EEPROM CELL CROSS-REFERENCE [0001]This application is a divisional application which claims
benefit of copending U.S. Patent Application Ser. No. 12/888,431, filed on September 23, 2010, which
was concurrently filed with U.S. Patent Application Ser. No. 12/888,434 entitled "Dielectric Stack"
(Attorney Docket Number CSM P 2010 NAT 29 US 0; filed September 23, 2010), and U.S. Patent
Application Ser. No. 12/888,437 entitled "EERRPROBLICEATorney Docket Number CSM P 2010 NAT
30 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[etoHge applcatisiiatidn ispoitividras peplicatitvMisicowisiisstbeiiefiedbeopandingihish
includes endurance (number of programming or write/erase cycles) and data retention after

write/erapeteychppliddtibinSte el usigsstus pefilfodroarsepeiiis3e2dr®mlagychasaeencihassbierized
extensively. Generally, the NVM circuits should be able to endure over 100 thousand to 1 million
programfiiegd)\eithl es3vrhtelata pplésation Sxcadoling/388y4sr entivied &b itutriteStankigiittemperatures.
[0003]Memory operations, such as programming and erasing, may involve, for example, charging or
dischargingokktdthambdr @8N Paiting\yaTe29f B\ il e Bepteenbba?@irzp a0 aiddhagragaf electrons

may be achieved by hot carrier injection (HCI) or Fowler-Nordheim (FN) tunneling. High voltages are
used to pepfdicatoeTiden MenlorgagsasatidetH SRERRO M @eNd(agesnesDoakseNumtieprCBidakdown or
degradation. [0004]It is desirable to provide memory cells with improved reliability even when exposed

2010 NAT 30 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. High voltages are used to perform certain memory operations. However, high

voltages can cause junction breakdown or degradation.

[0004] It is desirable to provide memory cells with improved reliability even when exposed

to high voltages.



to high voltages. SUMMARY [0005]A method of forming a device is disclosed. The method includes
providing a substrate prepared with a cell area separated by other active areas by isolation regions.
First and second gates of first and second transistors in the cell area are formed. The first gate
includes first and second sub-gates separated by a first intergate dielectric layer. The second gate
includes a second sub-gate surrounding a first SulvpagR Yhe first and second sub-gates of the second
gate are separated by a second intergate dielectric layer. First and second junctions of the first and

second t{aogijtors Arméanoeesk foh@ineiudistsis iisblotesl forneimgeehdssinghigetasrovialrepaipled to the
second sub-gate of the first transistor and a second gate terminal coupled to at least the first sub-gate

of the secairsritapsisiaed MBEHcelbrice ispalsteriegetiedactive dedicsyiildies aegidhbaving firgt and
second transistors coupled in series. The first and second transistors are disposed between first and
second ceitdacgutatofivetiasd tevosistoarisistories ehbirsdipateawithférsteaindrae dvogatdhydiess
separated by a first intergate dielectric layer. The second transistor includes a second gate with first

and secdingtsind-gaiesisepagatersbyasateciond fireigair)sieticlsitlizylayel hEeessonddgitegate of the
second transistor surrounds the first sub-gate of the second transistor. A first gate terminal is coupled
to the senwhatissib-gatmobtibegatstsgatmindiagcohidigale getenimakificoaplest tonat Jedsfatbe dir giesub-gate
of the second gate. [0007]In another embodiment, a device is also disclosed. The device includes a
cell havingchrst gatd secapdri@ddgtasecdmeifitstgatndicientinclaygies Rifssirghsecbatiyarctibrst efittle
second junctions of the first transistor. The first gate includes first and second sub-gates of the first
gate, a fifasiniedgaternti¢tentistdeyse Sopaedtinththadihsidealsbsachudssidorgates fstyafer sdrgate) and a
first gate dielectric layer separating the first sub-gate of the first gate from the substrate. The second
transistocanpledes thesemmd galheghetwkte first trank stmoat javetmmbgatdtersecadddAesistat. The
second gate includes first and second sub-gates of the second gate. The second

least the first sub-gate of the second transistor.

[0006] A device is also presented. The device includes a cell having first and second

transistors coupled in series. The first and second transistors are disposed between first and

second cell terminals. The first transistor includes a first gate with first and second sub-gates

separated by a first intergate dielectric layer. The second transistor includes a second gate with

first and second sub-gates separated by a second intergate dielectric layer. The second sub-gate

of the second transistor surrounds the first sub-gate of the second transistor. A first gate terminal

is coupled to the second sub-gate of the first gate. A second gate terminal is 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 includes first and second sub-gates of the first gate,

a first intergate dielectric layer separating the first and second sub-gates of the first gate, and a

first gate dielectric layer separating the first sub-gate of the first gate from the substrate. 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 transistor. The second gate also includes a second
intergate dielectric layer separating the first and second sub-gates of the second gate and a second
gate dielectric layer separating the first sub-gate of the second gate from the substrate. The second
junctions of the first and second transistors are coupled. The device also includes a first cell terminal

coupled talthgafi sttngetinief tine Sust jeansiStios, sacopdanthsigtbtemhio sbasnepigek e dhentiretigoaction of
the second transistor, a first gate terminal coupled to the second sub-gate of the first transistor and a

second gatiermingacouigiedttic #yeasiphatigitse fhgpsedidbendatbrghteansisiosciddddjdibesd and
other objects, along with advantages and features of the present invention herein disclosed, will

become apparenttealigboteierepradpatadriglthuiigtdasayintion tanddiuhdcaanfaamthegsaliamdtgs.
Furthermore, it is to be understood that the features of the various embodiments described herein are

not mutudily seadngimetivhsan thgifitshavarleusncbimbeisttions @ocupiyinurat oesidB RIScH 2 EGESRIPTION
OF THE DRAWINGS [0009]In the drawings, like reference characters generally refer to the same

parts thrdirstrealit threnilifflecent et whA Kt joadtiamongs distednietes sastyotal sedlecrathpihasis instead
generally being placed upon illustrating the principles of the invention. In the following description,
various exnlgdimeits fifsheruiseof thesstiondarendizgmribdilsvghteetentnabctu phedfalltwisg ardwings,
in which: [0010]Fig. la shows a schematic diagram of an embodiment of a memory cell; [0011]Figs.
Ib-c showsutrastesschofabiiransisid eanderistentsgateten@mealgael e (0012 lebst Mestimivsua-trevaéw of a
portion of the memory cell of Fig. Ic; and

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-h show cross-sectional views of a process of forming an embodiment of a

memory cell.



[0013]Figs. 2a-h 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 devices, for example, can be incorporated into standalone memory devices, such as USB or
other types of portable storage units, or ES; SUERDRBORIPNIANers or system on chips (SoCs). The
devices or ICs can be incorporated into or used with, for example, consumer electronic products, such

as compfoens; cell phivoesmand perseinisl igitatassisngudtdr Asyido9) 18161 plartshinayis/assaematic
diagram of an embodiment of a memory cell 100. The memory cell may comprise a non-volatile

memory eelbodimaxaneiie: thenomeanp e vieisray ihesaneieclitilal yienasp e igesgaiemaeladsad-only
memory (EEPROM). In one embodiment, the memory cell comprises a floating gate tunnel oxide

(FLOTOXp\rEds RodxaeibI©tbaT idasopporstsaantcsiindary @lserberysefitef)0ds] Bhessimantheell, in
one embodiment, comprises a first transistor 120 and a second transistor 140. The first transistor
comprisagpsitstgateblSidrete aaitsfiat @30 sseherdricrosisttyo erswn aigstbA2aanchibhd3So0s) firthgate
includes a second sub-gate 129 surrounding a first sub-gate 127. The sub-gates are separated by an
intergatedaidtestoc layeard 66 iftgpteraleel dotviodaged Woh Separateslthedirsirgateltctroriepebduuts| of
the first transistor. As for the second transistor, it comprises a second gate 145 between first and
second tsankiss@otepuiang)<dif grands143d poscsrtdigltgbdssisichtd¢BDA)cond sub-gate 149
surrounding a first sub-gate 147. The sub-gates are separated by an intergate dielectric layer 160. A
gate diel@di6]layeFihQ sepanatesdiersticatidggatedf ametiheahimenebbé tinersecocel | tE80si Stoe .

memory cell may comprise a non-volatile memory cell. For example, the memory cell may be

an electrically erasable programmable read-only memory (EEPROM). In one embodiment, the

memory cell comprises a floating gate tunnel oxide (FLOTOX) EEPROM cell. Other types of

memory cells may also be useful.

[0016] The memory cell, in one embodiment, comprises a first transistor 120 and a second

transistor 140. 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.



[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 seabath@ate fiesnainbbedodd gae IBmimds espantivedy eeupigddovilytcanglsecomidsgates of the
first and second transistors. One of the first and second gate terminals is coupled to at least the first

sub-gatesetdhe gats ahthéferather sfchel firshsistdrsemdogate favminalssinedyatedeioninelsicond
sub-gate of the gate. In one embodiment, one of the first and second gate terminals is coupled to both

the first adHedendtdedsgatetiref shie-gateof thenate rbthensthir ihietins s afrtheckitsidagudesecond gate
terminals is coupled to the second sub-gate and not the first sub-gate. [0018]In accordance with one

embodimermbitb fiysbgpledsenresesadanirgiterofoadigatgale anddinesiownd gateosevésaarmiselect
gate of the memory cell. The first gate terminal is coupled to the second sub-gate of the first transistor
and is caepted igate camtinhigatectingled e [ssthahe fistantersotoalisutpyaiexofatbgdiest lnehsecond
sub-gates of the second transistor and is coupled to a word line. The first cell terminal is coupled to a
first poteatibtiBAcandtibethecontheditdeansat i ¢ gateleehiamibiiine B to traamixbshibigats the first
potential is equal to ground. For example, the first potential may be the array ground. In other
embodinapatapthieedingpbg-gdtthe terminals may be arranged in other configurations. [0019]Fig. Ib
shows a cross-sectional view of an embodiment of a memory cell 100 as shown in Fig. la. There is
shown a[@0hsirate D&cudnizmeaciutiesna emlbodament] iR fTisegatd seyEsaisaisotatetdr dloatitiiegaegions
by isolation regions 180. The isolation regions, for example, are shallow trench isolation (STI) regions.
Other types tidsetatnoiy g senesrmsyaatEedd gaergfl theohefriueycedl IreGrantirst gate esmbodinecdupletlides a
doped well 115. The doped well comprises dopants of a second polarity type. [0020]First and second
transistots H2Geownd dibegetalfitbsddsntthes sl rgidncdnpled terabouirobgdtdhiadir StHeaessidr serves
as a control gate. The first transistor includes a first gate 125 disposed on the substrate. The first gate,
in one ergétedemeinilirscctodpkeditst the di st cod denobehatieg)diR3 @rttel@oith & ssisga s ¢ongupse] for
example, polysilicon. Forming sub-gates using

to a word line. The first cell terminal is coupled to a first potential 182 and the second cell

terminal is coupled to a bitline 188. In one embodiment, the first potential is equal to ground.
For example, the first potential may be the array ground. In other embodiments, the coupling of
the terminals may be arranged in other configurations.

[0019] Fig. 1b shows a cross-sectional view of an embodiment of a memory cell 100 as
shown in Fig. 1a. There is shown a substrate 105 which includes a cell region 110. The cell
region is isolated from other regions by isolation regions 180. The isolation regions, for
example, are shallow trench isolation (STI) regions. Other types of isolation regions may also be
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. [0021]An
intergate dielectric layer 160 separates the first and second sub-gates. The intergate dielectric layer,
for exampleermgesompiiselectistecticakdsksheyironmotaiinle digiecilicdayinpbondXeopietdhe
dielectric stack may comprise an oxide-nitride-oxide (ONO) stack. ONO stacks, for example, are
describedilitililes sy Btebnd Aqaplicatids dvderbend 218686 Bt tiheicb e pteaib g Staakéethitamney Docket
Number CSM P 2010 NAT 29 US 0; filed on September 23, 2010), which is herein incorporated by
referencédionallfporrpsesnidthrtdyipk sl obindergbtelidielacthic dayarg sutstptksumayrmlsthbeitseah-For
example, the intergate dielectric layer may comprise 5i02 or a three-layer stack with one of the layers
comprisiggtélfOx or Al203. Separating the bottom of the first gate from the substrate is a gate dielectric
layer 150. In one embodiment, the gate dielectric layer comprises thermal silicon oxide. The gate
dielectric(pai] mayrepimprigtcvieloctnivlsy gale dlerties| dyefisstQitbseypessobgatesdigiectric layers
may also be used. [0022]Dielectric spacers 156 may be optionally provided on sidewalls of the first
gate. Foiitseyaieldidleetrpdagss foagXaenplewviasdcompitbewallsl efttivestakom sigorgdtipld bielspaiters
may comprise silicon nitride. Other types of spacers may also be employed. For example, the spacers
may incligemukiplexspasershddikéderivctetmetppday®ist &h mdycbe tpide/middeqi@ O )stafdce of the
second sub-gate. The etch stop layer may comprise silicon nitride. Other types of etch stop materials
may alsodi¢Qusiedky forrextmepddchrsidgsdaped. ilDORR] KlcPatedtsepplichtiop ollimdgiohe/a8R484d 134 are
provided adjacent to the first gate. The first and second doped regions comprise dopants of a first
polarity tyipled WhieketribStapk'd shearhtdyeDsmten N polsitg S J0k it and sSaarfilabped regions
form source/drain (S/D) diffusion regions of the first transistor. In one embodiment, the first and second
doped reggprsribet e 2050 pehgdcisric i ipootmoratd® By -fe farshdSia-&l] Pinep dsstd. sOhpotyioessot 33a
and 134a are lightly doped portions (e.g., X, where x may be the polarity type of dopants such as p or
n) and thetsegaiadisldotipfoagas arestacky ityay afsachp adeond-(e.example Tihe ligbibaapeldqpoctiaps; for
example, comprise lightly doped drains (LDDs) or double diffused drains (DDDSs). In one embodiment,
the lightlyndgpechpost G conadhsee MY ErsstadkeniiD Dse furtkedayple comprisise HidxainAkéater than the
second sub-portions. For example, a second sub-portion is encompassed within a DDD. In one
embodintapgritimditse hatgontibiine Exse gatdmoeathethebstratand s gbtedieldottivd firat Sob-datensds
shown, inner edges of the first sub-portions of the doped regions are about aligned with sidewalls of
the first subgdteemh¢hsagdardisigbtpoittipescarepsisesithaligraddildtn thadeutéhedgte dicleetapdayes. In
embodiments without spacers, the second sub-portions are about aligned with the sidewalls of the
second subygam@pGshévoanfigaratetesof totrid dayedsreQibas typey afgated iedeftric[BY2A]mayradso
embodiment, first and second buried doped regions 131 and 132 are provided in the first transistor
region. Theeusedied doped regions comprise dopants of the first polarity type. The buried doped regions
comprise an intermediate dopant concentration (e.g., X) of the first polarity type dopants. The
intermedfaf& doparid wbenttintspaicats b6 meay M oplitiealty iprbettecen sideaablarafdbe fusitgations @f the
lightly and heavily doped portions (e.g., X <x < x+). Providing other dopant concentrations for the
buried depecpégyithaspassr aiveytee setidiet lon bddadltopfatiaeetond sie-gatsvidde speersmay the first
gate. In one embodiment, the buried doped regions overlap with the first and second doped regions
and extepehhEisessiti che fitstdgatethardyiece nirpdieisrmayradsofohentplagedd dmsd xeiplestbgtends
beneath a tunneling window 152 in the gate dielectric layer. In one embodiment, one of the buried
doped regjiatrssax@niis lbdesathifle shatagateNgbigtactritheteh siaglilyavibdlomay e pyisetisledbdc layer.
For example, the first buried doped region extends beneath the first gate beyond the tunneling window
in the gasgrface 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 133 and 134 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)



dielectric layer. The buried doped regions provide charge carriers for the first sub-gate through the
tunneling window. The buried doped regions also determine the effective channel length of the first
sub-gate as well as the source resistance of the cell. [0025]In one embodiment, the implantation
dosage of the buried doped regions is about E14 cm 2, the implantation dosage of the lightly doped

regions, gifeisiam kéyimoo R sisiabsivtdr.l hamerabstihennarfinsiondiasang abpee frgiity doped
regions is about EI5 cm 2. Providing the different doped regions with other dopant concentrations may

also be usefudie[A0R GlASstebHis seqMoiaN I A eBashasTas e Tt gaisoriibes I33anthdragsistor
includes a second gate 145 disposed on the substrate. The second gate includes first and second

sub-gatesrd figralyddbA8d pbristb(gates canupesembyr exea pteamglysiicond bpanmtngehas-pates) using
other types of gate electrode materials, such as metals or metal-silicon compounds like metal silicides

may alscahe theshdoidisubrp@tidasdrthiadanieyfuspenpostons (e subxtatdhatghtlyad dpe dpongohidior the
same material. In accordance with one embodiment, the second sub-gate surrounds the first sub-gate.

[0027]Areiiergateatigidsdriplaeddiid segiasaled U dirsbabld séffosd svdirggeBDd)e in@rgate
dielectric layer, for example, may comprise a dielectric stack, such as an oxide-nitrideoxide (ONO)
stack. Ottrahdyidesf inddigiatly diged i limye rsompysisel SIS uJed. o Dexfunpkantple intengate dielectric
layer may comprise Si02 or a three-layer stack with one of the layers comprising HfOx or Al203.
Separatidgptihegbemitmrthaf the Sestrgbsetfnoomtidre. sFostrienidea gsteotic kitpottyerisl&toomuaseed
embodiment, the gate dielectric layer comprises thermal silicon oxide. The gate dielectric layer may
comprisentithoros DD, gaterdietabbudineyerthedilse styppes b uadetcnel betreatiayer sarmd aldn deeltsed.
[0028]Dielectric spacers 156 may be optionally provided on sidewalls of the second gate. For example,
the spacérs finstysble- gatevidessoovsidiswert|sdokethef sectirsd suibppations bé thpalopesi meajoosarprabe dilicon
nitride. Other types of spacers may also be employed. For example, the

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.

[0024] In one embodiment, first and second buried doped regions 131 and 132 are provided

in the first transistor region. The buried doped regions comprise dopants of the first polarity

type. The buried doped regions comprise an intermediate dopant concentration (e.g., X) of the

first polarity type dopants. The intermediate dopant concentration, in one embodiment, is

between the dopant concentrations of the lightly and heavily doped portions (e.g., X < x < x%).

Providing other dopant concentrations for the buried doped regions may also be useful. The

buried doped regions are provided adjacent to the first gate. In one embodiment, the buried

doped regions overlap with the first and second doped regions and extend beneath the first gate.

In one embodiment, one of the buried doped regions extends beneath a tunneling window 152 in

the gate dielectric layer. In one embodiment, one of the buried doped regions extends beneath

the first gate beyond the tunneling window in the gate dielectric layer. For example, the first

buried doped region extends beneath the first gate beyond the tunneling window in the gate



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. [0029]First and second doped regions 133 and
136 are provided adjacent to the second gate. The first and second doped regions comprise dopants

of the firsfigletarityidyee. Thelfirst@udmeaeyibioprikotnasytosan BIDfdiftusifinsregivgsefthrigecond
transistor. The first doped region, for example, is the first doped region which is common to both the

first and geconddiagsidieiswlnTrearidogipenicdlmdissianssainathdeprdireghannotlongtiicst and
second sub-portions 133a-b and 136a-b. The first sub-portions 133a and 136a are lightly doped

portions grdiisessbegud sbeoatianssaedaaasidyadapetitpocitns. The lightly doped portions, for
example, comprise LDDs or DDDs. In one embodiment, the lightly doped portions comprise DDDs.

The DDep25] shownoee st raetie it grentatdtion dbsage obritk Suibigrbiipss régioexanpber & s&cond
sub-portion is encompassed within a DDD. In one embodiment, the first sub-portions extend beneath
the secooah3uiregiamte [tmtitiofirddsuge-obtiee AghslyatupeinrgicdoasbbitheDiDst submiDstitysbolititd sloped
regions are about aligned with sidewalls of the first sub-gate. The second sub-portions are about
aligned with?hadtheirapaetafithelspazens the keabidg topeds sidvaLis shaae Bl 3 ense®nodiding fwtions
are about aligned with the sidewalls of the second sub-gate. Other configurations of the doped regions
may alsadiffersefdbpDRajne nete wthediueantt theceatatidmifhasialsodgianediithe first transistor serves
as the first cell terminal and the second diffusion region of the second transistor serves as the second
cell termiioak6] the Asfootyeceltonthérgaistor, hedivet iaasdtat gatyeF lesstvoridtgaistéeinuhalkand the
gate of the second transistor serves as the second gate terminal of the memory cell. [0031]An
interlevehdieeot ga(éL12} ldispod20omthe bebstaved ethesdtwn d ylatd s wee dinapatitestaoms Stdy- ghles
interlevel dielectric layer may serve as a premetal dielectric (PMD) layer. Various materials may be
used to fdihaine 2P DTleg subfgatexampieisB H&@ExREe Dy siticda, HARMJL&ODaeausomoination
thereof. Other materials may also be useful. [0032]Contacts are formed in the PMD layer to provide
connectitypesoflyatdiffliectrade 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.

[0027] 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 intergate dielectric layer may comprise SiOz or a three-layer stack with one of the layers

comprising HfOx or Al20s. Separating the bottom of the first gate from the substrate is a gate

dielectric layer 150. In one embodiment, the gate dielectric layer comprises thermal silicon

oxide. The gate dielectric layer may comprise two or more gate dielectric layers. Other types of

gate dielectric layers may also be used.

[0028] Dielectric spacers 156 may be optionally provided on sidewalls of the second 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



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 comypesbng raagamdiniatinnlaptispaceiINAstieleesid FEMNsp TTHYNIBL Mtyeseypesiddiortaanay
also be employed. [0033]Iin one embodiment, first and second contacts 192 and 198 are provided in

the PMDslayatetofapupledadisabangesctmnetstesttpriyralpay kerfipsisesimvonl istdaepothée gpeyrd and
the second terminal is coupled to a bitline. Third and fourth contacts 194 and 196 are provided in the

PMD layetctosespipletéeidisshandise benddgiie fierminelscinswpelgfabodiment, 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 Jabzgates FHittteasesecwhtrdopistosgione fiBStagaite 36 uripabiddzouRipdda 2oahbisedgaigdioe and
the second gate terminal is coupled to a wordline. [0034]Table 1 shows an exemplary embodiment of

bias conditiefissofitilesetitintieiupiet migialss fosrjffiscedd papes afidins foktipe larentypecelhdipstatidg the

memory cell using other bias conditions may also be useful. operations terminals Erase
second doped regions form S/D diffusion regions of the second transistor. The first doped
region, for example, is the first doped region which is common to both the first and second
transistors. In one embodiment, the first and second doped regions include first and second sub-
portions 133a-b and 136a-b. The first sub-portions 133a and 136a are lightly doped portions and
the second sub-portions are heavily doped portions. The lightly doped portions, for example,
comprise LDDs or DDDs. In one embodiment, the lightly doped portions comprise DDDs. The
DDDs, as shown, comprise a depth greater than the second sub-portions. For example, a second
sub-portion is encompassed within a DDD. 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.
[0030] 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.

[0031] 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.



Write Read First cell terminal (array ground) OV Float OV Second cell terminal (bitline) Float 10 - 15V
0.5V - 1.5V

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.

[0032] 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.

[0033] 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 ground and the
second terminal is coupled to a bitline. 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.

[0034] Table 1 shows an exemplary embodiment of bias conditions of the different terminals
for different operations of the memory cell. Operating the memory cell using other bias

conditions may also be useful.
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First gate terminal (control gate) 12 - 17V OV 0 - 3V Second gate terminal (wordline) 12- 19V 12- 19V
2- 4V Substrate OV

operations
Erase Write Read
terminals
First cell terminal oV Float ov
(array ground)
Second cell terminal Float 10 ~ 15V 0.5V ~ 1.5V
(bitline)
First gate terminal 12 ~ 17V oV 0~3V
(control gate)
Second_ gate terminal 12 ~ 19V 12 ~ 19V 2~4V
(wordline)
Substrate oV oV ov
Table 1

[0035] As can be seen, the second cell terminal (bitline) experiences high voltages during
write operations. Exposure to such high voltages may cause junction breakdown or junction
degradation in the second (select) transistor. For example, high leakage from the second doped
region 136a-b to the doped well 115 may occur. This decreases the reliability of the gate
dielectric layer of the second transistor.

[0036] In one embodiment, the distance D between the second sub-portion 136b of the
second doped region 136 in the second transistor and the channel, which is the inner edge of the
first doped sub-portion 136a of the second doped region 136, is increased to improve junction
breakdown performance. For example, the breakdown voltage of the junction is increased. This
decreases leakage current at the junction. As such, increasing junction breakdown voltage
improves reliability of the junction.

[0037] In one embodiment, the distance D is determined by the width of the portion of the
second sub-gate which surrounds the first sub-gate. For example, D can be determined by
patterning the second gate layer such that it overlaps the first patterned first gate by the desired
distance D. The distance D, for example, may be about 0.1 — 0.2 um. Providing other values of

D may also be useful. The value of D can be selected to achieve the desired breakdown voltage.
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OV OV Table 1 [0035]As can be seen, the second cell terminal (bitline) experiences high voltages
during write operations. Exposure to such high voltages may cause junction breakdown or junction
degradation in the second (select) transistor. For example, high leakage from the second doped region
136a-b to the doped well 115 may occur. This decreases the reliability of the gate dielectric layer of the

second trarsigiaip[©GB6 hreakdoamboiiige bintbe idistaree fioheiv@ar the sstond fo-postbont136b of
the second doped region 136 in the second transistor and the channel, which is the inner edge of the

first doped with-pOriidnbaf® ofihe Seteondadoped2eBioni3se i hrerkasach iltageowes it asioiits
breakdown performance. For example, the breakdown voltage of the junction is increased. This

decreasds |afitagelayligitint dhenwsaiton. thhSiveh onssRas tnghpistotion breakdown voltage improves
reliability of the junction. [0037]In one embodiment, the distance D is determined by the width of the

portion ofabes}ecordmulaigtefwitstosucedidnds Heeafitsigpdiicofien on@xarmpleay) Can dadgtermined
by patterning the second gate layer such that it overlaps the first patterned first gate by the desired
distance the pheatiistahoemofgrcedamplehaasahgedbous\Vslandcdlgmne raviemgnoting catddyfs of D may
also be useful. The value of D can be selected to achieve the desired breakdown voltage.
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.
[0039] 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.
[0040] 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
channel and doped regions is removed. Other techniques or configurations to float the second
sub-gate may also be employed.
[0041] 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.
[0042] 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
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For example, the breakdown voltage can be increased from about 14 V with a D of 0 to about 17 V
with a D of about 0.2 gm. This is about a 20% increase in breakdown voltage, which results in
improved reliability of the second transistor or select transistor. [0038]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 andresige ngyidiefoneiacgscelish fay pporp iavicsm prisectossimgheelsnidly agalescribed in Figs.
la-b. A row corresponds to, for example, a wordline (WL) and a column corresponds to a bitline (BL) of

the arrayAgdititiohiptehinegiaregidse megvidelddo euptepes thiedeorvss)| dukentinmuredn¢QOBOITiIgC I

shows a cross-sectional view of another embodiment of a memory cell 100. As shown, the memory

cell 100 ipaimtarTieethrficdegdoheirtagple anagpidchaktrg iy foradifteehi 96l isgealtviedstoranly the
first sub-gate 147 of the second gate 145. This results in the second sub-gate 149 of the second gate
being floajachdRO#{ logivecgivh e zrlutioatigionf finehigtcooliage kigAtes; anebieackuiugel davices
patterning or removing a portion of the second sub-gate outside of the active area to expose a portion
of the firsinsubvgatdtage dbwicas.indtigr lebrifiRiueattmplsf, lagiortgived they stsobel welfupate adjacent to the

channel and doped regions is removed. Other techniques or configurations to float the second
sub-gate[0taBlalso Deearwipleyexh [©6ephiatgs flarpdierwegiossiseisbtmnrinvieyisnfiB0.emieodiment of a
process 200 for forming a device or IC. Referring to Fig. 2a, a substrate 105 is provided. The substrate
can comjxudatiarsikgions gbsipaise, soictxampléighitlis p Vg ubpedasssdsstanée OthEoyedas fdrautistrates,
including silicon germanium or silicon-on-insulator (SOT), are also useful.

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. The depth of the STIs

may be, for example, about 3000 - 4500 A. Other depths for the STIs may also be useful.

[0044] 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

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 an n-type doped well to form p-type devices. The doped

well may be formed by implanting appropriate dopants with the desired dose and power into the

substrate. The dopant type, dose and power may depend on the type of device to be formed.

[0045] In one embodiment, the doped well comprises a p-well. The doped well may be

formed by performing a chain of 3 implants at different energies. For example, a first boron (B)

implant is performed at a dose about E12 cm™ at an energy level about 400 keV, a second B
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[0042]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 suppdrhglavicie épforteasting dbe IhaumBn? arred/atsadiiongikviiebogicl 6B0eNSantht inahidesother
types of devices, depending on the type of IC formed. The logic region, for example, may include

regions fonglidferenieviutage dexidess douerampte? theagisrggdieveinabyunziukieredivrs for high
voltage devices, medium voltage devices and low voltage devices. Other configurations of logic

regions mayirdtredtoutaininPOr3]dhel eedl ragipalid sepmiptegetiom other regions by isolation regions
180. The isolation regions comprise, for example, STIs. Various processes can be employed to form

the STI rEge6E. FoTexsubstiatdmeaguhslidtcotad bpeidieduisinggitels forduppskitrcbthigugpde dbrm
trenches which are then filled with dielectric materials such as silicon oxide. Chemical mechanical
polishingdeviddd) ¢an beap@itothesitatremmey dixceds pxige and propiddeqipdarsuchuestigite top surface.
The STI regions can be formed, for example, prior to or after the formation of doped wells. Other
processeaadaiiimataudtscanl tatgpopasy s eadta-topa dbd 33197 ni aib ey penbbdityenisidtberypolaiidls aray be
other types of isolation regions. The depth of the STIs may be, for example, about 3000 - 4500 A.
Other deptbwided tfoe thdds dovigedsd bevasifud. (14 A)dydepiedmeel by ssparberimeplantthiecplomgses. The
doped well, in one embodiment, comprises dopants of a second polarity type. The depth of the doped
well, for exiug pieplanaynaskab ety hOAOPanBSEM0 el Rimbatiorg (Bt dmvells ¢Rdrhieddepiis)roay also be
useful. The doped well of the second polarity dopants is used to form first polarity type devices. In one
embodinentpthatidopkeersuélvathaprises dqpdysecao pedude phosfironus-ty padericédspltativatngly, the
doped well comprises an n-type doped well to form p-type devices. The doped well may be formed by
implantin@lapqrapoatei ceiantiseveidi. the desired dose and power into the substrate. The dopant type,
dose and power may depend on the type of device to be formed. [0045]In one embodiment, the doped
well com[@g&$ a piwélig e themetl vegibmeypbepboethenitibfinsearat second ovaed dbBenhmptaons a8different
energies. For example, a first boron (B) implant is performed at a dose about E12 cm 2 at an energy
level abcantdATR? kdWedsreddddBd regions comprise dopants of the first polarity type. For example, the

buried doped regions comprise n-type dopants to form an n-type memory cell. The buried doped
region serves as a supply of charge for the control gate of the memory cell. In one embodiment,
the buried doped regions are formed by ion implantation. For example, arsenic (As) is implanted
at a dose about 4E14 — 9E14 cm™ at an energy of about 15 - 60 keV. Forming the buried doped
regions using other types of dopants or implant parameters may also be useful.

[0048] A dielectric layer 253 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 a wet oxidation followed by annealing the substrate in an oxidizing
ambient. The thickness of the dielectric layer is formed to an intermediate thickness. The
temperature of the wet oxidation can be, for example, about 750 — 900 °C. The annealing can be,
for example, performed at a temperature of about 1000 °C. The thickness of the dielectric layer

may be about 150 — 220 A. Other types of gate dielectric materials or thicknesses may also be
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implant is performed at a dose about E12 cm 2 at an energy level about 150 key and at a third B
implant is performed at a dose about E12 cm 2 at an energy level about 20 key. Other techniques for
forming the doped well may also be employed. [0046]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 dexifes, Sochxambighthagais diciriowaeitag empytyoe siivt othepeypeyicegaty afidesrigpes of
n-type and p-type wells are provided for these devices. The various wells may be formed by separate

implantatienepidscasgrs bsifgrimglanbthaskpep df/ peciseisicrasshimi ddargof Bepabitioimum (Al),
indium (In) or a combination thereof, while n-type dopants can include phosphorus (P), arsenic (As),
antimony¢&tn))or a combination thereof. [0047]In Fig. 2b, the cell region is prepared with first and
second buried doped regions 131 and 132. The buried doped regions comprise dopants of the first

polarity typeidfor eShmpieletdiayiad dogentnadiofsraoansismindgi3d dopasisgchtosobsarate-type
memory cell. The buried doped region serves as a supply of charge for the control gate of the memory

cell. In oretwmibogloh e ofeningriraydeetiengdosi sy ertsieed bychowdhnidassatior.éxamplaraple,
arsenic (As) is implanted at a dose about 4E14 - 9E14 cm 2 at an energy of about 15 - 60 keV.
Forming ties kel asopedoregistnmagivg setbetiviyiygsant thepan s eatérap ispdrpegametposepaytialso be
useful. [0048]A dielectric layer 253 is formed on the surface of the substrate in the cell region. In one
embodinufnhetbizditlictagelayan seivesopsctbie iy ate s eatsac inap fostthe RH)Sisikay bopenfoeedd The
dielectric layer, for example, comprises thermal silicon oxide. For example, the dielectric layer is
formed bip sewevexxizdised folftorecobyhamiidatini fhages ub stpdee tharsubsinliergCahebigatterhinggthickness
of the dielectric layer is formed to an intermediate thickness. The temperature of the wet oxidation can
be, for exechpigueshoay 450 bOQSEE. Fiveeaamedd|rone etk Ukin g rmgits, JoefasrBEEatt temaperature of
about 1000 C. The thickness of the dielectric layer may be about 150 - 220 A. Other types of gate
dielectriccomab@nkis rothdredinessies amayogksh be addifoh, Baoetanapiie tikiEEndieleatod owetalsal may
comprise other types of gate dielectric materials and/or be formed by other types of processes, such
as chemimalsefpbr Qdmosenbni(U8IPr forming the opening may also be useful.

[0050] As shown in Fig. 2c, a second dielectric layer 254 is formed in the cell region. The

second dielectric layer comprises, in one embodiment, thermal silicon oxide. For example, the

dielectric layer is formed by a wet oxidation at a temperature of about 750 — 850 °C. The

annealing may be performed after the wet oxidation. The annealing can be, for example,

performed at a temperature of about 900 — 1000 °C. The thickness of the second dielectric layer

may be about 60 — 90 A. Other types of gate dielectric materials or thicknesses may also be

useful. For example, the gate dielectric material may comprise other types of gate dielectric

materials and/or be formed by other types of processes, such as chemical vapor deposition

(CVD). For example, the dielectric material may be nitrided oxide of ISSG oxide.

[0051] The second dielectric layer fills the opening 251 and forms over the dielectric layer

253. The dielectric layers form gate dielectric layer 150 on the surface of the substrate. A

tunneling window 152 is formed in the first transistor region which has a thickness equal to

about the thickness of the second dielectric layer.
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[0049]The dielectric layer is patterned to form an opening 251, exposing the substrate. Patterning of
the opening may be achieved using mask and etch techniques. For example, a mask, such as
photoresist, may be selectively patterned to create an opening to expose portions of the dielectric
layer. An anisotropic etch, such as a reactive ion etch (RIE), may be performed to remove exposed
portions [g0bz] dielewfieriagad PigxRnsefifie ssipbgitatdesdibey lagtie?nin feeheitioe shagybaisecbe used.
For example, a wet etch using etchants such as BOE, HF or a combination thereof can be employed.
In additiayyen theryhinatidscofRdgeand heeli staisgatalkydie owplide) thenteahbisliesigr forming the
opening may also be useful. [0050]As shown in Fig. 2c, a second dielectric layer 254 is formed in the
cell regigsolydiHcepconie diedesibogtay el svdroge ikger taone famhediimentrtuephalsoicam axideptous
example, the dielectric layer is formed by a wet oxidation at a temperature of about 750 - 850 C. The
annealingayeay Diee fastaubashritdsdhede etaxidatsped T heaaonesohpigassheafdeaxaphpled pedopmed at
a temperature of about 900 - 1000 C. The thickness of the second dielectric layer may be about 60 -
90 A. Othier firpesubigitdeldittedtidometenimie dnsitickopssesr ivayi alslarheatiosefBrokifigxample, the gate
dielectric material may comprise other types of gate dielectric materials and/or be formed by other
types of proopsddirsssut getectieaniodd Vamomaspalsitioen (§e D) Othereyposie gteclitetemdsc material
may be nitrided oxide of ISSG oxide. [0051]The second dielectric layer fills the opening 251 and forms
over the aieteddticniayearsthie UdedullicTdettindhpess dbthe fizdesdivigattyicldayredd EHyamiby suatae of the
substrate. A tunneling window 152 is formed in the first transistor region which has a thickness equal
to about 800 thitkiteds Qittiee thedardsdiatetralstalye uspF0b 2R etemitigethirkiguR-diate filstsotedayer,
electrode layer 221 is formed on the substrate over the gate dielectric layer. The first sub-gate layer
comprisescimigoeseodhoacrent) qab lyaploc alepd$ia dirsCMID) gete [destod O thyetechmidpesonaea s an
amorphous or non-amorphous layer. The first sub-gate electrode may be doped. Various techniques
may be émpkeyeld to dope the first sub-gate electrode, for example, insitu doping or ion implantation.
Providing an undoped first sub-gate electrode layer may also be useful. Other types of gate electrode
material{00&y]alsolbd-igsekr)IthEHErshstkrgas taydrasipatisutedjale ale cndubelianget, ihayfirg slivgai@00 -
3000 A. Other thicknesses may also be useful. To form the first sub-gate electrode layer, techniques
such as themisabttap@dde fositiGin{ QWE)ateai Heandeld. /@thibe tech aiglies ondyratsostoesuedehd. [0053]In
Fig. 2e, the first sub-gate layer is patterned. In one embodiment, the first sub-gate layer is patterned to
form firstcslib-fetbsiq@3%s aaudH &5/ nodsih enfit st cdin dasduongk tra Rsistraspfea e pheiio rEesh fdgeras, such as
mask and etch, can be used. For example, a photoresist layer is formed over the gate layers and
patternedoewgtsirey thergated ayfeth arfifstasiebigateXpgangio inisotroibie ftstsubugiicakyeRIBNis
performed to remove exposed portions of the first sub-gate layer. To improve lithographic resolution,
an anti-reflesctikap toetthgs BIRS)ada HeEb & profadaddieneatbvihexpherd residon® tidhedohsgbegater
patterning the first sub-gate layer may also be useful. For example, a hard mask may be used to
pattern thayéirstlsuivngeoedaigeographic 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.

[0054] Referring to Fig. 2f, first and second doped regions 133, 134 and 136 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 133a,
134a and 136a of the first and second doped regions of the first and second transistors are
formed. In one embodiment, the first sub-portions are formed by ion implantation at a dose

about E13 cm™ at an energy level about 25 — 80 keV. The implant may be performed with a tilt
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[0054]Referring to Fig. 2f, first and second doped regions 133, 134 and 136 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 133a, 134a and 136a of
the first ainglsecunaittapgtereaiobe, b itrdinplang seapost wehsiidsraleyfdieiagplintere®sraidiment,
the first sub-portions are formed by ion implantation at a dose about E13 cm 2 at an energy level about
25 - 80 kengldshinthylingtperdyrberpeufetined iwitiatiifean e 0NhmaNt @glee msefude | iahexasepitap to
about 450. Performing the implant at other tilt angles, including performing un-tilted implants (e.g., at
00), mayratgpeluevisefh lofiets angydeaimptiyieel dedies:, thped opaotamtayr e plaptaaieche@iisendypes of
dopants or implant parameters may also be useful. As shown, a common first doped region is provided
for the firsisauhd ssafahdAsstaiors.ciiibbjirfirspd@erdardgidargaie digdddsicheyfirs &t isstamied on the
substrate. The intergate dielectric layer covers the first sub-gates and substrate, such as the gate
dielectricttaysstd). In one embodiment, the intergate dielectric layer comprises a dielectric stack, such
as an ONO stack. Other types of intergate dielectric and dielectric stacks may also be useful. The
ONO stafloebmprisesitprgxamiptergate aliclsrvixi dey bayia0 & mdnied| apeheasubstriap. OKide hggrgatd/arious
techniques may be employed to form the dielectric stack. For example, the different layers of the
dielectricdstéatitrivdgybecrenethbdyilsPLiigates hed mdishiatoesuohens dheqybe disddotriSlmnletdsonitues, for
example, may be described in filed US Patent Application Number 12/888,434, titled "Dielectric
Stacks" (@tambydineketthivintbryateShéBc2il Ao P lisEsE; dieldcépserheaudi3 a2l @QNe@hich is
already herein incorporated by reference for all purposes. [0056]A second sub-gate electrode layer
222 is degpaxditeOther ttyp esubiSinsdmatouaiegribandidig) etéridisfadsimby aisoTheeuseltdnd s iy e layer, in
one embodiment, comprises polysilicon. The second sub-gate electrode layer can be formed as an
amorphaostscraoorpasasrfirexarayjer a Dot aaidedapegataidiect tayk byes tanokelddped. or undoped.
Other types of gate electrode materials are also useful. The thickness of the second sub-gate
electrodeayeussedoniguaspby, ebeupRed @500Athe theletiickstaske $airexalsplastfe differiotm the
second sub-gate electrode layer, techniques, such as chemical vapor deposition (CVD), can be used.
Other tedhysquektbea mlsottisstatk 0@y R EemdddioLAGVIN, Dinaubshratpies payerisedeasotuh. first and
second gates of the first and second transistors 120 and 140 of the memory cell. For example, the
second sbilmlysehiageeaidriexanelie oiajdwriedaybedne folattdliSdthtenfohppficstiand\sedanid gates of the
first and second transistors. In one embodiment, the second sub-gate wraps around the first sub-gate.
The amol2i8&8¢4 3ietlecoHolidabiuatisoksap stomney DeckestNurbbgateSivbly 2eleNAd2heSiBtance D
selected to improve junction breakdown performance. The distance D, for example, may be

filed September 23, 2010), which is already herein incorporated by reference for all purposes.

[0056] 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-gate electrode
layer, techniques, such as chemical vapor deposition (CVD), can be used. Other techniques are
also useful.

[0057] Referring to Fig. 2h, the substrate 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
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about 0.1 -0.2 um. Other values of D may also be useful. For example, the distance D depends on the
desired bitline junction breakdown performance. Techniques, such as mask and etch, can be used to
form the dual gate stacks. For example, a photoresist layer is formed over the gate layers and
patterned, exposing portions of the second sub-gate layer. An anisotropic etch, such as a RIE, is

performelgyier epmdvergarasier aadipysrelmsecrddstirgdisiayesetonigeyafithe gisphie
resolution, an anti-reflective coating (ARC) can be provided beneath the photoresist. Other techniques

for pattemeiwghtheaficsiteesomdopatarbyeinboaty wisscbendssitlgdtomexpsrphend trardmmaak-gway. be used
to pattern the second sub-gate layer. [0058]The process continues to form the device. For example,

additionar i eeessin thaaihénelshel imguteg \ofdh erouaskiieyiérs asbihaelirigaiepdayerstandittneing of
the gate sidewall spacers 156. The gate sidewall spacers, for example, comprise nitride. Other types
of spaceDmsel@iedsteorimpaise joadiizefbledkdtaum Ridevwadhspaders datapece, digleciriplayeiaisgeposited
on the substrate. The spacers can be formed by using various techniques, such as plasma enhanced
chemicabsapod.depoition (OReMR)IL tieD teahriluds sdbum ther spacpiditiedisairyd depgmaiso be
useful. The spacer dielectric layer is subsequently anisotropically etched, such as by RIE, to remove
horizontalrpihiidessrde dviligerjanetion znedktipartipasamahessidevtalig s theck paceisk kndvech, can
embodiment, the additional processing also includes silicide contacts such as Co-silicide, W-silicide,
Ti-siliciddyeNissilitideror thedoab yratictacker ¢af foxangrlepn hetourtitdaybthe foulnsti ateeirtibgH4D
regions and the surface of the gate electrode. Other materials of silicide contacts may also be useful.
The silicidgearsatatpsinemed)sapjusifay part onsodh ereszdsnaf dine gitvileg e rf 0B AHTivet pmcesshisdbier
continues to form the second sub-portions of the doped regions of the transistors, PMD layer, and
contacts de i Eeiispedisrvicth cethokd ditpmsat patessed thaydcmiddebayaeigyef.oe onpnore
interconnect levels, final passivation, dicing, assembly and packaging. Other processes are also
useful. Fhthegeaappie regbletioonapandntstisctore @asdting (ARG e canddi provididdeneatd thig hhavtiegistl/O
devices can be formed prior to forming the interconnections. The memory cells can be formed as a
memory Oéwcéconrdmiee daepbitdm mgdne dir $Csed@B ity erayoal s by e ki dontiedamehar specific
forms without departing from the spirit or essential characteristics thereof. The foregoing
embodintandsnas&nefayr dearsedddpatiensitie red andduiegpiedes/diustrative rather than limiting the
invention described herein. Scope of the invention is thus indicated by the appended claims, rather
than by tfE%8legoinapwodpticontanealb dhemdbs dheiteommer widinpteadusamabpaoctssing € af
equivalency of the claims are intended to be embraced therein. What is claimed is:

include removing of the mask layer and the dielectric layers and forming of the gate sidewall

spacers 156. 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. In one embodiment, the additional processing also includes silicide contacts such as
Co-silicide, W-silicide, Ti-silicide, Ni-silicide or a combination thereof formed on the surface of
the substrate in the S/D regions and the surface of the gate electrode. Other materials of silicide
contacts may also be useful. The silicide contacts may also be formed in other parts of the

device.
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CLAIMS 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 first and second sub-gates separated by a first intergate
dielectric layer, and the second transistor includes a second gate with first and second sub-gates

separate[)byoq secphelgriesgatertietediiiiniaao therserordsidsgaisoisrewidsdaefistsyibrgaie of
the second transistor; a first gate terminal coupled to the second sub-gate of the first gate; and a

second gateritgisiituas comoedyter adrldashtheditstist gsiteafchtheeshnd\gaigoral Phecegeicmayf claim 1
wherein: the first transistor serves as a control gate; the second transistor serves as a select gate;
include forming of one or more interconnect levels, final passivation, dicing, assembly and
packaging. Other processes are also useful. For example, other components, such as low
voltage, medium voltage, and high voltage 1/O devices can be formed prior to forming the
interconnections. The memory cells can be formed as a memory device or embedded into a part
of ICs.
[0060] 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 the meaning and range of equivalency of the

claims are intended to be embraced therein.
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a first junction of the second transistor serves as the second cell terminal, wherein the second cell
terminal is coupled to a bitline; and the second gate terminal is coupled to a wordline. 3. The device of
claim 1 comprising: a first gate dielectric layer below the first gate, wherein the first gate dielectric
layer includes a tunneling window under the first sub-gate of the first gate; and a second gate dielectric
layer belgvhihe stdanrd gate. dielectric layers. 5. The device of claim 1 wherein the second sub-gate
that surrounds the first sub-gate in the second gate increases the distance from an edge of the first
sub-gate to a heavily doped portion of a first juncgor e second transistor to improve junction
breakdown of the first junction due to high voltages. 6. The device of claim 1 wherein the second gate
terminal is coupledeinidhedimpiraigsecond sub-gates of the second gate. 7. The device of claim 1
wherein the second gate terminal is coupled to the first sub-gate of the second gate while the second
sub-gate of the seelhhdviadefisfloaiedeond 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 first and second sub-gates separated
by a first intergate dielectric layer, and
the second transistor includes a second gate with first and second sub-gates
separated by a second intergate dielectric layer, the second sub-gate surrounds the first
sub-gate of the second transistor;
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;

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

the second gate terminal is coupled to a wordline.

3. The device of claim 1 comprising:
a first gate dielectric layer below the first gate, wherein the first gate dielectric layer
includes a tunneling window under the first sub-gate of the first gate; and

a second gate dielectric layer below the second gate.
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8. A device comprising: a substrate with a cell area having first and second transistors coupled in
series, wherein the first transistor includes a first gate with first and second sub-gates separated by a
first intergate dielectric layer, and the second transistor includes a second gate with first and
second sub-gates separated by a second intergate dielectric layer, the second sub-gate surrounds the

first sub-gate offthe g&rsondftciisistavhardnstigat sieirmvnpkedigéedivldherseeanisssibngaisicof the first
gate; and a second gate terminal coupled to at least the first sub-gate of the second gate. doped
regions afigesrittaybe first and second gates. 10. The device of claim 9 wherein the second doped
regions of the first and second transistors are a common second doped region. 11. The device of
claim 9 wherein: the first doped region of the first transistor serves as a first cell terminal; and the first
doped region of the second transistor serves as a second cell terminal.

5. The device of claim 1 wherein the second sub-gate that surrounds the first sub-gate in the

second gate increases the distance from an edge of the first sub-gate to a heavily doped portion

of a first junction of the second transistor to improve junction breakdown of the first junction due

to high voltages.

6. The device of claim 1 wherein the second gate terminal is coupled to the first and second

sub-gates of the second gate.

7. The device of claim 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.

8. A device comprising:
a substrate with a cell area having first and second transistors coupled in series, wherein
the first transistor includes a first gate with first and second sub-gates separated
by a first intergate dielectric layer, and
the second transistor includes a second gate with first and second sub-gates
separated by a second intergate dielectric layer, the second sub-gate surrounds the first
sub-gate of the second transistor;
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.
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12. The device of claim 9 wherein the first and second doped regions of the first and second
transistors comprise a heavily doped portion and a lightly doped extension portion. 13. The device of
claim 9 comprising first and second buried doped regions adjacent to the first gate of the first
transistor. 14. The device of claim 13 wherein the first and second buried doped regions overlap with

the first and secomdddopedfedii s elfibeiir gidrnsigidscaoddxieedtbe eatipiie first grtcecdhd The
device of claim 13 comprising: a gate dielectric layer separating the first sub-gates of the first and

second ghig&dfregiotiteadjdesticie thwifateimthegaie gielsctric layer includes a tunneling window under
the first sub-gate of the first gate. tunneling window in the gate dielectric layer. 17. The device of

claim 8 wherein the second gate terminal is coupled to the first and second sub-gates of the second
gate. 18. The device of claim 8 wherein the second gate terminal is coupled to the first sub-gate of the
second gaie wiiiretdevéecohdsiubateeiihreszcond dgaediscii@isedf the filstiaviceanmiprising:

transistors are a common second doped region.

11. The device of claim 9 wherein:
the first doped region of the first transistor serves as a first cell terminal; and

the first doped region of the second transistor serves as a second cell terminal.

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

transistors comprise a heavily doped portion and a lightly doped extension portion.

13.  The device of claim 9 comprising first and second buried doped regions adjacent to the

first gate of the first transistor.

14.  The device of claim 13 wherein the first and second buried doped regions overlap with

the first and second doped regions of the first transistor, and extend beneath the first gate.

15.  The device of claim 13 comprising:
a gate dielectric layer separating the first sub-gates of the first and second gates from the
substrate, wherein the gate dielectric layer includes a tunneling window under the first sub-gate

of the first gate.
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a cell having first and second transistors, wherein the first transistor includes a first gate with first
and second sub-gates separated by a first intergate dielectric layer, and the second transistor
includes a second gate with first and second sub-gates separated by a second intergate dielectric
layer, the second sub-gate surrounds the first sub-gate of the second transistor and increases a

distance fgom amredgs et theciuih ABgrieirotReTRay M ispesh po Figibineatelamaskneginmef the second
transistor; and a gate terminal coupled to at least the first sub-gate of the second gate. 20. The device

of claim #¢haekngnigingdivihahe geedivldatritcthyivped regions adjacent to the first gate of the first
transistor.
17.  The device of claim 8 wherein the second gate terminal is coupled to the first and second

sub-gates of the second gate.

18.  The device of claim 8 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.

19. A device comprising:

a cell having first and second transistors, wherein

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

the second transistor includes a second gate with first and second sub-gates
separated by a second intergate dielectric layer, the second sub-gate surrounds the first
sub-gate of the second transistor and increases a distance from an edge of the first sub-
gate to a heavily doped portion in a doped region of the second transistor; and

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

20.  The device of claim 19 comprising first and second buried doped regions adjacent to the

first gate of the first transistor.

23



