EEPROM CELL CROSS- REFERENCE [ 0001] This application is concurrently filed
with US Patent Application Nunber 12/888,434 entitled "Dielectric Stack"
(Attorney Docket Nunmber CSM P 2010 NAT 29 US 0), and US Patent Application
Nunber 12/888,437 entitled "RERROM Cel | " (Attorney Docket Nunmber CSM P 2010
NAT 30 US 0), which are herein incorporated by reference fbr all purposes.
BACKGROUND | 0002] Non-vol atile meMBROMAELdircuits, such as electrically
erasabl e prof pumabl e read-only nenory (EEPROM) circuits have achi eved

wi despread adoptions for code aPRIOSSREFERIEN@GHe applications. An inportant
aspect of NVMMcircuits is their performance, which includes endurance
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witel/erase cycling. Wthin the industry, the performance of NVIM
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shoul d he able to endure over ousand to 1 mllion proafm ng cycles

Wi th ta. retention. exceedi IS, Xt renme i,e
pewpe?%tﬂ}té?pﬁfﬁwg?%ﬁgﬁé/ %%e‘égt%ﬁﬂg‘f %ﬁﬁlﬁa&@&ﬁo@@wﬂggﬂﬁgf“&?‘éﬁﬁ ng, may
involve, LC, r exan})I e, charging or dischar ql ng electrons froma floating
gate ofSHM RRAIQGNAT ws_omvéwmw mcgmawig)gr%ﬂe@?eef@_f pbRYPRES be
achieved by hot caner injection (M) or |iow er-Nordheina (FN) tunneling.
Hi gh voltages are used to perfor BAGKGROUNPhory operati ons, However, hi gh
vol t ages can cause junction breakdown or degradation. [0004]1t is desirable

E/ gl |to ; org’gom] e Nohyvolat e sewiord (NWM)Qreditd, hétady dlédiycatlyerasubie prexaasablet o hi gh
grea('l-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.
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



SUMVARY [ 0005] A net hod of fonEting a device is disclosed. The net hod

i ncl udes 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.a are formed. The first gate includes first and

seconds&idhd gateest SRPAdeeshdyandisfors Bithé BélEirga b fdiredde CTHd firsd @ayeincludbe
second gate i ncludes a second sub-gate surrounding a first sub-gate. The

first and i gﬁeﬂd %{Pgsﬁ@é &Pa Iedtbg% ﬁ@@ﬁg@%ﬂ%ﬁw& 1gFRATAL SRy g econd

intergate ectric’laye First an econd junctions of the Tirst and

second. t Si st or re fouited. Th tho Ogl ] j rst
gate 'é E’rcﬁﬁa‘ﬁﬁfl STl |s§t6g?t8 SRt é%%ﬁrsgﬁg): %ag?':{ﬁ) ﬁ{sﬁgﬁd#%?ér%(f sfhlri)g?ge?’ S ? (tﬁé and a
second gate termnal coupled to at |least the first.sub-gate of the second
{ransi S6tond sAISGTGEREEG e eeondsiglopse BRlestic RS i 0l Speqr desLions giife
having first and second transistors coupled in series. The first and second
transi §irsyasd sqeendiirapistend abefomneh Themethad alse sedbwdes daming @ fifst gaedermymd £ r st
transistor includes a first gate with first and second sub-gates separated
by a ficowiled notthe grbed ditegeevf the firayensistthendsesenad pate rsmstabrouphed todies a
second gate with first and second sub-gates separated by a second into-gate

di el ecidakChl BY@Eub-g48 0P 8RB NAURNGSLE Of the second transistor surrounds
the first sub-gate of the second transistor. A first gate teiittinal is
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Cﬁgple t Teast the first sub-gate o e second 1000711 n anot her
enbodi nent,, a device is. al i sclosed., The. device.includes a cell .having
first gﬁﬁ“%t@&‘f‘ﬁﬂplf‘i Hh%ef‘gf'oﬁé)‘? g‘fﬁ@‘d?ﬁef%‘ld t{arngﬁgqrg ?rgrdlﬁpﬂﬁﬁdu%(fg‘geeg fﬁls'[rasnfi gat e
bet ween first and_secondd{unctipns,of the first trapsistor. The first gate
i ncl udeecony eell teaminalie ddgdirsiimngisior inchides p firgtigatsywightigst 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.



intergate dielectric |layer separating the first and second sub-gates of the
first gate, and a first gate dielectric |l ayer separating the first sub-gate
of the first gate fromthe substrate. The second transts 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
secondhsispeagdtiencsions elithe sirstiaad seqond twngstgestase eduplade Becdsmiserlsanasledesa. The
second gate also includes a second intergate dielectric |ayer separating

t he fifirsitccAnensed codplsdity-thafies juictivhef gedosdraat®r.anstcandedidmdnigalt e
dielectric |layer separating the first sub-gate of the second gate fromthe
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coupl ed.” The device also includes a lint cell termnal coupled to the first
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ction o e second transistor, a ate term na ed to

t he sgﬁgnd grpég%%e of the first transistor and a second gate tenninal

coupl et FGOH T Ttile first sub-gate of the second transistor,
100031These and ot her objects, alon% wi t h advant ages and features of the

pr eserP0084y ent hess and pliehobjpele) Berarvithadyantages aeeteaipes o fie RIRh e er ence
to the foll owi ng description and the acconpanyi ng drawi ngs. Furthernore, it
i s Loberamdisclosabaill hatomdwppheat traghotferdnge taathie doldovein ddsomptios antbder i bed
herein are not nutually exclusive and can exist in various conbination.s
and pekgsHhgdnyiisdraRiEFFRERER0RT itANtdbe didersRiRAWINGE: FQ00&1d fhthé hericdisawi ngs,
i ke reference characters generally refer to the sanme parts throughout the
di f f erd d}{h&i@?iles@{i)ﬁé& herré'lrx' afl SWGRal R &cNREveRRE 88F Bkl iM vhRoRCRlfbindigRyIasi s

i nstead generally beling placed upon 1'Ilustrating the principles of the
inventign. Iq }he foll owi ng description, various enbodi nents of the present
i nventPOREPE?YEcribed with. reference to the foll ow ng draw ngs, n which:

100101Fig. |l a shows a schenmatic djagra ient of a menory cell
[0011] Figs. ib-c shom1@ggggJ%@§§$@Wﬁh)N&b€&gﬂgpﬁgggﬁ&ggents of a menory
cell; [OO121Fig. Id shows a top view of a portion of the nenory cell of
Fi g. 10@09]andIn 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.

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



100131Fi gs. 2a-h show crosssectional views of a process of formng an
enbodi nent of a nenory eel!. DETAI LED DESCRI PTI ON 10014] Enbodi nent s
generally relate to sem conductor devices. Mre particularly, sone

enbodi nents relate to nenory devices, such as non-vol atile nmenory devi ces.

Such nBmes §f Eherableaesoragounisxanidlsesuch an nierocortmlporatsgdern vhehgps §dalad)o The
menory devices, such as USB or other types of portable storage units,ICs,

such ageiieeloPAld EmSHedhctYSTafNiND of ERBwBAEE dxaniph€ cHRMinke 8lettrori Epratiabtshe
incorporated into or used with, for exanple, consuner electronic products,

h . sgq%ﬁ] i st ant PDAs) .
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100. T i -vol ati.l Il l e,
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menory (EEPRA v1). In one enbodiment, the menory ce|ll conprises_a floating
gat e t WSHErY esti THaY PERRYIOd NANEYHENE MeaIqry cell-nEer dxgwmale, the mpngsy pelk B1aydenay

al so be useful. 100161The nmenory cell, in one enbodi nent, conprises a first
t r ansi st eecttigglyaerasableggognammable 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.
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 at least the first sub-gate 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, one of the first and



transi stor 140. The first transistor conprises a first gate 125 between
first and second transistor teimnals 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 gala dielectric layer 150
separates the first gate fromthe channel of the first transistor. As for
t hed tyesers gatotermipghips reudedtodwibihg fysftaad sacong suuaatss pf thet2atendn e8¢ ond
transi stor termnals 142 and 143. The second gate includes a second

sub- gatnebddd@estuthe otired ofithedirfti ang tseculd -gg et terndid7ls isTévaipbadido fat sesorar smbsgaprar at ed
by an intergate dielectric |ayer 160. A gate dielectric |layer 150

separ ajIsie eI ftsGabgats. om t he channel of the second transistor. [00171in
one enbodi nent, the transistors are configured in series between first and

second[gggéll L &h giéa?daﬁcé'\;vﬁh%ﬂg erb8dinfeRt, tﬁ(ﬂfﬁ’%ﬁe s&rb&s 45l ShrbE6MdBhe éﬁ’tfe the

[
first second transistors are commonly colUpled while the second ternl nal

of the- isto Is coupled to,the first cell termmnal. and the .second
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Furthernore, first and second gate termnals 184 and 186 are_respectively
coupl 8 theseepndsubsgrde ebidis Aidst gafiestoppnd Heoppled fo arRNtd gRRAINEr Ther&ents. one
of the first and second gate termnals is coupled to at |least the first
sub- gagate tsimirabisgateled tdthe Hiestanf eeconfl subrgates pEthe apednd dosistogandeisicenptchal s
is coupled to the second sub-gate of the gate. In one enbodi nent, one of

t he fitostwedddines ate figstgall eringialis@lupledso adiaglpeckntial I82tdndtthesdeonidteliand
second sub-gates of the gate. In one enbodi nent, the other of the first and

secondedatng] & ebipBRlcs bidlireOWR! 86 oh@erhbSuiRRAOME Bulp ARl ANdunab ghdiddf i r st
sub-gate. 10018]in accordance with one enbodi nent, the first gate serves as

a contgol | gatd £ an at Sgl t & of
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of the first Hrans'stor %ﬁd iﬁ@cou ed to a control gate line. The second
gate tBFi§ARApal} Way ge prranged dn PHET POHEraliogS-second sub- gates of the second
transistor and is coupled to a word line. The first cell termnal is
coupl eld0i® a fhig. 9b spovenriogs-sagipnalidew ké as enbpdimeat of a @empRatell 90@supl ed to
a hitline 188. In one enbodinment, the first potential is equal to ground.
For exshoplnen Figdaf iThete ipsioant a sadbstraty 108 wihieh iachudys gealurdionlii0oflhecell
enbodi ments, the coupling of the termnals may he arranged in other
conf i giebRhii®RSlated 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.



[00191Fig. | b shows a cross-sectional view of an enbodi nent of a nenory
cell 100 as shown in Fig. la. There is shown a substrate 105 which i ncl udes
a cell region 110. The cell region is isolated from other regions by
isolation regions 180. The isolation regions, for exanple, are shall ow

t r ench[(i020] at iAminfeésddty dicbgironlayerQtlaeparytpethedirstiandIsedond sur-ggtemnEheray al so
be enpl oyed. The cell region, one enbodi nent, includes a doped well 115,

The dopedome llel &aiilhl&e for dRRaple! $aP tordpsecOdiglep@lcatick Ma&iﬁ?ﬁmlthﬂ;@&ﬁ]d&r{@t
and second transistors 120 and 140 are disposed in the cell region. In one

enmbodi , i . LSt vV, nt.r.al. fidopt
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gate, | e .empodi ment, includes. first a e ub-gates. 1 nd 129.
The s BRERERSTRR SRR orb DB Londlir S8 PECAS PRSP APRIT b NAREE ueing
other types of gate el ectrode materials, such as netals or netal-silicon
Conpoult{EsY £ tiled SDielsstias Sask (hiipraagdosset NuePen CSV FUUNAL UGSt hat
the first and second sub-gates need not be forned fromthe sane material.

| n onewbithoglhereintincorperated dynefesambe fatad pypases ridihier types ¢frigteraatediglgeteic
100211An intergate dielectric |ayer 160 separates the first and second
sub- galagérs of acksthonasebeligdde For exanhy ehe infa@pate daiqetri, lapaymaocopiprise S&0,
dielectric stack having nmultiple dielectric |layers. For sanple, the

di el ectyd Graliagd sPRY vAM B cTehSRy& k8@pAtihf HIO; BXAHS); ( atileAB& botfNPof
stacks, for exanple, are described in concurrently tile at ent

us
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for all. purpgses. O her es .of intergate dielectric |ayers or. stacks may
a0 niiclilf v pompiiitherar shbon &5 s Eheds BefFie 1fuy SRyt 68 S o
or a three-laéfr stack with one of the |ayers conprising Fi fOx or Al 203.
Separ amprRathdiclssticdmyesy. Pher pipesel gig dickeesinlpyress Bapalsp Reusqds a gate
dielectric layer 50. In one enbodi nent,gate dielectric |ayer conprises
t her ma[0032] i c dhelextrid@pactiel Spanay bk eptentlly pravaledronrsidevwalbsipt ths dirst\gateorForor e
gate dielectric layers. O her types of gate dielectric |ayers may al so be
used, LRI Bheipacdss ntiybRPesVidedlebsidByalBe it dcomal dup- gt Vittagass siagde. wai | s
of the first gate. For exanple, the spacers may he provided on sidewal k of
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of spacers may al so be enpl 0) r ex e spacers nay include
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surface of the second sub-gate. The etch stop layer may comprise silicon nitride. Other types of
etch stop materials may also be used to form the etch stop layer.

[0023] First and second doped regions 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)
diffusion regions of the first transistor. In one embodiment, the first and second doped regions
include first and second sub-portions 133a-b and 134a-b. The first sub-portions 133a and 134a
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 are heavily doped portions (e.g., x'). The lightly doped portions, for

example, comprise lightly doped drains (LDDs) or double diffused drains (DDDs). In one



surface of thend sub-gate. The etch stop |layer may conprisenitride. O her
types of etch stop materials nay also be used to formthe etch stop | ayer.
100231Fi rst and second doped regions 133 and 134 are provi ded adjacent to
the first gate. The first and second doped regions conprise dopants of a
first polarity type, which is the opposite of the second polarity type. The
first emepdimentnthedizpiy dersyi nomdortsaomreise PAs. (Hred) Diist fou sxample<gitnise af ¢ he
first transistor. In one enbodinment, the first and second doped regions

i ncl uddepth grehteatidn slecenchdsuib-poridnso For £8Baplb, asedorkBAd-fnrtidhe dhospassed
sub-portions 133a and 134a are lightly doped portions (e.g., x-, where x

ey bewithia b8, iTh¥nt ¥R8odincdd Piatist SIbChbrasndex@ndbenadill tHehRcsiRIBLate to
sub-portions are heavily doped portions (e.g., x1-). The lightly doped
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within a DDD. I n one enbodinent, the first sub-portions extend. beneath the
secondowenrdga vé thegpagess. f [negtbod iperinEhorspagesiniic Serofst sUbREONSarg #O j r st
sub-portions of the doped regions are about aligned with sidewalls of the
first aignedatith thihidesadbofdhssdoondsibi-gats Qtler abpdiguratidng né thewioped telgmneut er
edge of the spacers. In enbodi nents w thout spacers, the second

sub- pofky 816 bafugefabout aligned with the sidewalls of the second sub-gate.

Q her configurations of the doped regions may al so be useftil. [0024]in one
enbodi o, : [ ' [ [

o ovi o o o B R R e e e Red | e
dopards .of ~the fi.rst polarity f. .. Fhe .buri r.eqiQn rise an
ot onatdli i Fatit eBuari fulith Soneh S0l LGp BRI E B BTN O
dopants. The jnte gﬁdiate dopant, concentration in one enbodi nent, |

bet weeWPF-hEh%iB\b"é‘?ﬁ{ WEA ELINSLOMBRISE 8 I FE i h RPN LARICHEERION (S 8o fs)aa‘fl %sr tions
(e.g., x <x < fQC. Providing other &pant concentrations for the buried.
doped. firstpolanty tipsydepagts. Jde itetnugdiaty Hepanh coragntrefye th eregineheslitaed, i8r ovi ded
adj acent to the first gate. In one enbodi nent, the buried doped regions
over | alpetweérhthe depdrit cohicentrati @B od ek likgholedind dgivdhsdoped pentioan . pexieat k x he
first gate. In one enbodi ment, one of the buried doped regi ons extends

beneat prodidid @k dipaid RS tehEdnd for iELIRRERloPb®teRfdnk infay! ANFBe uskful OMRe

enbodi ment, one of the buried doped regi ons extends béeneath the first gate

beyon J i j i ti G| . r le, the
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tunnel i ng wi ndow in the te dielectric |layer. The buried d d regions
br ov oA ST e overe aendBs frshand fecond doneigkiont e iratetl M Shagte
wi ndow. The buried doped regions also determ ne the effectjve channel
| engt hinginetemebordiment, enetnldha euried dpppd regéionsiestendy bensatheastiugnelingavigtow Ré2 ie| | .
[ 0025] I n one enbodi nent, the inplantation dosage of the buried doped
r egi ontheigateabiduattriElayet. hin dnephdntahémonetad dgebwiedtdoped regivits exttopgebeneat)i ons,
such as 1.,DDs or DDDs, is about El3

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
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’, the implantation dosage of the lightly doped regions, such as LDDs or DDDs, is about E13



em 2 and the inplantati on dosage of the heavily doped regions is about E 15
cm2. Providing he different doped regions with other dopant concentrations
may al so be useful. [0026] As for the second transistor, it serves as a

sel ect gate. The second transistor includes a second gate 145 di sposed on

t he subatsaidahe Thelasatomdosggé ef thabbardissiobed sigiands swuoRdS smi: Padwding 4% and

149. The sub-gates conprise for exanpl e, polysilieon. Form ng sub-gates
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metal -silicon conpounds |ike netal silicides may also be useful. It is
under i&fbﬁ@l t h% fop?nefgeE d t%gis%?ci?g&vés%'a%gfegts D8O\ QLo [sffﬁqnélﬁ&@" the
same natért al iR accordance wth one enbo wre%t, the second sub-gate

surrounds the first.sub-gate. [,0027] intergate dielectrig |ayer 160
Sopar af 8oph g 1S cihtr SR B Bl Fhe iR B pdh St ndse bR e ellpe,
for ex'éco rise a dielectric stack, such as _an oxide-nitride- oxide (ONO
st ack, 141 #nsk 149y pldhs syb-gpies compase i@ cxampleg POIxSIEEQ. ngymangHIbhEates IsiS Oty
exanple, the intergate dielectric |ayer nmay conprist. SiQ2 or a three-|ayer
st ack tyipehobgete dictrdile rhatgreals sudnpy mstalsgr iatabsilmon Ab2PBundsdike maetdl sijicides
bottom of the first gate fromthe substrate is a gate dielectric |layer 150.

| n onengyaRdivdRREfl. t 106 @RlkBtdbdehachd fist hiayRtoDibr gt hetd asttrl fofhdd Lom
oxi de, The gate dielectric |ayer may conprise two or nore gate dielectric

| ayer sy QR mANPES 1PiccORfafcvih BRd EhBodiR¥E! thelRYorll S8-dAf H8&8uds the first
[0028] Dielectrics 156 nay be optionally providedwalls of the second gate.

For exar{}glae-f’FI the spacers may be provid-ri on sidewalls of the second
sub-ga?%.g le spacers nmay conprise silicon nitride. O her types of spacers

may al so _be enpl oyed. For ex le, the spagers nmay include nultiple
spacer BO2Al g; %g%qrg%te Qteé%t%%alggeﬂ L0spparales ﬁ’ﬁﬁﬁé‘“ﬁﬁ?ﬁﬂnﬂéﬂ '(gﬁtef'hjgﬁ)% urface of

the second sub-gate. The etch stop |ayer may conprise silicon nitride.
Ot her injgraate diclestrihlagerp foreaamplcamgy mp@$%31%CW§é@0k@uﬁb pyrer pradenifdest op
| ayer. 100291First and second doped regions 133 and 136 are provided
adj aceaokidé (ON? smek.0Otheg atpes oflimeerfate dielanit lapaeo nohydizodat usedyi Borexemplsr | se
dopants of the first polarity type. The first and
the intergate dielectric layer may comprise SiO, or a three-layer stack with one of the layers
comprising HfO or Al,03. 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
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 first polarity type. The first and



second doped regions thrift S/ D diffusion regions of the second transistor.
The first doped region, for exanple, is the first doped region which is
common to both the first and. second transistors. in one enbodi ment, the
first and second doped regions include first and second sub-portions 133a-b
and 136a-b. The first sub-portions 133a and 136u are lightly doped portions
and t secondcdoned segiensdpER §H£ dfusionaegipns oidbp seropd frapyasier. gﬁfmﬁlqsﬁ ¢wely doped
porti onsanpl e, conprise LDDs or DDDs. In one enbodinent, the lightly doped
por t i eagon,dvpeiaepl ODthe firktelopBDs:gicswhithvs ampnors ® laothldmﬁrsgmelasbmndt han t he
second sub-portions. For exanple, a second sub-portion is enconpassed

wi t hDiRnsikford @ opelemod®itnt, thd'frst hidiecsuPdfR QoS @¥luen drraneadcbnd he-
second sub-gate to the flrst sub-gate. As shown, inner edges of the first

sub- p (91@51 395 b?ﬁﬁ 1@8:9 ﬁd &@ﬁb ?Bﬁloﬁp P84, gl 1@'63‘3 é’ﬁg%\lﬂﬁmgg 11t1§n§)£ndt he

first SU gate e secon por I ons are about t he outer

SORe b teliad BRER Dt &g F@Vﬁ@of{or\‘fef‘ﬁ Rt oihe GERE Usied hOTRE IR el at o

O her confjgurations of the doped reg%l ons, may al so be usef ul 0030].1 n one
enbodiRBRSS LRDssadYARs. dlnfqnfsqn&?drr@a} dﬁeé‘ghttlhéoﬁqdr@ﬁl%séﬁgip‘s’lﬁ% DLy Vd¢ as

the first cell termnal and the second diffusion regl on of the second
t r ansiBDDs, sehves, @mpirlse aslepthrageate] thart the weoval sof-potiensehor gxagwld, 2 sitpadgat e
of the first transistor serves as the first gate termnal and the gate of

t he se@bPArtidndie sh&dn@FasSrwiliin aPbbe s esoadb@hinent, khe fivsiab-mitiddsexreador y
cell. [0031] An interlevel dielectric OLD) |ayer 190 may be provided on the

subst rahek aieesreb&m gegawmﬁé ﬁfs?ﬁub J}@ WRREW S Viher dligds Qs tind ﬁrs{ AWeorBYs
serve as a prenetal dielectric | ayer. Varl ous materials nmay be used

tofor l.aver P 0 €5 CS or a
conbi rf; t OqegD?%g ) arff‘% er‘?’la Ss1 ‘rar‘ggl Sal's gpg}sbeéétig TPL%%? ntacts are

forrredlnthe PMD | ayer, t rovi de co ctlons 0 e.differ, term nal s
of t h@ORRfSAye aauf aligngd vegh@aetl@r Jes5r ?ﬁS‘F%TS @b F?(B@eatsa%} i s
material such as tungsten. Qher types of conductlve materials may al so be
enpl oybelsecand swh-pertionngreiaheytutiened wish thectidawatle of thggerandssubygatss @hecont act
liners may be used. For exanple, the contact |iner may

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.
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



conprises a conposite liner conprising a conbination of Ti and 'f i N, such
as TirliNor Ti/TINTi. OQher types of liners may al so be enpl oyed.

[ 0033]in one enbodi ment, first and second contacts 192 and 198 are provided
inthe P Dlayer to couple to first and second cell termnals, The first

t er m nisd titasivan(ifi), eithriiwm giteidadiModa thrabmetantheteof. Ninrsaine esntwdiméres) tholimerM ne.
Third and fourth contacts 194 and 196 are provided in the MD | ayer to

coupl ecdr@prises & boposikanRPEolptifnd £EsthbBiahton dMTIGNAE TENDaLh ae Mt/ TiNer t hi rd
contact is coupled to the second sub-gate of the first transistor and the

fourt tof [ second sub-gates of th d
tr;ns?glgglr _/?ﬁ-h%{h?f %Fﬂéf;lﬁleetrét)rg%%ﬁlsg'b&%ﬁqp d. ub-g 0 e secon

nal is coupled to a control gate |ine and
t he se gate term.nal i oupled to a lhLne, 0341Tahle. I, s an
ipdig 1L Rt B e R R S S R R R
di fferent operations of the nmenory cel, erating the ry cell ysing
ot her laBerdPrens tafipt andspcpad %letPHm.na}Faﬁihéo%ISt [tm@]l,h&%*gﬁgg% g%@ﬂ,ﬂﬂ?ﬁ@ cel
gate termnal (bitline) experiences high voltages during wite operations.
Ex pos usegondtesuuial isicghpled ta abknarabhixkanddojtineantants BHeaddS@raroproyided it on
degradation in the second (select) transistor. For exanple, high | eakage

f rom t fhe POED Onr eoaRGle todlbiaind bd@md pateteiniaald o recherehbodirhentthy tidedcontacThi s
decreases the reliability of the gate dielectric |ayer of the second

transi §t@pled R0BEkEdnAREL- AR KM tridiBtdHaBl ANCBuEh BEIHR SN cIpteds8ERNd
sub-portion 136b of 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.

operations
Erase Write Read
terminals
First cell terminal 4 Float ov
(array ground)
chqnd cell terminal Float 10~ 15V 0.5V~ 1.5V
(bitline)
First gate terminal ~
(control gate) 2o v o
Seconq gate terminal 12 ~ 19V 12 ~ 19V 2~4V
(wordline)
Substrate Y 114 1
Table 1

[0035] As can be seen, the cell gate 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
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second doped region 136 in the second transistor and the channel, which is
the inner edge cif the first doped sub-portion 136a of the second doped
region 136, is increased to i nprove junction breakdown performance. For
exanpl e, the breakdown voltage of the junction is increased. This decreases
| eakage current at the junction. As such, increasing junction breakdown

vol t agegionpBoarbdo theldogbd wietly 15 maytnscinnidts éesreapo0by Teliabdiie obtis@dicent , t he
distance Dis determ ned by the width of the portion of the second sub-gate
whi ch delectaohder bhibefsecont tmukistgat e. For exanpl e, D can be deterni ned by
patterning the second gate | ayer such that it overlaps the first patterned

first [gedq byt b desddigentdiet@nsfe® bdieetinstsadng sBo-pbRloneXaBRE the MY he
about 0.1 02 pm Providing other values of D nmay al so be useful. The val ue

of D . . I . [y d npl e,
The. brenoieh ey S G L i RE LR bR e O QA0 e R o B
about 17 V wiith a of _abo 02 tni,. This.is .about a 0% increase in

b1 eak Bkl sy BortaRi | RE o RRo T HopF L eBinTIan BERIrPEg it e S Bese
transi stor or select transistor, 10381. A plurality of nenory cells can be
ar r angeerkdewnaeroEmancso 9T exampye, thpbreakdon wltagaf the jyngtipp ys igereasdoritiscel | s
may be arranged in rows and columms. The nenory cells, for exanple,

conpr ierehsasrivakagd berdd ot the jursoni Bedudhn ifergsingljardiion Argabdowovokageonds t o,
for exanple, a 's,ordline (W) and a columm corresponds to a bitline (BL)

of thqn@hhayrdﬁmnnggrﬂgqﬁ@xbhnes are also provided to couple to the contro
gate termnal. [OAFig. I c shows a cross-sectional view of another

embodi ﬁﬁfa'ﬂsg‘; Ingg%@;&gs%}ig@hﬂr E)hlqustarﬁ% ﬁﬁ%%ﬁm HYRADGYd6 BF the oRidmorthan | ar

to tha except that the fourth contact 196 1s coupled

toonly the first sub-gate 147 of the second gat 45. .This resylts in the
secondestis yhtuBBr iR b ble M YRAECRAGARbE, B oidishahfivbe
enbodi ment , fl gati ng of the second sub-gate can be achieved by patterning or
r enovi BReRIRLhEserondreatelayes suehilath oyertas H&fgﬁwt@megﬁgst&ﬁ %t%sﬂe%{r 0
expose a portion of the first sub-gate, as shown in Fig. 1d, For exanple, a
por t i ahistadcetihe The distadcs Dbfqgakempld meg he abantOhe- 0 BannePravidingofhetvalegiadns i s
removed. Ot her techniques or configurations to float the second sub-gate
may alB ey eyed. ThOOMhd bf Dcan Ba sgleabd v ashirs s tiseddsirad Bteakd@wsvalfagan

enbodi nent of a process 200 for form ng
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 um. 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 and columns. The memory cells, for
example, comprise memory cells 100 as described in Figs. 1a-b. A row corresponds to, for
example, a wordline (WL) and a column corresponds to a bitline (BL) of the array. Control gate
lines are also provided to couple to the control gate terminal.
[0039] Fig. 1¢ 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.
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a device or IC. Referring to Fig, 2a substrate 105 is provided. The
substrate can conprise a silicon substrate, such as a lightly p-type doped
substrate. O her types of substrates, including silicon germanium or
silicon-on-insulator (S01), are also useful. 100421As shown in Fig. 2a, a
nmenor y[00a0] r égionaehbOdiafent, leatheyofthe sscoat sutngattlomebeachiaved by pattetemgtonod
that the substrate may include various types of regions (not shinexanple,

the suRsidvitiees PRk BEIHEABcIRBP-gaR! JutfiROHANS ad¥v@ addalta ¥x RBE @ipottionidTithd
menory cells are fornmed and | ogic regions in which |ogic devices are

for mdﬁrs?gﬁ)-%a?c?;iag h&Gh Mo, [ QT PRI Fe% %g@ﬁfioh%?ltﬁéds%cgrﬁ%iug- td RAjacdEMbIRS |

such as supp evl ces r accessin nmenory array. Additionally, the

| ogi ¢ r.egiqns i ncl ude ot her,types, of .devi ces, .dependin t he type of
|t o sradinelaia Bl REEgRRtmores- SR Pt R rERTPELT el el Mg Py o
vol t age devices. For exanple, the logic region may include regions for high
vol t ageibdeais wey alspdgicmpledstt age devi ces and | ow vol t age devices. O her
configurations of logic regions nmay al so be usefill. [0043] The cell region
i s sepHidiled fRigmogsbowraegisoneidml visws af amembedjingnisof 2g0oceTh20Q B ifemiing

regi ons conprise, for exanple, STlIs. Various processes can be enployed to

f or m t Hgevitelor [€Yi Rdferrinkad Fax anpd sibstidie 1631Bgirodtied. CHie sobstedt€ baconsirizg aet ch
and mask techniques to formtrenches Which are then filled with dielectric

mat er i gliSorsiBbrats, Sk hEQNNY Hleypc@dBEA GstriVEC ORIL: GRles BOLISHERY ihGMEhgCcan be

perfornmed to renove excesS oxide and provide a planar substrate top

ST LR B Ll S Sigpl e, pricr Lo or after the

es or matéerials can also be used to
formthe STls. in other enbodi nents, the isolation may be other types of
i sol at lo&ﬂ%r egifoidiowHa Fige ha‘G‘me)Weceg'I‘F%‘OﬂﬁiﬁBg%hefdgylcgiga%ﬂw& %#Bétdﬁo -
4500 A. QG her depths for the STIs may al so be useful. g00441A doped wel |
115 i sudsrsteal that thp substipte masginghide Yerzougdyses oheggionsi(RotsRewBhdicHample,
conprises dopants of a second polarity type. The depth of the doped well,

f or exdiplbstrabmayapsmchliewthet @O0 Cegion2 5HA0 arkay FRigmni idiwlgchdopadryvesilis sreoforoeher
depths may al so be useful. The doped well of the second polarity dopants is

used t ghd LB EE0AS indehidk Idgic Aot daoeed. Ti I0BR regibey fdrsxtmplehtagoped wel |
conprises a p-type doped well to formn-type devices. Alternatively, the

doped. ;\ }{ﬁek%@e%gel!oif' &&ﬁce%ns%htalg Elgpggﬂ%%c\é?f&r aE&s&ﬁé Meldehopendgvi ces The

doped we orni ed by ropriate dopants with the desired dose

o0 POuSEL R I1S0BHTLOR e TR SR e FRRSH AR b TN ey
conpri ?o?';sneg.-r tll“ﬁe ?O%E)ceggly(\)%l, Ifor %?Xmglg, may include regions for different voltage devices. For
example, the logic region may include regions for high voltage devices, medium voltage devices
and low voltage devices. Other configurations of logic regions may also be useful.
[0043] The cell region is separated from other regions by isolation regions 180. The
isolation regions comprise, for example, STIs. Various processes can be employed to form the
STI 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
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" mved by performng a chainof 3 inplants at different energies. For
exanple, a first boron OP inplant is perforned at a dose about E12 crir2 at
an energy | evel about 400 key, a second B inplant is perfornmed at a dose
about E12 em 2 at an energy |level about 150 keV and at a third B inplant is
perfornmed at a dose about P12 Crl12 at an energy |evel about 20 key. O her

t echniiisenibedimetinithryseladorimes e wiler tpay o biselatireginms oy &g denth 94 BieTHids
substrate may include other types of device regions for supporting other

t ypes mody big foromemplyrbex 8000 e 45¢hd. Oibstdeathe fordhe BAt mabealpe by peefidnd ti - type
devi ces, such as high, medium and | ow voltage p-type and n-type devi ces.

Var i oygoddjpes Aodopad tnepel 1318l finded Re thaek]] se@se Phic¥dpdetve o dmtestbodanétes.
The various wells may be forned by separate inplantation processes using

MO et R st e
, j i . i i . 04/1Ln_Fig.
b, "« Ao gel 0P sgrand s PErdinkdtbed by FRIRRh S bl ey ons

131 and 132. The burjed doped .regions copprise dopants of the first

pol ar i '¥§}! e4the scaead pelesiRpiepantstg usadyp ifQien HShRYIHRIYRMEEGHPIT 8% n-t ype
dopants to forman n-type nenory cell. The buried doped region serves as a
supp! yendfodithentgide idoped well camprissls agatype dopadieclhiontory nelerb¢ deviigesone

enbodi ment, the buried doped regions are fornmed by ion inplantation. For
xanpl eAlt@nsérl g te\dgpet el lngohprisedarai-typedivped ablbtid fotmlphtype-deBibds} Hrerdopedit an
energy of about 15- 60 keV. Form ng the buried doped regions using other
types pfj Hx@?%@tf&n% Uy RIpBRtinD 3p RAOBLSE AopRis iR dGsHEEHidte-and Q8480 the

dielectric Tayer 2537is fornmed on the surface of the substrate in the cell

e SF“P%@@Q?%G?&‘%%% ﬁﬁg’t?ﬁ%%?} @4@%@%& &%ﬁ%@%‘%ﬁeﬁﬁ%ﬁs‘%ﬂﬁ’%ﬁe&gﬁﬁ. Hfdyer, for
i . il i de. .F , iel ic |
ST orlfFiny 56 Gk rERTURER o bR FONEN By PEFRET PAD, (RE SRRBSYPERE PR an

oxi di zi ng anbi ent The thickness of the dielectric layer is funned o an

i nt er nfethed by pérfares s chapp ef 3 émplenistat didfestnt epergiget Fesgxamplog festrboser (Bor
exanpl e, about 750- 900 "C. The annealing can be, for exanple, perforned at
a t enpepddntispaforabdut a dA@BAbLE.EPhent hi akmessy lofel theutdiod ke¥t a ecohdBer nmay
be about 150 220 A. O her types of gate dielectric materials or thicknesses

may  aligplhe idisefodned FOL dE6aBPhER 1 2 e giddreen@idd] 18641 abSutMBY &eaindriey thifpr i se
ot her types of gate dielectric materials and/or be fotned by other types of

P OCeSh{ptant ?&’&J?fo?f?le& REMi&RlabYARer GePasid én%fky(lg@)about 20 keV. 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 devices, such as high,
medium and low voltage p-type and n-type devices. Various types of n-type and p-type wells are
provided for these devices. The various wells may be formed by separate implantation processes
using implant masks. P-type dopants can include boron (B), aluminum (Al), indium (In) or a
combination thereof, while n-type dopants can include phosphorus (P), arsenic (As), antimony
(Sb) or a combination thereof.

[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 type. For example, the
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[0049] The dielectric layer is patterned to forman opening 251, exposing
the substrate. Patterning of the opening nay be achi eved using mask and
etch techni ques. For exanple, a nmask, such as photoresist, my be
selectively patterned to create all opening to expose portions of the

di el ecburied dopyéregidistcoamiriso ity dpehisio famcin miypa mreeasy icele TionbwiedhlopRLE)
may be perfornmed to renove exposed portions of the dielectric layer to

exposerdoli seHRS b akgplPbhelar@afot BledoRfol geoH t8e ﬁfemwy céll. sia oae etHedimdnor
exanple, a wet etch using etchants such us BCE, |I-IF or a conbination

ther eo{he%ﬁﬂF@ ? ﬁ@h@%ﬁgarel Cﬂj %)g ?m})ﬁnﬁlﬁgﬁ’ IR ﬂléxgﬁl & 2Rk @Q% i %ﬁﬁt@@ can

al so be use r techni que ormng the op ni ng nay

usel til |n£| tch e

f or nedatlando[ts’ g%%%? S)\ﬁ;ﬁ CIRrp ) e688’;$éf 0(5 E‘f‘ggg r %pefﬁ g}c{ Onggllgn%rf)%rées%‘ld()p%done
enbodi nent, thermal silicon oxide. For exanple, e diel cit ric layer is

for nedrqggpnaumg ofer baes ghdepangs qrélﬁﬁ@mawar@et@fsra go basgselulgsg + ¢ " The
anneal ing may be perforned after the wet oxidation. The annealing can be
for exHWdSk, pedRiastredamtr 243 tiefapeed oo the wffasholihe sgotragon thegell Tegon-hinckness
of the second dielectric |ayer may be about 60 -90 A. Qther types of gate
di el ecbid @nvaiigentathe dledthic tiyoesses avtye galsdiclketricdgfeufor thotramsistorpbéthet he
gate dielectric material nay conprise other types of gate dielectric

mat eri ghs "H{Eddléléctﬁe 14 ’r’"f&deﬁ}h;ﬂ’é REfmpliYReRerRial NIIOGESSES  Fet¥kmpe, Gen cal
vapor deposition For exanple, the dielectric material may he

Y e %toﬁg%@%@z A f&@%ﬁ&ﬁhﬁ% SR
: .
ot TSR DIPTSR A il

equal to about the t hi ckness of the second dielectric Ia

[ 00521 Refnsratie @l the WEt@xidagion gar be, dor exghpipatleous 7@ +288CH %ﬁn@zhng € % ned
on die substrate over the gate dielectric layer. The first sub-gate |ayer
conpr i fesxampleppfembddi arentpergpadeys about dA00 KheTlhd thitknesstof et dicledtaciaysde

| ayer can be forned as an anorphous or non-anorphous |ayer. The first

sub- gatRy®kabsutade Y Heodepebes YagitoURldca i atgHSS ontiyckessesiplapyid beo dope
the first sub-gate electrode, for exanple, insito doping or ion

i mpl an??eltfﬁl.o OBE)Eé?iYﬂlg tﬂg%?[ggat eﬂ'ﬂfﬂatfehﬁlsrha @?ﬁg%tl@r%g 8fgatk @yIct@y al so

be use er types el ectrode nat I's may al s0 he useful. The

t hi cknes QF r.st eI ectrode | ayer % 000 A
Ot her fnﬁ? &Ifeag é’é’f“rg@f“gﬁ g%els L??pmfgssf’ tsl?{ﬁei} ehsn%¥| ?‘% & %gh%pogglogll ectrode
| ayer, techniques such as chem cal vapor deposition (CND), can be used.
Ot her (E¥Rhi ques may al so be useful. 100531lin Fig. 2e, the first sub-gate
| ayer is patterned. in one enbodinent, the first sub-gate |ayer is
pat t er {949t o fBrerdidleatye layabisgattersed rfosman pagning 26 hexposing the sebssrateond
transistors of the

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 of the dielectric layer to expose the substrate. Other patterning

techniques may also be used. For example, a wet etch using etchants such as BOE, HF or a

combination thereof can be employed. In addition, a combination of RIE and wet etch can also

be useful. Other techniques for forming the opening may also be useful.
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cell. Techni ques, such as nmask and etch, can be used. For exanple, a

phot oresi st layer is formed over the gate | ayers and patterned, exposing
portions of the first sub-gate layer. An anisotropic etch, such as a RIE,
is perfbrined to renove exposed portions of the first sub-gate |layer. To

i nprove lithographic. resolution, an anti -reflective coating (ARC) can be
provi dé85Henedisk @Weﬂpﬁl@tbtr@wsqnd dielpetric layshAiqisdernaskinplag ¢cdrmaping. tThe first
sub-gate |l ayer may al so be useful. For exanple, a hard mask nay be used to
pat t ersecdriadiélicctsit 1sube@apises ayi@ne efn®dodudjdre figrmiahglitan dxide. Bik,exbmpks thand
second doped regions 133, 134 and 136 of the first and second transistors

are fofifeéric THRr Aapased B0k RBBoLaRIREt hesBGataye dfHBbAMIONI40 ICStTHeY Pe
dopants into the substrate. In one enbodinent, the doped regions can be set

Tn:'o'nﬁ%ﬂn%ﬁt%r*ﬁe:?eet#@% fp“ﬁ L %ﬁ%ﬁ%@t*‘ﬂiﬂﬁﬁ ARe gl ?’h“e ??EE?
.
one orbBIAELE » ERBYRREp! g §8<5ﬂ1§h@@12 R P S e

dose about E13 cm at Kan energy | evel about 25 --80 key. The |an ant may be
per f ormexbeihant §0 +i90tA. TREher types aﬁgettedwé@ctwnateealsakﬁttﬁmsseaplaw sapbwut 45' .
Performng the inplant at other tilt , including performng un-tilted
i mpl antssful.eFor @tanple, thepgatadisiectre matediallmayl coniprse ottwetypks afigde digppetradevi ce,
Ph dopants nmay be inplanted. Ot her types of dopants or inplant paraneters

may alfgeRfls Us@btibe fofPed BPWher Bpe® BNBdcédséss busheRHerhiRgl Ripot 8epdkiRivhded f or
the first and second tranS| stors. [0055]In Fig. 29, an intergate dielectric

| ayer & S%Jr%&é’iﬁ@l cﬁlﬂpﬁltcl{eﬁraﬁmagbgnitﬁ r&é&@otﬁsgb%&&é c layer covers

the fi ub gate strate suc S t e gate el ectric layer 150.

In on odi er ate i Iectr.ic a dielectric
st ack 1008Hn éaw%%geﬁ%% Bl B By tlﬂ%’rfa verthedidtestric 1ayer
dlelectrlc and dlelectrlc st acks may eC]\lOstack

conpr i 88s, Theskelgstapfyers fambS%thS'#ﬁl‘%ﬁH‘l%i tayreay‘é)rorathﬁ ﬁtrlftca@f Ithe, BPstEet 4 t op

oxi de Iayer Vari ous techni ques nmay be enpl oyed to the dielectric stack.
For exanpiliag wihéowilf? exrfermed antbe Sirstransistorlieglosovhicle has atkckiress egualftor ned by
| aPCVD. Ot her techniques may al so be useful. Such techniques, for exanple,

may heabdesite ikiekheshoftbaeetone didiactiid lagek. US Pat ent Appl i cation Nunber
12/ 888,434, titled "Dielectric Stacks" (Attorney Docket Nunmber CSlIvl P 2010

Blﬁer (2)2[32&]0) , RMUrGRg IFig] I8 ad%sRbSale d18GRIIBRIRE 8h R¥foFSdds£MeE Subs@ateal |

over the gate dielectric layer. The first sub-gate layer comprises, in one embodiment,
polysilicon. The first sub-gate electrode layer can be formed as an amorphous or non-amorphous
layer. The first sub-gate electrode may be doped. Various techniques may be employed to dope
the first sub-gate electrode, for example, insitu doping or ion implantation. Providing an
undoped first sub-gate electrode layer may also be useful. Other types of gate electrode
materials may also be useful. The thickness of the first sub-gate electrode layer may be about
800 — 3000 A. Other thicknesses may also be useful. To form the first sub-gate electrode layer,
techniques such as chemical vapor deposition (CVD), can be used. Other techniques may also
be useful.

[0053] In Fig. 2e, the first sub-gate layer is patterned. In one embodiment, the first sub-gate

layer is patterned to form first sub-gates 127 and 147 of the first and second transistors of the
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100561. A second sub-gate el ectrode |ayer 222 is deposited on the substrate,
covering the intergate dielectric |ayer. The second sub-gate |ayer, in one
enbodi ment, conprises polysilicon. The second sub-gate el ectrode | ayer can
be fornmed as an anorphous or non-anorphous | ayer. The second sub-gate

el ect r o Talrikuesasudheasdogkdind retohnckoedisedt Rarexaypls a photgatsst lyeras r ode
materials are al so useful. The thickness of the second sub-gate el ectrode

layer fotmell f@{'eﬁ}i@ b aye ARt paftO ed, 2R BOsiAe ?Qtihﬁé’ oft thé Gk @tﬂﬁ%@ce ddyer.ahfo

useful, To fowk th.e second sub-gate electrode layer, techniques, such as
ser ul MipiBRS] R b RIS S BhtorfRl  Rrb g IFnl RO RR B Zaf® £
ooy G 10 #aeo s Bhprab e b iane SUbrgsr b yars WRCT el gardaes’ 11e

dielectric layer are patterned to formfirst and second gates of the first
and sebewathithaploteresis Othgr salnigyas don patisming Hs tugsybgatedpyeg My aiodlss ar ound
the first sub-gate. The ampunt that the second sub-gates wap around the
first sssfulgdioeexmypldependmask triag bdiusedioqattBngbe Bt sub-gate laytpr ove j unction
br eakdown performance. The di stance D, for exanple, may be about 0.1 - 0.2
um O [oes4yal Radertihg B Fivy 28166 ahé seal doped@pioax aBRI184 ahdié36lbbtharties abd
depends on the desired bitline junction breakdown perfornmance. Techni ques,

such ag BR$ K AddoRbfdforfiad Phe 85RM rEQod Kb mitiialy gtk @i‘fiﬁ}g)e': ®Ipants

exanpl e, a photoresist layer is knittied over the gate | ayers and patterned,
exposin orti f aye |- r ORI such
e o RTES AR aRe oy B o a B e B v P AR AT PR s
layer. To inprqve |ithographic resolution, an anti-reflective coatihg (ARC
cah beBFOUIHEY SRR Eh I RSB h B eSS TEY: e It EPHORG e 11 r st
second-gate | ayer may al so be useful. For exanple, a. hard mask may be used
to pat i #anandHd6s etdedirsiapd gegond|daped regiong o6 e THet ave seend E@BFSOHAES to form
t he device. For exanple, the additional processing can include renoving of
t he magdmledy &r orsnsintidiémeiitethe dirstisabipagtems asnfdrrhet iy g implanttiogat #dssedewal |
spacers 156. The gate side all spacers, for exanple, conprise nitride.

Q her bR E19tmSRAGE endrRY BviePAtHulBY —30Xe Ve HdS@ibliht miQ bé Befforiicdavid 4 tilt
spacers, a spacer dielectric layer is deposited on the substrate. The

spacer ETéié‘.an?e?tilft 9&@‘@% %ﬁyﬁ%}é@@j g ABeha paffomﬁﬂghleqﬁ%pin@wh&nﬁ@nced

chem cal” vapor depositro er techniques to formthe spacer

dielectric layer may.al so be.useful.. The s er dielectric,layer is
subs eqUREIET YChHiGre pE 1 iR Cinmlen (fey S b ipaao HealssitlBih 68 2688 a
portions, |eaving non-horizontal portions on the sidewalls as the spacers.
i n oneNdWSHAVIRENE D denqatsiaay bs whplanted oDESE fpgs af @wap'ﬁ@r {Rlantnargpgies may
contacts such as Co-silieide, Wsilicide, Ni-sihcide ot a conbination
t her eofilsabe ufefulness bawnhecegumpa diestsiopediesgipnds proaidedifor thh érgamd pesghdns and
the stn-face of the gate electrode. O her materials of suicide contacts nmay
al so bgansedél) . The suicide contacts nay al so be forned in other parts of
t he devi ce. 100591The process further continues to formthe second
sub- pogggseps ah FOPEdad Reirone dRiectiElaléraBdiiS tRmed of M2 duBiteite. Bin&RpIt@Ct S
to the termnals of the cell. Additional processes may include form ng of
one or ] r t | fl SLVv.at o - y,and
packagt ey R oCORR B B e I RRRS LR Ml ool BECARRETIILETE
such as | ow vpl t age, .nedi .vol tage and hi.gh voltage 1/.0 device n be
F or med OpF FBPOQTEIeFo PG EafreiF IAE P Lteh EUPPHS @ HSIETHE R th 3 n i Ope
formed as a nmenory device or enbedded into a part of |CGCs.

stack. Other types of intergate dielectric 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.
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100601The invention nmay be enbodied in other specific fornms w thout
departing spirit or essential characteristics thereof The foregoing

enbodi ments, therefore, are to be considered all respects illustrative
rather than Iimting the invention described herein. Scope of the invention
is thus indicated by the appended clains, rather than by the foregoing
descr i prehdechnigigs, 401 exepmpie, ey berdgpcriisgan ﬁmqunﬁntﬂshﬁle#é%f!ﬁgntaﬁwlwatﬁgb of

equi val ency of the clains are intended to be enbraced therein. Wat is

cl ai medumber 12/898M3 41 tikeddikledirefStidoet [Angney Devkat &votrepgSM P 2010 Ng¥Io%9 di ng
a substrate prepared with a cell area separated by other active areas by

i sol atij9u), vaatoRIrchdf Warsid ihdorsdrad By sefeinde GrtadHudfoséd. r st and second
transistors in the cell area, wherein the first gate includes first and

seoondanly ocle agPRIgLAC Bl Nangnle & ol stk Lausig e |

: ﬁt ];Ir rgiggeégaag%j g@gegﬁ"%ﬂg}g#gyg? :[sg'c%ng fsu‘tE-Ea?te ?z?y%(r),qg ofld Ear%bg ir%eﬁg lerngltisee% p%}/ysﬁicgr?.cond
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
layer and intergate dielectric layer are patterned to form first and second gates of the first and
second transistors. In one embodiment, the second sub-gate wraps around the first sub-gate.
The amount that the second sub-gates wrap around the first sub-gate may depend on the distance
D selected to improve junction breakdown performance. The distance D, for example, may be
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 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.
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formng first d second junctions of the first and second transistors;
formng a first gate termnal coupled to the second sub-gate of the first
transi stor; and form ng a second gate term nal coupled to at | east
the first sub-gate of the second transistor_ The nmethod of claim!]

conpr i p@ss] f orMhepgodsd tomsinuesetblfoine theideaice c Bupbxathpl @ tlidwlditionst prpooessing om of
the first transistor; and formng a second cell termnal coupled to the

first jenebiQ@Rowh Bhﬁe?&féﬁ et Bk %ﬁél’éotrlc?'l };&@ B AN O6f 16k ghtdlsklcWaRT €i n:
the first transistor serves ‘as a control t he second transi stor serves

as a s eﬂa@&rtsl 6 She gﬁg sREGaNd ag:?}s fo&%&éﬂlﬁﬂ%l ozﬁr}gsgéltﬂﬁ anileH}Jipggﬂf gersecond

gatet rmnal Serves as a

For m nEEasOSE RO LBt PR B B Rot g CesHHE %?%f%ta%g?%ﬁ%ﬁ Ry, °°

The et hod of claimI| wherein;
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 are 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.
[0059] The process further continues to form the second sub-portions of doped regions of the
transistors, PMD layer, and contacts to the terminals of the cell. Additional processes may
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 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.
[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
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the first transistor serves as a control gate; the second transistor se /es
as a select gate; a second cell term nal coupled to the second transistor
serves as a bitline; and the second gate term nal serves as a wordiine. 6.
The nethod of claiml wherein formng the first and second gates conpri ses:
formng a first sub-gate |ayer on the substrate; patterning the first

sub- gai%ecnmly)er andcpllf changdsithaicomghvigur g raeaningearid rege frpguivaksndgbibes:

formng a common intergate dielectric |ayer on the substrate covering the
first chilsgsat i@aendéde wommoacadttbergat e di el ectric | ayer serves as the first
and second intergate dielectric |layers of the first and second gates;
feinting a second sub-gate |ayer on the substrate over the commobn intergate
dielectric layer; and patterning the second sub-gate layer to form
first and second gates, Wierein the second sub-gates of the first and
second gates wap around the first sub-gates of the first and second gates.
7. The nethod of claim6 wherein: the first and second junctions of
the first and second transistors include a heavily doped portion and a
lightly doped extension portion extending fromthe first gate to the second
gate; and
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conprises formng the lightly doped extension portion ofs and second
junctions after formng the first sub-gates of the first and second gates,
and formng the heavily doped portion of the first and second junctions
after formng the second sub-gates of the first and second gates, S.The

net hodwoiht glchiim@d waer ei n wr appi ng t he second sub-gate around the -first
sub-gate of the second gate increases the distance from an edge of the
first sub-gate to the heavily doped portion of the first junction to reduce
junction | eakage. The met hod of claim®6 wherein patterning the second
sub-gate layer also forns gates of eghgf d ransistors in the device. 10.The
nmet hod of claim 1 conprises formng a gate dielectric |ayer on the
substrfte pri or t(f%%%rm n%a&he first. sub-gate | ayer, wherein the gate

di el ectric fdydho e LV TIMPRY ™8 ndow under the first sub-gate of
the first gate. The nethod of claim 10 wherein fo. ming the gate dielectric
| ayer conprPeEsling psubshge Rraperediwigna eclhires sparated Pagther asH Ve HEayBsispiztian
patterning the first gate dielectric layer to form an openi ng correspondi ng
t o t heregiomsel i ng wi ndow; and
forming first and second gates of first and second transistors in the cell area, wherein
the first gate includes first and second sub-gates 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.

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

the second cell terminal serves as a bitline; and
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form ng a second gate dielectric layer over the first gate dielectric |ayer
and covering the opening to formthe tunneling wi ndow. 12. The nethod of
claim1 | wherein the second gate dielectric |ayer also serves as gate
dielectric layer of other transistors in the device. The net hod of
claim1l wherein the intergate dielectric layer conprises an

oxi de- ni t r ithessconid gaie tastninal servestyset weadhioel of claim | wherein the first
intergate dielectric layer conprises multiple dielectric layers. 15. The
met hod of claim 1l wherein the second gate termnal is coupled to the first
and second sub-gates of the second gate. 16. The nethod of claim 1l wherein

the second PatBeth&d HT Ok | VheRuPToRshidOtht Beohl fsictishdoat Erdhnd iRosECONd
gate while the second sub-gate of the second gate is floated. 17. A device

conpri.si ng; . : ' [ . [ ed in
seri esfi,%n erern Efrhsgs fol(l:;lrngl%g1 %%ddﬂlg 8{%::3)%1%59 ?"gﬁg ?Igtg g{rhg %%%B isg(}ooglg zﬁﬁ%gttg %/\S/éen first
and second cell termnals, wherein the first transistor includes a
first gate with first and second sub-gates separated by a first intergate
dielectric |ayer

5. The method of claim 1 wherein:

the first transistor serves as a control gate;
the second transistor serves as a select gate;
a second cell terminal coupled to the second 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 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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the second transistor includes a second gate with first and second
sub-gates separated by a second intergate dielectric |ayer, the second
sub-gate surrounds the first sub-gate of the second transistor, and a first
gate term .nal coupled to the second sub-gate of the first gate; and a

second gat etHegTHEt dhdlse€dFhRtioh® ofthe lfiestagd sédoad tiansistosuhclgdd €haifvily depgiecond
gate. The device of claiml 7 wh the first transistor serves as a control

gat e; 24;1% ﬁ%ﬁ&)Qg]gggﬁ‘?%%eﬁte&hnﬁ%hé?ﬁuﬁ%x?en% m G frst $4AE104BE SRAnE Bhtk;

termn 'S cou unction t he second transi stor n serves as a
bitline;, and the second gate term nal serves as a wordline. 19. The device
of cl a?‘?‘fji 17 coS. a first gate dielectric layer below the first gate,
wherein the first gate dielectric layer includes a tunnelingw ndow under
the first stHY'RfA¥€ of the first gate; and a second gate dielectric |ayer

bel ow t he second gate.
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.

8. The method of claim 7 wherein wrapping the second sub-gate around the first sub-gate of
the second gate increases the distance from an edge of the first sub-gate to the heavily doped

portion of the first junction to reduce junction leakage.

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 comprises forming a gate dielectric layer on the substrate prior to
forming the first sub-gate layer, wherein the gate dielectric layer includes a tunneling window

under the first sub-gate of the first gate.

11.  The method of claim 10 wherein forming the gate dielectric layer comprises:
forming a first gate dielectric layer on the substrate;
patterning the first gate dielectric layer to form an opening cotresponding to the tunneling

window; and
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20. The device of claim 17 wherein the first intergate dielectric |ayer
conprises nmultiple dielectric layers. 21. The device of 17 wherein providing
t he second sub-gate which surrounds die first sub-gate in the second gate

i ncreases the distance froman edge of the first sub-gate to a heavily
doped p('unction of the second transistor to inprove juon breakdown of the
ction due tforthingh seedndggesdiclestsicdmtr ouer-thatiess gaff didiectidolagerpndecoverpg thihe
device of claim 17 wherein the second gate termnal is coupled to the first
sub- gafpeniaf tb fiensthe onchetiag @intloinl. e t he second sub-gate of the second gate is
floated. 24. A device conprising: a cell having first and second

transi stors, wherein: the first transistor includes a first gate
between first and second junctions of th.e first transistor, the first gate

conpri €S f"f“}{esrhetﬁg&l oP Q&R fll Wﬁgfe%’l&x%%e&;ndtgg% (fi.éléét}ic gc%ﬁe? also serves as gate

dielectric layer of other transistors in the device.

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

oxide stack.

14.  The method of claim 1 wherein the first intergate dielectric layer comprises multiple

dielectric layers.

15.  The method of claim 1 wherein the second gate terminal is coupled to the first and

second sub-gates of the second gate.

16.  The method 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.

17. 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,
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a first intergate dielectric |layer separating the first and second
sub-gates of the first gate, and first gate dielectric |ayer
separating the first sub-gate of the first gate fromthe substrate,
the second transistor includes a second gate between first and second

junctions of theyzee@id thdndiek slcides hREcon8 GaRkdvidpfift SIREb RS ub-gates  first
and second sub-gates of the second gate, wherein the second sub-gate

surrounds t fntea(lt:{drsl{,)& 2 %ga%bgdl;n%erggtetd ec%ﬁ“&ﬁgg' ﬁfe%@é(jnﬁ&%-’ ate syrroufdsYBE ARd

i ntergate di yer separating t first and second sub-gates of the
second gate cond 9%@ dielectric |ayer separating the
f

, .and a
firstsub- gatW-&fe Pﬁ@e%‘i‘%’ﬁgmaﬁff@ m the substrate, and wherein the

second junctions of the first and seeon.d transistors e coupled; first
cel | terni nafirsgatsiteaning coppled iq b seqond sub-gatedf thefgsk gaigandr ansi stor; a
second cell termnal coupled to the first junction of the second
t ransi st or ; a aedond gategartendleonpladito eblgpitdlt it subegateehe sepgbd gatice of t he
first transistor; and
18.  The device of claim 17 wherein:

the first transistor serves as a control gate;

the second transistor serves as a select gate;

the second cell terminal is coupled to a first junction of the second transistor and serves

as a bitline; and

the second gate terminal serves as a wordline.

19.  The device of claim 17 comprises:
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.

20.  The device of claim 17 wherein the first intergate dielectric layer comprises multiple

dielectric layers.

21.  The device of claim 17 wherein providing the second sub-gate which 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.
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a second gate termnal coupled to at least the first sub-gate of the second
transi stor. 25.The device of claim?24 wherein the second gate termnal is
coupled to the first and second sub-gates of the second gate.

22.  The device of claim 17 wherein the second gate terminal is coupled to the first and

second sub-gates of the second gate.

23.  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.
24. 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 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 comprises
first and second sub-gates of the second gate, wherein the
second sub-gate surrounds the first sub-gate of the second
transistor,
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, and
wherein the second junctions of the first and second transistors are

coupled;
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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 the second sub-gate of the first transistor; and

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

25.  The device of claim 24 wherein the second gate terminal is coupled to the first and

second sub-gates of the second gate.
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