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ferr] ROW REDUNDANCY FOR FLASH MEMOR| ES FI ELD OF THE | NVENTI ON The present
invention relates to the fi-eld of' non-vol atile sem conductor 5 nenories.
More specifically,22%tP? esent invention!nelates'to the field of
el ectrically programmabl e read-only nenofies, particularly those enploying
floating gate menory devi ce§. BACKGROUND OF THE |NVENTI ON 10
Met al - Oxi de- Sem conduct or ( MOS) electrlcally programmabl e read-only

N HE ANCY E0R FLABH REXORIEStrical ly
|solate@Lgates (floating gates . oating gates are typically
conpl et®Ly surrounded by insulation and formed froma pol ycrystalline
silicon (ponS|I|con Information is stored in the nmenory cells or
devi ces in thalEtetQFg I KINt he 15 floating gates. Charge'is

t tdtthf'lt ety of hani
aval anche i nj ectio 3?&?#581"%%}?@%{%??8@[}}1 eid AL AOEY ABR BRI  ne

! h
ooyt gL e s e sobifica), the HrEsdih Tavehigh d6lafks Y 1A QF'fQﬂnfj in
U S. Patents &eé@ﬁaﬂfr%mg’ts%lﬁé%a@o@m@ﬂon

rc@%?ly]{%se letnSiePRg2
cases these cells are electrically erasable (E EIb I's). An exarrp?e of
such a cel | itoatimggatermémbry datiees. 4, 203, 158. The |nvent|on of the present
application is used with an EPROM cel |, particularly one which is
el ectrically erasable, commnly referred to as a "flash" EPROM cel . 25

Due to the na PROM cel l's, the entire array nust be
erased in ordt + that array. Generally, this has

not begy a prwi\/\%’i‘%l'@xl&@%ﬂ%@&ﬂ:{u&w (MOIS] dibdReallySprogRathAaBle read-oniy

addr essabl e and
e memories (EPROMS) frequently use memory cells that have electrically |solated

gates (floating gates). These floating gates are typically completely surrounded
by insulation and formed from a polycrystalline silicon (polysilicon) layer.
Information is stored in the memory cells or devices in the form of charge on the
is floating gates. Charge is'transport'ed to the floating gates by a variety of
mechanisms such as avalanche injection, channel injection, tunnelling, etc.,
depending on the construction of the cells. The cells are erased generally by
exposing the array to ultraviolet radiation. An example of these cells can be
found in U.S. Patents 3,500,142; 3.660;81_9; 3,755,721; and 4,099,196. In some
20 cases these cells are electrically erasable (EEPROM celis). An example of such
a cell is shown in U.S. Patent 4,203,158. |
The invention of the present application is used with an EPROM cell,
particularly one which is electrically erasable, commonly referred to as a “flash”
EPROM cell. |
25 " Due to the nature and design of flash EPROM cells, the entire array must

be erased in order to erase any one cell in that array. Generally, this has not
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each colum (bit line) is either separately addressable or can be addressed
in groups of 8 (conprising 1 byte). Further, ‘prior stoserasing the entire

array, each nenory cell in that array nust be precorditioned. 5
Preconditioning is the process where a nenory cell is progranmed prior to
erasure to avoid over-erasing the cell which can cause | eakage within that
cell resulting in false data readings. This occurs when a cell in the zero

stat e undebgera mroblenainghapeact: row (Worl biw) is sepavatdlg addiressablendmd t he

depl etion node. The colum sense anplifier can read this |eakage curre

fal sel y -aseaeh columncthilding) isseithersepastielycaddiessable pr can beiaddresseyl ins we

necessary to avoi g over _e.rasig%g 's__,i ngl e cell which can in turn cause an
nFyrt

entire arr8{PUPs af& (Gempasingd 8 PrIRbIoRrasIDg the entita.gfray, aach

def ective aufe Mo ety L to be able to assign an

alternate %v'\ﬁ}g ﬁ_gg@g{’?i??Wésa"é'_%*.’?_tt‘ﬁsﬁ’n%gﬁﬁﬁ@ﬁ%@r nat e row can thus i ncrease
the yigdd of woplddeadiiBAmgis thé PfocddaWavstbby &omemBREcéiPis! fiegRfiffhed®
precondition each nenory Cell in the array prior to erasing that array, it

i s necessapyiot v érasaiel te dvoig oeemerdisingotheszetiwhichvcan cabise feakage wittdse t hat
are working as well as those determ ned to be defective in the

manuf act ur ﬂlﬂj ceb sesudtingga falsrddata readings.y This gecutsontien el thevzerogood rows
and bad r ' everal 20 fo cause. an alternate row

0 is | d. Firsé5 o% I, be
has been sSEte gnfeiooes qo epse Spgrationavhegby &gan be ARyen into the pepletiop o
dd _ 1 | _ L A
Saaomary " oS e BOuRALAY dtboitRl ol i8ad IS RAALBE chhentlaldiyBL an O

whi ch @S efaddardelll OMerelobe proferBrecBHEitibAIng iS RBcéssup) Y avoililbderrow and a
nei ghboring row, then nmerely addressing the first bad 25 row would not be ;
suf fi ci ent erasimgeasivigle cell whiebhosat initorn ¢ausegam eptinelartay torkse défedtiveow becaus®
It would nerely short to the nejghbor just as. it did duri ng .

manuf act uri ng t ¥§ten afmwy fvgrdiipg) rfoupd Ie, Pegefartive Py dhe manyiartyresdt Sossi bl e

to desirable to be able to assign an alternate row 1o take its place. Using an

- alternate row can thus increase the yield of working memory chips. However,
15  due to the need to precondition each memory*c’éll in the array prior to erasing |
that array, it is necessary to be able to precondition each row in the array; those '
that are working as well as those determined to be defective inthe
manufacturing 1est stage. | _
_ The difficulty in preconditioning both good rows and bad rows is several
20 fold. First of all, because an alternate row has been set to take the place of the .
bad row, it may be difficult to address or access the bad row without also - ~
accessing the alternate row. Secondly, even if one could separately address
the bad row, if the defect which caused that row to be bad was due {o a short
between that row and a neighboring row, then merely addressing the first bad
25 row would not be sufficient to be able to precondition (program) that first bad -

~ tow because it would merely short to the neighbor jdst é_s it did during
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precondition both bad_rows sinultaneously as it was felt that one of the
two bad rows would predom nate by stealing-all the current thus allowng it
to be preconditioned but ngf;.allow ng the other bagd.row to be
preconditioned thus still 5  exposing £He other ‘bad row (and thus the
entire array) to the over-erasure problem SUWNVARY AND OBJECTS OF THE

"I NVENTI,ON On object of the present invention is to provi.-de a nmenory array
with r_ec"_(_j_undamamldasturiAgdemerThMujI)edttwa!ﬁ prévioysiy beli¢vedtoarstibapassitile ter ovi de
a menory "array with redundant rows such that both defective rows and
redundant  PERRONditignbethcdachtows simultaneeusly @sriyvas fejt that ope i dhe twarbedt i on
there is proyj. e NEeND arr - in a, plurality, . of

el ectricall y%‘g;&&?‘ﬁ%?g%‘?%“‘"a{%by 3[@%9@@3%? "@r"&gﬁ’rﬁ %'%r%ﬂ%N" Bl 1s each
having a s e o0l - Q0 ty - 0 ol
gate, the ne ré;\/&adr“?‘g?dégur}prﬂisﬁ"ﬁg@d;t% ﬁpgf] P?@ ré*vqgitwﬁrie%gé&g?ﬁ%% Z"e‘?f' %W

col utms, ®aclexpbsinbehe lottiet badyrod (diict thuk 8 eRfite arraPUBIRE over-bRRuFE ai N

regi on of each of a nunber of the nmenory cells in one colum; a first word
line in a fipsobleaw, the:first word line being.coupled to the control gate

of . each of a nunber of the nenory cells in the first row, a second word
line in a second row, the second ' - ' -



word |ine being coupled to the control gate of each of a nunber of the
menory cells in the second row, a third word line in a third row, the third
word line being coupled to the control gate of each of a nunber of the
menory cells in the third row, a fourth word line in a fourth row, the
fourth word line being coupled to thefcontrol gate of each of a number of
the nmenory ceIIs I n the fourth row, means for decoding row addreéssés

and A ng. Worg : Wher el *Tgh%. the first row is { ¢
addr essé& Brfe— perat-On g rogramming operation 'ngJ i f
the first row is not functionin - properly, the decoding neaﬁEf

select the thir e, ca I f r essed for
one of the readd%ndég?%b?a% Eﬂe g‘gag Plgng'nanglﬁf%ﬁ?% stgé(,:vo%?j ?ggvél S not
functlomrnpmnzxmnryaytWétUetedunganﬁaﬁ9W§elects the fourth- word line,

wherein during a precondltlonlng operation, if the first rowis addressed
and if the first row is not: funectioning Bro erly,, -the decodi ng,neans

selects the fidRetherdohjest ghd theePLe SH&\&ﬂYF?Fh%n Wier 5Pn duri ng
the pr ewm@mangm@ﬁergt ifkay f wilth seeduddanw irowsldsestedthat if the

second t f ungt I th I h
third \A&#tfl ne 55&%{%&(3"%92:1???1‘9%\3?355 ne; < %ﬁgagg{rggsel ectl ?13 gg%zmt:)e(ra of
the pl unatecgnditioned.

Accordingly to the'p:esent invention there is
provided' a memo:y array having a plurality of -
electrically programmable and electrically erasable &J
memory cells each having a source region, a drain
region, a floating gate and a control gate, the memory
array comprising: '

o a plurality of bit lines arranged in columns,
each of the plurality of bit lines being coupled to the_.
drain reglon of each of a number of the memoxry cells in'“
one column; _ |

a first word line in a first row, the first word
line being coupled to the control gate of each of a
nnmber of the memory cells in the first row;

a second word line in a second row, the second
word line being coupled to the control gate of each of a
number of the memory cells in the second row; '_ -

" a third word line in a third row, the third word
line being coupled'to the control gate of each of a
number of the. memory cells in the third row; N

a fourth word line in a fourth row, the fourthu
word line being coupled to the control gate of each of a
number of the memory cells in the fourth row; _

: means for . decoding row addresses and fot__
seiecting word lines, wherein if the first row is
addressed for one of a read operation and a p:ogrammlng
operation and if ‘the first row is not functioning



3

bit lines and for coupling the source region of each of a nunber of the
menory cells coupled to the selected bit lines to a first potential for one
of the read and progranm ng operations, and for coupling the source region
of each of the nmenory cells to a second potential for an erasure operation.
Al so according to the present inventionPhere is provided a nmethod of
accessi-ng alternate word lines in a nmenory array having a plurality of

el ectrijcally programmbl e and el ectrically erasabke:menory cells each

havi ng @~ soceperltegi othe a dicodingginegns fdakadtyy the dhdmd cormndl gate,
the menoi Aig2VafidThhbseld 36 'uleldddomi B 1§NE3aR6E3RECEHILN il ums,
each of the pluralrity o I't Tines being coupled to the drain region of
each of a Ofinkes DeafihandePEOETARNING PRAKA LLPRATANEhE ke Fesand
further comggi SIdndtf | FahcMichilnge frOpEAd [ 0 thie eelddingahaifs each of
a nunber of the nmempry cells in aTirst row, a second word_ l1ne coupled to
t he contr dfeH2FES of tigch SPUEtﬁunﬁéﬁ’r‘if tA@SrenoVPereips ELRBcoRt row, a
third vvorlctlnhie<1_,%fms1:mmbﬁd_nggoblé&aaﬂnidnr,oIifmamﬁ?1 o:lfifaﬁhrafvl mgnuahe:[?sﬁed he ‘l'-
menory cells.in athird.row .and a foupth Line.coupled tg,the . contro
gate of edthoffa ﬂlﬁmg?r&t Y ndfioP e chitfiioﬁifxgur?ﬁop%gl,&t hé et hod
conpri si ndetedsngponedns ( Agelectsl echéngfixse wdrd d Mmel ande the  the

first row $ScH" SR A€ il i1 2AuGHAL kfiR 2PleBonditioning

operation, if the second row is addressed and if the

second row is not functioning properly, the decoding
means selects the third word line and the fourth word
line; ' '

‘means for selecting a number of the plurality of
bit lines and for coupling the source region of each of
a number of the memory cells coupled to the selected bit
lines to a first potential for one of the read and
programming operations,' and for coupling the source _
region of each of the memory cells to a second'potential“:
for an erasure operation. o

Also adcdrding to the present invention there is
provided a method of accessing alternate word lines in
a memory array having a plurality of electrically

g{. programmable and electrically erasable memory cells each
having a source region, a drain region, a floating gate
and a control gate, the memory array comprising a
plﬁrality of bit lines arranged in columns, each of the
plurality of bit lines being coupled to the drain region
of each of a number of the memory cells in one column,
the memory array further comprising a first word line
coupled to the control gate of each of a number of the
memory cells .in a first row, a second word line'coupled
to the control gate of each of a number of the memory
cells in a second row, a third word line coupled to the
cohtrol gate of each of a number of the memory cells in



programm ng operation and if the first row is not functioning

properly; (B) - selecting the fourth word line if the second row is
addressed for one of the read and programm ng operations and if the
sécond row i s not functioning prope@y; (O selecting the first and

second word lines if the first rowis addressed for a preconditioning
operation and if the first row is not functioning properly; ‘(D)
selecting the third and fourth word lines if the second row is addressed

for the peltehdroveniang opefomrdh ahtne coupd edsckdngheopontradt - =

funct i JEY ¥ WK Yor q hesmBoL e6E Sthéeﬁ\bkﬁb(i? cend sadvand agesreh the™™

present inve on w ar ent the a conpanylng drawi ngs and from
t he detra%e(fr}b%éﬁ%ﬂﬂ@ﬁwfgﬁ{%i F{B &P&w of:" BRI EF 'DESCRI PTI ON OF THE

DRAW NGS The present .invention is illustrated by way of exanple and not

eferonces | ndt UGk e o bFeftLbd” SREOTBRINA Nagiall Ite LeNEAD TTKE
cr oss- fdatstorrov el e \addeessedwEer angr pér aareado PPRAARIR 3RdaRi ng gate
eIy (13 i ng €| dpe i o td}facwer\iﬁé/ R EfSE r afbwnbpgli mget of the
present_ 1 nventi on,
functioning properly,
(B) - selecting the fourth word llne 1f the
second row is addressed ror one of the read and
programming operations and if the second row is not
functioning properly; : . .
'eC) selectlng the flrst and second word 11nes o’/
if the first row'_is. addressed for_.a preconditioning
operation and if the first row .is not _functioning
properly; o
(D) selectlng the third and fourth word llnes
if the second row is. addressed for the precondltloning
operation and if the second row is not functlonlng_

properly.

Other objects, features, and advantages_of the
present invention will be apparent from the accompanying
drawings and from the detailed description which follows
below.



10 FIG 2 is a block diagramof the |ayout of a prior art nenory
device; FIG 3 is a block diagramof the |layout of a nenory device of the
present invention; 15 FIG 4 is a logic di agram of a prior art X
decoder used in t he currently pref efT gd enbodi ment “of the present
invention; FIG 5 is a logic diagramof a two stage: X decodi ng schene of
the prior art conflgured to select 1 of 2048 -addr esses: 20 FIG. 6 depicts a
content addr e e ; wdGsconfigured to support an 11 bit
address: "FIG 715 a lTogrc al agrams TOW ng the connecti ons.between. the
CAMB, 2% the red(idepresentinvimitioaris jliustrdtedhisy meyrof axample and RoGlim@ation a
nore detailed | ogic diagramof the two stage X decodi ng schene of Figure 5;
FIG 9is a |:o@%ﬁguwgr§mebaceqmp@wa deryinas civtwhigh ke geferencesdndicale 5
scheme of the present ‘invention. . . - DETAI LED DESCRI PTION A net hod and

appar at us fors'%flﬁ'i/?‘&m%‘ %&%dr"éd‘(m%ncy in non-vol atile semiconductor
menories s disclosed. In the foll ow ng description, nunerous specific
details are set forth, such as specific materials, devi ces, process steps,
5 dinensions, sSequeRGes, e:n§§s§‘secn¥z>ﬁapéId@ét:drpvnlék‘mocwaﬂ'ﬁn@\r ahacsveltile
under st andi ng of the present invention. It wll be obvious, however, to one

skilled in tHivating gatemeniory eeviceorfoed ubeﬂanllhemadnﬂ;oprdierredrphﬂ;oeﬁnem
practice the present invention.
of the present invention;

10 FIG. 2 is a block diagram of the layout of a prior art memory device;

FIG. 3 is a block diagram of the layout of a memory device of the present

invention;

15 FIG. 4 is a logic diagram of a prior art X decoder used in the currently

preferred embodiment of the present invention;

FIG. 5 is a logic diagram of a two sta'ge X decoding scheme of the prior
art configured to select 1 of 2048 addresses;
- 20 |
FIG. 6 depicts a content addressable memory of the prior art configured

to support an 11 bit address;

FIG. 7 is a logic diagram showing the connections between the CAMS,

25 the redundant row drivers, and the main array;
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In other instances, well-known processing steps and device configurations
are not described in detail in order not to unnecessarily obscure the
present. 1 0 invention. Referring nowto Figure 1. the nenory device or
cell used with the presently prﬁ%erred enbodiment is formed on a silicon
substrate such as the p- type substrate 15 of Figure 1. Please note that

t he device of Ej el is sh 0. i - .Catee since this
best reveals i FLé;g Plfcfnﬂf%ae' d&‘&'ﬁ?g%@&%{.‘%%‘? ngsééfaggpgﬁ?é%@ipaced- apart
doped regiQismdi gﬂﬁﬁg.in the substrate, specifically a drain region:12 and
a source Fegrogpi .-A-gblysi{jcon floating gate 10 i's generally dispd&éd
above and between these regions and insulated fromthese regions by a‘layer
of silicon dioxide or other insulative |ayer 14. The floating gate 10, at

t he conpl ef i onFifd. 9 Isea |ngicdiagtam of the evaniedd defective wermhlirRaipaiong by
insulative | ayers and, hence, electrically floats. A second gate (control
gate 191) sphempRithepresspt Bvemtion:| oating gate 10; in the presently
preferred enbodi nent this gate is fabricated froma second | ayer of

pol ysilicon. .This control gate.is a continuous polysilicon strip formng a

word line of the nemory array of Figure 2. 25 It will be appreciated
that the cell of Figure 1 may be fabricated using well.-known NMOS or CMOS
t echnol ogy. The n-channel device illustrated in 10 Figure 1 may be

fabricated directly in a p-type substrate or, when-an n-type substrate is
used, may be fabricated in a p-type well fornmed in the substrate. O her
vari ations, such as enploying both p-wells and n-wells, are well known in
the art. 5 - As currently enployed, the menory devices are progranmed
(i.e., negatively charging the floating gate) by coupling the word line aof’,
control gate - v



11 to a potential of approximately +12 volts, the drain region to a
potential of approximately +7 volts, and the source region to ground. Wth
t hese conditions, channel hot electron injection occurs through the oxide
| ayer 14 which layer, in 10 the c ently preferred enbodinment, is
approximately 115 A thick. To erase the cell, the drain region is floated,
the word line or control gate 11 is grounded, and a potential of

appr oxi mat el T ESCRIPMON ed to the source region. Under these
conditi---\e/rjs charge is tunnelled fromthe floating gate. 15 Duri ng
readi ng*of the ceAlmethogd@ndtapparatus dost praividing sow ireduridaaicy\ihinon-watatiled cause
charge to transfer onto the floating gate is applied to the control gate
(e.g., 5 vol semicerdugtophemariesis discipseds lndhe)follawiag slesedption. wenerous n
region. Current .through the deyice is sensed to determne if the fl|oating
gate is or i§p?ﬁ3@° ﬂ%@§§ P(Feﬁ’q% r .asﬁ@we’l"rfnam@is'ﬂ%&??r@;’%ﬁf%s\%ﬁ ces,

of 1 he-acyi camatshing BedfenceRetc, TR ok 83irtt d iriralih kRESEHRIG B °The

presence or glsgREENThvENBhIt WIN B Ebvibli)Aldwishedaboredkil iRQh& =R thad- Thi s
defines whether a cell is progranmed with a binary one or zero. Reterring

now t o Fi gur thede speeificelatails neeld rotdfe employed topracticeahe ayeserd idNentibar ned at
intersections of word lines and bit lines, as is the, common practice. The
drai n termni np ather instancespwel-kpewnpragessing plepg and dencerenfiguiationsrare
control gat are f.ornmed.from continuous strips of polysilicon which
extend acr osE°fﬁ%S°éﬁPf’r"é%§W'av°{ erf'lﬂirtr?f’ﬂge%ﬁ?”& ﬂté%c‘}?q'ﬁg? B(ﬁﬁ?lngl ly

paral l elydit;lJjeRgsnare perpendicular to the .generally parallel word Iines.
For example, 1n nenory array 40, cell 27 has its drain region coupled to

bi tfi ne 38 and | Refevanhd ﬁewrt@migrmeﬁ.th&&eﬁwlo%dicb%rwrms@damm 50. The
word line 29 extends to a plurality of other cells along the word |ine. The
sour ce regi opgesently préfetrad eowiodiment isdonmed an rassilicon substrate such as the p-

type substrate 15 of Figure 1. Please note that the device of Figure 1 is shown
in a partially fabricated state since this best reveals its structure. The device

15 includes a pair of spaced-apart doped regions disposed in the substrate,
specifically a drain region 12 and a source region 13. A polysilicon floating
gate 10 is generally disposed abo(le'aind between these regions and insulated
from these regions by a layer of silicon dioxide or other insulative layer 14. The
floating gate 10, at the completion of the processing, is comp.'letely surrounded

20 by insulative layers and, hence, electrically floats. A second gate (control gate
11) is disposed above the floating gate 10; in the bresently preferred
embodiment this gate is fabricated from a second layer of polysilicon. This |
control gate is a continuous polysilicon strip forming a word line of the memory
array of Figure 2. . |

25 it will be appreciated that the cell of Figure 1 may be fabribated using

well-known NMOS or CMOS technology. The n-channel device illustrated in



40 are connected to a conmmon node allow ng this node to be switched to
different potentials by source switch 50. The X decoder 43 selects a single
word line in menory array 40 for 3 h 10 of the addresses AXO AXm appli ed
toit. The Y decoders sel ect one @e (8 biit lines) fromnenory array 40
for each of the Y addresses AyO-Ayn and couples 8 bit lines from nenory
array 40 to the sense anplifier and output buffers 54. Source switch 50 is
control | ed figure tewydes fablicated diteatly in @ pdype substrategirowbenfantritypeel | s i n
the menory array to be coupled tq the different potentials for 15 re'@gi ng,

pr ogr anmi nFubsHateds ssedgmardedablicaied ihaPotype yplidogmed ipthecsrbsirate. r ay™and
| , ' N b T f th
oresent | nidhey wafinfort, SBEN ks SATEE Rolif i carel nrwelS, AReN ket "

decoder 43 ifiggpdes addresses AXO - AXmto select one word line of nain
array 40. The decoded 20 -~ address from X decoder 43 i's input to one word
line drgver of . did swarentifSerhployédihd mhemoryldevicdseareqstograintmed fice.(e. 9., word
line 29) of nmin array 40. Y-decoder 44 decodes addresses Ayo - AYn to

sel ect one nggatively abarging thes floatinggate) hy souplingitheaward linguordzontrol gate 48.

Pl ease note t hat source Y decaoder source switch 50 and sense anplifiers

and out put buto %PQ‘%‘H%‘P‘- . Rﬁﬁ’ﬁig‘aﬁe'ggézrYS{tsvstI'?SMaif‘r{eQQﬂ tPi%ﬂ?‘@"ﬁﬁ'tQﬁ aidin
CLATLY" 1 aBBORAdR s el Eoidos bR bR D SR BIRTAEE o
Xm0 sel e B e I e Ry A ror y
array, i€an the quoentip prefeared leynbodifeest, soappaoximaielyiid$ Afthiokil tiple input AND
| ogic gates. An AND logic gate, as is well known in the art, will provide g
hi gh out put si gntf ewssﬂhapp"-dhe idrainiragign is; flgalgd stherwond life onganirpbgater hr oub‘%
the proper 11is grounded, a_nq a pqtenli'al,of approximately +1_2__vo_lt_s is applied to the
_source regidn. Under these conditions charge is tunnellgd from the floating
e L
15 - During reading Of_ the cell,_ a positive ppte_nt_i_al Ies_s than that yvhi_ch would.
c_au.sé_cha,rge to t'ra_r;sfer_ o_:r_l'to.the f_loating gate is appliéd to _the_c,o_ntroll_ gate
{e.g., 5 volts) and a potential (e.g., 1 volt) is applied to the drain r_égio_n. Current
through the device is __s,e__ns,ed to determine if the floaling gate |s oris not
negatively charged. As: with other fioating gate de\)ices. the negative charge on.
20  the fioating gate shifts the threshold voltage of the device mé;king nt less | )
- _.conductive, Th_u;. with a sense amplifier, the presence or absence of charge on \J'
th_e_ floating gate can be determined. This detines ,w'_he_th_er a cell is. programmed
. with a binary one or zero. . - o
_ Re_ferring now to Figure 2, the memory ée_lls of a flash memory array are
25 for_med at intersectiohs’ of word lines and bit lines, as is the. common practice. .

" The drain terminals of the memory cells are coupled to the bit lines. The contro!



sel ection of inverters (not shown in Figure 4), an AND gate can provide a
hi gh out put signal for any conbination of possible inputs. For exanple, if
a particular 10 AND gate.is:to be‘ sed to sel ect.;:he word |ine associated .
with the address of zero (all inputtsignals |ow), ‘tthen eéach of the inputs
woul d nerely need to first pass through an inverter to raise all of the

i nput signals high. Simlarly, for the address of ofte (all high. order

i nput si gnal s, J SRRl Sthil istiichR MHictS bARAY dcPod B8) -

t hen each of gﬁg‘ﬂ’rﬁf‘g#@\r er '!‘%gﬁ{‘%‘%m‘g}'ﬁb??’? towpa'ss ?ﬂ?ougﬁ@ﬁ an .

i nvert e™ whi | gntirBaartayaatfomh 8iv Wofthiiies)i Thé genbraly paralicMbitlinepase directly
to the AND gate in order to achieve an all input signal high condition.
Cont i nui ng i nperpesdicalanitaothe génerally paalligbwordlines;offdr axamples immemptyess

i nput signals can be decoded by merely placing different caonbinations of

i nverters on 8Kay #Rpeels2f has He dmrggpgsqou@dpogto bit Ime Sﬁ angJts $QUree regjon
enbodi nent_ of % he ent i nvent | t ' 3 i ., the
decoders ot Xségeagfgﬁﬁggowg&%\gltch% %@“ﬁ@g%@e"%‘ﬁ% 4".%@'&%’@?8@@ S.
Therefore, ' ea ; & he o0ReTelorftYoPhll IRIIEEIR ift éMoRParra
represent ed b?/&gs(r)\élﬂgm%ﬁts@g{ﬁrgseses [errP AND gat e I ch, agai thr%ugh

proper sel ect yg@relcohhiétéd fd corimsn Abde allowirtpitehode of b @dAcRed to

conmbi nati ons. Again, please note that only the first 8 of the total 2048 11
-i nput AND gatiffedentqubdentiatsf byxsdwce dwitchd®ire shown in Figure 4. "~ Al t hough
AND gates w th nunerous inputs_nost. easi.rlzﬁ/, exg)l 3i n . how t he decogqegs of X
Decoder 43 can sel &Be X1degodep4d selactsa Fingie &yord HRg dp mamopy aIfay; 40 for each

combinat | pqs. affhd BarBESH Ao 38 L ehofd B it HHENBOBLIBIOUSI B bganggi es

Isynot pr 0 chi power requirenents. |Instea
castade of ANRhE@1FSm inferHS§ thray 40br RRICARA SV SddressdscAQE-Av, Bhgebeples

Figure 5 shows a 'two stage X décodi ng schene, as is used in the preferred
embodi nent of gtielindsEEnimémygHriay 40 twoitfel sensedarnplifieelandtoutputfbui@4854.
Source swilch 50 is conlrolléd by Y decoder 44 and causes the source regions
of the cells in the memory array to be coupled 1o the different potentials for
15 reading, programming?.'an'd' erasing. =
Referring'now 1o Figure 3, the memory array and control means of the
present invention can be seen. The memory array of the present invention is
" comprised of main array 40 and redundant rdWs 48. X decoder 43 decodes
addresses AX0 - AXm to select one word line of main array 40. The decoded
20 address from X decoder 43 is input to one word line driver of drivers 45 to thus
| drive the selecfed word line '(e.g.. word line 29) of main array 40. Y decoder 44
decodes addresses Ayg - AYn to select one byte (8 bit lines) from main array 40
' and'redun.dant rows 48. Please note that source Y decoder 60, source switch
* 50 and sense amplifiers and output buffers 54 of Figure 2 are not shown in

25  Figure 3 to aid in clarity.



word lines. The first stage, or predecode stage, takes groups of the
address input signals AXo - AXmand inputs-themto a parallel set of AND
gates. The 10 second stage, or decode stage, takes the output of the first
st.age and selects one of the 2048lRord line drivers of Drivers 45 which in
turn drives one of the word lines of Main Array 40. The predecode stage is
made up of 4 sets of AND gates. The first set is conprised of 16 4-input

AND gates each wefdiﬁhg mowetocFigare 4sa simplifieti ieyié diagramvef X Becodetes3 ddneast
significant) address bits (denoted AO-A3 in Figure 5 and which correspand
to [err] ofbeFsapm o6 dec&ie3)43, Easiprised oh sultiplel decpdars Aomly dbe lest & .t he f M st

set outputs, a different predecode signal, again.due tq different _

conb nat | ofeEPOPATP EBPWRIR Aigite ) WHIE: PepdHk rgFes AKDiAXmIA selact way,
the 16 4- input tes of the,fi : - d Qe . can
decode all ﬁ%ngﬁmﬁgg’s&’b‘feeo%eoRﬁ‘hﬁa‘{@@n@%&rogErrf% &%"F%@%gégegaﬁbgﬁ%s of the

I nput dr ; i Qb : Wﬁ) \ hfpgconpri sed of 4

2- i npu?gAN%%Sg ysi&eerggdf?go é\h%%gﬁégﬂe??l"\%g as“?‘?p%'gd?ﬁgh%esxt 2 significant
address bits (demoAND lédicAfaté rashisguelekrpvemin tiveiarh) with pravddea dhighooutiidt AX5 of
Figures 2 & 3). Each of the 4 2-input AND gates of the second set outputs a
di fferent [signedwhes albof itsiigpal signgjaiane high. tHoweyere thraugl ibPreRer ons of

inverters placed on.their jnput signa. lines. | his way, the 4 2-input
AND gat o SeRaEn St ivbRetineb shorn I Pigwre EcaniaNe] i Evorauie inigh b
possi ble ¢ | nat: i f1or _ Lok kA cant eht ks, hpt '
addr ess. Tﬁdygt)%iaér'@%s@?r %ﬂi@B?%%ﬁ%@é@géﬁ I's" gpggi%@ -'er’ P:ae. O?ﬁlgr
2- i npuy pANA D gRfte RABIbhsal oCSbIEAARE WS fifie RBSbdiatebiaviliethe atidiegefl | cant
address bits 5 (denoted A6-A7 in Figure 5 and which correspond to AX6- AX7,
of Fi gur es z&ré.(8)) inpEbsignalf lowk tHer? eacip ot theNDpyfstwould imearely nded 1o fisstt out pu
a different predecode signal, again due to different conbinations of
inverters Rassdbrayghiandnyerteijgiraise all of the input signals high. Similarly, for the
address of one (all high order input si_gna_!é. low _\_:_.v,hil_e_'the least signi_ficant.bit
input signal is high), then each of the high order inputs would first pass through
15 an inverier while the least significant bit in_p_ut_s_i_gna!—_wop_ld_ pass__directly_ to the .
'AND gate in order to achieve an all input signal high condition.. Continuing in
this fashion, all of the possible combinations of address input signals can be
-decoded by merely placing different combinations of _inverters on the inputs to
the AND gates. _ o _
20 - Inthe preferred embodiment of the present invention there are 2048 .
‘word lines. As such, the decoders of X _d_ecbder 43 decode 1 of 2048 possible A
word line addresses. Therefore, each of the decoders of X decoder 43 of Figure
4 can be represe_nt_eql by an 11-input (addresses Ag - A10) AND gate which,
- again through proper selection of front-end inverters, can select 1 of 2048
25 combinations. Again, please note that only the first 8 of the total 2048 11-input .

AND gate decoders of X Decoder 43 are shown in ngure 4



signal lines. In this way, the 4 2-input AND gates of the.third set of the
" predecode stage can decode all 4 possible conbinations fromthe next 2 10 -
significant bits of the input;. address. The fourthygset of the predecode
stage i s conprised of 8 3-input ANDj@ates each of “whi ¢h receives as input
the 3 nost significant address bits (denoted [err] in Figure 5 and which
correspond to [err] of Figures 2 & 3). Each of the B '3-input AND gates of

the fourth set ou s a,different. 15 redecode si .+ agai.n.due to

di ff erent conbi naé‘ﬁﬁ%@g%ﬁﬂi%{ﬁféy@ Bﬁ"&&@d‘so'ﬁgt’%eﬁ“?’ge%%ﬂy ?ﬁ%gqﬂ'éf'o\”ﬁﬁ@s. I n
this way, th : _ _ code stage
can decode alafé%&’%%g% e coén}%{l:ﬁgatrf)%ﬂéa?l réﬁ%@‘@%‘?@?@%@? ?ggﬁt bits gf
the input adgbfsitial GhvabiRMONSs ofié agty NéedtalSsIBcENOMP, usingRdmergustinpd048
4-input AND 20 gates each of whitch receives as input a different

combi nat i on &NDigetesjame! pragticalduentochin size andpewenreduiremeotsodestead, 2048
possi bl e address o&gé tions, Each of the 2048 4-input AND _gates of the
decode st%gecﬁﬁ-’qcf?r “ gales IsHgecAeAn be Regn;witty r g'ef‘ﬁﬁ@ FIGUIRSt he
selected word. lineg.i /B rray. 40 W t.h fer t g Fi . nor e
detail ed view of F f?é"r}?ﬁgr&@g%?%%é&&g\ngeﬁéﬁgﬁﬁgﬁéﬁ'& gii'%a#%ﬁggggn be seen.
In Figure 8, nid1grrBlHRESiNant 6&@?3&%%‘%&3. éoﬁﬁéuﬁ:e??o Ablecobpsdas S

shown having vertical outputs “intersect at  different points the
horizontal i worddine$. The fistasraie) @r Predpeotie stage, 1akes Gidbpsbt thepaddrédd

gates). These intersections of predecodi ng stage outputs and decodi ng stage
inputs nmore HRIASIGNAH X0 HXmANG RS ARMIO oParRlelfal 64 ANY gatgge Theom t he
i input MO 3850 pla0reongeate Soandates e artpibrdhe it Sasatt FUBFS, ccel ve
as ::f; first Lo ;ofgbg%g%g % ggﬁgégﬁbéé HDriis s which A W iarvbDoa upd the
word lines of Main Array 40. - KR o o
The predecode stage is made up of 4 sets of AND gates. The first set is
comprised of 16 4-input AND gates each of which receives as input the four low
15 order {least significant) address bits (denoted Ap-A3 in Figure 5 and which
“ correspond to Axp-Ax3 of Figures 2 & 3). Each of the 16 4-input AND gates of
the first set outputs a different predecode signal, again due to different
combination of inverters placed on their input signal lines. ‘In this way, the 16 4-
input AND gates of the first set of the predecode stage can decode all 16 |
20 possible combinations from the low order 4 bits of the input address.
‘The second set of the predecode stage is comprised of 4 2-input AND
gates each of which receives as input the next 2 significant address bits
(denoted A4-As5 in Figure 5 and which correspond to Ax4-Axs of Figures 2 & 3).
Each of the 4 2-input AND gates of the second set outputs a different predecode
25 signal, again due to different combinations of inverters placed on their input

signal lines. In this way, the 4 2-input AND gates of the second set of the



Conversely, the inputs to the 4-input AND gate of the decode stage which
signals the row 1 driver receive as a first input signal the output from
the second 10 4-input AND gate of the first set of the predecode stage.
Simlarly, the inputs to the 4-i2 t AND gate of the decode stage which
signals the row 15 driver receiv s a first input signal the output from
the sixteenth 4-input AND gate of the first set of the predecode stage. -

However, t ' the 4-i e L he decode, stage, which .
signals th re(k)’\ev%éi@gecéaﬁviﬁéoggc%'iﬁgp%sg&é @ﬁ%b%'wo@ﬁﬁﬁgP&%e outyput
fromthe figigﬁiﬁgammtmmpirqﬂgd@,fesg.he first set of the predecode stafe
just as the 4-input AND gate which signals the row O driver did. However,

in order to decobte thindrses of thenpriedbcods staby isTalse ¢ompriskB.of 4EinpdpAND t 0 t he
4-input AND gate of the decode stage which signals the row 16 driver
recei ve as 9Aleseagh of whigh ksicgives astiapul dbe next 2 significanpaddriess bits 2- i nput  AND

gate of g he, ¢ set of _.t he predecode stage. . The inputs.to the repaining
AND gat gts O@ﬁﬁge@({é@-%elnsﬁlg@rg %?n&wﬁggﬁéwsﬁgnggﬁ:%)?ﬁig)(?i‘?’ fuEes,2 fyBkssi ve
sel ection ) ' o ; _ S gpal.s Lo r code
Stage. In rredrorec SARRI oAb Nl sl AREE o GBSl LFieBeEhST e
decode st agsigh&loegaincduerot différant dombinations HNAvBREASpBEed BR tHar inplf edecode
stage) of X decoder 43 can decode each of the different input addresses and
can si gnal sigaglflinesehn thipwaylr fheet 24iinput AND gates. of the Réfcesetiohtheagai n t o
Figure 3, .if defective word line is-discovered (e.g., one word line is

found to beP* SF?‘?&%sﬁgeeﬁ%‘th&?{"& PP?ﬁi‘?'e\M‘P@P\biﬁaﬁ!QﬂsafﬂP'wh@lQeﬂs?tested
foll owgrwmsgigmgé;lug@&sg@ thg?q@z\éﬁé%&]san alternate word.line in redundant

rows 4 acturer by setting the address of t

he 5
shorted word |i ) R, h?.‘&,@ dre: . b aSneGAG of cAVEY
46 (CAM operati (r)r‘r:h?s di s%:}soge 1 nhﬁgéde&%gégﬁf'eﬁ@?g%. f%gﬁﬂés way, when a
def ecti ve wpatdsldach of whigh receivesas4fpitahé 3t mbsesighiticamtchdayedsisitsuser, the

CAMin (denoted Ag-A1p in Figure 5 and which correspond to Axg:-AxXm of Figures 2 &
'3). Each of the 8 3-input AND gates of the fourth set_oﬁtputs‘a‘diﬁérent- =
15 ' predecode signal, again due to different combin-afi-ons-ot inverters placed on
- their input signél lines. Inthis-way, the 8 3-input AND gates of the fourth set of |
the predecode stage can decode all 8 possible cdmbi_nations from the 3 most
- significant bits of the input-address. -
The decode stage of X decoder 43 is made up of 2048 4-input AND
20 gates each of which receives as input a different combination of 4 outputs from -
‘the predecode stage to thus decode the 2048 possible address cbmbinations. ~
Each of the 2048 4-input AN;D' gates of the decode stage in turn'selects a
- different row driver to thus drive the selected word line in Main Array 40.
With reference to Figure 8 a more de_tai[ed view of the two stage
25 decoding scheme of Figure 5 can be seen. In Figure 8, the predecoding stage -

(comprising 4 sets of AND gates) is shown havihg vertical outputs which



CAMS 46 which is set to that address will select the associated driver in
drivers 47 to drive the alternate word line in redundant rows 48 instead of
the -defective 10 word line.in main array 40. Refigrring now to Figure 6,
one CAM of CAMS 46 can be seen. A can be nost:gasily understood as a
set of conparison blocks (one for each bit of the+ipput address) whose
outputs are fed'into a single nultiple-input AND gdt:e. Each conpari son

bl ock cont ai ftefsechatdilferam points theskedrizontal ieputd df thesdécoding staged an

Excl usijve NOR (XNOR) gate to do the conparison. Each address [err] in the
preferrdd enifcemnpasing 2048i4mipput AbD-gatesEAThese inteisgelioRsoatRiedeerdiBg ock
checks its relevant bit. c{a otJJer wor ds, when a word Fi n? of main. array 40
i s addr essed SREGOURMSANAREEAND FageINBYLs More-sigatly shey the Yainge IiPUts one
of the alternate A ' ch bit of the input
address is cﬁgé%§8Wé'ﬁ€§&g§g#%ﬁgé%c‘)gr?ggﬁsﬁagéhe stored bit in the
menory cegl with | il 10 SR AN | §f thene Wi th
an XNOR g%te’ whi c%&\?\?ﬂ Beoﬁ ?/ﬁ @3@'%3?]% tﬁ?gﬁﬂg%%?jlwe\hen gf)hgl?lag}‘éi&t's i nput s

are the sane,degotib@tadeowhichisighaty tHeofow 0 anivensedeivevas b ficstdnputisigndighart. 25
The AND gate of the CAMreceives as inputs the output of each of the XNOR
gates in the cutpgidrdrs the filsbéinput AND geie gtihe fist set ohthe predperdessiaogn

AND gat e wi | COPHEFEGli 8 S e 7RIt ANG 6ms of It 4Scsde e B dundant
addr ess bi 1 OMURIS R mEeigtehisti 3 ey ighal B¢ Byl HERAnk!spoBhar U
the defeqpi Ves pifl AND ghte' théfifSisBt 8f thelpréeésuesqhge.n .one of the CAVS of
CAMS 46, when that addiess is input to the nenory array the alternate word
~line?in redundant SimMarly8hednmes e thed4digput AND@aRe of the decode stage which
signals the row 15 driver receive as a first input signal the output from the
sixteenth 4-input AND gate of the first set of the predecode stage. However, the
inputs to the 4-input AND gate of the decode stage which signals the row 16
15  driver receive as a first input signal the output from the first 4-input. AND gate of
the first set of the predecode stage just as the'. 4-input AND gate which signals
the row 0 driver did. However, in order to decode addresses which vary by
more than 16, the inputs to the 4-input AND gate of the decode stége which
signals the row 16 driver receive as a second input signal the output from the
20 - first '2-input AND gate of the second set of the predecode stage. -
s _ The inpuls to the remaining AND gates. of the decode stage of X decoder
43 continue in this progressive selection of varying combinations of output
signals from the predecode stage. In this way, and as stated above, the 4-input
AND gates of the decode stage (together with the 4 sets of AND gates of the
25 predecode stage) of X decoder 43 can decode each of the different input

addresses and can signal a different row driver in each case.



%

O course, nerely selecting and driving an alternate word |ine does not by
itself avoid using the defective word line in main array 40. This is
because 10 the decoder in X decoder 43 will still decode that address and
will thus drive the defective morg | i ne. Then, because the 8 bit lines

sel ected by Y decoder 44 connect gDaII the drains of the nmenory cells of
both main array 40 and redundant rows 48, nerely driving an alternate word

i ne in Redund OV £ cattenpting.to read or
wite to the dg(%zecrﬁﬁ egé@rtyﬁlé%ﬂeéo‘?ﬁp%gé{eéﬁn‘é% W8é€¥§§¥s4®%%¢ al | ogic
ci rcui tryohs wdrarinbas fourPd BedshidHet WBindtRdrwordAhed Whesmamastag: aganeer,
when main array 40 (along with redundant row 48) is erased, becCause the
entire nulested fellpwing pragiuation of théendevier, cinl alterpatefworedinedinmedomdamd8 wi | | be
erased (again, due to the nature of flash rrerr_o_rﬁ)g,] each row nmust first be

20  prec B dmaiibe selestashy thermapuipatuprdy thepaddress of easure to
cop! et on SHFER WHRLINE 17,688 of i bafierLAGHreRgEbis NiamrerlEaMS) el now « o

ddr eas AT 40/ Bl lE SyEoed iy il GOBA BofbudiE B NS fhehy'F | P!
out put a hidgfectivenadradimeNR hidin lar@iyoiteis latenaddrbRs6d By She &s6r) e CAM it ended

to drive the word line driver for the alternate redundant row when the

addr ess | EAMBHS which is set 1a thabaddresswill seleg) dhe associatbdrdriver & drvads or write
operation (as . gsed to a precondition gperation), the input to inverter
7F2)0 i sI a ﬂ%\ﬂps‘fré)fﬁéﬁe ?Hem‘%ﬁ’oﬁ‘gg'ée i’h@dHl] Htrows 4 'i\')éﬁagr"'g%dla?cﬁvﬁi gh

si gn T is I Ay wite operation AND gate 710 sees high

Si gnzjg oﬁ%?ﬁg(ﬁg’!’ﬁaﬁﬁgtﬁ S and will therefore output a high si gnalu
CR gate 740, repgénihgaoWe Mboe @ UnRUEAR ATAME40e\be $abs. Al®ami | | thus

output a high signal on RRO which is the signal line to the driver of
drivers 4tanttiectosi ¢dsily understoot ay a.getiof edbmparisdreblaoksi (one for each bit
of the input address) whose outputs are fed into a single multiple-input AND'
gate. Each comparison block- contains both'a memory cell set to one address
15 - bitand an ExclusiVe-NOR '(XNORf gate to do the comparison. Each address '
' AX0 - AXm (Ao- A10 in the preferred embodiment) is input to each CAM where
each comparison block checks its relevant bit. -
Iin other words, when a word line of mai,n.array 40 is addressed each
CAM of CAMS 46 individually chiecks for a match with one of the alternate
20 redundant row word lineé. Each bit of the input address is checked within each -
"~ CAM by comparing the stored bit in the- memory cell with one bit of the input
address. The comparison is done with 'an XNOR gate which will only output a
- high' signal when both of its inputs are the same, either both h_igh' or both low, as
is well known in:the art.
25 - The AND gate of the CAM receives as inputs the output of each of the
‘XNOR Qates in the comparison blocks. The AND gafe will only output a high



line in redundant rows 48. Note that the output of AND gate 710 is al so
input to OR gate 750. OR 10 gate: 750, seeing-a high input signal from AND
gate 710 during a read or wite operation, will output a high signal to
turn main array 40 off. The: (}Eonnectifm’ and functien:of the output signal
line fromOR gate 750 to main-array 40 will be discussed nore fully bel ow
Thus, during a read or wite operation, when CAM 1. ecodes a match 15
bet ween its sgghart adet esmpadisbr bisck RRoUtp@tidg %smgii lsightal.| TRAt s OtheyARDgNal
its associated driver to'drive the alternate word line in redundant rows 48
but it Wl agate willondy diive theaword\linéGdriver forrits adsociated tedundaalyrow Hieveasi r ed
alternate good row wil| be selected instead of the defective bad row.
Further, as ce@mpariserehlopk in that EAM fingsamatel befwepn s sioned ahdiess bit and, 20
one of the foyr .CAVS. nu red 461-464 as sho i i tch
bet ween its st BEORNE e%%'-‘-aﬁ‘-% ‘U?V'a"m’&% Q%cﬁp?#éﬁglthﬁé&gefvg% or a
owrite operall g irﬂ%a%%ﬁa%i& 18'621in BhEW 1ndBIAMS of BAMS aBOwhh thdlfdddréds an
erase operation Is to be pertfornmed a precondition operation should first be
done for the [£apai WeThemssarrdowe. aldheile avarddinenin réduntanprows 48185 25 s
to be performed I nverter 720 receives a high input signal and thus provides
a | ow out put selpcted bylthahCAM.t hough CAM 1 (reference nunber 461) may be

outputting a high MATCH 1 signal, AND gate 710 out Purs a Iow,sqiTanaI due to
the | ow input sign&lf copse. merelytselecting andickiving,aR altanakwgrd neg,HPes "Rby be

i ver Tor reRuiBRNEvPEg e JerBBlahdd ik, AopaRr YA T % Becafed 'S

high. 5 | iLional ifi o 1,
ug t ot 10 o EEESAEIRN deooplel SISt BB (FRY aBaiegs BN M die et

a hgh si gnal defedtive wordilineamMhey,; Bécankt thé 8 bit krers sedecied balvt decagler #4nat ch
I's found by

connect to all the drains of the memory cells of both main array 40 and
redundant rows 48, merely driving an alternate word line in Redundant Rows 48
will not by itself prevent attempting to read or write to the defective word line in
15 :main-array 40. Additional logic circuitry is therefore used 10 turn main array 40
- off as needed. - . -
- However, when main array 40 (along with redundant row 48) is erased,
because the entire main array 40 and all of the word lines: of redundant row 48
will be erased (again, due to the nature of flash memory), each row must first be
20 preconditioned. Preconditioning is programming prior to erasure to avoid over -
erasing the memory cells which could cause them 1o go into depletion which
then causes the entire array to fail. - -
Referring now to Figure 7, when CAM 1 (reference number 461) finds a
match between the input address Axp --AXm and the set of stored address bits,
25 -CAM.1 will output a high signal on MATCH 1-signal line. This high signal is

—.-intended to drive the word line driver for the _alternaté redundant row when the



CAM 1, neither the redundant rowis selected nor is main array 40 turned
of f during a precondition operation on the address set in CAM1. 10

O course, the objective during a precondition operation is to precondition
both the detective row (and its defggtive nei ghbor) 'as wel|l as the
alternate redundant rows. This is ause, as stated above, if any

I ndi vidual row is not preconditioned before the entire nenory array is

erased, th ' ' . O ed. > from

over - er asur Spet b BEAR UL {4 rdad JF Wt WBelatich DAty Biga Bl AR [ LU o
not precondppd ' d 16 /2351 ifSre6pevatibhPiheigipal fo iAbe . ¥rnes,
bot h good on%sragﬂg(ﬁb oonsgg,tsi S tﬁﬁgdlﬁacggés’gps. As fg?gﬂtdgdl a%'})%/rg{awcﬁcl\ﬁ 1

(ref er ence lowndignalds Whichucaset the mutpullof invertar 720 és)1adighe signal. sThus duridget ween
the input address and the address stored in 20 CAM 1. Then prior to an
erasure oped H2ahaAr wilerorpiation AND galg 7109ees higk sigsals or balk @ﬁtsflangt& n Main
Array 4Q get selected for preconditioni 1n other. word n 1

out puts%a h?'biwélrléﬁﬁqqo%?n%fn teq'lﬁ'gg'rﬁ’%ngﬁ 98{% g{#ér’ﬁ??'&'ﬁgiﬁgegn@h?ﬁ%ﬁm ei t her
AND gate 77, iR S v il th ¢ 8 g RS 1 is pon

whet her thegggéalst si”gﬁ?gf’“gﬁﬁ‘tw"ﬁ“ggkﬁﬁ‘é‘-?rfﬁ%'?gﬁ’ﬁﬁg_@@? nﬁ)&&g@ﬂ 'Wl I's high
or low.  &ignatitRrtowne dsiver éf driverd £2ahichi Williih iterAndrivel thelitekhie iyt

address to M1is low (in which case the input address is an even

addr ess) t hiime imreglundant?0@swi8.| provi de & hi gh input signal to AND gate 770
which will in turn provide a hi 9h iné)ut_ signal to OR %Slée 790, C&nversely,
if the |east si ghPteithaiiheguipyl ot AND g3l {1l Ogs alsgjppide VR gglar20-i ©Fhi gh (in
whi ch e } SS .1 d t Y Qvi de a
nion 1 e 9Pget ceeRid GRUBUSE R APt M MERA e beRLLT °
signal to CBp-&%?ﬁen.K%-ouh;srPttamigh\é@hal BUithhaih Biraf A0W1E. | PRe eBRAGEIOAN

whenever there is a matc
and function of the output signal line from OR gate 750 to main array 40 will be
discussed more fully below. -
- Thus, during a read or write operation, whe_n'CA-MJ decodes a match
15 - between its stored addiess and its input address it will not only-.signal its
associated driver to drive the alternate word line in redundant rows 48 but it will
also signal méin-array 40 to turn off. In this way, the desired alternate good row
will-be selected instead of the defective bad row:
~ Further, as can be seen by the four inputs to OR gate 750, whenever any
20 one of the four CAMS numbered 461-464 as shown iri Figure 7 detects a match
-between its stored ad_d_ress ahd an jnput address, during either a read or a write
operation, OR gate 750 will signal main array 40 to turri_off.-
If an erase operation is to be performed a preoohdition operation should
first be done for the ré_asons discussed above. -When'a precongdition operation
25 ' is to be performed inverter 720 receives a.h_igh input signal and thus brqvides a

low output signal. Theh,.although_ CAM 1 (referencé number 461) may be



bet ween an input address to CAM 1 and 't he address stored in CAM 1, either
OR 10 gate 790 wll provide a high output si-gnal (thus indicating that the
i nput address was even) or OR gate 795 will provide a high output signal
(thus indicating that the input add[ﬂss was odd). Renenbering that the
objective is to precondition each r (defective as“wel | as functioning) of
the menory array before erasing the entire nmenory, the 15 even/odd address
signal |jnes High MEF A sitRAIC el s 2 bW Rid h iy Ar r ay
30T 11 b SR B g N eRaIC RNEY Gie I CLE o 0 i 826 o
operation. Afbe ke inm signabfroeyinvéfer 220. dTHeretdre ngitloughol nestglnalaye i ng a
precondition operation, prevented AND gate 710 from outputting a high
signal to botfaumkby £AM7S OR gateFaQwillknot poovideia: high audpulrsignal to the duveri s
sel ected 20 nor, i s main ar 40 turned off, Therefore, during a

precondi ti on BpH&AYNARAL m&(éﬁﬁé%@qsﬁé‘eﬂtﬁw phitsinpyt signals isdigh " 3qdr essed

the word kine in el Y, 1.8 .S t i PR be
turned of . Furt e elibuoh & FRH fly Rale HeR BuhdbythRLS. sydih
sel ected, as thé i6 Bbgsu@%naﬂram ARDYHE 710 OH atd 750 v AvEa(1pdta highhal
lines fromOR gates 790 and 795. 25 Sel’ecting both the addressed
word |ine andigriat tovturg msainiangywad off.| Imathenwords) adthoagh 40matehlis tound by
precondi tion égerat ion of a defective word line and its nei ghbor.
Because an el(dM 1.cgithentie regundartfowds selested Bof iRdnain| arrmys49 wraegplival ent
formof row defects been_ di scoi/ere t hat necm1to precondition a

it
shorted word 44108 ??“%@"ggispﬂcﬂp%%tf% BHE #99ESS AT I shorted toget her

bord L on APt he. pr (RedfEe heaEictie dpring a erepSiginh ReARM k1 921° 2 3
of i n arraYpré@oﬁ@mlbﬁoﬂﬁm@-deTé&ivérrbﬂl}’(ﬁﬁBfitsSdQé@ﬁvé ﬁéighﬁ&) aatweell/@Dthef
Figure 7 can be seen in the lower left hand corner of Figure 9.

Addi t i onal | y,altesbatetiedurdant rowsodhisischeshuse,nas stated apoemtitampindividual gure 7

row is not preconditioned before the entire memory array is erased, the entire

© memory array is eventually exposed 1o leakage from over-erasure .of the one or
15 more cells along that word line which was not preconditioned prior to erasure.
. Preconditioning all of the word lines, both good ones and bad ones, is thus
necessary. '
As stated above, CAM 1 (reference number 461) outputs a high signal
when a maitch is found between the input address and the address stored in
20 - CAM 1. Then prior to an erasure operation, AND gates 770 -and 780 help' |
determine which rows in Main Array 40 get selected for preconditioning. In
other words, when CAM 1 outputs a high signal and when a precondition
operation is occuring, either AND-gate 770 or AND gate 780 will output a high
- signal depending upon whether the least significant bit of the input address to
25 - 'CAM1 is high or low. -



and the odd to even signal line fromOR gate 795 of Figure 7 can be seen in
the 10 |ower left hand corner of Figure 9. Figure 9 shows the first set of °
16 4-input AND gates of the predecode stage of X decoder 43 of main array
40. Figure 9, however, includes E-i nput AND gates instead of the 4-input
AND gates wherein the fifth i npuets the inverted Array Of signal fromOR
gate 750 of Figure 7. In this way, when OR 15 gate 750 of Figure 7 is high

i e operat i ong! b E0RETT 8 BaBteblfcant Ryordne oy ABoiads 16 B adE o7 (e
predecode mhgR wHichcARCdShpdt ?emms'a'gl \!!é?\uéé’dr%s -thhn?h\’e‘?iétrﬁo%ﬁ’h Stgnal

and t herefore-none of the 2048 4-i nput gates 0 e decode ‘stage of X

decoder 43privide atigtuinpat Sigadl t6i ANDgate 770 hicH wilkinarepobidla high dr i vers
in drivers 45 wi'll drive a % of the word lines in main array 40.

Conver sel yinpyhsignal to/PRigat ‘Benyeraelyaif the lﬁaswgnmgam bit efdbadiptiton
i ch, when inverted prior

T et " fFReBAS A 1 bl Rl B VR el abubeb e o i
see a ﬁ?gﬁl FORRES 3t BRAIoeLP ER B4R AN bl 250 Wwf Pl o,

during a pp maqﬁgﬁnPgleg@ﬁé;q@()WQQt@@M fi-nds. a match ~either the even
to odd signal |ine necessarily be high or the odd to even signal
line will necesbhethid wapahingta prEcenditibre opesstionawiermveayhetd is & matenat i onal ,
t he one decoder of X decoder 43 which has decoded. the input address and
sel ect ed i PstwesnRn iputadireseto GAM 1 apddhe ﬁHé"@él%ﬁédn\ﬁd’Mﬂ pitkeri@®Rnmai n

n ovelD aclPReestinEPioree a Wi cutemysiiel (niRdndiing AT s P AFRERY cos |
corres DO”d&aEQiJe‘a o?orﬁ#ﬂﬁ fg'é%ﬂl&&l}i'éeogh géa'%” &Q@*‘ﬁhl ﬁﬁl?s ﬁﬁjﬁé‘anﬁg (i1 er ence”

nunber 901) w srgnal urn signal
t he decodetiss inpat agﬂdr&sg)wmdﬁdHS to sel ect:

" Remembering -1hat the objective is 10 préCdndition‘ each row (defective as
“well as functioning) 'of t_he memory arrey before erasing the entire memory, the
15 even/odd address sig'n'ai lines are used to in&ieate which additional word line in
' main array 40 will be selected when a CAM finds a match during a precondltlon
operation. And because inverter 720, by outputllng a hsgh signal dunng a-
‘precondition operation, prevented AND gate 710 from outputting a high signal
to both OR gate 750 ahd_OR gate 740, neither redundant row RRO is selected
20  nor is main array 40 turned ofi. Theref_ore, during a preeondition operation-
when a defective row in main array 40 is addressed the word line in-main array
40 is selected and main array 40 will not be turned off. Further, its ‘neighboring
- defective word line will elso"be selected. as is explained below, through the use
of the even/odd signal lines from OR gates 790 and 795..
25 Selecting both the addressed word line and the neighboring word line in

main array 40 enables'e precondition operaiien of a defective word line and its



»

row 2 of Main Array 40.' Additionally, because row 2 is an even address,

the 10- even to odd signal line wll“have been:driven high (as expl ai ned
above) by OR gate 790 of Figure 7. Because the high output from AND gate
901' is also input to AND gate 905, en the even to odd signal line (also

input to AND gate 905) al so goes high, AND gate 908" wi | | out put a high
signal . When AND gate 905 outputs a high signal OR gate 907 will output a

hi gh si gpal - neighher. dBecalisesaraglectrical shorkbetwesteadjdgéiiroawoid linssigse t he
driver Qf row 3 in drivers 45 to drive the word Iine for row 3. Note that
i f the input PERYalent orAnef r@é@ﬁfaﬁsmmaa@@eegsqueredmt ond way teven si gnal

I Id h hi hb dd add d d
e 1o e nPUE R % B b3 88led B Pold o Sniitchi sHeren
pr ecpndltloné&gm@,%%é ﬁgﬁﬁ&%%,ﬁqggéagptch 20 is found by a CAM both

t he i nput address row wo jacent odd/even address row word

line of min arraReffrimy Aowb Fijure 9, Efbo?ucﬁﬂabﬂh%réé&é&%%taﬁeg%humﬂ ed

word lines in main array 40 so as to be able to- precondit hem prior to .

erasure of tbtFignte Seofiédecyderr43nf.main dray 40 eanbdiseenniTie afgy off dighdant
rows, because th precondltlon 25 signal caused the first redundant row
RRO of redunffam ORfale 1800} Figyre gcandpe seeniin the lawr @ﬂrﬂﬁﬂmve') of Biguest hi ng

The: ner ghboth ARGERAT A e B B85 bafeHhoR DA dald Rap et Fldiridra | ne
for the secogdghe b8 td8lén %nélhf?\retf?&n‘@ﬁ %a{é 765 of P 7 @Jr{@é/sélgié{(?rtﬁess' ng

al so be preconditioned prior~to erasing t entire nDry array

the two r@®duhaeetieft hasd BBAennd Figdte B0 redundant 5 rows 48 is achieved as
follows with reference again to Figure 7. In Figure 7, when the -
pr econdi ti oni ng obigu @ showsdbe éiest Shtokt érinbut AN gates ot the pedecarfe

redundant rows, %ﬁ%‘greference nunber 462) sees a match between its
stored addr eS8 qdesd3 ol derin &rayiv E'QPF%ﬁe'PQW%VW includes 5-input

AND gates instead of the 4-input AND gates wherein the fifth :__nput_:ls the
_ inveried Array Off signal from OR gate 750 of Figure 7. In this way, when OR
15 gate 750 of Figure 7 is high (indicating a match between one of the CAMS_, in
CAMS 46 during a read or write operation), none of _th_e 16 5-input AND gates of
the first set of the predecode stage of X Decoder 43 shbw_n in Figure 9 will.
output a high signal and therefore none of the 2048 4-input AND gates of the
d_e_code stage of X decoder 43 will output a high signal and therefore none of
20  the drivers in drivers 45 will drive any of the word lines in main array 40. .
- Conversely, when a CAM in CAMS 46 find a match during a precondmon
. operation, OR gate 750 will output a low signal which, when inverted prior to
- being inputted to the 16 5-input AND gates, Wil_l cause the entire main array 40
to be operational (because each of the 16 5-input AND gates will see a high
25  signal thus effectively turning the array'o_n). Further, during a precondition

operation when a CAM 'iinds a match, either the even to odd signal line will



outputs a high signal to the driver in drivers 47 to drive the second
alternate 10 word line in redundant rows 48. Wien CAM 2 out puts a high
signal on RR2, OR gate 750 sees this high input and signals nmain array 40
to turn off. The high output sigmal fromCAM 2 is also input to AND gate
730 which, together with the hi §ff~precondition signal, causes AND gate 730
to output a high signal to OR gate 740. OR gate 740, upon seeing the high

rve ho Reaesaady o haba: IR Gof Tnevbh sicab R il Fefkssrly B oy orL® r e’
CAM 2 i nd’?hc?]ndrﬁaetc%nsgVﬁétﬁ'grﬁggtb%%?gtéd A3, Qﬂébﬁé'o?%odé%i‘xtd&oéérr% i

second alterndte word | re sefected I'n redun rows 48 while main

array 40 i ghichridosddoed!tRe ifput aoBiess vy sélbeteddisaastoefated rver il  of
shorted word lines is addressed during a precondition operation, both of

the. two rwusodtaletsetmteldwmmemmammmm\be drivens sel ected and the main
array 40 is turned of f Pl ease note that CAM 3 and.CAM 4 operate e entlally
i dentidally to e drivenywerdfine igmaindasray 40 M@Wegﬁﬁ FerssivRrodin §e nd set

f dund
Support og. St { Hielscdihudihe e G BbotBE I Ak, IRHNERDAR, 1,
been Showns yhe i tu'rt]mrﬁgat%% fRf6hde ndtheer 909 winlbecd higH Sighal 16 ORt ed row

word line pairs w rn-array. 40 during a precondition operation and

whi ch is plhagesodahipaniltinturarsighat thibededonipestagel of XeDelemdet el stoapiead! X
decoder 43, can select either row O and row 1, or row 1 and row 2, or row 2

and row 3, rew@ ofViain Array #Qi Additibeally, because MGZéiﬁﬂaﬁVﬁé@%@)‘iﬁet €Uepends
EEFQC?%S“@LS% pap siane! fins il s Bren ARV N GREAAIeR AOSVABLOR 1 i on
enboai ment SB1° (RLSHPELLE7 HeoalF IR bR Sul BT AN HEtNo1 IS gl T o
toget her ang ANtegstd @@Mtﬁéﬁtﬁ@@veh@o odd signal line (also input to AND gate 905)

also goes high, AND gate 805 wnll output a high sugnal When AND gate 905

outputs a high signal OR gate 907 will output a high sngnat to the: decode stage
15 - of X decoder 43 whlch_ wlll cause the driver of row 3 in drivers 45 to drive the

word line for row 3. Noté-thét if the input addreSS"h'éd been an odd address

then the odd to even signat line would have been high and the neighbor row to

the odd addressed word fine in n.tai'n array 40 would have selected.

" In this way, wh’ehe‘vér a 'preoondition operation is pertormed- and a match

20 isfoundbya CAM, both the input address row word line and the adjacent

odd/even address row word line of mam array 40- are selected. This enables

addressing both shorte_d word ||nes in main array 40 so as to be able to-

precondition them prior to erasure of th_e. entire memory array.

As for preconditioning the redundant rows, because the precondition

25 - signal caused the first redundant row RRO of redundant rows 48 to not be

selected (as explained ab_otie), something else must occur in order to



.10 sel ect row 15 and row 16 during a precondition operation row 16 woul d
not be sel ected.” To understand why both row:l5:and row 16 woul d not. be

sel ected during a precondition operation one nust first renenber that the X
decoder 43 is optim zed (based on 2 p space and power requirenents) to
decode 1 of 2048 15 word |ine addresses by grouping the input address
bits into four sets of AND gates (as was discussed with reference to

Fi gur es_5_ angrégontition that eaird dineh cAdditipralipfihetmeigliidnng tddundastworlive (or

odd, as_appropriate) row word line of main array 40 is |ocated between the
first set of (whichipthgaliernate tave word liee fnfdhe segendiatitherpaipoishoted werdes  of
t he decode shﬁge,of X decoder 43 the resolution of 20 this logic to pairs

wi thin each WPSiHMainarray 403 myslaisq be precandiiongd prios jo £asing e t ed.

I n ot her wor first,s edecqde, st age
I s shared byqé%@ﬁﬁcnﬁw %ﬁpfxg&&ss@ tP g&ﬁﬁ%‘?"@@@é@%@%?ﬁpgﬁg H?)&t ﬁrﬁs@gﬂ%"&
decoder 48), rgW3d@gng dchrevedids RAbWS Withreld?fhte agém 19'Figlyg pUt put of this
set of the predecode stage necessarily limts the pair selection to pairs
w t hi n each group li2¥iguref7, Whemthevpredonditicring opeftios. reachésithecsecoader cone
in alternative enbdodi nents as expl ai ned bel ow, can be nore easily

expl ai ned wi taddregscoidhe aiipliradurdant gowes, QAMR (referenee Aumpes d62heeastat he

Gat e of t he Maich copresh fiE fiorae aaBeasscnd Hednelt SR CAMs2 Terelore shar ed
by the AND o . , , _
dgcodg st aggaoﬁ)"?aﬁg e@gﬁlg‘?g@% ft%%%r&'zreq\éé%ﬂgﬁét@ﬁ, t%téhsee-%%ﬁij)f'tg{"é%?ence

i n input $ot 0 Wdia ifblh g8desdan? fowdus0 veReh CAM i@d_t{[ﬁné RenigRERARl bARHZ, Rt he
2078 addr ess gehe 7EDIBeaathissigh (YpU0A0 Signeiscimairsamay 4080 MLt s t he out put
of 1)t he' f rst. ANT?me antgﬁ o?xftpl}tg(iagrraii Er%tm éitM .'(zjfis talgg input to AND gate 730 which,
together with the high precondition signal, causes AND gate 730 to output a
“high signal to OR gate 740. OR gate 740, upon seeing the high input signal
15 from AND gate 730 will signal the driver in drivers 47 to drive the first alternale..
word line in redundant. rows 48.
Therefore, when CAM 2 finds a match dﬁring a precondition operation,
both the first and the second aliernate word lines are selected in redundant
- rows 48 while main array 40 is turned off. In this way, when the §econd of a pair
20 of shorted word lines is addressed during a precondition operation, both of the .
, e - two redundant word lines in redundant rows 48 is selected and the main array
40 is turned off. Please note that CAM 3 and CAM 4 operate essentially .
_identically to CAM 1 and CAM 2 as they are merely supporting a second set of
-redundant row word lines. Multiple pairs of redundant rows can be supported

25 Dby this scheme while only two sets of two redundant rows have been shown. - -



predecode st age; ||) the first AND gate of the second set of the predecode
stage; iii) the first  AND gate of the third set of the predecode stage;

and, iv) the first AND gate of the fourth set of the predecode stage.
Simlarly, to decode 1 of 2048 gﬁ%&ﬁsses the AND gate of row 16 receives as
its 4-inputs the output of i) 1 e first AND gate of the first set of
the predecode stage; ii) the second AND gate of the second set of the

predecode st age; é]%% pr edecode
stage; and, iv) -?1?' lbpl fs? %{]Bﬁ ﬁé@rgé ﬁg% 5% ?‘%“ﬁg;%‘?g eecode'u
st age. Therﬁlwwuhxmnt&l‘%ﬂmmm@a@ﬁeé@idﬂﬁﬁrﬁopé]@ﬂbﬁdnﬂ%nmfwblbbé@ pairs
s 20 placed only on the:first set of AND gates of the predecode stage

(as in the hatween theipradecodarstage @ndtthe decodestagenoicX deonder 43iicanl ogic i s
“unabl e to select the rowword line pair of row 15 and its next even

nei ghbor ( rﬁﬁf@qgﬂ B andpwd, Pé'%‘/ﬁ{lg oMt & Qreaw? ard Jaun3gelce Tdus

e ar i For 14 SiBRork st Bidiabol shoRl, atheftbsmtPen bt hesd) o 3'023?'5
bet ween ro"ﬁetéﬁmﬁﬁdteﬁ’ge_she : ﬁﬁg ) XBecdlder 43 [e"cinﬁ%mrg firsPHW Gord L 1S

possi ble to ad ogi c ects shorte row 'tne pairs to the

out puts of RRCHI thetpairf aﬁmm'@@ﬁé?% prlecbhdition epeestida is beig. perutmigdere i s no
concern about inproperly selecting nore than one row word line pair at a

ti me becausameng othegitkinghi Howerers in thespreferced empodisment of the presest al so 5
depends upon decodi row word i ne of the a|r and therefore the

only pair vx’ﬁi"%’l’f'%:!flr}gv";‘h&e‘t’féi Tr‘is‘f’} 1% ate phefed tagstiel and there € 15 AgAemMRt ow
word | iype a&ﬁeétc{ﬁ i neEn@Y&V 1$rdm§ea€¥&°%w'ﬁle" d;%d%(@n%v») fWoURs %Aﬂie%%em red

shorteJ r ow Wor air ore onal ogi C W
sel ects thegsggtegd of the shorted 10 row word line pairs (regardless of
whet her that happens to be an even or an

- To understand why both row 15 and row 16 would not be selected during

‘a precondition operation one must _flrs; remember that .the X decoder 43 is -
optimized (based on eﬁfp'spac'e and pow_'e'_’r requirements) to decode 1 of 2048
15 word line addresses-byagrouping the input address bits into four sets of AND
gates (as was discus_sec_ij with reference to Figures 5 ahd 8). Then, because the
logic which selects.thej:: next even (or odd, as appropriate) row word line of main
array 40 is lbcated _'béty\iéen the first set of 16 AND gates of the predecode stage
and the 2048 AND_-'gai__esﬁ of the decode stage of X decoder 43 the resolution of
20 this logic to pairs Wi.lhiﬁ"e_ach multiple ot 16 row word-lines of main array 40 is
thus limited. In other words, because .the first set of AND gates of the eredecode
stage is shared by e_ach-@ultiple of 16 row addresses (again, to optimize X
- decoder 43), placing the pair selection logic only on the output of this set of the
predecode stage necessarily limits the pair selection o pairs within each group

25 'of'16 row word lines.



odd word line), as shown connected to the first set ' of AND gates of the
predecode stage in Figure 9, were to be added throughout the four sets of
AND gates in the predecode stage then any address conbi nati on of shorted
row word line pairs could be sele during a precondition operation by X
decoder 15 43 decodi ng and sel ect4 the first shorted row word |ine of
the pair and by the additional |ogic selecting the neighboring even (or

oG, as_Lhe pat {1 sslmER, Bbrdaie, (UGBS ARBIEHIEE Foldfe o0 ot

of the g@resent invention while not e to select every six pai r of

short ed wor dbelows Tantbemob pasifsefAgiRed NithGeidrénce 2§ain b Fi?hr%GB_.C*FﬁQQ@ of a
defect attributable to a shorted row word |ine which cannot be addressed by

t he pref er r edecodiogischemeddf théipseferrdd redebudiment asbambe s¥endn Figunecs
enbodi nents e]imnate this exposure but require additional logic do to so.

Thi s addi t i oRBPWS Hiatdne firet AND gatewithe fiest sepatibe prederodenstpge L X decoder

potentialdy i ' ' lZe. . Therefore, .int referred_epbodi nent of
Phe 25 15 osdnts Ehaieithone AlgTast & Rudd Bodibe B deRope b e: P ate
consi der at i offp geldotR) &8 élg,(pxp@é&jgfer%_ 6% chance of a short which m ght
occur between every 16t% row wor i ne pair during manufacturing of the

devi ce. Addi ti onalrd furthenekplanatie,ahe edlyaditednoe i inplits foethe AB atdgyent i on,
during fabrication of the nenory cell as discussed above with reference to
Figure 1, a %w Omandciiow 16 ig/the ¢anneglien tlomrthe setondrsehef AND datesof thie t he

menory device. After |ayi down an insulative layer a netal 2 layer is
then iaid doWFd}@Qﬁ %‘?ﬁﬁ%éﬁﬂq qacepe drki 2048 ss thecAlNBigate of raw 8

o |0 PRl RS opUES et 5 ARBple S0 S5 .,
Sk apping o BERRCO08 RIS WA ANPGRS ] ekl sl
- i) the first AND gate of the third set of the predecode stage; and, iv) the first
AND gate of the fourth set of the predecode stage. ‘Similarly, to deéode 1 of
2048 addresses the AND gate of row 16 receives as its 4-inputs the output of i)
15" the first AND gate of the first set of the predecode stage; ii) the second AND gate
of the second set of the predecode stage; iii) the first AND gate of the third set of
the predecode stage; and, iv) the first -AND gate of the fourth set of the
predecode stage. |
‘Therefore, when the Iogié.which selects shorted row word line pairs is
20 - placed only on the first set of AND gates of the predecode stage (as in the
preferred embodiment of the present inverﬁion); this logic is unable to select the
row word line pair of row 15 and its next even neighbor (row 16) because there
is no AND gate (such as AND gate 905 of Figure 9) to signal an OR gate (such
- as'OR gate 907 of Figure 9) to signal the driver for row 16. Note that essentially

25 . the same situation occurs between rows 31 and 32, rows 47 and 48, efc.



resi stance of the word line by acting as a parallel resistor. This
reduction in word line resistance allows the voltage applied to a word |ine
to ranmp nuch nore quickly which results in inproved device perfornmance. For
exanple, 15 through sinulations and test devices with netal 2 |ines
strapped to the underlying mordzu%pes, roughly a 20% i nprovenent in device
read tinmes (fromapproxinmately 100 nS to approxi mately 80 nS) has been

has been a probObRPYEEABELPPEHIAL 539329 @9'&??’ 1) ForbE B ol wER 5, grets s
bet ween 20‘1"9 ﬁgfbgfbb e AR qe'abﬁ'@@ eé B?tﬂﬁ]rggecfo#g' 935% 2§ﬁl fs | ess

later int rication process ey ar orrred

pl anar 1t hafhapd$$'nb ltonBesr aWuthr?\Mﬁfp‘érly&éledlﬁg mete than Dnetowtwerditiieal 2 | i nes
must cross the hills and valleys caused during the typical chip

fabri cat i opair @ astime etaesettisi lbgis vehich selebts,/shortedqmwutd“ liriecpatits @lsot hat t he
resol ution of the typical photollthograp . rocess .is | essened Py this
nmore irg egdeaen@mpm decadlieg thefirst rav werg f‘ﬁlo g paig and thesetore the.pyly; o

i ncur either (S cal ar S, | deV|ce
or alter naPWé’Y jeh W@”@ﬂ&“@ﬁ%h? PP@&PJCW 'tgeqrg)m% #&g&{ Eéégk@ﬂ JP% g+ al

| i ne. Thi Saﬁé%sﬁ]ﬁe@?n G 864 16 hordl b YiE 19 RS E LRSRY itherPical 2 | nes
nmekes strapprng themto un y| ng - wor I'nes a risky proposition when
there is 5wor8%ineQuir, edundancy built into:the devi ce Stated differently,
strapping netal 2 lines to underlying word |ines increases device

perf or mance whi [Te rapsat, ifribe eagmngaltlnelcmm@n salgsts e seeond ef herghorted | n t he

past, the gains in perfory hav been .deened rth | duced
devi celQi elfaw wgrd ingRaifsn 9"5 esRqt H’(ﬁ'&h@y? aaqpeéwst %‘&3
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~of redundangregeusie gt Figure 9, were to be added throughout the four sets of AND
gates in the predecode stage then any address combination of shoried row
word line paurs couid be selected durmg a precondmon operation by X decoder
15 43 decoding and selecting the first shoried row word: line of the pair and by the -
" additional logic seleéting. the neighboring even (or ,odd,'es the particular case
may be) row word Iine_.. |
" The preferred emboaimenl of the present invention, while not able to
select eve'ry.sixteenth' pair of shorted word lines, thus_-exposes each device to a
20 1in 16 chance of a defect 'atlributable to a shoried row word line which can.not \J
be addressed by the preferred embodiment of this redundant row scheme.
Alternative embodiments eliminate this exposure but: require additional logic do
to so. This additional logic takes up additional space on the chip thus
potentially increasing die size. Therefore, in the preferred embodiment of the -

25 present invention, a ba_lance has been struck whereby chip space.



assigned to take the place of the shorted rows. In this way, the inproved.
performance gai ned by strapping netal 2 I|nes to word |ines nmay be enjoyed

wi thout significantly affecting device yield. 15 In the foregoing
specification, the invention has be described with reference to the
presently preferred enbodi nent theré&eft. It will, however, be evident that

various nodifications and changés nmay be nade thereto wt hout departi ng

from t he_brozdasideritiont cuWeighare p@ferﬁﬁ?ﬁ%”&?éﬂde%:v &F@vh 9& Bc L 2 0

appendeq;cl aims. The specificCations and draw ngs ar€, accor

regarded in. metwéémewratiam rowtw:ﬁd Iihqumura"@tmannla\cwrmgrtﬂﬂhe devifc@”] *CL
MS * CLAI MS arra'y havi ng a plurality
of electrically MQP&%UD@G arﬁierreq!@mbqohrapwo the presant invention, daring s

cont ol gt o AHiFaR e BV con e dicisSe Shovr wifrlsinas @ fowat. = °
arr anged §n_ GRUNI fayef AERicPloR 5o R @b ir e highiy BBLAH. ORI ©

the drain region o a nu e menory

first word | idoewnidm mstnamsé I&yer.a ineealfa fagér i8Qhen Ila.aeaobw aak thitiperdbm t he
control gate of each of a nunmber of the nmenory cells in the first row, a

second word lintarconneat layern Thermetal Eﬂasyeséomsjhm paraiielingothierveprddings @ the t he
control gate n?efmg%cge\%e a
The metal 2 layer can be strapped (electrically connected at various

10 poinis or intervals across the memory array) to the underlying parallel word
lines. Strapping a metal 2 line to an-underlying parallel word line lowers the
resistance of the word line by: acting as a parallel resistor. This reduction in
word-line resistance allows the voltage applied to a word line to ramp much
more quickly which results in improved-device performance. For example,

16 through simulations and test devices with metal 2 lines strapped to the
underlying word lines, roughly a 20% improvement in device read times (from
approximately 100 nS to approximately 80 nS) has been shown. - |

In'the past, strapping the metal 2 lines 1o the parallel word lines has been
a problem because it increases the likelihood of electrical shorts between
20 neighboring word lines. Because the metal 2 lines are formed later in the
~ fabrication process, they are formed when the device is less planar than when
the earlier layers were formed. As such, the metal 2 lines must cross the hills
- and valleys caused during the typical chip fabrication. Crossing these hills and
- valleys is more difficult in that the resolution of the typical photolithograpy
25 process is lessened by this more irregular surface. Therefore, each metal 2 line

is more likely to incur either physical separation as it attempts to traverse the



nunber of the nmenory cells in the second row, a third word line in a third
row, the third word Iine being coupled to the control gate of each of a
nunber of the nenory cells in the third row, a fourth word Iine in a fourth

row, the fourth word Iine being pled to the control gate of each of a
nunber of the nmenory cells in thé&®ourth row, neans for decoding row
addresses and for selecting word Ilines, wherein if the first row

i's addr essegdgyigé o@@mem‘auaeny%cknan@ewrmal aoittad \ﬁll@ﬂrn%iﬂﬁﬁwngﬁﬁéﬁi pon _and
if the first row is not functioning properly, the decddi ng neanis,,

sel ects thelimdrird word |ine, and wherein if the second rowis address’@ﬁ for

one of the read and progranm ng operations and if the second row is not
functioning pr oth!SWXPPﬁ'éfed@cQJGﬁﬂﬁga|rﬁé@ﬁ§ between geighbering metali2 lingg d | i ne,

and it the FAkGE SaRPRG ﬁ%%'ttbﬁﬂﬁéﬂxwgﬁ'&&tﬁ'r@%&ﬂ @F'@R?@%%ﬁ%awﬁsn fedhe
sel eC1 5 g | Mo bl rShuRE Ly thil o BREGee SRAGTEURIMY| LRGN FilaPa U N0

t he precondl i oni ng I on seco ressed and
i f the secolifles R\uhGeryiig Mfu:tmwin&&a%emmc» pdrivemaacodibilg di®®ns sel ects

the third word line and the fourth word line; neans for selecting a nunber
of the pl uriicreasing the likelihood of device defects. In the past; the gains in -
periormance have not been deemed worth this reduced device yield.- '_
.- By providing row redundancy, metal 2 lines can now be strapped to the

10  word lines and if a metal 2 line and word line is found to be shorted to a.
neighboring metal 2 line and word line then a pair of redundant rows may be
assigned 1o take the place of ihe shorted rows.'.- In this way, the improved -
performance gained by. strapbing metal 2 lines to word lines may be enjoyed
without significantly affecting device yield.

15 In the foregoing specification; the invention has been described with
reference to the presently preferred embodiment thereof. It will, however, be ._
evident that various—.modificalibns and changes may be made thereto without

- . departing from the broader spirit and scope of the invention as set forth in the
appended claims. The specifications and draWings are, accordingly, to be

20 regarded in an illustrative rather than a restrictive sense.



bit lines and for coupling the source region of each of—anumber of the

mermory cells coupled to the selected bit lines.to a firs m“mlm“‘
one of the read and programm ng operations, and for } ﬁ“ NL
source region of each of the nmenory cells to a second poten Lfor & *
erasure operation. 2. The nenory array of claim1l1l, wherein the first
potential is ground potential. 3. The nmenory array of claiml, wherein
the second.potential. is approxi mateyatpgd vVolts. 4 The nmenory array
of clayd 1, wherein the decodlﬁ“ﬁﬁaﬁs only selects the first word line
if the first row is addressed for one of the read, progranm ng and-

precondltlonlng ORer aeMdYy an@gﬁagrua$a5§ﬁ?romhfun@&u@g&lﬁgopeéfy

wher ei n odi means only selects [ seco line if

t he semai? EB&F #Egad@ﬁﬁﬁﬁﬁFm? e ofdd ofe ¢@;1¢g£gy e ng

and' preUMHUOryonceglsopeaahiohavmagd alfsouhee s&@@@@ngwmuftﬁtai@?s)
properly., al | urt risin i a
fifth mordé |%%'|n gid%¥$¥¥ gﬁEg ﬁg%§F8H|9ﬁa%euﬁgg 'to the

contr ol g%?%abfcempnleﬁna-nunber of the menory cells in the flfth r ow,
wherein the firstg pi‘i‘ﬁcal_dit aB% flhiﬁhl‘&?{ec%]lh%énﬁéﬁ Q{d&’“%"o‘in{) Mpet her:
(1) a sixth word’line SI xt word |'ine belngy coupled
to the Cdﬁ§¢5|ogapgeoplnqﬁjity of bit lines being coupled to the
drain region of each of a number of the memory cells in
one column; ' _
a first word line in a first row, the first word

N\ line being coupled to the control gate of each of a
number of the memofy cells in the first row;

a second word line in a second row,'the second

word line being coupled to the control gate of each of a
number of the memory cells in the second row;

..a third word line in a third row, the thlrd word

line belng coupled to the control gate of each of a
number of the memory cells in the third row;

' a fourth word line in a fourth row, the fourth
word line being coupled to the control gate_of each of a
number of the memory cells in the fourth roﬁ;

means for decoding row addresses and for
selecting word 1lines, wherein if the  first row is
‘addressed for one of a read operation and a programming
operation and if the first row is not functioning
-properly, the decoding means selects the third word
line, and wherein if the second row is addressed for one
of the read and programming operations and if the second
row is not functioning properly; . the decoding means
selects the fourth word 1line, wherein during a
preconditioning operation, if the first row is addressed
and if the first row is not functioning properiy, the
decoding means selects the first word - line and ‘the
second word line, wherein during the preconditioning

- 29 -



- each of a nunber of the nmenory cells in the sixth 7 rein the third,
fourth, and sixth word lines are grouped togethe;Umﬁmx2$5Tﬁ“r+\~Lll
the fifth row is addressed during one of the read A@ﬂ

operations and (2) the fifth rowis not functioning 4@@1&%
decodi ng means selects the sixth word line, whereinif (3) # nd
row i s addressed during the preconditioning operation, -(4) the second row

is not functioning properly, and (5) the first row functions properly, the
decodi ngpematiton selifct thet ecomt ordw absl fiddriesaedl Ahdesi £ widreei n' i,

the Tifib.cow irsaddpessed quring dhey 1PN A ORSERLY anetih

the fifth rowis not funcglonlng pr ope ? I ng neans s€l ects the
fourt h merRNs| geAegdsd theethigd wor Almﬂﬁuﬁp®fth@cé&ﬂf@hamgﬂ%ate wor d
lines iyygepenory array having a plurality of electrically

progrannable and electrically erasable menory %fells eﬁch havi n source

regi on, a drain™f@8fof °rasP9&§i¥ﬁ?gﬁﬂ¥PQFﬁF e pinradity %QJ1 menory
array boplisesgand ﬁlou:r adoupl Diig bthel sbaxcer meyjsrh | of cohoinaf each of

the ol uahiefl bl Lnb! HZRoBY I1GUILEL1Ga e FhE' Bofsghan geach of 2

nunber one cqu rray
conpri slimes fliasa V\f)ifdstl mo tentki 2l tfoxn h@n@on()foltlg%lt geasd e@@ld of a

nunber ,ﬁé §P§mﬂ§f{eryoﬁskhsibﬁsa fahat Fe¥ Bo8pEeAE W%@ | gRareeupl ed to
t he con ate each a nunber of. f he neno S in a second row, a

e I
third wWwegLen et cBﬁﬁPeS tghph@emory cells to a Zcond potential
for an erasure operat;on. '

2. The memory array of claim 1 wherein the first -’
potential is ground potentlal - o _

3. " The memory'array of claim 1, wherein the second
potential is approximately +12 volts.

4, The memory .array of c¢laim 1, wherein the
decoding means only seleets the first word line if the
first row is addreseed for one of the read, programming
‘and preconditioning' operations and if the:  first row
functions properly, wherein the dedoding means only
seleets the second - word llne if the second row is
addressed for one of the read programming, and
preconditioning operations and if the second - row
functions properly.

5. . The memory'array of claim'i, further comprising:

(1) a fifth word line in a fifth row, ' the:
fifth'word line being coupled to the control gate of -
each of a number of'the memory cells in the fifth row,
wherein the first, second, and fifth word lines are
grouped together; '

(ii) a sixth word line in a sixth row, the

sixth word line'being coupled to the control gate of . °



. a
y

control gate of each of a nunber of the nenory cells in a third row _a ﬂ

fourth line coupled to the control gate of each of a numm ml““‘ﬁu
cells in a fourth row, the nmethod conprising the steps i

the third word line if the first rowis addressed for o6ne of a read
operation and a progranmm ng operation and if the first rowis not - 31 -
functioning properly; (B) selecting the fourth word line if the -second
row is. . a e d € F t a PEDY ) p tions and
1" he gosOh o o ndipeRbf he MEmoteSte I FREATRARIIENR, TV
and secon¥bfgiedn i ke | third, fifeurthw iandd@ieddedwrsd alppresondFei oni ng
oper ationgrjiped f tddttndd ! StwhdWini Sif n9§1) fugieé i opd PERPreeRT | Y5 (D)
selecting the third and fourth word |ines if the second row i s addressed
for the p §9%bni FTLRSr aPRBn Rfd  tHe t hESdBcoARd r RFCTEAMALRY
functioni epeadioly . afld (2) ThehéreERgdhof réwaiid 6noturfiwdtLonphgsi ng the

steps of: _(E sel.ecti onl.y the first rd. line if he fiLst Tow
i's addres§é§%F3?' net§P tﬁgcpgéé? pFSGPﬁnnF“8?°§ﬁd gpgco%%%F#onVﬁﬁd
oper ati ondiaed (WHerenfifsy3)owhe second row is addressed during
the preconditioning operation, (4) the second row is not
functioning properly, and (5) the first row functions

properly, the decoding means selects the second and
fifth word 1lines; wherein if (6) the fifth row is
addressed during the preconditioning. operation and (7)

N the fifth row is not functioning properly, the decoding
means selects the fourth and sixth word lines. :

6. A method of accessing alternate word lines in a
memory array having a  plurality of electrically
programmable and electrically erasable memory cells each
having a source region, a drain region, a floating gate
and a control gate, the memory array comprising a
plurality of bit lines arranged in columns, each of the
plurality of bit lines being coupled to the drain region
of each of a number of the memory cells in one column,
the memory array further comprising a first word line
coupled to the control.gate of each of a humber of the
memory cells in a first row, a second word ;ine_coupled
to the control gate of each of a number'of'thg memory
cells in a second row, a third word line_codpied to the
control gate of each of a number of the memory cells in
a third row, and. a fourth line coupled to the control
gate of each of a number of the memory cells in a fourth
row, the method comprising the steps of: '

(A) selecting the third word line if the
first row is addressed for one of a read operation and a
programming operation and if the first row is not

- 31 -
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functions properly, (F) sel ecting only the second word line if (3) the
second row is addressed for one of the read, programnm ng, and '
precondi tioni ng operations and (4) the second row functions properly. 8.
The nethod of claim®6, wherein the nmenory array further conprises a fifth
word |ine coupled to the control gate of each of a nunmber of the nenory
cells ina fifth rowand a sixth word line coupled to the control gate of
each of a nunber of the nenory cells in a sixth row, wherein the first,
second, BmrctioringoPEOPERLY; are grouped together and the third, fouE&J and

sixth word i nesygy e or g8pedtinget hige . sher el n i malhRd fertege

conpr|S| steps of glecting the si word |ipe |f (1) the
fifth la%rejssedéd%s?sssﬂ For Tane afi thig read” a

progr ampnggmmﬁiaﬁg Operutidiy) ahle Lfftthe owedendotrowundsi onbtg
prODerly&uﬁéé)oniﬁﬁdﬁfééggl§he second and fifth word lines if (3) the

second TOW turin t he preconditioning operation, (4) the
second row |sluﬁcfunct$©h90919908bﬁliiraﬁd&@@ seeond (word ohinésancti ons

properlyif (idhle) eLBE! I RS, RS fo4aFRsaBE SESED H‘Dfﬁkéé&?&itioniﬁé the
fifth row 1s, .addressed durln% t he _
operation and if the 1rst row is not funectioning .
properly; o ' '
(D) selecting the third and fourth word lines
if the second row is addressed for the preconditlonlng

operation and if the- second row is not functioning

properly. o ' o : ' - o o’
7. The method of claim 6, further comprising the

steps of: o '

(E) selecting only the first word line if (1) the -

first row is addressed for one of the read, programming,
and precoﬁditioniné operations and -(2)1 the- first row
functions properly,.

(F) selectlng only the second word line if . (3) the
second row is addressed for one of . the read,
programming, and precondltloning operations and (4) the
second row functions properly.

8.  The method'qf'claim_G, wherein the memory array . .
further comprises a fifth word line coupled .to the
control gate of eaeh'of a number of the memory cells in
a fifth row and a sixth word line coupled to the control
gate of each of a number of the memory cells in a sixth
row, wherein the fi:st,"second; and fifth word lines are
grouped together and tﬁe'third, fourth and sixth word
lines are grouped together, wherein the method further
comprising the steps of: ' :

(i) selecting the sixth word line if (1) the
fifth row is addressed for one of the read and
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precondltlonlng operation and (7) the fifth rowis not functioning
properly. 9. ""The method “of - claim 6, .wherein the Irs

sScond el ent 5115 adoroa ey v ts. 517 IR

substantially as hereinbefore described with referenée to 4 he a@conpanylng

dr awi ngs.

Zgggﬁb {:y‘ffﬁ‘toagg:tanm a%p%eél%bef ore dde?%l b@ﬁj wi dg

tial

12. A net hod of accessing alternate word lines in a nenory

ramnn
functioning properly;

(ii) selecting the second and fifth word lines
if (3) the second row is addressed during the

- preconditioning operation, (4) the second row is not

functioning properly, and (5) the first row functions
properly, _

(iii) selecting the fourth and sixth word lines
if (6) the fifth row is addressed during the
preconditioning operation and (7) the fifth row is not
functioning properly.

9, The method of claim 6, wherein the first
potential is found potential.

10 The - method of claim 6, wherein the second
potential is approximately +12 volts.

11. A memory array substantially as hereinbefore
described with reference to the accompanying drawings.

12. - A method of accessihg alternate word lines in a

memory array, substantially as hereinbefore described
with reference to the accompanying drawings.

- 33 -

théeference to the
no



