EEPROM CELL CROSS- REFERENCE [ 00011This application is concurrently filed
with US Patent Application Nunber 12/888,431 entitled "EEPROM Cel | "
(Attorney Docket Nunmber CSM P 2010 NAT 28 US 0), and US Patent Application
Nunber 12/888,434 entitled "Dielectric Stack"” (Attorney Docket Number CSM P

2010 NAT 29 US 0), which are herein inc ated by reference for all
pur poses. BACKGROUND 100021Non- v@@#‘?@%@%y (NVM circuits, such as

el ectrically erasabl e progr am‘rabl e r ead- onll\i(a]@rrermry (EEPROM) circuits have
achi eved w despread adopti ons a storage applications. An

i nportant aspect of NI M circui ts | S the| r perfoiiiiance, which includes
endur d6eM ] ( nuithis applicapion ¢y @moimenthyr filed wtity/ &3 BstentcAoplesiomNdmdbat H2/888, 4%t | on
after wite/erase cycling. Wthin the industry, the perfornmance of NVM
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shoul d be able to endure over 100 thousand to 1 mllion progranm ng cycles
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t enper nmory operations, such as prog anmm ng and erasi ng, nay

i nvol | D= le har or dis ons froma floating
gat e ?@“QW/F%%%’ ﬁ n‘é%“&f?%&?%? péJ&"fSSﬁs may be

achi eved by hot carri er i nj ectl on (1-1 glé} or Eowl er-Nordheirri (EN)
tunneling. WWIt is desirable to 3 nory cell with inproved data

retenti on. SUVMARY
[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
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.



100051A net hod of form ng a device is disclosed. The nethod incl udes
providing a substrate prepared with a cell area and formng 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
secondThekecgad gate diclides akedont sgniateaneowethay afissdsibygae.f Thefirst midesegande
dielectric layer. The second gate includes a second sub-gate surrounding a

first susAa$EthdfRohd bitt aRNEp£8CQ1Y aSebordahREzaef ditloeris ¢gendTHethad e
separ at edgby a second rInt erga?e dielectric layer. The method al so i ncl udes

formn j i i i . A
Firat B B B Ao e S g e T B8 P
first transjstor. econd.gate terninal is for and, coypl ed o .at | east
the fi fespinalis fomm pRied g%%‘ﬁae(‘topglﬁgﬁﬁt&o.ft}[eotgrg%iwsﬁg% %‘esef:%n&aﬁsfg
presented. The device includes a cell_having first and second transistors
coupl et¢rminakisfprred apdecoppled fo gepst e dinet sup-gats ol sccandtryistifised bet ween
first and second cell termnals. The first transistor includes a first gate
wi th a[@e6bnd sAldegat & aworpresentidngha devics inchudes gaelbhavitrgefifsi argd segped second
sub-gates of the first gate are separated by a first intemate dielectric

| ayer . tdhst&econsled naREesS t THe firscdnddecorml teaeBds gadispudddibeavaadosicndub- gat e
surrounding a first sub-gate. The first and second sub-gates of the cond

gat e a§e%o§(??él?tteﬁﬂin|31>§. The %Qrﬁqlnéig‘cbﬁfrﬁﬁfél%s diagdt gaferith 4 R%6id subbaatdlevi ce al so

includes a first gate termnal oupled to the second sub-gate of the first

gate and a seco ate termnal 3 I ' e of
the sefOHd™ %@%ﬁ%ﬁieh Fg}r?o Flte@(aleég%oglg’l s&rllga r%% ?es g?@gﬁrg’c@% fe;drg?éspﬁ%?%gf%s ed.
The devyi ce i ncl ugegs a cell having first and second transistors. T&ebfirst
transi Srmiergate diRlectrc kyers The seeonddrangistor fnaludes 3 sepoad &aigaY lﬁlh?'n%etc% %f the
first transistor. The first gate conprises first and second sub-gates. The
secondgatebumeunding firstisidseatheThq first and gsceps wib-gpers of fhesiecqyish 2ategrg Seraated des
a first intergate dielectric |ayer separating the first and second

sub- gabes safont heterfgatesticlgatie laydh eTHe desicesiio-igetdesaf firsthgatd ferminabetuglddgo
separated fromthe substrate by a first gate dielectric |ayer. The second
transi §eQecdndGubdat of (SEERNGhtGakEa RRLWE giite fréririiial dBGh1 PN teasihe firnrsb-of t he
second transistor. The second gate includes first and second sub-gates of
t he seg&ggf%t oniNBtesSecond sub-gate surrounds the first sub-gate of the
second®gate. The 'setond gate also includes a second intergate dielectric

| ayer ating tile first and.second, sub-gates.of .the . t.e . The
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gate dielectric layer. The second junctions o the first _and secon

transi §rhprd sacand Bapmders- The e yrapdstay ’é‘ﬁl‘la%‘i tkgatg between Apst ppd pesPR . 4
coupled to the first junction of the first transistor, a second cell

t er mi nainctonspiféir ficst trhrsisten Sthejfust@ateoronyfrisehiirss aniowedond whsgasasorl he gedopd s t
gate termnal coupled to at least, the first sub-gate of the first

transi siwpgatapdraunde deMitsgabeatee (THerfabt ganaiglbethcluded hfirss atagateslidlecyat kyaf t he
second transistor. 100081These and ot her objects, along wi th advantages and

feat ur eg, ik % RSERRMNecdVEBIJRR MBIt gHtd CTIRSEE: subldate HEGO st @pRAs ent

t hrough reference to the follow ng description and the acconpanyi ng
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mut ua excl usi ve an

exi st in variouys conmhi nations and per tions .
secong gate lI‘Ixe’cween rst and secon Juncgonsnz)'itttﬁe 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
separating the first and second sub-gates of the second gate. The first sub-gate of the second

gate is separated from the substrate by a second gate dielectric layer. The second junctions of



BRI EF DESCRI PTI ON OF THE DRAW NGS [0009]In the drawi ngs, |ike reference
characters generally refer to the sanme parts throughout the different
views. Also, the drawings are not necessarily to scale, enphasis instead
general |y being placed upon illustrating the principles of the invention.
In the follow ng description, various enbodi nents of the present invention
are debefishend sicond iredsésten ore couptede Tholdevws aAlgo drckivden gdirsticall wiringrel coupled
[0010] Fig. |a shows a schematic di agram ohm enbodi nrent of a nmenory cell;

10011 k&itigsfirst jancti@hefwhe fitss grassistdn, aRedond icelveroiinad shqdéd®rths fiek junctienof y
cell.; 100121Fig. id shows a top view of a portion of the nmenory cell of

Fi g, liRe s@Bfd [&&%ﬂ%t oA ténﬁhmoaf)@a% §664sk e rsvduBWaLOSS tRe RFsPCESS Of
forming n. embodi ment of a menory ce DETAI LED DESCRIPTI ON

[0014], E{i‘i@ {% QR&‘L%ee%ﬁ&‘%t% él:ﬁ’mﬁsfi @f’ 1t t%%%c%?lﬁ‘!ﬂ&tggea‘?% £&nd t%ﬁ?{sfstor.

partic sonic e eto rrermry evi ces, Ssuc

ncor guPblea TRES S 4MFaBiesrlioy YDA DS e e ST oPIoHTh PBos of
portabl e storage units, or 1GCs, such as merocontrol lers or system on chi ps
( SoCs )herepndisclosed, 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. 1¢; 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

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 [Cs can be incorporated into or used wth, for exanple, consuner
el ectroni c products, such as conputers, cell phones, and personal digital
assistants (PDAs). [00151Fig. in shows a schematic diagram of an enbodi nent
of a menory cell 100. The nenory cell nmay conprise a non-volatile nmenory
cel | . &sticeexalfy en Hehircorporatey intelor usalywitle fanexanpdea lobisupreo gieamorsd prducts,

read-only menmory (EPROV) cell, In one enbodinent, the menmory cell conprises
an EPRQVL W Ehmputersnagl pl_livﬁbﬂgn& BdiSdual afdifal assishats (Pypey. of nmenory cells may
al so he useful. 100161The nenory cell, inbodi nent, conprises a first

afirs between first and second transistor termnals 122 and 123.

The first gate includes a second..sub-gate surroungdi [ -gate
127, Themetpt S cofRE e o bif Ry b P e eiorl LT agtg™ 97
gate dielectric layer 150 separates the first Pate fromh channel of the
first arerAsAbla pyperamunahhy repdronkgagmart (ERRON) erll IPP“EGW?P?%L SBEJRY gat e
145 between first and second transistor termnals 142 and 143. The second
gat e i cetl aodgsises seEBROM withgatene] 48ids (ETOX dethgOthet iypss oSmpmget ¢ells 4y The
sub-gates are separated by an intergate dielectric |ayer 160. A gate

di el eciled Be hayglr 150 separates the second gate fromthe channel of the
second transistor. [00171in one enbodi nent, the transistors are configured

in ser io%%fet W%%@nédl&ﬁtceﬁnﬁ oREeRABEdisRt, chepRbdal Frsdlddsand 1248nd Fetcopdanpl e,
the first termnals of the first and second transistors are commonly

coupl ed whi | h . ] . i i i o the
Firor B g AE TR e B 4 iR i Bl el PR Bl PodtttPpgol P
coupled to fhe _se I]. term.nal fir and secon at.e

term n?@‘nfi?i%gr?ﬂﬁcllgg iﬁ%ﬁr%gﬁtgereqﬁmﬁ? SEeRg sgh—g@%: ]?%rsgfro'él?‘fgn%%g%sﬂ &S of
the first and second transistors. One of the first and secgnd gate

term nkl% The wbugstasdre ssppwted s infergate diglecsicdey 16dbAgatedelsetichyegdt® and
the other of the first and second gate termnals coupled to the second

sub- gasepanitestthefigagae fiom teehanicbof thre first thesigbhehs & thewecoid tsansisiad, $econd
gate termnals is coupled to the second sub-gate and not the first

sub- gat@nprisk9 8 5&bind gaeclasdRe@n WrkthndRecoathadiis®ntermia f2raat 1gat €heer ves
as a control or floating gate

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

transi fogs) 1204204 o3k e AR ARk nndlifich dratmbhaRIA 0D, GREPT | Ses

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.



and the second gate serves as a select gate of the nmenory cell. The first
gate termnal is coupled to the second sub-gate of the first transistor and
is coupled to a control gate line. This produces a first gate of the first
transistor which is floating. The second gate temiaal is coupled to the
first and second sub-gates of the second transistor and is coupled to a

wor d [[PRES] Thén pgcprdaneewith pae pinhedimest, dnfisegnte seryestsis|al qopsohigAlogtag stte
second cell termnal is coupled to a source line 188. A well 115 is coupled
to a veedlthestcemd gab s¢mex asshweime) gate nf diehermenytvoldi e fisst géthécraongdlis cogiptedl t he
termnals ma.y be arranged in other configurations. 100191Fig. |Ib shows a

cross-tseled deathl subl-@ite Of thafirL AlaAdtIEMd i@fcodp 8B IL Yortl batd GHe.aThis heucésn Fi 0.
1 a. There is shown a substrate 105 which includes a cell region 110, The

cel | regi O bk $04 Hafsthf AMARLNREaRI S LAl SR BinhiAf i§ 8GR i;}f he

i sol atfﬁgﬂn&r egflstons, ?%r %xan’gice, pa{)ae n%hglq{%o& tr&%ch@ﬁtnlgoﬁlét [ gﬁrﬁ%ﬁ]t erre%i ons.
O her types af jso]latign regi.Qns . also b | oyed.. The cgel egion in
one. ertfaraaneubiRis? SH aEmeTaReaRY o RoUed Mo SEE ad I achist +CS' Gopant s
of a second pol ari te/ type. 100201First and second transjstors 120 and 140
are ditspyaalds orrlebloadiiflined§2 gnd therpeepnd @hieramingne couptd tpiarsgprce ligad f&+ or
serves as a control gate. The first transistor includes a first gate 125

di sposkavetn 16he caupibest toatveell ftential (et siyawve), [h nthenembodioghisethe couploiguddise
first and second sub-gates 127 and 129. The sub-gates conprise, for
exanpltermipglk syl bee@rangddbinrting ceuegati@s. usi ng ot her types of gate el ectrode
matc.trials, such as metals or netal-silicon conpounds |ike nmeta silicides,
may al[geidje UFF‘Q‘. Wb shdws 4 SrovnElRtishAQkkw BRin érﬁﬁ‘o&iﬁl&%of%ﬁ'@rﬁ&%%ﬁ 19bhs gat es
need not he formed fromthe sane material. In one enbodi nent, the second
sub-g nds £ - ack : i t ielectrie |ayer
760 SapErRiRERDE® inhfs S i TBRtosoaa Mele ) EPERLRRCHS, dREGHT o

| ayer, for .ex I may conprise.a dielectric stack haying nmultjple

di el ect#PE 1§ ‘é@é%%%P%@& né,%yt”r?éatmnéle%‘e?sr @-sﬁ%?clﬁ"qﬁ‘)é‘g}‘ ‘%&?Bﬁ’i tjgg an
oxide-nitride-oxide (ONO) stack. ONO stacks, for exanple, are described in
concurexenploy afej shallpwigerelt isplatigpH T epgians. Klikdsdypes 2f 88Bitiog 4egiens thayalso be
"Dielectric Stack' (Attorney Docket Nunmber CSM P2010 NAT 29 US 0), which is
her ei remipleyadp drhatoet répion, ef enearabodimeniylinclyles pdepsl well hes. Tlypédspediwdlint er
gate dielectric layers or stacks may al so be used. For exanple, the

i nt er gakfprideLdRahisiof alsadsnd F@pﬂ\ﬁt rise Si02 or nultiple layers of Si02
with a Ihg)yer conprising 1-1tO0O" %irwﬁl 203. Separating the bottom of the first

gate ‘;ngiﬂdt heFﬁE'tbﬁlhrs?&Eﬁdi tPnGisBR ond.alnt%' 1%%?% 8i§#u?s?é8 fn &é%elé gég@ﬁ glngdgl?()di ment,

the g ielectric layer conprises therna con oxi e

g} eggfeggg i I%g'lfla f tﬁlﬁ g@% é{%ﬁp t%if.r%:‘sel;ve:[f}l\ag &Oc[grggag%aaég 'Plilee}h%g %re'ilisfst(l)rz%xa{ﬁés aqlrgte graté ypes
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 example, may comprise a dielectric stack having multiple dielectric

layers. For example, the dielectric stack may comprise an oxide-nitride-oxide (ONO) stack.



[0022i Di el ectric spacers 156 may be optionally provided on sidewalls of the
first gate. For exanple, the spacers may be provided on sidcwalls of the
second sub-gate. The spacers may conprise silicon nitride. Qher types of
spacers may al so be enployed. For xanple, the spacers may include multiple
spacer GNOstalike] e txamplef b dasciiped myencdrBehtliyeiledE'S Patent Applianon Menser f ace of
the second sub-gate. The etch stop |ayer nay conprise silicon nitride.

Q her {ypes49, kg PDRIQRITShET @l rBYDAkeONBabeSESMIF2F 1M TP 163 o)) st op
| ayer. [0023]First and second doped regions 131 and 132 are provi ded

adj acent.. f.] I T=Toll : i se
Gopant hish fuhotfinhbcbordRl By rgldfnkt EURRIARE e IR LARBHARSIANRE |
polarity type. The first an econd doped. regions. form source/drain / D)
ditili lél}//?fﬁ OFSQ?W%‘I‘IS‘H UL ?Pr F’faé‘?@?’gﬁ%ﬁn.terg%gﬁbeﬁg‘&r??%‘éi‘%%?"“%pélrse §§<(§2rrp| e,
serve as termnals of the first transistor. In one enbodi ”‘i@t’ the first
and seeondltiglsdayers efPiGhaviftne layerecomnristngdhiP s Adres- Sepagbng thehottempfthe ang
132a-b. The first sub-portions 13la and 132a are |lightly doped portions
(e.g., first gatedienethe snesyraledss & lgateplatleatiit layey p¥. dh ode parbvdimsnt thegatpdiglectic and
t he second sub-portions 131b and 132b are heavily doped portions (e.g.,

xt). Thgetdodtprisys teped spibh beids, Thebatexiagues laparmiy senprightvbyr dopegater ai ns
(I.DD) or double diffused drains (DDD). The lightly doped portions, for

exanpl IS€ bi P& didletirRatdeDReY aRh beaukl e diffused drain
(DDDs)&elle%ﬂgﬁ?eZﬁbdgEh?p %{S,gﬁﬁ%géj(lhig{qeﬁﬁ&ya}éoped}gorti ons conprise DDDs. The

DDDs, xanpl . conpri d . t -RQr td ons.
For - exifiE?E.  PreBoisaPiRs 55 ArbifheicBRRt ol n EnARc SRR aRR, roP
enbodi nent, the first syb-portions extend _heneath the secqgnd sub-gate to
the fi¢Pmpepbgspagers K?Y%M‘{lé?ﬁ%srlg%"g@&f&e %eﬁ%‘%r q$§ga?% ﬁﬁlepsé??ﬁrsb 8Yof the
doped regions _are about aligned with sidewalls of the first sub-gat e. The
secondcarisssilidon méride.eOtiso Bieapf spaeers maytelsorhs caleyede dige cxmaladhg pacer s.

I n enbodi ments wit hout spacers, the second sub-portions are about aligned
Wit h t f|cas dewdhtlsdofuttiple gacandAslitiegdt etchGtapdayer d&1 ngyrtetprevidedodn thhe
doped regions may al so be useful. [0024]in ne enbodi nent, the inplantation

dosageg@fact BetHelsedtirdsublRRd The Gtddnsop 18 m@BScolgaoe sicoRIiEde. | Gthabgpes &13
exn, and the inplantati on dosage of the heavily doped regions is about E15

ay al €3¢ BRI Pt SR PRE PP TR SR Bl CT0r ' TE servos as &

sel ect ) e, second ansi st.or .incl a secqn ate i ed on
the subBEsEi o PR EERERH AR SR [ aut R o REREEa Rl AL iR B80T 2N
149. The sub-gates conprise, for exanple, polysilicon. Form. ng sub-gates
usi ng &hnErst aghessord doneddpgianseromnsise dapat ?fga ér,st EQ]&IWY&&PM@&@S‘S 3}"

metal -silicon conpounds |ike metal suicides may also he useful. It is
under sopmdite hathesbentlipobritate.s Ebo fitst subsaganddoned aaginng fopa spwicedenit (g t he
sane material. In accordance with one enbodi nent,the second sub-gate

sur r ouggfusiongegibnsdf thelfirsyahmsistor. 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
131b and 132b are heavily doped portions (e.g., x*). The lightly doped portions, for example,
comprise lightly doped drains (LDD) or double diffused drains (DDD). The lightly doped
portions, for example, comprise lightly doped drains (LDDs) or double diffused drains (DDDs).

In one embodiment, the lightly doped portions comprise DDDs. The DDDs, for example,



100261An intergate dielectric |ayer 160 separates the first and second
sub-gates The inergate dielectric layer, for exairipie, ma.y conprise a

di el ectric stack, such as an oxide-nitrideoxide (ONO stack, Oher types of
intergate dielectric layers may al so be used. For exanple, the intergate
dielectric layer may conprise SiO or a three-layer stack with one of the

| ayer scoowmse Adleptly dréatapthar thaseesd sgepartigns.nfor tremplsy, & 6¢pRo0f subrgortionds gat e
fromthe substrate is a gate dielectric |layer 150. in one enbodi nent, the
gat e dinebrapissédwithiner DDONIhi ose enibbéitmamk, thé first ewb-pakibokeextdilebegedth thhi el ectri c
| ayer may conprise two or nore gate dielectric a s. Oher types of gate

di el ecdebdifd JuBYREStoNBY fidsh §i¥b-Bfe UAS Fhovh Qrrfck Dl gdsesftilid FrsBRACRIrGordsft thay be
optionally provided on sidewalls of the second gate. For exanple, the
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may conprise silicon ni er types of spa enpl oyed.

F spacers i nc e nultjple.spacers.. A dielectric,etch stop |ayer, 181
may " beopRoRTEe: ik 1 e e ol PR st uiE S et Bue SV i ayer
may conprise silicon "hide. O her types of etch stop materials_may al sq be
used twbfnortansivee ehashalignsg Widyibe sidppalisgithe second qubsaeten Pthys sepfigwdivr ot 131
and 133 are provided adjacent to the second gate. The first and second
doped thedomaisregionpmiagelsddpanefsl.of the first polarity type. The first and
second doped regions o S/D diffusion regions of the second transistor. The
doped @Y4|ONS I Biic ENBGIMNEnt, SRIIMBlaAtatiodBbAp2I0S tiaf lighlle ddpednrdidnsanshat or. The
first doped region,for exanple, is a comon doped region to both the first

and secgpd 0{' Eg‘)gﬂf R st Egﬁcﬁﬂ,eangr{gﬁgf;l an bior B3akd &Sthe ﬁ%ﬂ?g%@@&ir%‘i%ﬁﬁ%

regi ons i1nc Irst and secon tions 13la-b and a-b. e first

Sub- porphERE 531 BRnP Al Yo SRR B PR et e BRF DY dopea
DDDs

portions, for exanple, conprise lightly doped I, DDs or . I'n one
enbodi HEhee UsehE: 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 [08%Flons awsdortbostcoat itgnsistoniit et denatlee gote. tTHe speqngittrangistog ancdudeshe
second sub-portions are about aligned with the outer edge of the spacers.

| n enboshicomhise Mi$ Hidpbsed padks substrite. The oewdns ghtepneltds fastendBewindahb-gaesl
with the sidewalls of the second sub-gate. O her configurations of the

doped f@geingrl&%r&lyhe%fu%ﬂ%?ﬁ% MRl fol Q@A 'ﬁo@@ﬂic@ﬂbp&%ﬁgg bub-Ehtes S@eONer

diffusion re.gion of the first transistor sérves as
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 intergate dielectric layer may comprise SiO; or a three-layer stack with one of the layers
comprising HfO, or Al,O3. 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



1 termnal and the second diffusion region of the second transistor serves

as the second cell termnal of the nenory cell. The gate of the first
transi stor serves as the first gate termnal and the gate of the second
transi stor serves as the second gate termnal of the nmenory cell. 100301An

i nt er i @uidd. Theegade dielectr@IDyerinzayeron®Be gy obmopr Hwd diekdcioie layees. sUthst tyateof
coveting the transistor. The interlevel dielectric |layer may serve as a

pr enet g@ite dicRlceRtlbids fidyR)solbaysed. Various materials may be used to formthe
PMD | aver, for exanple, BPSG PSG HDP oxide, HARP, TECS or a conbination

t her eﬂ*[gozﬁt heh;BREBEsFAS B @hyPhe &ﬁidﬁﬁﬂ’% ovidell @431dLGANS BEthE sédotd foftemed i n

the PVD | ayer to provide connections to e different termnals of the

e el ek BisACkay b Blon AR e ATBE B Rce§ ADMEL e TR fhy 51O

as tungsten. ypes onductive naterial's may be enploye

contact may include @ contact |liper. Various types of contact |iners may be
used. @G?Prbgféﬁ‘ﬁ% ,mt’fla% @g’r‘?f bees P?Wé?erﬁﬁﬁ?ylﬁ‘ thetegm?‘?)f‘?fl( %95 ?Xafl?ptl%lrﬂq‘ijm nitride
TIN or a conbination thereof. In some enbodi nents, the |iner (;or'(ripri ses a
conposipaeets imgrind vdpmbkiptaspacesndi dieleston eish stpp layed 131 maydgerovaded gntheTi N or
TiaiNTi. Oher types of liners may al so be enpl oyed. 100321En one

enbodi suefate of the sécoad duls-gaten A he ervhataipslaf@ nanedni@Be ailicopnidndea edthentypesofPVD

| ayer to couple to first and second cell termnals. The first termnal is

coupl egch Gop nbitdrlal@ap o bBasedias Foreh tHerefdhn@dp lagercoupl ed to a source Iine.
Third and fourth contacts 194 and 196 are provided in the PVD | ayer to

cou! ergoRsy | ! FiesAlifh REGRNEIALESR"TI MR T33 bt RORIETRENAPR! the LdiBnd Bkl
cont ac[t()b?%] coup Ped 10 the ggco%é sub-gate o? trﬁe ?I rs ter ansPeét or nagd t he
fourth_.contact.is ¢ led to the first and secen ub- gat esof e second
tr ansi Thopet pk o e s el et Ale Bt G A RE TP E T e “and
t he second goate termipal is coupled to a_ wordline. Additi on%;, the well is
coupl e¥cersl ¢onge resipes fopnSAP ditfesaeysregionp af thes tRRYBeT- aFje ¢ared TeoRF t i ons
of the different termnals for different operations of the nenory cell.
Pr ovi diongxamplersebieces terorinals pbihs seeond draasisior. nbhe finst daned regiem|for ¢rappid, $02 be
useful .

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.

[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



Table I [0034] A plurality of menory cells can be arranged to forma nenory
array. For exanple, the plurality of nenory cells may be arranged in rows
and colums. The neno ells, for exanple, conprise nenory cells 100 as
described in Figs. la-b. Arow corresponds to, for exanple, a wordline (W)
and a columm corresponds to a billine (BL? of . the array. ntrol gate |ines
are alcelb tgsminal @étherperaenysell. The gpte of Gintits! trajsistorserss aathe fryeas)tmigaly
cross-sectional view of another enbodi nent of a nmenory cell 100. As shown,

t he mambtle gad bf theSedosd siansibtar sareestds dlie weswt gddetbrinmakpfthe menexgepl. t hat t he
fourth contact 196 is coupled to only the first sub-gate 147 of the second

gate 3[61530[]Thi Anligstbied die'[bc'tﬁtﬁ(lﬁb?ﬁ?dr mgabepiAdlcdiontthesitseaedogatng bei ng
fl oated. [00361In one enbodi nent, floating of the second sub-gate can be

achi eypd; v PAt telRhGeR dlaNRYd 1@3@@%&4&@5& aogrlgﬁlléﬁl SRERAE G PRY&. out si de

of the active area to expose a poftion: of the fast sub-gate, as shown ind

For e | e, portion of the . ,secon -gat e adj . d
dopedj? Esa@?wmfe ettap Tt ARR BT, RERARGHL i, IR MR BriapTC
second sub-gate may al so be enpl d, 100371Fi - - i |
o cou AR TENS v e g (prBkoLhantnal ol AnSadiily by et o1

Referring to Fig. 2a, a substrate 105 is provided. The substrate can
conprifge3d 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. Additional,
the well is coupled to a well potential.

[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.



silicon substrate, such as a lightly p-type doped substrate. O her types of
substrates, including silicon gel-anti umsilicon-on-insulator (S01), are
al so useful. 100381As shown in Fig. 2a, a tnernory cell region 110 of the
device is shown, However, it is understood that the substrate may incl ude

vari ous types r egi oogerftivos shown) . For| exanpl e, the substrate nmay
i ncl ude ot her cel ions el an aFfasy rediWrtawhi CWrite it ceRlesd ar e f or med
and | ogi ¢ r egigRmalsn i | ogi c| devi ces |are forped. The | ogic regijons, for

exanpl e, may| i ncl ude regi on or| devi ces,| such as support devices flor
accessing t e PR IR VerdifafY- Addrtionat iy, the togi ¢ regions|may I ncl ude
ot her types 3&. ev)l ces, dependi ngFloat t he [t-§e of | € fornmed, |TKe | ogic
region, for c,\g..fl,?e, ray—petude—+egi-ons—for—dif-ferent—voltage—deviices, For
exanpl e, the Y&§Ne celbsTBiahay i nctgge rediosg fof Flskgh vol t age devices,

medi um vol t Ag&oweslie®s and | ow vol t age devices. Oxher configurations of

| ogi ¢ regi onsFirdgat@ltemitd uset hi |, 039] T el | ion is sepasated from
ot her regi ons(cbytrélsateat i on regi on?u[)SO. TEZN;:SOI ag(ﬁgn regi on? g%\?rpri se, for
exanmpl e, STl|sgecHad bRdSerfi@gesses| can be engl oyed|to formthe STI _relgions,
For exanpl e, Mgﬁd@@strate can bel® ched |u Vng et o and mask [Veth¥i gques to
formtrenche rehare thenm tigg, Whth [dkgiectis5;, materialgysuch jas
silicon oxi de—¢chemecal—rrechantca pui st g (G‘v ) can—be pet formed to
remove excess oxide and provide a planar substrate top surface. The S fi
regi ons can be forned, for exanple, ﬁrior to or after formation of doped
wells. Qher processes or materials €{1so be used to formthe STIs. In
ot her enbodi nents, the isolation may be other types of isolation regions.
1004018034Iped Anelutalityl 8f insmpryr ¢edld chmbe frsanged fo fosyyiagnemqiyearhyp Ear oxaniple.n one
enbodi ment, conprises dopants of a second polarity type. The depth of the
doped thebluralit9of axeaipy ecllsimhyy tearedngud inl060nd 26/060is ATh&nmewiody bellsdfoped wel | s
of other depths nmay al so be useful. The doped well of the second polarity
dopant &ahp1dl 68ptiS fembH deli§ 1008 ddsktiVed M8 e¥IbC @Srowt orRRBoRIINOdbFENt , t he
doped welt conprises a p-type doped well to formn-type devices,

Al ternat | , | -t 0, type
devi cogunff budsIn e QRF Pty Ll ERTRLIBGS,E: B o ibfRe PREFSEME et 2 AETR
with the desired do and po into.the substrate. The dopant type, dose
and powRss %S%%rﬁtg?ﬁjtsﬂgé%c‘f‘w t\é\’ﬁb‘%c%’fm&lg%eém?? be formed. 100411in one
enbodi nent, the doped well conprises a veil. The doped well may be forned
by perl083%l ng Fig.deahewot cross-pestigntl yiey Og@ﬁoﬂéﬁféﬁlbo pleamemgry @ilam-e, a
first boron (B) inplant is perfornmed at a dose about E12 cni 2 at an energy
| evel Abshownd @€ kahbry @llsl®0onsinBlar topthatrdesérsbegem Figr e dxeept thatibsdowrtiout E12
crif2 at an energy |evel about 150 keV and a third B inplant is perforned
at a des@acabeis dolpled if enltheivrsesidr@ye | Vel thakwuhd gite KeY. Thishesults acthvi ques
for form ng the doped well may al so be enpl oyed.

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
channel and doped regions is removed. Other techniques or configurations to float the second
sub-gate may also be employed.

[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
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[ 0042] The substrate may include other types of device regions for
supporting other types of devices. For exanple, the substrate may include
p-type and ti-type devices, such as high, nediumand | ow voltage p-type and
n-type devices. Various types of n-type and p-type wells are provided for

t hese devices. The various wells may be forned by separate inplantation

pr oc essslemnusbsigtd, spdhaasta lngsliyp-tyPe tlypel sibpraate. sOtmntyipas b lxidstaen moBling

al umi num (Al'), indium (In) or a conbination thereof,e n-type dopants can

i ncl udgligpRQeAhaitS o BllicoRloagditatoASON), R AI8®EEAEIS) or a conbi nation

t hereof 100431lin Fig. 2b, a dielectric layer 251 is fornmed on the surface
of sub e i - pi,e6l ggmﬁ(;@m] i t gy Y&l
serve:[bgizé]t heﬁgsggcé&g:u{eflg&:%’;agn‘f&ellygr gér t gltrangidté“'?gerfsgsgé)@?'hgocgveelk’?r.’ﬁﬁe
dielectric, | r.. for exanple, .c rises thermal silicpon i.de. For
exanpiareigdA g b ER Hng 8 BeRS Ry B fFBlont b FRE B uSF exiPien an
oxi di zj ng .anbi ent ., For exanple, a wet oxidation is perforned at about 750 -
850 C nepyhstias may arludsadsr celkregions ot gberray regiop I@Whiﬂ%én%rﬁ%m g aredprmpgsle
dielectric layer is forned to an internedi ate thickness. The thickness of

t he diasddegi¢ regidnsyiewhidhylopis debises aleForngdl. Ahedpgie regigysefrskampleemdy el ectri ¢
materials may al so be useful. For exanple. the gate dielectric material may
conpr iigeludd fegionk Y@edevivis, gatleadkiupbert devicedtal ecdesding thoddentorparrkni t t ed by

ot her types of processes. [0O44i A firstsub-gate el ectrode |ayer 221 is

for n’e%&ﬁtiéﬁhﬂy,sﬁh@%gié‘}e%i&‘é% %iﬂ@lu@é‘bﬁe{d{}%h@&ﬁ dév?cek,&i}é?éndiﬂ@& fHelt$le SUL- gat e
el ectrode | ayér conprises, in one enbodi'nent, polysilicon. The tirst

sub-g r f . -.anorphous
ayer D PCBEE AU tof Bt s TR ool APBRRME v A RARBEE IR TS |
enpl oyed t ope the.first sub-gate electrod fqr .exanple, insity doping
or i orPXiaWﬁféaﬂlenglﬁ RSP B\ bdeafﬁglﬁﬁﬂhﬁ Y‘ﬁ@ge Ea‘ﬁge@awsd@%mq%aﬁeva er
may al so be useful. Qher types of gate electrode nmaterials may al so be
usef uland-lom voHpgadraioss.oPthen sotfigusationg ot g eregioss mragddsol pyuseflray  be about
800 3000 A. Ot her thicknesses may al so be useful. To formthe first

sub- gd0e3%| ecTheddl teayearis s¢ppedied fromsotberabgiass ighsoiatieh ragapwerl 8defibsi ti on
(CVD), can be used. O her techniques may al so be useful. [0045]1In Fig. 2c,
the fiissihticiiRpdat SothpN&, fdrexRableeSMRI . Varidu® B@c@ﬁ@@@ﬁn%plg%ﬂ thifih the
sub-gate layer is patterned to formfirst sub-gates 127 and 147 of the

first ﬁ%g%?ﬁ@{ﬁoéte?(?lﬁlg{e,sfh@rstclbéi’lfaté b%eétéhgdgﬁigg%?chea‘i{ﬁ%’aisgfféb‘}']gicqhgﬁo%ﬁheCt ric

| ayer sub-gate layer 1 patterne ni ques, such
as mask d et.ch ¢ be use For —exanpl.e, a_.photoresist |ayer. i.s 'forned
over sl FpGen et aliete BRBEEr g B PR e (GRS sob gat e
| ayer. An anisotropie etch, such as a RIE, is perforned to renove exposed
por t i dRechgpicelpolishing (CMR) cambe perdgrated tysemorns qrgess|oxtdesyd pniide 2 slepitt i on,

an anti-reflective coating (ARC) can be provi ded beneath the photoresist.
O her subgttatd ppesrthor. PetYdragings tdnebef formed, Sobexgaipés, bayeto araftenthso be
useful. For exanple, a hard nask may be used to pattern the first sub-gate
| ayer .forR#mldRelopéd wolls. t OthEi Broc@des ér msteriale dars sis®@Belustdpe dorbree ®T3s. 11311 132

and 133 of the first and
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
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 well to form p-type devices. The doped

11



second transistors are lei!nett The doped regions can be foinmed by
inplanting first type doparas into the substrate. In one enbodi nent, the
doped regi ons can be self-aligned using the first sub-gates and isol ation
regions as inplant masks. in one enbodinent, the first sub-portions 131a,
132a aingll hdBde Grnicddyfiimpintiag dprepoatd ddppedwitle diealesiraf dashend powér iatodhsecond
transistors are fornmed. In one enbodinent, the first sub-portions are

f or med,BurdtO T W RAE Bbé, Wds@hnPpARgenBRPEndbdn Bhe€yBe of d@bicafo befogived.evel
about 25 - 80 key-. The inplant may be perforned with a tilt angle. The It
angl e be, : rf ' [ t other
it Ao il S SRR E, R el Bt toipry KR BN, Th ARd VRl ARt b8 ot e
be useful.. In the case of ap,n-type device, Ph .dopants may be_ i d.

Ot her t{okfﬁﬁ%bﬂ’er i & chgin p f’ﬁ?ll%/lgtﬁgfgﬁgfe& Snﬁ‘il}@ﬁs'gf osroexﬁlgpi(fs %ﬁrﬁt %ﬁl@q}gﬁom a
common first doped region is provided thr the first and ]s(eﬁond transi stors.
10047 implang ise ediped dese abeut| Elyeam 2af7an; cgergyensdaimit AHR keYirsiscai el The
intergate dielectric |layer covers the first sub-gates and substrate. In one
enbodi impint i< peeformee agad@se dbetdbi2rant - htaapesnergy sleit 45@ keY end pitlirdBack,
such as an ONO stack. O her types of intergate dielectric |ayers and

di el eGhfplgt § efsme@Yt Alce abeutsefduh” atnene@ stchatous ateVs €xherf or  exanpl e,
a bottom oxide layer, a nitride |aver and a top oxide |ayer. Various

t echni JBRY, %nﬁfﬁgltﬂa' HQvdlGhaY A1BSbeE@bRGEL i € stack. For exanple, the
differtg&n}tﬁﬁ? aye?s of The %iq)eel ectri?stack rrgygbe formed by LPCVD. O her

doscri BER e iRy RCiude BUEPbEr OUR R R o RRRFe T %2

titled "Dielectric ft cks" (Attorne cket Number (@M P2010 T 29 US 0),
whi ch qeyicgp r BARFR@I% 15 SURSEOBIRYL @'%Fé?‘sejﬂ' W8P 1SY ?%%‘és.
100481l n Fig. 2e, a second sub-gate electrode |ayer 222 is deposited on the
subst rmedumesddew ygltagee-iyme ang attrpaidevicesst MapopslyRes of phigpe aedbprdynsubellffre

| ayer, in one enbodi nent, conprises polysilico -1. The second sub-gate

el ect rpdeidedfenhaadenecs Gfheadriass wollamay pb tusied by neprraeomplantation pspeessesThe
second sub-gate el ectrode | ayer can be doped or undoped. O her types of

gate el@ed gt MR | Bhypedlopadth 84 skl borohliB), tahingik i@ A1 indilve (k@ ooad
sub-gate el ectrode | ayer is, for exanple, about 800 --- 2500 A. O her

£hi Ckngs86RaRhnabor wiREhtlpe dihah@re ﬁm&%eélgl&?}%@%s%nﬁ' (BG} Ry er

t echni ques, suc em c por deposition can be used.
techni&g)gs are SLI S0 utzjlgf uh [ 00491Referring to Fig. 2f, the substrate is
pat t er PRYOT HYBPRFHIT ™ 8hd second gates of the first and second

transistors 120 and 140 of the nepory.cel|. For xam%l e, the sec%nd
sub- gat0843] In Fig. 2b, a dielectric layer 251 1s 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
thickness of the dielectric layer may be about 60 - 90 A. Other types of gate dielectric materials
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.
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| ayer and inter gate dielectric layer are patterned to formfirst and
second cans of the first and second transistors. Techni ques, such as mask
and etch, can be used to fonn the dual gate stacks. For exanple, a
photoresi st layer is formed over the gate |ayers and patterned, exposing
portions of the second sub-gate |layer. An ansotropie etch, such as a NE, is
per f orlff#tt o AeiistBbesatveledirgsisleyes a3l of formed e therbsiate ¢t thel gpyeediclegigic

i nprove lithographic resolution, an anti-reflective coating (ARC) can be

pr ovi deyerbé@he ditr$t sutrgatpleticopdsiager. coBiprses, ik omnergbeBmenty p@asiticom. rithet fivst fi r st
second-gate | ayer may al so be usefid. For exanple, a hard nmask may be used

t 0 patdublgatel diecta6 Miidr SantbedpiBed YA amdPRSLok R nRhREESs ¢aRE. | Theesrst subk or m
t he device. For exanple, the additional processing can include renoving the

mask | ' ' SRR idewal |
spaceF%%9§3$R§f%%%F%?ﬂ%%%pﬁ?gggﬁ%§¥?ﬁgsw@#ﬂ%r ty%%@tgggg%%%2¥&%%?§gkals may
also b sef To form.sidewal | .spacers, . .a acer dielectrj ayer .is
depos i Testogh Iphe QST Bk sERREauth bRRF e bPobY gt Pbasts

t echni ques, such as glasna enhanced chem cal vapor deposition PEg%%?.
Ot her H¥ERAF fyssmay 2 Prusel (Yheepes &) gats slperqdgyrateriy may also he usalk u) .
The spacer dielectric layer is subsequently anisotropically etched, such as
by PI Ehettbickesssvéthedirstzuhtzate ghenttoido fayer meabiengout @A or3006 dt. aPtheothi¢kerssenn
the sidewalls as the spacers. A contact etch stop |ayer (not shown) may be

f or medngyalidbe asdislt Tatform filiecfirsf swbrgangelefitodeiage) tschnldieb ddchhs chemtass
further continues to fruEk the second sub-portions of doped regions of

tr ansi@F&r SopoSifibh ¢ ¢8) CAA R GES. (Etﬁle}—i)echﬁkiﬁés’mg%ﬁ@ﬁé $sehi@. the terminals of
t he cel ang one or nore interconnect |evels to couple the termnals, for

XA Bgont ioki,09% Sl AP UOE LS, 30U8 O LN ARG IEL kepOhETILRl 2

wel | as tercon ions ces. i‘onal "processes nay al so

i nclude fi.nal passivatign i cing,..assenbly. an ackagi to. co te the
G alfer ippaelidde Toim it e ey 137 anéolr%é%fé%ﬁ?réf anhs 9n%3mﬁsﬁrpé§5£@esuch as
| ow vol tage, medi um vol t age, and hi gh voltage |10 devi ces can be forned
prior aed. fvprs prgbedimenty therdideriae layonbencatictherfipt syb-galp layee wrildoepattermedd as a
menory devi ce or enbedded into a part of I1Cs. [0052] The invention may be
enbodiBgthniquest, beth sspeskiand teh, sintbeaised.dBpragxtapie, b ipbototdsist Byer is tforared over
essential characteristics thereof. The foregoi ng enbodi nents, therefore,

are tqnbeate %}%ﬂgﬁttéﬁeéﬂ dxpb88PBSHidns bt s HrAthNSatcAlyRer Ah'lﬁ{%o{rbﬁhfeidﬁg t he
y

invention described herein. Scope of the invention is thus indicated t he
RSN B L e T b
I nt enqﬁgogtrgphqg re%gﬁ)l{igﬁ,ea% z;[ntt}-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,

132a and 133a 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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What is clainmed is: CLAIMS A nethod of formng a. device conprising:
providin2 a substrate prepared with a cell area; Mmng first and second
gates of first and second transistors in the cell area wherein t he
first gate includes a second sub-gate surrounding a first sub-gate, the
first ange sHeotidasgibngaibesfootxamgefiprtotabgett4s’ aPerisepag tieeuiplapt & otfier dift
intergate dielectric layer, and the second gate includes a second
Sub- gaf il &UIHcRIANE R@foRming &i-tiBsbmgAdes (d1eat Py, Blayald eesell uhe gat efanf

the second gate are separated by a second intergate dielectric layer;

o Al SO e oM gl SR A,

HERENSERAERE SRS O
transistors.
[0047] An intergate dielectric layer 261 is formed on the substrate. The intergate dielectric
layer covers the first sub-gates and substrate. In one embodiment, the intergate dielectric layer
comprises a dielectric stack, such as an ONO stack. Other types of intergate dielectric layers and
dielectric stacks may also be useful. The ONO stack comprises, for example, a bottom oxide
layer, a nitride layer and a top oxide layer. Various techniques may be employed to form the
dielectric stack. For example, the different layers of the dielectric stack may be formed by
LPCVD. Other techniques may also be useful. Such techniques, for example, may be described
in concurrently filed US Patent Application Number 12/888,434, titled “Dielectric Stacks”
(Attorney Docket Number CSM P 2010 NAT 29 US 0), 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-
gate electrode layer, techniques, such as chemical vapor deposition (CVD), can be used. Other
techniques are also useful.
[0049] Referring to Fig. 2f, 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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The nethod of claiml conprises: formng a first cell z:errninal coupled to
the first junction of the first transistor; and formng a second cell
terminalc p dto the first junction of the second transistor. 3.The nethod
of claim2 wherein: the first transistor serves as a control gate; the
second transistor serves as a. select, gate; the first cell termnal is
coupl ddvergnd frserzpieskicleqtran kiver e paiéarpedstoferm finstani second ates phidie dovidndat e
term nal serves as a wordline. 4. The nethod of claim1 wherein foiuting the
secondepamicttansnrof Tedheiques, Sticlaastnaskand dtdh enshesised o foomphé Sed ghterstackg a
common second junction of the first and second transistors. The nethod of
cl ai mEorwk@ngleNa 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 performed to remove

exposed portions of the second sub-gate layer. To improve lithographic resolution, an anti-

reflective coating (ARC) can be provided beneath the photoresist. Other techniques for

patterning the first second-gate layer may also be useful. For example, a hard mask may be used

to pattern the second sub-gate layer.

[0050] The process continues to form the device. For example, the additional processing can

include removing the mask layer 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. 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

processes may also include final passivation, dicing, assembly and packaging to complete the IC.

Other processes are also useful. For example, other components, such as low voltage, medium

voltage, and high voltage I/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.
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the first transistor serves as a control gate; the second transistor serves
as a select gate; a first cell termnal coupled to the first transistor
serves as a bitline; and the second gate term nal serves as a wordline. 6.
The nethod of claim1 wherein formng the first and second gates conpri ses:
f or mi N@Os2f i r Thesnnention mal &y embodiet freothabspecidic dornpawitkout idepartingrom the
sub-gate layer to fouu first sub-gates of the first and second gates;

f or m ngird QEIRAaIhERCR S @ theksf. CTHeAYRizoy chivoditdsd, tiakeforpmers bg t he
first sub-gates, the common intergate dielectric |ayer serves as the first

and secaudelatf aﬂ Z%s‘g?ak ﬂilﬁﬁﬁtwecra{h%y fhhr liﬁ{itiﬁ%@e fihventioR BekcHBEPRSciHaBESpe

fanni ng a secon gate layer on the substrate over the commopn intergate

dielectrjc.l c.and ... t erning .t he - gat to f
The £ ath il is T jniswed B MeRbRRba LimS TARG AN By 8 GreaBHE' 1 0 1oL,
second_gal es wra(P ?round he first. s -l%at es of the f#rst ind S ond_ gates.
7. Thedssginiism and alf ghanges hakgospgwithin the meanipg and range afefuLa, e&ﬁﬁof ctions of

the first and second transistors include a heavily doped portion and a
| i ght | glaidepedintsided $0 baiepbrac¢dihersit-endi ng fromthe first gate to the second
gate; and
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conprises formng the lightly doped extension portion of the first and
second junctions after formng the first sub-gates of the first and second
gates, and form ng the heavily doped portion or the first and second
junctions after tbnung the second sub-gates of the first and second gates.
8. The nethod of claim7 wherein wapping the second sub-gate around the
first Whitigglagmetisthe first gate inproves charge retention. The

met hod of claim6 wherein patterning the second sub-gate | ayer also forns
gates of other transistors in the device. 10.The nethod of claimI| wherein
the intergate dielectric |ayer conprises an oxide-nitridc- oxide stack. |

| . The nethod of claim1 wherein thechiansts i ntergate dielectric |ayer
conprises nultiple dielectric |ayers.

1. A method of forming a device comprising;:
providing a substrate prepared with a cell area;
forming first and second gates of first and second transistors in the cell area, wherein
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, and
the second gate includes 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;
forming first and second junctions of the first and second transistors;
forming a first gate terminal coupled to the second sub-gate of the first transistor; and
forming a second gate terminal coupled to at least the first sub-gate of the second

transistor.

2. The method of claim 1 comprises:
forming a first cell terminal coupled to the first junction of the first transistor; and

forming a second cell terminal coupled to the first junction of the second transistor.

3. The method of claim 2 wherein:
the first transistor serves as a control gate;
the second transistor serves as a select gate;

the first cell terminal is coupled to the first transistor serves as a bitline; and
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12. The nethod of claim|l wherein the second gate termnal is coupled to the
first and second sub-gates of the second gate. of the second gate while

t he second sub-gate of the second gate is floated. 14. The nethod of claim
| wherein the device conprises a ETOX device. 15. A device conpri sing:

a cel |l havithgsédondigatenemsesdaadet asnsostlimes coupled in series, wherein the
first and second transistors are di sposed between first and second cel
termnals, wherein the first transistor includes a first gate with a
second sub-gate surrounding a first sub-gate, the first and second

sub- gaf es érﬂstht)a'a?aagm%&E&ﬂﬁ}@%@%&m Con ﬁgoftﬂémah@s&bﬁa ectric

| ayer, and the second transistor gate wth a second
sub-g

3 urr undi. ng a f.irst subn gte %o g ;falr;tda1 secan saug)l ates of
the sdEgREGaednEe dapupes satpyn ateitdntonek s AR SEEN A dher 2
first gate termnal coupled to the second sub-gate of and
5. The method of claim 1 wherein:
the first transistor serves as a control gate;
the second transistor serves as a select gate;

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

the second gate terminal serves as a wordline.

6. The method of claim 1 wherein forming the first and second gates comprises:

forming a first sub-gate layer on the substrate;

patterning the first sub-gate layer to form first sub-gates of the first and second gates;

forming a common intergate dielectric layer on the substrate covering the first sub-gates,
the common intergate dielectric layer serves as the first and second intergate dielectric layers of
the first and second gates;

forming a second sub-gate layer on the substrate over the common intergate dielectric
layer; and

patterning the second sub-gate layer to form the first and second gates, wherein the
second sub-gates of the first and second gates wrap around the first sub-gates of the first and

second gates.

7. The method of claim 6 wherein:
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a second gate termnalpled to at |least the first sub-gate of the second
gate. 16. The device of claim 15 wherein: the first transistor serves as a

control
t er m nal

gate; the second transistor serves as a select gate; st cell

is coupled to a first junction of the first transistor and serves

as a bid:rte.; and the second gate teniiinal serves as a wordline,
di el ectri c thafist snd set8nd jTnetiatswif dlee st aidsiepersransistass includge hsavibndprgat e

t er m nal

is coupled to the first and second sub-gates of the second gate.

19. Thertdevine htiymodéd whenstimpdrtion sstendidg Gainetht dirstigalto tis: seoupl gtk; to t he
first sub-gate of the second gate while the second sub-gate of the second
gate igq4f! oated,

8.

comprises
forming the lightly doped extension portion of the first and second
junctions after forming the first sub-gates of the first and second gates, and
forming the heavily doped portion of the first and second junctions after

forming the second sub-gates of the first and second gates.

The method of claim 7 wherein wrapping the second sub-gate around the first sub-gate of

the first gate improves charge retention.

9.

The method of claim 6 wherein patterning the second sub-gate layer also forms gates of

other transistors in the device.

10.

The method of claim 1 wherein the intergate dielectric layer comprises an oxide-nitride-

oxide stack.

11.  The method of claim 1 wherein the first intergate dielectric layer comprises multiple
dielectric layers.
12.  The method of claim 1 wherein the second gate terminal is coupled to the first and

second sub-gates of the second gate.
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20. A device conprising: a cell having first and second transistors,

wher ei n: the first transistor includes a first gate between first and
second junctions of the first transistor, the first gate conprises

first and second sub-gates, wherein the second sub-gate surrounds the first
sub-gat®, The metholliof stair ntvelicgein ehadcebtpate teriniabis coeplad &t thediritiseb{gatest and
second sub-gates of the first gate, and a first gate dielectric |ayer

separ asf tRg séddfd LhteSthikUhe SbRd Qib-E48 of ineSbcdattd i Avutelne substrate,
the second transistor includes a second gate 'Seen first and second

junctions of the second transistor, the second gate conprises first
and second sub-gates of the second gate, wherein the second sub-gate
surrounpds t first, sup-gate of. the. second gate a second. interga.te
i el ool o T el sk B gt PR S G e TR daReS 6f "t he second
gate, and a second gate dielectric |ayer separating the first
sub-gate of the second gate fromthe substrate, and

15. 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.

16.  The device of claim 15 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.
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wher ei nsecond junctions of the first and second transistors are coupled; a
-first cell termnal coupled to the first junction of the first transistor;
a second cell termnal coupled to the first junctiosecond transistor; ate
termnal coupled to at least the first sub-gate of the first-istor; and a
second gate termnal coupled to the second sub-gate of the send transistor.
91. Thd 7deviTdw dsvice PaFlained S wieran hetfhiat igegatridigec@iclayaricpmprises rggtiplet . d t o
the first and second sub-gates of the second gate.
dielectric layers.

18. The device of claim 15 wherein the second gate terminal is coupled to the first and

second sub-gates of the second gate.

19.  The device of claim 17 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.

20. A device comprising:
a cell having first and second transistors, wherein:
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, wherein the second sub-gate
surrounds the first sub-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 comprises
first and second sub-gates of the second gate, wherein the
second sub-gate surrounds the first sub-gate of the second gate,
a second intergate dielectric layer separating the first and

second sub-gates of the second gate, and

21



a second gate dielectric layer separating the first sub-gate
of the second gate from the substrate, and
wherein the second junctions of the first and second transistors are
coupled;
a first cell terminal coupled to the first junction of the first transistor;
a second cell terminal coupled to the first junction of 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.

21.  The device of claim 20 wherein the second gate terminal is coupled to the first and

second sub-gates of the second gate.
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