prv-, .. ra, wool/15171."FCT/ US00119303 FLASH MEMORY ARCHI 7 CTURE EMPLOYI NG
THREE LAYER METAL | NTERCONNECT ' Technical Field 5 Thé present invention

rel ates g€ to non-volatile menory devices and, nore ' arly,
to met ho&ggwl@stenﬁ for decoding wordlines in flash el eﬁﬁ%ﬁ#’ﬁ\?&
erasabl e progr arnFTEASE MEMORYARCHTECTURE-EMPNIO VNG TERER3ackground Art 10

Fl ash menori es are popul a AYERMETARINVERCONNECSTDbEcause they store
information in the absence of continuous power .and are capabl e of being

constructed in a very-conpact forpechiibal¥eldrenory is typically constructed
by fabricating a plurality of floating-gate transistors in a silicon

subskrate. AthtprbdndfiveiRion rélitad Senérhlly toindn-volafie nnidty &dvikes &, AoRct ri cal

charge either on a separate gate electrode, known as a floating gate, or

in a di Qhfehlidy; td Mythods'eRd Systevils Far ddcodniy worlllinda iFflabh cRbtfisdifyReabléener al | y

speaking, data is stored in a non-volatile nenory device by the storage of

. an el ecClprdgphmabivesPonly nich®nyf (BERRONM) devit®. | n a flash EEPROM devi ce,
"electrons are transferred to the floating gate electrode through a thin

dielectric layer, known as a tunnel -oxide |ayer, |ocated between the
. floating-gate electrode and an underlying substrate. Typically, the

el ectron transfer is carried outw 20 hot electron ("CHE")

i njection or Fow er-Nordhei mtunneltng. Tn either electron transfer L~

nmech@ni sm  a Frgh hfribsars popidlae theinBryl shiRagel dedibéstdciod e $tore infoRfhtioy i
control -gate electrode. The control-gate electrode is capacitively coupled

to the fthubbdnogofbdhiEnudbSpdwes it aré tiipble bEBeir constnadBe in téfipakOfofrh e

control-gate electrode is coupled to the floating gate el ectrode. In one

type of FlfRwiesiry it picalyédnotructaity falrReinzqBurhlfty of MGkHISpME krahdidtdiSin a

silicon-gate el ectrode overlying the 25 floating gate el ectrode and

separ at affichisubstiate) A fyatingPareitRfdistords tapyslé of dtoringeitchiRsl chige eittier 88¥i ce, the
floating-gate electrode is a doped region in the Sem conductor substrate.

Fl ash naspatate gitwéletnda kaowwis ilbating gats)or adicledit Tager 0hderlyingha conteslgatet or s,
with each transistor being referred to as a cell. A wordline decoder

pr ovisd e eleopedea Generally speaking) data isatoialifi a noi-volatie fembh device be defiitosaeiodr of the
- menory device and is typically connected with the gate of WO 01/15171
"PCr / USO Ghh ER2SHrical charge in the floating gate. _ ’
In a flash EEPROM device, electrons are transferred to the floating-gate electrode
through a thin dielectric layer, known as a tunnel-oxide layer, located between the floating-gate
electrode and an underlying substrate. Typically, the electron transfer is carried out by channel
20 hot electron ("CHE") injection or Fowler-Nordheim tunneling. In either electron transfer
\) mechanism, a voltage is coupled to the floating-gate electrode by a control-gate electrode. The
control-gate electrode is capacitively coupled to the floating-gate eléctrode, such that a voltage
applied to the control-gate electrode is couple;i to the floating-gate electrode. In one type of |
device, the control-gate ele_ctrode is a polycrystalline silicon-gate electrode overlying the
25 floating-gate electrode and separated therefrom by a dielectric layer. In another type of device,
the floating-gate electrode is a doped region in the semiconductor substrate. |
Flash memory devices are formed by rows and columns of flash transistors, with each

transistor being referred to as a cell. A wordline decoder provides operational voltages to rows

of transistors in each sector of the memory device and is typically connected with the gate of



each transistor in the sector. A bit |ine decoder provides operational
voltages to colums of  transistors and is typically connected to the ’
drains o nsistors in each colum. Cenerally, the . the .
transi st&vrés&zlrsylgoupl ed to a common sourceline and are conﬁ%%a :
sour celeastetransistor i the sectos. A bigdine deepdesprovidgsioperptiongt voltagss thgolempsi ofi ng a
predeterm ned voltage to the control gate, a second predeterm ned voltage
t 0 t he towsistars andhis typically ¢pangcted to the drains of the transistors inseaciheolwmt. Generally) ect r ons
to be injected fromthe drain depletion region into the floating gate.

Cel | s dhesousoes of:the fransistassiare poupled) tg a gomenop saneeline andaeicontrollesddy at 0 t he
control gate, a second predeternmned voltage to the bit line, to which the
dr ai n isourcelinesontealler.gr oundi ngt he source, and then sensing the bit line 10
current. If the cell is programred and the threshold voltage is relatively
hi g, the biA cell isdypically programidd bytapplying@ poedeteained veltage todhe canfrok gate, gel | i s
not programmed or erased, the threshold voltage will be relatively |ow,

t he corsccankd peedetermioed voltageto ithe draihnoand graunding thersoudce. aThis causesishanneihoe cur r ent
will be relatively high. A cell can be erased several ways in a flash
menor y efeetronsdo be injested frony the deiredepletion region into Shei floatinggatel TCofls areypically a
predeterm ned voltage to the source, grounding the control gate and

al | owi mepd byspplyings predefermined voltage totheicantrol gate, @ iseond predeteriminied weltageitsj ect ed
into the floating gate during progranm ng'to be renoved by Fow er-Nordheim
t unnel ithebit lineatorwhick the drainrig copnected. ignoundiny thetsourceiiand them semsing thiedét linayer t o

t he source. A known problemw th decoding architecture is that one wordline
ded@dercprremtd If theocalidsprogrammed and thethitshols voliagede relatively bighsthe bit inpendfest m t he
decoding that selects rows of transistors in each sector. These prior ant/
wor dl i rvalldezerdiongplativelylave cif theenell fisnas programafedta erasedie the tiresholdogltagesvil uat ed at
each stage in the wordline decoder. As such, there is no partial decoding
i n t he beaelativelydaw. thiaceritrobgate voltage will enhance|the ¢hannad artl the)bit Heswuvent willz e
Because of the |arge physical size of the wordline decoder, space is

wast ed bemelativelydtigh.con substrate or extra space 25 is required which

i ncreases the size of the nenory device. Known prior art nenory wordline
decodi ng ar chrelteanbesmsedseverglovays jna Hash memonedevics. In onearrargemsa a eolk
wordline decoder with the cells in the nmenory device. Due to the very small
si A8 ofis erasediby applying p predetpraningd valtags tadhe soprse, sspunding dhe qoptrelgateand t he

transistors with the decoders 2 WD 01115171 PCr/ USOQO |1 9383
allowing the drain to float. This causes the electrons that were injected into the floating gate

during programming to be removed by Fowler-Nordheim tunneling from the ﬂoating gate
through the thin tunnel oxide layer to the source.
A known problem with decoding architecture is that one wordline decoder, and
20 sometimes two wordline decoders, are used to perform the decoding that selects rows of
transistors in each sector. These prior art wordline decoding architectures have all of the
decoding logic situated at each stage in the wordline decoder. As such, there is no partial
decoding in the core area, which contributies to a large wordline decoder size. Because of the
large physical size of the wordline decoder, space is wasted on the silicon substrate or extra space
25 is required which increases the size of the memory device. |
Known prior art memory wordline decoding architectures use two layers of metal to
interconnect the wordline decoder with the cells in the memory device. Due to the very small

size of :* - rransistors, the metal lines that are used to connect the transistors with the decoders



are extrenely difficult to manufacture without experiencing yield |oss.
This is because the netal” lines that connect the various electrical
conponenrts her are deposited very cl ose together, ' bGasdes L O
shorti n&agggﬁ%ﬁ se problenms. To that end, a need exists :‘Agtrﬁhrrlgrmry-devi ces
Wi t h amre exremely diffiestitto anannfictusesvithoniceiperienciag widldrlossn®his isjbegansethe metal t hat
does not require as much physical space on the substrate and yet does not
i nct eadigesthaticdnriectabe variousejectecal Camponents tpgethirsiod deponited wiry those togathent | on The
present invention discloses a flash nenory wordline decoder architecture

t hat 1Gvhichdeagis tosshotting apd ndisepreblems oci ated with prior art wordline decoder
architectures. The preferred. flash nenory includes a plurality of sectors
t hat store iTotbatesd, cmesd exists for memonyhicvioes with angmgrovedimethod antdsystemplofir al i ty of
hal f sectors. As with traditional nenory sectors, each half sector is

const r detodihguwndniory wesilinesthat dioesnos reqitird dsamizh tphysical spaceron thdisubstraskandup a f | ash
. transistor array. The preferred flash nenory further includes a plurality

of pr e-yeaivosinagt incctasecyield loss deringradnufacmriag. el ectrically connected with at

| east one gl obal x-decoder. In addition, the flash nenory includes at

. l east one sub x-decoder and at | east one vertical x-decoder that are

electrically connected with a respective gl obal x-decoder in a row of
sectors. The sub x-decoders Bisclosure of thefTirvemtion- decoders are positioned

bet ween each half sector in the flash nmenory. During operation, the gl obal
x- decoder pdFheipedsény inventimatisclosésarfimsh msmoryowadrdlineakicader drthitecture tB8 pr e- decoded
address lines, then uses the sub x-decoders and the vertical x-decoders to
contol etovercommes theproblemsjasspeiated withpridrart verdlinetdscaderarchitectancsyi Feecprefewrefl | ne i n
tQe appropriate sector. Each global x-decoder in the flash nmenory includes
at | eadlasiomemgtydnciides\s phirrdliticofsedtons that storelinfasmatiom ovhesireachi segtos ksadividest dl i ne
output and a plurality of vertical address outputs. The first gl obal

wor dl i rinto@plysality ofhalfiseesors.c As with griaditional mometyi sectors, gaghibalfsectorisect ri cal | y
connected with respective 25 sub x-decoders located in a particular row of
sect or sonspucted with rayesl and dolumws of fiasky transistsirs thatanake ob a flasharasistorigraya iTee
electrically connected with each vertical x-decoder in a particular row of
sect or Preferrddiash mpmery fuxthet includes4 plurslity-of precdeapded pddséss lioesthataee sel ect or
circuits that are electrically connected with the global x-decoder and the

verdsi ¢ slectricaliengnsctediwith 4t ieasione giobal xcleppden In agdition, theiflash mempygy includes 171

PCT/ USOQ 19303 - -
at least one sub x-decoder and at least one vertical x-decoder that are electrically connected with

a respective global x-decoder in a row of sectors. The sub x-decoders and the vertical x-decoders
are positioned between each half sector in the flash memory.
During operation, the global x-decoder partially decodes information contained in the
20  pre-decoded address lines, then uses the sub x-decoders and the vertical x-decoders to complete
the decoding operation that selects a predetermined wordline in the appropriate sector. Each
global x-decoder in the flash memory includes at least one global wordline output, at least one
second global wordline output and a plurality of vertical address outputs. The first global
wordline output and the second global wordline output are electrically connected with respective
25  sub x-decoders located in a particular row of sectors. The vertical address outputs of the global
x-decoder are electrically connected with each vertical x-decoder in a particular row of sectors.
Each sub x-decoder includes a plurality of wordline selector circuits that are electrically

connected with the global x-decoder and the vertical x-decoder that is associated with a particular



sector. In particular, the first global wordline output, the second gl obal
wordline output and a predeterm ned vertical wordline output are

el ectricgl] nected with each respective wordline sele ireait . The-
Hodiose S

wor dl i ne r circuits use the partially decoded informatio he
gl obal sictéte topeticulasithe fisst global iwoedline oipatythe sedond global stordling oetpetand i ned
wordline in a sector. The 5 present invention provides advantages over
prior prddetsphided veaticht wordlingoupit hrecdecaivallysgtmhental with eadke cespeativegortitee si ze of
t he wordline decoder architecture by as nmuch as 75 percent. In the

pr ef er rsgidcterdiedit."Thé wortline seleptorcifonits use e partinlly dedoded inforinationdhomh theor dl i ne

out put and the second gl obal wordline output -are deposited as a third

metal | x-@étoliérand i vertioal adegoder Aseleonupredeterinined sotdline irea seeton ke | ayer s
of conducting netal are deposited on a substrate to 10 interconnect the
Ci I 8Ui tpréseRtIRVRAGGEProTidéshavileigecovenpiict aft wordinmeideeudinigamethons bnd systeine by ur r ent
path. This process is commonly referred to as netallization in the

sem Corgdreisig the'sluséfithe wordlitid decoder frohitecture bye3tnioh as 75 pérceat. netal | ayer and
a second netal |ayer are used to interconnect the various conmponents of i

the flash mafge/prefbfredynbodiment of thepresent inbentioh,ahd fist globub wetdlihegwputi S used to -
I nterconnect the first gl obal wordline output and the second gl obal

wor dl i ad ehetsBesind globaleordiinelvatpudre depbeicedds & thifd hetsldsyer o thp fash memoryb
x-decoder in the flash nmenory. Presently known prior art nmenory decoding

ar chi t exd khows intthe aft] dnd lor MLk 1ayeesufdondicting métalaee depbsited oh asutstateed  t he
various conponents of the nenory device, such as connecting the wordline
deqgd e rifiteitohitecethe birutcbmponehts of the devicoOwith el dnother'te yomploe thel durreatrpath. use t he
first and second netal i1 nterconnection |layers. Since the present invent Noh
uses t henid process 18 lcomitioniypéfelired 10 ag Memllizatitndn dedermiconduewno indusytyo Eethe wor dl i ne
outputs for partial decoding, it is only necessary to have two netal |ines
for a predmtisventiond fity el 1agér aad b dédond meaElayerani wed toThterconmebithe varives t hi r d
nmetal layer in the core area of the flash nmenory to have netal |ines that
are w cohipornest the flish memeiy. Sis)previvusiyrset flaxth,[shecthied meck! aybrdshsedtot , rel ati ve

to prior art nmethods that require a netal line for every wordline. 25
Usi ng tihercotnectkhefitsalobal werdling ottpat dntl thetsecondglopalveordiitesoutput ofdhexglobalt y i n
terms of yield loss due to netal shorts that occur during manufacturing.
| N 13" i ot-devoder withieagh wepectivesub x4decodet inlthe flasinmemotyat connect the wordl i ne
decoder with each wordline in a sector are spaced approximately 0.7 pm
apart. As r cPrdsently kpqvarpriot att metnorysdecoding drchitectares nse firsttand second metal
manuf acturing standpoint, 4 WO 01/15171 PCT/ USCQO 19303 .
layers to interconnect the various components of the memory device, such as connecting the
wordline decoders with each sector. In the memory cell array, the bit lines use the first and
second metal interconnection layers. Since the present invention uses the first global wordline
20  outputs and the second global wordline outputs for partial decoding, it is only necessary to have
two metal lines for a predetermined number of wordlines per sector. This allows the third metal
layer in the core area of the flash memory to have metal lines that are widely spaced, at least six
pm in the preferred embodiment, relative to prior art methods that require a metal line for every
wordline. .
25 Using the third metal layer in the flash memory results in no penalty in terms of yield
loss due to metal shorts that occur during manufacturing. In prior art memory devices, the metal
lines that connect the wordline decoder with each wordline in a sector are spaced approximately

0.7 umapart. As readily apparent to those skilled in the art, from a manufacturing standpoint,



t-he present invention prOV|des benefits over prior art met hods by not
incréasing yi éld | osses during manufacturing that occur because of shorts
in the netal lines that are used to connect the wordline decoders with the
wor dl i neWQBUVEHZh sector. These and other features and advBt/H8%4%9 ¢ he

i nventi cr\ééss%ﬂ ¢ VRN W%M@?&r%%ﬂﬂ@i?ﬁ&ﬁw%@ﬁeﬂd%&s@“ ng

detaile ription-of the presently preferred enbodi ents of the

| vent | @ingthémils fhaf it gurwsh&télhmmepm&wuswﬁm%&&e

Descri ut I 0 represents a block diagram of a

porti on“@}m&emggmﬂym“@mw&gﬂ ncorporating the presently

di scl osed wordline decoding architecture. Figure 2 represents a bl ock

di agram of a 7hew aff othétFeddired fidad &F thiiWention WilkBecbié Spatedt ugond. | -

Figure 3 is a circuit schematic of the preferred sub Xx- decoder of the

t f
presgn cb&i&&hb@@f&eﬁh%ﬁdémﬂédd&@&{gﬂw&ftﬁe%%ghiﬁ& Ca”yl i Oubﬁu@rs 0

_nmetal that are used for netallizat t the

| nventi eﬂ_ﬁlﬁn%ﬁ% d,;,_g?@ ention are set forth bel ow
W th re?ﬁrenceto sp |f|c conf1 gura tlons %dthose skilled in the art

. woul d recogni ze that var| ous changes and rmdlflcations can be made on the
specific configurations while remaining within the scope of the 20 cl ai ns.

The invention may be used “ﬁ*m%““%%% devi ce; however, the
preferred errbodl mant of t gneéd for a flash nmenory. The
i nvention mays % piEMtS st e

Fow er - Nordhe| m (F and channe hot ‘el ectron (CHE) 1njeclion for erase

and 18" OGPty b peldhitly AlstRsdd wiriithe/dedsihg Bdiesture Al | €l ectrical paranmeters
age given by exarrp e on ?y and can be nodified to be used with 25 various
MENDry devi Cofgudss RPreSinBU blEdkfigrdnt of a oM of R gRéfSrred Mish iRustfalRdime

preferred enbodinent, a supply voltage (Vcc) is considered as 3.3 V. but
coul d algggnnatively be 5V, 1.8 V or sone other supply voltage. If a
di fferent supply voltage is chosen, the various operational |evels would

be modi fied 3 RATREE Rhématic@f fhe preferredSHP Rid¥coder df AikSpresaift ilfvetbh.i N t he
art. 5 WD 01115171 1'cr/USOO 19303 Fig. 1 illustrates a portion of a
preferred fl Fgurd®iRiyatctQ sibstiateWithahres Byérs ofmbiathafai used for metallization.
15
Modes for Ca n-out Invention
The exemplary embodiments of the invention are set forth below with reference to
speciﬁc configurations, and those skilled in the art would recognize that various changes and
modifications can be made on the specific configurations while remaining within the scope of the
20  claims. The invention may bé used with any type of memory device; however, the preferred
embodiment of the invention is designed for a flash memory. The invention may also be used
with flash memory devices that use Fowler-Nordheim (F-N) and channel hot electron (CHE)
injection for erase and programming of the cells in the flash memory.
All electrical parameters are given by example only and can be modified to be used with
25  various memory devices using other electrical parameters. For example, in the preferred
embodiment, a supply voltage (Vcc) is considered as 3.3 V, but could alternatively be 5V, 1.8 V
or some other supply voltage. If a different supply voltage is chosen, the various operational

levels would be modified to accommodate the different supply voltage, as known in the art.



of the present invention. The flash nmenory 10 includes a plurality of |

sectors 12 that store information; and, in'the preferred enbodi ment of the
i nvention, the sectors 12 are divided into a plurality of half sectors 14:
As in t WAMIFTE nenory sectors, each half sector 14 is F&TASOMAMA 5 with

rows and colpymSiiiirates #pditib SAPrerb@ddildsh AleniORK £0 iBorPorbfiftSdh chibddifichi O

array. The particular transistor array used may be constructed using

sever abf the pesd hﬂbnﬁdﬁﬂf'i'ﬂélifaﬁiﬂn&ﬁ&yhb%hde@akﬁﬁalﬁiéﬁsect&ﬁQQﬂ%sﬂg?, DI NOR,
NAND and AND configurations, for exanple. The preferred flash nmenory 10

f ur t heinfbimtiogl@hid,an He'piedérrddenibdifiet (FeRcideshtiol dhesestoly 1295 divideddntold t hat

are electrically connected with at | east one gl obal x-decoder 18. In

addi t i Bfuralfty6f half®edtbd 34. AP fRfaditibRali nidif Seton, ehddAnlf s8i6r IMiPconsteiRe@der 20

and at | east one vertical x-decoder 22,  which are both electrically
congec xR révé dhdohiind 6EHlash Erafifistdts thatmaleapdefiash Gahsistel ab@y/ Phe paficuRFS 12. As

illustrated, the sub x-decoders 20 and the vertical x-decoders 22 are

posi t i aasGktdraidR asd nRF®B coitrictsEsshf sevetal itfanslistdfsonisurations kndvAfinthedt) nenory -
10. During operation, the global x-decoder 18 partially decodes ’

I nf or NBidh@R NOR) DINORJINAND 42 ANB cofigafifidns fsHeR@fiple] Nes Xo- Xn 16, then uses
15 a predeterm ned sub x-decoder 20 and vertical x-decoder 22 to conplete

t he decodi ngrhe pRifdied Pash tétadry 16 hftthefindludes-a plaraity5f pRcESHed hddisss liflest he
appropriate sector 12. As known in the art., a wordline refers to a

parti ¢cxloXn 1@iatre Elbcidhlly comittsd With af 18ast Hife @obabX-deddider 18216 hdditinSthehat 1S

contained in each sector 12. In the preferred enbodi nent of the invention,

thege fash merdor$Q0 SHchideatilastone butSE8écaler 28 and Biedst enc¥ettichl \0@koder 222Ch hal 1;%

sector 14. During 20 operation, each gl obal x-decoder 18 can enable a gr

of 16 \hichlakdWoth él8ctAcall CoritlectdPwith h feshdifive Slobalx-désdes 8 inrowlohkectty be

designed to enable nore wordlines in other enbodi nents. Once the gl obal

X- decoqgr Ad flusedtas; it sibR-dedoderd 20 hndlifie VEHiEH] kiREodets D2 arépdsitiondd betwfioder 22

is used to select a specific wordline of the group of 16 enabl ed by the

gl obal exchil e€btdr 143n a sdator B2 65HE flashAfidt¢ 10.aDGihg cpRtation, tieglobhe Sidgcvder f or
16-negabit flash nenory chips, but may be expanded to 25 accommpdate 64 and

128 nmeQ8 pastially deebdes Riforimatiomegatined ivehe ipre-decoded adved linds Ko-X1s, theh usesul d

recogni ze that the present invention nmay be used in various size nmenory

chiips. alpredletefininéd subixrdetaier 20vndrvesticallx-ddeeder 22 sdicomplete the Becodingiopération n Fi g.

1, which incorporates an enbodi nent of the present invention. As
pr evi odsk selesta prédetehmintd erofillifte ilehoapprbpeiddisector 120 nes 6 WO 01/ 15171

PCT/ USOQ 19303 Xo-Xn 16 are used by the flash nenory 10 to provide a
plurality ofAskinewh in theihrt, s wprdiine réfersitdna particular row of flash transistors in the array
of transistors that is contained in each sector 12. In the preferred embodiment of the invention,
there are 512 wordlines in each sector 12, and 512 bit lines in each half sector 14. During
20  operation, each global x-decoder 18 can enable a group of 16 wordlines in a sector 12 with the
sub x-decoder 20, but may be designed to enable more wordlines in other embodiments.‘ Once
the global x-decoder 18 selects the group of 16 wordlines, the vertical x—decocier 22 isused to
select a specific wordline of the group of 16 enabled by the global x-decoder 18. The present
decoder architecture was designed for 16-m§gabit flash memory chips, but may be expanded to
25 accommodate 64 and 128 megabit flash memory chips as well. Those skilled in the art would
recognize that the present invention may be used in various size memory chips.
Fig. 2 illustrates one row of the flash memory 10 depicted in Fig. 1, which incorporates
an embodiment of the present invention. As previously set forth; the pre-decoded address lines



gl obal x- decoder 18 that correspond to a predeterm ned wordline in a
partrcul ar sector 12. After the global x-decoder 18 recei ves an el ectri cal
signal f pre-decoded address lines Xo-Xn 16, the

wor dl i n&&@é@%ct ed using a respective sub x-decoder 20 g@g a re%%%ctrve 5
verti cXo-Xn mwbgmefﬁ&Membqbwwpma@mmBofdeWhWﬂmry 10

i ncl udes at |east one global wordline output 24, at |east one second

gl obal glebaldd-depaden 18 phiat coR€spand toca predetermiriey wokdline i a paticulmtdectrd2. Afitput s 28.
The first global wordline output 24 and the second gl obal wordline output
26 ar e thegdlebal x-decaddr\l 8 caxnivesamalectidahsigrat fromule pre-decodetbaddRSs fimes Xopm t i cul ar
row of sectors 12, as illustrated 10 in Fig. 2. The vertical address

out put 46,3Re appeopeihte stardline ksl sglectod nsing rksprctive sshaklesader 20a&id acespedtivder 22 in a
particul ar row of sectors 12. The gl obal x-decoder 18 and the verti cal

x- decodesical 2-deendeb22.desi gned .usi ng decoder architecture known in the art.
. As known in the art, a fundanental conponent of any nenory device is the
decoder ci r ®ath globdl R-dgender H in thicftash sremory 10lin¢lades at Jeast oe globatjwerdlingnal i f
and only if all 15 of the bits of an input correspond to a predeterm ned

- set of outpht s at lddstione sekond globalovardlinetontpiti26 and arphurality oflearticabadadress used to
enable a particular wordline in a matrix of menmory cells if an input
menor y oatpdts 28.s Thefirstglsbal werdfine oaput 24 iand the ackadiné global fwordline oatpod 26raesor y cel | s
to which the decoder is connected. The present invention provides

advant zipessicaliyonyected witheadhostib xafecodde 2@l agrtivnlap row ofcsectors 12y 4 ilhistrated odi ng at
different stages throughout the nenory cell core array. 20 Fig. 3

| | 110st rimFigs2.aThervefticak addressdmtiits B2 dre elécttically coimegted with davhveidaltxdecoder
i{lustrated in Figs.1l and 2. In the preferred enbodi ment, each sub

X- deco@®@2in & Particuldrwoke of sectotsuli2al i ty of wordline sel ector circuits 30 that
are electrically connected with the gl obal x-decoder 18 and the vertical
x- decoder 2Zteglvbalixsderedeo 8 andilie wertital a-deexior22 mayebesdesigoed usihg deeodprar t | cul ar
the first global wordline output 24, the second gl obal wordline output 26
and a pmmmmmrmaknmmrmmawmmmmymmmthe
vertical x-decoder 22 are electrically connected wth each respective

wor dl i ndeviseisdhetdscoder ciits. isgeneibh deguderidiicnits ot @ noiquesignaliif and Gdy ifall t he
partially decoded information fromthe gl obal x-decoder 18 and the

ver1si c aif the-bite of acdinput 2omrespand| te e predeterminetisetofivalves) Thus, dedoder ciduitsfora sect or
12. 7 WD 01115171 PCT/US00119303 The preferred wordline selector circuit
30 conprémasy devide@ss used tornahlela particiianwordline:in g imatrix of memory cells if an input

memory address matches the predetermined address of a line of memory cells to which the
decoder is connected. The present invention provides advantages over prior methods of
decoding by providing partial decoding at different stages throughout the memory cell core array.
20 Fig. 3 illustrates a preferred embodiment of two sub x-decoders 20 that are illustrated in
Figs. 1and 2. In the preferred embodiment, each sub x-decoder 20 includes a plurality of
wordline selector circuits 30 that are electrically connected with the global x-decoder 18 and the
vertical x-decoder 22 that is associated with a respective sector 12. In particular, the first global
wordline output 24, the second global wordline output 26 and a predetermined vertical wordline
25  output Vwl,-Vwl, 32 from the vertical x-decoder 22 are electrically connected with each
respective wordline selector cirquit 30. The wordline selector circuits 30 use the partially
decoded information from the global x-decoder 18 and the vertical x-decoder 22 to select a

predetermined wordline 34 in a sector 12.



36, a p-channel transistor 38 and an n-channel ephancenent transistor 40..
As illustrated in Fig. 3, the drain of |ow thréshold n-channel transrstor
36 is electrically connected with a respective vertical. wordline output -
Vil 0 Vvl WQQI’ﬁlbhthe vertical x-decoder 22. The source of PEEHS80ABBshol d
n-charnel tr gne pfeféfed Wordline Sélestrcirowit 30/conPit@GLI6W-theiHolPn-BiMAa bahdisied

wordline 34 of the sector 12. Further, the gate of |ow threshol d n-channel

transi sbgra Réhafiel Sfiisr 383l dn AR eRBhncathdnb ridMiect A00RS iiftsRRad i g dl i ne
out put 26 of the gl obal x-decoder 18. As further illustrated in Fig. 3, the

sour ce  af the dfathoT 6\ -thrbshORI riséHafined &arisistoR 36 fsteldcithlly conpEMIPHHIE S redpectivd he

respectrve vertical wordline output Wwio-Wwn 3 The gate of p-channel 10

transi siygtical Wokdlinglo g%wv&al\m sm&ﬁwmm&ti&aw%ewu%%hmr dline

out put 24 of the gl x decoder 18 and the drain is el ectr cally

connect geshibilih-chahfts Risistor 86 W Uidtrically cn@bed! With Sieddirmied wordline8d0f | On, the

n-well of p-channel transistor 38 is electrically connected with a frrst

Vol t a0€ tha i3 12V ekt Zthe BAEE of oSthreMitld RERnHA Wndidfob 9 i Acbecdt Sondefiod” EVENt

forward bias of the p-channel transistor 38 drain and sourcé junction

during QRmR! sefdhd gldhal Wrdlink Sttput 36 of the Piobd RdedodefTH)anCeNeNt transi stor 40
Is electrically connected vm' th the respective wordline 34 of the sector

12. The gat e AQffuitiRe iiRaEqtad R QWEWHB Ptiahistor $8is! cﬁfg}“ call'y
connected with the first gI o%aT wordl i ne output 24 of the global x-decoder

18 and %W%W%ﬁ%%ﬂ@W%WL@ﬁﬁﬁ R Gf pRhiritgle node

(des) 44, Al though not illustrated i I'n the preferred enbodi nent

10 Ramien38isM&itidally comtlectbd Wit the fidst 2fobaIRYdilitine P34 bsar gach sub
x decoder 20. As such, ?here are 16 wordline sel g%%pgr cﬁigﬂgts 30 W,

cont ai na&oualeaﬁbm%w:&mm cAnécibdivith d¥eettivewbriiia 34 o Bidlsectdr 19EW S€,

as illustrated in Fig. 3, each vertrcal x- decoder 22 has 16 vertical

wor dl i ngn sHdicidn! the Wikbe of Plofanhel trdnkisior 38 18 elebeictiytioahedcted VRN RSOt N 2

respective vvordllne selector circuit 30. During operation, the tirst

gl obal awgmmmm%@edo&wpiﬁmsdseakop.ebenwrdhurwaswhetptch&ﬁmpf the

gl obal ecoder 18 enable 16 rows of wordlines 34 in the sel ected

sect or irﬁnsw?&isswnlﬁidm_idna@n?&nhb ratiofi. Th¢ &@incl teridRahied 16 wor dl i nes

34 sel ected by the gl obal Xx-decoder 18 is chosen with the vertical

wor g i nenipuédmhttradsistor 40/ elecBRally cofhdchad withithé Rapective ey 3425F thesastsr  t he

particular wordline 34 selected is chosen by the conbination of the first

gl obal wor The gate sfthewthaddel chiibcsinedirahbisiob 40 & eRcifichibiéunfiatsll witpihefidt gl obal
wordl i ne output 26 and a respective vertical wordline output VwWo--W" 32.
global wordline output 24 of the global x-decoder 18 and the source is electrically connected
with a second voltage node (Vxds) 44.
Although not illustrated in Fig. 3, in the preferred embodiment of the present invention \J
20 there are 16 wordlines assigned to each sub x-decoder 20. As such, there are 16 wordline
selector circuits 30 contained in each sub x-decoder 20 in the preferred embodiment. leewnse,
as illustrated in Fig. 3, each vertical x-decoder 22 has 16 vertical wordline outputs Vwl,-Vwi, 32
that are individually connected with a respective wordline selector circuit 30. During operation,
the first global wordline output 24 and the second global wordine output 26 of the global x-
25  decoder 18 enable 16 rows of wordlines 34 in the selected sector 12. The actual wordline 34 that
is selected from the 16 wordlines 34 selected by the global x-decoder 18 is chosen with the
vertical wordline outputs Vwl,-Vwl, 32 from the vertical x-decoder 22. Thus, the particular

wordline 34 selected is chosen by the combination of the first global wordline output 24, the

p



b2

As previously set forth, in the preferred enbodi ment of the invention,
there are 512 wordlines per sector 12. Since each sub x-decoder 20 is
desi gned tto handl e 16 wordlines 34, this neans that 32 sub_x-decoders 20
are usedWOPISHH sector 12. Although not illustrated in Fif§S/USO0893y 3

this al eondgidbal whdlind Siue 265K aTespettive iveical Wdrdliie otiputewRot) 83 24 and
second gl obal wordline outputs 26 com ng from each gl obal x-decoder 18.

Those ski | | efls pievioligty st ForihDinl the préfefeéhbodinidnbf théRmvaiiduahéshyAnced
~configuration is by way of exanple only and should not be construed as a

| i mi t at werdlifds pedsRctof £2 eSihceleAohsb k @ecoddF ) iS Yeigned  Hahle 16 WoRilines B thid | | vary
depending on the size of the flash nenory 10. 10 The wordline sel ector

Ci rcui t meatid tiik 82 SBX-ABEEErS 20 Gl B ALN scofoP 2.t Altdugh A& iha&hed inligs. decodi ng

operations, such as read, program erase and all tTest functions. As it

rel a§ esard®, {Hialsoth&ns thafiflers AR IR BlobaBlordifielditpalR@4And sdohEg@ebdivde, the

. first global wordline output 24 is set active |low so that one of the 32

first giweiaihe Sl 1 g from e@higlobhl A-8aode? 481 THdsE KilRid'h the ast would St gl obal
wordl i ne outputs 24 are boosted above Vcc to approximately 4.5 V. The

- second &M:%M&M&di&mgm@we&m:a&nyw fehdoeweond

gl obal wordlines 26 are set to sel ected vertical wordline output

YW, Vnbghstdedias a fifthitaiidn of tR preseit@nvelions The Bhcy @infigdiausinged wiliey) 44 is set

to O V by a voltage circuit (not showﬁ). Those skilled in the art would
recogni g?mdiﬁ@hﬁ,bgz@mﬁ@msﬁmhmﬂd,ages supplied during operation are

generated by various voltage generation circuits that are beyond the scope

of tfe presemwﬁuﬁﬁémﬁr&mmm@%wmaB@d@tsoﬁi@s&aﬁqzt ed first
global wordline output 24 is set to O and the non-selected second gl obal

wor dl i n@ecoding dpcratidhs, 3i¢h 43 eéad] ROSRN, dritse and/All tedtTEnciohsS AsTtheRBS tdte gl Obal

wordline output 26 is set to Vcc and the non-sel ected second gl obal

wor dl i npreferied einbodifhent 3EtFordfdbove) idredd madks e €iret Global werdlie@atpur4 ilsétne out put
WM, Wilo 32 is set to Vpp and the second voltage node (Vxds) 44 is set to

0 V. | nagtivelew soxhat one of the Sfirsngibbal Wordlings!2d'is adfivelvsy dndahd reiaiding31 f2ghol d
n- channel transistor 36 of each wordline selector circuit 30 constitutes a

CMOS t plabalfwardline otitpidd 24 afedbecsl dbbve Vetitp uppruxiinhielyet. SV, Thesecond glotbul
x-decoder 22 to the selected wordline 34. As known in the art, in flash

memisy eerdline 26 iststieat Neogidahe suneeited secomlfichal wodllinssi26@Rsseod 0 VIThd | ash

menory cell's floating gate. In the present preferred enbodi nent of the

i nvent i selectddnvertical wiltdlinik/ ohipht’ Y wRVWIL BDi3/sdt284.3 V and the second voltage node

(Vxds) 44 is set to 0 V by a voltage circuit (not shown). Those skilled in the art would recognize

that the operational voltages supplied during operation are generated by various voltage

o generation circuits that are beyond the scope of the present invention.

\'/20 In the program mode, the selected first global wordline output 24 is set to 0 V and the
non-selected second global wordline outputs 24 are set to Vpp (8.5 V). The selected seconci
global wordline output 26 is set to Vcc and the non-selected second global wﬁrdline outputs 26
are set to 0 V. The selected vertical wordline output Vwl,-Vwl, 32 is set to Vpp and the second
voltage node (Vxds) 44 is set to 0 V. In operation, the p-channel transistor 38 and the low-

25  threshold n-channel transistor 36 of each wordline selector circuit 30 constitutes a CMOS .

transfer gate that passes the output voltage of the vertical x-decoder 22 to the selected wordline
34. Asknown in the art, in flash memory devices, the program operation deposits electrons on

the flash memory cell’s floating gate. In the present preferred embodiment of the invention, the



above-referenced progranm ng operation is a form of channel hot electron .’
(CHE) injection pre g In the erase node, all of the wordlines 34 ina
respecti 12 are erased at the sanme tine. In the
enbodi nen?’osnﬁﬁéﬂéecond vol t age node (Vxds) 44 is set to 8%%@?‘9?\03 5 the
er ase nuabeve-teferendel programntigroperation isgl foinadf chanml hoteleotrorp(CHR4njettidnt he second
gl obal wordline output 26 are set to O V by the gl obal x-decoder 18. The
verti calprogramiminge out puts Wi o Wd o 32 of the vertical x-decoder 22 are
all set to -8.7 V during the erase operation. As known in the art, in
flash menory Iddhe erase madballef deovardines 84 inra respeotivesedtbel2 droerasetl apile sdnte
floating gates of the flash transistors. In the present preferred
gaireforredmibodiment; ¢he(sbitdni voltage smde (UxdsP44 isrsente -87 Vautings from
the floating gate of the flash transistors. As set forth above, the present
i nverst i ahe elaseahaiee in aidition)thelfirst globdl svotdling oatpr 2ckmi dfesecond global wibrdixie 34 in a
sector 12 of the flash nenory 10. In the preferred enbodi nent, a plurality
of  pr e-chemo2ieste aetds @ Vbythejgiabal xalecoder 18/ iThedeitivalavoriiresdutputseVwi, M) 32
x-decoder 18 with a plurality of pre-decoded address lines 16. If the
pr e- dec afeisk veritelocdecoday 22 lare aflicet to 5.0 Widuring theperise iopethtion. A5 known ibthd &rt,t hat is -
controll ed by the gl obal x-decoder 18, a plurality of wordlines 34 are.
enabl ed iniflash memcre devitesths eraseopertiothemo?d eldztrons fiors thrdloatingsgates of thenect ed
with the gl obal x-decoder 18. A predeterm ned wordline 34 Is then selected
f r om t heflash trimistory Iatheqpaesbhtpiefemedinibodiment] negatile gate brasel (NGE) isusedwoder 22
that is electrically connected with the gl obal x-decoder 18 and the sub x-
decoer réfovelechofisfiom thg floatitg gate of the flash ransfstar.er r ed enbodi nent of the ,
present invention, the first global wordline output 24 and the second "/
gl obal wor dl i Asseofoirthiabovéfthe presehe fuvention disclosesa rhdthodbf 3Electinglapyedeterndinedn t he
flash menory 10. As known in the art, one or nore |ayers of conducting
met al  arveordiile;dddn h eetton 12 of the fiash mémont 30.t In theprefetred embodimt, £plosalitytof
conponents of the device with one another. This process is often referred
t 0 as nygirédi¢codad address sigialsaresprovidalto atieast oneglolsdl xydecdder 18 witlps plemlity ¢f5
invention, a first netal |ayer 50 and a second netal |ayer 52 are used to
i nt er corpre-decodddnddiessdines 6.clf thei prexticcodedaddrest sigmals cotrespbhditora pagticolap setor As
known in the an, a dielectric layer 54 is typically deposited between the
met al5 | al2ahat is controlfed by the glohal x-dedodersi Snaplutality ofovordiines 34 aednibledovitha net al
| ayer from each other on the substrate 48. The third netal |ayer 46 is used
t o i nt erselocted b xidecyder 30 thabis elecEicallyyoamrct:d 3Gt the global x-decoder 18. A

predetermined wordline 34 is then selected from the plurality of enabled wordlines 34 with a

vertical x-decoder 22 that is electrically connected with the glebal x-decoder 18 and the sub x-
decoder 20.

20 Referring to Fig. 4, in the preferred embodiment of the present invention, the first global
wordline output 24 and the second global wordline output 26 are deposited as a third metal layer
46 on the flash memory 10. As known in the art, one or more layers ofcondttcﬁngmetal are
deposited on a substrate 48 to interconnect the circuit components of the device with one another.
This process is often referred to as metallization in the semiconductor industry. In the present

25  invention, a first metal layer 50 and a second metal layer 52 are used to interconnect the other
electrical components of the flash memory 10. As known in the art, a dielectric layet' 541s
typically deposited between the metal layers to separate the various metal lines contained in each

metal layer from each other on the substrate 48. The third metal layer 46 is used to interconnect

10



t‘he first global wordline output 24 and the second gl obal wordline output
26 of the global x- decoder 18 with each respective sub x-decoder 20 in the
f.lash menory 10. Presently known prior art- menory decodi § i tures
use firNOWMIWecond metal |ayers 50, 52 to interconnecpﬂ?ﬂ@ ri cal

C oM ONgHfirst @lobbiNForiRiERutputiPA indehe sStohd@ldbliew rabrestitput 26 biegbbaR- uses t he
first global wordline outputs 24 and the second gl obal wordline outputs 26

t o par Hbcakiér\I 8 Hihdeh refjRctivelsab Rabdoder 20MA theifRsis@Binodydof he sub x-decoders 20,
it is only necessary to have two netal |lines for each group of 16

wor dl i nes 3gresetlyknéh Pi6r aitifeniony dedoding alchite@iess wdbfiisbaridisecond aeal ar ea of the

flash menory 10, which consists of the global wordline outputs 24 and the
secondi4tRI36) 5240 inlrtdiied? tieMbcTicATombondat ofAlidahomdrpacact. SRRE the prdsedteast si X
pmin the preferred 10 enbodinent, relative to prior art nethods that
r eqsli r enventivhtuads the fet g16bal WeRiliNe sl 24 dnditlie 206Hd gldbalwerdlinesbgiueeitse third
. netal layer 46 to the nmenory core array results in no. penalty in terms of
yiel d pasallfidetodedhdBiodnatidnthdt §s sefiab theQub £-decuders 20t isdflyneiddiantiobalerg. | n
prior an nenory devices, the netal lines that are used to connect the
- wor dl i pRo BEGPEIRE fobeidh gecuplof 16 watdlines 340 This kilows the Wirdrietal18yes HGIMABRE
~approximately 0.7 pmapart. As readily apparent to those skilled in the -
art,  {corefied offthe fibshhétidr J0,Siliacirbiontifs of thé1obdl wWardiihe Suhes 24 akdthey not
increasing yield | osses that occur because of shorts in the netal |ines.
Those g&ohd §1dbdl Wokdliae aﬁzpuwmlt@lbahﬁelyrsﬁsee?waﬂw six fifh ih i@ pidférfed Of the .
t he

various conponents that are used in | ash nmenory 10 decrease, the

spagi NgmBbdimbit, rellivedo pribAEtmetheds thad rdqiite & MietalllinefoPévehPwerdlin ih leachl SO

decrease as well. 20 Wiile the invention has been described inits:
curr enispatorbest known nodes of operation and enbodi nents, other nodes and
enbodi nents of the invention will be apparent to those skilled in the art

and it is thmanglmmmaemnyaudmimﬂbmmwmimtm@mme
intended to define the spirit and scope of the invention. 11 M1 IM 111
L M S 6Eyielti/1dss dueltomheldl siis Hdt could odchpdiiting manufictifing) i pyior a3l méfordiecoder for_

a nenory sector, conprising: at |east one gl obal x-decoder electrically
connecidevicas] thiéymatablines eHat dry useld t@¢onnect the wordline decoder with each wordline in a
15  sector 12 are spaced approximately 0.7 pm apart. As readily apparent to those skilled in the art,
from a manufacturing standpoint, this provides benefits by not increasing yield losses that occur
because of shorts in the metal lines. Those skilled in the art would also recognize that, as the size
of the various components that are used in the flash memory 10 decrease, the spacing of the
numﬂﬁmxu&ﬂinﬂwﬂﬁnimwmlhmxvdﬂahodumumeasw@ﬂ
20 ‘While the invention has been described in its currently best known modes of operation
andeubuﬁnwmacﬂmxnmdﬂnmnembmﬁnwnwcﬁﬂmimwmﬁonvﬁﬂbeammmmntoﬁume-
skilled in the art and it is the following claims, including all equivalents, that are intended to

define the spirit and scope of the invention.

11



decoded address |in sub x-decoder electrically connected
wi th said gl obal 3@”’“"’" 'm”m sai d gI obal x-decoder selectjvely )
controls said sub x-decddet tw enablie a plurality of wordlines |n sai d
menory SW@OYISITEsponsive to signals received fromsaid pRGTAH

pre-decoded address lines; and a vqihimgal X-decoder el ectrical | y connected
with said global x- decoder and said 10 sub x-decoder, wherein said vertical

x-decoder 1§ USed iemSlvAsilif dEAILLR b HicRBF) 3880 Ichigrisiig? Sai d_menory

sector. 2. The nenory wordline decoder of claim1, wherein said electrical

connection bet W?M%hg%l%ﬂkﬂw&aa&ﬁe&ﬁyoaﬁdawwﬂhspwwr conpri ses

at | east one gl obal I ne output and at | east one second gl obal
wor dl i ne oupgidied dddreds liddse -mermory wordl i ne decoder of claim?2, further
conprising respective fi rst and second interconnect | ayers eI ectrically

con{aectl ng said g pAdlon&subSCaLsder vlekt cﬂglodnﬁe%awmlsaagw&eppa@wer,sal d
coO

veriical x-decoder wth said sub x-de and said sub x-decoder with

sai d ”E”Drméﬁﬁiﬁd glbiat RS dduPlelectively) SbniEITBAY sulx-Bdcode? telambiéar T urt her

conprising a rd netal int erconnect | ayer, said third nmetal interconnect-

| ayer Comrkputﬂyﬁﬁh&dﬂﬁ&lﬁ%ﬂd‘ﬁéﬂb to Hedpohsiv td sighls feobiVedsfsiR Bild g1 obal

wor dl i ne ou The nmenory wordline decoder of claim2, wherein said

gl obal wordk Hfﬂ?h&oda@mkﬂnéeﬁﬂnd gl obal wordline outputs are spaced
at least 6 pm apart romone another. 5. The menory wordl i ne decoder of

claim 1, wherein sSaplafilllectastAfeetRhlly doahdttba Swith saidl giobal 1-Udcolér an@E4id i ne

selector circuits that are each electrically connected with a respective 25

worgl i ne i N g5ab de SHRBD WhersREhiAIvertibal x-ddobder Rivséd tolsbibétlalprddetetintd wardlin s~ L M-
lgl/ 15171 PCT/ USOO’19303 6. The wordline decoder of claim$S. wherein *

sai d wordli gesaPhembRfse@bs.CUi t includes a |owthreshold n-channel

transi stor, a p-channel transistor and an n-channel enhancenent

transistor. o7. ARHnorRoriiinG 8ecd85of Slin B whdreiesid dlechical Eonnedtiofip! | Si Ng:
between said global x -decoder and said sub x-decoder comprises at least one global wordline
output and at least one second global wordline output. |
15 3. The memory wordline decoder of claim 2, further comprising respective first and
second interconnect layers electrically connecting said global x-decoder with said vertical x-
decoder, said vertical x-decoder with said sub x-decoder, and said sub x-decoder with said
memory sector, respectively; said memory wordline decoder further comprising a third metal
interconnect layer, said third metal interconnect layer comprising said global wordline output and \J
20 said second global wordline output.
4. The memory wordline decoder of claim 2, wherein said global wordline outputs
and said second global wordline outputs are spaced at least 6 jum apart from one another.
5. The memory wordline decoder of claim 1, wherein said sub x-decoder includes a

plurality of wordline selector circuits that are each electricaily connected with a respective

25 wordline in said memory sector.

12



5 at | east one gl obal Iy connecthgbl with a plurality of
pre- decoded address I|n I!" mmumﬂgl obal x-decoder  includes at |east
ane gl o i ne out put, €t }edst S oMme second gl obal V\q;(ﬂ.l <61 put and
a plur alb@&%%w\’ertical address outputs; a sub x-decoder conr’gcte Wt h

said first géobal Thewdidlinedssodepof claimd, whendinsaiiovaidlipie séledtor airguitlincludesout put
for enabling a plurality of wordlines in said nenory sector, and 10 a

verti cailow-tiesholdn-chameldansistorya pichameldransistor ol an achpeebenhatgooest and sai d
sub x-decoder for selecting a predeterm ned wordline in said nmenory

sect or . tréhsistone wor.dl i ne decoder of claim7, further conprising respective
first and second netal interconnect |ayers electrically connecting said

gl obal x-decdder W mémaegwerdline ticcoddr for-a rdemary sectorsemprisiag:t i cal Xx- decoder
with said sub x-decoder, and said sub x-decoder with said 15 nenory sector,

respecti vel yatleast aherglobal x-devodatielentsicallywonmctetl withhagquluralaypf preidecpdad t hi rd net al
.interconnect layer, said third netal interconnect |ayer conprising said

gl obal adidtedt limes, whergin said pldbal xadecodeeincindesgt lebst lonenglokhll womsline butpat, at@eastThe

wor dl i ne decoder of claim7, wherein said global wordline outputs and said

- second gnesaednd \global wordline dupmt andarphursljtp ofebrtidal addeess opdtsin apart from one

anot her. 20 10. The wordline decoder of claim?7, wherein said sub x-decoder
i ncl udes a ph subtex-décpderabnnscted with eaid fitsegiblbal wordline bitputahé sdid sevahd glomabnnect ed
wi th individual wordlines in said nmenory sector. 11. The wordline decoder

of cl ai woilline odymn dorrensbling a\piurality ofowardlines inosaidonentoty sectorj andl ude a | ow

threshol d n-channel transistor, a p-channel transistor and an n-channel 25
enhéhcenent & wverisal stdecodefl @mngttadsrithoadidoertidaladdiessoutputsrand sdid suti xydeboderr dl i ne
iga sector of a menory device, conprising the steps of. 13 11111 ii
11111114 selecting a predétbrniingd wordlingdn xid MBhory sBeor. 1' / USOON93@ providi ng a
plurality of pre-decoded address signals to a gl obal x-decoder, said
plurality of 8pre- Tbewisilinadatods of daigrih fiwtheoconprising déspeptive fisstamd second
predeterm ned wordline; enabling a plurality of wordlines with a sub
x- decodmetabintestoniastlalyers cloctricallygannecting said global x-decoder with said vertical x-
decoder, said vertical x-decoder with said sub x-decoder, and said sub x-decoder with said
15  memory sector, respectively; said memory wordline decoder further comprising a third metal
interconnect layer, said third metal interconnect layer comprising said global wordline output and
said second global wordline output.
9. The wordline decoder of claim 7, wherein said global wordline outputs and said
second global wordline outputs are spaced at least 6 pm apart from one another.
20 10. The wordline decoder of claim 7, wherein said sub x-decoder includes a plurality
of wordline selector circuits electrically connected with individual wordlines m said memory
sector.
11. The wordline decoder of claim 10, wherein said wordline selector circuits
include a low-threshold n-channel transistor, a p-channel transistor and an n-channel
25 enhancement transistor.
12. A method of decoding a predetermined wordline in a sector of a memory device,

compﬁsing the steps of:

13



with said global x-decode g.a predeterm ned wordline of .~
said plurality of enabl ed“uma]ﬂuEmﬂuﬂr“I vertical x-decoder el ectricall y
connected with _said gl obal *x-8ecbdet @&nd*said sub x deco r:ééo%

met hod (Woé’F’éhrﬁlZ wherein said gl obal x-decoder is conngﬁlﬁ. ?#gsal d
sub x-decoder wi tﬂnoﬁdmgephmmmfpyém&ewadddksmahqugtobdermd&aaﬁt one
second gl obal wordline 10 output. 14. The nmethod of claim 13, wherein said
gl obal mrdlﬂmﬂi@wmmmmsmmmsmmhgmwmmmwe spaced
at least 6 pmapart fromone another. 15. The nmethod of claim 13, further
conpri sing the stengbling aphypality bf wordlindsiwithia sub aslscatier eleatritally cannected |

I nterconnect |ayer, wherein said first and second netal interconnect |ayers
15 connect swlthtaidl ghétal x-decdderpal®d Wi th sai d verticarx-decoder, said vertical
x-decoder with said sub x-decoder, and said sub x-decoder with said nmenory
seckor, respecti \seleptingdyrédetermined evotdiine of saideshaialityof enabledrveordlines yith a

conpri ses said gl obal wordline output and said second gl obal wordline

out put. 16. vefitalmeddeoderelecteicallyoohmectediwithaaid gtobalix-decoder-atid saidisub ¥-ncl udes at

| east one 20 wordline selector circuit electrically connected with .
respecti ve wetsllet.nes i n sai'd sector. .17. The nethod of claim 16, wherein
said wordline selector circuit includes a |low threshold n-channel

" transi stor, 18.p- Chiisthod of elaih 32,0vhepeinlsaidhglobat kalecxeder is cbmnectedwith sasid ansi stor. ’
14

sub x-decoder with at least one global wordline output and at least one second global wordline
10 output. |
14. The method of claim 13, wherein said global wordline outputs and said second
global wordline outputs are spaced at Jeast 6 um apart from one another.
15. The method of claim 13, further comprising the step of depositing a first, second
and third metal interconnect layer; wherein said first and second metal interconnect layers
15  connect said global x-decoder with said verticalx-decoder, saxd vertical x-decoder with said sub
x-decoder, and said sub x-decoder with said memory sector, respectively; wherein said third
metal intesconnect layer comprises said global wordline output and said second global wordline
output.
16.  The method of claim 12, wherein said sub x-decoder includes at least one
20 ' wordline selector circuit electrically connected with respective wordlines in said sector.
17.  The method of claim 16, wherein said wordline selector circuit includeé alow-

threshold n-channel transistor, 2 p-channel transistor and an n-channel enhancement transistor.
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