwm I'm whaling a numal
nwmmy CCU and fur scleming a spa m 661111113, :11»: am
”whom time mlmiw to she {mob timing; i3 iiifirirang whfeth
crank! makc’: it difficult :0 mad taut {Jam acme:

“1115. am 5mm; in Hit 6, a! mu mm; of '
deKcalive spar: mama}; iii". a plurality mf sgazm: Ema! dam
buses are simzfllanmusly :mnecltd m 3mm gum! data has:
80101 "[11:15, the» signal pmpagaliou delay limr: i5 math: cqual
baswxxm mm mm: af wlwlizug 5) manna} mammary m1} and the:
vast: ul’ accsxfiing a apart: mummy call.

The uumbc: uf $931“: 1:16:11 Liam busing 1:; éii'k’vm simulw
narmsly mm a 56113de sink: is specificaily giwn by the
("Mowing fixpression;

 

 

 
  

 
 

 

 

  

  

 

("bfiffkpflmk-Cc

'l“humf0m the foilnwing uxpruminn msnéis.
(“amkfl’r

131qu (ha: pmhicmg ammizmzd will] mismatch it? the
timingea cam he flawed.

Let us {11w 3184552311: Sisal eight mw Muck}; REM! 11: R1514?
am jammed a Slmma is; MG. ‘1, Row blmkx R3“) in R1143?
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are nfldrasmé by 3 addrcgsc mgnal him, ai, aj and ak, Them:
3 midway; Sigma him} 3i, aj am! :41; are decoded m gunman;
a Muck suicrtifig fignai (pi.

Um: of the grungy m row Monks: mm in 121333 am} [Ms
gmup {if raw Madam R1361”: m RB??? is addressm by warm
signal bit ai‘ am: of {1m gmup of row blocks REM, R8432,
313an REM and ma— gimp of row blacks RBfl; Rfigfim
R8361 and RF}??? is axkircsmcl by mamas sigma? hi1 aj. and
mu: 43f 113:; gen}: :2? am»: blocks REM}, R8135 KEN and
Elfifi am} {he gmupflfmw Noam REM . RBé‘B‘ R1355 and
R13??? if; afldmszéeci by ackiméifi Signal hi! 21k. 1:: this case,
adatrxm signal his; :15 m at; an; ha: suitably invatidxtgd {m m
4| “Don‘t Lama" slam) m gunsmxe spam: army Mimi; £6166! inf;
again] (mix

U; £ch examplc. warm signal bit eLk is invaiidaic¢ 3st
MW black; are simuilanwusly addrasscd, awn Spar: {maxi
deals bums cam be comech‘x! m a spam global data bug. if
warms signai bit 313 is im’alidalucfi, 1M} raw blacks can b:
similarly adéEregszci. if mamas signal hiis :xj and $1: are: but}:
invalidaied; Emir ww Macks; can be simultanuuaxiy
addresmd. IE 3 addmss sigma! hits 31 m a}; 5m: ail im‘aEi-datcd,
311 [ha mw himkfi dial 3):: RCMrmsc-d. Thus. by Iha 11:559be113
arrangamatm ”past; kiwi! data buscfi for 3 mx V $3M}; maniac:
(unfltip, 5. ‘j 032mm armys can he cannemed E0 the 333::th
glam] tizxxa mm

FIG. 8 is, a achcmfi‘iic magan'l mt” a mlumn minding
gamma in a span: b10211. I?! F113. 3. me can figuration of awn
spare arrays EM: and SPfij is shown

Ryfwring {<3 HG. 3. in spam array SFM, a spare minim!
Seimiing gale fi‘iih' mmhaifls m mummy :3 Spare hi? Hm: psfir
83L [(1 may: luau! dam has 510i in raspx‘jnsc {a 2: 10m!
culunm wiectmg aiguai 3’5} uutpm {mm am :XND await
SCGi which in mm racemes a cmhxmn selecting signat and
13 MW black acidmss signal hi from a spare wiimm duwfiu
circuit which is»; my: ark-32310» In spam array SP3; a want
mimnn mlacdng gm: CSGj conducm m marinas! a 521mm E331
33m: pair SBI and spare {meal dim: hm; 3in in mspnnsc m
a 5mm meal comma xicsimg signal ‘x’Sj imsn an AND
circuit SCGj which in tum mcti a span: mlmfir; «letting
fiignal and a {OW block selecting sxgnal (pj [mummified mm
a spam: ucnlumfi Waiting 33m: SC‘SL {mm me, wag: uxlumn
decade circuit" Spare Eucizl dam bums Smi m SIUj an:
mummm t0 5533K: gkfiyal dam bus. 5610 lhruugh spar:
trlmk scicxrtifig, gains [53th which cutulud in mswxm in
Huck rats-letting signals 63153 and @533.

In 11w configuralim 5hawn m FIG. 8, when a spare array
Le; :mcemmi, spars: lanai dam busm Sim m SIG} are muplcd
In spare glcakaE 6323 bus 353”) in parallelv In Bria 5mm a
span: bit 131:: gm; BBL {in :1 23pm: almy {gamma} cumsv
spanding lo a Séici‘i‘éii row Hack is cmncclcfi m a 90179
spunding. 2;”:th EMU, {lam mm "l‘huri. if a, Egan: culflmn
arch/fling: Signal applicsd (:mo span: mlumu mlcfling iim:
SC'SL fmm the: 5mm autumn dizmdr: cimuit i3 uremia?! in
{Hammett} 10 Spare arrays $13M} to Sfifim and :1 mummy d
spare lucai Gm hum; am ‘imulmumusly mnmcleé u: the
spare global data b: . 3 spare column ucxrrcsgmading; If: at:
mares. Vd chfcctive autumn can be accurately sulcclcd far
data at 43113131115, such a siluatkm can bx: pmvmtcd ilm
:1 spam hi1 line paif halal in a precharga mm is mnnccted m
the spare glam! fink: nus, lhmugh a commanding gym:
iucal dam has and is: spam mummy data is zlcgtrgaycd.

In the {megmug matripatim. an addrcsa signal hit for
adairmsing a If!“ himk is S23! M: a amgcncmim 2mm; ([hm’x
can: mm) and a pinmiity of 33mm 10331 flan; 3mm}; an:
gimunanmmsiy waneciud m the span: gkshai dais: bus.
Hmvevu, a Jermain await aw}? ht: mgmmicly 12:9me and
a set M span: Jamal data bnwa mlecmd at a lime Em cad:
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addtmfing 95:: mw black may be dclcrmincd hassd m the
umpm nf Sm: ficzgfide circuil.

1X5 described aist’s, awarding, m the 58mm smbm‘iimmt
a plurality «5 31mm: ‘imal dam bums an: minimum} m m-
spam gmhal data gang in parallel. the ségaai propagiliou
dalay far the globat {3:213 has cam he the same: for. acccmng,
a normal mermiar}; mil and I‘m assessing 3 Spam: mcmmy
at“, 5m 1m; (in: Imfiflmas. sxmx‘miamd with mémmicfi in the
internal inning“; can [it amidst! and a stably opcz'aliflg
samiconduclm mcmmg; device can .192 implemfimafi.
11111311 limiméimant

Phil ‘3! £3 a whtmalic ciiaaram m‘ 21 mm rear! of a
mmiunnriucmr martian; {Imiw awarding m 3 ibiréi mfl’mdfw
meal uf (In: inmulim; In FIG. 9. {a Immury aim}: i5 divided
mm a plumiiiy in“ 1133‘: Macks (scum amplifim’ Midas)
RBXHI m RBXfim fiang 131C mlumn dimclitm, Raw Macks;
KERN lo RBXvfim an; farmed by ntxrmai minim}! an!»
array? MAfii m MAM having nurmal mummy mils;
arrangul in a maniac a? mws and cmiumna Elem: black R1333}
includes a aurmal mummy 5Uh«army MAM! havitag mnml
{mi-mm}! Gena wrangm in a mafia; ufmws 3116 cczluums, and
a smug: army SPIKE? having 592m: rr‘lcrxm-r}r calla arrafiged in
s: pkuraliw (a? miss and Sharing, thy: columns with Emma}
mcmm}: subarmy MAfifl The: plumlity nfspari: mm Lama:
wuml lines.) imlmiefi in spare army 8?ng can "322593.
dufwuw Burma] wmai lines Lnxslud’cd in {103135le unanimity
sub-arm Mam“: 1:; MAJi‘m Raw. demdurs 3W 9:! "Km an:

prmriflcd {czar {Jamal mcmory suhaarrayfi Mt‘m‘i} It} [VI/Wm.
mamclivclyg 3119;? a Spam; mw dwudc cirwii SI‘DX is pw~
vidm} far spam army SPXQ

In that Luniiguraiitm gimwn in Hill 9, spare army SFKF? Li:
pmv ideal in wim‘uuu 31: animal mcmm‘j xutrvarrayzs MW 10:
MJ‘Wm. As: a $51111, if fiefecliw mwx utmmfiimlé in mm
normal ”16111th sub~an33g Spam word line: indudud EU
wart: array SPXfié car; he Umd {m repairing in; replacement;
and thcmfhm lb: yields; m“ the: pmduuii; can 1'): imgnwaé, A.
Spare mw citscmicr i}; shared nmung a pluraliiy at‘ mama!
memory Vui‘mriays gum blacks} and Ihcmffissr: {QC number
nf ware demdcm cm tn: {cduceLL

FIG. 10 is a schematic diagm'n m" szgm row 41mm
circuit SPDX 3mm: in Hfi/ 9 FIG. 10 shuwa £32; wnfigw
ration :1? spam ram ficmch: circuit SPDX when {but 31mm
wmd [1mm SWLD 1U SWLE are fircwidzd by way as” illus~
tram“! Span: {cw {team circuu SYDX [IJCEUCKZS spare row
(hamlets 53133“? la! SEX} pm‘ddud wrmfipnnfiing if! spurt,
ward 2mm “EWIIJ m SWLJ? mspwliwly Time spare raw
claumlfim 507$} m SBXS ma: pmgmmmm! mm bum a black
mklmm m mauve; a mammy subarmy and 11 mm addrssfi: m
midway a ms»; in a auivauay:

lam us mm assm’m. that a dc fcxctiw mmmi Ward 537:: WLfl

included in mammal mrzmmy sub-army Mfiéfi}. dd‘ecliw
normal ward 111mg MI and W1; inulmicd in manual
mummy Sub—army MMPL and a {It “:miw twrma? wm‘si Hm:
Wlfi manila! in manual mummy guhuarmy Mj‘tfim am
repaimd l3}! mglattcmml wilh spare ward lines as skin“: in
FIG, 10‘ in “is cast. the addmzas (inciuding a himk addrcss')
of ward line WU) is pmgmmmw in spam; raw dammit:
SDXG, and the: addmssca 9f (lcfuttivs: normai 3%er Imus
WI] and W1; are pragmmmifid in spare mw (Marching
SDXI am} 893:1 waapuuiiwlm mm Um adaimrgs a!“ duti‘cciiw
manual ward tine WL3 is program mud in 53mm mw sicwdct
SDKS, Theret‘mm Lififcfli‘v‘éi‘» mama] ward lime; W13. WU,
WLE am? W153 are [rplamd with spare wmfi firms SWlfi,
SW11? SW12 and S“?! 3, ramped [311136.

Thug, since :1 spam raw dawmiar is Shanta amfizfig mfiml
mcn‘mry sulfi-anfiyg fyizxé‘i} In Mam, a ware flaw Menzies? 2:»
nm mm my far udch of me nermal mummy suhwzmafi‘
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and Ihemfmt: incmasz. in the array occupiad area can be
rcsxmined. Since ware. wnrfi lines are Shaffid gzmnzzg; normal
mammy suhxarmyx Mikfii! m MAk‘m, and lhefafms‘: the 115m
uificiuncy uF spam mmi iii: ' wk In: impmmti,

By pmvicimg mm may 3%}? in mmxmm :0 animal
mamm}; sub-amayg MM :9 MMm in mm; black Rfixfifl,
span: ward lime 53W}, includml in 3pm: army SFXfi can he
uscd by an arhilmrg mans! mummy sub-array, and the ma:
cfiiciwcy u!“ span: Wind firms can he immtmzd.

Since 59M: array SP3}? is include-:1 in nurmscai nmmtiry
subway MAW, a @1152- amplifirr-r provided fur rm» Emu}:
REX!) has r3511}; 9:: 5:»: mammal Wh’fifl mu: fifsmft :ixmdnrs
SWIM] m SIEXS it: reek/clad, ‘md zhfitufmm {11:3 mmmi (went
mm 0f the 533123;:- 3mpli§iur is, simplified

In 111+; caniiguréiiun shown in {*‘(CES‘ 9 and 1!}, an: :sz
him: is; mlaclad nmung mw Mack‘s Rama {:3 RBXR} {at
musing aperaticm. (A ward )inn is med.)

Tm; number a? 51mm ward lint»; SWL includm‘i in @312:
array $333“! is: athilmry,

As“. in ll“: iercgofixgi awarding, [0 [ha third fimbtflimcm 0f
the itwcntioa, sgué word films arc: mflwtiwiy gmvidrgd 59
a fiinglc man: army Em commm w,- among a gzfiurzm}: of
nurmai mfimm} subvamsygi {he numlmr Hf spém; ww {15636065-
cm is rammed, amt? mt: 329:; :fficianfly of wan: word Hum 33
improve-ti
I‘uurih Iimm‘dimcm

HG, ll 35 a schema“: diagram M an array {Martian in n
semicunctucliir mammy duvicu according to a fourih
umbmlimcm 13F {kc harmi‘an In ”(In 11, 3 animal"; {may
incluilr'fi marina! mgmmjg sub—arrays MAMME m MARCLN
and rummal mummy autmarrays MMWO {£3 MAM 4‘3 pm»
vidud in E116 culumn dimmiml, alizsmleuly with m‘fmal
mamm’ij sub-army‘s MAW-O m M. #G-N. 3%. $3333: aria}:
SPXfifi havirs; 5i arcgurfimtl nu mhcr 01’ spam we a! ham; SW L
is prwidsd ice: mammal {WWW}? stub-array MAW—E? It} furm
(ms: mw blank {wast :Implifim black) mam whik: 3n
nurmal mumcirjv fink-army MNiLN, a spare army Si’Xiéi
having, a prtsxz‘iifimf number hf span: wmd ham SWL is;
pmvidad In farm a mw black RBXfiL Mama} {use-mm}:
gab-arrays. Wéflfifl to MAfiflN and MAMJ? ta MAf‘élxN
uzmh haw wrmalmcmmg mils: arranged in a matrix m’mws
and culurnna

Sense amplifiul hands SABI m SABm an: yrm’idcd
between memory sutFarrays aéjamnl in mm; axzuthm‘ in thc
mhmm airwaian. Ascrm amplifier Emmi SM?!) is pmvidcd
wisidc mrmal rut-misty sub-array MAW-{L and a muse.
:«Jmpiifier band Salim“ 31:. pmviriud adjacent tr; norma!
mammy subarmy Mfiffbfi

'lhuw Veuw auxyhiiw {minis 3A3“ [u SABmH in a an
alternate shared 56:15:: amghfirrr misalignment Whm mm
Hanna] mummy sub-£1151}: u: mw block is selected, file was:
amplifims inciudm‘} in {31’ I136 amplifier banéza pawn we} 0!!
hath sides 5m: 1:19:32? far gaming {mummy

Spam ward Zines 151 spam: array SI’XI} inflamed in mm;
Muck RfiXfl} can myiaz‘c manual word films indmfifiil in
memory aubvarrays Mfififivb m MAa‘mvN. and each span:
ward fine in 3mm (array SF‘XM pmvidud it: mama: mum-wry
subvarray Mfié’l—P‘é can mplam each mrmal wart! {inc
{mind-ad in normal mummy sub-arrays; MAW-(1 :53 MAE»

In a nmrmal apemticm. am; {If mrmai mummy sub-arrays
Mfigflfl-(I m MAflfi-i‘é is selected at me Of animal mummy
sub-arrays MAMJ} 10 MbeN is; 1.3:, :4:de Mam
smcifimlm in $53: arrangmncnt ahnwn if; 17H}. IL nut:
nm‘mai mommy Wham-:13; is driven inm it galecied tame.
MW, “Maui! bm‘uglsl 42!:qu by uimuzfiuiy afiangug
mammal mummy suh‘armys MAMH} m MAfii‘LK and animal
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1333
nmmmy suhtarrays MAfiLU m MAfiiaN in the miumn
flircclinn and gas-availing a 31mm army far uach ni‘thc groups
uf whmnays xvi}! be dawdbccj‘

Let us mm mamas]: mal spam word Imus 6n 23133:}: army
SEW? incmficd it“: m9; black REM] «as, sham: in FIG. 12 can

replace clcfscaiw nomad word Hum in all [he ngzrmal
memory Sigh-army“; in {he mm $131155: amplifiar
armngmmcm§ may bind; R112“) and nmmai mummy Rub“
array MMILB am; gravidmi m; bmh Shins; LiffifiiflSfi amplifier
[mad 3A1“. A bit Iii}: iégitlalicm gab: BLIUB is provided
h-ztwmn sense amplifier 33am! SAM and row hajk {3.312321}.
and a bi: 11m: isolzzrizm 3:311“: wm is pmviajizii lmtwccn
Kansas amplifim’ ham} RAB] and nnrmzfl mammy mil-away
MMHMD, Bil liflc $0131ng gab: BUCK} is 5313125 J wiih fin:
(autpul sigma! 0? NPR {innit (Mia weaving a ttplawmzzm
intimation Eiglmljfifip mil 3 sub—army film-aura}; designating
Signal $371 as a bit liau: iwlalian waimi sigsslt

Bil tine. [mlaticm gm 331.161 is fiuppliugi with 11w mgtpm
signal “1' 2m NfiR mam ()Gh ruwivang repE/igcmem
inslmclim} aigmal gm? am] mluwarmy debigmfimg signal W m
a bi: liar: lfi’fizliiflfl instrzaslian sfignal. Repiacemeni immis-
mm signal :33}? is sciw‘sivcljf pulled m an H level. afli‘v‘v: $13k:
When a dct‘wtiv: Emma] cell is addressed and :1 59a W 13%:er
Um: imtlmlrtoii in 3:333:32 array SPF}: {at nelecteih Sumtrray
designating 55ng :13! attains; an active state, H Em?!“ when
manual memm‘y hub—arm}; MMLU is adde . 311:! sub—
artay dcsiyaziiing signal $1} attains an active $312. H [9.ch
when normai ale-mm}: subxarray MMWD is aaércmgxi.

Last u»; aswmc [£331 a dcfwtiw nurmal wanfi tine: Lucivdcd
in nfirmui memnry whammy MIMI-("l ix mglamd with a
spam wart} Bin: inclufiscl in SFMB army SI’I‘Gf‘ When this
dctcvlivfi: (313:1wa him! has in [human] mummy subarmy
MAN’O is del‘rrfisifid. sub’arréxy address. Signal 13) afiains an
H lqu whiic swarm}: dahignaling, signal «130 maimaim an
L {We}, m: 3 (mm 311;: irampm gigml of NOR ciremiz ()Ga
attains; an L, Em’ci‘ hi1 ling: Emlakinn gait: BUG?! aiming a
unmmnductiw task; 81:: :spzm: army SPIKE? i1: dismmcued
from sense anagfifica hand SARI Mcanwhiéé, the dd’caiiw
[Karma] word [£116 is icplaced with a HEM-2453315 Hm: inciudvzd
in spars:- array SZ’Xfi‘. mphccmfl-nl Ensrmckimz Signal 4131) is
ain'vm Ema am E]? lax-0L Malian tho cxutpui Eigrzai a}? NOR
cimuil OCH! mama: m H icvul, and hi: line imlzztinn 3;? w.
131101 mldiut} :1 numcumluclivc Hum. A5 a result, 59 :4:
amplifier tram! SAHI 5 digwa‘umcmi fmm trail: 51mm may
SPXK and manual memary Subvarfay MM‘L‘Q, am? the
defective Hanna} 33cm fine wanna! bx: rcmimd.

Far the yummy: 33f amiding 1M5 situatimh (his cimm
shown in FIG 1.3 mum be mad as»; the. Ewit Hm a lim

Bimini] L‘iwuii in LuLim (u iunu uu Exit liuu Ewlaiiuu gun:
BLEEEfl when a span: wth Jim: is used.

In FIG. l3! 1h: l‘il lint“ iwialmn cnnlmlciuuil illdlidfifi an

inverter 01333 which {0:2in gulwmay driiguatiflg signal
(321‘ and an OR circuit {flab which {acciws flu: mngm Signal
uf {menu 083:: and rcplacumum instrumimt gigual gasp. In
the bit Jim: whims wulwl chum: shuwn in MEL 13:. when

a mrmal memmy sabvacmy is addragwd‘ the swim? signal
of inverter (Riaa 31mins. an I». {ma}. Wlmn a dd 1.1%: mammal
word Hue Ls 11:31 aaiiirusxmi, mplacumml Enslmmim signal
amp is; at an I, ievei, and ihcmfnn: [he mnput fligm} 0!" 0R
circuit mm: minim an L lcwk, which mm; nf!‘ bi! Hm:
£59131;qu gaze E31460. Meanwhile, ifrcpiammcm Emlwméun
signal Imp Ls gamma? and a spam ward Um: incluflcd in the
man: army is mac-:1, aha (mlput signal 0f ORE cirruifi 0‘sz
naming an H Iuvcl, which mms. can hit Jim: imiakim gate
HUGE

l‘liJWfiVEL the hi! hm: mzlalimu mulml circuit Shawn] in
FIG. 131mm 3 difl‘cm‘fi 21mm: Cflflflgflfalififl {mm the cmziml
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ciruuit prm‘icfiad far ether hi1 Jim: imimim gags: and a
dificrcm numheir uf @3112 magma (”I‘m 0R circnia. if; {firmed
try“ an NUE circuit and an mvcxlw Incisivi {15; {hit tsuifiul (.2? the
MGR circuii.) As 21 msuii. the gait: delay is aiifl’mmt, ms
timing matgin is reduced. and cmmmus apem'xm amid be;
czxuwda

As 5!}:ng in FIG. IL in ware. array SPMI‘Q‘ by pmviding
spam wnrd Sinm; which mm mplmre dul’cuivc fiili’mfii ward
tines an annual mummy subways MANN) 1c: MAW-N? a
span: ward fine inciudtd in a span: array incisidazd in [his {99;
black 12 8111??! is m; axe-:1 if a dcfcctiw mama} ward Im in
normal mcmzérry giéh-arrajv MMH) is addrmszdy 'i'hzzrcfgsrm
in {his cams. flat” use r33? #1:: {Wit lint: imflatimn mmmi uimuit
amwn in Milt 14 pcfinék; 3 :lcfuclim‘c normal ward him: in be
accuralciy rugwcd by mykcsmml.

In FIG, 14, 3 2~iflpui 370R circuit UGL‘ wwi‘smg and»
array clcaigmfing sigaal its} is pmvidm I'm bi! Eim iwiatiou
gatu ELlCTdk and an NOR circuit 00 (5’inng spam
ruplacemem imiwatim xégnal 4:35:30 and mix-array fissdgnai—
my, signal 4116 i5 gim'idmi [w bil Linc Lsulaliwn gaic BLKEL
3mm replaca "cm imimcliau signal @3130 is [fawn in“? an
atlivrz Siam" 1! km], 'fi’i‘lfii} :1 fizz-{fictive “(1:111:11 ward Lilla: i5
amhmwd in all €31“ normal subwarrayss Mnfiflril It,» Mfi-‘sffflfir
Szxin~army dwignatifigg sigma! 1130 is driven inm :a :3 active: Sign;
H IBM, when manna} memory suhvarmy M12334? is.
acidru‘smd, whim Szii2~aum§ desaignaling .fiiguel :33} 5:5 dawn
inm an active ism-2, H kX’fiL when minimal magma! sub-army
MAfit’lufl is acfdmssedr

Whan spam 3mg SI’Xfli pruvidod caswcsgmmling :0
Subaru}: MAME—{E is; 3mm, nnrmal memory Sub-army
MAM vfl wili nut he addmfiwd This is. {mum a Spam ward
{inc maimed in 53mm array SPXéfi} is, sclfiulai wixm a
dcffimive narmal ward line: incluilttd in mama} memory
sub-arrays MAW-U to M‘WLN is addrusscd. AISU in Ihis
cam (hr; wulpm Eigmi 13f NOR ciwuix 0G2? maintaim an H
iwal‘ the mum” aignai a? MGR Kircuh 0G3 33mins: kn L
level. am] scam amplif‘m: band SARI is cementum! in mm
block £13315) mm diammmctw {mm nm‘mal mommy subv
army MMr‘l-ié. Cunwmely. when Burma! mcmmg subqriay
Mfixfi} 40 is addtcssid, {1m ouzpui signal (If MFR uirc’uii 06c
mains; an L imml, mw blade RBXW is difiwimnctlul I‘nsxm
was: amplifitr Emmi $3681, and nmmal mvmmy whammy
MM] mfl 55. wunccted ii: 5mm amplifmr hand 3331‘ (2111::
muffin Sigilaé uf NUR uimmt {Mid mammius as; U have!)

The similar wriiiguriiiiun is pmviddd ('0? W; (\Ihcr raw
Muck 32.13th L This. a mcmur}? Muck including a spam am:)1
:1 nd a mcmnr}: su‘marmy adjacent in this Mask W51} rm: ht:
simulmnevmsiy méfimsmL so that dafacls can he accummly
:cyail’ud.

PHIL {55 L»: a sctmmaiic diagram slmwmg an entails. 0f
rcplacemcm ii a dcfccli‘s: flm‘mal word ling; in its semi'
mudumw mcmry dwict summing m mu [numb umbflt’is’
mm nf {ha invela‘imm En FIG [5, spare arm}; ‘QPXW
includes spun: wan] lines. which (:33 mplam dfifméyvz my
and wurd liner, in {imam} memuq subvarmys MAME) i0
Mfixfi‘fi-NL Epai‘c army SPXM includfis Sflélfé ward lifics
which can rfiplacc dz: fizmve (10th watt? lines minded in
normal mummy Submarrayg MNéH' m MAW-N. Nurmal
suhmrmys ahafing a: same amffliflur band have different
values in address signal sflit RM. “Muss, crmncwas mmrazicm
caused by assess mum-:3 {gimunanews suiccfinn n[ a
nurmzilfsgmre 1mm line} can be prcvmwd. m 11m defects
can In: amumtaiy repaimcl
Firm lélnhudimmt

PM}, 18 :2: a diagram (7:? a memory can indud’nd in a
scmimnducmx man ’3; cicvica. In Hi} 18. Ma Winery
cam; MQ‘a and MC?) dismwrl mx’msspm’zzlmg {a 112:; mugging
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pm’timm ufwmcl Hun-s. WLa and Wlh and in bit 13m: EL art
mpm '- M}, Mummy was Mi‘a and MC?) aacb inciudc a
capacimr Mi} and in] access lransislm MT Emma! by an
n-xhannal MQS {maxim}: and mapunsm: m tilt: aigml
patemml mi .21 ciiyrcspmding MM iint [Wm m Wlb} F131”
cmnecling capacim M0, in bi! Hm: BL. Thea: mama!“ 13$
MC‘a and Mi’fb an”; bash a fiynamic typr: mummy celi‘ (n
which a mi: of hit 33mm EL 21m} {B}. 5;»; pm‘eicieéi anti 1m:
pmemial diflhriza'xcg gctm‘alsd betwcca hit Einuzs BL 22m! 2131..
is. dirk-mafia“? amgaiifiw by a Sci-mt: amplifier.

In ihfi- arrarrgcmem Shawn in PM]. 16‘ what’s ward 13m;
Wta is thin? into a 3:21th slam, xhu wimgs: £5ch of
nnn'selemed mini 13m: \VLh rises; ihrnugh Ehc- mmwfliva
mupliug by pams‘iiiv capawimnw lmtwccu ward hats WLa
and WM). afitlifhix Hammer Ml" Lucinda! an mummy can
MC is weakly [gamed m, and me stmwdchargc uf awacémr
M12) is lranzsmittufl mm bit finc- ‘BL. When 32:1 ‘d ward Hm:
WLa mam: :1 iranfiiiim ”.3 a ncunvwlwztvd aggicj the capaciw
Kim: mupking hutwmn word line W! Va and bit Km: HI , camera
the vulutgx: ham-1x3? bit line EL m hm lnwureii (when bi: my:
BL is driven 10 as; gmum} voltaga- {SWELL amass; trafisisim’ MT
included in mcmm‘y 1:51} MUD connected it) mmwsekscml
wotcl Hm: WU) i5 Wcakly lumttd on, and thc Emmi vhargc
m’ aha mmcimr is aiiixvmd as: flow to bit line: RF», EEfiah a
phennmenm of causing curmm leakaga in a memar}: €331
cmmechid 11.1 a axzu—bciédéd word iinc as media \wnfi Him

is selected is iii'aflcd "diaimh rcfmsh". If the Charge: {302:1ng
ctmracwristic m” a mcmcyiy coil is perm-r, xhc gig-mi! dam in the
memory call is 111%; bcé'sm: a wircsh upwalivn is {i‘zfi'amwd
m a pmmrflmd male, and 3 mf‘harmr is canivai}, In urtier m
[ml such "éiamrb mi'rcsil” chammcri ’c‘ wuré HIRE}; an:
mqucutiaily driven into n saluted man: and 133:: uhalgu
balding Chamdwisiicg of me many walla 1W: tcgled‘ in father
worcla a “disiuz‘b mtmah 1:58!” is pm‘fumefi [IE the “(Eigturb
refresh Rafi. in Grier m wofidu a prcmrriim‘i number n!"
slisturm new; In saith mammy cell, a ward line is drivefi inm
a win-tad sum: :1 gmécrihcd number cxl‘ firmsg,

[1'1]th . mags gamut} uzf a somiamduuim mcmztszy thaw
fluctuate-s. the Emmi)“ 0f ward lines inurwseg awardingiy,
and limo rcquitcai for £31k; "disturb rcfmsh his? inm‘cms as
Well, In mic: [rs wrfimn sum disturb mfrcmh was a! a high
5mm, 3 lungs: number m? mm} Jinss than this numbgr a!"
word Ems salaried a! a lime» in a numml Upcmiim] muck: am
ammhamouaiy dréwu mm a gamma! Matt: in {his €339:er
miresh 1651‘ In this case, aitl‘mugh demanding span EEK} way
to select a ward Em; 1f i111: licxilim redundamy schmxc 1:1
employm, n 3:331:25: wmfi Kim: and a smarmai ward line in one
whammy may; be. ximuitanenusly driven {mm a selwthi state
tu cauw acctsa amufiiul? 3112: 51(31le data in fin: Jzzmumy cell
is dcsu'cvyed‘ 311d Ihe disturb mfmsh “:51 can m1 lwgct ht:
perfurmec}. The afiaugcmtm which can prwcm a {Bangui
word 15m; and :1 Spam ward line in we mars-my gubwamvy
frcvm hazing,:zimflmncmagfiy scimmdcwn if a {argcy numi‘mr
Lafwurd litms than Em: {lumbar in Um marmzfl Upfifufiiié’k (mica;
an: drimn into a sflwlfié state m a Lljbiuri': {afresh {mt will
be new dficszribcfi‘

FIG, I? is» a mémmalic diagram shawimg [Ears mangumcm
01" an array pazlim ifi 1h? sumicmducmr mmwry dwicc
awarding k) 1hr: fiflh trmhadimcm 0H1“: imamiinn. in FIG.
‘17, mm mmnery army includes Wm mummy mam 13% and
BM. Mummy 59111844? infludms manna} mummy sub—army’s
MSW-U m MMIhN amt! normal memes“); mm-zrmys;
MBMH-i’! :0 M‘Bfii?! N. Mam“) mummy sub-array};
MBWLO tr.» MBfiiil-fi and normal mummy aim—array};
MES“! «0 m Mfléfiiluffi am almmmely {F ii. Stage
amplifim f‘mfiis myxmmw 17y afimlmwd 2:: ME- dis-
pmsd hemen mm nmnal mummy gab-arrays “mm
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In MSWMLN and MIMAHt m Msmam. A spare army
RI’XMK! incimEing; spare ward limzf. i8 preview} rm marina}
subwnrmy MBWLOS and ii spam army Si’éic’ffli inciuciiflg
spare wmd Since; is paraded I'm mammal mums}; wivarmy
MRMJI-N.

Narmad msmézry sub—mm}, MBfiOOnO and 5pm; army
SPKflK} farm a raw black (5: mix: amplifier bimk} R3390}
while m’armsal memmry; sub-army MBfifH-N am} 22mm army
SPE‘MH farm 3; mm blue}: RBMJI. NcmnaE [Elti‘flfify at?»
WWW MEWX’S—(I ii} MESfiifl-N [mm a {me-max}: block gran?
Em: which is ifidflrfisfixzé when mw address bi: RA} far
mamph: i5 1, whih: mum! mcmary sub-arrays; 191$;me
Mflé‘mvw form a Wemifi}? blmk gimp Riff“ :{ficqisd what:
am address signal bit EAj is, [m mampifl QE‘

Mummy mal MI mcludcs durum} sutwa‘rays mama: h}
MBMGN anti mtmai memory sumtmzys 3533:?le m
MBMLN, Narnia] mmmry sub-arraya Mi3#10~9 it.)
MMiiIi-N amt} mam-<11 memcvry subways Mlfiv’r‘ll-fl m
MWKUFN an: ynwidexl aiicmamly Mung the mlumn clima—
lith $.1ch armpiilim {malls rupmsfizmcd by shaciuwnd
rcgiuns arc garavéiicfi flatwwn these normal [Sawfly aaub’
arrays MBMfi—fl {0 MBMS’LN and mammal mummy with
arrays MEN 142m Mfiifi’éi ~N. Asparc array 31335313 iuclmi’
ing aparc ward E2125; is pmvitled Fm mum! mama}! sub»
army Mfly‘flflwf‘i? whflc a spam army SPXME ii pmvidad far
mama] mcmwy subway MMI‘l-N. Nummi mmnmy‘ :9qu
{may MIWIG-{l 21ml sgam array SPXA‘IQ Farm a raw black
(sense ampififim black“; EBMUfl. while. mtmai {newer};
sub—away MBMLN and Spam army SI’KéfU farm 3 raw
111cm}; RWHI—R Karma? memmy suhrarraggs MFWHLD m
5.43%th 2m: incluficé in mcmmy Muck gmup Bil-“ECL and
manual mummy wilvafiayrs MBML—U to RIiBfill-N am)
included in memmy 3310c}; group BM 1,

In this array arrafigcmum 5:10“!!! in FIG 1?, spam army
SPXW‘! pnwédcd it: raw {Shack RBWU indufiw am 1'1: ward
firms. which mm Icahn: fifif‘amiw nmfima'fi wmfl 511% h;
gamma] memmy subways inutm‘iud in mvmmjg kinda gran};
”#111 Span: array 51mg“ imluded in raw black R3333
includé,‘ an: wusd films which can replace fififcctiw nor:
ma? ward lines in ntmmi immury gub-arrayxi ificluilcfl in
mammy black gmup E6331. 3mm array svxma inclmémii in
mw him}: R3231 37H} mantles 52mm wnrd TiBfiS which can
mpiam defwfiw uumml ward lines. in nmmal mcnmry
sufhartayfi included us uwmmy 1311;qu gmlsp Exiimi. Spam
may SPX-fifi} iziflufied m mw Muck {3.13%}er includes
spam wwd lines with can replace clfiiicliw Emma? ward
lines in Drama] mammjy sutwlrrays inaludmi in memmy
hint}; gmup Bfi‘fifl. The uperuxinn will he new démribfliir

New awuuw 111:1! nu: umuml mummy wirauay ’ns
addres‘scd by aldéicss signal bits RAG m R3311 £55 aimwn in
FIG. IRA. A mummy was is addressed by MW address: sigma?
bi! Rm, am} a mum-pry black youp i8 adémascd by mw
3416mm Siguaé hi: Rm”

In ihu Hanna] taperaijcm made, Lhasa addmsa‘ aignai him
RAG 1U RAj an: all Wind, 2111:} um mat is addr ’d, in which
was memm}; [310‘ ‘gmup is addresssd 313d an: annual
mummy is add: sec! in [2w gxfidre, ‘d mummy Muck
gmup. If an addmfiscé wad limb is a dufcclévu Wm‘d firm, a
span: wmxi Rm: it: replace the defective wnrd 13m: i2; inciufled
En a mcmm}: mat ailiemm (mm ms: wivumfi mammary max.
‘l'hcmfmc. mg {chcrzéiw mama} word line can be razplaccd
without an): pmhl‘gm {$31}th pmblfims {magenta with the
sharing of a mmu amplifim hand),

Mumwhiés, amnmg; mm mm address sigma! hi? RA] is in
a degenmalcd k L ‘3 3.x Shawn in {3H} 1811111 9 ism fipcmtéz’m
nmdc different flaw that mama] operatinm mania Thus, {me
nfmcmmy mam 13%;? and BM 1% aficimsswd, anti Cam; normal
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mummy guts-array ii addmsmd from each <31“ {we mommy
Muck groups in the addressed memnry mm. Since: {hit [mm
nnrmal mama}: suhvnrrays an: afldwxwd in mm memm}:
mm? addmsa signal has, am allm‘amd m aha: mung} 5111:»
2mm whitii (3'13 rm; sham a sense ampEifi‘cr Imrzé are
addressed is {ha seflacling omrmim. A currespmfling spamword lint: Mai} {I 832; addmsyscd nurmal were”: Eine is; a
dafcclivc marmal ward line is pmparafi in ;: mmsehxfmd
mummy mil. As a wank, {:vcn if 3 9111131in uf (mm Imrmal
ward lines arr: éimullanwusly atklmsfitd in mm memerg
ma!‘ a spam wvrai iii-1o: afici ; manna! ward line an; firewmw
(ram being ariwn Ema: a: sew-cm? mm m a lime; E2; rm
Nmzkfi Rfififfl Rfis‘iflé? 111113”! and RBi‘v‘lL In a um»
summed imam? maL a Spam ward line in a tow [flunk is
simply 613'me mm amlcrlcd sum: upun mpiaciz’zg ii dgfccliw
(Imam) ward line. zmfi {Emblcmfi mmiawd with Kharéng a
sums: amplifier hand are 31m present.

If, far uxamgla, ii: the SIM figuraliun mudui mcanory mat
BM) is. udfirtssul and a mammal mummy suhézirrajy is; mkuad
{mm mm mummy Muck gmups {WW} and Br’r’fll, 2: curmw
ngiding spam wmfl fine is pmpared in a 21:?er army
SPXfi-‘lfl inclizdnté in raw block R3810 and/9m in wars: army
SPXQH included in mm“ block REM! in mmwclmfiad
ammory mm Em, Ass :3 mafia sinm: the memm}: mat in
which a span: Wimi line i3; «1:ka am! the memm‘g maé in
which :1 110111131 awn! Sim: i, India} are diflhwfii. a mammal

ward 1m: and a 53mm ward Iim: an: pmvcnwd fwm being
ECICL‘IGCI at a lime; in one mcmtrvry mat. By apgzmpriaicly
aflwming acidzwss a 1131 bits, may nmmal gab—army}; which
do nnl mm a was: ampfifisr hand can he firivan imfi a
seluclud 5.1qu in amt meaning mal. Nun: that ii" the number
uf malnuxy mam i3 incmawd, (he uumlmr u]: wtilml won!
lines:- driven into a stleczcd sum: :11 a lime cam he i'unhcr
inure 25ml

Hi}. 19 is a diagram shawing a pmrfim fur changiz‘zg thc
numhctr nf’ wharmgr‘ ha ha mimflmi dcpanfiifxg 25mm the
upemtitm made, In FIG, 1!}. there: is pnwifimi A gm: aim-3m!
[UR circuit] (3T winch wwiws 3mm aim! E'ril RA: and
a test mini“: imimciitm Hal TIL What} 1:25: mimic instruc-
tiun 513ml TE aatainfi :13: active $112116 01' ll 1» u}, mamas?
black gmup dusigwating mignm W» anaim an 21am mm, H
1:291:23 regarcilrszcx (31‘ {his valm: nl‘ mw acwmaa signal hat szajy
A5 a rasull, 1:: inc E53 agitation moan, mw aédmsh signal bit
RAj can he pulla? m a dflgmcmwd slaw. and minimal
subwamys. can Em Marxism (mm two mommy bind: groups;
in (am; mamm? (313$.

[:1 artist to addram mama! saw-arrays; which (In :2:ka {diam
a sens: ampfifitr ham; fizz: midway; 01' ans marmwy himk
gmup and 1h:- ai’égimbs szihu min-:1 mummy Eilmkgwup new
mil}: he allecalcfl in 131:: vppcrsitu dirccfiam. (If amt: mammy
black gmup is aléfltalfisd will} addmsaw {I m N [tum file: Mp
(0 1m: [301mm EIGEg Ihc mlumn {lircctiflng mrmal suit—arrays-
in 1116: 0mm mummy gmup an: mqutmizmy :kéjiacami wiib
admire: s 0 in N (mm {his {mlmm m the {931‘}

M1131 ms; wmmmmu bulwmn a music ampifiifif ham} and
a span: army and {he musing aperatimu in I: non-schema
mammary mm. a spare éicodur is mmmmly warm“: fur
ctamparisam 35d 1h; mmparisou mm [1 is 31336er to a spam
array for mach may bixzck in 11143 52mm mammr m [Emil 3hm‘m
in FIG. 14, A assay-A amgififiw cumml uirwél Emmidcxi fur a
cmmpnndigg may £15923; has (any in hu activam} mm the
0:11pm 515mg: (:4! me spam decoder is; activa Thusa, swim! a
3mm ward line is used in a nan-mic 1m tmxmmy maé, :1
m’xrrmpmnding semi: amplifier can has “minded.

15m flats; (Hamming; ms configumlim the same 35. than
thWfl in Ha 4 may Eifi cmplmytd (in the 1165mm wheat:
lust. dam accessmg ks am gmrfnrmzd.)
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Mmiificaiim
FIG 21! i:; ii Sifheil‘taiifi? fliagmm m“ u mmdifizzmian M the

fifth nmlmdimem awarding 10 {he ilwunlian. in Fifi. 29,
similarly in the arrangmmli Shawn in HQ}. 17, the; [mmur‘y
army is divided mic. um memory mam mm and am, In
mamm'y ml 13%, maria] mcmwy whammy; magma In
MBfiKLN haimging 10 mcmmy black grmp 3810C! and
rmrmul mcmary guhaamsys; mm” 4:} m MHfiH—N incinflcd
in mcmmy black group; mm“) are alicmaic 1y pmvidcci flag
the wiumn directiga 331w: army SPXvfiOCI is; pmm'éfid fm‘
narrmal mcmmry subway Mfifiwfl, while. sgare array
3PM?! is pz‘midad f0: mam! memory subway MIMJL
N. Spare array SPEW’K) {13dech a phlmiily (a? spur”: mm!
Hum whmh can “aghast: dclkctiva uumlal wail Lina}; in
nanny] mcwury subma‘mys lmlmiging (u summary {Slack
grmzp BMXJ. while spam may SPXWJ inducws 593m? wus‘d
linczi which can fight-i?- defcctivc nt‘rmal mm} aims in
nmmal mummy taut-arrays haltinging En mummy Muck
gmup BM}! V

In mummy ma: i349}, normal mummy subwarrayx
MFWID-U m Mlfilth included in memory bleak gum}:
WHO and nurmai mummy sulHtrmya M13?“ 14? m
MBMi-N iuciuécd in nmrm‘wy blur}; gmup BM} arc altcr»
”may proviciazi almg the» autumn directium $3291“: array
EPXMH is pmvézizsd fa: marina} mummy suhfiriay 5&7???th
U, while spar; :m’ay SPX?“ is pmfitidvd fur ua‘n‘mai mama}!
sub—array MB??? Ex}? Spare array SPXMU iracfimics a pfiu’
1'26in 01‘ spam 930511 lines which can rcgiacc dcfwiivu:
normal wcrrd Basis ifi Emma} Ingmar}! sul‘warmyg iuflluéwf in
memmy hlnak grim? Bfflfi, while Spam ery 393%?
incIudcs s1 piuraliig a? spam ward firm; which mm replace
dutwlivc [mutual ward units in normal sub—arrays. indudcd
in mammary kiwi; group 1'55? 11,

kiwi“ lh’ arrangimcntshuwn in FIE} Embers. :amylifirt
ha ads mm mum? by shadtmul mgirvnix an; prxwidcd
l'yelwmtn normfii Huh-s; s

In [hiss arrangemmi s. awn in FIG. Big in Ebb Harms!
made, me of I’Hél‘ilmfa mais 1331) am! Hm is sciecwd‘ 311d mm
mammal Imam my sub-army is sclemeéd in the ficiéflizfil {2161:11er
mat. As a ratsulh in {he Edema} mm mcnmr}: man :1 Hamid
ward Um is mlccwfl and a {1412:3in xwrmai mad lim‘: jg
rcpaimfi h}; mpiatemem in 1hr» same manner m that shawl:
in MG. 1L

In the ks»! mafia. mw auigircss ugual bi! mi, in: example?
is pulled m s; dfigmw‘aicii 5331:}. am} mcmmy Imus 3&3 and
135% am but}: aédmsacd, In mun oi'ihusc memary gums [3%
anti EM, mm: mrmal mbmrmy i=2 whacked in each at
memnry mats WK} 3m! Bi}! , nnrmal subfimays. included in
dififlezcm manna; binds. gmupfi an; alluwmiy ymviésd, and
nerrmai auh‘az'rays: shatiag a 3mm ampfificr bgfld am
included in diflkmfli mfimury black gmupg. ’Ifieréi’ma; it: Ihc
Ital made, mmai mummy gubvamkyfi Sharing, 3 wnsv amph’
fiat: are pmwfizjmc’l {mm hing addreszsm at lhc‘: Mmc ainm in
uthcr wardzg pmhiemx {if wuss amplifier mnfiivi can 11::
pmwuled, sv E'uai a FEMALE}! uf (Mu) normal word [was (3:
spare ward 3mm can in :quivalwlly drivw ink: a Selfifllfifi
mm m: timing tipzrmliéfi) (In any uf raw blacks RBWG m
113% 11, :1 mm! line and a 3mm wand lint? will mi be driwn
mm a sake-ma} glaze at ihu same lime.) Thus, film disturb
mfmh test can he pm‘mmmd a! a high Hme

Nam 21m in ibis fifth um‘lmckinm an Hm diam?) mfmqh ms:
hm {men dcsmihséi Iiawtwr, if a {age-r number if ward
lines man that in the nmmwi npmaticm mudx: an; dtivm mm
a sazrlxxumd mate Er: the (gulf rut‘mxh mndcB :5 9313’ mites}:
insiructiun :zignai can his usual in place of the 1:: 331136:
imiructimu signal and {he 54mm efl‘ectn an: pféfifldcé The
cmfigumnmn [a degeneraic address signal hit RAE (the
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addnzm signal by; m warm :1 memory mat) in the madifi-
0313011 mm he {he game eranfiguraiinn as that tshmvn in FIG.
l9.

A; duwnlvcd 31mm: awarding m the fifth mnhodimcni 9f
(hr; invenxian. when a plurality «f mcmary mats; are
pmvified, and :1 larger number m” mmm! ward 1mm man the
number in ms mammal apera'tim mmie an: (kiwi: ink; a
Sfilcfi’lcfl slats: in a ganimlnr npcralinn made such as. the
{12$wa refrwh has}, 3 annual ward fins and a sgém ward Hm
in mm: mm Maxis iff: nu: simxdtmwusiy drivsn mm a
sclccwd stale. 131$ Edvamagwux characwriszic feaium sf the
timiblu mm {26211633 sci’mmc, in uthcr wards; um: :gfliciam w:
m“ spare; fiaizndm‘s anti 23mm: erwrd lims is m1! immimd and
pmmribcd tzpémlimz modes can 1):: ataumtcly impimnunwd,

Nun: than by élxcwasmg ihu numtm u!" [YEKIET'IWZ‘E ants in
[his mmfifimfiifim a large»; numbcmf normai ward Ems {4.
8‘} can bx; rcadiljv driven in’m a sclmcd slaw at u Iime,
Sixth Embaflimcm

F‘Ifi. IL" is a mhcmalic diagram slwwing a fizmcmm :3?
as main part UK a semicmmiutmr mcmmy defines awarding in
a sixth embodimtm 91‘ file inventitm. In FIG. 21%. the

[mmcwry array is divided into a {Handling 0f mummy may;
Macks 2;? {:3 2n, Mummy array blacks 2a U) 2%”? mark incluéu
a phlmliw nf mamas; will}; arranged in a matrix nf mws and
crflumns‘ A mammy 5:31! mw is; situated cm a black basis:
Ruw—rclaiai pm’iyimrai Limits 3a In 311 to céi‘i‘fl: memury
call vows in flmmxy array kinda»; 2:? In 2!: ink”: 11 selected
Siam are pmvificd f9? memczry array blacks 2:: Eu 2%
mswclivcly. These wwacialml wripheml circuits 3:? :0 3nwhich win b: :icszmilmd in detail each inclmha a dwslle
circuit {which may include. :1 predismdur) {a ducudt: an
mare-35 figuai and a wurd lint: firjw circui’é iu drive a
memory cell {OW mm 3 saéicwd slat/z weanling m- thz 2:31pm
sigma! 0E Um 2. we: circuit.

Power $139331}; swimi; uircuits- (SW) 43 m 4;; (Eriwii Emu a
mammal state in resprznxc m massing signals. $33 m 29%“ am:
[:mvificd hmwacn rim-mEamd pariphem} mantis; 3a m 3n
and a main piflmfsufiplfi.‘ liar; l» ‘f‘hcsa'; pawn wppiy swixch
circuits 411 m #n me}; cause a greater curreni flaw when
driven {nm 21 53:10am 3331:: than “than driven} {mu 3 am—
Sclcctcd mu: Main pawn wpply him: 1 i5 supplied with a
prescribed m1mg¢ Yr, Valiagc V! may he any M a gem/er
supply vuilagc Wave: 3 gmnnd milagu V55 and a high vultagu
Wm m a cumbinalmu a? muse voliagcs. a“; suitable witagv;
is sumac? as yolisug: V: fiegmndmg 11pm :tw mnfigutgiim
01' mwa‘clawd gariplégtz’ai circuiES 3:? m 2m.

[n {swim in (imm‘mme an:lamimvntm-miwfim of (town!
switch cirmigse ck: m 33:11 a pnwcr Sawfly hlimk dcander 6 in
gaucmi: wltuiiztg agnalh 1338;: m Q33“ (guumjitilly icpmw
scmed as a myfimi $1.1m}?! bum m an addrcss Sigma} AD
and a self refresh mafia: instruction Signal SR Es: prs’sw'dcd~

 

 
Addr signal All! f3 implicit) m raw-remind pariphcra?
:tirmun 3:1 an 3:: a? a mcmm'y mm mm (ward 12:22:} warm.

Power suppéy Murck 23860112)" ii cixmgcs {be number a!“
mum: sauppi'y circuiiigz driven mm a selected aiaic WNW!) a
mutual apt-[alien [nude- and a 51:31" refresh madc‘ iner
supply hmcii game; 6 changiss ihc scicclirég :wqucace' 31'
puwcr supply awash circuits 4a It) 4!: hcmémfi the selfml'rtsh math: and the normal mania Exact! mi {hcsc

characteristic», if a spare; Marti iim ix inulméed in whammy
army wacky; 2a m 2n, 2: gamicmwucmr mmwmy device
mutating with km; 91,: rim: cmnwmplion whiz-jun: incraasing
the ameming mm; nan he; implcmcmed‘,

FIR 3m Ex a diagram 9:thng an example at’mwwnziatmi
pcriphcml (:Ercuizr;fia :5: 3n slmwn in FIG. 2-1A, 3n Fifi. 21 IL
um: raw~mizii£d pfii‘igxflflml circuit 3 in mpmmmaiiwly
shown,
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In mcmmy array black 2 (2:7 {(12):}, me, mmy MES Mi! an:
arranged it! a matrix; a? flaws; and mlumns, and wart! lines:
WLa In W1m 1m: pmfided rm mummy $33115. MC, raspy-
ifvciy. A tail Hm: pair BL. :‘BL is. pmvificd [in flash wlumn
uf mammy c582. but ant: bill line 111.1: sham in FILE. 2;.

Rtxw-rclalm gefiphéral rimuil 3 1111;111:122 rapsaiing sir»
mils pmvifirzd cartmpmflifig 10 word links W13 It} Wig).
Herein, [he repmting firming ha : m: same mnfiguratimz
anti m: same 11111-311135}: A pres 4:11 number :11” 169:3:ng
Circuits ammlg {Em {duality {1f ramming cirwiis are szlflazltd
by an addmss signal,

In PM}: 21123, a {ramming circuit includcsa an HAND—1w:
Lima: :3 circuit 11' {11:1 in Hm"): and a ward lint: drive cimuit
12 {12:11 In 122m) in drive :1 cmmapumliug ward lint: WL
QWM 11" WLm) mm a satisfied slam:

In a stand-bf: cycle. She vulpul asigmlls nf NANIJviypc
deacon: circuits 11:; t0 Hm an: at an I] level, As a msuk, in
131:: set: rad-by ayclc, in max: NAND—Iypc (10mm: m‘mzits 11::
1:: 11m, :1 Sm-ihrcshasid kakage current m 1216 gmuml nude
is; geumalcd: ’i'licmihm( NANDwiypu 111;de circuits 11:: :1)
11m 1am: each gmuud nude mmpicd ((1 a suhfigwuud lint:
15». Subvgmumi fine 15)? is wuplml In this gamma! antic
wrong}? a 110ch supply Switch Ira nfiismr 14,111. [‘11:ch Suppiy
swim transismr 14:: turns; nu in rcfimmsc; 1:3 mmm! signa}
wfiin.

Meanwhiie, is; mvcrltzr—lypr: wunl 1qu mm: mamas 121:
m 1231:: 1111; iupui signais are :11 a n H luvcl in a catandflby 1231312,
and a wbdhreshoiii leakage current flaws; ttaficium fmm lhu
paw“ guppty tunic: A5 :1 msult, {ha puwcr Simply awes 131'
{base inverlar—tygté ward Hm: (hive circuits: 133: 1:: 12»: :m:
rimmed m a suEvauwc: mpply line. 15;). Suilugaewer Mimi}:
film 151; ii. wupltd m :x wallagts warm nude; 15 [Euuugii 3
pawer gap-pi}: swim”: transistm 14;? which Qanducts in
rwpcmstc so a: sziwiing signal gimp. Wllagc 31mm: adds: 16
is S1113Micd With {15033:ch sumh: voltage Vac m high vcwltagc
Vpp: ’n‘m valmgz appiied In Vfllmge mama: finds 16 is;
awmprimely dzmnninw dufannding uptm [hi2 cunfigurdtinu
01f the remain; arena.

NMD4ygz-c dccwie cimuils 11:: m llm each have lhc
Other pmwrsupgly 1101113 mupiucf tugclher m 1111:. main paw“
supplv firm, and 1b: :5“:sz m3 madcs :wa imam—mm ward line
driw circuits 12!: 1:: 13.!» an: mauled 111 {ha main gmuud
fine,

In a finial—11f: cycié, walml signal 11113111 is: first (0 an L level
(gmund vultagé EEV’KE}. while criminal signal ($131}? is ”3361 111 an
it 111w} 13f 111s; mkagc level (sf Imde 16. “Thus: pmwr supply
swimh lritnfiifiifim 3411 am} 14;; are mmcd GET, TIRES: wwm
supply switch iramizzam 14:: m 14;; have s: hug: threshmld
Millage {highflf’ih}. 21m] 31m whwmwblmld leak Qumran: am
extremely 5:313:11 if: 1111: Eff slam. Meanwhilc. fimmyp:
decmlls circuité 113 10 Hit; and Word Hm: drive ciicuiis 12
1:: 12m each indufic a lave-V111 MOS transiswr as E! mm»
pmmm, m: :1: (631131: If}: {317123.111 :51‘5113‘11 mptfion m ihfi tweaking
circuits, in“ the: mwmlaléd pariphuml circuits in :1 Slflfltiwily

7 an b1; 5:41:11;ch Sinus 211:5: mpwlmg cimuits egamtc
M at high speed. 1116 masking time can be reduced as W611.

In the cm: * uncimw lwtwccn FIGS, 21A and 2m.
pmwcr supply itch circails 4a (0 4n mrrcspanfi it) pawn
supply switch imnsismm 14:: In 14]), while §u§3~pfiwm
supply wdtagr mum: 1331111, 5:: m 5H cormspmd 1:3 21121“:
@111qu fine 15:: 32:13 snb-whagc: xuppIy fine 15;}: The
gmuml and: and mitag; 5.0mm; made 16 currcspami 10 main
gmund 15m: 2223:} main gamer supply lim; 1, mspmlivfly.
Maw, [he repuciéir munncr in 5:13}ch ymwur maggiy swim};
circuits; 4a in 4:: mu m Atacama}.

PM the pmwm 115 5111191331101: the dwzr 19mm, 2; wicciing
npcraiim whw 2159:3112 line Ls n m includsd win E3122 13:2: riimd
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Hicmmhicai Pam: Supply Arrangcmmi ’!
HQ. 22 if: a mmmiicfliagmm ghuwing 2: main 511-311 231‘ a

stmicunductgxr Ingmar}: devim awarding 1:1 Qt“: sixth
cmtmdirmm {11‘ m: puma Inwmiun. in FREE, 11 mummy
may 15 div 51313;! in}; eight mcnmry himks MAB! m MARS.
Mummy blacks MALI}! [Cl W8 mach inciudxs a mmary
Muck 2 (2a 1:: 22;) am? a mrmsptmding mwmlatcd pméph-
um] Circuit 3 (3:! 1033:) $1th in FIG. 21.35:: M13mm}! him a;
MAB} m 1111:3134 {mm one gtubai 12m: (3AM: whiia
mfimar}? laiflcks MARE m MARS fmm amt: glgbél black
GABI,

Power supply switch stircuim SW1 in SW8 an: prnvidw
Ym mummy Wacky. MARI an MARS: ffiflfififi‘k’fi‘y" Them:
gnww suppiy switch GLKURS SW! 10 SW8 maple aubvglirmzr
supply lincs pwfidm‘l :g'zrmspundiflg 10 319mm}: Etrlixciszfs
MAM 10 93491138 and awrrspunding mama”? blacks.

[n alimming addméscs, ihrcc addmtss Sigml bits RA},
ARI and [19:3 are: Xmfi 10 mm: a block. Address {Wit 12M
fipmiiies urge: a? glwhyi masks; I9.913" and {EARL A L‘ttmifii-
mm'un of addmizs bias RAP. and R913 xpcciiiats mgr: mummy
hind»; in giulmi blah 6138‘.) and (EARL {15; a remit. by 
thu 3 31313165}: $331131 bits RA] {0 RA}, aw: memarj; blirck
can ‘clcaiwd 3’01 mixing, :1 Humor): ml! mw 

FIG: 239's. iiiuaaralrs {31:3 manncr m" 5.63%!ng memury
Mud: and a paws: mpply mvilch circuit in a mmnai cspam:
(iuu made: In 9113. 33A, in lhc: manna} «Jyutaiiun fizfijdt, 0m:
tzf memm}; {shacks MABi (a MARE is 31321223126 and an
afldrcsaw ware: lifif: is driven inm a gamma mm In US]:
23A, 3 Wu r6 Hm: WL in ms: mmy black MM}; 3223 driwn inm
£1 saleuied sum: as an example: Whm mummy Muck MAKE
its 30169:th puwctr supply swim}: circuilss SW1 m fiWxi
pmvidcd fer ”1:101:31 bind: GABQ jncimling mumsiy block:
MAB}! are all driven 311:0 a selwmd sums.

As Shawn in F16. 2313: Em 3131 of pmwr :Supply switch
timuits SWl E13 §W4 {if the Sir! {if paww mpply swiich
ifimllilfi SW3 in fiWfi iv; graham} by “dam: Signal hi? FLAT:
A: a result, by drawing i «hit adclrutsi: caigml. cmtm! aigmlra
mm to @154 {m the ytr‘r‘m supply Switch Cit’clléié ‘ax‘: tux
driven inw a sflecied SENS. ._ . that a prescribed a'fsltage can
be supplied :21 13 fans: timing in an 11312113512: cycic.

Muanwhilm if! 13rd»? [is 34:31:36? mcmwry hind»: MAB: 3
address; signal 1m: 51;“ 2:: {M13 shuuld hr:- dcsmdud. Cum
aidsr'mg {his liming 511m? 01‘ 11135:: E: addmw sigma] bits RA!
(0 M3, :1 {Lawflflwdiug Ufm‘afing for actuating mmimy
bkwk white-s5 fiigfial $152 is gmrfunmd: "Flaws: atémpamd t0
the ma”, (if aiscading 111:: acldwxs Sign“: E’m bad 231' the
mstpm 14' mi liar: affix: damdt‘: circuit is grater in em: 1332::
rsl’dumdmgfi addmw‘: Sign :1! hits, and 111:: 5km: pmlnngzs We.
Llamdiug lime.

"I‘hcrcfm‘é: in lhc nurmal uperalion made, the pawcr
supply fit'vilch aifcuits Em a glam] black inciudiug selcaw
mummy him}; MAB} an; (Riven mm a salt: cm! slaw, 35 that
a prescrihtafi vexisage can in: suppiimi stably tr; 111:: sew-1:1}
mummy bind: a”: a 11153 {Lining aflm Lhe 5311 BE an active:
cycle in the annual upflraimn mudv, and lb: acucssing lime
cam be 933ngch frum incmasing:

FIG. 24 is a fiiagrzlm shuwing 1hr: mama to select a
gmwcr swm‘h Cirw'n in a mfmsh made. In FIG, 24, 31% in
the mike-sh made, a ward line WI, i2; salemexi if: ans memetry
Muck: Mass; in FIG. 24,: memory 1111:1411 MAKE L's “Emmi, in
which wmifi aim Wi. m m» refreshmd is wicuimt In 1h:
refresh moan oniy gamma supply switch timuii SW2 pm.
vidcd Fm ms Salaam mfimwy b10121: MARE it; zifivm ink: a
31:12;ch 31,310 The Ming: puswer 5113111)}! switch arimuéizé 2'13le
SW3 to SW3 1m: {animating-d in a nmnmluda! Sign: la the:

‘ Eh mode, slated 13:11:: 1:: simply mwe‘ilem. and (Ma
wing is. n13! mmrmm Ass 21 result: 3 high 3132215
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accesslng is ml manned, and lhcrtfmr; 3 mailman addmss;
Signal hits 63A! m (25x3 can he mud to wigs! lhifi ptswtr
supply switch cEmuil willmm any pmhlnam. 8;; driving 13m:
1‘3:ch supply {svelte}: gimuit inn» :3 mlacmd slam: wizllx‘:
maintaining aha mtg-r pnwcr supply switch circuizg in a
nummlficlcd $133115, a mafia} flowing through 1114: pewm
supply circuit is reducisd, me current mnwmpfim in the
rui'razah mmlc am he marginal fmm inure. frag in miter
wards, tlzr: rilfcél} mode with (““111ch curtain wasnmpiian
new he implémented

Fl (3. 25 is; a schemaiic cfiagram filmwmg a cumml ym‘lifl’fl
in that Scmimncéna‘mr gummy? device awarding Ii! (En: mm
emlmflimcnl, In F“? 35, the: mmimnducmr minim}? flavica
inc-Indus an Upstaliucs made detection circuil ll! which
{waives {m axlmzizaily apyliud comm] sigml {3le and
gammy»; an tiyéffiliufl male insiructimu $ignal, a mitts}:
mulml draw} 23 which is activmcd in tnspongu up an
actimtimn a? a self mfmh mail: i mmiuu signal SR {mm
mi‘rwh mm]: datectitm cimuit 32 m * tiva’m a iimu24 and
gamma): 3 wkcéh cycle ntlivaliun aigual QAC1‘ at pmw
geribfid timi iiilawals. £2 ml sh address ccrunicz’ 25 which

perfmms a Cflufllfllg {aperaliflu in response In a mum up
instmclim fligaal cit-CUP Cram refresh unmml Cirmii 33 and
genuams a tfierfll‘l zdcfrms snathying :; mfmrsiz mm A

  

 
 

 

mnltiywluxer 26 which sciatis mm ml“ 2; relies}: adclms‘g fiignal «
(35‘. {mm rvfiéah address; counter 25 and an mlemally
amlixzd mw 36:11:35 sigma: RA under Ihc mural n? re fresh
mmml Eirctil 23, afié a mwwulalcc} cantroi uirwiiz? which
gunmaim mutml signals nmusgary far saluviiug a raw
awarding m ztl'rafil! $36331: aclimlinn signal QJMT ll’am
rufm‘tsh mmmi circuit 35 art array umivatim "signal RAE"!
me em army aciivalicn datwliuu circuit included in upfirgv
linn mack: {leteclwu Ci all 120,

my: ‘ Flor: mode (ix; mm circuil 20 generalité 3:1 infirm,
u’nn anal firrfizéfpéimling to am aparatlm made dz; gnawd
awarding m extamrsllj: applifirl mnlml signal {”333}. The
uxlcmally apgliml central signal (TM!) may he a mmmsmd
(a thahinatzou £2? 513mg 91“ a lllUMlll)‘ at" “mural sliguals} in
:1 Imam] xynchmmus 135p: scmimnducfm mcmmg dtviw.
m may be a raw ailiircss slmbc signal 31mg, 3 mlunm
madman 51min signal 343%? a write unable. magnal :‘WE and
a chip Salem sigma} £3 :25; in a standard DRAM (Dynamic
Kantian) £23235 l’x’lzumtyl,_ The cxlcmal central isigmtl
applied m upcwiiijui amok: éetscliun circuit 2!} may be
uppmprimuly dulcrmimd fiepundiug upcm ”IE Cainfigurzuiim
ml" 111;: manlozmducitsz [gammy (is-"Mica.

Rafmsh mmrle clmuir 33 drives mfrmzh $31336; activatian
Higml Q/W'l‘ inst; an ll law}, amiw slam I‘m 3 prtscril’uud
mm: palm! 3i ymswilmd mm: imam awmdmg In 21 uuum
up signal {mm iimcr 24 whim sell“ refresh mode insirucéinn
signal S?» Li Eclivaled, Rawmlmcd minim] cirrgui? 3’? gen:
crates antral Signals unmissary for wlcciiug a few when 9m:
m“ amivmlm‘ s‘ignals Qshff’I‘zmd RAVI“ is . tawaiuit In FIR
25, merulawd (12:31:63 circuit 27 gamma c5) :2 ward lint:
driving fligiml fizWL which giwis 3 liming Em Linking a word
him inm a 351%th state. During the aciivafim wand 9f
ihasn activatim signals SAC"? and RACK in z; memfity
black adalrcsatd by an warms signaL a mw {wart} line} is
maintained in es Salaam] slam. The acliwllun pm‘né M flame
autivutitm sigmk QM?!" aml RAG!“ dullmrs :ém‘: rrmmvry
cycle. lfm’ a Selflfltfifi mummy Mucky

‘llmcr 24 responds; Lu :1 ml!” minash infinzeiim [mm
rmfmsh manual circuit 23 39 gunman: a rehash mqnml alga-AI
at pmxcrihml limg 33mm {or mmlit‘minn [:3 mineral} mmm}
circuit 23‘ Rcl‘mgh ziédrms comma 25 incmmcms $3.? denim»

meals the scum vain: by 1 awarding m mum up insimciim:
mgnal 111(1‘UP airplied a! the and M this. memury cyclcv
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Multiplexer 26 selcfls rcfrush addmss LIA {mm rcl‘msh
addmeaq amulet 25 $11 flu: sell: refresh mafia weanling; m :1
switch uummi tircui! $323851 UX {mm rcl’rcesh cismml dram 3
and ficlficlfi axlzrmlig applied mw addrma mgnal RA in thc
narmal mafia Afldréss sxgnal N) {mm multiplexer 2:3 i3
applicd to a rem-whim! pcn‘phum; circuit in each mammy
lxlmkx In 1hr; asildmgg giggnal, :xdclru33 signal hits QAI :5 Dim:
m RA} are applicii m a pmwr mmply black (leaflet (gee
“CL 21A). Sing: the Jddxum signal bib; ah: transmitted
through the 33:23:“:- E‘ms firms fmm multiplexer 26. 3 address
signal bits are applégci 2c) 2hr:- pawcr aupifiy hmck ducazdur
tlmrcxugh 1m: yams aéelmsg signal Ham and rim: alum: addmss
him an: saupylimé in (litfemn! paths wilhém yanwazmzépplyblack (23004:: 6

[911126 L“. a diagramshmwwg a sumww a? primer wpply
hk‘wl: dawdcr 6 5mm in Hill. am. In FIG, 26, a mmim

 

 
m gr: "mm m: waver supply black ‘lcmingsigfiai xix-[Sided
m 8} L mama. in MG .26, [1mm supply bird»: fiewcfc: 6

 
includes an iuvmaer circuit in": which inverts exclf refresh
insimuliun salami; SR, an AND mm: M1 which mucéwn
fiI’GSQTl‘ “(l E iédlflSEi signal has, wmng allay-:55 signaé bias
0A1 in {3A3 and gal E0 e’O/U In m mfivash mtlét. All
AND (ti ui! fit Wlwh rwclvm lhc output signal 532?“ ml
inwrrar cirmit fig mil stdfimss hi1 RA! or {HAL 3:1 mm
circuit 5:! wh§ah (weaves xell’ref'mxh mmlw inmmcficm signal
SR and (he unlpm Signal ulffoD circull {t3}, Lind at: AND
circuit the “(high rcccivasfi Shc (2111th sigafijs afANEJ circuéés
6c“ and 65! Mid garner mm: supply black wiggling “algal
ME. AND CircuiE is‘ supplied with mldmi; gignal biés
crarrwpnnuling m ilkls Mlcix‘em nl' 2| mamm“; Wick pmwllexl
wrruspumling is.) 134.3%: supply black whaling, Sigaal 531%
Similarly in N51136:! :isz'uil {i ' ' vim-3% bit KAI ur :RA‘I In
madly a glam! film}: including a mcmary black mne-
spcxmling, m 339ch supply Mark mlecxing signal Mill is
srppljml

In lhu Ralf ref’rmh might, sell ral'rmh nwric imirzmkm
signal SR is; at cm H lcwli fiignal 53R l'mm invader circuit
6:2 i3 211 an Linwh :md NAM) ciwuii 6c uutpuis: 21:: ll Bevel
signal ragmdlcss inf ills: sigma 0f address bits RA! 3:14;! PERU.
Meanwhilc‘ NAND circuit 66: mummy as an Irxwrbsr m
invert the: mflpui Signal {:l‘ANU circuil 5h. 'lhuwfiim, in m:
mlf‘ rum—5h mafia, pmwcr Eupply‘klml; wla‘tmg nigmsi oglli
is, gmcmmd ammfliflg m warms {ails 0:111 60 QM and
3053'qu (u fi'ijfii

Meanwhile, in film manual upwatimn made, self ralicsh
maria instructim signal SR is a! an L level and Ella Galpul
signal SR (if imam? 6mm 6a 5!; an [1 1mm], [n H155 mafia,
the output signal :3? NAM} circuit (in! allains an H level:
NAND wruii fab Upfialnh as all lllVCllUl'. anti puwm amply
bmck stlac‘zing signal 983 :5 gem: ram! acwrding 0:: mama‘s
lull EAL 0r Emu. Thus. m lhc animal made, 530W¢i supply
blm‘k SElGC‘llK‘ig signalfi gill for a global l‘slc «l walndiag :1
Salem-w! manning: black (3 mmmry black inc‘é‘udiug a
Seleclud raw} are: act-mama. Meanwhile, in mg gee}? mum
mode, puww Suppl}: Mud; mlacimg .31ng 113; R): at power
supply swiiuh Circuii grm'mlccl mrrcspnnding m a mbmury
lilack m in: mfmzs‘lml is fifivm Emu a winged stain

FIG. 27 is 3 {1135131113 shawing a fitmmum 231' a: panics lo
generals pawer suppiy hlrack 33150:ng Signal spill In gimwr
fiupply swimh circuii SW2; Fur mum mppéy Maxi»: $33162!»
ing signal 412132, All[:1 cams: ma *rwcivus admma hm; *QAJ,
JQAZ ant! BAA and RAND, aircuil 61: receivas; Marcy: hit
le‘d. Tm; @143; $2 (£3211, QM? QM) 0f 3 mummy black
having, pownr 3mm]? switch cirmil 3W2 is: (lit (L i}
*I‘lmrcl‘ung wlmn mammy l‘flnck MAHE it, sxddtzmcd, the
malpm signal n1” AND circuil 62': mains an H lwel,
Mflanwh‘ilc. in (In: mammal it‘lfilifl.) ackimxihit QRAT alums an
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H [Wei (“ 1 ")1 315:3 33mm supply black mlmring sgmis 3331
In {MN m grammar g‘ugzply switch cim‘uim 5W1 in SW4
pmviclcd mtmspmdx‘ng m gimbai black £380 inclncéing
mummy black MARE are driven into an IE lav-EL muscled
staic‘ By changmg i113 Lumber :le Jamaal Ems; dzpumfiing
uprm me upgratim mark, 1h»: number M pawn: amply
switch circuiig driwn mm :1 sdumcd am: can I»: mimngcd
lfiuiwuw that normal matscE»; and [he sci! rcfrme midi?»

If the number 01 mvbmm [1106143 an: S, ibxm: are iwu
glam] blacks. :1 Hm gtdairc ml is dwadvd Era aim rim—31131
mfldfi, whilt: 3 ENE adrimss Mgmi is d deck in mi; 3:23?
refmsh mmfii. lbww‘m‘. the number (MT dart-3:3 sigual hiis
used in mm: 310mm] mink: and 371111’ mfmil mafia: can in:
apprcquriaiuly {ixsm'u'sinad awarding upm the mum-er {xi
mummy Hacks and gbbal blocks, This numi‘w (bf adfimfis
signal him validate-d is: aha: Burma! much: has. mil): to bl:
mullet than ill: 13112331713 {1f address signal bits {icwdcéfi in 1hr:$46” rafiesh mmié

Modifwatim:

13517128 : a schamaxic: :Eiagra m shaming a mi‘diiicafiim of
hicmmhiml paw“ supgaiy arrangcmcnl 1 ucuzmfing In 1hr.
sixth m1bod£mcni af 1th émtmlion.

In thr: mnfiguratian 3§mwn in 1311:},28, rt: Frefih afifimifi ()3
{mm the rfiffishh addréss manna and externally appliw mw
adflrcm :1ng RA are; awliml m multiplexer 25) "m raven
rciaicd pcripkeral circuiz is supplied with an Enmmai {aw
address 281ng fmm mulfiplexor 26. Mcamvmic, adclresx bits
QAI m QM {mm rams}: addmax mmnlm 25 and internal
row addmss bit HA1 Erma muhiplmer 26 are 1111331531 It: a
unwur mpply hkfifi: Simridfi circuit In ibis azimfigumiiém,
mfnash add; 1:: A QA’i [ii 0A3 ax dimmly appiicd if! the
puww black aim E: circuii E'mm rel “23h warm acwuntur 25;
Siflflfi that addmas 11:13 (In [Jul [3355 Lhmugh mullipinmr 2b..
the izzfiucnw nf .3 £3133 (signal prc‘ypagaticm delay) in
multiplexer zfi i3 alimimmd in ma: self mitts}: made, mail a
decoding upcwliuu can 11:: perfi‘mmd at a, (as; fimiflg‘

  

 

   

 

95.25 described $9233 awarding lu hitrarefhiml pvtxmzr -
supply unaligcuwul 1, iha number nf addmégs {3315 1:361! fut
selecting :2 gauze: 31292313! Hawk is changed baiwcscza Ihc,
nmmal much: and 1:111:31: magic» the accuming {Emu in lbs
mammal med; is um managed. and the alumni Cflflfiumfififlfl
can bu ruduceci in {his afresh mode.

Mmiifiwxim 2
FIG. 29 is :2 whfimntic‘ {iSagram showing a mcuiiiicat'mn l

afflimawhiml paws: 31:13:13» am; ngcmcm L in [4118.29, lbc
C(ufl‘igumliuu uf L1 pail any nmrvt‘ulatw wuimi Cirtufil 2?
Shawn in PBS. 25 5:5 3213M In “G. 391 raw-whim? wnmfl
circuit 1? imhidés in DR circuil 30 which rwaims actiwr
vim) SignaL‘s QAC’T351133 RAF}: er ward line smtivsilieza fiigml
gmamiim circmii 31 which is mslmnfiiw m a fixing a! the
uulpul signal ul’ UR thwjt 3Q 1331 thiviug a wmfi lint:
activation Sigma] 111331 km: an active slate, a delay cémuil 32
which deiays Ward fine activalmfl ignal (199.3: {mm ward
111m: wtivafljxfin sigmi generatiwu circuit 31 by 3 prugcribcd
timx‘: variant anti {3 saieciiaa cin‘mit 33 which saiacm me: :1)?
m: output signai 3E” delay :imuil 32 and gignal 31R}: {mm
ward Hm: attimfivu signal gullm’aiiuu cixcuii ii awai‘difig [u
self refrezih 31:12:16 mm] 1103 signals SR and {SR is} gnaw“:
a word lira»: (firiving signal WWI” Selecting circuit 33
includes a CMUS Iransmifieiixm gala: 3.30 whitit‘a 691181135 m
rum; the output zeigmfl 01133121}; cimuil 32 in msgmm m m:
uclivatims Mmlf mfra‘anéa music inalmcticm signal 3641, 2:31:31 at
(71111138 lmnamiafiion gm 3317 which mnduczg in pass ward
line activatim sigma} 41F}: fmm wmc! lim: acnivaiim signal
gcncrmim‘l Email 31 in tr: «must: in am inactivation u!‘ 3:331
ruimgh much; Eat-:tmctirm stgnai SR

The [spun-rattan 0F rmvmflalcri crsmm! circuit 27 will hr.
{1 urifiyed mm mfm’tzzasxr; 1a the aignai wwefum‘r :iiagmm in
HQ. 311
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In a nnrmal 1315634:a array activaticxn sigma! RAVI” ls driven

Earn an 2mm: malt awarding In :1 mummy cycle 5mm
inatmcrjml signal (in an naive mmmandl When array
amivmixm signal RM?! is activmm? mu unzput Sigma} at“ QEK
circuit 30 is acii‘falfii} and ward liner activating signal
genctaxmn druid! 31 males mm} 1an actévgfimz Signal
53ml“; at a prescrifmd aimmg in {he normgl musk. CMIJS
irammisesim gate 33f; mmlucza and (‘MUS erammimim
gate 33a is m 1 mwmnéwtiw slaw. M a result. ward 13m
driving signal 43,1“?115 generated awmfling no word Hm:
activalicm sigma! 41R}; When mu: active cydu acmpEuius,
array activatiém $333111 R; 3111113- «1 an L law-i mm—aflmied
state; word Iint smivsiiam signal 41R}; 1:; Macréwimi
awarding“: am] a mlccicd ward lint. is drixzéa imu .2!
non-selected 5mm

in the mf {GEE-$13 11111223, refresh activalkm sigmi [MET
is activawtl Word line: aciivatinu signal gancrmiim draw 31

flimds to the amivaiiun of rum-Sh aclivaliua m‘gnafi QAIT’J'
tn drive ward fiat: aaiivatkm signal-WK? mm :m smwe mate,
In the. self l‘fifififih madam (T5403 tranmlli‘zsiuu gab: 33a
cmductfi. whic- {‘M‘U‘é; {ransmixsian gate 332‘") L3 it? a {251W
wmlunive stale, saw 1 wsuh. ward Una: driving Eignal QM’L
iadriwn Law an acme Siam: accirrding Lu 1 dtlayud Ward Hm:
smhvmion xigml {I‘fim flat-11y circuit 32“

By delaying the 931%; irm liming, m‘ ward lint: {having
signed WW1: 1!: {11¢ 3:231: mfiash Illuzic, after a pawn *ilpply
switch circuit is 3;}:sitd and a prescribw supply VD "
3 mamas); Muck {a 1:3; refrmhucl is sumilizcd, a wmé 111:: its
svlccwd‘ SO thal a damding opwuinn um [16 {wrikimwd
amuralezly in {Riva 121:: adairwmd ward lint: {rtfresh mw)
inm a Sulfit‘lisii 3:321: A3 shuwn in {he mmi‘mma: in Fifi; 3f},
Lida}! circllii 32 is a rising Lida)? uirwiL and vivid flat”
driving sig 1% QWL may be inaclivamd in response in :m
inaclivalion 131' mfrcsh stelivmiun signal ONTT, Even if a
Wtilfi‘] 15m igcirivm £11143 : @iwmdfizuumaln d mtgxizh 1
delay m mfmfi mivmim signal 0A0}: 1E”: :16 w: ampkfiar
is; aciivmufiinxcziwmd zit-carding, :u ibis marfi lint: driving
Siguai $WL, and um: wit; [m m pmhlcm The: prablcm a!
sa-cnlled RSXS gr?“ 3113;: Sims 15 nm caused gaflimlm’i‘: in
the self refresh mt: =41 Tn [he self (afresh math, in: rcfmsh
inmwal is 631“ 931mm? 21:511ng as mm, It]: RN; pmciaaxgc
time pctiud :zsn ht: auificimlly sutumcl, Wen if we}; delay
circuit 32 is 115:3},

FLU. .51 13 a tagging; shaming a pain fif :4 raw-s‘ciatui
pariplmml circuit warming acwrding. ms word linc driving
sigma) upWL shcm‘n in FIG. 29, 1:] HQ 31, [ha mt; figurglim
ml} ramming cimfi! fa; rim: ward Sine Wi ”£3 straw-3. In "Fifi
31, the rcpcalizxg Circuit infludes 4m NANDJXIW dwfififi
Ltixcun 4! width Lattiwa akin-53:; units (a pic uh; signal)
H, Xi and XL: 1 3:31am {musismr 42 which is famed by w
n~channel MflS iransismr and wlectivdy transmils the
output of HAND—{3’93 dcwdc circui‘ 41 unsc- a math: 41
aqrcrcurising m an 3:16:33»: hit {predttmde ségnaf) XI, 3
puuhunml MUS irmsislu: ~13 which rcspfimis: m a react
signal RS’I‘ m gradmrgc a nude 49 m high VDH-xgé pr {mic},
a p—Qhaflual MQE Sransisim 44 which trégzlsmitfi a signal
SDX Exam a mud lime decmie signal gmcmlion iiimui! 40
mm a word 13:11: W 3331st the. gnai on [10631 453' is. at fin L
£61ch an nwchannéi M38 transistor 45 which mmducfis when
the signal cm mafia: 49 ix m an E! im! m dischargi: ward 3312::
WE . m :1 gmqu wings: ‘isz a pazhmmcl MUS trsmmm 45
which canducts Winn the signal an ward Hm: W135 a: an L
ham} m maimain nfidfi 4’53 :11 high wlmgc: Vgxp {we}: and an
n-ubannuk MUS Sramismz‘ 47 which mnflxxczs wmn signa£
xsmz fmm ward Hm: dammit: 533m} gemmtkm circuii 40 L5
an “an H {rival Eu disghm‘gc won! lim WL {0 {he gmumi
vantage 1mg?
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Hemin‘ mg: dcmtic simuit is fanned by NANIJ-typc
tlfiflildfl mmuii 41 and dcmxlu tmmmmr 4211:: mm} lira:

drive circuit is: farmed by M03 Transismrs :34 m 47.
Ward line (Eficmis Signal generation circuit 41} is activated

in (amass: lag! an actwaiiou ml ward line (Irivmg gigaal @Wl.,
1m gttmmw signaeirv: $43158: and £5;le atmtding m an: adfimss
hi1 (predemfic taigml‘) an Signal SUX mange» imiweun
high vallagc Vpp and grgimnd valtagc X!" A Sigml {$13}:-
uhzmgm' Mammal: powzr Simply vnlmgc Vac and Elli; 3,313qu
vallagc.

ln u stand—hf; wire, fiiklmiéfi hits Xi, Xj anti Xk an: all 31
an L law-ll As a {auxin RAND-mp: dew - circuit 41. a
mglmhxcghmld ( 33;: current flaws m Ihc gmnmi ymlgzmial‘
the ground made at? NANLB—xwm (:lccmle cirwli 41 {5+ Emir
neclcd m llw- mam gmund line lhmuglx a MOS zrausixlur =38.
MOS Irwsixlm 45 rcccivss pmwr Supply black 521%:ng
(specifying) signal @153 a: {£5 gale. The capcratmu will be nuw
briefly described,

In a manually Sign; addzms hits 31', Xj anti Kl: am all ail
an l. lcwh aid the: (mum! signal 01‘ wavgyw :lcwdu
circuit 41 1'}; :56 m H 1mm} 121.1031 m [111: power supply valtagc
Van: brawl~ Milli iransifimr 48 is in an off slam because
pmwr mapplf; £3111»le Sclecfing signal <ij is at 3:: L law-L In
a 5land~by slam wanfi lint decide fignal gt‘mxsslim ulmui‘l
40 hnlrls signal $17!): ill an l, 195ml equal tn fits:- gmaiml
vnlmge lewd, and signs! ,SSDX 3! an El {wall Nfidé ~39 is; bald
at {lie high vultaga: Vpp ltwl by rem! signal RS"? ilu‘uiigh
MEX Hangar-3r 43. If: {his 51mg wmd lint: WE, is; litlil 32 the
ground wattage level 51y MOS lramsiamrzz 45 and 4’7,

thn an claim: cv‘lc is slarml, paw“ supply black
selcming Signal éfl‘li sniaim; am Tl lavul what; 331269;], and
NANleygm (152::le circuit 41 mmivm pmver supply ’mlh
age Va; and gmuml fl’um‘g: V35 21:; bull} upcraiim: puwer
supply vnllages m gamma 3 Llemding operaliora. When
uddmwi bin; Xi, XL 3%: and X1 an; ill} at an If ich nods 49
is :liaclwargxsil In Elli:- gmuml vallagc luwl by the i’unqrim 1:»?
WflNlllype (Emmi: clrmiii all (MOS lmnsistm 45! l’nr reset
it; in an all" S1318») M103 lmmis‘mr 46: has a small curmm
driviug capizbilai}: and iliurcfm‘e (mac ~19 i. ‘ rely iii»
charged :0 ill: gamut! mliagfi ltvel by NANTLL , dtmdc
circuil 41 and cicmdc (mastsmr 42. When the millage level
cm nixdc 49 buwmma an L Lwcl, MOS lrmsiatm 6&5 atlaim; an
all" 51:1le M05 lransirzmr 44 skills. In an all 31:11:, baa-mm
mam! SDX it; a: :13: L level and 1m: gain: and mum: wimfiaia
all" 111:: lraflsislur 44 an: aqua],

Wan] lint; decade sigma! gfiflfifilllflfl circuit $30 is mgptmw
51m: in an lactiwiicrn (bf ward lint: driving sigz‘sal @WI; for
(warming m 51%»? signals SUX anti mm m m If lawlg‘l
lm'cl flCCflfijifig m adém‘kfi hi! va When afiéres‘s hit Xm £5
at an H level, aigyal 3133‘; 1:; d1 iwu iulu ll“: high vulmgt: Vyp
lawl. and slgfiai £31331 is disahaxgcd In the griaund a‘clllagi:
level. Titanium, at {his time. wmd line Wt. is drive-n imn lhe
high vcwllagu Vpp level Ehmugh MUS iransisiur 44,
anwhile, whats adalmfis NI Km iv; a! an L lewd, 212113!
EDT“: maxim as: L Laval and signal 33113: 321mm: 3:; H lm'el.
A5 a msull, iz—chamfizl MUS lmusmlor 44 [Hamming an elf
51211:. When MC’S irausisiors 44 aml 45 {mils main gm Elf
slate, MOI-3 itmsificrr 47 is turned an by signal {SIDE am!
word line Wt 323 surely mainlaiucd a1 ills gmunfi mlwgclewl.

In tlm as: M 1m repta‘zing airmail 5mm: 5:: £118.31, mm:
mw (lemma Ciffiill as may find fm [my Marci lines W1.” (firm
of tlm twn ward lights is agitated by sigthDX mi! 3893.
If adclmss filgflfll hit Km appliml to ward ling: gimme: glgnal
gmuralinm uSra~11it Iii! i2; rsgflaueni by Iwndsf I aildrmx um: rmv
ducc'mlfi circuii it: imwiilcxé 5'0: li‘mr wrml limits.

‘l‘lma. in tin: can; (2% 1hr. wuligmzllims :th flw renaming
circuit shown in FIG. 31, in the normal made” M‘rrd line
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driving signal @Wl. 5%; cin’wn law an active stale at a fzrsl
liming, 21ml Wflfll line: WL ix driven Emu an amim 34am at a
lass! liming acmrfiingl§t Mazinwhilc, in the-sag mfmrah made,
the whivatimn ul" mural zinc firming signal @WL £5 delay:
hehimi me acliwzim oi pfiwcr supply black mlmtmg Sign:
rpm. mew 59.39pm til-:3; acting signal 4231' is driven in“)
im active slam at a mfg: :ivcly [lfiléijffitl timing [in (mics to fully
muscle a pawn: glyph; Mack arhlms’s signal} in lhu mil"
mfl‘esh mmkuificr Elm millage level m“ the: grimilil misfit: a?
NANDvlype éécud: Circuil 41 surely readies {he gratin
vcyltagc lavel, signals SD}: anti 3th fmm ward lint dangle
Signal gcmmian dream all) an: clriwn {run a figatsflficd mate
Thus. 3n She gall” mfm’zh munch:V a {handing (agicmficm can he:
surely pctfi‘annnl It: Lrammlil high ’mllagc V539 or gruum
wliagx: V56 unit: sake-1N wc‘rd um: WL.

1n the cnnligumiim shown in FIG 3L as a sax—calla
hicmwhiual pawcr mpg)! arrange-mum, a fiul'r—gmuad line ix
60:1an :0 NANLh-ay’pr: dxswdu circuil All 11‘ wwfi lisw
daccsde xignal gtntmliiin cirwil cm is. pmvicieci fur each 2'3 ’
mummy Nadia? :v: gxm‘ctr aupply Switch circail may be:
ymvldcd far iii-ail) mcmflr‘y black fur a Signal linesuwlyiug
high V'Ullllgii V911, and high vmhagc Vpp (my besuppéifid in
that alum: dugttribcil manual: in Word Hm: duwdu signa
gmwminn crimiit 41k a , agct» warrant fhftm filgh waltaga
V911 can ht! pmwmlacl fmm llnwing, by {i itilflhwahalt
leakage mum“ and mum]! can lit: wwcufcfi {mm bang
muslkméd In this wailigw‘aliczu. lllf: poms SE2 p915! nodes
(mmccs) 0f MUS iransisxnrs 43 and 46 new (mi 5; be muplcx;
to a $uln~high mlistg»: suinply lint mmmmx to word lira:
clccmla xignal genfimlian circuit 4“,

Aumrdifig Ia llm mailgnmliun ul' madié’lu-fiiuu 2 as
dcwrilmd alluvc, L31 afldiliun 1a) the prwiuuzdy dcscriba.
efiuclzfi a ward ling: can he drivcn alive: the R'C‘Iliagé at the
mwralimn vullagz: supp}? nods; i3 slabilimtl, 29:: that a (laud-
ing apurmlm can be- ‘stmslv parfmami ami at: addmsm
wnrd [int can hfif 511ml}; firiven inm :4 Wlflclifiél suns. Nun: 1hal
if high mlmga lip? is; prm'ltlsd in 21 hierzmshical yawn
supply au‘a‘aflgmzécm, a ward line can In: driven afic? high
mirage Vpp is slabilizwd»

‘lliarawlliml ‘flwcr Supply Arrangcmvm 2
FIGS 32A am? 328 an: {liagwms $0“!ng thy mlaflacl

Maw ul‘ Iln: prswer 5151111351 circuit in hierarchical pawn:
supply arrangtmcm 2 accummg m [be sixth umlmilimmi ul~
the in‘étznliuw As Shaw in HQ. 324% a lei'tl Hm: WI, is
dn‘wu inm a smelled 51:31.: in a single, mmmy black in a
thermal mudu. in fills: C354; 21 pmwrzr supply fiwitch circuit
pmviclaan‘l far a glam? block incln:_ling; a salaried mémnry
blush is; driven Eran 1 salesman} 521:1th In MC; 32A, ward lim
WL is wlwuizd m mummy Muck MABZ. wad puwuz buypljy
5witch circuiLa SW31 LE: 3.3%“ for global may bled; GAB“
including mcmary blank MMQ are driven lure a Sitlcclcd.
This: is [has Siam: as Elm Ugcralirzm mi ilk: pmviefimiy 505$?le
pmwr amply arrapgimml l, in the nmmal maria,

As . awn in HG 323? in a refresh mafia, mm mummy
blue-lg: :5 xelmtml in sac}: all gluhal army bkwkr; Skill} and
GABI {m {finishing In lhis case palms: simply Switch
circuits SW2 and 537613 priZNidud fur mummy blacks Mm;
and MAEG an: driven ium a select-M slaw. :‘iifilwsfi bits an;
allocated similarly in me allauminn ml“ the {animals him
shown in FILL 22. in ibis we»: in a sclfirwllesh maxim, em
mamas hit GM 1:; spacil‘}: a global block is dggcmramd
(iguana-ill 'varfil‘mra, a powm supply black wielding, signal
is gmmmlcd snuggling m addmss bin: (1m: and QAE

Fm. 33 is :3 Sifihfimalllfi diagram showing; a smucmm al‘ a
pmwr supply was}; muscle m‘mula. Since the gmwet supply
blank dgcmlsz uirmii minimum in l310. .33 has the smile asun-
figumtmn as Shzfm‘fl in W}; 26. except fm‘ {hat an AN!)
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uircnit 5f [0 ficmde mfmaé: mama‘s hits; mmi‘mg a prmcribcd
act amt’mg rtfmsh Editing; hits. QM, QM‘ £39.; and 51333}
the: mnespnnding purlit‘ms 1m: [Imam-r} with 3hr: same ref-
menu: charmtmr; and tin: dutaflcd dcsnriptiian is, am pm»
aided.

in paw-5r gugply b15323: dammit; uircuit 6 rahawn in VIC}, 33.
rzxi'msh uddtmfi hitg Qfisl and JQAI am am 11de Thamf'mm,
(mu mummy Mack in waist-ml in mach of glnha‘: Witcfifi
(315.130 and 0.3531.

”G. 3415 3 iiiagmm flaming astmdum of £315: gamma tn
generate a mulmi sigma? (pm/“Ur wpply Huck flaming
feign-5]) r3132 16 pmwr suppéy switch circuit $332 pmvixtcd
for mamnry black MAE}, Tn Flt? 34, in thi: pnwtr :euppljs
Muck detach: circuit, mfmah addmfis him 30%}. anti QM an:
applied m AND mum! bf. Mummy}? mack MQBE is salcctecl
when rzfmh aficémss bits (QM! and QM] are: {0. l).
"flatware. M161} mama}? Neck MARE is addrumci, 11w
(:«utpm aigmai GHQ‘ED circui; Manama an H {ch and WWI
supply 111ml: makaéfig signal 4182. he driven 2mm an {I level,
active. stale. {:1 the pawn: supply [flunk dcmdé circuit,
address; bit (2%! its :19! used. the refine mummg; black MABfi
L: aim mlwgiifi LU $91731 black GABL zmd ceflcsmrlrjing
pmwur sugplji 3%?in SW6 is driven mm a sail-Mai same.

In 1115.?- h iamrchicnl mww’ 51mph; amungfimam 3 {ziswn
in Fifi 3:5, wart} 35m: driving, signal ‘pW'I. is applifld m a
mw~wiatccl wigclmg circuit 5‘! inumdml in a mwvrfilamd
periphara! circuit 3. A préscribszd valiage V2" is. apfi‘iicd m
mwrcimd Sdéfiiflg circuit through a power suppxy sswilcb
Cimm $W‘ Iiuwwdami $01635ng cimuii 5i! driwx my of
ward king’s W311 m WTm (rm :1 Salaam-ii mulain raspisma m
em :11de signai Ad whzm srlccmrl. Powm 511121313 gwimh
ciwuil 3W 5:: driven ink? a wise-{ed shin: iii yapumy: [U a
pmmzr suppiy 1710ka 51:16::ng signal @Bi. Raw-76355126 561622:
in; cimuil 5H imjudag a ward 15m: (11:450th sigaai gumrating
cizwit 40 aficmn in FR} 33. Ward Hm: driving gignal @3311,
it; gancmied h}; F] cam”?! cimli! gimwr‘: {:3 W53. 29.
'l’hcmfbm, ward line: dm‘ing sigma} chL appliad in new-
whim! sclcetmg cixcnéi 31} has iLs aciivaticm aiming in a
Seif-rcl‘msh moiic: {ieixyed behind E . divafifla timing in a
normal mpcrazim made, Thus: pvwcr animal}! Switch uimuii
SW i3 driven Ema a «glam? 31m. and aftcr 94:3th waiiagu V:
in; mpplim! 2;: mwrrflmed wteuxing circuit 51L mwkmlal‘ed
selecting circuii 513 perihm‘m a ward line. whaling apmaiém.
Thus, the Scfx‘édtid vegan} hilt; am] he sldhly {jiiVL‘LI mm a
mkmcd mm.

According 1:) this; ilici’amhicm pawn: supply aaangsmsm
3,, if a largar rmmher m“ wnm Hum: mm muse in that annual
mafia am: drive-n info a wiecwd SJEaKE- in the Ief'mxh mafia, i:
pawn: 5U pply swiici; uiwuif In a gJulIaI Much ix. thiwu jam
:1 sciecwd sud: in EEK? animal madc‘ while m the swim fresh
nude, 0111:; mi; puma supply switch circuit fer 3 satiettfid
1113mm}; quCE: is (Eriwn km; 3 selected slain, 5;; that Ibc
pnwur crmstmmcinn in the mints}: much: can bx: miiflcefl
wilhuul Macaw-511m nauwing, {Emu Thu ward lint driving
liming van be delayed in the; scfllmrmsh mafia- m awumial'y
pcrfmm at Ward lites $fi1§§fiflg caperalicurk.

Them art alight menmry blacks; in this hissmrchical gyms?!
supply arrangumcm 3, baa! the number 91' mummy Nadia
may ht: as Liaiairefig and (has numhcr 01' global Maria; is, 2:33:11
arbitrary, In the >;c§§'»~rrfmsh mode, IWU \mrd lines are:
Mama}. but the number 91' mm; ramshud simuéizmmmj; is;
aim arbitrary. and {he numbar of refrain «kings: biis has
Emly m ha afifiugiézgi depending, upon fin: number 9f may; tn
hm Simullzmmmfly refrained

lliemrchimi flaw: 5431117933,! Arrangcmml 3
FIG. 36 is a gelmtmhc (éixag‘mn slmwing m»: mnélguraiiml

Hf hie rarchicgti power anpg!y arrangement 3 accm-di11;; xi: mu
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mm embodiment, of the present invention. in F16. 36, the
mmfigflmtian (if 121:: panic" in mmml this hierarchical
puwm 5139931»; Emmi! is slmwn.

In Hf}. .i-é. a gamma: wpphr Inlmk humming xégua} g2;m;2‘~
Ming mama inaiflflm a flaw“ supply News; dccmifl t? whim
dewdm a miregh mama; 0mm! fmm mfreééa gfldress
counlcr 25 :‘sflif latch? mg result 01' cumming; in {Edvanm by
cam: m_ “ks. anti margins flu: 151mm msuli in {he pmsgm
t‘cl'rwh Wat. Rakes}: addatsfi counter 25 wants in (an. mm
m a mum Hg: maimutifiz‘! sigmd CUP activamé iii a {sfiésh
cyuie. awfi hams; 1hr: mun? value. The mum value 0:21pm
[mm mfmsh mama? mumxzr 25 is; appliad m ragimr 65
Ragislw 55 mspnmfsm an insanmli-Im flignai$CIEP aciivami
at 1hr: um} GE 11:: icfmm 53:34: It: take and mums the témgul
scum VMQG (x5 1 33:5!) quxa smumm‘ 25. M: adzircézs signal
output i’mm rgismr 63 is. applied 1M multipifi “WWW; 26
as a rcfre-fih addwsa $53.33! (EA.

[’Qwur WWW 131mg: 23%;:an (i Esaulmlm a 13.1w“ @4va

 

  

 

Muck clucmlt: sir-211%? fifl which flawless me memui mum :13"
mfi‘csh addmm mama 25.. a Mich 61 Whigs}: tcfiptmd}; Eu em
acxivalinn {9f Gama 1&3} insirufitizim signal CUP It! latch 31¢:
muffin! signal of gmwer supply block decade ciwuit 50. a
Ialch 62 whiifi] a; pandfi 3") mfruS'J cycle; acih‘aticm signal
QM“? tn lake 3m? mugmt 2m; {:51le {31(2th by larch 61, and
a sclacmr 63 which mlma me at” flha (walnut :42ng 6f latch
02 and address be Hr“ {mm multiplexm Zfi accmximg to
self rcfmsh mmée iaaizufixinn sigfiai SR in may!!! gamer
31:51pm black sei cg signal% @131 L0 «1388. “cram, the
mummy array is dis dezd inw eight mummy blocks MAB} It:
MARS, anti :2, gjnhné 3‘5th or four mummy array Ewlcick‘; are
scluulcd awarding to ibis mw 311115053 bi; Riki. Tim (spam
[inns 01 th: ambit} sigma; genmafiun pmliuu Shaw‘s in FIG.
1% will bf: fifl'w discribfld with reference: Em the aigual
wawtbrm diagrxm ia FILL 37.

In a MIT—misfit} wads. when rc fresh eye]: activariun
sigma} QAm’ if; in an imam: mun, Isaiah 9“ Iéjlchfis puwm
5.13;};st block mlcuiéng signai {518% N >1) genmgzad by gamma
syupply Mock gag-9a: aitwii 68 in the: prwicsua cytic (“H—1}
Latch 6:2 31:93 laiciaés gmwcr 31mph" him]; [15] npfl‘i{N-1}.
Saleem: 63 SGiCKL‘fi the 0:31pm mai uf lawn 62 in ruspemw
m sclfif—rm‘ruxfh mach: insimctim Rigna] SR.

When refresh cycle activalicm stigma} QAC’I‘ is smivamd.
[aid] 62 mitgmk-g Has: latchczd data. and puma 891.3115}: black
Hamming mgnais @Bi ix; dawn mm as sulecwdfzimvwlucwcl
stale baSrzd an [$16 mam: ofdecnding in the prezvimm unwary
cycle (Na—i), In this cycic (N), Ingmar 65 gcnnraics a
mafmszh mam-w: minim ifi, 13k: prwimus uycle. TEEN: 811m, in IE1};
cycle (N), the miecting mmm} cf the pnwer Happiy swim};
mm mm! xcflctsb Upsz‘aliuu am: pul‘unmé [13525.3 {m gamut
supply him)»: gekcciixlg signal «pBKN-l} and {firm}; aéfimm
0A (N—i) menace? in 113: pffi‘Vimfi cyclfi. 1:3 Ehc Nevin-m
t'yszlit, that :Jtcc’éiug ammlivu (51' gcmraiing: tin: pawn 511p-
plgg hi SC:1¢‘:CTiQ;—: £93m] is mmpleiéci, anti“: whmn refresh
cycle: activaaiun t 9.11:1} fix“?! I}; activated? puwcr reapply
block selecting, sigma! fisfiifiNwi) is immediately max: 5361'
mite. $5 a rasuil. in {he tarsal: quiet, the wwd line whaling
timing clause um MW: 1;) be deiayw. and the wires}: apemicm
may bc purimmcé :11 $133 iiming. The W6?!) liar; Laden-sling
Liming dues nm have in he changed hetwmm lint animal
made and mikmh much:: am] the mnernl in sulwténg Ward
Imus i5 caaéiy mm.

In rmpcmsc it: an amivafion 01’ this refresh gawk: actimititm
gigmt} CENT]: mum up insimctinn signal {YUP i»: aciivaiw
m a pmmrihcfl timing, In mfizmmm m the: amivaléan “£35m:
up instmmim: signal (TUE. rel-rum address mums? 25 yaw
farms :1 maml up gypsmiiuu. and Ehc count with: is inert:-
mflnlcd m fistwmmé hy L Pawcr supply biwk fimagic;
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circuit 66' £1593ch a refresh address from refresh addrms
001mm: ‘25, :md gmerarga; a gmwur supply gaicding Signal
based on thc result 1’1!" ammmg‘ Lamh 61 {alias fihc: (mum!
signal :31" yams: augggly him}; anemic uirwit {3|} in 193mm:
m awn: up insm. , en signai GUI? and finwrs a Eamhiisgsmm
in among: 14;: a3 inatlivaiian 01‘ mum up instructing gignal
CUP. During this; pgrifld, a refresh opmrmim is perfurmed
:«meling m tar-123:!) maxim}; QA (Mal) gcntmlcfl in the
pmmmfi: cycle”
th refresh cycie activalicm aigaal UAC‘T is

inactivawd. latch :62 31%}:63 a late-bust! fiignal {mm {Each 451 and
du‘ws 1km :tv.nmu signal lam an inactiw 31:23:; 'l‘nusé puwcr
supply Mack slaving flignszfaqam in (ms are 311 (River: mm
an inactive swim in mspousc m lhc autivalimi £le rehab
cycle activating >31:ng UNI}: wum up» mgzwuiiml signal
MSW} is activaied. and sngisler {is (aka-s the mum value
vutpu! me refresh addrcefi coumer 25‘ Thus‘ tofu-sh
addrw; (M 6513613ch by 1.

when fufl‘fii-éh cycle aciivminn QACT i5 than smivamd
again, latch 62 Gummy; the Ealchcd paws: Wfifl?‘ Muck
whaling flignfllf aud {gmwr supeg Muck 55:123ng sigmis
11-131 In (1335 m: driven Ram 21 sciccledfnnnxselccmd sum
accmding m pciimri' 311mm! bIOCk Sciwfiflg Sigiaxl WWW}
ubmimd in WE g‘nrfivifim cycle; (N)‘ In Ihfis :33?le (NH),

 

 

rugiStczr £35 magnum {bu rsfrmh adtimss mkvrm 32 me am! Cfi‘me: ;
pmvmuég cycié: um} appiixis Nu: addxcws to lib: mwwelalmi
circuits. Accoz'dia; {a t‘ci’wsh addi’mfi QAQN) and mam?
supply Muck glazing fiignni WKN} gaucra'aicd in £336.: pm,
viaws cyclu, a rufz'gské Upvmliflfi is» uxwxruwd.

In mu tmli'flllififl {1:37;ch 01’ mix nth/ash cycle activazinn
aigual (Cl/Vii]; mam up imimclion xignal CHI“ it; ucfiivawfi,
{circa}! ziddmx's 031mm 25 perfmms a ucauuliixg agar-48913,
and the mum Wlufi: is upfiakd. Puwer supply Mack dewdc
circuit 60 perils-raw a ficmding upcralian again 10 genita‘aic
mwer maul}; Hath fleeting; signal wBiiN+1}, 30:1 lamb 61
hitches pnwer suppéy biwk whacking signal :iaBi(N+I‘; {mm
puwur suppéy Mimi: decade UirL’Uil Ml

When rcl‘msh :yciv activaxiun sigaal QAL‘T in
inactivalszd. Each 62 was: again takca the nutput $2,113! of
131le 6L and E333 Em: mnicm (hermf [magic-LE m pctwur
supply Mm}: 361:6;ng sigml q-BiiNH) In ICé-fifiinf‘sfi m the
{mammalian a!” mfmzzh cycle activatinn signs} {EAT}: latch
(32 again drives flulgui Signal @820“ {mm a auflwsiiktclcd
slain, in mapwme ii:- lilé maufivalimx 0f [It-[mm £33911; attiv
WIEOU signal CmCE «2911111 up insmwxm signal W172}? is
activawd‘ anti tagger (£5 lakes the: (313191)! CUNIE V3301“: 9f
mfrcah Miriam mime: 25 arm “Makes {km refmah ncMrms.
flash firm: rcf‘rcah cycic activufian QAC‘T is :wtivamd at
pmszuimtl mm: hilt-11131351 ll»: almvwdnwiilacd upza‘afluu 1:;
repealed

In a mfrcsll prfifllfifln, a refresh address is generate-d
awarding 1:: $11"; couming opuralian a!” wirfifi addmss
mumcr 25L ‘Wemfifxm, Er; much infra-3b vyclc {fit my} rati‘rcsgh
address can P3: knczmz, and Ihurufmu El puwtr supgly [slack
ticketing signai may bcc gmcralefl Lu aflvalm: by acceding
1116 refresh addrises if: :m previous cycle, Thus. at 11h: aim
M :1 wires}: cystic. 2; 43:92.1ng ope-mum (if scicxciing a puma
asupply black is um neccssary, and there-fore a ward {Inc
mrmsgmnding in a rcl’rereh mw can be drjwm inm a mated
sum :11 a faster inning,

FIG; 38 is a diagram shawl‘ng a n exampic «if mwer Mimi};
black [header f). [[1 HQ 38. pfiWC-r 9m p913: bind; deem}:
circuit 69 inmudcs 1m NANEMwn m: Emir; cirsmii 6m which
rucuivm pfifiiéfibfifl max-5h 21635334; him mm, mm? SQAE, Tm:
combinatiun m" ffifrcsh midyear, hilt-3 QM, :mfi KEN applied
In NAND-Iy’p: gimme wimuii Mk: L57 détctmimd try the
address of cf mmmry his-3x1: mrmssgmnfimg m 1hr: pnwur
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suppiy switch circui; controlled by pnwcr suppky block
swimming signal ipfii,

Latch 61 incimjes a irnnsi’uf gal: Ma whim mnducls. 1U
pass the alumni 51331232 {3f NAMD'mn: (team’s: circuit 6011
Must; mum up insimctism sigma} CUP is activata: (a: an H
levci‘)‘ and immmxs 61?: and 61:: Which form a latch cimuit
to hatch a; signal aapzfiim} :hmngh transfcr gab: 61a“ Imcrtcm
6“: and 61mm: disapnmi m an anti‘pamllul arrangesmam am;
haw. may magma» and wumis ccmwmuplgd Ea him it
SD—calleéi im’éflex high)

Latch 62 3323111163 E Iransfur gate film which madam, m
paws {bu mxspm aignal (If 131th 61 whcn mmpfimcmary
mfmxh cycle aciévafifia 5‘4ng EQAC’T it»; acm'iaimi, im’m’terfi
($26) and 62$ which Yum: a idlch circuit 1U hitch a fiigual
appliml “magi; Emtsfm gate: 52:). and AN?) wing 62;!
which is acfiwtai in {€pron m an aclivaiiaa (1-? Refresh
Hyde. aclivmion 'gmd QNZT m genwak: pawn sapply
black mmiag Eignal r985, Inwrtm 62b am? 62¢: farm aSnvufllcfl inverter Inlet:

[n ma mafigumiiun Shawn m FIG. 31% puwer aupply
Mack decade await 6i} {écwdcs Iflfjfflfih arddwss hiés (Ed
and 50m fmm {be (687651) atklrc-Es mania and uutpuls a
Signal rupmacming the result at" dcwdiug, In faith 6L
tranaflhr gm? 6} a mmihmia when mum up instruclim 34(ng
(7UP is awli‘mmi and paw—:39; a pnwcr Supply him?» whaling
signed Iwwly gxsnztralad by (Ila: alulivauml ufwmfi. up iléfitfuc~
titan signal (13?. and izwancrs {A}: and tilt: latch this utzwly
generalize! 903w: suggpiy block signal, During {ha {afresh
uywk‘. paicmi, mmyiimcmary rcl‘mah CyClfi.‘ afiivafiim sigfial
a‘QA("T is; in :m inatfiva 51mm an?! we amen: lamfiefi 11y
latch 6-2 dimes 132:3! change- mg‘amics‘; Ufulmnge in {his Qmpm
signal 0f Mich 231.

During the mfmsh «sycle perm-(L AND circ‘uii 62:! 092:3ch
as a buffer as aulpui the 9:;ch supply Muck mica!” signal
[awhud by igi’firlcr’; 63?} and 6sz Wham ah»: {cf cyciu
:rnmplcrm 3m! rafresh await: activalirm signzzl (352wa mm
an L 1mm, Emcziw aims, AND rircuil tilt! is disahkd, and
[newer supply mass}; sxlcaimg wlfii {mama 313 L IWCE, inactive
suite. T1189 ilk; guwcr anguyly switch :imu'h all attaifi a.
tmnvsa: ed Siam, whirl) mamas the pmwr {ruufiumptidm
Meanwhile, wizan campiimuntary rcfrcz‘sh 631:3: amévatiun
signal :‘QAC’T‘ Sliétinfé an H luwl, activu Malta Eransfcr gate:
($311 cundums 111 1:11am: ihv fiignal 121121156 by iamh [i1 and
1mm :1 new gamer wppiy lfilr‘wk wicctirg signal

Withmu aévarssijs afizziing this rcfiwh gush; Upuratinu in
the: pmsmt aryclcv, a waver 51115in 1315ka micuing 5ng is;
gmwamd and kicked 1‘31; dwm‘ling, a refresh mama; {m rim
next cyciv.

Hi}. 39 L5 a dug/2311:! "allowing an umu’lpk [=1E a Hm
register circuit in mgisler {i5 slum-n in FIG 31:} [a F'Ekiiy 35L
mgjstcr 69 includes :1 Hafifar 32m: 65:? which Ctruéucb; m
pass a count bii $1631 the rei‘rcah atldrcsfi cm; um Whun COUHl
up imtmminr: signal gC‘EIP is aclivmec’g fijmxteréé 655? am]
65:: which farm a 331:3: circuit in latch :1 signa‘é aglyfiad
uxmugh {Mada gab: 55m an imm’lm 65:3 whit]; imivzris {2w
(1:11an sigml afiQVs-rl‘zr 6313. and an AND Eifwii 559 which
is enabled (c; gamma refit-sh ackirtsx bit QM accuz‘difig m
tl‘lt‘ mulpm signal of inwrm 135d whim mfwsh Eyck aciiva-
kiun signal QAC‘T is asfimlccl.

In the umi‘xgumfiim a?" regiswr 65 shuwn in 141 ii. 3?. litre
refresh adémsa hii Embed by inwmcs £55!) and 65¢: 3
updated whm mum, up instruction figml @631}? is; gcaivamd.
Wham rcfmsh cynic: activalion «signal QAC'T is zmivaicuj,
mfrush address hit OM m fin mm! in Um pmsmk cyclu is
generated

Whiz“ n‘mhipicxet 19 is pmvided in the 5mm: preceding
the mw addmsr. huffcrg'iatuh, Ihis AN!) circuii 659 is um
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mammary. Th: mw addrcss lsuffcrg’lamh functimis m mam;
min the internal mw :aéfia-mn fiignai him in :13 active Siiiiifi in
a filandvhy C3316

FIG. 40 is a azimnatic diagram mpmmming Imw mu sat up
inmrumkm sigmifi CU? and QCT‘UI“ are generated 1;; EH3, :39.
m mum up ifisxmciim gignal gmemticm panic-n inciuégs a
dciay circuit it? which dclays rci’msh cycle activaliczn gignal
02“."? by :1 gammrihcd Iimc pcriml‘ xx (mu-33535:! 911E512: 36:3-
cralim circuit 58 whéch gemrams a mm»sh€ai puise Sign SE in
mamas: m a wiring cxf the gulpul signal of £15213}; amnii 6?.
an invtrtcr cérwil 69 which inverts refwsl: cycle acliwtinn
aignal GMT amt? 3 (mu-shut pulse gonaramn cimuit 70
which genfimlm a arismth puke sigma} in rtrfiprmfie In :1
rising uf {he tmfyul $153,1an u!“ inwrlcr cirmi’r flit {1;qu up
insuuuim aignal {ii}? is uutput fmm unwasiwl giulsz“: gm?
Malian circuit 63, um} mum up insmm‘ a signal $31713? is
nulput [mm mks-31ml galls: gmmreuiun circuit ’23. By swing
11w dam; uimc is? 6:13;; circuit 6'! m an appmgn’atc what, a
mum: up (spumlfm: can ht: Di} rk'nrmml by the ral'msfi adilresz;
(saunter wiihm lbz mifrcsh cycle. periud at an appropriate
liming. fin: 516:5 valim péi'ifldfi caf mum u p insiltucsiml signals
CUP and My? may be timermined suitably dépmding ugmn
1m; latching abfliiy 131' each circuit,

Nam ma! Ibis chum up instructirm Sipm} generatiun
circuit has (mi; In he: incluziml in refresh inntruclitm camml
uircufl 23 m MG. 25.

In hicmrdaical yaw“ sugply mmigumim 3:, grower Eng}
pl}; [31(ka 5632:3th signal mm is set to am If law! when
succmd. Iizgwuwtr, 8m: iwgical level 01' {ha powur $153913;
Mack “electing; gigmik; 5381‘ in the mlémeti 333:: may be
appmprialclg deiermincé ficpmding npcm (hi: vallage lava!
u!“ the valmgc supply Ema; appliud. Fur ummgks, if the
{mwazr supply 5wilch uimuit is grandad balwcwzn a main
ground ‘ii ‘ and a 5113) gmlmd linc.‘ pmwcr amply block
summing ‘ 13:35 zgsBi smite; an H [Wu] who
if 111:: pawn slippiy swim circuit is mrwiiktfl imméen a
main pwwar supply Ema am} a suh puma suppiy fine, 124mm
supply Muck; selecting sigma} 418i 31mins an L {gavel when
selacwd.

Nam that in {Fifi Cénfigumlim shown in MG fit); in a
normal mimic, mime; $3 schem mw addresx: signal bit [Ml
from mulligficxut 26 in [expanse an swirefnsih made
iflfilfufilififl sigflal SR, 'l‘m‘mfum, a: global mm; is sulcclcd
acmcclmg Ix; ting um aflalmss signal {m RM.

A29 dcmfibed sti‘m’m awarding In hierarchicxl {Fewer
fixlpply arraagcmmi 3, in {he . lllmfrcSh made: a pmvtr
supply Mack mlcxfliflg stigma! m [m ”sad in 133:: new ayck: Es;
generaled by énflmmmtiug am} dew/ding [he mum value {sf
the: (thumb stigma» «23111me in 1hr: pmaeui grisly; {uflzmcd 11y
iambhg the 1mm}: of filiilfldiflg. "l'herefmm the dccmfiimg
vparaiiurx 0f Ebb puwm‘ supply black 56115::ng aigflai has:
been Calmpictcé at Eh»: 25m; 0f 1m: max! twig“, mad the stat:
m” pawn.“ mey his; saimting Sigfial WEE mu m: Std a: a
high 3mm! in 3hr: amid cytic, so that a ward Hm can b: dfiwa
mm a swarm] 313m at a faster liming in a rcfmsii cyclm 3%
a nasal! . the actimiizm simiug for a won! line- 30:5 E161 haw:
m bu chmgcé béimuxn aha rcfrexh mmh: dad {he Korma!
mod-3, and Ehumfom lib; mzntigumlimn of lhc word first:
driving pm‘linn can 1):: Simplified,
Siwcmh Emimjimum

Hierarchicai FEW-5:1: Saintly Armngamum 1
FIG. 41 is a schemaficéizgmm gnawing the mmfiguratim

0f an arm}; pmnim in a wmimnflurzim mcmar}; device
awarding in a wvsmh emhndimcm m’ the prawn: Envcmém,
In FIG 41. a mifiiflaf} ma: is dividm] mm 23gb: merrier};
Macks MAB! is.) MARS, Mammy Much}; MAB} is: MABS
include nmmsi mummy Hawks NMABZ In NM ABS inclndx
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ing mrma} masnmy £13335, rmpecli‘mly, Memory black
MAB! includes a manna? mcmmy block NMAHI .aml a
spare black SFB including, :1 wan; uktmzm m mymir a
dcfwtiw mil, Mammy Hank MA H1 wrmspnndfi m 2; Muck
RBXfi formed i3}; ;1 manual mmmry sub may 21an a spam
arr mmwm iii FIG. 11,

Switch circum 13.391 1:3 SW8 are. pmvificfi garrmpmafifig
m mummy i111 > : fiAHl in MARK. Swiich inmuéas SW1 in
SW8 arc cliévzzn We a Lick-chad stale awarding It: giawer
supply Muck sciwctmg signals @131 m 13:33 Similaliy w the
Ibrgming sin}; gmlx‘xfiimmt, Spare black 3131} Mr mflmury
{311‘ka MAB? is abated :1ng wrmal memesry himiw
NMAEE m 343533.333, and can Nipair a dei'acxive ml}
{defective raw} in any uI' {he nmmal mm’nmy blacks by
mplacing the dcfcuziv; «:11. lilmrk warms his; ELM In} {W
and QAL 1a 43213 Eur mcmmry Mimics; MAE] Lt} MARS an;
311'.“ ' CC} simikariy to 1m: sixth cmbudimcm.

Referring ks Flt? 421. Hm: operation in a normal mad»: will
he» nnw dmcrihtd, In ihc» mama! made. n: diam «at an
apgliud addmaa signal (flaw addmm ssigualji pt,\‘.‘€r supply
switch uiwmi SW1 prm‘idcd for mcmmy 3:21:32}: MAI}!
{minding spam bk 3; 3N3 is driven mm a salad“? state.
Bufvm spam dcmrmmaiicm, 1m? pnwcr su p131}; fiwitd} eimuil
mymapomiizzg an :1 mtmnry Mimi: including 3:: afiémmw
WHIT] line WL is. firivan inm a selected 1:3. In FIC‘L :12,
mommy blue}; 3719.32 ixmludw; all addwsscii wwd hm WL
In (hr: miller mama}? biflflkfi, lhc pcrwev supply witch
circuits are maintained $32 a nun-salescmé mm. A spam
determinalim as [(3 whether a dwfuciivu mummy cell is
mklmsmci is gmrihrmed 313/ mmpafing addremséé, am? amzrd-
ing in (he msuit 133‘ éclflrminmian, am addmssud ward law: at
apart:- ward line is tirivm imu a sewclml mate.

Bud-Dre the spare: determinaliim. a. power supply switch
circuit fur a mummy Nada includiing, a memmy WEI :0 be
mlccmd (murmw Muck including an £deer ma: mam} him; or
spam ward [52:13) is firivm inm a mlecled start: 'I‘htrfiitarej
when a word lim- 33; citiwn imn a selected 51am :0 tin:
mummy Muck including me mummy an ll in he was “-d‘ a
pmscribed wins-g: is :13ny supplied. and thewfm: m:
nmmory cc}! :9 Ear: fieltzmi can be amurmljwjrivm Emu a
selected 51am. The apmflim Mia hi3 mm: mm; dataiéui with
mfismnw 1;) (hi: xjgmi wawfmm diagram in FIG 43,

Whm an aciiw fish is staring array aciivuziuu signal
RAUI' is driven ifllu an H WWI, activu 51m. Aficzwiug in
(I16 .ziclivaiitfia 9f array aiiiwtiun signal RAFT. raw aéédmsfi
sign) RA ifi mad-1' afiefiniiv, and [he uddrw‘em’i {gamut}; black
is; datum EH6." stemming{031103131535anan m" array 211.1%sz rim
signal RAVE“ mgarziltw; al‘ til-3 applied mw addrcsa’ Sigrid
RA, puwm supply bkxk bust-[mg signal Qfii [it mummy
[11061: MARI indnfiiug 21 spare him}: i»? driver} ima an ambit;
stale. According in games; 'gml RA. any: (If mvmflry
bin-:ks M13132 {(1 354ng is- Sta : fit and cfirmspanding mic
nt’powcr giggly bios}: whining gnals M32 «2 @158 ii dawn
inm :1 salmclgd slam. Accuniing, m addmzss figmi REL ti slim
dflvzrmilmlian as 1-; wlmliser a dufcctiw m‘w L's addmsxed is

mad“ If the result at” span: determination indicates 5531 it
defective mw is aciémsmci (spam:- hit}, a kip-fife ward Rim:
SWL included in Spam: black SP3 its driven tum a mic-mad
5mm Meanwhilm what: El if} determinefi that ii normal
mummy mil in a mirmal smile is, addrcxsud 0ch miss), a
m‘nrmal word hm NWL IS miwn im a wlmcd sum:

Whm word Zine: m1. at SWL is; drivun ink: is Salaam
mm. a, mrmgpmrjing pmmr guppiy fiwimh ckmit has. hem
win-um}, tn suppay a mumrihed wattage ‘i’izcmféfim, “mm? fim
NWIAJLI SWL-Jam b: gemmmly driven into: a selected state,

When a rucmmy muck ia sciwtcd flame“ gm Iim spare
dutcrminalmn. am: a 39am hivmim dmmmnatinn i3 made,
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the; pmvu snppiy circuit 10 a currmpmading memory black
is, firivm mm 21 galaxies} £13m (shown in lamkefi firm 3;: Fifi.
43). "Ihemafwn wmfl iim NW1, or BWLmusl he (Erivm 133m
11 mlactcd 55311:, and Lingmfixm the timing 11f aflivaiing m:
warti line 3111311111 it“; delayed. which Enema. 51111: accessing
lime. Ivl‘mwcmr, by (Erivmg 1111:: mm; supply swimh Circuits
In mummy black MAIN am! {56 memm}? Mack including
Ihu :vddrumefi mrmal mm] lint mm a samurai 3mm bufare

dcwrmiuing wimflm‘ {in}; {lefwiwc manual word {me has
been addressed. a pffiibitfl’tfid mlmgi can be suppfied {mm a
Curmspmnding pcxwer 5119171} switch cimlia wimin the spam
duwcmiaaxim time permit 50 that 21 high spam upcratim is
implemenmfiy {Thai mm} lint: whirring tjm Eng 1:311:12; r103 have:
m be delayed)

Rcfcr‘xing 11:: F163 44 and 45. the Opt-43151111 in Hm
whim: firm}: mafia wit] in. mm dissariheti In 1111: RIF-Wires}:
madvs, as shims. in FIG. 44, a power Supply swash circuit is
sum-tux? accmciing 1:11 It»; rcsul! 1:21” span: clclcminathm [11:1
us new amuma that Hum-1:1! ward Hm: NWL i1: mama‘s
black MAE} i5 xiizlrcsaw by mike-sh addrcsfi sigma 0A A
Spare timerminaiifin a: 11:1 whmhtr or 110: marina; won! [inc
flWL Li‘i ck - 23m: $29 mad}: by wmparing thé kiddie-SEES. A!
Ihib times a duméiug (Epcminu is ale 13¢qu it: paraikl
for minding; :1 pawar supply gwirch cimu‘u bu? 1311: 1317211211:
supply Much $26. ’ ‘ U * 33112115; an: all maimainm} in :1 mm»
wiucwd Siam If :1 5pm: 1m is dummxmed, Span: ward lint:
SWL (111151 be dn'wn mm a iclcmcd state: in place a? 110mm!
ward 11m NW1“ in this ems, power supply :iwilch airmail
SW1 is driwrs mm a Sakai“! stair. hasud (In the apart“ 11:1
Limarminntmn maul}. Tm: mixer pnwm supply 9:114th circuita:
3W2 [(1 SW an; maizaiaimtd in a nowwlamitd 31313:. 13351313

us] Him spam hi1 dcicrmiualiun Insult, span: ward Ema SW11
is drivm Email a sakuccé slaw, and manna! wad line N‘NL is
mainlainad is: a nunascicciszur} 5mm.

Muauwtxiic, if Fill: spar? €l¢lufmifléitii3§l (mm indicams :1
spam miss‘ pnwar mlpguly switch cim’sfit SWR ii; drivm Emu
a :41ch male, and manual ward lint: NWL is drivam min a
scheme! state,

In the refreah Ilmdi“ a dais accessing, i5 um réquzifiiéd. and
lharufam the-re will E11: :39 pmhkm 131* n if the pawn: supply
switch circuiz is arms: inw a $ulcc1cdmutu :1th that 3113::
determinatinu. 8): driving nnly a puwer supply azwitch
circuit mnesganding m a memory black itac‘luiiing a
[Im‘mivty cu“ in 1):: mificifid, the pawur cuntsumpiiun in (in:
wfwzah mmha 1:21am ruiucad.

Fm, 46A iii a diagram shmwmg an exampkt cvl‘ a pew“
gumfly block rlccnrle cimui: which gntnemes paws? 5:11;);st
black selecting, signal 13:81 In FIG 46A, the Emmy 511123133;
blush Aluwde uiwuit ilmluciub an NRND L‘izcuié 71 width
remakes; refresh {ad-311355 hits $319111 GM. and 0A3. and an
HAND circuit 72 which ramives :1 wmpiimemary array
aslivatiem 56:15:11 ZRACT, a mumlimcmary spam hi! Bignal
:[H'I‘ and [hkf amp!” sigml 11f NAM) circuit ‘EI and outputs
puwer supply black whaling, signal 13181. Army aclivzuibn
signal MAC! is w! 113 an L luwl at (he start if an mm
cydc in ([16- m’xrma‘; mode. Spam: hit 541.1931 {MT is as! w an
i. Iwmi what: a ($er ' ‘11; «3:13 is addrcascd. NAN!) circuit ’31
oulpuls an L 113%} signai whcn mummy black W1 is
aciflmmnd. The npermigm [If Lhu puwm suppiy black zifimdc
circuit Shawn in HG. 46 will 1.31.: mow alcscra‘h‘cd with
Inference in 1111: .13ng wawfmm magmm in FIG 45%.

In 1hr: imrmaE male! when an native cycle 2:; started,
mmpiimcmar‘y array activasian signal :‘RACT is driven into
an i”, havzsli Thamfnrg, mgarmusw 111‘ {he Mama nf 5mm: hi:
Rigmal 5331‘?" anti ihe mfipnmigml 0f NAN!) cir<211il711powar
supply black mksmmg 31141131 (:18! 111 driver} imw an aciivc
5111111 Mom S;J€£§13C3313’,WE:12FI an actiw cycle 5532;111:513 in the
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rmrmal mark, pewtr aygp’ly black selecting signal (pm is
driwn inm s: mlafiicd slam

In [[112 mt’rassh mafia, army activmiim signsti :‘EAC‘E‘ is
11m] m an H {assist m zinc mfmah cycfin. mimsh cycle
amivmim signal (3.4.11 is drivm imo an H 1121:1211 active
swim and rcz‘mrsh adémsa ignal CM; is (1613:1113 accmdingig
when a spam iittmminatégm ix: numb: and a spam hit i3
Limermisml, spars: hit signal J'Hl’l' attains an l_, level, and
pawn 3119;15ka mkclmg sfignafl «$281 is drivel: i1 .3 an H
law-i, mlecicd stab: . Then. a span: Ward liar: is; 3 51mm Mock
is driven inn: 3 selmwcl slam

Mcanwnilm whim spare hii :xigmal all"? Ls at an H 1m}
and 12mm rapismtmsgm if? an! mace-twang pnwer mxppiy Muck
selecting signal 13131 is drivcn iuio a wlwlcdx'nauvmlwtm
stats accm'dmg if: she 1211:;qu signal 1'11“ NAN!) chem! 7L
Wham mama? Mack, MARI is addresmd, the uutpm sigmf
turf HAND cérwii Tl aliaias an L 122%}, 31113 jiowcr 232:me
Muck Meeting sigma} 1:1“ is driven $1110 a sawed 513%: {H
[even aucnrding‘iy. Mczsnwhiim il‘ any n!" the: flaw: awnicxry

 

 

Maulm MAB}? m M41183 is addrmmd, we uuipu! signal 01’
NAM) ciz‘mii ‘71 is .11 an H mm and pmvcr Supply black
Sciccling Signal 4181 mainlaim (is L luwi,

ch [hm in 1111 fii‘lguraliuu 11f that pcswa £3813pr blnck
clmndc flirmii 23%) it; Hi}‘ AWAY man if tiist {my}! sigfial
rsf NAND dammit. 71 i}; 911111215 (11 :m l, tewl and Linrresgmn¢
iug mummy 11113311 $119131 i=1 addmwnd whet} spur: Em stgfial
:HIT is at .111 L 11211:} gmfiiwiar pwhicm 13 am (awed This
is News: 133ml spare Etii, memory Mock MEI i2; swécczcd. In
Drdcr {0 drive pews: Supply blmk alluding sigm! @111 in“:
$1 Kamctmi’nnmwiacrafi 32311: We: the Mate n? mart E31"! flignai
MIT is. ticfinefig spam hi1 signal lii‘l' is» further agapfied iu
NAND chem} 71. 511:: spam 1111111551 dnlcimiéxiuim; result
is define-(L 13w Dutpm signal of NANU circuit 3’; :3 defined
[El (iriw pew” supply {flock spamming, sigma! 1113-1 Emu a
mlccwd amt: agcquiliagly,

PTG‘ 47A Ex :1 diagram simwing 2L paw-er 51111121}! Minsk
durum: uimuxi fur pam'm supply; Muck. wiectizzg, Sigfliig cmfij
(jvl [1:1 8L kt: HILL 47A. Elm ' 1' supply Educ); (imam
circuit infihfidffi an inwncr circuit 73 which invem
mfrcsh mode inSrruciiim signal SSR, an NAND cirtuix ’3'4
Which rumivcs a wrcwrimd combinalimn ufi‘rcfxml aéfisfimm
hits. QAI m Q95 am} zQA‘l m “2&3, 1m {VAN}? cérmiie 75
which munivw xll"mw£rm31 mode instrucliuza aignal {SR am!
a pm Wilma! cmnbimliun 1.11: now address bit-e [{Al 11": RA;
and JRM t1:- IRAB. 3E HAND circuil 715 which receives the
output signal (:3: imam; V3, {his mnput sigfial 2):? HAND
uimuil 74 am? 213311: 11 it :aignal MIT, and 2m NAME} airmit ’2‘7
whit}: mcu'wfi {31:3 nuigsm saignals at“ NAND circuits 7S and
7(1 (0 356mm“, {.213ch suppiy [7106}; Selecting siguai Mfififli
[0 8L Rama“: £13215 acijvaiicm signal s‘Qefl'fl‘ may he used in
place (31’ selivmfimih mode insimcljm signa} :SR. 7111; 23:21am-
tim) 13f pmvcr supply block dumc‘b circuit shown in FIG,
47A will be. :21?sz {kssatrihed with reference {a the sigma!
wawfhm diagmm Shawn in FIG. 47H.

 

 
 

 

1:1 thf: Imam] manic? 1*:in army activatiuu bigsaé RN31"
is activakzct raw fidflffififi signal RA is 11165111351. fiftér I012:
address: signal RA is: dafitzed. 1h:- mupul sigml of HAND
circuit 75 attains an 11 3:1: L luvcl in mspanse kw mw midway;
him RA] w R323 and (RM to 3111143,» because Sfilf»rc_{12:5h
minis: imatmmim 111mm} 530. 53. m an H ievd in 1111 marina}
111911433th 111139111: (drag; Hf NAN!) circuit 71’; is 33 :11 H 1mm}
in the nurmai meat, and Ibzrcfmc power gupplg [110-331
scheming, signai (1sz is drivm mm a sciccwdimn-sskdcd
stat: hsjmd 1m rim mfignu Vignal m“ NAN]? cimnil 7S

Mennwlfile, 311 {he Msfllml‘msh muting self~vefm5h mmlc
instruclimi signal {SR 31mins an I. lurch 35:11 £311: {312113411
Signaf 13f HAND cii‘mil ’35 1:5 SC! m an H 12%? flfilglé‘fifflfisfi
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made immaczian firms] E; :2: an ll larval, In lite gill-rams}!
mcazlel when refresh cycle: :zmlivalicm signal (2211'?I" is; driven
{mu an H level of aclwvi Siam, mlkush midnisgs signal GA is;
dcfined. A man: dfitmnltmliun is made awarding am this
refresh addmss signal 0A, and spam hit gigmfl s‘lll‘l’ is: driven:
mm {m ll m L 1mm. A! ills: lime (ll 21 mars: hill] 39am: hi1
signal fI-ll'l‘ attains. an 1,, Jamil, ll“: mnpm sigma! nf NAN]?!
circuit 715. attains an H level, aml permit Silififjly black
same-ling Sigma {all} maintains its L [4'ch Meanwhilzz, if m:
rfislll! ofapam dalfiminaliun indicalcs a spars:- mifig. spare hi1
signal ElllT 1113311133115 ii}; ll Icvsl. "I‘lwrel’nru. grams: sing}???
hlmk selecting; Signal 3:13,: is drivm inlca a wlzxttatil'acm»
selected male mamzling in the mltpul Signal (“if NAN“
circuit 74»

In this wallgwaueza mum“: in Fll‘l. 473} in order m
pwwnl puma augply black whaling. signal qplfij frmn basing
drivel} inm a scicciczi stats: awarding lu ilk: anqw signal 0f
NAN!) circuit 1’4 bcfem the spam: dclurminalim result is
decided. spurt hi! signal WT may he priwiilazi 35; am inpu! m
NAN!) wircui: 74

Mmlifiualiflfl ‘E

fill 48 is a diagram showing a modification (“at hicrar‘
chical WJWCI mpgjly anaugcmom I In ll]: atrangezmml
abawn in l3 difgxcml lEni: drivingtiming central circuit 73
changes the EECil‘e‘alifil? timing, of wnrd lint «irivmg fiignxl
(faWL aww‘diug Lo aelllrcfmsh mods: instructive gigual SR.
Ward lime drivirxg Ifmiug mmml circuit 78 gm-ziatézs ward
line. driving signal QEVL in Elm normal mode according [u
want) lint: stall rm signal (will, Muanvv'hilca in Shit mil
rel'rmh mmlzz:g : ward lina driving fiignal QWI, 3,»: gsnammd
17v}: dulaying ward Hm: amiwliun Signal ml”; The mullggw
radium Lil wumf lim: filr‘ix’iug liming cumml ghwil '78 i3 lhf:
same as the Cunfiguraiéau shuwn in FIG. 29. Even ill ilm
aulivalicm liming Gfpuwa supply black sclcitiing signal lljBl
is delayed, Ella ward limfi selecting liming am ix: «_ :laycil
amnrcllngly "2?»ng wezz‘cl Hm: cldving; liming; mmml timid! 7'3
and lhamfima a ward Illid tan be accummly «gleam, “(bra
lim- drivlug mgnal gm, $1fifmilltfi Ila: acllvalmn Timings 233’
lmlh a 51mm ward liar: and :1 nurmal word lint

Muditiculim 1
WI? 451 x:~:~ a siliagmm showing a second modification of

hierarchical pwwcr mppiy arrangumum l awarding m It“:
seventh cmlmdimwl. FIG 49 531:;st the. mmfigmalign {El 3
gums: supply film-c}; sfilcfliug signal gmm‘atlxig, mafia. in
HQ 49. ”142- puwzl‘ sappl} black mlwtlng sigfiai gene-willy;
parlicm includus; 21 mulliploxar 80 which «spends 19 will
rtzl'mah mmia inmmmém) :«ignal SR m Scaled mm M“ 5|
Half—rerwsll aiidrms Shim refresh adflrflfifi wunmr 25 and

iulmual mw mitigate $513.13 RA 13 um mulliplcxm 26, an UR
circuil 81 which Epzéévm array activatinfim Sigiml RAVI“ and
mum up inslmclifla signal CUP. a span: clatcrminiag, Cll‘C-iiil
32 which ICSplDflx’jS ti) an acilvatimn Dl' Um umpm figual M
”R circuit 8] It) make 3 3pm: :lcmrminmicm 5m $253 mamas
aignml applieé from mulliplcxer 81L 3 puwcr sugpéy [flack
Llcumlc circuil 53 whiull ducadm a puwcr mpgly {glut};
mime-55s algal umbrella; m an addmss signal £st self:
rul’mz’ah moat insimciim signal SR l‘mm multigiuxur fill and
a spam hit 33s,, 31 HIT {mm spam hil dulcrmifllng E. cull Z:
a latch $4 which 1mm a puwicr :aupply black agitating
signal mllpuz l‘mm gmwcr Supply llm‘m‘le siren it 83 weanling
m mum up immmlan signal CLIP. a lamb 35 which
rmpmds m {afresh quit activating signal QAC‘T to lake a
latch signal l‘mm 13ml} 85L and a multiplexer {MEX} 86
which mlculs um: 23f fin: nuipm iigmflx 4ng 1312?] 35 am} pewur
aupply l'llllCl-i anemic cifwit, 83.

The palm: supply blag}; ilecsadr: circuil 83 is. the same in
mnligumlim] 215111053:- m FREE. 46A anti 47A? am? genumlcfi
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pow“ supply black mlccling Signal nplii summing m sci?“
refresh made insimciitm signal SR? spare hit gigz‘zgl £1?!“le
mv adclmsa Signal R51. Gr 0A6 [,alch 154 or 85 Ems [be same
wallguralix‘m 3: mm in Elli 33. latch 84 Egakts 22ml Eamhm
the mnpm sigma? [sf 'pQWBf supply black (15553;:ch circuii ‘83
when count up laslmcliam signal CUP is amiw. elm? land: 85
takes and lamina lhc mulpul 5ignal of lmch 84 What; refrash
cycle aczlivalian Sigml QACT’E“ is ifiaclivc :mtl Elma mllpuis;
the latclmd Ssgual.

Mulliglex‘ér Sci Selects ill: mllpul signal if laid: 85 for
mulpul in th- Sjélf—i’ffmfiél made, and Mqu Elm mtg-3m signal
all powm mash; tic-soda: circuit 83 in 1m: nwmal mule
Pflwerxupply himkatsim’ling; gig/gnu" (310% {mm mizlliplvmrfifi
is applicd (:1 Lin: pmwz aupply Winch circuit

The puwm supply hlgaxl; wheeling, signal gwmaléng w—
cuil further malndes :1 Each 87 which lalmes aparc Exit signal
lll'l" output by spam: hi1 dqmmfining ulmuil 82 fii’éfif’si’dif‘fg 10
came: up Emmi-5m Signal CLIP, a lamb 8R Mai-:31 lakes «ml
trunmlzm ma: mama xignal nl' lamb R7 auuélrdéng la refresh
cyuln aclliv mun mgnul Qfiif’l; and a mulliplumr {Milli} 39
Whiflll sélxzttsg may: {sf sgare [Ill . final HIT gamut [mm spare
detarminirzg aircuéa 83 said a l gnal unlpm [mm latch 83.
Latches 8? and 83 have 231:: gamut canfigumion mi latchea 34
Emil 85“

Mulliplmev 213 salami. refresh addmm “*nal GA {mm
wgismr ()5 in tin: mll’vrflx‘flsh ”malt, and Si: 3-: externally
apgxllcd mw adfimSS signal RA in the flannel mm'ki. Rahal“;
addwm counter 25 and mgislcr 65 have the, same canfigw
ralim EDS that in FIG, 36

[n she: mafigurnlitm ahmvn in 1:10.49, span: fieisrmming
upcraliun and paws: supply blucl; amending; figerfilmn 16: Ex:
pitifuflmill it! Ll maxi cyxla an} pmlmmcd in a [efrwll cycle
{Diem-ding by Due cyulm This results (if datsrmirziug and
dcxzxycling 2m: milpul in the MK! refresh cyuiaz. ”llzcml‘ufm {he
cllscmllm; wrmiim 113$ bum cunwlumd in the: preview;
cyula, pmwar amply bliécli mlaming signal film and 5W” W
signal lil'l‘mrs he tirivma ’mm a sclauadx‘mmmledafi state: 211
a high speed is! 15:: mm :‘efl‘ash uyule. Tia, l, ills: wnligwa‘
lion (if llu: ward liar; :lriviflg mnlml ponirjn can be Simpliv
list] becauza: m‘ 13;) new to delay the word lint: rs eating,
timing in am: rtl‘msll cycle.

In the nurmal mafia? mullipluxcr Ell 5&ch inlemnl
address signal M l’mm mulliplamr 26 [by applicaliuu In
£10ch supply film}: Jamie:- ulnmil 83 in 59311: {Eclcl‘lllmmg
circuit 82. Spare hi1 Signal HIT 0:11pm frclm span: clclcl’minw
Eng Uéruuil $3 is sclccwcl by mulliglrsmr 89 For outpui, and
a mwer supply Mack miming signal mxlpm E’mm 73mm:
supply blag}: $6de tircuii 83 is»: scluclcd by muliipisxes' 86
(Lu uulpui. {5:11.1165 $3, 85, 37 and 83 ml: ‘lypwiicd 1:; nus
mammal moan [I an array 31:6lele signal LS xiivawd, spam
clam-[mining Circuit 52 pctfmffiis a dciermlnfing amrazim and
spare. hi1 $33131 £111" is gmcmud according m the: maul! 0f
rlcstlarmlnatjm In the ammal much-2, {timer mxpply ’hlmtk
armada circuil 83 damfies 3n addmss bigmtl {mm muliiu-
plcmr SI) mgardla»: 9f Exist; span: hil signal NHL, and drives
ll pawer fiupyly lilac}: selecliag, signal 1:; mammary him}:
MAB} inctluailng a spare black {mil :1 addrumud mummy
block 3mm .3 sclrzclcd slam.

By using 111:: maliguralimz shown in FIG. 49. the 31mch
mnwmplit‘m in 1le wif-ml’msh mmlc mm M; mammal wélll-
0m incmmaing 121:2; amsasialg mm in lhu mmlal mania:

A5 tlt-SCIfilfiAl always, by the hierarchical pawl-fir supply:
arrangement weanling in {he gmamh emhndimmi of (he
prawn! invcmfiun. Sr: film mwrmal mmlc. a mgmmy black,
including a spam black aim! 2m mlflrcssml memwy hill-ck are
driven mm a axiléclsisl 5131c mgardlam ml mm spam: slammi-
nat’mn result. while m we rcfmh mode, lllt‘. pawn supply
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SWIICI‘I circuit :0 an addrzssscd memmy black ”n; driven mm
a Wham] 54mm; 342 [I131 in the marina! made; a valtagr: fmm
the pews: finpply switch circuii cm In: 4435:? supplied
ham“: 1hr: Ewart dismrsaémtim msulz is; dcfirmj in mam:
higimgced am 23mg, 2.24231: in IIIE’ refresh made, a pm"
scribxzd wing is Supplied tmly 10 minimum naccagnry
mtmmy him-ks, rtgmiting; in reduced power mnsumptian.

I‘Iicramhirmf Fcfiwer Supply Armngxamem 2
FIGS 50A and 50!} illustralc the «put/aliml 4121‘" a hicmp

chical {11’}st supply izmngémem 2 according 1:2 aha: a:- math
vmbmiimanl 2:2? {312: prawn: inwmicwn‘ In 1514:}, 50A, in lfw
manna] Incuflca wwr snppiy 24224324231 circuiza I‘mhmh mummy
111ml; MARI including mam Mack SPE and 4m mItIr'samud
mummy blush an: dzivw (am a mlfivlud stale in raspmxst: Eu
an aclivalmu ui‘ 31‘; may aflfl'éfliflfl signal. I13 NEE. 50A,
macaw}! black MAB"; IS. addrmmL Wham array aclivalicm
aignal RAVI“ is afiiivatcd and an active 0:22:22: i2; 51mm},
mummy [2212:2924 H.323! imfiuding a wan: Muck and addruascd
memnry hkwk MIXES 3m dri'mu inm :2 SBIIKiL’Sséii 32:25.3 53:: um
21 [Hussrihud vulizigi: can he supplixid at a high Spam] wiih no
wait far 142:: {mu}: (xi swan: demrmiuxlmn.

Ah” shawn in FIG. 5313, when a span: dcxfirmim’siiflu remit
i» dufimzd, 42 Time; if} 1422,: dcfinud msult, 131233? 8121: WWW
supp-I}: swim}: airaftéii for [I121 (whammy 13534214 including a
memnry can m be Schema is (Iriwm inm 3 salcclcd 343167 In
HUI SUB, ”6412131 ward line NWL in mammary triad. MAI-32
is driven imo :2 micclcd stale, and pawn suppIy xwitch
circuit SW2 is $32236 in 3 93142423641 state, whim mwut supply
swath cimuil SW1 {or 1118mm}! Mack MAB} is driven mm
Al nimvseramcd smut. 3.3m aha» dmtsmimiinn regutn {Imam}
war-[I Iim; NW1, {:5 driver: inks I: 544144de 5mm. ’I'Ei‘emihm,
whm the mien-ted manual word lmé: b5 drivga.» a vumgx is
Suppliefi 512$:ng me (cm-Wt: 141111991)! switch Circuii SW! and
Ihifi wlwlcfi award was} Iisw can b2: driven Ema: a scluclcd

mu: accuzawiy and 51s a high speed In acidificxny aincc
mummy Mack MARI is mm in a nnnfiseIemerl sung, pnwrzr
supply 5witch flitmlil SW! can In: firimu inn: 3 newselcclcd
stanza. which aim (mum 1111.: surrwt mnsumpit‘sza).

In the WIIC‘SIJ made. as Shawn in FIQ 44-. ml}! the Fatwa
supply switch circuxi 1331’ a memory him; ' Sizc‘luding a
munwy 24le mm: 2442332224111 its drivm into a I 4:12:23 44:12:: and
ma: mixer paws: 341151913 swik’h circuits an: hem in A new
selcmcd 51:113. ‘Hms, Lila: cumml consumption in [hi2 riii’ush
web: can he rcduw¢

FIG. 51A is a diagram showing a mwar 512wa MW}:
deem! * circuit {hr power supply blmk salamiag signai $31.
In I‘Iii 51A. 4314’: vmver supply Mock (Manda aimaix Inciudfi
a uncvshm wigs gémtmting uirtuil 9:» which gamma; :m L
14:va, UIIU'BIJLfl puke signal in Impmmc In :1 {4111;1ng ui allay
aerivmimz 53%me {RACL an NAM) cirauit 511 which
rrzwi'k‘zts raw aldijffi‘li}; bits XRAI. RM and RAE. an NAI‘ID
circuit 92 whisk receives ml 5b address. him SQMQ {3923
and GM, 54134;} an 3943?} azimu it 03 which rctmaivm the output
signal of uncfihue {misc gmumting circuit 91).! the mums:
signals uf RAH” Ciwuifis 91 and 92 and Spam {iii $131131
MIT :22 umpm pQ’Wif $239913: black mlecliug signal $231.
Addrws bib: SEAL RAE, RAZS‘ {DA}. 0A3 and {3&3 m: m
an L 1cm! If} :1 siemiiuby $131412 The operatiaga 2}? lbs: 902%:
supply blank decade await 53mm) in FIG, 51A WEI he
dcscrihcd in mamunciiun with the signai wawékarm diagram
in FIG. 513‘

“When am 4351M: cycle 315 512mm, army acfivafinn :22ng
(RM? falls. 14:: 2,247 I, luvgzix In mspgmsg: m flu: failing 22f army
activalim sigml {RAF}; Manama 1321124: gmcmfing nzimsil
9!} gefiaraleg 3 «mavfimi pulse which is. m :m I] 31:42:21 Fm in
prescribed puma. vaer 5411124141): black wimiag sfigml 2:281
02.11pm [mm ’é'AND man; 93 1M5. m an £1 10444;} ammd‘
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ingly: Meanwhilc, NAN?) Circuit '9] decades gppficé nfifimm
M12; ERA}, RAE and [$201.31 When mummy 241m}; MM51 2:4
addt .3311, [E122 01.41pm; signal (JINA‘JD circuit 531 mm: again
admins an L iewit gmvar auppIy black aeleciing sigmi {pm
output Ifmm KAN!) 23mm 93 is; driven ink; an H Ievcl‘ In
mi; 31am, regardieaéa (723‘ wimiher a spare: ward ling: is: Iiféééd m
maL pmwur supp}? Mach mlwting signal @181 is :21. an! H 11.:ch
during, Ihifi amiw: 2314:; pmmi

Meanwhile. if a mummy Mock diflfcmni [ram memory
Muck MAB} is EIflIiiI‘QSE-C-fl, the output signai Uf HAND
riwm't 91 Mining :m H $6».me In IhIS Shims 5112424; an figural HI I”
Is driven Ema an Hm L Ic carding w IIIE {mun (If spam
chantmimtkm barium [i341 uutpui gigmfl (3f 63662331 wage
gcuemjng 4&1ch 9!} a‘Im‘ in an II level. [552 nm‘mal wart-:1
{inn} is W21. span: Iii: signal {HIT is mainlaiawfl 3: 2m I1 IC¥6I.
‘l‘lmrel'um, in this slat-z, in mspmtsc m 3 Aging; UK [IRS 43:21pm
fignzd 221' (mu-aha gum: g naming circui! 9f), pawer supply
Hawk saIa-xn’ng Signal 2pm WIS m an I Iwgi. In 2124.4
addmsscd L’Ilfill‘ml'y Mask. :4 mw is Sciccwii.

[I‘ 11:44: 22222922: xigmal rsi‘ NAN!) circuit '01 is; a: an 5:! Ins—2:15
and any of Lila: GEEK! mammary blocks is addm‘ficd, puwur
supply hlmcE; saluting Signal MEI maintains [m I] kw] in
WSWHSIZ ID a {lining :4}? Spare hi1 signed BUTT Ia em L 16%}.
The pub»: widlh C21“ a page signal nulpul {mm aim-SIM pulse
yawning firmi! 9'?) is set In 11m time W’ICIII’? retquimi": €er
spam: hit sigmi SHIT Ming clsfinecl‘ 5n [has gtm‘ur supply
Maul»: sclcclmg $254831 @283 um I»; {Ithaca infn a 351mm:
newsclcctcd Slate bastd {m the umfimnum of wnmpmidiug
memory block MAB].

FIG. 52 is a diagram film-wing a mm: 511wa Muck
decade uirsmi! I'm pawer supply black SEZIKCIIE‘IE; aignaf Maj
(is! m 8}. ‘I‘bs: pins/er S‘spyly black fimx’x’cle circuil Shawn in
MG. 52 is 4155:3431! {may the: puwer suppéy IJIDUK «.16ch4:
Circuit ghuwu in F113, 47A in the 11211222222213 paint. Man:
smudficafl}; iii? QR circuit 94 m mwiw mu Output gigzfiai 9f
NAM) flII‘CUiI 75 23216 spam: hi! Edgnal HIT is pmvidcd
betwem NAN!) cirmfits 75 and 77'. The mhcr mfiigumkm
is; (he samx‘: as mm in FIG MA and mrmspuzmding punicm
arc dammed i434 1342: 83111:: a‘cfurencz: numerals and list; {$343119
Hon is 11m grtxvigiaafi,

In the coufiguraiinn af the gmwcr suppiy Etrkmk dimmic
circuit 2411mm in FIG. 52) when an autiw cycle is 241mm
accnrdmg In 21414333244; him RA! m RAB: and IRAI m rRflsfi.
£30ch 5'11pr [32022.1 Sfiitming signal «we is. Uria‘cn mm a
sclecicdfimuwalmicd 513w Whuu 31mm hi: Signal HITIS a!
an L M2451. pmm‘ gupp-Iy black seiecting fiignél (3:231 is»;
maintained in a 5m: awarding. m addmsa'bim KAI {a RA}
and I‘RAI In ffiAJ clawing (In: active cw: vitriad,
Meanwhile: what; spam hit signal ”IT is driven mm 5m II
law. [he uuiput ragga] {51' Oil L‘ilwil 134 alum an H IEVGL
In 1116 nmrmzfl mafia NARI) circuii 76 is a; w [1 law].
'IWI’IEWITDW. in respcfls: 14:2 a rising m" span; hi; Sig-:33] HIT.
mwcr supply! {11432:}: xiiiwling EaIgml @Ej fails It} 35 L Icwl
Thug, wbm a spare 4mm Em: £44 USN}, (”fly Ihe piazza amply
switch timuil [{JI‘ :2 shimmy him}; including, 2: 14mm black is
diiwn [um J schema 14331:, and the pUWff'f mgpiy ahx‘itch
CII‘CEIIII for Ilia: mas-111421}? bleak inducing this fidmawé aide;—
[ivu nurmal mm! hm: is cir’ww mm a ncsmmigmcé 51am

Nah: than {he aparaiitfm 43f lbc paws: supply biwk damiu
circuit in ”("13 51A and 52 324; the 23mm: 424 she infiri’zlififi QI‘
{bi} primer 5211391? maxi: (122(32de circuit in £42652 46:3» and
47:1“ and lbmefam :I‘wir mpcratim wwcfmms 2m; [Em 24mm;
3:; 6mm given in PIGS: 4613 and 4713‘ Mam spacificaélgy in
tbs: mfrmh 4:45:13; uni} tin; gamer 2:12pm}: swimh firm?! Em a
mcmmry hlnck including; a mummy chI In It. driwn :E24
driwn into :2 £21338th 54mm

NLRB: [I‘m Ei’m Giraud wnflgumion shown m Fifi 49/ mm
In; applifld 29;: Ehc cfixnfigu Fatima 01” the pnwer SuppIy black
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decode airmail sham: 311F135. 51 mil 52x Mart: gpcclfically,
in 11m ml‘resh made, Emmi nn :1 refresh wall-ass signal {ram
UN: rci‘msh adéimfil muslin“ in the: previnm; synlc, {be
selccmdmmmclccicd slain ulwll‘m pawn: supply hawk $61me
ing signal in {has mm cycle cam be delurrninmll

As in tin: fwzgoing‘ according tn Elm sawmill
emllmllmmn in me. nusrmal made, 5m mfimfircd black its
drivers inm a miecml slaw, 1mm (ml); :1 pnwar amply xxx/itch
circuit {or lllt: mummy Neal; Including a mamas? cell row
to be selaclcd is [Kid in a selected stain and ibrrafum lhc
wrrtm wasnmglmn in me “:1qu cyclx: can be reduced.
l‘~‘unhcrmam aimuixamzisnsly with lhit star: {sf an acme:
«yaks, :l pnwa supply wimh illi’flllll mrrmmnfling m n
[rmmmy blue}; including an mldmssaixl bland: and c: [Brewery
black includifig 5: mm; bans}: am driven mu?- 3 scletmd azure?
so that my azuwasing :3qu can {16 pffi-V‘Jl‘lifid Emm Ewing
increasatd.

1n the I‘mcgaing, mamary bloc“ including spam word
lines have. Emmi desserihfizl. Hikuver, mix hieramhiflal pmwr
Supply arraugmzcm i5 agglicahlc 1U (he mnélguraliuu for
repairing a 59311: calumax

In tho: ulm‘va desafbcd seventh Emhudimml. the: {Earner};
block includifig 3 3pm: blank is am: in number: but ibis
hierarchical paws: supgaly arrangcunem acsomléng m lb»:

 

savanth embndimem is npplimhla m the prgvitmil}: C
described firs: ii.) mm walrmlimculs. ‘Hm rcpmiiug entail
may he 23 was: ampllfiér LC! saw: and amplify mmmry tell
data.

As in ihc furvgfiing a fading 10 thv pmsum inwnlim,
sima Splint lines can ritlfikisifl nmmal lines in $5 [sluraliiy of
ma mar)! blacks, {Ems span: ling; can lax: ulficicmly EJSKEL am!
:31qu [be flexible Jcéuildamy Khulna is ulilimd. 3216: uumlmr
0f span: dacmlmi C331 13:: reduced and me array mm am he
restrained [mm inc 32..

 

 

Furrlwmfira’ 3 pew-r supply swimh circuit is prwiglud
fur a such 0!“ mimmry Mischa and the: number n? pnwer supply
fiwiwh circuiLs; driven inn: :1 :wlrzmscl slam is Chfifigfid
between: the liézrrnal mead: aad refitsh mods, Ilia: etccaassiug
time is m1 inefeastd. whiia': lhe currcm cansumfiiun 133$! hf:
reduced [2) {ha anaugcmml lnclucling, a Spar? Blwlé, a
pcwwr supply swims circuil I‘m 1m: me mmy '31:: “k including
me wan: block is always drivan inm a wlccttd 5:313 in
resspunsa [u ills gum m? an active cycle, and {hawfam a
wuscnlmd Midtagc can: Em supplicfl {mm 111:; 913W»??? supply
winch le’fllil m aha: spur: black with [m wail far :1 spam
dclczrmitlmim mam, sa- shal 11):: 3013053ng firm: C313 [m
mmmiméd l'mm lfii‘n:§§§l§1g

Allhmugh lliti Ewan: invemmn has ham Elfificril’k’fl am!
illumlmlud 11: detail, it i; ulmuly umlu‘aluml that Elli: mum: 1::
by way all lElusiraliaa and example only and is am It"! hi:
talcm by my calf limitatien. she swirl: and scape- {2f Elle praistul
inwnlim being limiluii only by the 145mm 01' ihc amissmlcd
Claim

What is claimed is:

l. Axmicumiuslw lmmmy devils; wmprisiug:
a plural“? 0f firsi luminary blacks each having a plural i135

U1: final mrmal mmmr)‘ cells arraugud in a matrix 0f
mm and Ciilumflsl each m" said plumlit} m“ films
mummy blacks including word lines. grassland marre—
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spondlng to said mwal rmpmtivcljg; and the firsi
mummy blacks aligned in the mlnmn difficilm‘l; and

5x plurality of firs? spare mammary mils arranged in a mzlrix
01” rows 3.1391 mlflmné in él pemlculazr mm: Maid plurality
0f first mémory blacks, each (wi qf will p‘lumilty at“
first spam mummy rails Ming, gambit; of mpiacéng a
(lcl’eclim ram inclzailing :1 defective.» Em nm‘mal
waning; Call in mid glmalily ul‘ {in}! mammy bk, ‘ ‘.

2» The aemiwnduclm‘ mammal device as redial in L am":
1. further u‘vmpiising;

a plurality 9f second mommy himka arsangml almma-
:ivaly w‘im de plurality nf' 13ml mummy hi? Jam;
1hr: culumn dimctiam me Swami mummy blkwlm gash
having a Mummy of muond nmmal “winery Cells»
arrangiil 1:1 :1 {Haiti}: of rows and mlmum; and

a pluralily Cl gamma spare mummy calls arranged in a
matrix of raw; 33ml mlnmns in :I panimlar CHIC: of will
plurality n’? meant] mamory hlncksq each mw ni' mm
plural“;- 133‘ 93me :gam mcumry cells hem}; gamma ul‘
milacing a ck”=aajw row mcludmg a (lilf‘fi‘ll‘m aewml
mtmal mummy cell la said plurality all Séififld memmrg
blmks‘

3) The. alumicmiluazm mumnivry twice as weémi iii claim
3% $11:th cnmprixiug a plurality ni’ mum; amplifier brands
provided baawctn each ml said plurality Lil final mummy
blacks and each cl said ézmnd memmy bleak, and filmed
by adjaccrti mmmrjs blacks in ms: column dimuimt fur
sensing. anti :imgliiyifig dam in Each column oflhc adlawnl
mcmnry lalmtk icifiludlm 9 selected mummy cull Whfil‘l
mammal

4? The waxiwuduaim umnmjv device {us [culécd in claim
2* whewin its: firsl {fiét’flifl‘y hlcniks 313d 1h»: scannd mummy
hlwcks sham a Circuit tfilalcd Eu :3 memury call sduclitwn
ugwralicm.

5, ”Hm mmimmlmam zmnmw dwice as teciml in claim
3, whvmin

mid plumhly (2f alts! memory Exitmlis. said plwaliiy ul'
secuud memory blocks and Sfilil phlmlily of S‘SELW
amplifier bands farm a first mama-r}: am I, and

:4 id Semimncl ‘ :mr ammury device furtlm mmprifics
:1 samnd mrsmnry array having a flame :arrsmgemfim :25

the 11:31 mmawy army; and
mum! aircuziry f9: driving um: memmy black fmm

the fits: and wand memary arrays firm a awlectml
Slab: in 11 116111131 npcmfiac: mania, and for simulta-
nmlmly {irévmgg as pmwrilml numhcr u? memory
Much: (mm mph 131' said ling! and 5:3:ch mama»);
an" v5 mm 21 selects-{l slate m a panama: upcralwn
madam

6. The: mniwndncmr mammy device as rficiml in claim
13 wherein 31‘: first mama? mummy calla and the first warn
memory (3:113:- arc arranged aligumllj; in 1hr; mlumfi direc-
tiimzll

7, "ic maiwnducim memory devise as mew! {:2 claim
1. whemin 15:6 fifsd man-mar}! blanks mile: 1h 3:“; saégl panjaular
mac has m firsl 513mm mamory cells;
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TITLE OF THE INVENTION

Semiconductor Memory Device with Improved Flexible Redundancy
Scheme

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to semiconductor memory

devices, and more parfiicularly, to a semiconductor memory device having a

memory array divided into a plurality ofmemory blocks. More specifically,

the present. invention relates to a redundancy circuit for repairing a

defective memory cell in a semiconductor memory device having such an

array~divided arrangement and a power supply circuit provided

corresponding to each block.

Description of the Background Art

In the semiconductor memory device, a defective memory cell is

replaced with a spare memory cell in order to equivalently repair the ‘

defective memory cell to raise the yield of the products. .A flexible

redundancy scheme has been proposed in order to improve the use

efficiencies of spare lines (word lines or bit lines) and spare decoders for

selecting spare lines in a redundancy circuit configuration including spare

memory cells (spare word lines and bit lines} for repairing such defective

memory cells (see, for example. “A Flexible Redundancy Technique for
HigliaDensity DRAM‘S", Horiguchi et 31., IEEE Journal ofSolidState

Circuits Vol. 26, No. 1, January 1991, pp. 1.2 to 1?).

Fig. 53 is a schematic diagram of‘the general configuration of a

semiconductor memory device having a conventional flexible redundancy

scheme. In Fig. 53, the semiconductor memory device includes four

memory arrays MAO to MAS. In each of-memory arrays MAO to MAB, a

spare word line to repair a defective memory cell row is provided. in

'memory array MAO, spare word lines SWDO and SW01 are provided, and in

memory array MAL spare word lines SW10 and SW11 are provided. In

memory array MAZ, sp areword-line SW20 and SW21 are provided, and in
memory array MA3, spare word lines SW30 and SW31 are provided.

Row decoders X0 to X3 each for decoding an address signal to drive a
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normal word line provided corresponding to an addressed row into a

selected state are provided corresponding to memory arrays MAO to MAB.

A column decoder Y0 is provided between memory arrays MAG and M1 to

decode a column address signal to select an addressed column, and also a

coiumn decoder Y1 is provided between memory arrays MAQ and MAS.

The semiconductor memory device further includes spare decoders

SDO to S133 to store a row address at which a defective memory cell is

present, maintain a word line (defective normal word line) corresponding to

this defective row address in a non-selected state when the defective row is

addressed and drive a corresponding sp are word line into a selected state,

an OR circuit G0 to receive output signals from spare decoders 8138 and

SD}, and an OR circuit G1 to receive output signals from spare decoders

8132 and 8133.

The output signals of OR circuits GO and G1 are provided in common

to spare word line driving circuits included in row decoders X0 to X3.

Spare decoders 8130 to 8133 are commonly provided with array address

signal bits. an-2 and arr-1 to address one of memory arrays MAO to MAS and

with intra-array address signals bits a0 to an~3 to address a row in the

memory array. Row decoders X0 to X3 are provided with array address

signal bits arr-2 and an-l, and a row decoder is activated when a

corresponding memory array is addressed. OR circuits G0 and G1 each

correspond to two spare word lines provided for each of memory arrays

MAO to MAB.
Let us assume that normal word lines W0 and Wl are defective in

memory array MAO, that a normal word line W2 in memory array MA] is
defective, and that a normal word line W3 in memory array MAZ is

defective. In this state, the address of word line W0 is programmed in

spare decoder S130, while the address of word fine W1 is programmed in

spare decoder SDQ. The address ofnormal word line W2 is programmed in

spare decoder SD3, and the address of normed word line W3 is programmed

in spare decoder SDI.

OR circuit G0 selects one of spare word lines SW00, SW10, SW20

and SW39, and the output signal of OR circuit G1 selects one of spare word
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lines SW01 SW11, SW21 and SW31.

When normal word line W0is addressed, the output signal of spare

decoder SDO is driven into a selected state, and the output of OR circuit G0

is activated. In this state, array address signal bits air—2 and and activate
row decoder X0, and the remaining row decoders X1 to X3 are maintained

in a non—active state. Thus, a word line driving circuit included in row

decoder X0 drives spare word line SW00 into a Selected state in response to

the output signal of OR circuit G0. At this time, in row decoder X0, 3

decode circuit provided corresponding to normal word line W0 is

maintained in a non-active state. As a result, defective normal word line

W0 is replaced with spare word line SW00.

If defective normal word line W 1 is addressed, the output signal of

spare decoder S132 attains an H level in a selected state, the output signal

of OR circuit G1 attains an H level, and spare word line SW01 is selected.
If defective normal word line W2 is addressed, the output signal of spare

decoder $133 attains an H level in a selected state, the output signal of OR

circuit (31 attains an E level, and spare word line SW11 is selected. If

defective normal word line W3 is addressed, the output signal. of Spare

decoder SD1 attains an H level in a selected state, and spare word line

SW20 is selected by DR circuit GO accordingly. More specifically, defective

normal word lines W0, W1, W2 and W3 are replaced with spare word lines

SW00, SW01, SW11 and SW20, respectively.

In this flexible redundancy scheme shown in Fig. 53, a single spare

word line can be activated by any of a plurality of spare decoders. For

example, spare word line SW20 Can be driven into a selected state by spare

decoder SDO or SEE. A single spare decoder can drive any of a plurality of

spare word line into a selected state. For example, spare decoder S130 can

drive any of spare word lines SW00, SW10, SW20 and SW30 into a selected

state. Thus, the spare word line and spare decoders do not correspond in

one—to—one relation, and therefore the so are word lines and spare decoders

can be more efficiently utilized. The number of spare word lines and the

number of spare-row decoders in a single memory array may-be selected

independently from each other as long as the numbers satisfy the following
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relation: 7

L g R 52‘ M-Lfm

wherein M is the number of physical memory arrays, m the number of

memory arrays whose defective normal word lines arelreplaced with spare
word lines simultaneously, R the number'of spare row decoders, and L the

number of spare word lines in a single memOry array. More specifically,

Mfm is the number of memory arrays which are logically independent from

one another. As a result, M'Lfm represents the number of spare word

lines which are logically independent from one another for the entire

memory. Herein, the logically independent spare word lines are spare

word lines selected by different row addresses. For example, in Fig. 53, if

anormal word’line is simultaneously selected in memory arrays MAO and

MAZ, memory. arrays MAO and MAE are not logically independent from

each other. In the arrangement shoivn in Fig. 53, L32, Rm}, M=4 and mml.

By providing a spare row decoder common to memory arrays, a spare

decoder does not have to be provided for each of spare word lines, which can

restrain the chip area from increasing.

The flexible redundancy scheme Shown in Fig. 53 may be employed
for repairing a defective column as well. In rep airing a defective column,

the previously mentioned prior- art document describes a method of

repairing a defective column where a memory array is divided into a

plurality of subnarrays. The document particularly describes the way of

repairing a defective column in main-divided bit lines in a shared-sense

amplifier arrangement and in a shared L10 scheme.

Fig. 54 is a schematic diagram of the configuration of an array

portion in a semiconductor memory device according to a conventional

flexible redundancy scheme. In Fig. 54, two memory blocks MBi and

MBi-H are shown. Memory biocks MBi and MBi+l each include a normal

bit line pair BL and {BL provided corresponding to each memory cell

column and a so are bit line (spare column) for rep airing a defective column.

In Fig. 54, the spare bit line included in the spare column is not clearly
shown.

Normal bit lines BL and {BL at the same column address in memory
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blocks MBi and MBi+1 share a sense amplifier SA. A bit line isolation

gate ILG is provided between sense amplifier SA and memory blocks MBi

and MBi+1. Sense amplifier SA is connected to an internal data line pair

110 through an 10 gate IOG which conducts in response to a column

selecting signal YS from column decoder Y._ A memory block including a
selected memory cell (MBi, for example) is connected to sense amplifier SA

and data is read out therefrom. In this case, a nonwselected memory block

(MBi—t 1) is disconnected from sense amplifier SA.

In the above—described sharedfisense amplifier arrangement, a

defective column address must be programmed for each of defects in normal

bit lines, in a single memory block column selecting lines (YS lines) and
sense amplifiers SA. For a normal bit line defect, the defective column

address is programmed on a memory block basis. For a sense amplifier

defect, the defective column address is so programmed as to use a spare

column for each of memory blocks MBi and MBiH which share this

defective sense amplifier. For a column selecting line (Y8 line) defect, the

defective column address is programmed for each of the memory blocks

connected to this column selecting line (Y8 line}.

At the time of programming, in order to use a single spare column

decoder for a normal bit line defect, a Senseamplifier defect and a column

selecting line (YS line) defect, "Don't care" is programmed at the time of

programming a defective column address, an address to specify a memory

block is invalidated, and spare columns are replaced simultaneously in a

plurality of memory blocks. _

In the previously mentioned document, a defective r0w is repaired by

replacing the defective row with a spare word line provided within a

memory array including that defective row. _ Thus, a spare word line must

be provided for each of memory arrays, and the spare word lines are not

efficiently utilized. If a defective normal word line in one memory array is

replaced with a spare word line in another memory array, the centrol of the

memory array related Circuits will be complicated, and therefore such

arrangement must be avoided and is not considered at all.

In rep airing a defective column, a spare column is provided for each
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of memory blocks, and spare columns are similarly not efficiently. used.

Although the shared IfO scheme has been considered for internal data line

arrangement, the way to repair a defective column in a memory array

having a iocalfglobal hierarchical data line arrangement used in a recent

biockdivided arrangement has never been considered.

Meanwhile, in a conventional CMOS (Complimentary MOS) type

semiconductor device, the size of components {MOS transistor: insulated

gate type field effect transistor) is reduced to increase the integratiOn

density, In order to secure the reliability of the components thus

miniaturized and to reduce the current consumed by the entire device, the

power supply voitage is reduced. In'order to allow the components to _
operate at a high speed, the threshold voltage of the MOS transistor must

be lowered depending upon the power supply voltage. This is because if

the ratio of the threshold voltage to the power supply voltage is large, the

transition timing of the MOS transistor to the on state is delayed. If,

however, the absolute value of the threshold voltage is lowered, sub-

threshold Eeakage current to flow through the sourcedrain region when the

MOS transistor is turned off increases. This is for the following reason.

The threshold voltage is defined as the gateesource voltage to allow a

prescribed drain current to flow. In an n-channel.MOS transistor, if the

threshold voltage is lowered, the drain current-gate voltage characteristic

curve shifts toward the negative direction. The sub-threshold current is

represented by the current value when gate voltage Vgs in the

characteristic curve is 0V, and therefore the sub~threshold current

increases as the threshold, voltage is lowered.

When the semiconductor device operates, the ambient temperature

increases, and the absolute value of the threshold voltage of the MOS

transistor is lowered, resulting in more serious sub-threshold current

leakage. When this sub-threshold leakage current increases, the DC

current of the entire large scale integrated circuit increases, and

particularly in a dynamic type semiconductor memory device, the stand-by

current (current consumed in a Stand-bystate) increases.

In order to reduce the sub-threshold leakage current, a multi-
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threshold-voltage CMOS arrangement is employed.

Fig. 55 is a diagram showing a conventional multi-threshold-voltage

CMOS arrangement by way of illustration. in Fig. 55, there are provided

a main power supply line 902 transmitting a power supply voltage Vcc, a

sub-power supply line 904 coupled to main power supply line 902 through a

p-channel MOS transistor 903, a main ground line 906 transmitting a

ground voltage Vss, and a Sub—ground line 908 coupled to main ground line

906 through an n-channel MOS transistor 907. MOS transistor 903

conducts when an activation signal {ctACT is at an L level, while MOS

transistor 90'? conducts when an activation signal ssCT is at an H level.

MOS transistors 903 and 907 each have a relatively high threshold voltage

(high-Vth). The internal circuit operates, with a voltage from one of power

supply lines 902 and904 and a voltage from one of ground lines 906 and

908 used as both operation power supply voltages. In Fig. 55, as the

internal circnit, three-stage, cascaded inverter circuits 914a, 9141) and 914s

are shown. _ Inverter cirouit- 9-143. includes a'p-ch annel MOS transistor PQ
having a source coupled to main power supply line 902, and an n-channei

MOS transistor NQ having a source coupled to ground line 908. A11 input

signal {N is provided in common to the gates of MOS transistors PQ and

NQ. Input signal IN is set to an L level in a standby cycle.

Inverter circuit 914i) operates using voltages on sub-power supply

line 904 and main ground line 906 as both operation power supply voltages.

Inverter circuit 914C operates with voltages on main power supply line 902

and sub-ground line 908 as both operation power supply voltages. MOS

transistors 0Q and NQ in each of these inverter circuits 914a to 914s have

the absolute values of the threshold voltages set sufficiently small (iow-Vth).

The operation of the circuit shown in Fig. 55 will be now described with

reference to Fig. 56.

In a stand-by cycle, input signal IN is set to an L level. Control _

signal daACT is at an L level, and control signal isACT is at an H level (Vco

level). In inverter circuit 914b, MOS transiStor PQ turns on, the source

and drain thereof are at the same voltage level, and therefore no current is

allowed toflow. Meanwhile, MOS transistor NQ is provided with input
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signal IN at the ground voltage level at its gate and is in an off state.

However, the sub threshold leakage current allowed to flow through MOS

transistor 907 in an ofi state is sufficiently reduced, because the threshold

voltage of the transistor 99715 high. As a result, the sub-threshold I

current is reduced even if the threshold voltage of MOS transistor N62 is

small. The sub-threshold current allowed to flora}r through MOS transistor

90'? causes the voltage level on sub~ground line 908 to be higher than the

ground voltage level, so that the gate-source region of MOS transistor NQ
in inverter circuit 914a is set to a reverse bias state, and its sub-threshold

current is further reduced. I

In inverter circuit 914b, the input signal is at an H level, and MOS

transistor NQ is turned on, the source and drain thereof are at the same

voltage level and therefore no sub threshold leakage current is generated.

Meanwhile, p-channel MOS transistor PQ is provided with a signal at

power supply voltage Vcc level at its gate to allow sub-threshold leakage

Current to flow. However, since MOS transistor 903 is in an off state and

MOS transistor 903 is a high-Vth transistor, the sub-threshold leakage

current is sufficiently restrained. Thus, the sub-threshold leakage current

in inverter circuit 91413 is restrained. The sub-threshold leakage current

of MOS transistor 903 causes the voltage level of sub-power supply line 994

to be lower than power supply voltage Vcc, and the gate-source region of

MOS transistor PQ is reversedly biased in inverter circuit 9141), the sub-

threshold leakage current of which is further restrained. Similarly to

inverter circuit 914a, the sub—threshold leakage current is restrained in
inverter circuit 914C.

When an active cycle is started, control signal eACT attains an H

level, control signal ichCT attains an L level, MOS transistors 903 and 907

are turned on, subwpower supply line 904 is coupled to main power supply

line 902, and sub-ground line 908 is coupled to main ground line 906.

Thus, these inverter circuits 9143 to 914:: are supplied with a current from

a corresponding power supply linefground line, theirlow‘Vth transistors

operate at a high speed, and their output signals are changed according to
change in input signal IN.
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In the'power supply circuit arrangement as shown in Fig. 55, since

the logical level of an input signal in a stand-by cycle is previously known,

a connection path to a power source line is determined accordingly. If the

logical state of input signal 1N in a stand-by cycle is not predetermined, the

logic gate is coupled to sub-power supply line 904 and sub—ground line 908.

As disclosed in Japanese Patent Laying-Open No. 6~232348, in a

DRAM (Dynamic Random Access Memory), circuits having the same circuit

configuration such as decode circuits and wordlinedrive circuits are

provided. As the storage capacity increases, the number of such circuits

significantly increases. In repeating circuitry having repeatedly provided

decode circuits and word line drive circuits, a prescribed number of

particular circuits (addressed circuits) are selectively driven among the
circuits having the same configuration in response to an address signal. If

these circuits are formed by low~Vth transistors, the power supply circuit

arrangement as shown in Fig. 55 (hierarchical power supply arrangement:

sub-threshold leakage current reducing circuit) may be employed. In this

case, as shown in Fig. 53, activation/inactivation of a power supply to a
decoder or a word line driver must be controlled for each of the blocks

(because a word line is selected on a block basis.) Control signals oAC’I‘

and feACT are activated when an active cycle is started. As a result, the

number of circuits connected to sub-power supply line 904 or sub-ground

line 908 increases, and as the parasitic capacitance increases, it takes

longer time until suh~power supply line .904 and sub-ground line 908 are

driven to prescribed voltage Woo and ground voltage Vss) levels and

therefore the operation starting timings of the internal circuits should be -

delayed until these voltages becomes stable, which impedes highspeed

accessing operations. I

As previously described, when a defective rowfcolumn is repaired

using a spare decoder, a row/column to be selected is determined after '

determining if a spare is to be usedfnct used. in this case, as shown in Fig.

53, if redundancy replacement is performed within the same block, a

corresponding power supply circuit {a circuit transmitting any of the power

supply voltage and ground voltage) can be selected in response to' an
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address signalto control the connection. if, however, a spare rowlcolumn

is used for repairing a defective cell in another memory block in the flexible

redundancy arrangement, a memory block including a memory cell to he

driven into a selected state must be specified according to a spare-

determination result, the power source voltage {power supply voltage and

ground voltage) cannot be driven into a stable state at a high speed, and

high speed accessing operations cannot be implemented.

SUMMARY OF THE INVENTION ._ _

It is an object of the present invention to provide an array«divided

semiconductor memory device including a redundancy circuit, which

permits the use efficiency of spare lines (sp are word lines and spare bit line

pairs) to be significantly improved. ‘
Another object of the invention is to provide an array—divided

semiconductor memory device including a redundancy circuit, which

permits a defective normal line to be accurately repaired without erroneous

operation.

Yet another object of the present invention is to provide an array-

divided semiconductor memorydevice including a power supply circuit

without increasing accessing time and current consumption.

A further object of the present invention is to provide an array-

divided semiconductor memory device including a redundancy circuit which

permits the spare line use efficiency to be improved and a power supply

circuit which permits accessing time and power consumption to be reduced.

Briefly stated, in a semiconductor memory device according to the

present invention, spare lines are provided together as a single array, a

plurality of memory mats are provided correSponding to the spare arrays,

and a defective normal line in these plurality of memory mats is made

replaceable with a spare line in a corresponding spare array.

A power supply circuit corresponding to a spare block is driven into a

selected state'when an active cycle is started.

Furthermore, the selecting-way of the power supply circuit is

changed between a normal mode and a refresh mode.

By providing a spare array exclusively for a spare line, the spare line
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can he shared among a piurality of memory blocks or sub arrays, and

therefore the use efficiency of the spare lines may be significantly improved

over the case of providing a spare line for each memory block or sub array.

In the array~divided arrangement, the selecting way of the power I

supply circuit is changed between a normal mode and a refresh mode, the

numbers of bits in an address signal to be decoded can be different, and

therefore the power supply circuit can be driven into a selected state at a

high speed in the normal mode. Meanwhile, since a high speed response is

not re quired'in the refresh mode, a large number of address signal bits are

decoded to select a minimum necessary power supply circuit and current

consumption is reduced.

If a spare element is included, in the normal mode power supply

switch circuits for both a particular memory block including the spare

element and an addressed memory block are driven into a selected state, so

th at the power supply circuits can be driven into a selected state without

having to wait for a result of spare determination and that high speed

accessing operations are implemented. I

In the refresh mode, the power supply circuit corresponding to a

memory bloc}: including a memory cell to be selected is driven into a

selected state according to the spare determination result, so that the

number of power supply circuits to be selected in the refresh mode can he a

minimum necessary number, and the current consumption can he reduced.

Thus, a semiconductor memory device with improved use efificiency of spare

elements without increase accessing time and current consumption can be

implemented. _ I

The foregoing and other objects, features, aspects and advantages of

the present invention wili become more apparent from the following

detailed description of the present invention when'taken in conjunction

with the accomp arming drawings.
BREEF DESCR’IISTION OF THE DRAWINGS

Fig/i/is a schematic diagram of a main part of a semiconductor
memory device according to afirst embodiment of the invention;

Fig. 2Ai-si'a schematic diagram depicting how a defective column in a
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. 11:

memory array shah-m in Fig. 1 is repaired;

Fig. 28? s a schematic diagram of a spare decoder used for rep airing

a defective column;

Fig. 3A shows a modification of the spare decoder;

Fig. BB is’la diagram depicting how a defective column is rep aired by

the spare decoder shown in Fig. 3A;

Fig. dis a schematic diagram of an internal data reading portion in

the array arrangement shown in Fig. 1;

Fig. Exits a schematic diagram of a main part of a semiconductor

memory device according to a second embodiment of the invention;

Fig. 6 is a schematic diagram depicting how a normal local data bus

and a normal global data bus are connected and a spare local data bus and

a spare giobairdata bus are connected in-thé memory array shown in Fig. 5;
Fig. 7 is afidiagram showing the way to generate a spare local data

bus, selecting signal;

Fig. - ‘is a schematic diagram of a coiumn selecting portion in-a spare

array in the mefnory array shown in Fig. 5;

Fig. gas a schematic diagram of a main part of a semiconductor
memory device...alccording to a third embodiment of the invention;

Fig. IU'fis-a diagram showing how a defective row in the-memory

array shown inzFig. 9 is repaired by way of illustration;

Figli'is a schematic diagram of an array portion in a semiconductor

memory device according to a fourth embodiment of the invention;

Fig. 12 is a diagram showing the effect of a memory block

arrangement; shown in Fig. 11;

Fig. 135s a schematic diagram of a bit line isolation instruction

signal generation portion for solving problems associated with the

arrangement shown in Fig. 12; i
Fig. 141's a schematic diagram of a bit line isoiation instruction

signal generation-portion in the memory block arrangement shown in Fig.

Fig. 15fis a schematic diagram depicting how a defective normal row

is replaced with a spare row according to the fourth embodiment;
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Fig. 16' is-a diagram of a memory ceil structure;

Fig. 1'? is a schematic diagram of an array portion in a semiconductor

memory device according to a fifth embodiment of the invention;

Fig. lslgk'shows the correspontienCe between acidress signal bits anti 3
selected memory portion in a normal operation mode in the array

arrangement Show}: in Fig. 1’7;
Fig. 18B’Ishows the corresponcience between address signal bits anti a

selected memory .biocl; in a test mocie;

V Fig. ZBJ-i'sr'a schematic diagram of an example of a control portion to
select a memory‘block in the test mocie shown in Fig. 183; -

Fig. 20 is a schematic diagram of a modification of the fifth

embodiment; ' _

Fig. ZiAis a schematic diagram of a hierarchical power suppiy

arrangement 1 according to a sixth embotiiment of the invention;

Fig. ZiIB’is a diagram of a power switchcircuit in a row-related
peripherai circoit shown in Fig. 21A;

Fig. 223-114.. a schematic diagram of a memory array anti a power switch

circuit according to the sixth embodiment;
Fig. 23A is a diagram showing the selected state of a power switch

circuit in a normal mocie in hierarchical power supply arrangement 1

according to the sixth embodiment;

Fig. 23,835 a waveform (Siagram representing the operation;
Fig. 243's a schematic diagram of the seiecteci state of the

hierarchical power supply arrangement in Fig. 22 in a refresb morie;

Fig. 25 is a schematic diagram of a row-related control portion in the

semiconductor memory device according to the sixth embodiment;

Fig. 26'is a (iiagram-of an example of a power supply block decoder

shown in Fig. 21;

Fig. 27:13:, a diagram of a power supply block decode circuit for a_
power supply block selecting signal $3132;

Fig. 28 is a schematic diagram tiepicting how atidress bits are

ailocateci in hierarchical power supply arrangement 1 according to the sixth

embodiment;
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Fig. fiis a diagram of a modification of the hierarchical power
supply arrangement according to the sixth embodiment;

Fig; 30fis a signal waveform diagram representing the operation of

the hierarchical power supply arrangement shown in Fig. 29;
Fig. 31'is a diagram of a-repeating circuit in a row-related peripheral

circuit in the modificationxef hierarchical power supply arrangement 1;
Figs. 323mm BZ-Bfare diagrams showing the selected states of the

power switch circuit in a normal mode and a refresh mode, respectively in a

hierarchical power supply arrangement 2 according to the sixth

embodiment ot- the invention;

Fig. 33:4is a schematic diagram of a power supply block decoder for

Figs. 32A and 3233; '

Fig. 34 is a diagram of a power block decode circuit for a particular

power supply block selecting signal 4332;

Fig. 35 is a schematic diagram of a modification of hierarchical power

supply arrangement 2 according to the sixth embodiment;

Fig. 36 is a schematic diagram of a control portion in a hierarchical

power supply arrangement 3 according to the sixth embodiment;
Fig. 37"is a signal waveform chart representing the operation of

hierarchical power supply arrangement 3 according to the sixth

embodiment; .~" '

Fig. BEEF-is a diagram of an example of a power supply block decoder

shown in'Fig. 36; -

Fig. sols-“a diagram of an example of a register shown in Fig. 36;
Fig. 4055 a schematic diagram of an example of a count up

instruction signal generation portion shown in Fig. 36;

Fig. 4.1335 a schematic diagram of hierarchical power supply

arrangement liaccording to a seventh embodiment of the invention;
Fig. 42'3is a schematic diagram showing the selected state of the

power switch circuit in hierarchical power supply arrangement 1 according

to the seventh-"embodiment in a normal mode;

Fig. 43 is a signal waveform diagram representing the operation

when the power switch circuit shown in Fig. 42 is selected;
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Fig. def-is a schematic diagram showing the seiected state of the
. power supply switch circuit and hierarchical power suppiy arrangement 1

according to the seventh embodiment in a refresh mode;

Fig. zit/M’s/a signal waveform diagram representing the operation
corresponding tothe selected state of the memory switch circuit shown in

Fig. 44;

Fig. 461% is a diagram of an example of the power block decoder in
hierarchical power supply arrangement 1 according to the seventh

embodiment;

Fig. 4633 is a signal waveform diagram representing the operation of

the power supply block decode circuit shown in Fig. 46A;

Fig. 47A is a diagram of a power supply block decoder in hierarchical

power supply arrangement 1 according to the seventh embodiment;

Fig. 4'51? is a signal waveform diagram representing the operation of

the power supply block decoder shown in Fig. 47A;

Fig. 48 is a schematic diagram of a modification of hierarchical power

supply arrangement 1 according to the seventh embodiment;

Fig. 49 is a schematic diagram of a control portion in hierarchical

power supply arran gemenitar'according to the seventh embodiment;
Figs, 50A and 5OB/are schematic diagrams showing the selected

state of power supply switch circuits in hierarchical power supply

arrangement Zyafihording to the seventh embodiment;
Fig. 51-13: is a diagram of the power supply block decode circuit in

hierarchical power supply arrangement 2 according to the seventh

embodiment; '

Fig. 513 is a waveform diagram representing the operation of the

circuit of Fig. 51A?

Fig. Fig/s a diagram of the power supply block decoder in

hierarchical power supply arrangement 2 according to the seventh

embodiment; '

Fig. 53 is a schematic diagram of an array portion in a semiconductor
memory device with a conventional flexible row redundancy arrangement;

Fig. 54 is a schematic diagram of an array portion in a conventional
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flexible column redundancy arrangement.

Fig. 5§1/s afii’élgram of an example of a conventional hierarchical 7
power supply arrangement; and .

Fig. seas a waveform diagram representing the operation of the

hierarchical power supply arrangement shown in Fig. 55.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Embodiment '

Fig. 1 is a schematic diagram of an array portion in a semiconductor

memory device according to a first embodiment'of the invention; In Fig 1:

a memory array is divided into a plurality of sense amplifier blocks (row

blocks) RB#0 to RB#m. These row blocks RB#O to RB#m each share word

lines. Row blocks RB#0 to RB#m are each divided into a plurality of sub—

arrays. Row block RB#i (izO tom) is divided into normal sub-arrays

MB#i0 to MB#iI'1. These normal sub—arrays MB#iD to MBifin each have a

plurality of memory cells arranged in a matrix of rows and columns and

share word lines (rows). A sensing operation is performed on the basis of a

sense amphfier block.

Row blocks RB#0 to RB#m are provided with spare arrays SP#O to

SP#m respectively to repair a defective column (a column including a

defective normal memory cell) in corresponding row blocks RBfiO to RB#m.

These spare arrays SWO to SP#m each have memory cells (spare memory

cells) arranged in a plurality of columns. (The number of rows of spare

arrays SB#0 to SB#m is the same as the number of rows of memory cells

included in a normal sub~array.)

Normal local data buses LIOOO to LIOmn are provided to normal

sub—arrays MB#OO to MB#mn,_1'espectively. These normal local data bases

LEOOO to LlOmn communicate data only with corresponding normal sub~

arrays MB#OO to MB#mn.

Normal sub-arrays arranged in alignment along the column direction
form column blocks (333% to CB#n. Spare local data buses 8100 to SlOm

are similarly provided to spare arrays SP#O to SPiim. These spare local

data buses SIOO to SIOm communicate data.0nly with corresponding spare

arrays SP#O to SP#m. Normal global data buses NGZOO to NGlOn are
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provided to normal sub—arrays arranged in alignment in the column

direction, in other words, to column blocks CB#0to CB#n, respectively.

These normal global data buses NGIOO to NGlOn are coupled to normal

local data buses provided-for normal sub—arrays in corresponding column

blocks through respective 1oloclr. selecting gates BSG: Block selecting gate

BSG conducts in response to a corresponding block selecting signal to

connect a corresponding normal local data bus and a corresponding normal

global data bus, when a corresponding row block is selected. Spare local

data buses 8100 to 510m are also coupled to spare global data bus SGIO
through corresponding block selecting gates BS G. Block selecting gates

BSG provided for spare arrays SP#0 to SP#m each conduct when a

corresponding rowr block is selected, to connect a corresponding spare local

data bus to spare global data bus SGIO.

By providing a spare array SPfii common to normal sub«arrays

MBaiO to MBtziin in row block RB#i, spare columns included in spare array

SP#i can be used for normal suhearrays MB#i{} to MB#in, so that the use

efficiency of spare columns is improved.

When a spare column is provided for each of normal suh~arrays and

more defective columns than the spare columns provided in a normal sub~

array are present, the defective columns can not be repaired. However, if,

as shown in Fig. 1, spare arrays are provided and spare columns are

collectively provided, a large number of defective columns present in a

normal sub~array can be repaired by replacing the defective column with a

spare column in a corresponding spare array, which improves the yields of

the products.

Fig. 2A is a diagram showing how a defective normal column is

repaired by way of illustration. In Fig. 2A, 5;) are arrays SF#O to SPfim

each include four spare bit line pairs (spare columns) SBLO to SBLB.

Column decode circuits Y0 to Yr: are provided for column blocks

CB#O to CB#n, respectively. A spare decode circuit SPD is provided for

spare block SP#. Column decode circuits Y0 to Yn transmit a column

selecting signal through a column selecting line CSL common to memory

sub—arrays included ina corresponding column block. Spare decode circuit
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SP1) transmits a spare column selecting signal through spare column

selecting lines SCSLO to SCSL3 provided for spare bit line pairs SBLG to

SBLS, respectively. Let us now assume that normal columns (normal bit

line pairs) are rep aired by replacement independently from one another in
normal memory sub-arrays MB#00 to MBfimn.

Fig. 2B is a diagram showingan example of spare decode circuit SPD

shown in Fig. 2A. In Fig. 2B, spare decode circuit Sid) includes OR

circuits OGG to 0G3 provided corresponding to spare column selecting lines

SCSLD to SCSLB, respectively; For each of OR circuits 030 to 033, spare

decoders provided corresponding to row block RB#0 to RBiim are disposed.

For OR circuit 0G0, spare decoders SGOO to SGGm are provided, and for

CE circuit-0G3, spare decoders SD30 to SD3m are provided. A defective

normal bit line pair in each row block is programmed in a spare decoder

provided for each OR circuit.

Now, as shown in Fig. 2A, normal bit line pair PBLU in memory subs

array MB#00 is repiaced with spare bit line pair SBLO in spare array SP#0,

and normal bit line pair PBLl in memory sub—array MB#On is replaced

with spare bit line pair SBLI in spare array 8PM). Normal bit line pair

PBLZ in memory sub—array M34110 is replaced with spare bit line pair

SBLO in spare array SP#1, and defective normal bit line pairs PBLS and

PBLé inciuded in memory sub«arrays MB#m0 and MB#mn respectively are

repiaced with spare bit line pairs SBLO and SBLS in spare array SP#m.

In this case, the address of defective normal bit line pair PBLD is

programmed in spare decoder SD00, and the. address of defective normal bit

line pair PBLI is programmed in the spare decoder provided for an OR

circuit provided corresponding to spare column selecting lines CSLl.
Defective normal bit line pair PBL2 has its address programmed in spare

decoder 8130 1 provided for OR circuit 0G0. Defective normal bit line pairs

PBLS and PBLci have their addresses programmed in spare decoders SDOm '

aod SDBm. As a result, when a defective normal bit line pair is addressed,

a corresponding spare column selecting line is driven into a selected state.

At this time ,; according to the output signals of these OR circaits, the
decoding operations of column decode circuits Y0 to-Yn are stopped. More
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specifically, the use of the spare decode circuit shown in Fig. EB permits

defective normal bit line pairs to be repaired independently from one

another among memory sub—arrays MB#GO to MB#mn.

In the configuration of the spare decode circuit shown in Fig. 2B, the

address of a defective normal bit line pair can be programmed for each row

block. It is therefore not requested that the spare decoders each store

”Don't care" state. If normal column selecting line CSL is defective, each

spare decoder has only to be programmed with the same address signal.

In this case, however, by providing the spare decoder with the function of

storing the "Don’t care" state, defective normal bit line pairs can be

repaired on a row block basis and defective normal bit line pairs can be also

repaired by replacing a defective normal column selecting line as well.

Modification ‘

Fig. 3A is a diagram of a modification of the spare decode circuit

shown in Fig. 2A. In Fig. 3A, a spare decoder is disposed for a column

block. More specifically, for OH circuit 0G0, spare decoders SD00 to SD00.

are provided, while for OR circuit 0G3, spare decoders SD30 to SD31} are

provided . Spare decoders SD00 to SDOn correspondto column blocks

GEM} to CB#n, respectively, while spare decoders SD30 to SD3n correspond

to column blocks CBrs‘0 to CB#n, respectively.

Let us now assume that a normal bit line pair PBLO in memory subs

array MB#00 is defective, and that a column selecting line CSL from

column decode circuit Yn is defective. In this case, the address of defective

normal bit line pair PBLG is programmed in spare decoder SD00, and the

address of defective normal column selecting line CSL is programmed in

spare decoder SD31]. When the address of defective normal column

selecting line CSL is programmed; spare decoder 81330. has its column block

address bit invalidated, and the output signal of spare decoder SDBn

indicates a selected state if a normal bit line pair corresponding to a

defective column selecting line CSL in any of memory sub-arrays MBfiOn to

MB#mn in column block CB#n is addressed.

In this case, defective normal bii line pair PBLO is replaced with

spare bit; line pair SBLO in spare array SPfiO, and defective normal column
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selecting line CSL from column decode circuit Yin is replaced with spare

column selecting line‘SCSLB. I . I
Note that in the arrangement shown in Fig. 1, a single memory sub~

array is selected and connected to a corresponding normal global data bus.

As a result, 1-bit data is input/output.

Fig. 4 is a schematic diagram of a data reading portion. In Fig. 4,

main amplifiers MAPO to WI} are provided to normal global data buses

NGIOO to NGlOn, respectively, and a spare main amplifier MAPS is

provided corresponding to a spare global data bus SGEO. Main amplifier

MAPO to MAPn are selectively activated in response to activation of main

amplifier activation signals PAEO to PAEn, and spare main amplifier

MAPs is activated in response to a spare main amplifier activation signal

PAES. When spare main amplifier activation signal PAEs is activated,

main amplifier activation signals f’AEO to PAEn are all maintained in a

non—active state. Thus, when a defective bit is repaired by replacement, 1-

bit data can be accurately read out. In order to write data, a write driver

has only to he provided in place of a main amplifier.

Spare main amplifier activation signal PAEs is activated when any

of the output signals of OR circuits 06:0 to 06:3 attains an H level.

Note that in the configuration of the reading portion in Fig. 4,

normal global data ‘ouses NGIOO to NGIOn are connected to normal local

data buses provided corresponding to a selected row block. However, since

only one of column decode circuits Y0 to Yn transmits an activated column

selecting signal onto a column selecting line, only one of normal global data

buses NGIOO to NGlOn receives the data of a selected memory cell (when a

normal memory cell is accessed).

if all the memory sub«arrays are selected in a selected row block, a

spare local data bus is provided for each of the spare sub~bit line pairs in

each spare array, and Spare global data bases are provided corresponding

to these plurality of spare local data buses. Using spare decoders SD00 to .

SDBn having the configuration shown in Fig. 3A, one of the spare main

amplifiers provided for the plurality of spare global data buses is selectively

activated. Alternatively, using the output signals of these spare decoders
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SD00 to SDSn, a column block at which a defective normal column has been
rep aired is detected, and the outputsignal Of the spare main amplifier

provided for the detected column block is selected and transmitted. This

can be implemented by using a switch circuit.

In Figs. 2A and 3A, spare decoders are uSed for row blocks or column

blocks. However, the number of spare decoders can be suitably

determined depending upon the number of defective normal bit line pairs to

be repaired in the entire memory array.

The number of spare bit line pairs in each of spare arrays SP#0 to

SP#in can be suitably determined. What is required is that a plurality of

so are bit line pairs are provided per column block.

As described above, according to the first embodiment of the

invention, a spare array is provided for each row block, and an arbitrary

defective normal column in a plurality of subwarrays included in a

corresponding row block can be repaired, so that defective normal columns

can be efficiently repaired in each row block.

A spare decoder to select a spare column (spare bit line pair} is
shared among a plurality of memory subarrays, in other words, a spare

decoder is not necessary for each .of memory sub—arrays, which reduces the

circuit occupying area and improves the use e£ficiency of spare decoders.

Second Embodiment '

Fig. 5 is a schematic diagram of a memory array portion in a

semiconductor memory' device according to a second embodiment of the

invention. In the array arrangement shown infig. 5, block selecting gates

BSGS provided corresponding to spare arrays SP#{} to SP#m receive signals

disc to abs-m different from signals $0 to em to seiect a corresponding row

block. More specifically, when a defective normal column is repaired, a

prescribed number of spare local data buses among spare local data buses

$100 to 810m are simultaneously connected to spare global data bus SGIO. .

The other arrangement is the same as that in Fig. 1, and corresponding

portions are denoted by the same reference characters.

Fig. 6 is a schematic diagram depicting how normal global data

bases are connected to local data buses and spare local data buses. in Fig.
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6, normal global data bus NG10 is connected to a local data bus LIOi

through a block selecting gate BSG. Block selecting gate BSG‘ conducts in

response to a row block Selecting signal (iii. Meanwhile, spare global data

bus SGIO is connected to spare local-data bus 810i through spare block

selecting gate BSGs and at the same time connected to a plurality of spare

local data looses. Fig. 6 generically shows spare local data bus 8103'

connected to spare global data buses SGIO by way of illustration.

In a memory sub~array, normal memory cells are arranged in a

matrix of rows and columns. _ In a spare-array, spare memory cells are ‘
arranged in a matrix of rows and columns. The number of columns in the

spare array, however, is significantly smaller than the number of columns

in a normal sub-array, because the spare array is provided to repair a

defective column in a normal sub-array in a corresponding row block. As a

result, when parasitic capacitance Ca is connected to bus Zines to local data

bus LiOi, smaller parasitic cap acitance Cc is present at bus lines of spare
local data bus SlOi.

Meanwhile, normal global databus NGZO and spare global data bus

SGIO are provided extending in the column direction in a memory array,

and aimost the same parasitic capacitance Cb is present on these buses.

As a result, if only a single spare local data bus is connected to spare global

‘ data bus SGEO, the parasitic capacitance produced is Cb+Cc. At the time

of accessing a normal memory cell, the parasitic capacitance produced on

the bus line is Ca+Cb. At'the time of accessing a spare memory cell, the

parasitic capacitance on the bus is small, a signal changes in a timing

faster than that in accessing a normal memory cell. Therefore, signal

propagation delay is different between normal memory cell accessing and

spare column selecting, the timings of changes in the internal signals are

ditferent, which could cause inconsistency in internal timings and

erroneous operations. Particularlyin the case where memory array as

shown in Fig. 5 is provided in plurality and multiple-bit data is

input/output, if a spare column is selected in a memory array and a normal

column is selected in another memory array, the timings of transferring

data are different, and therefore the set upfhold time of internal data could
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be diiferent, which destabilizes the circuit operations.

Also when columns are selected sequentially in synchronization with

a clock signal, data is externally read out alternately after it is read and

latched in parallel with selected data in another memory cell array. If the

transmission time of a data signal is different for selecting a normal

memory cell and for selecting a spare column, the set upihold time relative

to the latch timing is different, which could make it difficult to read out

data accurately.

Thus, as shown in Fig. 6, at the time of accessing a defective spare

memory cell, a plurality of spare local data buses are simultaneously

connected to spare global data bus SGIO. Thus, the signal propagation

delay time is made equal between the case of selecting a normal memory

cell and the ease of accessing a spare memory cell.

The number of spare local data buses k driven simultaneously into a

selected state is specifically given by the following expression:

Cb+CamCh+k~Cc

Therefore the following expression resaltsf
CaEk-Cc

Thus, the problems associated with mismatch in the timings can be
avoided. '

Let us now assume that eight row blocks RB#O to RBSW are provided

as shown in Fig. 7. Row blocks RB#O to RB??? are addressed by 3 address

signal hits, ai, aj and ah. These 3 address signal bits, ai, a} and sit are

decoded to generate a block selecting signal till.

One of the group of row blocks RB#0 to RB#3 and the group of row

blocks RB#4 to RB#7 is addressed by address signal bit ai, one of the group

of row blocks RB#G, REM, RB#4 and RB#5 and the group of row blocks

RB#2, RB#3m RBMS and RB#7 is addressed by address signal hit aj, and

one of the group of row blocks RB#O, RB#2, RBafa and RB#6 and the group

of row blocks REM, RBiiB, RB#5 and R83?! is addressed by address signal

bit ak. In this case, address signal bits ai to six can be suitably invalidated

(set to a “Don‘t care" state) to generate spare array block selecting signal (lei.

If, for example, address signal bit ak is invalidated, two row blocks
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are simultaneously addressed, two spare local data buses can be connected

to a spare global data bus. 1f address signal bit a} is invalidated, two row

blocks can be similarly addressed. If address signal hits aj and a}; are

both invalidated, four row blocks can he simultaneously'addressed. If 3'

address signal bits ai to ak are all invalidated, all the row blocks can be

addressed. Thu-s, by the use of this arrangement, Spare local data buses

for a necessary number {multiples of 2) of spare arrays can be connected to

the spare global data bus.

Fig. 8 is a schematic diagram of a column selecting portion in a spare

block. In Fig. 8', the configuration of two spare arrays spa and SP#j is
shown.

Referring to Fig 8, in spare array SP#i, a so are column selecting

gate CSGi conducts to connect a spare bit line pair SBL to spare local data

bus SIOi in respOnse to a local column selecting signal YSi output from an

AND circuit SCGi which in turn receives a column selecting signal and a

row block address signal (bi from a spare column decode circuit which is not

shown. 1n spare array SP#3', a spare column selecting gate CSGj conducts

to connect'a spare bit line pair SBL and spare local data bus 8le in

response to a spare local column selecting signal YSj from an AND circuit

SCGj which in turn receives a spare column selecting signal and a row

block selecting signal 493' transmitted onto a spare column selecting line

SCSL from the sp are column decode circuit. Spare local data buses SlOi

to SIOj are connected to spare global-data bus SGIO through spare bloc};

selecting gates BSGs which conduct in response to block selecting signals

(psi and osj. I

la the configuration shown in Fig. 8, when a spare array is accessed,

spare local data buses SlOi to $.le are coupled to spare global data bus

SGlO in parallel In this state, a spare bit line pair SBL for a spare array

provided corresponding to a selected row block is connected to a

corresponding sp are local data bus. Thus, if a 39 are column selecting

signal. applied onto spare column selecting line SCSL from the spare

column decode circuit is provided in common to spare arrays SP#O t SP#m

and a plurality of spare local data buses are simultaneously connected to
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the spare global data bus, a spare column corresponding to an addressed

defective column can be accurately selected for data accessing. Thus, such

a situation can be prevented that a spare bit line pair held in a precharge

state is connected to the spare global data bus through a corresponding

Sp are local data bus and the spare memory data is destroyed.

In the foregoing description, an address signal bit for addressing a

row block is set to a degenerated state {Don't care state) and a plurality of

spare local data buses are simultaneously connected to the spare global

data has. However, a decode circuit may be separately provided, and a set

of spare local data buses selected at a time for each addressing of a row

block may be determined based on the output of the decode circuit.

As described above, according to the second embodiment, a plurality

of spare local data buses are connected to the spare global data bus in

parallel, the signal propagation delay for the global data bus can be the
same for accessing a normal memory cell and for accessing a spare memory

cell, so that the problems-associated with mismatch in the internal timings

can be avoided and a stably operating semiconductor memory device can be

implemented.

Third Embodiment

Fig. 9 is a schematic diagram of a main part of a semiconductor

memory device according to a third embodiment of the invention. In Fig. 9,

a memory array is divided into a plurality of row blocks (sense amplifier

blocks) RBX#0 to RBX#m along the column direction. Row blocks RBX#1

to RBX#m are formed by normal memory sub-arrays MAM to MAsfm

having normal memory cells arranged in a matrix of rows and columns.

Row block RBXO includes a normal memory sub-array mace having

normal memory cells arranged in a matrix of rows and columns, and a

spare array SPX# having spare memory cells arranged in a plurality of

rows and sharing the columns with normal memory sub~array MA#0. The

plurality of spare rows (spare word lines) included in spare array SPX‘# can

replace defective normal word lines included in normal memory sub~arrays

MAW‘O to MA#m. Row decoders X0 to Kin are provided for normal memory

sub~arrays MA#O to MAaftm, respectively, and a spare row decode circuit
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SPDX is provided for spare array SPX#.

In the configuration shown in Fig. 9, spare array SPX# is provided in

common to normal memory sub-arrays MA#0 to MA#m. As a result, if

defective rows concentrate in one normal memory sub—array, spare word

lines included in spare array SPX# can be used for repairing by

replacement, and therefore the yields of the products can be improved. A

spare row decoder is shared among a plurality of normal memory sub-

arrays (row hiocks) and therefore the number of spare decoders can be

reduced. .

Fig. 19 is a schematic diagram of spare row decode circuit SPDX

shown in Fig. 9. Fig. 19 shows the configuration of spare row decode

circuit SE3DX when four spare word lines SWLU to SW13 are provided by

way of iliustration. Spare row decode circuit SPDX includes spare row

decoders SDXO to SDXS proyided corresponding to spare word lines SWLO

to SW13, respectively. These spare row decoders SDXO to SDXS are

programmed with both a block address to address a memory sub-array and

a row address to address a row in a Sub-array.

Let us now assume that a defective normal word line WLO included

in normal memory sub—array MA#0, defective normal word lines WLl and

WLZ included in normal memory sob~array MA# 1., and a defective normal

word line WLS included in normal memory sub-array MA#m are repaired

by replacement with spare word lines as shown in Fig. 10. In this case,

the address (inciuding a block address) of word line WLE} is programmed in

spare row decoder SDXU, and the addresses of defective normal word lines

WLI and WLZ are programmed in spare row decoders SDXl and SDXZ,

respectively, and the address of defective normal word line WLB is

programmed in spare row decoder SDX3.- Therefore, defective normal
word lines WLO, WLI, WLZ and WL3 are replaced with spare word lines

SWLO, SWLl, SWL2 and SWLB, respectively.

Thus, since a spare row decoder is shared among normal memOry

suh~arrays MMFO to MA#m, a spare row decoder is not necessary for each of

the normal memory sub-arrays, and therefore increase in the array

occupied area can be restrained. Since spare word lines are shared among
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normal memory suhaarrays Witt) to MA#m, and therefore the use

efficiency of spare word lines can be improved.

By providing spare array SPX# in common to normal memory sub-

arrays MA#9 to mean in row block RBX#O, spare word line SWL included

inspare array SPX# can be used by an arbitrary normal memory sub-array,
and the use efficiency of spare word lines can be improved.

Since spare array SPX# is included in normal memory subarréry
MA#0, a sense amplifier provided for row block RBXO has only to be

activated when one of spare decoders SDXO to SDX3 is selected, and

therefore the control operation of the sense amplifier is simplified.

In the configuration shown in Figs. 9 and 10, one row block is

selected among row brooks RBX#O to RBXm for sensing operation. (A word

line is selected.)

The number of spare word lines SWL included in spare array SPX#

is arbitrary. _

As in the foregoing, according'to the third embodiment of the

invention, spare word lines are collectiveiy provided in a single spare array

for common use among a plurality of normal memory sob-arrays, the

number of spare row decoders is rednced, and the use efficiency of spare

word holes is improved. _
Fourth Embodiment

Fig. 3.1 is a schematic diagram of an array portion in a semiconductor

memory device according to a fourth embodiment of the invention. In Fig.

11, a memory array includes normal memory sub-arrays M4100 to moo—

N and normal memory sub-arrays MA#1-0 to MAM-N provided in the

column direction, alternately With normal memory sub-arrays MA#0-0 to

MA#O~N. A spare array SPX#O having a prescribed number of spare word

iines SWL is provided for normal memory sub-array MA#0-U to form one

row block (sense amplifier block) RBXO, while in normal memory sub-array

MAM-N, a spare array SPX#1 having a prescribed number of spare word

lines SWL is provided to form a row block RBXM. Normal memory sub~

arrays MA#O«0 to MA#0-N and_MA#1-O to merry each have normal

memory cells arranged in a matrix of rows and columns.
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Sense amplifier bands SABI toSABm are provided between memory

sub-arrays adjacent to one another in the column direction. A sense

amplifier band SABO is provided outside normal memory sub-array MA#0-0,

and a sense amplifier band SABm+1 is provided adjacent to normal

memory sub-array MA#1_-N.

These sense amplifier bands SABO to SABm-I-l have an alternate

shared sense amplifier arrangement. When one normal memory sob-array

or row block is selected, the sense amplifiers included in the sense amplifier

bands provided On both sides are used for Sensing operation.

Spare word lines in spare array SPXO included in row block RBX#O

can replace normal word lines included in memory sub~arrays NEWS-0 to

Weill-N, and each spare word line in spare array SPX#1 provided in

normal memory sub-array MA#1~'N can replace each normal word line

included in normal memory sub-arrays MA#1~O to MA#l-N.

In a normal operation, one of normal memory sub-arrays MAiiO-G to

MA#0-N.is selected or one of normal memory sub-arrays MA#1-O to MA#1-

N is selected. More specifically, in the arrangement shown in Fig. 11, one

normal memory sub-array is driven into a selected state. Now, advantages _

brought about by alternately arranging normal memory snh~arrays MAW-0

to MA#0-N and normal memory sub-arrays MAM-0 to MAM-N in the

column direction and providing a spare array for each of the groups of sub-

arrays will be described. I

Let us now assume that spare word lines in spare array SPX#

included in row block RBXO as shown in Fig. 12 can replace defective

normal word lines in all the normal memory sub-arrays. In the shared

sense amplifier arrangement, rmv block RBXG and normal memory sub-

array MA#1«0 are provided on both sides of sense amplifier band SARI. A

bit line isolation gate BLIGO is provided between sense amplifier band -

SAB 1 and row block RBXO, and a bit line isolation gate BLIGE is provided

between sense amplifier hand SABI and normal memory sub-array MA#_l-G.

Bit line isolation gate BLIGG is supplied with the output signal of NOR

circuit OGa receiving a replacement instruction signalfosp and a sub-array
sub-array designatingsignal o1 as a bit line isolation control signal.
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Bit line isolation gate BLIGl is supplied with the output signal of an

NOR circuit 0G1) receiving replacement instruction signal (tsp and sub- _

array designating signal so as a bit line isolation instruction signal.

Replacement instruction signal (lisp is selectively pulled to an H level, active

state when a defective normal cell is addressed and a spare word line

includedin spare array SPXat! is selected. Sub~array designating signal 431

attains an active State, 3-1 level, when normal memory sub-array MAM-0 is

addressed, and sub~array designating signal :50 attains an active state, H

level, when normal memory sub-array MA#O~O is addressed.

Let us assume that a defective normal word line included in normal

memory sub-array MA#E-O is replaced with a spare word line included in

spare array SPX#. When this defective normal word line in normal

memory sub~array MAM-0 is addressed, sub-array address signal (131

attains an H level, while sub—array designating signal o0 maintains an L

level. As a result, the output signal of NOR circuit 0G3 attains an L level,

bit line isolation gate BLIGO attains a non-conductive state, the spare array

SPX# is disconnected from sense amplifier band SABI. Meanwhile, the

defective normal word line is replaced with a spare word line included in

spare array SPX#, replacement instruction signal esp is driven into an H

level, therefore the output signal of NOR circuit OGb attains an H level,

and 1cit line isolation gate BLlGl attains a non-conductive state. As a

result, sense amplifier band SABZ is disconnected from both spare array

SPX# and normal memory sub-array MA#1~O, and the defective normal

word line cannot be rep aired.

For the purpose of avoiding this situation, the circuit shown in Fig.

13 could be used as the bit line isolation control circuit in order to turn on

bit line isolation gate BLIGO when a spare word line is used.

In Fig. 13, the bit line isolation control circuit includes an inverter

OGaa which receives subvarray designating signal (b1, and an OR circuit

OGab which receives the output signal of inverter OGaa and replacement

instruction signal esp. In the bit line isolation control circuit shown in Fig.

23, when a normal memory sub-array is addressed, the output signal of

inverter OGaa attains an L level. When a defective normal word line is
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not addressed, replacement instruction signal (tsp is at an L level, and

therefore the output signal of OR circuit OGab attains an L level, which

turns off bit line isolation gate BLIGG. Meanwhile, if replacement

instruction signal (tsp is activated and a spare word line included in the '

spare array is used, the output signal of QR circuit OGab attains an H level.

which turns on bit line isolation gate BLIGl).

However, the bit line isolation control circuit shown in Fig. 13 has a

difierent circuit configuration from the control circuit provided for other bit

line isolation gates and a different number of gate stages. (The OR circuit is

formed by an NOR circuit and an inverter receiving the output of tbe NOR

circuit.) As a result, the gate delay is different, the timing margin is

reduced, and erroneous operation could be caused.

As shown in Fig. 11, in spare array SPX#O, by providing spare word

lines which can replace defective normal word lines in normal memory sub-

arrays MA#0-0 to MA#Q~N,' a spare word line included in a spare array

included in this row block RBX#0 is not used if a defective normal word line

in normal memory sub-array MAM-{3 is addressed. Therefore, in this case,

the use of the bit line isolation control circuit Shawn in Fig. 14 permits a

defective normal word line to be accurately repaired by replacement.

in Fig. 14, a 2-input NOR circuit OGc receiving sub-array

designating signal (131 is provided for bit line isolation gate BLIGG, and an

NOR circuit 00‘: receiving spare replacement instruction signal (1)5130 and

sub-array designating signal dill is provided for bit line isolation gate BLlGl.

Spare replacement instruction signal (lispl) is {h'iven into an active state, H

level, when a defective normal word line is addreSSed in any of normal sub-

arrays MA#0-D to MA#0~N. Sub-array designating signal $0 is driven into

an active state, H level, when normal memory subarray MA#0»0 is

addressed, while sub-array designating signal $1 is driven into an active

state, H level, when normal memory sub-array MAM-(3 is addressed.

When spare array SPX#0 provided corresponding to sub~array

MA#0~G is used, normal memory sub-array MA# 1-0 will not be addressed.

This is because a spare word line included in spare array SPX#G is selected

when a defective normal word line included in normal memory sub~arrays
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MAW-0 to MA#D-N is addressed. Aiso in this case, the output signal of

NOR circuit OGc maintains an H level, the output signal of NOR circuit

OGd attains an L ievel, and sense amplifier band SAB 1 is connected to row

biock RBX#D and disconnected from normed memory sub-array MA#1~{}.

Conversely, when normal memory sober-ray MAM-i} is addressed, the

output signal of NOR circuit on: attains an L level, row block RBX#0 is

disconnected from sense amplifier band SABl, and normal memory sub»

array MAM-0 is connected to sense amph'fier hand SABI. (The output

signal of NOR circuit OGd maintains an H level.) _

rI‘he similar configuration is provided for the other row block RBX#1.

Thus, a memory block including a spare array and a memory sub-array

adjacent to' this block wiil not be simultaneously addressed, so that defects
can be accurately repaired.

Fig. 15 is a schematic diagram showing an example of replacement of

a defective normai “word tine in the semiconductor memory device according

to the fourth embodiment of the invention. In Fig. 15, spare array SPXM)

includes spare word lines which can replace defective norms} word lines in

normal mom or)? subvarrays MA#0-G to Mess-N. Spare array SPX#1

- includes spare word lines which can replace defective norm a1 word tines

included in' normal memory suh~arrays MA#1»0 to MAM-N. Normal sub-

arrays sharing a sense amplifier hand have different values in address

signal bit RA}. Thus, erroneous operation caused by access conflict

(simultaneous selection of a normallspare word line) can be prevented, so

that defects can be accurately repaired.

Fifth Embodiment

Fig. 16 is a diagram of a memory cell included in a semiconductor

memory device. In Fig. 16, two memory celis MCa and MC‘D disposed

corresponding to the crossing portions of word lines WLa and WLb and a

bit line BL are represented Memory coils MCa and MC!) each include a

capacitor MQ and an access transistor MT formed by an n~channel MOS

transistor and responsive to the signal potential of a corresponding word

iine (WLa or Wife) for connecting capacitor MQ to hit iine BL. These

memory cells MCa and MCb are both a dynamic type memory cell, to which
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a pair of bit lines BL and fBL is provided, and the potential difference

generated between bit lines BL and [BL is differentially amplified by a

sense amplifier. _

In the arrangement shown in Fig. 16, when word line WLa is driven

into a selected state. the voltage level of non-selected word line WLb rises

through the capacitive coupling by parasitic capacitance between word

lines WLa and WLb, access transistor MT included in memory cell MCb is

weakly turned on, and the stored charge of capacitor MQ is transmitted

onto bit line BL. When selected word line WLa makes a transition to a

non-selected state, the capacitive coupling between word line WLa and bit

line BL causes the voltage level of bit line BL to be lowered (when bit line

BL is driven to a ground voltage level), access transistor MT included in

memory cell MCI) connected to nonselected word line WLl} is weakly

turned on, and the stored charge of the capacitor is allowed to flow to bit

line BL. Such a phenomenon of causing current leakage in a memory cell

connected to a non~selected word line as another word line is selected is

called "disturb refresh". If the charge holding characteristic of a memory

cell is poor, the stored data in the memory cell is lost before a refresh

operation is performed at a prescribed cycle, and a soft~error is caused. In

order to test such ”disturb refresh” characteristic, word lines are

sequentially driven into a selected state and the charge holding

characteristics of memory cells are tested, in other words, a “disturb refresh

test” is performed. In the ”disturb refresh test”, in order to provide a

prescribed number of disturbances to each memory cell, a word line is

driven into a selected state a prescribed number of times.

If the storage capacity of a semiconductor memory device increases,

the number of word lines increases accordingly, and time required for this

"disturb refresh test” increases as well. In order to perform such disturb

refresh test at a high speed, a larger number of word lines than the number

of word lines selected at a time in a normal operation mode are

simultaneously driven into a selected state in this disturb refresh test. In

this case, although depending upon the way to select a word line, if the

flexible redundancy scheme is employed, a spare word line and a normal
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word line in one subsarray may be simultaneously driven into a selected

state to cause access conflict, the stored data in the memory cell is

destroyed, and the disturb refresh test can no longer be performed. The

arrangement which can prevent a normal word line and a spare word line

in one memory sub-array from being simultaneously seiected evenif a

larger number of word lines than the number in the normal operation mode
are driven into a selected state in a disturb refresh test will be now

described.

Fig. 17 is a schematic diagram showing the arrangement of an array

portion in the semiconductor memory device according to the fifth

embodiment of the invention. In Fig. 17, the memory array includes two

memory mats B#0 and B#1. Memory mat Bid} includes normal memory

sub-arrays MB#00-0 to MB#00-N and normal memory subarrays MB#01-0

to MBatiOI-N. Normal memory subiarrays MB#OG-O to MB#DO-N and

normal memory sub-arrays MB#01~O to MB#{}1-N are alternately disposed.

Sense amplifier bands represented by shadowed regions are disposed

between these normal memory sub-arrays MBfiOO-O to MB#00-N and

MBfiOl-D‘ to MBefiOl-N. A spare array SPX#00 including spare word lines
is provided for normal sub-array MB#00-0, and a spare array SPX#01

including spare word iines is provided for normal memory sub-array
MB#01~N.

Normal memory sub-array MB#00-G and spare array SPX#0£} form a

row block (sense amplifier block) RB#00, while normal memory sub-array

MB#01—N and spare array SPX#01 form a row block RBifiOl. Normal

memory sub-array MB#00~0 to MB#00¢N form a memory block group B#00

which is addressed when row address bit BA} for example is 1, whiie

normal memory sub-arrays MBefO 1-0 to MB#01~N form a memory block

group B#Gl selected when row address signal bit RAj is for example 0.

Memory mat B#l includes normal sub-arrays MEMO—0 to MB#10-N

and normal memory sub~arrays MB#I 1-0 to MB#11«N. Normal memory

sub-arrays MB#10-0 to MB#10-N and normal memory sub—arrays MBfill-{l

to MB#11-N are provided alternately along the column direction. Sense

amplifier bands represented by shadowed regions are provided between
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these normal memory sub-arrays MEMO-{l to MB#lO-N and normal

memory. sub-arrays mean—'0 to MB#11~N. I A spare array SPX#10

including spare word lines is provided for normal memory subsrray

MEMO-0, while a spare array SPX#11 is provided for normal memory sub—

array MB#11~N. Normal memory sub—array MB#10-0 and spare array _

SPXMO form a row block (sense amplifier block) RB#10»0, while normal

memory sub~array MB#I I-N and 53:) are array SPX#ll form a row block

RB#11~N. Normal memory sub-arrays MEMO-O to MEMO-N are included

in memory block group B#10, and normal memory sub~arrays MB#11-0 to

MIB#11-N are includedin memory block group Ball
In the array arrangement shownin Fig 1’? spare array SPXiatOO

provided in row block RB#OO includes spare word Lines which can replace

defective normal word lines in normal memory sub-arrays included in

memory block group B# 10. Spare array SPX#Ol included in row block

RB#Ol includes spare word lines which can replace defective normal word

lines in normal memory sub-arrays included in memory block group B#ll.

Spare array SPX#10 included in row block RB#10«0 includes spare word

lines which can replace defective normal word lines in normal memory sub-

arrays included in memory block group BMW. Spare array SPX#11

included in row block RB#11-N includes so are word lines which can replace

defective normal word lines in normal memory sub-arrays included in

memory block group B#01. The operation will be now described.

Now assume that one normal memory sub-array is addressed by

address signal bits RAG to mm as shown in Fig. 18A. A memory mat is

addressed by row address signal bit RAi, and a memory block group is

addressed by row address signal bit RA}

In the normal operation mode, these address signal bits RAD to RAj

are all valid, and one mat is addressed, in which one memory block group is

addressed and one normal sub-array is addressed in the addressed memory

block group. If an addressed word line is a defective word line, a spare

word line to replace the defective word line is included in a memory mat

different from the Selected memory mat. Therefore, the defective normal

word line can be replaced without any problem (Without problems
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associated with the sharing of a sense amplifier hand).

Meanwhile, assume that row address signal bit RA} is in a

degenerated state as shown in Fig. 183 in a test operation mode different

from the normal operation mode. Thus, one of memory mats EM) and Bsil

is addressed, and one normal memory subnarray is addressed from each of

two memory biock groups in the addressed memory mat. Since the two

normal memoryr subarrays are addressed in one memory mat, address

signal bits are allocated so that normal sub—arrays which do not share a

sense amplifier band are addressed in the selecting operation. A

corresponding spare word line used if the addressed normal word line is a

defective normal word line is prepared in a non—selected memory mat. As

a resuit, even if a plurality of (two) normal word lines are simultaneously

addressed in one memory mat, a spare word h'ne and a normal word line

are prevented from being driven into a selected state at a time in row

blocks RBeoo, RB#01, RB#10 and RB#11. In a non-selected memory mat,

a spare word line in a row block is simply driven into a selected state upon

replacing a defective normal word iine, and problems associated with

sharing a sense amplifier band are not present.

If, for example, in the test operation mode, memory mat B#0 is

addressed and a normal memory sub-array is selected from both memory

block groups BeOO and BfiOl, a corresponding spare word line is prepared

in a spare array SPX#10 included in row block RB#1O and/or in spare array

SPX#1 I included in row block Rfiifil 1 in non-selected memory- mat B#1.

As a resuit, since the memory mat in which a spare word Line is selected

and the memory mat in which a normal word fine is selected are different,

a normal Word Eine and a spare word line are prevented from being seiected

at a time in one memory mat. By appropriately allocating address signal

hits, two normal sub-arrays which do not share a sense amplifier band can

be driven into a selected state in one memory mat. Note that ifthe

number of memory mate is increased, the number of normal word iines

driven into a selected state at a time can be further increased.

Fig. 19 is a diagram showing a portion for changing the number of

Sub-arrays to be selected depending upon the operation mode. In Fig. 19,
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there is provided a gate circuit (OR circuit) GT which receives address

signal bit RAj and a test mode instruction signal TE. - When test mode

instruction signal TE attains an active state of H level, memery block group

designating signal (313 attains an active state, H level, regardless of the

value of row address signal bit RA}. As a result, in the test operation mode,

row address signal bit RAj can be pulled to a degenerated state, and normal I

sub~arrays can be addressed from two memory block groups in one memory
mat.

in order to address ncrmal subarrays which do not share a sense

amplifier band, the address of one memory block group and the address of

the other memory block group need only be allocated in the opposite

directions. (if one memory block group is allocated with addresses 3 to N

from the top to the bottom along the column direction, normal sub-arrays in

the other memory group are sequentially allocated with addresses 0 to N

from the bottom to the top.)

As for the ccnnecticn between a sense amplifier band and a spare

array and the sensing operation in a nonselected memory mat, a spare

decoder is constantly Operated for comparison, and the comparison result is

applied to a spare array for each xow block in the same manner as that

shown in Fig. 14. A sense amplifier-control circuit provided for a

corresponding row block has only to be activated when the output signal of

the spare decoder is active. Thus, when a spare word line is used in a non-

selected memory mat, a corresponding sense amplifier can be activated.

For data accessing, the configuration the same as that shown in Fig.

4 may be employed (in the disturb refresh test, data accessing is not

performed.)

Modification

' Fig. 20 is a schematic diagram of a modificaticn of the fifth

embodiment according to the invention. In Fig. 20, similarly to the

arrangement shown in Fig. 17, the memory array is divided into two

memory mats Biifl and B#l. In memory mat B#O, normal memory subs

arrays MB#00~0 t0 MBiiOOAN belonging to memery block group B#00 and

normal memory sub‘arrays MB=#01-0 to Ple#Ol-N included in memory
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block group Bllfll are alternately provided along the. column direction.

Spare array SPX#00 is provided for normal memory sub~array MB#00-G,

while spare array SPX#01 is provided for normal memory sub-array

M13930 l-N. Spare array SPX#0{) includes a plurality of spare word lines

5 which can replace defective normal word lines in normal memory sub-

arrays belonging to memory block group Bllflfl, While spare array SPXllGi

includes sp are word lines which can replace defective normal word Lines in

normal memory sub-arrays belonging to memory block group Balm.

In memory mat Blll, normal memory sub—arrays MB#10-fi to MB#1{}~

10 N included in memory block group Bll 10 and normal memory sub-arrays

MBlll 1-0 to MBlll l-N included in memory block group Blll 1 are alternately

provided along-the column direction. Spare array SPXlllU is provided for

normal memory sub-array MB#10»0, while spare array SPX#11 is provided

for normal memory sub-array MB‘llll-N. Spare array SPXlllf} includes a '

15 plurality of spare word lines. which can replace defective normal word lines

in normal memory sonarrays included in memory block group Bllifl, while

spare array SPXllll includes a plurality of spare word lines which can

replace defective normal word lines in normal sub-arrays included in

memory block group Bllll.

 
20 Also in the arrangement shown in Fig. 20, sense amplifier bands

represented by shadowed regions are provided between normal sub-arrays.

In this arrangement shown in Fig. 20, in the normal mode, one of

memory mats BllO and Blll is selected, and one normal memory sub-array

is selected in the selected memory malt. As a result, in the selected one

25 memory mat, a normal word line is selected and a defective normal word

line is rep aired by replacement in the same manner as that shown in Fig.
11.

In the test mode, row address signal bit RAi, for example, is pulled to

 
a degenerated state, and memory mats B#0 and Bill are both addressed.

30 In each of these memory mats B#{l and Bill, one normal sub-array is _ 3

selecced. In each of memory mats B#{} and Bill, normal sub-arrays

included in dififerent memory block groups are alternately provided, and

normal suhvarrays sharing a sense amplifier band are included in different
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memory block groups. Therefore, in the test mode, normal memory sub~

arrays sharing a sense amplifier are prevented from being addressed at the

same time, in other words problems of sense amplifier conflict can be
prevented, so that a plurality of (two) normal word lines or spare word lines

can be equivalently driven into a selected state for testing operation. (In

any of row blocks RB#90 to RBifiil, a word line and a spare word line will

not be driven into a selected state at the same time.) Thus, the disturb

refresh test can be performed at a high speed.

Note that in this fifth embodiment, the disturb refresh test has been

described. However, if a larger number of word lines than that in the

normal operation mode are driven into a selected state in the self refresh

mode, a self refresh instruction signal can be used in place of the test mode

instruction signal and the same effects are provided. The configuration to

degenerate address signal bit RAi (the address signal bit to address a

memory mat} in the modification can be the same configuration as that

shown in Fig. 19.

As described above, according to the fifth embodiment of the

invention, when a plurality of memory mats are provided, and a larger

number of normal word lines than the number in the normal operation

mode are driven into a selected state in a particular operation mode such as

the disturb refresh test, a normal word line and a spare word line in one

row block are not simultaneously driven into a selected state, the

advantageous characteristic feature of the flexible redundancy scheme, in

other words, the efficient use of spare decoders and so are word lines is not

impaired and prescribed operation modes can be accurately implemented.

Note that by increasing the number of memory mats in this

modification, 3 larger number of normal word lines (4, 8) can be readily
driven into a selected state at a time.

Sixth Embodiment ,

Fig. 21A is a schematic diagram showing a structure of a main part

of a semiconductor memory device according to a sixth embodiment of the

invention. In Fig. 21A, the memory array is divided into a plurality of

memory array blocks 2a to Zn. Memory array blocks 2a to Zn each include
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a plurality of memory ceils arranged in a matrix of rows and columns. A l
memory cell row is selected on a biock basis. Row-related peripheral ' l
circuits 3a to 3n to drive memory cell rows in memory array blocks 2a to Zn

into a selected state are provided for memory array blocks 2a to 2n,

5 respectively. These row-related peripheral circuits 3a to SD which will be

described in detaii each include a decode circuit (which may include a

predecoder) to decode an address signal and a word line drive circuit to

drive a memory cell row into a selected state according to the output signal

of the decode circuit.

10 Power supply switch circuits (SW) 4a to 4n driven into a selected

state in response to selecting signals eBa to eBn are provided between row-

related peripherai circuits 3a to 3n and a main power supply Zine 1. fliese

power Supply switch circuits 4a to an each cause a greater current flow

when driven into a selected state than when driven into a non«selected

15 state. Main power supply line 1 is supplied with a prescribed voltage Vi:

Voltage Vr may be any of a pewer supply voltage Va; a ground voltage Vss

and a high voltage Vpp or a combination of these voltages. A suitable

 
voltage is selected as voitage Vr depending upon the configuration of row-

related peripheral circuits 3a to 3:1.
1. .

t-' :.

20 In order to determine selection/non—selection of power switch circuits

4a to 4n, a power supply block decoder 6 to generate selecting signals $138.

to $1331 (generically represented as a control signal) based on an address

signal AD and a self refresh mode instruction signal SR is previded.

Address signal AD is applied to row-related peripheral circuits 3a to 3:1 as a

25 memory cell row (word line) address. _ '

Power supply block decoder 6 changes the number of power supply

 
circuits driven into a selected state between a normal-operation mode and a

self refresh mode. Power supply block decoder S'changes the seiecting ’

sequence of power supply switch circuits 4a to 4n between the self refresh

30 mode and the nermal mode. Based on these characteristics, if a spare

word line is inciuded in memory array blocks 2a to Zn, a semiconductor

memory device operating with low current consumption Without increasing

the accessing time can be implemented.
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Fig. 21B is a diagram showing an example of row-related peripheral

circuits 33 to 3n shown in Fig. EEA. In Fig. 2113, one row-related

peripheral circuit 3 is representatively shown.

In memory array block 2 (2a to Zn), memory cells MC are arranged in

a matrix of rows and columns, and word lines WLa to WLm are providedlfor

memory cells MC, respectively. A bit line pair BL, [BL is provided for each

column of memory cells, but only bit line BL is shown in Fig. 21. ‘

Row-related peripheral circuit 3 includes repeating circuits provided

corresponding to word lines WLa to WLn. . Herein, the repeating circuits

have the same configuration and the same function. is prescribed number

of repeating circuits among the plurality of repeating circuits are Selected

by an address signal. _ I

In Fig. 213, a repeating circuit includes an NAND~type decode

circuit 11 {1 la to 11m}, and a word line drive circuit 12 (12a to 12m) to

drive a corresponding word line WL (WLa to WLm) into a selected state.

In a standby cycle, the output signals of NAND-type decode circuits

11a to 11m are at an H ievel. As a result, in the stand—by cycle, in these

NAND~type decode circuits 11a to 11m, a sub-threshold leakage current to

the ground node is generated. ri‘herefore, NAND-tgépe decode circuits 11a

to 11m have each ground node coupled to a sub-ground line 15o. Sub-

ground line 15n is coupled to the ground node through a power supply
switch transistor 14in. Power supply switch transistor lain turns on in

response to control signal eBin.

Meanwhile, in inverter~type ‘WCIl‘d line drive circuits 123 to 12m, the

input signals are at an H level in a standby cycle, and a subuthreshold

leakage current flows thereinto from the power supply node. As a result,

the power supply nodes of these inverter~type word line drive cirCuits 12a

to 12m are coupied to a sub-power supply line 15p. Sub-power supply line

15p is coupled to a voltage source node 16 through a power supply switch

transistor 14;) which conducts in response to a selecting signal ¢Bip

Voltage source node 16 is supplied with power supply voltage Vcc or high

voltage Vpp. The voltage applied to voltage source node iG'is .

appropriately determined depending upon the configuration of the

.40,.

 
 

105



 
 

106

repeating circuit.

NAND-type decode circuits lie to 11m each have the other power

supply node coupled together to the main power supply line, and the

ground nodes of inverter-type word line drive circuits 12a to 12m are

5 coupled to the main ground line. I

In a standby cycle, control signal oBin is set to an L level {ground

voltage level), while control signal chili}; is set to an H level of the voltage

level of node 16. Thus, povver supply switch transistors 1411 and 14p are

turned 05. These power supply switch transistors 14:: to 14p have a large

10 threshold voltage (high-Vth), and the sub-threshold leak currents are

extremely small in the off state. Meanwhile, NAND-type decode circuits

11a to llniand word line drive circuits 12a to 12m each include a low-Vth

MOS transistor as a component. As a result, the current consumption in

the repeating circuits, or the row-related peripheral circuits in a stand-by

 
ull H 0‘! cycle can be reduced. Since these repeating circuits operate at a high

speed, the accessing time can be reduced as well.

In the correspondence between Figs. 21A and 2133, power supply

switch circuits tie to sin correspond to power supply switch transistors Mn

to 1413, while sub-power supply voltage source lines So to 5n correspond to
 
r 20 subground line i5n and sub~voltage supply line 151). The ground node

' and voltage source node 16 correspond to main ground line and main power

supply line 1, respectively. Now, the specific manner to select power

supply switch circuits 4a to dim will be described.

For the purpose of simplifying the description, a selecting operation

25 when a spare line is not included will be described.

Hierarchical Power Supply Arrangement 1

Fig. 22 is a schematic diagram showing a main part of a

semiconductor memory device according to the sixth embodiment of the

present invention. In Fig. 22, a memory array is divided into eight

30 memory blocks MARI to MARS. Memory blocks MABI to MABS each

incliide a memory block 2 (2a to Zn) and a corresponding rowaelated

peripheral circuit 3 (Ba to 3n) shown in Fig. 21A. Memory blocks MAB] to

MA34 form one global block GABO, while memory blocks MARS to MARS
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form one global block GABL

Power supply switch circuits SW1 to SW8 are provided for memory

blocks MAB} to MARS, respectively. These power supply switch circuits

SW1 to SW8 couple sub—power supply lines provided corresponding to

memory blocks MABI to MARS and corresponding memory blocks.

In allocating addresses. three address signal bits RAE, ARE and RAB

are used to address a block. Address bit RA} specifies one of global blocks

GABO and GAB 1. A combination of address bits RA? and RAB specifies

one memory block in global blocks GABO and GABI. As a result] by these
3 address signal bits BA} to RA3, one memory block can be selected for

selecting a memory cell row.

Fig. 23A illustrates the manner of selecting memory block and a
power supply switch circuit in a normal operation mode. In Fig. 23A, in

the normal operation mode, one of memory blocks MABI to MABS is

selected and an addressed word line is driven into a selected state. In Fig.

23A, a word Line WL in memory block MABZ is driven into a selected state

as an example. When memory block MABZis selected, power supply ‘
switch circuits SW1 to SW4 provided for global block GABO including

memory block MAB2 are all driven into a selected state.

As shown in Fig. 233, the set of power supply switch circuits SW1. to

SW4 or the set ofpower supply switch circuits SW5 to SW8 is selected by

address signal bit RAI. As a result, by decoding l—bit address signal,

control signals dB} to $84 for the power supply switch circuits can be ‘

driven into a selected state, so that a prescribed voltage can be supplied at

a fast timing in an access cycle. ‘
Meanwhile, in order to select memory block MABQ, 3 address signal

bits RAl to RAS should be decoded. Considering the timing skew of these

3 address signal bits RAl to RA3, a row-decoding operating for activating

memory block address signal $32 is performed. Thus, compared to the

case of decoding i-bit address signal, the load of the output signal line of

the decode circuit is greater in the case of decoding 3 address signal hits1

and the skew prolongs the decoding time. _

Therefore, in the normal operation mode, the power supply switch
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circuits for a global block including selected memory block MAB2 are

driven into a selected state, so that a prescribed voltage can be supplied

stably to the selected memory block at a fast timing after the start of an

active cycle in the normal operation mode, and the accessing time can be

prevented from increasing. I

Fig. 24 is a diagram showing the manner to select a power switch

circuit in a refresh mode. In Fig. 24, also in the refresh mode, a word line

WL is selected in one memory block. Also in Fig. 24, memory block MABZ

is selected, in which word line WL to be refreshed is selected. in the

refresh mode, only power supply switch circuit SW2 provided for the

selected memory block MABZ is driven into a selected state. The other

power supply switch circuits SW1, SW3 to SW8 are 'm aintairied in a non-

selected state. In the refresh mode, stored data is simply rewritten, and

data accessing is not performed. As a result, a high speed accessing is not

required, and therefore 3 refresh address signal hits QAi to QAB can he

used to select this power supply switch circuit without any problem. By

driving one power supply switch circuit into a selected state while

maintaining the other power supply switch circuits in a nonselected state,

a current flowing through the power supply circuit is reduced, the current

consumption in the refresh mode can be restrained from increasing, in

other-words, the refresh mode with reduced current consumption can be

implemented.

Fig: 25 is a schematic diagram showing a control portion in the

semiconductor memory device according to the sixth embodiment. In Fig.

25, the semiconductor memory device includes an operation mode detection

circuit 20 which receives an externally applied control signal OMB and

generates an operation mode instruction signal. a refresh control circuit 23

which is activated in response to an activation of a self refresh mode

instruction signal SR from refresh mode detection circuit 22 to activate a

timer 24 and generate a refresh cycle activation signal QACT at preserihed

time intervals, 3 refresh address counter 25 which performs a counting

operation in response to a count up instruction signal oCUP from refresh

control circuit 23 and generates a refresh address specifying a refresh row,
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a multiplexer 26 which selects one of a refresh address signal QA from

refresh address counter 25 and an externally applied row address signal

RA under the control of refresh control circuit 23, and a row-related control

circuit 27 which generates control signals necessary for selecting a row

according to refresh cycle activation signal QACT from refresh control _

circuit 23 or array activation signal .RAC’E‘ from an array activation

detection circuit included in operation mode detection circuit 20.

Operation mode detection circuit 20 generates an instruction signal

corresponding to an operation mode designated according to externally .

applied control signal CMD. The externally applied control signal CMD

may be a command (a combination of states of a plurality of control signals}

in a normal synchronous type semiconductor memory device, or may be a

row address strobe signal IRAS, a column address strobe signal fCAS, a

write enable signal [WE and a chip select signal I’CS as in a standard

DRAM (Dynamic Random Access Memory). The external control signal

applied to operation mode detection circuit 20 may be appropriately

determined depending upon the configuration of the semiconductor memory
device.

Refresh control circuit 23 drives refresh cycle activation signal QACT 1

into an H level, active state for a prescribed time period at prescribed time

intervals according to a count up signal from timer 24 when self refresh

mode instruction signal SR is activated. Row-related control circuit 27

generates control signals necessary for selecting a row when one of

activation signals QACT and RACT is activated. In Fig. 25, roar-related

control circuit 2'? generates a word line driving signal (bWL which gives a

timing for driving a word line into a'selected state. During the activation

period of these activation signals 'QACT and RACT, in amemory block

addressed by an. address signal, a row (word line) is maintained in a

selected state. The activation period of these activation signals QACT and

RACT defines one memory cycle (for a selected memory block).

Timer 24 responds to a self refresh instruction from refresh control

circuit 23 to generate a refresh request signal at prescribed time intervals

for application to refresh control circuit 23. Refresh address counter 25
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increments or decrements the count value by 1 according to count up

instruction signal (1301!? applied at the end of this memory cycle.

Multiplexer 26 selects refresh address QA from refresh address counter 25

in the self refresh mode according to a switch control circuit oMUX from

refresh control circuit 23 and selects externally applied raw address signal

‘ RA in the normal mode. Address signal AD from multiplexer 26 is applied
to a row—related peripheral circuit in each memory block. In the address

signal, address signal bits QAI to QAB or RAl are applied to a power

supply block decoder (see Fig. 21A). Since the address signal bits are

transmitted through the same bus lines from multiplexer 26, 3 address

signal bits are applied to the power supply block decoder through the same

. address signal lines, and then these address bits are supplied in different

paths within power supply block decoder 6.

Fig. 26 is a diagram showing a structure of power supply block

decoder 6 shown in Fig. 21A. in Fig. 26, a portion to generate one power

supply block selecting signal oBi (izl to 8) is shown. ln Fig. 26] power

supply block decoder 6 includes an inverter circuit 6a which inverts self

refresh instruction signal SR, an AND circuit 6%) which receives prescribed

3 address signal bits among address signal bits QAl to QAS and IQAI to

IQAB in the refresh mode, an AND circuit 6c which receives the output

signal ISR of inverter circuit 6a and address bit Bill or fRAl, an AND

circuit 6d which receives self refresh mode instruction signal SR and the

Output signal of AND circuit 6b. and an AND circuit 6e which receives the

output signals of AND circuits 6c and 6d and generates power supply block

selecting signal oBi. AND circuit 6b is supplied with address signal bits

corresponding to the address of a memory block provided corresponding to

power supply block selecting signal oBi. Similarly to NAND circuit 6c,

address bit RA} or fRAi to specify a global block including a memory block

corresponding to power supply block selecting signal am is applied.

1n the self refresh mode. self refresh mode instruction signal SR is at

an H level. signal ESE from inverter circuit 6a is at an L level, and NAND

circuit 6c outputs an H level signal regardless of the states of address bits

RAI and fRAl. Meanwhile, NAND circuit Ga operates as an inverter to
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invert the output signal of AND circuit 6?). Therefore, in the self refresh

mode, power supply block selecting signal oBi is generated according to

address bits QAl to QAB and fQAl to IQAB.

Meanwhile, in the normal operation mode, self refresh mode

instruction signal SR is at an L level and the output signai ISR of inverter

circuit 6a is an H level. In this state, the output signal of NAND circuit 8d

attains an H level, NAN]? circuit Sc operates as an inverter, and power

supply block selecting signal cm is generated according to address bit KAI

or {EAL Thus, in the normal mode, power sopply block selecting signals

¢Bi for a global block. including a selected memory 1310:3141 (a memory bloc};

including a selected row) are activated. Meanwhile, in the self refresh

mode, power supply. block selecting signal eBi for a power supply switch

circuit provided corresponding to a memory block to be refreshed is driven
into a selected state.

Fig. 27 is a diagram showing a structureof a portion to generate

power supply block selecting signal (3282 to power supply switch circuit SW2.

For power supply block selecting signal «1232, AND circuit 6b receives

address bits IQAl, IQA2 and QAB, and NAND, circuit 6c receives address hit

fRAl. The address (QAI, QAZ, QA3)of a memory block having power

supply switch circuit SW2 is (D. 0, 1). Therefore, when memory block

MAB2 is addressed, the output signal of AND circuit 613 attains an H level.

Meanwhile, in the normal mode, address bit IRA-31 attains an H level (”1"),

and power supply block selecting signals {931 to (szi to power supply switch

circuits SW1 to SW4 provided corresponding to global block G130 including

memory block MABZ are driven into an H level, selected state. By

changing the number of decoded hits depending upon the operation mode,
the number of power supply switch circuits driven into a selected state can

be changed between the normal mode and the selfrefresh mode.

If the number of memory blocks are 8, there are two global blocks, a

1~bit address signal is decoded in the normal mode, while a 3~bit address

signal is decoded in the self refresh mode. However, the number of

address signal bits used in the normal mode and self refresh mode can be

appropriately determined depending upon the number of memory blocks
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and global blocks. The number of address signal bits validated in the
normal mode has only to be smaller than the number of address signal bits

decoded in the self refresh mode.

Modification

Fig. 28 is a schematic diagram showing a modification of hierarchical

power supply arrangement 1 scoording to the sixth embodiment of the

invention. _

In the configuration shown in Fig. 28, refresh address QA from the

refresh address counter and externally applied row address signal RA are

applied to multiplexer 26. The row-related peripheral circuit is supplied

with an internal row address signal from multiplexer 26. Meanwhile,

address ‘oits QAI to QAS from refresh address counter 25 and internal row

address bit RAE from multiplexer 26 are applied to a power supply block

decode circuit. In this configuration, refresh address bits QAI to QAS are

directly applied to the power block decode circuit from refresh address

counter 25. Since the address bits do not pass through multiplexer 28, the

influence of gate delay (signal propagation delay) in multiplexer 26 is

eliminated in the self refresh mode, and a decoding operation can he

performed at a fast timing.

As described above, according-to hierarchical power supply

arrangement 1, the number of address bits used for seiecting a power

supply block is changed between the normal mode and refresh mode, the

accessing time in the normal mode is not increased, and the current

consumption can be reduced in the refresh mode.

Modification 2

Fig. 29 is a schematic diagram showing a modification 2 of

hierarchical power supply arrangement 1. in Fig. 29, the configuration of

a part of rowurelated control circuit 27'showa in Fig. 25 is shown. In Fig.

29, row-related control circuit 2‘7 includes an OR circuit 30 which receives

activation signals QAC’I‘ and RAC’I‘, a word line activation signal

generation circuit 31 which is responsive to a rising of the output signal of

OR circuit 30 for driving a word line activation signal (113}: into an active '

state, a delay circuit 32 which delays word line activation signal diRX from
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word line activation signal generation circuit 81 by a prescribed time period,

and a selecting circuit 33 which selects one of the output signal of delay

circuit 32 and signal chX from word line activation signal generation

circuit 31 according to self refresh mode instruction signals SR and SR to

generate a word line driving signal oWL. Selecting circuit 33 includes a

CMOS transmission gate 33a which conducts to pass the output signal of

delay circuit 32 in response to an activation of self refresh mode instruction

signal SR, and a CMOS transmisSion gate 3315 which conducts, to pass word

line activation signal (bRX from word line activation signal generation

circuit 31 in response to an inactivation of self refresh mode instruction

signal-SR]

The operation of rowaelated control circuit 2'? wiil be described with

reference to the signal waveform diagram in Fig. 30.

In a normal mode, array activation signal RACT is driven into an

active state according to a memory cycle'start instruction signal (or an

active command). When array activation signal RACT is activated, the

output signal of OR circuit 30 is activated, and word line activation signal

generation circuit 31 generates word line activation signal MW at a

prescribed timing. In the normal mode, CMOS transmission gate 331:

conducts, and CMOS transmissiongate 33a is in a non-conductive state,

As a result, word fine driving signal ¢WL is generated according to word

iine activation signal eRX. When one active cycle completes, array

activation signal RACT falls to an L level non—seiected state, word line

activation signal dpRX is inactivated accordingly, and a selected word line is
driven into a non—seiected state,

in the self refresh mode, refresh activation signal QACT is activated.

Word line activation signal generation circaiit 3 1 responds to the activation

of refresh activation signal QACT to drive word line activation signal (lDRX

into an active state. in the self refresh mode, CMOS transmission gate

83a conducts, while CMOS transmission gate 33b is in a non~conductive

state. As a result, word line driving signal cbWL is driven into an active

state according to a delayed word line activation signal from deiay circuit

32.
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By delaying the activation timing of word line driving signal oWL in

the self refresh mode, after a power suppiy switch circiiit is selected and a

prescribed supply voitage to a memory block to be refreshed is stabilized, a

word line is selected, so that a decoding operation can he performed
accurateiy to drive-the addressed word line (refresh row) into a selected

state. As shown in the waveforms in Fig. 30, delay circuit 32 is a rising

delay circuit, and word line driving signal (tWL may be inactivated in
response to an inactivation of refresh activation signal QACT. Even if a

word iine is driven into a selectedJnon-selected state with a delay to refresh

activation signal QACT, the sense amplifier is activatedfinactivated

according to this word line driving signal eWL, and there will he no

problem. The problem of so~calied RAS precharge time is not caused

particulariy in the self refresh mode. In the self refresh mode, the refresh

interval is, for example, as long as 16 its, the RAS precharge time period

can he euificiently secured, even if such delay circuit 32 is used.

Fig. 32 is a diagram shdwing a part of a row-related peripheral

circuit operating according to word line driving signal (tWL shown in Fig.

29. In Fig. 31, the configuration of a repeating circuit for one word line

WL is shown. In Fig. 31, the repeating circuit includes an NAND-type

decode circuit 41 which receives address hits (a predecode signal) Xi, X} and

KR, a decode transistor 42 which is formed by an nAchannei MOS transistor

and selectively transmits the output of NAND~type decode circuit 41 onto a

node 41 according to an address bit (predecode signal) X1, a p-channel MOS

transistor 43 which responds to a reset signal EST to precharge a node 49

to high voltage Vpp levei, a p-channel MOS transistor 44 which transmits a

signal. SDX from a word line decode signal generation circuit 40 onto a word

line WX when the signal on node 49 is at an L level, an n'channel MOS

transistor 45 which conducts when the signal on node 49 is at an H ievei to

discharge word line WL to a ground voltage levei, a p»channei MOS

transistor 46 which conducts when the signal on word line WL is at an L

level to maintain node 49 at high voltage Vpp ievel, and an n~channel MOS
transistor 47 which conducts when signal {SDX from word line decode

signal generation circuit 40 is at an H level to discharge word line WL to

“go.
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the ground voltage level.

Herein, the decode circuit is formed by NAND-type decode circuit 4}

and decode transistor 42. The word line drive circuit is formed by MOS

transistors 44 to 47. ..

Word line decode signal generation circuit 40 is activated in response

to an activation of word line driving signal oWL; to generate signals SDX

and sex according to an address bit (predecode signal) Xm. Signal sex

changes betweenhigh voltage Vpp and ground voltage Vss. Signal /SDX

changes between power supply voltage Vcc and the ground voltage.

In a stand-by state, address hits Xi, X3 and X1: are all at an L level.

As a result, in NAND-type decode circuit 41, a sub-threshold leakage

current flows to the ground-potential, the ground node of NAND-type

decode circuit 41 is connected to the main ground line through 2: MOS

transistor 48. MOS transistor 48 receives power supply block selecting

(specifying) signal ¢Bi at its gate. The operation will be now briefly

described.

In a standby state, address bits Xi, X3 and XI; are all at an L level,

and the output signal of NAND-type decode circuit 41 is at an H level equal

to the power supply voltage Vcc level. MOS transistor 48 is in an off state,

because power supply block selecting signal (bBi is at an L level. In a

stand-by state, word line decode signal generation circuit 48 holds signal

SDX at an L level equal to the ground voltage level, and signal fSDX at an

H level. Node 49 is held at the high voltage Vpp level by reset signal RST

through MOS transistor 43. in this state, word line WL is held at the

ground voltage level by MOS transistors 45 and 47.

When an active cycle is started, power supply block selecting signal

eBi attains an H level when selected, and NAND-type decode circuit 41
receives power supply voltage Vcc and ground voltage Vss as both operation

power supply voltages to perform a decoding operation. When address bits

Xi, Xi, Xi: and X1 are all at an H level, node 49 is discharged to the ground

voltage level by the function of NAND-ty'pe decode circuit 41. (MOS

transistor 49 for reset is in an off state.) MOS transistor 46 has a small

current driving capability, and therefore node 49 is surely discharged to the
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ground voltage level by NANDtype decode circuit 41 and decode transistor

42. When the voltage level on node 49 becomes an L level, MOS transistor

45 attains an off state. MOS transistor 44 shifts to an off state, because

signal SDX is at an L'level and the gate and source potentials of the

transistor 44 are equal.

Word line decode signal generation circuit 40 is responsive to an

activation of word line driving signal (tWL for operating to drive signals

SDX and [SDX to an H levelfL level according to address bit Km. When

address bit Km is at an H level, signal SDX is driven into the high voltage

Vpp level, and signal ISDX is'discharged to the ground voltage level.

Therefore, at this time, word line WL is driven into the high voltage Vpp

level through MOS transistor 44. Meanwhile, when address bit Km is at

an L level, signal SDX attains an L level and signal KSDX attains an H level.

As a result, p-channel MOS transistor 44 maintains an off state. When

MOS transistors 44 and 45 both attain an off state, MOS transistor 4'? is

turned on by signal fSDX and-word line WL is surely maintained at the

ground voltage level.

In the case of the repeating circuit shown in Fig. 31, one row decode

circuit is provided for two word lines WL. One of the two word lines is

selected by signals SDX and {SEX If address signal bit Xni applied to

word line decode signal generation circuit 40 is replaced by two~bit address,

one row decode circuit is provided for four word lines.

Thus, in the case of the configuration of the repeating circuit shown

in Fig. 31, in the normal mode, word line driving signal (bWL is driven into
an active state at a fast timing,- and word line WL is driven into an active

state at a fast timing accordingly. Meanwhile, in the self refresh mode,

the activation of word line driving signal ¢WL is delayed behind the

activation of power supply block selecting signal (tBi. Power supply block

selecting signal oBi is driven into an active state at a relatively delayed

timing (in order to fully decode a power supply block address signal) in the

self refresh mode. _ After the voltage level of the ground node of NAND—

type decode circuit 4 1 Surely reaches the ground voltage level, signals SDX

and {SDX from word line decode signal generation circuit 40 are driven into
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a specified state. Thus, in the self refresh mode, a decoding operation can

be sorely performed to transmit high voltage Vpp or ground voltage Vss
onto selected word line WL.

In the configuration shown in Fig. 31, as a so~called hierarchical

power supply arrangement, a sub-ground line is connected to NAND~type

decode circuit 41. If word line decode signal generation circuit 40 is

provided for each of memory blocks, a power supply switch circuit may be

provided for each memory block for a signal line supplying high voltage

Vpp, and high voltage Vpp may be supplied in the above described manner.

In word line decode signal generation circuit 40, a leakage current from

high voltage Vpp can be prevented from flowing by a sub~threshold leakage

current and current can be prevented from being consumed. In this

configuration, the power supply nodes (sources) of MOS transistors 43 and

46 need only be coupled to a suh~high voltage supply line common to word

line decode signal generation circuit 40.

According to the configuration ofrnodification 2 as described above,

in addition to the previously described effects, a word line can be driven
after the veltage at the operation voltage supply node is stabilized, so that a

decoding operation can be surely performed and an addressed word line can

be surely driven into a selected state. Note that if high voltage Vpp is

provided in a hierarchical power supply arrangement, a word line can be

driven after high voltage Vpp is stabilized.

Hierarchical Power Supply Arrangement 2

Figs. 32A and 82B are diagrams showing the selected state of the

power supply circuit in hierarchical'power supply arrangement 2 according

to the sixth embodiment of the invention. As shown in Fig. 82A, a word

line WL is driven into a selected state in a single memory block in a normal

mode. ln this case, a power supply switch circuit provided for a global

block including a selected memory block is driven into a selected state. 111

Fig. 32A, word line WL is selected in memory block MABZ, and power

supply switch circuits SW2 to SW4 for global array bloc}: GABO including

memory block MABZ are driven into a selected. This is the same as the

operation of the previously described power supply arrangement 1 in the
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normal mode.

As shown in Fig. 823, in a refresh mode, one memory block is

selected in each of global array blocks GABO and GAB} for refreshing: In

this case, power supply switch circuits SW2 and SW6 provided for memory
blocks MAB2-and WE are driven into a selected state. Address bits are

allocated similarly to the allocation of the address bits shown in Fig. 22.

In this case, in a self-refresh mode, an address hit QAE to specify a giobal

block is degenerated (ignored). Therefore, a power supply block selecting

signal .is generated according to address bits QAZ and QAB.

Fig. 33 is a schematic diagram showing a structure of a power supply
block decode circuit. Since the power supply block decode circuit shown in

Fig. 33 has the same configuration as shown in Fig. 26, except for that an

AN D circuit 6f to decode refresh address bits receives a prescribed set

among refresh address bits QAZ, QAB, IQAZ and IQAS, the corresponding

portions are denoted with the same reference characters and the detailed -

description is not provided.

In power supply block decode circuit 6 shown in Fig. 33, refresh

address bits QAZ and {QAI are not used. Therefore, one memory block is

selected in each of global blocks GABO and GABl.

Fig. 34 is a diagram showing a structure of the portion to generate a

control signal (power supply block selecting signal) (M32 to power supply

switch circuit SW2 provided for memory bloc}: MABZ. In Fig. 34, in the

power supply block decode circuit, refresh address bits {QAZ and QAB are

applied to AND circuit 6f. Memory block MABZ is selected when refresh

address hits (QAZ and QAB) are (0, 1). Therefore, when memory block I

MABZ is addressed, the output signal of AND circuit 6f attains an H ievel,

and power supply block seiecting signal $132 is driven into an H level,

active state. In the power supply block decode circuit, address bit QAi is

not used, therefore memory block MABS is also selected in glob a} block

GABI, and corresponding power supply switch SW6 is driven into a

selected state.

in this hierarchical power supply arrangement 2, as shown in Fig. 35,

word line driving signal ¢WL is applied to a row~related selecting circuit 50
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included in a row~related peripheral circuit 3. A prescribed voltage Vr is

applied to row-related selecting cimuit through a power supply switch _

circuit SW. Row-related selecting circuit 50 drives any of word lines WLO

to WLm into a selected state in response to an address signal Ad when

selected. Power supply switch circuit SW is driven into a selected state in

response to a power supply block selecting signal oBi. Row~related

selecting circuit 50 includes a word line decode signal generating circuit 40

shown in Fig. 31.‘ Word line driving signal cbWL is generated by a control

circuit shown in Fig. 29. Therefore, word line driving signal oWL applied

to row-related selecting circuit 50 has its activation timing in a self—refresh

mode delayed behind the activation timing in a normal operation mode.

Thus, power supply switch circuit SW is driven into a selected state, and

after stable voltage Vi is supplied to row~related selecting circuit 50, row~

related selecting circuit 50 performs a word line selecting operation. ' Thus,

the selected word line can be stabiy driven into a selected state.

According to this hierarchical power supply arrangement 2, if a

larger number of word lines than those in the normal mode are driven into

a selected state in the refresh mode, a power supply switch circuit in a

global block is driven into a selected state in the normal mode, while in the

self—refresh mode, only the power supply switch circuit for a selected
memory block is driven into a selected state, so that the power consumption

in the refresh mode can be reduced without increasing the accessing time.

The word line driving timing can be delayed in the self—refresh mode to

accurately perform a word line selecting operation.

, There are eight memory blocks in this hierarchical power supply

arrangement 2, but the number of memory blocks may be as desired, and

the number of global blocks is also arbitrary. In the self-refresh mode, two

word lines are selected, but the number of rows refreshed simultaneously is

also arbitrary, and the number of refresh address bits has only to be

adjusted depending upon the number of rows to be simultaneously

refreshed.

Hierarchical Power Supply Arrangement 3

Fig. 36 is a Schematic diagram showing the configuration of
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hierarchical power supply arrangement 3 according to the sixth

embodiment of the present invention. In Fig. 38, the configuration of the

portion to control this hierarchical power supply circuit is shown.

In Fig. 36, a power Supply block selecting signal generating portion

includes 'a power supply block decoder 6 which decodes a refresh address

output from refresh address counter 25 and latches the result of decoding

in advance by one cycle, and outputs the latched result in the present

refresh cycle. Refresh address counter 25 counts in response to a count up

instruction signal CUP activated in a refresh cycie, and holds the count

value. The count value output from refresh address counter 25 is applied

to register 65. Register 85 responds to an instruction signal oCU?

activated at the end of the refresh cycle to take and output the output count

value of refresh address counter 25. An address signal output from

register 65 is applied to a multiplexer (MUX) 26 as a refresh address signal

QA.

Power supply block decoder 6 includes a power supply block decode

circuit 8i) which decodes the Output count of refresh address counter 25, a

latch 61 which responds to an activation of count up instruction signal CUP

to latch the output signal ofpower supply block decode circuit 60, a latch 62

which responds to refresh cycle activation signal QACT to take and output

the data latched by latch 61, and a selector 63 which selects one of the

output signal of latch 62 and address bit RAl from multiplexer 26

according to self refresh mode instruction signal SR to output power supply

block selecting signals $131 to $338. Herein, the memory array is divided

into eight memory blocks MABE to MABS, and a globe} biock or four

memory array blocks are selected according to this row address hit RAi.

The operations of the controlsignalgeneration portion shown in Fig. 36

will be now described with reference to the signal waveform diagram in Fig.
37.

In a self~refresh mode, when refresh cycle activation signal QACT is

in an inactive state, latch 61 latches power Supply block selecting signal

eBi(N~I) generated by power supply block decode circuit 60 in the previous I

cycle (N~ 1). Latch 62 also latches power supply block signal oBflN» 1).
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Selector 63 selects the output signal of latch 62 in response to serif—refresh

mode instruction signal SR. ' -

When refresh cycle activation signal QACT is activated, latch 62

outputs the latched data, and power supply block selecting signals eBi is

driven into a seieotedfnonseiected state based on the result of decoding in

the previous memory cycle (N— 1). In this cycle (N), register 65 generates a

refresh address taken in the previous cycle. Therefore, in this cycle (N),

the selecting control of the power supply switch circuit and refresh

operation are performed based on power supply block seiecting signal

oBKN— 1) and refresh address QA (N—i) decoded in the previous cycle. In

the previous cycle, the decoding operation of generating the power supply

block selecting signal is completed, and when refresh cycle activation signal
QACT is activated, power supply block selecting signal tBfiN— l) is

immediately made definite. As a result, in the refresh cycle, the word line

selecting timing does not have to be delayed, and the refresh operation may

be performed at fast timing. The word line selecting timing does not have

to be changed between the normal mode and refresh mode, and the control

in selecting word lines is easily made. . I
In response to an activation of this refresh cycle activation signal

QACT, count up instruction signal CUP is activated at a prescribed timing. ‘

In response to the activation of count up instruction signal CUP, refresh

address counter 25 performs a Count up operation, and the count value is

incremented or decrement by 1.. Power supply block decode circuit 60

decodes a refresh address from refresh address counter 25, and generates a

power supply selecting signal based on the result of decoding. Latch 61

takes the output signal of power supply block decode circuit 60 in response

to count up instruction signal CUP and enters a iatching state in response

to an inactivation of count up instruction signal CUP. During this period,

a refresh operation is performed according to refresh address QA (N ~1)

generated in the previous cycle.

When refresh cycle activation signal QACT is inactivated, latch 62

takes a latched signal from latch Gland drives the output signal into an

inactive state. Thus, power supply block selecting signals {EB}. to (11138 are
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all driven into an inactive state. In response to the activation of refresh

cycle activation signal QACT, count up instruction signal oCUP is activated,

and register 65 takes the count value output from refresh address counter

25. Thus, refresh address QA changes by 1.

When refresh cycle activation QACT is then activated again, latch 62

outputs the latched power supply block selecting signal, and power supply

block Selecting signals $81 to 4388 are driven into a selected/non—selected

state according to power supply block selecting signal eBi(N) obtained in

the previous cycle (N). In this cycle (N+1), register 65 outputs the refresh

address taken at the end of the previous cycle, and applies the address to

the row-related circuits. According to refresh address QMN) and power

supply block selecting signal eBKN) generated in the previous cycle, a

refresh operation is executed. I

In the activation period of this refresh cycle activation signal QAC’I‘,
count up instruction signal GUI? is activated, refresh address counter 25

performs a counting operation, and the count value is updated. Power

supply block decode circuit 68 performs a decoding operation again to

generate power supply block selecting signal oBi(N+ i), and latch 81 latches

power supply block selecting signal dBi{N+1} from power supply block

deco de circuit 60.

When refresh cycle activation Signal QACT is inactivated, latch 62

once again takes the output signal of latch 61, and has the content thereof

updated to power supply block selecting signal eBi(N+ 1). In response to

the inactivation of refresh cycle activation signal QACT, latch 62 again

drives output signal eBi(N} into a non-Selected state. In response to the

inactivation of refresh cycle activation signal QACT, count up instruction

signal (32013? is activated, and register 65 takes the output count value of

refresh address counter 25 and updates the refresh address. Each time

refresh cycle activation QACT is activated at prescribed time intervals, the

above-described operation is repeated.

In a refresh operation, a refresh address is generated according to

the counting operation of refresh address counter 25. Therefore, in each

refresh cycle, the next refresh address can be known, and therefore a power
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supply block selecting signal may be generated in advance by decoding the

refresh address in the previous cycle. Thus, at the start of a refresh cycle,

a decoding operation of selecting a power supply block is not necessary, and

therefore a word line corresponding to a refresh row can be driven into a

selected state at a faster timing. I

Fig. 38 is a diagram showing an example of power supply block

decoder 6. In Fig. 38, power supply block decode circuit 60 includes an

NAND-type decode circuit 60a which receives prescribed refresh address

bits QAi, and fQAi; The combination of refresh address hits QAi, and lQAi

applied to NAND—type decode circuit 68a is determined by the address of a

memory block corresponding to the power supply switch circuit controlled

by power supply block selecting signal eBi.

Latch 61 includes a transfer gate 6121 which conducts to pass the
output signal of NAND-type decode circuit 603 when count up instructiOn

signal CUP is activated (at an H level}, and inverters 6 2b and 6 is which

form a latch circuit to latch a signal applied through transfer gate 61a.

lnvertersfilh and 61c are diaposed in an anti—parallel arrangement and

have their inputs and outputs cross-coupled to form a so-called inverter

latch.

Latch 62 includes a transfer gate 62a which conducts to pass the

output signal of latch 61 when complimentary refresh cycle activation

signal IQACT is activated, inverters 62b and 62c which form a latch circuit

to latch a signal applied through transfer gate 623, and AND circuit 62d

which is activated in response to an activation of refresh cycle activation

signal QAC’I‘ to generate power supply block selecting signal eBi.

inverters 62b and 62c form a sewcalled inverter latch.

In the configuration shown in Fig. 38, power supply block decode

circuit 60 decodes refresh address bits QAi and fQAi from the refresh

address counter and outputs a signal representing the result of decoding.

In latch 61, transfer gate 61a conducts when count up instruction signal

CUP is activated and passes a power supply block selecting signal newly

generated by the activation of count up instruction signal CUP, and

inverters 61b and file latch this newly generated power supply block signal. '
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During the refresh cycle period, complimentary refresh cycle activation

signal iQACT is in an inactive state, and the content latched by iatch 62

does not change regardless of change in the output signal oflatch 61. I

During the refresh cycle period, AND circuit 62d operates as a buffer

to output the power supplylblock selecting signal latched by inverters 62b

and 62c. When the refresh cycle completes and refresh cycle activation

signal QACT attains an L level, inactive state, AND circuit 62d is disabled,

and power supply block selecting oBi attains an L level, inactive state.

Thus, the power supply switch circuits all attain a non-selected state,

which reduces the power consumption. Meanwhile, when complimentary

refresh cycle activation signal IQACT attains an H level, active state,

transfer gate 62a conducts to take the signal latched by latch 61 and

latches a new power supply block selecting signal.

Without adversely affecting the refresh cycle operation in the present

cycle, a power suppiy block selecting signal is generated and latched by

(kmmngamfimhamhmskrmemmtwde

Fig: 89 is a diagram showing an example of a Lbit register circuit in

register 65 shown in Fig. 36. in Fig. 39, register 60 includes a transfer

gate 65a which conducts to pass a count bit from the refresh address

counter when count up instruction signal dJCUP is activated, inverters 65h

and 65c which form a latch circuit to latch 21 signal applied through '

transfer gate 653, an inverter 65d which inverts the output signal of

inverter 65b, and an ANEI} circuit 65e which is enabied to generate refresh

address bit QAi according to the output signal of inverter 65d when refresh

cycle activation signal QACT is activated.

in the configuration of register 65 shown in Fig. 39, the refresh

address bit latched by inverters 85b and 65c is updated when count up

instruction signal sCUP is activated. When refresh cycle activation signal

QACT is activated, refresh address iiit QAi to be used in the present cycle is

generated.

When multiplexer 26 is provided in the stage preceding the row

address bufferflatch, this AND circuit 85c is not necessary. The row

address buffer [latch functions to maintain the internal row address signal
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bits in an active state in a stand—by cycle.

Fig. 40 is a schematic diagram representing how count up instruction

signals CUP and oCUP are generated. 'In Fig. 49, the count up instruction -

signal generation portion includes a delay circuit 67' which delays refresh

cycle activation signal QACT by a prescribed time period, a one—shot pulse

generation circuit 68 which generates a one—shot pulse signal in response to

a rising of the output signal of delay circuit 67, an inverter circuit 69 which

inverts refresh cycle activation signal QACT, and a one~shot pulse

generation circuit 70 which generates a one~shot pulse signal in response to

a rising of the output signal of inverter circuit 69. Count up instruction

signal CUP is output frorn one~shot pulse generation circuit 68, and count

up instruction signal dict}? is output from onelshot pulse generation circuit

70. By setting the delay time by delay circuit 6'? to an appropriate value, a

count up operation can be performed by the refresh address counter within

the refresh cycle period at an appropriate timing. The activation periods

of count up instruction signals CUP and @011? may be determined suitably

depending upon the latching ability-of each circuit.

Note that this count up instruction signal generation circuit has only

to be included in refresh instruction control circuit 23 in Fig. 25.

in hierarchical power supply cenfiguration 3, power supply block

selecting signal {11131 is set to an H level when selected. However, the

hgmlmm}fiflmpmwrnmmmeksdmflngegmmoBfinfimsflmmd
state may be appropriately determined depending upon the voltage level of

the voltage supply lines applied. For example, if the power supply switch

circuit is provided between a main ground line and a sub ground line,

power supply hlock selecting signal diBi attains an H level when selected,

while if the power supply switch circuit is provided between a main power

supply line and 'a sub powersupply line, power supply block selecting

signal eBi attains an L level when selected. _

Note that in the configuration shown in Fig. 36, in a normal mode,

selector 63 selects row address signal hit KAI from multiplexer 26 in

response to self—refresh mode instruction signal SR. Therefore, a global

block is selected according-to this row address signal bit 3A1.
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As described above, according to hierarchical power supply

arrangement 3, in the Selfirefresh mode, a power supply block selecting

signal to be used in the next cycle is generated by incrementing and

decoding the count value of tbe refresh address counter in the present cycle

followed by latching the result of decoding. Therefore, the decoding

operation of the power supply block selecting signal has been completed at

the start of thenext cycle, and the state of power supply block selecting

signal oBi can be set at a high speed in the next cycle, so that a word line

can be driven into a selected state at a faster timing in a refresh cycle. As

a reSuit , the activation timing for a Word line does not have to be changed

between the refresh mode and the normal mode, and therefore the

configuration of the word line driving portion can be simplified.

Seventh Embodiment

Elierarchicai Power Supply Arrangement 1

Fig. 41 is a schematic diagram showing the configuration of an array

portion in a semiconductor memory device according to a seventh

embodiment of the present invention In Fig. 41, a memory mat is divided

into eight memory blocks MAB} to MALES. Memory blocks MAB2 to MABS

include normal memory blocks NMABZ to NMABS including normal

memory cells, respectively. Memory block MARI includes a normal

memory block NMABI and a spare block SPB including a spare element to

repair a defective cell. Memory bloc}: MABl Corresp ends to a block RBX#

formed by a normal memory sub array and a 513 are array shown in Fig. 11.

Switch circuits SW1 to SW8 are provided corresponding to memory

blocks MABl to MABB. Switch circuits SW1 to SW8 are driven into a

selected state according to power supply block selecting signals e8 1 to $88

similarly to the forgoing sixth embodiment. Spare block SPB for memory

bloc}; MABI is shared among normal memory blocks NMABZ to NMABB,

and can repair a defective cell (defective row) in any of the normal memory

blocks by replacing the defective cell. Block address bits RM to RAB and

QAl to QA3 for memory blocks MABl to MARS are allocated similarly to

the sixth embodiment. _ I

Referring to Fig. 42, the operation in a normal mode will be new
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' selected state. Therefore, when a Word-line is driven into a selected state

described. In the normal mode, regardless of an applied address signal

(row address signal), power supply switch circuit SWI provided for memory 5
block W 1 including spare block SPB is driven into a selected state.

Before spare determination, the power supply switch circuit corresponding

to a memory bloc}: including an addressed word line WL is driven into a

selected state. in Fig. 42, memory block MABZ includes an addressed

word line WL. In the other memory blocks, the power supply switch

circuits are maintained in anon-selected state. A spare determination as

to whether a defective memory cell is addressed is performed by comparing

addresses, and according to the result of determination, an addressed word

line or spare word line is driven into a selected state.

 
Before the spare determination, a power supply switch circuit for a

memory block including a memory cell to be selected (memory block

including an addressed word line or spare word line) is driven into a

in the memory block including the memory cell to be selected, a prescribed

 
voltage is stably supplied, and therefore the memory cell to be selected can

be accurately driven into a selected state. The Operation will be now more

detailed with reference to the signal waveform diagram in Fig. 43.

When an active cycle is started, array activation signal RAG? is

driven into an H level, active state. According to the activation of array

activation signal RACT, row address signal RA is made definite, and the

addressed memory block is determined. According to the activation of

array activation signal RACT, regardless of the applied row address signal

RA, power supply block selecting signal all 1 to memory block MARI

including a spare block is driven into an active state. According to address

signal RA, one of memory blocks MABZ to MARS is selected, and

corresponding one of power supply block selecting signals 4382 to @3138 is

driven into a selected state. According to address signal RA, a spare

determination as to whether a defective row is addressed is made. If the

result of op are determination indicates that a defective row is addressed

(5;) are hit), a spare word line SWL included in spare block SP3 is driven .

into a selected state. Meanwhile, when it is determined that a normal
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memory cell in a normal state is addressed (spare miss), a normal word line

NWL is driven into a selected state.

When word line NWL or SWL is driven into a selected state, a

corresponding power supply switch circuit has been selected to supply a

prescribed voltage. Therefore, word line NWL or SWL can be acourately
driven into a selected state.

When a memory blockis selected based on the spare determination,

after a spare hit/miss determination is made, the power supply cireuit to a

corresponding memory block is driven into a selected state (shewn in

broken line in Fig. 43). Thereafter, word line NWL or SWL must be driven

into a selected state, and therefore the timing of activating the word line

should be delayed, which increases the accessing time. However, by

driving the power supply switch circuits to memory bloc}: MABl and the

memory block including the addressed normal word line into a selected .

state before determining whether this defective normal word line has been

addressed, a prescribed voltage can be supplied from a corresponding power

supply switch circuit within the spare determination time period, so that a

high speed operation is implemented. (The word line selecting timing does
not have to be delayed.) '

Referring to Figs. 4-4 and 45, the operation in the self-refresh mode

will be now deserihed. In the selferefresh mode, as shown in Fig. 4-4, a

power Supply switch circuit is selected according to the result of spare

determination. Let us now assume that normal word line NWL in memory

block MAB2 is addressed by refresh address signal QA. A spare

determination as to whether or not normal word line NWL is defective is
made by comparing the addresses. At this time, a decoding operation is

also executed in parallel for selecting a power supply switch circuit, but the

power supply bloc}: selecting signals are all maintained in a non~selected

state. If a spare hit is determined, spare word line SWL must be driven

into a selected state in place of normal word line NWL. In this case, power

supply switch circuit SW1 is driven into a selected state based on the Spare

hit determination result. The other power supply switch circuits SW2 to

‘ SW8 are maintained in a non-Selected state. Based on the spare hit
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determination result, spare word line SWL is driven into a seiected state,

and normal word line NWL is maintained in a non«selected state.

Meanwhile, if the spare determination result indicates a spare miss,

power supply switch circuit SW2 is driven into a selected state, and normal

word line NWL is driven into a selected state. _ I
In the refresh mode, a data accessing is not requested, and therefore

there wiil be no problem even if the power supply switch circuit is driven

into a selected state after the spare determination. By driving only a

power supply switch circuit corresponding to a memory block including a

memory cell to be selected, the power consumption in the refresh mode can

be reduced.

Fig. 46A is a diagram showing an example of a power supply block

decode circuit which generates power Supply block selecting signal e8 1. In

Fig. 46A, the power supply block decode circuit includes an NAND circuit

71 which receives refresh address bits IQAL QAZ, and QAB, and an NAND

circuit 72 which receives a complimentary array activation signal JRACT, a

complimentary spare hit signal {HIT and the output signal of NAND circuit

71 and outputs power supply block selecting signal (1)131. Array activation '

signal IRACT is setto an L level at the start 'of an active cycle in the normal

mode. Spare hit signal fHITis set to an L level when a defective cell is
addressed. NAND circuit 71 outputs an L level signal when memory block

MABI is addressed. The operation of the power supply block decode

circuit shown in Fig. 46 will be now described with reference to the signal

waveform diagram in Fig. 46155.

In the normal mode, when an active cycle is started, complimentary

array activation signal {TRACT is driven into an L level. Therefore,

regardiess of the states of spare hit signal IHIT and the output signal of

NAND circait 71, power supply block selecting signal $81 is driven into an

active state. More specificaliy, when an active cycle is started in the

normal mode, power supply bloc}: selecting signal (M31 is driven into a

selected state.

In the refresh mode, array activation signal [RACT is fixed at an H

level. In the refresh cycle, refresh cycle activation signal QACT is driven
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into an H level, active state, and refresh address signal QA is defined

accordingly. When a spare determination is made and a spare hit is

determined, spare hit signal [HIT attains an L level, and power supply

block selecting signal 43131 is driven into an H level, selected state. Then, a

spare word line in a Spare block is driven into a selected state.

Meanwhile, when spare hit signal {HIT is at an H level and spare

replacement is not necessary, power Supply block selecting signal chl is

driven into a selected/non~selected state according to the output signal of

NAND circuit 71. When memory block MAB} is addressed, the output

signal of NAND circuit 71 attains an L level, and power supply block

selecting signal (33131 is driven into a selected state (H level) accordingly.

Meanwhile, if any of the other memory block's MAB2 to MARS is addressed,

the output signal of NAND circuit ’71 is at an Hievel, and power supply

block selecting signal oBi maintains its L level.

Note that in the configuration of the power supply block decode

circuit shown in Fig. 46A, even ifthe output signal of NAND circuit ’?1 is

pulled to an L level and corresponding memory block MAB 1 is addressed

when spare hit signal {HIT is at an L level particular problem is not caused.

This is because upon spare hit, memory block M81 is selected. In order to

drive power supply block selecting Signal {3231 into a selectedfnomselected

state after the state of spare hit signal IHET is defined, spare hit signal HET

is further applied to NAND circait 71. After spare hit/miss determination

result is defined, the output signal of NAND circuit 71 is defined to drive

power supply block selecting signal oBl into a selected state accordingly.

Fig. 47A is a diagram showing a power supply block decode circuit

for power supply block selecting signal 61B} {322 to 8 ). In Fig, 47A, the

power supply block decode circuit includes an inverter circuit ”i3 which

inverts sel‘fu'efresh mode instruction signal 183, an NANI) circuit 74 which
receives a prescribed combination of refresh address bits QAl to QAS and

IQAI tonA3, Van NAND circuit 75 which receives self-refresh mode

instruction signal ISR and a prescribed combination of row address bits

BA: to ERAS and fRAl to m3, an NAND circuit 76 which receives the

output signal of inverter 73, the-output signal of NAND circuit 74 and
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spare hit signal fillT, and an NAND circuit 77 which receives the output

signals of NAND circuits 75 and 76 to generate power supply block

selecting signal rtBjGHE to 8). Refresh cycle activation signal {QACT may

be used in place of self-refresh mode instruction signal ISR. The operation

5 of power supply block decode circuit shown in Fig. 4?A will be now '

described with reference to the signal waveform diagram shown in Fig. 473.

In the normal mode, when array activation signal RACT is activated.

row address signal RA is defined. After row address signal RA is defined,

the output signal of NAND circuit 75 attains an H or L level in response to

10 row address bits 1ftAl to RAB and IRAl to lRAB, because self-refresh mode

instruction signal {SR is at an H level in the normal mode. The Output -

 
signal of NAND circuit 76 is at an H level in the normal mode, and

therefore power supply block selecting signal am is driven into a

selectedfnomselected state based on the output signal of NAND circuit 75.

15 Meanwhile, in the self-refresh mode, self-refresh mode instruction

signal ISR attains an L level, and the output signal of NAND circuit 7’5 is

set to anH level. Self-refresh mode instruction signal is at an H level. In

 
the self-refresh mode, when refresh cycle activation signal QACT is driven

into an H level of active state, refresh address signal QA is defined. A

20 spare determination is made according to this refresh address signal QA,
 

and spare hit signal J'HI’Z‘ is driven into an H or L level. At the time of a

spare hit, spare hit signal fill? attains an L level, the output signal of

NAND circuit 76 attains an H level, and newer supply block selecting

signal o8; maintains its L level. Meanwhile, ifthe result of spare

25 determination indicates a spare miss, spare hit signal {HIT maintains its H

level. Therefore, power supply block selecting signal 13:13} is driven into a

selected/non«selected state according to the output signal of NAND circuit
74. '

In the configuration shown in Fig. 47A, in order to prevent power

30 supply block selecting signal em from being driven into a selected state

according to the output signal of NAND circuit 74 before the spare

determination result is decided, spare hit signal HIT may he provided as an

input to NAN?) circuit 74.
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Modification 1

Fig; 48 is a diagram showing a modification of hierarchical power

supply arrangement 1. in the arrangement shown in Fig. 48, word line

driving timing control circuit 78 changes the activation timing of word line

driving signal eWL according to self~refresh mode instruction signal SR.

Word line driving timing control circuit 78 generates word line driving

signal ctWL in the normal mode according to word line activation signal

oRX. Meanwhile, in the self refresh mode, this word line driving signal

oWL is generated by delaying word line activation signal QJRX. The

configuration of word line driving timing control circuit 78 is the same as

the configuration shown in Fig. 29. Even if the activation timing of power

supply block selecting signal eBi is delayed, the word line selecting timing

can be delayed accordingly using word line driving timing control cii'Cuit 78

and therefore a word line can be accurately selected. Word line driving

signal oWL determines the activation timings of both a spare word line and

a normal word line.

Modification 2

Fig. 49 is a diagram showing a second modification of hierarchical

power supply arrangement 1 according to the seventh. embodiment. Fig.

49 shows the configuration of a power supply block selecting signal

generating portion. In Fig. 49, the pOWer supply block selecting signal

generating portion includes a multiplexer 80 which responds to self-refresh
mode instruction signal SR to select one of a self-refresh address from

refresh address counter 25 and internal row address signal RA from

multiplexer 26, an OR circuit 81 Which receives array activation signal

RACT and count up instructionsign‘al CUP, a spare determining circuit 82

which responds to an actiyation of the output signal of OR circuit 81 to

make a spare determination for an address signal applied from multiplexer

80, a power supply block decode circuit 83 which decodes a power supply

block address signal according to an address signal and self-refresh mode

instruction signal SR from multiplexer 80 and a spare hit signal HIT from

spare hit determining circuit 82, a latch 84 which latches a power supply

block selecting signal output from power supply decode circuit 83 according
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to count up instruction signal CUP, a latch 85 which respcnols to refresh

cycle activation signal QACT to take a latch signal from latch 84, and a

multiplexer (MUX) 86 which selects one of the output signals of latch 85

and power supply block decode circuit 83.

rl‘he power supply block decode circuit 83 is the same in configuration

as those in Figs. 46A and 47A, and generates power supply block selecting

signal eBi according to self—refresh mode instruction signal SR, spare hit

I signal HI”? and row address signal BA or QA. Latch 84 or 85 has the same

configuration as that in Fig. 38, latch 84 takes and latches the output

signal of power supply block decode circuit 83 when count up instruction

signal CUP is active, and latch 85 takes and latches the output signal of

latch 84 when refresh cycle activation signal QACT is inactive and then

outputs the latched signal.

‘ Multiplexer 86 selects the output signal of latch 85 for output in the

self—refresh mode, and selects the output signal of power supply decode

circuit 83 in the normal mode. Power supply block selecting signal ¢Bi

from multiplexer 86 is applied to the power supply switch circuit.

The power supply block selecting signal generating circuit further

includes a latch 87 which latches spare hit signal HIT output by spare hit

determining circuit 82 according to count up instruction signal CUP, a

latch 88 which takes and transfers the output signal of latch 8'? according

"cc refresh cycle activation signal QACT, and a multiplexer (MUX) 89 which

selects one of spare hit signal HIT output: from spare determining circuit 82

and a signal output from latch 88. Latches 87 and 88 have the same

configuration as latches 84 and 85.

Multiplexer 26 selects refresh address signal QA from register 65 in

the self—refresh mode, and selects externally applied rcw address signal RA

in the normal mode. Refresh address counter 25 and register 65 have the

same ccn‘figuration as that in Fig. 36. _

In the ccnfiguration shown in Fig. 49, spare determining Operation

and power Supply block decoding operation to be performed in a next cycle

are performed in a refresh cycle preceding by one cycle. The results of

determining and decoding are output in the next refresh cycle. Therefore,
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the decoding operation has been completed in the previous cycle, power

supply block selecting signal oBi and spare hit signal HIT can be driven

into a selected/nonselected state at 'a high speed in the next refresh cycle.

Thus, the configuration of the word line driving control portion can be

amplified because of no need to delay the word line selecting timing in the

refresh cycle.

in the normal mode. multipliers-r 80 selects internal address signal

Ad from multiplexer 26 for application to power supply block decode circuit

83 in spare determining circuit 82. Spare hit signal HIT output from

spare determining circuit 82 is selected by multiplexer 89 for output, and a

power supply block selecting signal output from power supply block decode

circuit 83 is selected by multiplexer 86 for output. Latches 84, 85, 8’? and

88 are bypassed in this normal mode. If an array activation signal is

activated, spare determining circuit 82 performs a determining operation

and spare hit signal HIT is generated according to the result of

determination. In the normal mode, power supply block decode circuit 88

_ decodes an address signal from multiplexer-80 regardless of this spare hit

signal HIT, and drives a power supply block selecting signal to memory

hlock MARI including a spare block and a addressed memory block into a

selected state.
By using the configuration shown-in Fig. 49, the power consumption

in the self-refresh mode can he reduced without increasing the accessing

time in the normal mode.

As described above, by the hierarchical power supply arrangement

according to the seventh embodiment of the present invention, in the

normal mode, a memory block including a spare block and an addressed

memory block are driven into a selected state regardless of the so are

determination result, while in the refresh mode, the power supply switch

circuit to an addressed memory block is driven into a selected state, so that

in the normal mode, a voltage from the power supply switch circuit can be

stably supplied before the spare determination result is defined to enable

high—speed accessing, while in the refresh mode, a prescribed voltage is
supplied only to minimum necessary memory blocks, resulting in reduced
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power consumption.

Hierarchical Power Supply Arrangement 2

Figs. 50A and 50B illustrate the operation of a hierarchical power

supply arrangement 2 according to the seventh embodiment of the present

invention. In Fig. 50A, in the normal mode, power supply switch circuits

for both memory block MABl including spare block SPB and an addressed

memory block are driven into a selected state in response to an activation of

an array activation signal. In Fig. 50A, memory block MABZ is addressed.

When array activation signal RACT is activated and an active cycle is

started, memory block MAB} including a spare block and addressed

memory block MABQ. are driven into a selected state, so that a prescribed

voltage can be supplied at a high speed with no wait for the result of spare
determination.

As shown in Fig.5013, when a spare determination result is defined,

according to the defined result, only the power supply switch circuit for the

memory block including a memory cell to be selected is driven into a

selected state. In Fig. 503, normal word line NWL in memory hlock MABQ

is driven into a selected state, and power supply switch circuit SW2 is held

in a selected state, while power supply switch circuit SW1 for memory block

W]. is driven into a non-selected state. After the determination result,

normal word line NWL is driven into a selected state. Therefore, when the

selected normal word line is driven, a voltage is supplied stably from power

supply switch circuit SW2 and the selected normal word line can be driven

into a selected state accurately and at a high speed. In addition, since

memory block MAB 1 is held in a non-selected state, power suppiy switch

circuit SW1 can be driven into a non-selected state, which can reduce the

current consumption. ‘ '

In the refresh mode, as shown in Fig. 44, only the power supply

switch circuit for a memory block including a memory cell to be selected is

driven into a selected state and the other power supply switch circuits are

held in a non-selected'state. Thus, the current consumption in the refresh

cycle can be reduced.

Fig. 51A is a diagram showing a power supply block decode circuit
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for power supply block selecting signal (3:31. In Fig. 51A, the power supply
block decode circuit includes a one-shot pulse generating circuit 90 which

generates an L level, one~shot pulse signal in response to a falling of array

activation signal fRACT, an NAN!) circuit Bi which receives row address

bits IRAI, RA2 and RAB, an NAND circuit 92 which receives refresh

address bits lQAl, QAZ and QA3, and an NAND circuit 93 which receives

the output signal of one~shot pulse generating circuit 90, the output signals

of NAND circuits 91 and 92 and spare hit signal {HIT to output power

supply block selecting signal e31. Address bits {HAL RAZ, RA3, iQAl,

QA2 and QA3 are at an L level in a stand-by state. The operation of the

power supply block decode circuit shown in Fig. 51A will be described in

conjunction with the signal waveform diagram in Fig. 518.

When an active cycle is started, array activation signal fRACT falls

to an L level. In response to the falling of array activation signal KRACT,

one«shot pulse generating circuit 90 generates a one~shot pulse which is at

an L level for a prescribed period? Power supply blchk selecting signal ($7131

output from NAND circuit 93 rises to an H level accordingly Meanwhile,

NAND circuit 91 decodes applied address bits fRAl, 3A2 and 3A3. When

memory block MARI is addressed, the output signal of NAND circuit 91

once again attains an L level, power supply block selecting signal 11:81

output from NAND circuit 93 is driven into an H level. In this state,

regardless of whether a spare word line is used or not, power supply block

selecting signal (1:81 is at an H level during this active cycle period.

Meanwhile, if a memory block different from memory block MAB} is

addressed, the output signal of NAND circuit 91 attains an H level. In

this state, spare hit signal HIT is driven into an H or L level according to

the result of spare' determination before the output signal of one-shot pulse

generating circuit 90 rises to an H level. if a normal word line is used,

spare hit signal /HlT is maintained at an H level, Therefore, in this state,

in response to a rising of the output signal of one»shot pulse generating

circuit 90, power supply block selecting signal (i381 falls to an L level. In

this addressed memory block, a row is selected.

If the output signal of NAND circuit 9}, is at an H level, and any of
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the other memory blocks is addressed, power supply bloc}; selecting signal

(3)81 maintains its H level in response to a falling of spare hit signal [HIT to

an L level. The pulse width of a pulse signal output from one-shot pulse

generating circuit 90 is set to the time width required for spare hit signal

5 {HIT being defined, so that power supply block selecting signal (13B 1 can be

driven into a selected/non-selected state based on the useinonuse of

 
corresponding memory block MARI.

Fig. 52 is a diagram showing a power supply block decode circuit for

power supply block selecting signal (isBj (3:2 to 8). The power supply block

10 decode circuit shown in Fig. 52 is different from the power supply block

decode circuit shown in Fig. 47A in the following point. More specifically,

an OR circuit 94 to receive the output signal of NAND circuit 7 5 and spare.

hit signal HIT is provided between NAND circuits 75 and 7'7. The other

configuration is the same as that in Fig. 47A and corresponding portions

15 are denoted by the same reference numerals and the description is not

provided; I

In the canfiguration of the power supply block decode circuit, shown

in Fig. 52, when an active cycle is started according to address bits RAl to

RAS and IRA} to IRAS, power supply bloc}: selecting signal ¢Bi is driven

20 into a selected/non~selected state. When spare hit signal HZT is at an L

 
level, power supply block selecting signal $131 is maintained in a state

according to address bits RA} to RA3 and IRA} to [RAB during the active

cycle period. Meanwhile, when spare hit signal HIT is driven into an H

level, the output signal of OR circuit 94 attains an H level. In the normal

25 mode, NAND circuit 76 is at an H level. Therefore, in response to a rising

 
of spare hit signal HIT, power supply block selecting signal (ij falls to an L

level. Thus, when a spare word line is used, only the power supply switch

circuit for a memory block including a spare block is driven into a selected

state, and the power supply switch circuit for the memory block including
30 this addressed defective normal word line is driven into a non—selected state,

Note that the operation of the power supply hlock decode circuit in

Figs. 51A and 52 is the same as the operation of the power supply block

decode circuit in Figs. 46A and 47A, and therefore their operation
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waveforms are the same as those given in Figs. 46B and MB. More

specifically, in the refresh cycle, Only the power supply switch cirCuit for a
memory biock inciuding a memory cell to be driven is driven into a selected
state.

Note that the circuit configuration shown in Fig. 49 can be applied to

the configuration of the power supply block decode circuit shown in Figs. 51

and 52. More specificafiy, in the refresh mode, based on a refresh address

signal from the refresh address counter in the previous cycle, the

selectedfnon-sel-ected state of the power supply block selecting signs} in the

next cycle can be determined.

As in the foregoing, according to the seventh embodiment, in the

normal mode, an addressed block is driven into a selected state, then only a

power supply switch circuit for the memory block including a memory cell

r0w to be selected is held in a seEected state, and therefore the current

consumption in the active cycle can be reduced. Furthermore,

simultaneously with the start of an active cycle, a power supply switch

circuit; corresponding to a memory block including an addressed block and a

memory block inciuding a spare block are driven into a selected state, so

that the accessing time can be prevented from being increased.

In the foregoing, memory blocks including spare word lines have
been described. However, this hierarchical power supply arrangement is

applicabieto the configuration for repairing a spare column.
In the above described seventh embodiment, the memory bloc}:

including a spare block is one in number, but this hierarchical power

supply arrangement according to the seventh embodiment is applicable to
the previOusly described first to fifth embodiments. rl‘he repeating circuit

may be a sense amplifier to sense and amplify memory cell data.

As in the foregoing, according to the present invention, since sp are

h'nes can replace normal lines in a plurality of memory blocks, the spare

lines can be efficiently used, and since the flexible redundancy scheme is

utilized, the number of spare decoders can be reduced and the array area

can be restrained from increasing.

Furthermore, a power supply switch circuit is provided for each of
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memory Mocks, and the number of power supply switch circuits'driven into

a selected state is changed between the normal mode and refresh mode, the

accessing time is not increased; while the current consumption can be

reduced. In the arrangement including a spare block, a power supply

switch circuit for the memory block including the spare Mock is always

driven inte a selected state in response to the start of an active cycle, and

therefore a prescribed iroltage can be supplied from the power suppiy

switch circuit to the spare biock with no wait for a spare determination

result, so that the accessing time can be restrained from increasing.

Although the present invention has been described and illustrated in

detail, it is clearly understood that the same is by way of illustration and

example only and is not to be taken by way of limitation, the spirit and

scope of the present invention being limited only by the terms of the

appended claims.
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WHAT IS CLAIMED IS:

1. A miconductor memory device, comprising:

a plur y of memory blocks each having a plurality of normal

memory cells;

a plei‘ality spare memory blocks provided corresponding to said

plurality of memor blocks each for rep airing a defective normal memory

cell in a correspondin memory block;

a plurality of 10:: data buses provided corresponding to said

plurality of memory bloc 5 each for transferring data with a corresponding

memory block;

a plurality of spare 10 al data buses provided corresponding to said

plurality of spare memory blo ks each for transferring data with a

corresponding spare memory I) ck;

a global data bus provide in common to said plurality of memory

blocks and selectively coupled wit a 10%;? bus provided correspondingto a memory block including a selec d or memory cell; and

a spare global data bus provid in common to said plurality of spare

memory blocks and coupled simultaneo sly and selectively with a spare

local data bus provided corresponding to spare memory blocks including a

spare memory block including a selected 3 are memory cell, said k being an
integer no less than two.

2. The semiconductor memory device a recited in claim 1, wherein

a value of said k is given by the capacitan ratio of one spare local

data bus and one local datahns.

3. The semiconductor memory device as recite in claim I, wherein

said plurality of normal memory cells are arrange in a matrix of
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can replace a column in Chg a defective memory cell in any of the
memory sub-arrays in a cor sponding memory block.

 

 

 

 
 
 

 

 

semiconductor memory device, comprising:

a pin ality of first memory blocks each having a plurality of normal

memory cells rranged in a matrix of rows and columns; and

a plural}.

columns in a per color one of said plurality of first memory blocks,

of spare memory cells arranged in a matrix of rows and

'd plurality of spare memory cells being capable of

replacing a defective ow including a defective normal memory cell in said
blocks.

each row of

plurality of first memo ‘

5. The semicond tor memory device as recited in claim 4, further

comprising:-

a plurality of second emory blocks arranged alternately with said

plurality of first memory bloc s along a column direction. the second

memory blocks each having a urality of normal memory cells arranged in
a matrix of rows and columns; 31‘ d .

a plurality of spare memor ells arranged in a matrix of rows and

columns in a particular one of said urality of second memory blocks, each

row of said spare memory cells being \apable of replacing a defective row

including a defective normal memory \ll in said plurality of second
memory blocks.

 

 

G. The semiconductor memory devix as recited in claim 5, further

comprising a plurality of sense amplifier bah 5 one provided between each

of said plurality of first memory blocks and ea h of said plurality of second

memory blocks, and shared by adjacent memor blocks in the column

direction for sensing and amplifying data in eac column of a memory block

including a selected memory cell when activated. 7

' 7. 'The semiconductor me ry device as recited in claim 6, wherein

said plurality of first memory oclfisaid plurality of second memory
,75t
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blocks and s 'd plurality of sense amplifier bands form a first memory

array, and wh rein

said semi onductor memory device further comprises:

a second In ory array having a same arrangement as the first

memory array; and I

control circuit: for driving one memory block from the first and
second memory arrays 'nto a selected state in a normal operation mode,

and for simultaneously lying a prescribed number of memory blocks from

each of said first and seco d memory arrays into a selected state in a

particular operation mode.

8. A semiCOnductor me my device, comprising:

a plurality of first memor blocks each having a plurality of normal

memory cells arranged in a matri of ' s and columns;

a plurality of second memor bl c s rovided alternately with said

plurality of first memory blocks alon $mm direction, of the memory
blocks each having a plurality of nor al memory cells arranged in a matrix

of rows and columns;

a plurality of third memory block each having a plurality of memory

cells arranged in a matrix of rows and col mns;

'ovided alternately with said

third memory bloclcs in the column direction f the fourth memory blocks

a plurality of fourth memory blocks

having a plurality of normal memory cells;

a first spare array having a plurality of s are memory cells arranged

in a matrix of rows and columns in a particular 0 e of said plurality of first

memory blocks, each row of those spare memory c 5 being capable of

replacing a defective row including a defective mem ry cell in the third

memory blocks; '

a second spare array having a plurality of Sp are emery cells

arranged in a matrix of rows and columns in a particula one of said second

memory blocks, each row of those spare memory cells bein capable of

replacing a defective row including a defective normal mem 'y cell in said

plurality of fourth memory blocks;
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a th'i 'd spare array having a plurality of spare memory cells

arranged in atrix of rows and Columns in a particular one of said third

memory biocks, ach row of those spare memory celis being capable of

repiacing a defec 've row including a defective memory cell in said pluraiity

of first memory bio I

a fourth spare rray having a plurality of spare memory cells

arranged in a matrix 0 rows and columns in a particular one ofsaid

plurality of fourth memo ‘ block, each row of those spare memory cells

being capable of replacing defective row including a defective memory cell

in said plurality of second In mcry blocks; and

control circuitry for sele tively driving one of the first to fourth

memory blocks into a selected at te in a normal operation mode, and

selecting one of first and second m mory blocks and one of the third and

fourth memory blocks to drive selec (1 me ory blocks into a selected state

in a particular operation mode.

9. The semiconductor memory de 'ce as recited in claim 8, further

comprising a plurality of sense amplifier b nds provided one between each

of said plurality of first memory blocks and ch of said plurality of second

memory blocks and one between each-of said uraiity of third memory

blocks and each of said plurality-of fourth mem 'y blocks, shared between

adjacent memory blocks in the column direction, nd activated when a

cor'responding memory block is driven into a select d state, for sensing and

amplifying data in each column of the correspondin memory block.

10. The semiconductor memory device as recite in claim 8,

wherein

said control circuitry selects and drives a memory b

piurality of third memory blocks when a memory block ofs 'd plurality of

first memory blocks is selected in said particular operation m de.

11. A semiconductor memory device capable of operating 'n a

normal mode for accessing data and in a refresh mode for holding eta,
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comprisia '

a pow ' source node for supplyiii'g a prescribed voltage;

y of memory blocks each having a- plurality of memory cells

arranged in a m trix of rows and columns and a repeating circriit groap

a plur

including a plurali of repeating circuits each having a common function

for performing an op ration related to a memory cell selection;

a plurality of 5) er source switch circuits provided corresponding to

said plurality of memor blocks, each of the power source switch circuits for

coupling said power sour node and a repeating circuit group in a

corresponding memory bloc , said plurality of power source switch circuits

each causing a first current ‘ W in a selected state and a second current

flow smaller than said first cur 'ent in a nonwselected state; and

control circuitry for select oely driving said plurality of power source

switch circuits into a selected stat according to an address signal such that
the number of selected power score 5 circuit(s) is different between

said normal mode and said refresh

12. The semiconduCtor memory evice as recited in claim 11,

wherein '-

said control circuitry includes a circ it for generating a control signal

for selecting a power source switch circuit 13 decoding a first number of

address bits in said normal mode and genera 'ng said control signal by

decoding a second number of address bits in 53 d refresh mode, said second

number being greater than said first number.

13. The semiconductor memory device as re ited in claim 11,
wherein ‘

said plurality of memory biocks are divided into plurality of global

blocks each having a plurality of memory blocks, and

said control'circnitry includes a circuit for decoding n address bit

specifying a global block of said plurality of globai blocks in aid normal

mode, and for decoding an address bit specifying a memory h ck of said

plurality of memory blocks in said refresh mode.
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wherein

said urality of memory blocks each include a plurality of word fines

. _ The semiconductor memory device as recited in claim 11, 
 

 

 

 
 
 
 

 

 

 

 

 

provided corr spending to each row of memory cells, and wherein

said se iconductor memory device further comprises,

delay circ itry for delaying a timing of driving a word line provided

corresponding to addressed row into a selected state in said refresh

mode behind the ti ing in said norms} mode.

15. The semic ductor memory device as recited in claim 1 1,

wherein ’

said plurality of m cry blocks each include a plurality of word lines

provided corresponding to emery cell rows, and

said control circuitry i chides circuit for generating said control

signal in said refresh mode su th a poWer source switch circuit provided

for a memory block including an d ed word line is selected and power

source switch circuits provided co responding to remaining memory blocks

are set in a nonwselected state.

16. The semiconductor memor device as recited in claim 11,

further comprising count circuitry respo sive to activation of a count

instruction signal for performing a counti g operation to generate a refresh

address in said refresh mode, wherein

said control circuitry includes, ‘
a'first decode circuit for decoding a pres 'ibed bit of said refresh

address to generate and iatch a next control sign , and

a circuit for appiying the next control sign latched by said first

decode circuit in response to a refresh cycle instruct n signal applied after I

completion of the decoding operation by said first dec dc circuit in said
refresh mode,

said count instruction signai is activated in an act vation period of

said refresh cycle instruction signal and said refresh addr s specifies a

refresh row to be refreshed in a refresh cycle started by said refresh cycle
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instruct; 11 signal. I

17.

wherein

e semiconductor memory device as recited in claim _11,

a particu 1' memory block of said plurality of memory blocks

includes a spare ement for repairing a defective cell by replacement, said

spare element bein cap able of repairing a defective cell in any of said

plurality of memory ocks, and

said control circ itry includes a circuit for selecting a power source

switch circuit for said 13 'ticular block regardless of said address signal in

said normal mode and for selectively driving a power source switch circuit

provided corresponding to 'd particular memory block according to the

result of determination of w ether said address signal addresses a memory

cell to be repaired in the refre h mod

18. The semiconductor _ or evice as recited in claim 17,

further comprising counting circui ry responsive to a count instruction

signal for performing a counting op ration to generate a refresh address in

said refresh mode, wherein

said control circuitry includes,

a first decode circuit for decoding prescribed bit of said refresh

address to generate and latch anext con ol signal, and

a circuit responsive to activation 0' refresh cycle instruction signal
applied after completion of the decoding op 'ation by said first decode

circuit for applying the control signal latche by said first decode circuit to

said plurality of power source switch circuits i said refresh mode, said

count instruction signal is activated in an actiV' tion period of said refresh-

cycle instruction signal, said refresh address spe ' ying a refresh row in a

refresh cycle started by said refresh cycle instructi n signal:

19. The semiconductor memory devise as reci d in claim 11,

wherein

a particular memory block of said plurality of me cry blocks
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re element for repairing a defective cell by replacement, said

spare element eing capable of repairing a defective celi in any of said

plurality of mem ‘y blocks in said normal mode, and

said control 'rcuitry inciudes a circuit for driving a power source

switch circuit provide corresponding to said particuiar memory block and

an addressed memory b ock among said plurality of power source switch

circuits into a seiected st e in s '6. normal mode.

20. The semiconducto e ry device as recited in claim 17,
wherein I

said control circuitry inclu s a circuit for driving a power source

switch circuit provided correspondi to said particular memory block and

a memory block specified by said addi so signal into a selected state, and

then driving into a non~selected state a ower source switch circuit

provided corresponding to a memory bloc excluding a memory block

lected state according to the

result of said determination and said address ignal in said normed mode.

including a memory cell to be driven into a

-82-
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ABSTRACT OF THE DISCLOSURE _

A spare memory array having spare memory cells common to a

plurality of normal subarrays having a piurah‘ty of normal memory cells is

provided. A spare line in the spare array can replace a defective line in

5 the plurality of normal sub-array. The defective fine is efficiently repaired

by replacement in an axray divided into biocks or sub-arrays.
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Docket No: 49657—3 18

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Appiication of

Hideto HIDAKA

Seriai No; : Group Art Unit:

Fiied: February 17, 1999 : Examiner:

For: SEMICONDUCTOR MEMORY DEVICE WITH IM?ROVED FLEXIBLE
REDWANCY SCHEME

CLAIM OF PRIORITY AND
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Washington, DC 20231
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Respectfuiiy submitmd,

MC RMOTT, WILL &. EMERY
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