EEPROM CELL CROSS-REFERENCE [0001]This application is a divisional application which claims
benefit of copending US Patent Application Number 12/888,437, filed September 23, 2010, which was
concurrently filed with US Patent Application Number 12/888,431 entitled "EEPROM Cell" (Attorney
Docket Number CSM P 2010 NAT 28 US 0; filed September 23, 2010), and US Patent Application
Number 12/888,434 entitled "Dielectric Stacke Eftapng\OPegket Number CSM P2010 NAT 29 US 0;
filed September 23, 2010), which are herein incorporated by reference for all purposes.
BACKGROUND [0002]Non-volatile memoigRNSMREFERENSED as electrically erasable
programmable read-only memory (EEPROM) circuits have achieved widespread adoptions for code

and data[etwHge applicabisiisaitidn isnpornt s peplichtbviMisicasisisstbenefiedbcoprndimgibdch
includes endurance (number of programming or write/erase cycles) and data retention after

write/erapeteychpp!iddtibin Noeniat ustse 8 DefifedrBapreenbt NV tdchinglnhyws s bestmrehiayefilatized
extensively. Generally, the NVM circuits should be able to endure over 100 thousand to 1 million

programmitgegclemikpgitatioteNtinhexcasdt) g3k ytted, ‘SEPRD eXCell € AnupregtDeokeeratures.
[0003]Memory operations, such as programming and erasing, may involve, for example, charging or
dischargingrebectosn fr@ola Neering Uste;dilad\BépteralieT28; 200y ingdan8 Risehasginicafiedectrons
may be achieved by hot carrier injection (HCI) or Fowler-Nordheim (FN) tunneling. [0004]lt is desirable
to providslenthen1argas:H34itmbithen C\Brdl elitéc etk tOtHe\MBde et Number CSM P 2010 NAT 29

US 0; filed September 23, 2010), which are herein incorporated by reference for all purposes.

BACKGROUND

[0002] Non-volatile memory (NVM) circuits, such as electrically erasable programmable

read-only memory (EEPROM) circuits have achieved widespread adoptions for code and data

storage applications. An important aspect of NVM circuits is their performance, which includes

endurance (number of programming or write/erase cycles) and data retention after write/erase

cycling. Within the industry, the performance of NVM technology has been characterized

extensively. Generally, the NVM circuits should be able to endure over 100 thousand to 1

million programming cycles with data retention exceeding 20 years, even at extreme ambient

temperatures.

[0003] Memory operations, such as programming and erasing, may involve, for example,

charging or discharging electrons from a floating gate of a NVM cell. The charging and

discharging of electrons may be achieved by hot carrier injection (HCI) or Fowler-Nordheim

(FN) tunneling.

[0004] It is desirable to provide a memory cell with improved data retention.

SUMMARY

[0005] A method of forming a device is disclosed. The method includes providing a

substrate prepared with a cell area and forming first and second gates of first and second



[0005]A method of forming a device is disclosed. The method includes providing a substrate prepared
with a cell area and forming first and second gates of first and second transistors in the cell area. The
first gate includes a second sub-gate surrounding a first sub-gate. The first and second sub-gates of
the first gate are separated by a first intergate dielectric layer. The second gate includes a second
sub-gatetrugisturdlingte et sel-gate.firbegtitstingiddee eardoidhsgaigaciiihesriogd tatsalieyate.
separated by a second intergate dielectric layer. The method also includes forming first and second
junctionsTolktfiesfispdapdopecuibdgire b theski At fijse gt dparatedlos idireeihienghreadiplectio thygesecond
sub-gate of the first transistor. A second gate terminal is formed and coupled to at least the first

sub-gateTietbecsrd gatt irtsizios. H0a]Abiepiesisralsal g sdntedubloatdevice finsludeseosd having
first and second transistors coupled in series. The first and second transistors are disposed between
first and selsgattsofl tersuitmld. ghteafissicpansistoy msdedrs imtkirghgadlotinialspaonTheuhegaie
surrounding a first sub-gate. The first and second sub-gates of the first gate are separated by a first
intergateatielpeliuddayenmitefgscamntistremsiglorciiais déshe Siestamd gedendittams iseasnohSilstgate
surrounding a first sub-gate. The first and second sub-gates of the second gate are separated by a
second irdergadéisdiientdalalesuiled thevicscatsal indughes of finstfiyatertasisionl Losgoiaditgatbe second
sub-gate of the first gate and a second gate terminal coupled to at least the first sub-gate of the
second gatmifa03Abmastbdhe rcoopibebinatitast diey G i Sl syardis hecsdcdme telmeiseomcludes a cell
having first and second transistors. The first transistor includes a first gate between first and second
junctions[0B@BE first tradeisteris B firsbgatel caimpdoasdinstlades semdhiobsiny fiaseand becsedond
sub-gate surrounds the first sub-gate. The first gate also includes a first intergate dielectric layer
separatincisstorstcangl se doset isab-Daés dhtitestcondatensiderticst slidpos: wtwree fifstsyand is
separated from the substrate by a first gate dielectric layer. The second transistor includes a second
gate betwermndicsl ltachgeelnd hefitsimsuadister fedodeb adirsigiate Witk seecord gabegateludes first and
second sub-gates of the second gate. The second sub-gate surrounds the first sub-gate of the second
gate. Thewenortinged diedssumghided bedesoaokinéeoyatcutigetof kgdirseptratmnspaeatedtogred second
sub-gates of the second gate. The first sub-gate of the second gate is separated from the substrate by
a secondigsitm@igigetdrelestac Rier sdderedjand ticnsistbthadivsiesaadeeodrghtransistaecand sdupled.
The device also includes a first cell terminal coupled to the first junction of the first transistor, a second
cell termiyedé soupletd ogthdifatstybrystion Tieigst aodsdcvad sidiayatasiv tlyasecmringatd aeueleutaiedt
least the first sub-gate of the first transistor and a second gate terminal coupled to the second
sub-gatehyfalseceaddntdtgatesisedactric layer. The device also includes a first gate terminal coupled to

the second sub-gate of the first gate and a second gate terminal coupled to at least the first sub-
gate of the second gate.

[0007] In another embodiment, a device is also disclosed. The device includes a cell having
first and second transistors. The first transistor includes a first gate between first and second
junctions of the first transistor. The first gate comprises first and second sub-gates. The second
sub-gate surrounds the first sub-gate. The first gate also includes a first intergate dielectric layer
separating the first and second sub-gates of the first gate. The first sub-gate of the first gate is
separated from the substrate by a first gate dielectric layer. The second transistor includes a
second gate between first and second junctions of the second transistor. The second gate
includes first and second sub-gates of the second gate. The second sub-gate surrounds the first

sub-gate of the second gate. The second gate also includes a second intergate dielectric layer



[0008]These and other objects, along with advantages and features of the present invention herein
disclosed, will become apparent through reference to the following description and the accompanying
drawings. Furthermore, it is to be understood that the features of the various embodiments described
herein are not mutually exclusive and can exist in various combinations and permutations. BRIEF

DESCRIBpKpA §gRhEHifs R A WIS [0 QR28db ot ckesuingatikenieigienseochaasteis groatally refer
to the same parts throughout the different views. Also, the drawings are not necessarily to scale,

emphasigdtsiesshganer dlbrbeinguplaced tipesativisirgitag isledprintiptes Thihwedore ftintidnstbe

following description, various embodiments of the present invention are described with reference to the
followingthisaivingsd iseadnid ivaltol-ige leoaplrys Theatwricatidsdinglates finsecatiacimientl od@preg¢mory
cell; [0011]Figs. Ib-c show cross-sectional views of embodiments of a memory cell; [0012]Fig. Id shows
a top view diefppstrjigeidityg thefatyrandinbdiigsécoanddDedrd)rgiscdpledhowhefdssiaactionalfviews of

a process of forming an embodiment of a memory cell. DETAILED DESCRIPTION
the second transistor, a first gate terminal coupled to at least the first sub-gate of the first
transistor and a second gate terminal coupled to the second sub-gate of the second transistor.
[0008] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0009] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0010] Fig. 1a shows a schematic diagram of an embodiment of a memory cell;
[0011] Figs. 1b-c show cross-sectional views of embodiments of a memory cell;
[0012] Fig. 1d shows a top view of a portion of the memory cell of Fig. 1c; and
[0013] Figs. 2a-f show cross-sectional views of a process of forming an embodiment of a
memory cell.
DETAILED DESCRIPTION
[0014] Embodiments generally relate to semiconductor devices. More particularly, some

embodiments relate to memory devices, such as non-volatile memory devices. Such memory



[0014]Embodiments generally relate to semiconductor devices. More particularly, some embodiments
relate to memory devices, such as non-volatile memory devices. Such memory devices, for example,
can be incorporated into standalone memory devices, such as USB or other types of portable storage
units, or ICs, such as microcontrollers or system on chips (SoCs). The devices or ICs can be

incorporaj@ddegoror asegabiitbaidiearaonpieatednatnendkdconienpdieiscsysicasacuspeshaell
phones, and personal digital assistants (PDASs). [0015]Fig. la shows a schematic diagram of an

embodimgpédfaporemierstaeald 00its oe ool ecthivryearopgscon syatevadatiripsgBuly) cethd-or
example, the memory cell may be an erasable programmable read-only memory (EPROM) cell. In one

embodintienictbemesety el hcorpprasesiato bPEEIMWINFer txanadlexide iniépXecetnRiheatyrss of
memory cells may also be useful. [0016]The memory cell, in one embodiment, comprises a first

transistosuctOagodrapsesronck Iy pheistorahd pefdondlraigiahassistasr(Rbisey a first gate 125 between first
and second transistor terminals 122 and 123. The first gate includes a second sub-gate 129
surroundjogiaffirst Sid-gathdiy a Stresabidiesancosaparabedimeatoidergatordieddictoo.|apes 160. A
gate dielectric layer 150 separates the first gate from the channel of the first transistor. As for the
second tragwistp call coappises idesenond gatidelhbrbetyvesh fitst exanpiechd tramsisteetenmainbés 142
and 143. The second gate includes a second sub-gate 149 surrounding a first sub-gate 147. The

sub-gatesnasasatbapadetahyrablntesgadel dielenuiy (@ERRAM). cdlhake chelectmdiays 1the sepates the
second gate from the channel of the second transistor. [0017]In one embodiment, the transistors are
configuredlirceamesdseatEER Oigit \aith s ool caliddEMOX s k16 anlkel iyhes of encanopyecatie rfiast
terminals of the first and second transistors are commonly coupled while the second terminal of the
first transismbésusefuypled to the first cell terminal and the second terminal of the second transistor is
coupled to the second cell terminal. Furthermore, first and second gate terminals 184 and 186 are
respectiviey16puplethoriestaydaédormhgatesoditieatficsnamisseadivst transisttor$2 Oarel of dwofidst and
second gate terminals is coupled to both the first and second sub-gates of the gate and the other of
the first darehgstoorid0. The first transistor comprises a first gate 125 between first and second transistor

terminals 122 and 123. The first gate includes a second sub-gate 129 surrounding a first sub-gate

127. The sub-gates are separated by an intergate dielectric layer 160. A gate dielectric layer 150

separates the first gate from the channel of the first transistor. As for the second transistor, it

comprises a second gate 145 between first and second transistor terminals 142 and 143. The

second gate includes a second sub-gate 149 surrounding a first sub-gate 147. The sub-gates are

separated by an intergate dielectric layer 160. A gate dielectric layer 150 separates the second

gate from the channel of the second transistor.

[0017] In one embodiment, the transistors are configured in series between first and second

cell terminals 116 and 118. For example, the first terminals of the first and second transistors are

commonly coupled while the second terminal of the first transistor is coupled to the first cell

terminal and the second terminal of the second transistor is coupled to the second cell terminal.

Furthermore, first and second gate terminals 184 and 186 are respectively coupled to first and

second gates of the first and second transistors. One of the first and second gate terminals is

coupled to both the first and second sub-gates of the gate and the other of the first and second



gate terminals is coupled to the second sub-gate of the gate. In one embodiment, the other of the first
and second gate terminals is coupled to the second sub-gate and not the first sub-gate. [0018]In
accordance with one embodiment, the first gate serves as a control or floating gate and the second
gate serves as a select gate of the memory cell. The first gate terminal is coupled to the second
sub-gategatdheriishisassisiplednd iscomuplerstio Yygerfohggieeling. oheisrbodimes aliesitigatefahthe first
transistor which is floating. The second gate terminal is coupled to the first and second sub-gates of
the secofigstranbisiunangiis teaupier 1o couyded tinthelSaeoistwieldexandalosthefipbeduie-gatutline 182
and the second cell terminal is coupled to a source line 188. A well 115 is coupled to a well potential
(not shoio)187 othért etobadimventish e coniditihefttae€irstigals seay s arcangedoinfludtdig gate
configurations. [0019]Fig. Ib shows a cross-sectional view of an embodiment of a memory cell 100 as
shown inakipthieisddoatbgisis banums assubsitrettgatd bf iy cheimolydes i a Thd fiestigatd iddmiive Badbugdéan is
isolated from other regions by isolation regions 180. The isolation regions, for example, are shallow
trench iscdatione@ht) selgigats oDthefitypasmiseolatiois egipled oayceismbgaenipieyatisiiredielésegion,
in one embodiment, includes a doped well 115. The doped well comprises dopants of a second
polarity tyipst. JO@2F]Hhediantissmmmditacsistiitatlag) ane idddadeyaispoadadahishe gsldegibe.firsone
embodiment, the first transistor serves as a control gate. The first transistor includes a first gate 125
disposechnt sbepsdbatrafated bbthicstegane, trarsistop rrizbidinveiple i wdesrtirihandisefimd«dlb-gates 127
and 129. The sub-gates comprise, for example, polysilicon. Forming sub-gates using other types of
gate eleatnonimahteoiaidedstoh lais imelsR avdtetabsiincbre faenminal ds dikep ek tal sssicidedjmadgélso be
useful. It is understood that the first and second sub-gates need not be formed from the same material.
In one erAbeelihiébtistbeupdsrbiucasubHgatte siat Guotds diaen firh sike geteb o DGR his nhe tenge iegod | tetric
layer 160 separates the first and second sub-gates. The intergate dielectric layer, for example, may
comprisaarndipddcnayshackraagedg mutlitépleodfédecitionayers. For example, the dielectric stack may
comprise an oxide-nitride-oxide (ONO) stack. ONO stacks, for example, are described in concurrently
filed US 91t Appligatioshswnderab2/@88 24 vidie o f Enedediodi SeatkT Attemmey Cebcked Blumber
CSM P 2010 NAT 29 US 0; filed September 23, 2010), which is herein incorporated by reference for
all purposesyO@théigypes dherergstewiiedescivatriy a5 avisiEcks lndas alsellbregised 1BoTéraelple, the
intergate dielectric layer may comprise 5i02 or multiple layers of 5i02 with a layer comprising HfOx or
Al203. Seqmacatingstiatdzbttom aththediisng e ibalatithe egibssrade .isThgsEatieaegiodaytr 150. In one
embodiment, the gate dielectric layer comprises thermal silicon oxide. The gate dielectric layer may
compriseexame oy shgdimwdirdedirisdayiers (It eegypes Githetdydisiotidcldpersegiaysatsy asabed.

employed. The cell region, in one embodiment, includes a doped well 115. The doped well
comprises dopants of a second polarity type.

[0020] First and second transistors 120 and 140 are disposed in the cell region. In one
embodiment, the first transistor serves as a control gate. The first transistor includes a first gate
125 disposed on the substrate. The first gate, in one embodiment, includes first and second sub-
gates 127 and 129. The sub-gates comprise, for example, polysilicon. Forming sub-gates using
other types of gate electrode materials, such as metals or metal-silicon compounds like metal
silicides, may also be useful. It is understood that the first and second sub-gates need not be
formed from the same material. In one embodiment, the second sub-gate surrounds the first sub-

gate.



[0022]Dielectric spacers 156 may be optionally provided on sidewalls of the first gate. For example,
the spacers may be provided on sidewalls of the second sub-gate. The spacers may comprise silicon
nitride. Other types of spacers may also be employed. For example, the spacers may include multiple
spacers. A dielectric etch stop layer 181 may be provided on the surface of the second sub-gate. The
etch storjdaye} mayedmpriseesiiclesuniiger Qt0ek ipaesthetfitsion soedatalshryaealsthbe used to
form the etch stop layer. [0023]First and second doped regions 131 and 132 are provided adjacent to
the first gatergateadfuiicaitlispaorst depaglceaiapsarnprsesediparitsstiok fiesti polatt pkpeicvebiab is the
opposite of the second polarity type. The first and second doped regions form source/drain (S/D)

diffusion leggians-of éxerfipt, ttandistectridwadkped regiqiisefan exafoplieridemdds(@NainstekS the first
transistor. In one embodiment, the first and second doped regions include first and second
sub-portionOlSaeky) eorckiaRAph.afddelesivrddrpartionschBd itadISRaareAigilibatioped pbeions (e.g.,
X, where x may be the polarity type of dopants such as p or n) and the second sub-portions 131b and
132b are1n¢s88|y 3o picid poltiokst(ix Gtagk). (N dighthodeped yrobkio S NOP edmpla, Tcerpase lightly
doped drains (LDD) or double diffused drains (DDD). The lightly doped portions, for example,
comprisefiligh8gpienedr @3ias1Dwsichrisihersia ditfugedaticing diddédsk for afleparpbsedin@htrthe lightly
doped portions comprise DDDs. The DDDs, for example, comprise a depth greater than the second
sub-portitypss B0 irtxa@atpleicte skt olagiess br ptaticnnisye alsorbp asse:d FuitieampME) Ehel imtengaeambodiment,
the first sub-portions extend beneath the second sub-gate to the first sub-gate. As shown, inner edges
of the firgtiskebtpottipersnadyticerdppsHiSiElionsnaltpd tayeadighBDyitlitsid dayal s whpinsifitsHEOh-@ate. The
second sub-portions are about aligned with the outer edge of the spacers. In embodiments without
spacers, Mig0se Gepdratibgbetivottoarefathe dirstigate dronthtibeutisteatmlisacd dteed sdecnid Bylerddi@. OGther
configurations of the doped regions may also be useful. [0024]Iin one embodiment, the implantation
dosage afnhenligtdiyndopeiceregodizlasudh kydrbrspise b malsblocdrEb3dem Theagedetdeslecpli@ntation
dosage of the heavily doped regions is about E15 cm 2. Providing the different doped regions with
other doayer comceotnptisnsvoay aise lpate sedldctiod Rykks. fQthleetypeontigatandictentrit $aypaay a
select gate. The second transistor includes a second gate 145 disposed on the substrate. The second
gate inclatbesdéinste@ind second sub-gates 147 and 149. The sub-gates comprise, for example,
polysilicon. Forming sub-gates using other types of gate electrode materials, such as metals or
metal-sili@®2Zompoueldstiikspaeted $Htidey prapatesalbeeefdedldbissinayeasoriditadirshgafiestFamd
second sub-gates need not be formed from the same material. In accordance with one embodiment,

the secorxiasyllegtite saceramoythe ficstidat geaseld@alREpAthmsergatesdiegstericTiby epdbd s separates the
first and second sub-gates. The
comprise silicon nitride. Other types of spacers may also be employed. For example, the

spacers may include multiple spacers. A dielectric etch stop layer 181 may be provided on the
surface of the second sub-gate. The etch stop layer may comprise silicon nitride. Other types of
etch stop materials may also be used to form the etch stop layer.

[0023] First and second doped regions 131 and 132 are provided adjacent to the first gate.
The first and second doped regions comprise dopants of a first polarity type, which is the
opposite of the second polarity type. The first and second doped regions form source/drain (S/D)
diffusion regions of the first transistor. The doped regions, for example, serve as terminals of the
first transistor. In one embodiment, the first and second doped regions include first and second
sub-portions 131a-b and 132a-b. The first sub-portions 131a and 132a are lightly doped portions

(e.g., X, where x may be the polarity type of dopants such as p or n) and the second sub-portions



intergate dielectric layer, for example, may comprise a dielectric stack, such as an oxide-nitrideoxide
(ONO) stack. Other types of intergate dielectric layers may also be used. For example, the intergate
dielectric layer may comprise Si02 or a three-layer stack with one of the layers comprising HfOx or
Al203. Separating the bottom of the first gate from the substrate is a gate dielectric layer 150. In one
embodimes1h the yate dielreduilyaygedponiiseydherrial Jilieoiyeuydeopetiegatend]diaaikantpyer may
comprise two or more gate dielectric layers. Other types of gate dielectric layers may also be used.
[0027]Dietenpiizehgheysdbpeonaesl e opmmnsoptdyidieflisal sidevsd Do the isetighthogddped-or example,
the spacers may be provided on sidewalls of the second sub-gate. The spacers may comprise silicon
nitride. QibridiyndsraapasiersonmyisddiyheyedopielyédirfsqObs)preddhisispEeersdmans o syultiple
spacers. A dielectric etch stop layer 181 may be provided on the surface of the second sub-gate. The
etch stophayey endy diomoptseedilitoly dispee portierstypepideaibZsom healdiRts foryxataplbe used to
form the etch stop layer. [0028]First and second doped regions 131 and 133 are provided adjacent to
the seconongearise allefirsy@atdistrantetepeddragions ttomprse aaparits atdbentirstipp@tiontige. The
first and second doped regions form S/D diffusion regions of the second transistor. The doped regions,
for examplepspagaastihinipddD the seceontddinsistoheliating-gopeshsegiend fosreztmine, is a
common doped region to both the first and second transistors. In one embodiment, the first and
second depeddragiayatane ihdefifsssdndasecosdisabnp ortiensiéslafbharfitst 38b-portibesfstisib-portions
131a and 133a are lightly doped portions and the second sub-portions 13 |Ib and 133b are heavily
doped paitimsregiondigrdlyvdapealigpedtiwith, sidewaHegfl éhectinpsidedabitl ¥ idoged ndHs-poflbi3arén one
embodiment, the first sub-portions extend beneath the second sub-gate to the first sub-gate. As
shown, iabeutedgeEs divitie thesb sieb quiggiohthefpaesdo pack netgpdimaeats withotiedigaoes it seicewialls of
the first sub-gate. The second sub-portions are about aligned with the outer edge of the spacers. In
embodinsabtpaiitimiarsdoets | ipecdaciin thssidpadilsre dre sebond aligiyate withhdre sidewedttoos tfe
second sub-gate. Other configurations of the doped regions may also be useful. [0029]In one
embodintbatdpedsegmmd diffyislem begeafubf the first transistor serves as the first cell terminal and the
second diffusion region of the second transistor serves as the second cell terminal of the memory cell.
The gate[0d24¢ firstriramsestimodeneas, #wetimepliastagoie desagmal Hred idielyakeped tiegisegmudit@nsistor
serves as the second gate terminal of the memory cell. [0030]An interlevel dielectric (ILD) layer 190
may be frbbden DD suisuatel 3arerirand the implantation dosage of the heavily doped regions is

about E15 cm. Providing the different doped regions with other dopant concentrations may
also be useful.

[0025] As for the second transistor, it serves as a select gate. The second transistor includes
a second gate 145 disposed on the substrate. The second gate includes first and second sub-gates
147 and 149. The sub-gates comprise, for example, polysilicon. Forming sub-gates using other
types of gate electrode materials, such as metals or metal-silicon compounds like metal silicides
may also be useful. It is understood that the first and second sub-gates need not be formed from
the same material. In accordance with one embodiment, the second sub-gate surrounds the first
sub-gate.

[0026] An intergate dielectric layer 160 separates the first and second sub-gates. The
intergate dielectric layer, for example, may comprise a dielectric stack, such as an oxide-nitride-

oxide (ONO) stack. Other types of intergate dielectric layers may also be used. For example,



the transistor. The interlevel dielectric layer may serve as a premetal dielectric (PMD) layer. Various
materials may be used to form the PMD layer, for example, BPSG, PSG, HDP oxide, HARP, ILOS or a
combination thereof. Other materials may also be useful. [0031]Contacts are formed in the PMD layer
to provide connections to the different terminals of the memory cell. The contacts, for example,

comprisatf ¢aeetat vieloaiesi ey phag tung e SiOtbes tyipes Iafaonatictiieh maieriale tagyralso be
employed. A contact may include a contact liner. Various types of contact liners may be used. For
example ctingpeiomaet iesmraydae StpaidtingThe bempmyhitider tijher feonothbindisanttiereghtdn some
embodiments, the liner comprises a composite liner comprising a combination of Ti and TiN, such as
TI/TiN ordisfedwiT ilaCahesoynesné kntysdinaanelse betediplested. |lYeB2dmmivecimvatingivodirst and
second contacts 192 and 198 are provided in the PMD layer to couple to first and second cell
terminalsxidee firsé e dialastidolpiedniayacbitinésangdhe secegattativlicatisiepenleOtwntgpeyof line.
Third and fourth contacts 194 and 196 are provided in the PMD layer to couple to first and second gate

terminalgyate disteembalionentayridsthivelwedtact is coupled to the second sub-gate of the first transistor
and the fourth contact is coupled to the first and second sub-gates of the second transistor. The first

gate ternfig@ai7is coupiedctoi@aspaotreligatmiin®aoptidre by poovi drteiaidewal lsofahpkeddadegatordline.
Additionally, the well is coupled to a well potential. [0033]Table 1 shows exemplary bias conditions of
the differeot ¢eamisia)stHe sphtferemiag herptovidedfdhsideeraids p itk eoovidisu-giter bizsspavetisiony for
operating the memory cell may also be useful. termi nalsoperations Erase Write

comprise silicon nitride. Other types of spacers may also be employed. For example, the

spacers may include multiple spacers. A dielectric etch stop layer 181 may be provided on the

surface of the second sub-gate. The etch stop layer may comprise silicon nitride. Other types of

etch stop materials may also be used to form the etch stop layer.

[0028] First and second doped regions 131 and 133 are provided adjacent to the second gate.

The first and second doped regions comprise dopants of the first polarity type. The first and

second doped regions form S/D diffusion regions of the second transistor. The doped regions,

for example, serve as terminals of the second transistor. The first doped region, for example, is a

common doped region to both the first and second transistors. In one embodiment, the first and

second doped regions include first and second sub-portions 131a-b and 133a-b. The first sub-

portions 131a and 133a are lightly doped portions and the second sub-portions 131b and 133b

are heavily doped portions. The lightly doped portions, for example, comprise lightly doped

LDDs or DDDs. In one embodiment, the first sub-portions extend beneath the second sub-gate

to the first sub-gate. As shown, inner edges of the first sub-portions of the doped regions are

about aligned with sidewalls of the first sub-gate. The second sub-portions are about aligned

with the outer edge of the spacers. In embodiments without spacers, the second sub-portions are

about aligned with the sidewalls of the second sub-gate. Other configurations of the doped

regions may also be useful.



Write inhibit Read First cell terminal (bitline) Float -5V OV Ix Second cell terminal (source line) Float
Float Float

[0029] In one embodiment, the second diffusion region of the first transistor serves as the
first cell terminal and the second diffusion region of the second transistor serves as the second
cell terminal of the memory cell. The gate of the first transistor serves as the first gate terminal
and the gate of the second transistor serves as the second gate terminal of the memory cell.
[0030] An interlevel dielectric (ILD) layer 190 may be provided on the substrate covering
the transistor. The interlevel dielectric layer may serve as a premetal dielectric (PMD) layer.
Various materials may be used to form the PMD layer, for example, BPSG, PSG, HDP oxide,
HARP, TEOS or a combination thereof. Other materials may also be useful.

[0031] Contacts are formed in the PMD layer to provide connections to the different
terminals of the memory cell. The contacts, for example, comprise a conductive material such as
tungsten. Other types of conductive materials may also be employed. A contact may include a
contact liner. Various types of contact liners may be used. For example, the contact liner may
be titanium (Ti), titanium nitride TiN or a combination thereof. In some embodiments, the liner
comprises a composite liner comprising a combination of Ti and TiN, such as Ti/TiN or
Ti/TiN/Ti. Other types of liners may also be employed.

[0032] In one embodiment, first and second contacts 192 and 198 are provided in the PMD
layer to couple to first and second cell terminals. The first terminal is coupled to a bitline and
the second terminal is coupled to a source line. Third and fourth contacts 194 and 196 are
provided in the PMD layer to couple to first and second gate terminals. In one embodiment, the
third contact is coupled to the second sub-gate of the first transistor and the fourth contact is
coupled to the first and second sub-gates of the second transistor. The first gate terminal is
coupled to a control gate line and the second gate terminal is coupled to a wordline.

Additionally, the well is coupled to a well potential.



OV First gate terminal (control gate) -5V 10V 10V 0 - 2V Second gate terminal (wordline) 10V -5V -5V
1V -3V

[0033] Table 1 shows exemplary bias conditions of the different terminals for different

operations of the memory cell. Providing other bias conditions for operating the memory cell

may also be useful.

operations
Erase Write Write inhibit | Read
terminals
Fl_rst_ cell terminal Float 5V oV 1X
(bitline)
Second cell terminal Float Float Float oV
(source line)
First gate terminal 5V 10V 10V 0~2V
(control gate)
Second gate terminal 10V 5V -5V 1V ~ 3V
(wordline)
Well 10V -5V -5V ov
Table 1

[0034] A plurality of memory cells can be arranged to form a memory array. For example,
the plurality of memory cells may be arranged in rows and columns. The memory cells, for
example, comprise memory cells 100 as described in Figs. 1a-b. A row corresponds to, for
example, a wordline (WL) and a column corresponds to a bitline (BL) of the array. Control gate
lines are also provided to couple to the control gate terminal.

[0035] Fig. 1c shows a cross-sectional view of another embodiment of a memory cell 100.
As shown, the memory cell 100 is similar to that described in Fig. 1b except that the fourth
contact 196 is coupled to only the first sub-gate 147 of the second gate 145. This results in the
second sub-gate 149 of the second gate being floated.

[0036] In one embodiment, floating of the second sub-gate can be achieved by patterning or
removing a portion of the second sub-gate outside of the active area to expose a portion of the

first sub-gate, as shown in Fig. 1d. For example, a portion of the second sub-gate adjacent to the
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Well 10V -5V -5V OV Table 1 [0034]A plurality of memory cells can be arranged to form a memory
array. For example, the plurality of memory cells may be arranged in rows and columns. The memory
cells, for example, comprise memory cells 100 as described in Figs. la-b. A row corresponds to, for
example, a wordline (WL) and a column corresponds to a bitline (BL) of the array. Control gate lines

are also piianid¢drio depadecsicheisoatiol ghtetaemioen [QOSF i henehatorfliest sestietmidview of
another embodiment of a memory cell 100. As shown, the memory cell 100 is similar to that described
in Fig. lbsikcgsrt timat/ thiedfdesmpvyi@tt 196 is coupled to only the first sub-gate 147 of the second gate
145. This results in the second sub-gate 149 of the second gate being floated.

[0037] Figs. 2a-g show cross-sectional views of an embodiment of a process 200 for forming

a device or IC. Referring to Fig. 2a, a substrate 105 is provided. The substrate can comprise a

silicon substrate, such as a lightly p-type doped substrate. Other types of substrates, including

silicon germanium or silicon-on-insulator (SOI), are also useful.

[0038] As shown in Fig. 2a, a memory cell region 110 of the device is shown. However, it is

understood that the substrate may include various types of regions (not shown). For example,

the substrate may include other cell regions of an array region in which memory cells are formed

and logic regions in which logic devices are formed. The logic regions, for example, may

include regions for devices, such as support devices for accessing the memory array.

Additionally, the logic regions may include other types of devices, depending on the type of IC

formed. The logic region, for example, may include regions for different voltage devices. For

example, the logic region may include regions for high voltage devices, medium voltage devices

and low voltage devices. Other configurations of logic regions may also be useful.

[0039] The cell region is separated from other regions by isolation regions 180. The

isolation regions comprise, for example, STIs. Various processes can be employed to form the

STl regions. For example, the substrate can be etched using etch and mask techniques to form

trenches which are then filled with dielectric materials such as silicon oxide. Chemical

mechanical polishing (CMP) can be performed to remove excess oxide and provide a planar

substrate top surface. The STI regions can be formed, for example, prior to or after the

formation of doped wells. Other processes or materials can also be used to form the STIs. In

other embodiments, the isolation may be other types of isolation regions.

[0040] A doped well 115 is formed in the cell region. The doped well, in one embodiment,

comprises dopants of a second polarity type. The depth of the doped well, for example, may be
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[0036]In one embodiment, floating of the second sub-gate can be achieved by patterning or removing
a portion of the second sub-gate outside of the active area to expose a portion of the first sub-gate, as
shown in Fig. Id. For example, a portion of the second sub-gate adjacent to the channel and doped
regions is removed. Other techniques or configurations to float the second sub-gate may also be

employedb03006®s 28000 Ahowyoviaisgispienat N Biead b e eisd dbausyTate e 0opir
forming a device or IC. Referring to Fig. 2a, a substrate 105 is provided. The substrate can comprise a

silicon supsiiratehswetoas polightjydorixine daped wulosindfiest@tiarity pas eksidestratashdncluding silicon
germanium or silicon-on-insulator (SOT), are also useful. [0038]As shown in Fig. 2a, a memory cell

region 1khbbthedheyvine ddsdtbwell clowsies it pstyndesptoogdiad foensubgisaideniays.include various
types of regions (not shown). For example, the substrate may include other cell regions of an array
region inAltuctativemothe el anecdd voedrived dagiypediansl iwslinicifdogis-tigeidesiass formedpdde logic
regions, for example, may include regions for devices, such as support devices for accessing the
memory aeiyn#dsitfonably, thénhpiatieg appsopaxteddpdetothien tiipeesdfedaldseandppemrdingpahdhe

type of IC formed. The logic region, for example, may include regions for different voltage devices. For
examplestbsttagic Tagidopanayyies | dds: ragl posviemhagispdtapendarings, ofddiice toliadetietices and
low voltage devices. Other configurations of logic regions may also be useful. [0039]The cell region is
separatefd@dih othkr segiembduinsolationdegio nell 30mihizds alptival ke Fiondopethpatentyrexample,
STIs. Various processes can be employed to form the STI regions. For example, the substrate can be
etched ufongezidly aadfonasigtechaigoés infdantsetniffeentiricirgies. tien dt@adpldii tieteadranr(@)erials
such as silicon oxide. Chemical mechanical polishing (CMP) can be performed to remove excess
oxide anihpiavide pefleamardsatizsticde dopus Eface T hieal Theagidegetabone400rked, foseeaadBle, prior to
or after the formation of doped wells. Other processes or materials can also be used to form the STIs.
In other eémidadinsqretsotimedsalatiosenabyub & b2hen tqies ehesglattval remionsS(AGAO b adVEell 115 is
formed in the cell region. The doped well, in one embodiment,

implant is performed at a dose about E12 cm™ at an energy level about 20 keV. Other

techniques for forming the doped well may also be employed.

[0042] The substrate may include other types of device regions for supporting other types of

devices. For example, the substrate may include p-type and n-type devices, such as high,

medium and low voltage p-type and n-type devices. Various types of n-type and p-type wells are

provided for these devices. The various wells may be formed by separate implantation processes

using implant masks. P-type dopants can include boron (B), aluminum (Al), indium (In) or a

combination thereof, while n-type dopants can include phosphorus (P), arsenic (As), antimony

(Sb) or a combination thereof.

[0043] In Fig. 2b, a dielectric layer 251 is formed on the surface of the substrate in the cell

region. In one embodiment, the dielectric layer serves as the gate dielectric layer for the

transistors of the cell. The dielectric layer, for example, comprises thermal silicon oxide. For

example, the dielectric layer is formed by annealing the substrate in an oxidizing ambient. For

example, a wet oxidation is performed at about 750 — 850 °C followed by an anneal at about 900

—1000 °C. The thickness of the dielectric layer is formed to an intermediate thickness. The
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comprises dopants of a second polarity type. The depth of the doped well, for example, may be about
10000 - 25000 A. Providing doped wells of other depths may also be useful. The doped well of the
second polarity dopants is used to form first polarity type devices. In one embodiment, the doped well
comprises a p-type doped well to form n-type devices. Alternatively, the doped well comprises a n-type

doped wetidrrigsgo iy pietutcryEhmalpbedboel snapdA fooned fpdsufaatind dparapmater depants
with the desired dose and power into the substrate. The dopant type, dose and power may depend on

the type nfageNtoetousefibrrredeamhldnhengtertietstrie niatheatl apgctureprisnopisegpryovglte The
doped well may be formed by performing a chain of 3 implants at different energies. For example, a

first borogiéBriripleattitpRenidrords fdrandosy abteutypt? chpd@isess.energy level about 400 key, a
second B implant is performed at a dose about E12 cm 2 at an energy level about 150 key and a third

B implanfoe4agrformefirstsaisigat alxotiobd bagen 22 atiafoanedan lthesd aiouate28l/ketheQthedielzotigues
for forming the doped well may also be employed. [0042]The substrate may include other types of

device rdgiens Tor ippartinatotéiectiyoedayer evinpdsdspirexaaaphdothimenth ptigisiivary. imok Ciesp-type
and n-type devices, such as high, medium and low voltage p-type and n-type devices. Various types of

n-type andipeitpeetisdaraymosaddn forrieess devcespAns varionsmelishowsydyerfohedify sseparate
implantation processes using implant masks. P-type dopants can include boron (B), aluminum (Al),

indium (lgateretecoodbimatjdre theyemf, Waniteisitégprigugsanty Gareimglogke phdspbdiesi(st)su-garEc (As),
antimony (Sb) or a combination thereof. [0043]In Fig. 2b, a dielectric layer 251 is formed on the

surface dl¢basiehSdradramyitees iosituedioing lor éoe ienplaaditient ProgidietpatrintiopedSentasiagdtee gate
dielectric layer for the transistors of the cell. The dielectric layer, for example, comprises thermal
silicon oxidetrbde Eyanpby, dlve Heelseful |1@yeerisyfmnéddiy elpotadiagtherialdstptso usfdizing
ambient. For example, a wet oxidation is performed at about 750 - 850 C followed by an anneal at
about 900he1DRA@sSThithitikstesh-obthelditiedtriayayamnais feabed BDaR B8N dditethiikkesseT he
thickness of the dielectric layer may be about 60 - 90 A. Other types of gate dielectric materials may
also be useyudldedreaxsafupl €l aHfergatkediett stritcgaiateldalrotay ayem pecha igiesrstyghess chgaieadlielectric
materials and/or be formed by other types of processes.

vapor deposition (CVD) can be used. Other techniques may also be useful.

[0045] In Fig. 2c, the first sub-gate layer is patterned. In one embodiment, the first sub-gate

layer is patterned to form first sub-gates 127 and 147 of the first and second transistors of the

cell. In one embodiment, the dielectric layer beneath the first sub-gate layer is also patterned.

Techniques, such as mask and etch, can be used. For example, a photoresist layer is formed over

the gate layers and patterned, exposing portions of the first sub-gate layer. An anisotropic etch,

such as a RIE, is performed to remove exposed portions of the first sub-gate layer. To improve

lithographic resolution, an anti-reflective coating (ARC) can be provided beneath the photoresist.

Other techniques for patterning the first sub-gate layer may also be useful. For example, a hard

mask may be used to pattern the first sub-gate layer.

[0046] Referring to Fig. 2d, first and second doped regions 131, 132 and 133 of the first and

second transistors are formed. The doped regions can be formed by implanting first type dopants

into the substrate. In one embodiment, the doped regions can be self-aligned using the first sub-

gates and isolation regions as implant masks. In one embodiment, the first sub-portions 131a,
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[0044]A first sub-gate electrode layer 221 is formed on the substrate over the gate dielectric layer. The
first sub-gate electrode layer comprises, in one embodiment, polysilicon. The first sub-gate electrode
layer can be formed as an amorphous or non-amorphous layer. The first sub-gate electrode may be
doped. Various techniques may be employed to dope the first sub-gate electrode, for example, insitu
doping o138 implE8BaLe thdNiestidintsecond dopedirtitsbasibf gridinieatb o dayaranstalsarbe useful.
Other types of gate electrode materials may also be useful. The thickness of the first sub-gate
electrodefdayed mayhe ahbodigint, 82004 s tivickaeskemeadyydisoibp aeftibnTx datosdhe first
sub-gate electrode layer, techniques such as chemical vapor deposition (CVD) can be used. Other
techniquesowney13lsmBatusetnbiOkoBNabigit 26,1180 sy suthgmig layaniy patperfmthdt Wik a tilt
embodiment, the first sub-gate layer is patterned to form first sub-gates 127 and 147 of the first and
second tengastOre ofl thagteindnp badamakadpiten) thattietedtichaferripigeanthitisdinsitathegale layer
is also patterned. Techniques, such as mask and etch, can be used. For example, a photoresist layer
is formedhimyles, thelgding ayefsrainth pattgleddmplpusiGopatosnadythéshitet ssdfidate hgaeasbof an
anisotropic etch, such as a RIE, is performed to remove exposed portions of the first sub-gate layer.
To improwvaylgh dgvigzhichrdepintomagrbantiplafieative theatyg{ AR(paats beipohadqrhbentatrtiag
photoresist. Other techniques for patterning the first sub-gate layer may also be useful. For example, a
hard masksoiay isefukeAdchuattera dom st fudi-geted aygio] 0O RIReéarforgHe firig. add, skrstndnd second
doped regions 131, 132 and 133 of the first and second transistors are formed. The doped regions can
be formewlanyistopdanting first type dopants into the substrate. In one embodiment, the doped regions
can be self-aligned using the first sub-gates and isolation regions as implant masks. In one
embodinjedd the firkh Soterpatdidiedet Bimlayied 26 hisdf 33l ohttie Subsaatd. s@tendtelgpedielgicins of the
first and second transistors are formed. In one embodiment, the first sub-portions are formed by ion
implantatayerateyetoskedfiicts bl Gaten 2rat substrateg Y rierel abbodi2ert3h&éytendateidiplecttimiaydre
performed with a tilt angle. The tilt angle may be, for example, up to about 45. Performing the implant
at other tibrapgkes anolsting pedhorsuicigagraiti BdOmnsipldatOfbey tyat O nfimdsr gdsodiel actatulayersiemdase
of an n-type device, Ph dopants may be implanted. Other types of dopants or implant parameters may
also be uliefedtricsstubevmag elsmbrarséitdt ddpeMEYsbacksooropictked, for tharfipde santaternodit@nsistors.
[0047]An intergate dielectric layer 261 is formed on the substrate. The intergate dielectric layer covers
the first dapegatesatel |l sydrsirate.top orEe pedivanouthie chieggedendie leecenaplayed tofopmshs a
dielectric stack, such as an ONO stack. Other types of intergate dielectric layers and dielectric stacks
may alsadisdensefstathe FONSatpdl, tuntpfisent layexarhiiie dieleottansteskdudgyerfamédity layer and a
top oxide layer. Various techniques may be employed to form the dielectric stack. For example, the
different lB@x4nf Gtbalitdeuiaussavkynatop be fsefindd Juch BChUEshtar exaEmidgiesayay désoritediseful.
Such techniques, for example, may be described in concurrently filed US Patent Application Number
12/888, 4Bvcaitheir Dikyl éidedd_S akes't (AplinayoD dkeb&turidiBes 23Mtipi20 1 D kTt29 IS K filed
September 23, 2010), which is already herein incorporated by reference for all purposes. [0048]In Fig.
2e, a sedévitbney-aekeldbtrober GHdt 2D 19 BepOtd Dh; thkedFopteatber 23, 2010), which is

already herein incorporated by reference for all purposes.

[0048] In Fig. 2e, a second sub-gate electrode layer 222 is deposited on the substrate,
covering the intergate dielectric layer. The second sub-gate layer, in one embodiment, comprises
polysilicon. The second sub-gate electrode layer can be formed as an amorphous or non-
amorphous layer. The second sub-gate electrode layer can be doped or undoped. Other types of
gate electrode materials are also useful. The thickness of the second sub-gate electrode layer is,

for example, about 800 — 2500 A. Other thicknesses are also useful. To form the second sub-
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covering the intergate dielectric layer. The second sub-gate layer, in one embodiment, comprises
polysilicon. The second sub-gate electrode layer can be formed as an amorphous or non-amorphous
layer. The second sub-gate electrode layer can be doped or undoped. Other types of gate electrode
materials are also useful. The thickness of the second sub-gate electrode layer is, for example, about

800 - 25@até claihretéhislorerspnigresaiseiiastieritipiaptiralspesitiors@y Mataercikede Byer,
techniques, such as chemical vapor deposition (CVD), can be used. Other techniques are also useful.

[0049]Rateiimguiss Big akio tkefalibstrate is patterned to form first and second gates of the first and
second transistors 120 and 140 of the memory cell. For example, the second sub-gate layer and

intergate[d@zlertric Raferriig toctigrédiio sabsutitsivpattserond fateSindtthelfisionddsesofidhe
transistors. Techniques, such as mask and etch, can be used to form the dual gate stacks. For
examplefigsphadceesist Rywisofornedmyeqdhuf grtentayerg ekl paitexanthlexpostmbstionamef the
second sub-gate layer. An anisotropic etch, such as a RIE, is performed to remove exposed portions
of the setxyrd Subigatgaaydieldoricipyevarkthagsaizol tor émotuticn aac seotine e tuafing {ARC) can
be provided beneath the photoresist. Other techniques for patterning the first second-gate layer may

also be usetild Fransix@nplEeehhayebmasthrasynbsk uadadtch pedtelbs tisedsiedona shidgalgdeystacks.
[0050]The process continues to form the device. For example, the additional processing can include

removing-thexaagid sy phatoccbisiniager o foengatewddwajdisdagenrsahdfpaltbmngiditexpokimpticiansrs, for
example, comprise nitride. Other types of spacer materials may also be useful. To form sidewall
spacers, af dpesseodiciabtyattalpgeis AepvssEcbpit diehsubsirate Rt sparéometdesfooved by using
various techniques, such as plasma enhanced chemical vapor deposition (PECVD). Other techniques
to form theEpadpodielectftHagecandyublisaiedayseful.o ihg spadéhdigtaticadeyletiensabaatjuently
anisotropically etched, such as by RIE, to remove horizontal portions, leaving non-horizontal portions
on the sidHieatiseasotingPAETS cAndmmantidtchbsteatiatter {hotoséeistnOthay thehfdomesdfan the substrate
after forming the spacers. [0051]The process further continues to form the second sub-portions of
doped repatias oy tiee thiastssstors] - galéeclage corapatso BBy e aoekacis ¢pahertenrmshatsapiieseall and
one or more interconnect levels to couple the terminals, for example, control gate lines, wordlines,
bitlines, sopateimie, senondslipgtdntmleas well as interconnections for other devices. Additional
processes may also include final passivation, dicing, assembly and packaging to complete the IC.
Other pr¢@@s8ks arEhalpmosssfobnfionesenipie thihde\doen fanmexasnple thasdohtivodiayecesddgican
voltage, and high voltage I/O devices can be formed prior to forming the interconnections. The
memory telsdeamrbeviogieel rassk lmmnang teviceg@f ehelgatitlsidana | predrefLEBs. The gate

sidewall spacers, for example, comprise nitride. Other types of spacer materials may also be
useful. To form sidewall spacers, a spacer dielectric layer is deposited on the substrate. The
spacers can be formed by using various techniques, such as plasma enhanced chemical vapor
deposition (PECVD). Other techniques to form the spacer dielectric layer may also be useful.
The spacer dielectric layer is subsequently anisotropically etched, such as by RIE, to remove
horizontal portions, leaving non-horizontal portions on the sidewalls as the spacers. A contact
etch stop layer (not shown) may be formed on the substrate after forming the spacers.

[0051] The process further continues to form the second sub-portions of doped regions of the
transistors, salicide contacts, PMD layer, contacts to the terminals of the cell and one or more
interconnect levels to couple the terminals, for example, control gate lines, wordlines, bitlines,

source lines, and well potential as well as interconnections for other devices. Additional
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[0052]The invention may be embodied in other specific forms without departing from the spirit or
essential characteristics thereof. The foregoing embodiments, therefore, are to be considered in all
respects illustrative rather than limiting the invention described herein. Scope of the invention is thus
indicated by the appended claims, rather than by the foregoing description, and all changes that come
within therieasisapdisarioel alefingy plesmanbiiheiciag s siainiendgsidragme whracpiktbereirc. What
is claimed is: CLAIMS 1. A device comprising: a cell having first and second transistors coupled in

series, wheteipitbedyal ancisocssflirarsisiainples cisgrazedpbatvecsutirsiainivsetaigd, ceddierminals,
wherein the first transistor includes a first gate with a second sub-gate surrounding a first sub-gate,

the first anttagsend sigh-galegof/Dediuikicgatd decfoaned pieor oy ffirshdder datte dietectiinsayEte and
the second transistor includes a second gate with a second sub-gate surrounding a first sub-gate, the

first and seeony sulisgatesedbingedasandapateyaieyieparaisisttyed Froenshintdrgede dielectric layer; a
first gate terminal coupled to the second sub-gate of the first gate; and a second gate terminal coupled
to at leaqUUH2first SiHe-gatentibth@sebevhigedied in other specific forms without departing from the

spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be

considered in all respects illustrative rather than limiting the invention described herein. Scope

of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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2. The device of claim 1 wherein: the first transistor serves as a control gate; the second transistor
serves as a select gate; the first cell terminal is coupled to a first junction of the first transistor and
serves as a bitline; and the second gate terminal serves as a wordline. 3. The device of claim 1
wherein the first intergate dielectric layer comprises multiple dielectric layers. sub-gates of the second
gate. 5. \Watdediegn@dcigim 1 wherein the second gate terminal is coupled to the first sub-gate of the
second gate while the second sub-gate of the second gate is floated. 6. A device comprising: a cell
having first and second transistors coupled in sexgsamwngrein
1. A device comprising:
a cell having first and second transistors coupled in series, wherein the first and second
transistors are disposed between first and second cell terminals, wherein
the first transistor includes a first gate with a second sub-gate surrounding a first
sub-gate, the first and second sub-gates of the first gate are separated by a first intergate
dielectric layer, and
the second transistor includes a second gate with a second sub-gate surrounding a
first sub-gate, the first and second sub-gates of the second gate are separated by a second
intergate dielectric layer;

a first gate terminal coupled to the second sub-gate of the first gate; and

a second gate terminal coupled to at least the first sub-gate of the second gate.

2. The device of claim 1 wherein:

the first transistor serves as a control gate;

the second transistor serves as a select gate;

the first cell terminal is coupled to a first junction of the first transistor and serves as a
bitline; and

the second gate terminal serves as a wordline.

3. The device of claim 1 wherein the first intergate dielectric layer comprises multiple

dielectric layers.
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the first transistor includes a first gate with a second sub-gate surrounding a first sub-gate, the first and
second sub-gates of the first gate are separated by a first intergate dielectric layer, and the second
transistor includes a second gate with a second sub-gate surrounding a first sub-gate, the first and
second sub-gates of the second gate are separated by a second intergate dielectric layer; a first gate

terminal gouplediie theiseoporisub-gatecd the fisirgptatcatreha g ¢onduPHie tethaifimécadpiecoinlat
least the first sub-gate of the second gate. 7. The device of claim 6 wherein the second gate terminal
is coupleshtogitesiistandapebyatesub-gates of the second gate. 8. The device of claim 6 wherein the
second gate terminal is coupled to the first sub-gate of the second gate while the second sub-gate of
the second gate is floated. 9. The device of claim 6 wherein: the first and second transistors are
disposed between first and second cell terminals; and the first and second transistors comprise

first and 5econdrtiepledice@ibolaiatiandietdin tihe Svstmndasetondnghiesoubledtoetitefircesubalaiood
wherein the first and second doped regions comprise first and second sub-portions, wherein the

second sthb-petitngmay evkilctnpassatisvithjandhé firstetdnggatoisstioated.

6. A device comprising:

a cell having first and second transistors coupled in series, wherein

the first transistor includes a first gate with a second sub-gate surrounding a first
sub-gate, the first and second sub-gates of the first gate are separated by a first intergate
dielectric layer, and

the second transistor includes a second gate with a second sub-gate
surrounding a first sub-gate, the first and second sub-gates of the second gate are
separated by a second intergate dielectric layer;
a first gate terminal coupled to the second sub-gate of the first gate; and

a second gate terminal coupled to at least the first sub-gate of the second gate.

7. The device of claim 6 wherein the second gate terminal is coupled to the first and second

sub-gates of the second gate.

8. The device of claim 6 wherein the second gate terminal is coupled to the first sub-gate of

the second gate while the second sub-gate of the second gate is floated.

0. The device of claim 6 wherein:

the first and second transistors are disposed between first and second cell terminals; and
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11. The device of claim 9 wherein the first and second doped regions of the first and second
transistors include a heavily doped portion and a lightly doped extension portion extending from the
first gate to the second gate. 12. The device of claim 9 wherein: the first cell terminal is coupled to the
first doped region of the first transistor; and the second cell terminal is coupled to the first doped region

of the second trenedfiistoand Secbne treniesors claiiprisd filesainsébentirabpedl teyivisaldjasyast@sa bitline;
and the second gate terminal serves as a wordline. 14. The device of claim 9 wherein the second

doped refjronenafstrerfirsfagssd second transistors are a common second doped region. 15. The device
of claim 6 wherein: the first transistor serves as a control gate; and the second transistor serves as a

select gate, diefeetdedryearscldirm 3 hehelewokofisdaimdlidoshe wipdd ectjishsrengaisedieseatric layer
comprises an oxidenitride-oxide stack.
second sub-portions, wherein the second sub-portions are encompassed within the first sub-

portions.

11.  The device of claim 9 wherein the first and second doped regions of the first and second
transistors include a heavily doped portion and a lightly doped extension portion extending from

the first gate to the second gate.

12. The device of claim 9 wherein:
the first cell terminal is coupled to the first doped region of the first transistor; and

the second cell terminal is coupled to the first doped region of the second transistor.

13. The device of claim 12 wherein:
the first cell terminal serves as a bitline; and

the second gate terminal serves as a wordline.

14.  The device of claim 9 wherein the second doped regions of the first and second

transistors are a common second doped region.

15. The device of claim 6 wherein:

the first transistor serves as a control gate; and

the second transistor serves as a select gate.
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18. The device of claim 6 wherein the device comprises an ETOX device. 19. A device comprising: a
cell having first and second transistors coupled in series, wherein the first transistor includes a first
gate with a second sub-gate surrounding a first sub-gate, the first and second sub-gates of the first
gate are separated by a first intergate dielectric layer, and the second transistor includes a second

gate withig, secamd geni@ase driiipendioein tistfigbigatgatineidisiteodagecond sidegatdssik the second
gate are separated by a second intergate dielectric layer; and a first gate terminal coupled to at least
the first stiblgaite tfyére. first gate. 20. The device of claim 19 comprising a second gate terminal
coupled to the second sub-gate of the second gate.

17.  The device of claim 16 wherein the first intergate dielectric layer comprises an oxide-

nitride-oxide stack.

18.  The device of claim 6 wherein the device comprises an ETOX device.

19. A device comprising:

a cell having first and second transistors coupled in series, wherein

the first transistor includes a first gate with a second sub-gate surrounding a first
sub-gate, the first and second sub-gates of the first gate are separated by a first intergate
dielectric layer, and

the second transistor includes a second gate with a second sub-gate
surrounding a first sub-gate, the first and second sub-gates of the second gate are
separated by a second intergate dielectric layer; and

a first gate terminal coupled to at least the first sub-gate of the first gate.

20.  The device of claim 19 comprising a second gate terminal coupled to the second sub-gate

of the second gate.
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