RI D TRANSI STOR BACKGROUN D WN'])tnenory (WM has been wi dely used as
conputer nenory that can storec informationis no power supply. Exanples of
non-vol atile nenory include read-only nmenory, flash nmenory, and nost types
of magnetic conputer storage devices. Programming in NVMis achi eved by
applying a positive programm ng voltage to the drain region and connecting
the source region to ground, thereby charging the floating gate (FO via
channel hot electron (CHE) injection fromthe drain region. Therefore, the
hot carrier injection efficiency determ nes the program speed of the nenory
device. [0002] To achot carrier igygabiGdisBhr! ateral and vertica

electric fields are desired to cause inpact ionization and attract

el ectrons to the gate respectivel yBatRpaOUNDONI zation is a phenonmenon where
an energetic charge carrier |oses energy by the creation of other charge
carriers. | [po@art iNodlvaktle mBm6&:@ (N CMNBHY Gécd bdelyaRedals eglipu@Améoery hal@) wi t h
enough kinetic energy can transfer its energy to an electron in the val ence
band, and pramohestdr¢d ibforntakien eyendleenttheans irapeaier dupmic eExgmplat af ngp-entptile

el ectron-hole pair. However, in a conventional netal-oxi desem conductor

fi el d- ef f ecremeramsiude rerd-quivOBRETY) flfshmeaerngsid @osiitpenolinencya cunpysT Yege i s

i ncreased, the vertical electric field increases whereas the |ateral

el ectric Fi ®ifes Ereraganag in Ny Myis pehicyed by applang opesifes pressarnaias VU@es f%ect i on

efficienc 003 mthe fore 0|n di scussion, it js_understoo hat
Chal | engoy’ LR ERn g EeB TS B BT B BT PRt bR AP oE BHE o Ch 1 ow

pOV\Br f or a.Vlg !:};[arsu'%el E)Ot (%)19 O%I‘Hg 11} CCH-([))II m t%\el hr%l% r?glﬁ)y%%%orlz qg)eono} br I d

transistor I'S ansi's ate so i ncl udes

first mJectlon efficiency determines the program speed of the memory device.

[0002] To achieve efficient hot carrier injection, high lateral and vertical electric fields are
desired to cause impact ionization and attract electrons to the gate respectively. Impact
ionization is a phenomenon where an energetic charge carrier loses energy by the creation of
other charge carriers. In particular, in semiconductors, an electron (or hole) with enough kinetic
energy can transfer its energy to an electron in the valence band, and promote it to the
conduction band, hence creating an electron-hole pair. However, in a conventional metal-oxide-
semiconductor field-effect transistor (MOSFET) for example, when the gate voltage is increased,
the vertical electric field increases whereas the lateral electric field decreases. As a result, the
MOS device has low injection efficiency.
[0003] From the foregoing discussion, it is understood that challenges exist to achieve high
hot carrier injection efficiency with low power for a fast programming memory device.
SUMMARY
[0004] A hybrid transistor is presented. The transistor comprises a gate. It also includes first
and second current paths through the gate. The first current path serves a first purpose and the
second current path serves a second purpose. The current paths are selected by providing an

appropriate signal at the gate.



and second current paths through the gate. The first current path serves a
first purpose and the second current path serves a second purpose. The
current paths are selected by providing an appropriate signal at the gate.
| 00051A nethod of formng a device is also disclosed. The nethod incl udes
providing a substrate having an active area. A gate is forned on the
substrate. First and second current paths through the gate are formed. The
first current path serves a first purpose and the second current path
serves a second purpose. The gate controls selection of the current paths.

[ 0006] I N yefoogy}ot NeheRIRPHARRE devite 1D AL 10k f Bl MeMgd ARUEHpRYAE§D Circuit
is also presented The nethod 1 ncludes providing a substrate having an

active ar easubfra@dh@ind & ofOeRE QBatk BEormbtbDSH thedubstratkl Fisst andRetosB@ARM Current
pat hs through the gate are also formed. The first current path serves a
first purpogshsaircligh e gse ae fidmed rThe fitst ath pak seres a Arssygoschndthe p@sel. The gate
controls selection of the current paths. [ W\ These and ot her objects, along
Wi t h advant ages pathgerfes ategpeipugbset e preaswnts selhstonbf thecuhrent giths. di scl osed,

w || becone apparent through reference to the :follow ng description and

t he acconpal¥¥oig dr zhpregsr enphgdipiaesy aupeteod of formige pintygrateheleriss 6@ t hat t he
features of the various enbodi nents descri bed herein are not nutually

excl usi ve aPferciigh Togmethod iclydes praviding oSt YRGsANAAYYe B nd 84t IS 67eed BRI EF

gencral 1y 18T MR G AR SRR B UEE el AP R0 BOER Al S0, € he

rand 195 21 GuRoa iSRS SRR b8 on FUBURSLR k151 20 GEASL Aot 10

pl aced upon’i rating priniitples o nvent1on ol I owi ng

description, ¥ g;e%g,ﬁn%mgg& §s0f the present anion are escribed with
reference to the tollowng draw ngs, in which:

[0007] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] 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:
[0009] Fig. 1 shows an embodiment of a circuit schematic diagram of a memory cell;
[0010] Figs. 2a-b show cross-sectional and top views of an embodiment of a device;
[0011] Figs. 3a-b show cross-sectional and top views of another embodiment of a device;
[0012] Figs. 4a-f show cross-sectional and top views of an embodiment of a process for

forming a device; and



[0009. 1Fig. | shows an enbodinent of a circuit schematic diagramof a
menory cell; WNFigs. 2a-b show cross-sectional and top views of an

enbodi ment of a device; [0011] Figs. 3a-b show cross-sectional and top views
of anot her enbodi ment of a device; [0012]Figs. 4a-f show cross-sectional
and top views of an enbodi nent of a process for formng a device; and
P911131Fi gs. 5a-g show anot her enbodi nent of a process for formi DETM] ED
DESCRI PTI ON 1100141Enbodi ments generally relate to sem conduct or devi ces.
More particularly, some enbodinments relate to nenory devices, such as

non- vol ati | ﬁﬂmmrFYgs.(Sly—\élsXQw HRME CEdodimbit B Jﬁggegs*o#&w&fgea%eviéeor exanpl e, can
be i ncorporated i nto standal one nenory devi ces, such as |I1SB or other types
of portable storage units, or I#S;AIskS BESSRIPFTONECONtrOl |l ers or system on
chips (SoCs). The devices or ICs can be incorporated into or used wth, for
exanpl e, copsusrer BaibedtdNicterfllyQelbte toSemistidbict@Sie GQEPMbER haticudely/sopbiones a i d
personal digital assistants (PDAs). [0015]Fig. 1 shows a circuit: schematic
di agr am of anthyibentsretarean siembd devld®d suchhendnrvahsle stempry (F8M3 toweas. Suges a ho
carrier injection mechanism For exanple, the transistor conprises a

fl oati ng gamemdry davees fop pxamiptehcan bhiotorrosatadiietp stmviplenst emprnderiaesniusings The
floating gate, in one enbodi ment, conprises a conductive floating gate.

O her t ypesUSHt orqthehypes10bpastable plemgedigity oxlh istchgamracpraigigrsar systempgye gt so be
used. The transistor, for_exanp forns a NVILM nenor: ell. rErtipl oyi ng

. . e, ) | ,
the transi sttt B dtiffser Kpptn AP BIatp CAPEE YH fersaipe, consume

electronic products, such as computers, cell phones, and personal digital assistants (PDAs).

[0015]  Fig. 1 shows a circuit schematic diagram of a hybrid transistor 101. The transistor, as
shown, uses a hot carrier injection mechanism. For example, the transistor comprises a floating
gate transistor with a hot carrier injection mechanism. The floating gate, in one embodiment,
comprises a conductive floating gate. Other types of transistors, such as a split gate transistor,
may also be used. The transistor, for example, forms a NVM memory cell. Employing the
transistor for other applications may also be useful.

[0016] The transistor comprises a gate 120. As shown, the gate comprises first and second
sub-gates 124 and 128. For example, the first sub-gate 124 serves as a control gate and the
second sub-gate 128 serves as a floating gate. Adjacent to a first side of the gate are first and
second source regions 121a-b; adjacent to a second side of the gate is a drain 122. In one
embodiment, an ionization region 111 is disposed between the second source region and the
gate. First and second terminals S1 and S2 are coupled to first and second source regions while a
third terminal D is coupled to the drain and a fourth terminal G is coupled to the gate. The first
terminal S1 is a first source terminal, the second terminal S2 is a second source terminal, the
third terminal D is a drain terminal and the fourth terminal G is a gate terminal, forming a four-

terminal transistor.



[ O{H6] The transistor conprises a gate 120. As shown, the gate conprises
first and second sub-gates (24 and 128. For C2tarn}310, the first sub-gate
124 serves as a control gate and the second sub-gate 128 serves as a
floating gate. Adjacent to a first side of the gate are first and second
source regions 121a-b; adjacent to a second side of the gate is a drain
122. I n one enbodi nent, an ionization region 111 is disposed between the
second source region end the gate. First and second termnals SI and 52 are
coupled to first and second source regions while a third termnal Dis

coupl ed t o fOB ]g{ % Qteﬂlgtg{e%mfbaﬁ%énﬁ tﬁeq{aﬁgislﬂﬁImaﬁniclﬁ%ecfﬁHQL@QCJnQ n&ntt%m%ﬂ e. The

first termna is a rst source termnal, the second termnal 52 is a
second sour g&nd 81 fHa®d!on el obdVidets the bR BomlR five teBminslidhsiiok.eTHN fiucand t he
fourth terminal Gis a gate termnal, formng a four-termnal transistor.
F6017] 1 n al §{ grenahinvareahedi nent, the transistor may include first and
second non-comon drains D1 and D2 on the second side of the gate to froma
five term n@b18]r ansfirsitcofrent gdth 84 [y fochiea eésough the ¥t doericenendhal tgnansi tsd doain [ NIVA
first current path 104 is formed through the first source termnal, gate
and the dr atemnitagwhilerveskcondhfurentpat d 6oin broes threwgh thyesedvnd @8rce rfiigalraad abdhr ough

t he second source termnal, gate and the drain termnal, Selection of the
current pathedeigieriiaalg Splpctigeef thi qupent pashs canberpphieved Fip fSFicrPlenePPBr opri at e
signal to the gate termnal, The current paths can serve different purposes
to enhance PerRPEPHEmtiEnal tpfespe CEpBYdThreHTent PR off °8F JEGRRENPOsalh i ncl udes

fi t b- i st 1Q2 h { eff t .a, fi It L. i st
Cai | or ed"{ GPRERFRPEPessl 5 SBbaer G TBuesiy Rurrby S e ides &
second sub- f(fZanrﬁllaés tthg e[,ffeltoo%lg ﬁ?s[ t heat§ %11&(?1' tﬁ{())f'eﬁ %r tl%ffir Erg&g Bgl tl]ieysgc%n& &l?l'glﬁ
ond purpo<e. The sub-t B

i stor
tailored for the sec ransis ave a conmmon gate.
The current , BAh fstes { QLon@XH P GstorG05d & SR oflh fLEUSRE BRSSP hs of the

menory cell. In one embodinent, one of the current: paths is used for
progr anm ngof ME saBARLN ok eIThe sub HeMisREs el stcoMBloREate 'MAS td@ndads, ke ot her
current path i.s used for reading the nenory cell. For exanple, the first

current patdaGas cheespmach diffdrent aaeks pghswi the éeinbi® cale Ao Btk embbdi@eM:, opadth can be
used for programm ng. [0019] 1 n one enhodinient, the first sub-trarsistor
conpri ses othe hasntiphds is fifed €dir pogramminzalreshestoqr celavihrag wsitngra eragugchnd thai n
conprising dopants of the sanme polarity type., such as a netal oxide

sem conduct @her (wies)pathriayysd fot wadingritk mimorges ohet exaniple; tha fisst arent pelbegdbE ses an

i mpact i.CEl zation transiator (1l-transistor), such as an inpact ionization
MOS (| - MOS) use¢ fapssrditeoyhilp g isergnisgtient eatixeed belpsat 19T B8EPRMEENng dopants of the
opposite polarity types, For exa the first sup-tra sis{or conpri ses

. mple, th
n- doped souf€@land’ e gmpodimg- firdi ﬁg"t’faﬁ%slt‘gémesé’ﬁ asglie et 8 YFPEE T npt i se a
G000 Sol e, LSO A SR R i SO SRR L

such as pdopéds &8 S stub-transi stor and an

n-doped so usreﬁlﬁ:otqa%gci)ro(ﬂlr(ggg gﬁ@g@g ﬁlq tl%rsgcioﬁ'd Jugagriar%[ltoi 9Jmp§lpe§ at? 1%&)9(9 %nization

sub-transi stor, are a

transistor (I-transistor), such as an impact ionization MOS (I-MOS) transistor having source and
drain comprising dopants of the opposite polarity types. For example, the first sub-transistor
comprises n-doped source and drain regions and the second sub-transistor comprise a p-doped
source region and an n-doped drain region. Other configurations, such as p-doped source and
drain regions for the first sub-transistor and an n-doped source region and p-doped drain region

for the second sub-transistor, are also useful.



VWA Thel -tram stor is essentially a P-1-N diode conprising an EntnnsEc
region (Tregion) 111 between the P and N doped regions, The intrinsic
region is disposed, for exanple, adjacent to the source and gate of the

| -MOS transistor, During programrming, a strong lateral electric field is
generated in the intrinsic region by reverse biasing the diode part to

achi eve strong inpact ionization. The lateral electric field can be further
i ncreased by applying a polarization on the gate (ri > 0, V7 < 0), pushing
the I-transistor into aval anche breakdown node. As a result, high density
of hot carr [06f0§ C%e p&angi%lelg @sgglquy%ﬁ’-ﬂll Mioh&ohlgﬁsiﬂgrhh ﬁﬂtﬁlﬁfc?eg{o%gi—lg@oxgue to the

strong inpact i1onization and sharp sub-threshold sl ope of the I-transistor.

I'n addi tiong1@beednd MghdsedobedtRbdsf YidGridYAtARCh eisRfdie6t exahfIg alj@dencar ri er
injection efficiency is greatly enhanced. This increases programm ng speed.

[ 0021] Var i otdShe\sOlrtc@e gatasrencappbs echsiktor. tdeng gbgrhhi@ing, aStrong$dsrallleanid C. A
transistor is off when V& VT and on when VG > VT. in the programm ng node,
bot h t he fi figdisaadrage dohdintringnspist oy Bvense Hlatingbe divdetpah edicldevesirange VG > VT.
However, for the first transistor, there is no current flowin the channel
due to the pwecsivnizalos. dhe lyonlelesoifigld canid fetthar ipcreapadibpi gppiies apgl¥ezation t he

ot her hand, in the reading node, the first transistor is swtched on and

t he second ¢rtBhestesVopr 0 ¥s2 s\ Pething thef ransiso 24 ayalpiche breasdavennashoiNs? an

enbodi nent of voltages at the different termnals for. differnt operating
nodes of t WES'H ‘I“i%*b‘i%%l“b" hg @W“’:‘“@PH%%““W}F“[ RS S NP E R S}E’é‘r B for

S/IOI I :I’g:gt Oggﬂgaﬁnipgcq iorrg%g%% 'ande%abrlp gub:-l'thr-e§h-ol-d|\s/9)gee on}%%-trlzﬂscl)sgorr.afp ay(ﬂ!i(;n?'g{l%% t'l:Tg ase
self-amplifying avalanche effect, the hot carrier injection efficiency is greatly enhanced. This
increases programming speed.

[0021] Various voltages are applied to the terminals S1, S2, D and G. A transistor is off
when Vg < Vr and on when Vg > V1. In the programming mode, both the first and second
transistors might be switched on since Vg > V1. However, for the first transistor, there is no
current flow in the channel due to the potentials of both source and drain being the same. On the
other hand, in the reading mode, the first transistor is switched on and the second transistor is
switched off.

[0022] Table 1 below shows an embodiment of voltages at the different terminals for

different operating modes of the memory cell. Other voltages may also be useful for different

operating modes.

Table 1
ode Program Voltages | Erase Voltages | Read Voltages
Terminals
Vs -5 0 0
Vsi 1 0 0
Vp 1 0 1
Vg 9 14 1.2




cad Vol t ages 1: 00231As descri bed, the nenory cell conprises a hybrid
transi stor, Programm ng or erasing is achieved using one of the

sub-transi stors while reading is achieved using the other transistor. In
one enbodi nent, programm ng or erasing is achieved using the second
sub-transistor and reading is achieved using the first sub-transistor.

[ 0024] I n accordance with one enbodi nent, programm ng entails witing a 1 to
the nenory cell; erasing entails witing a 0 to the nenory cell.

Al ternatively, programm ng can be wilting a O to the menory cell while

erasing i fofgsa LQedaRORENorf ShlcomPUE! YR AULANTERGABLAST N0, the

(3]
second sub-transistor is on and e first sub-transistor is off.

program f Ogra@saiRhi€ved dingdlork ¥PBe ABIMANsEEM il rdalifs RadievROSInk k@ eaLE Vol t age
attracts the hot el ectrons generated by inpact ionization in the |-region

and the negadnkivter. gabiR eBbdid@€ ptogta@@RieSor brAPRCE achRMdZisihg BB sdcsrid@ui-he foal i ng

gate. Due to inpact ionization, increased programm ng speed is achieved.
transistor and reading is achieved using the first sub-transistor.
[0024] In accordance with one embodiment, programming entails writing a 1 to the memory
cell; erasing entails writing a O to the memory cell. Alternatively, programming can be writing a
0 to the memory cell while erasing writes a 1 to the memory cell. During programming or
erasing, the second sub-transistor is on and the first sub-transistor is off. To program, for
example, an n-type memory cell, the high positive gate voltage attracts the hot electrons
generated by impact ionization in the I-region and the negative gate voltage triggers impact
ionization into the floating gate. Due to impact ionization, increased programming speed is
achieved.
[0025] During reading, since the gate voltage is higher than the gate threshold voltage of the
first sub-transistor, the first sub-transistor is switched on. On the other hand, the gate voltage is
lower than the threshold voltage of the second sub-transistor (I-transistor), causing it to be
switched off. The drain current of the first sub-transistor is the read current to indicate whether
there is charge stored in the gate, corresponding to either a 1 or a O stored. As such, no impact
ionization occurs in the memory cell while reading. This reduces read disturb and improves
reliability of the memory cell. On the other hand, during programming, the second sub-transistor
is used, which increases programming speed.
[0026] A plurality of memory cells may be interconnected to form an array. For example,
the memory cells may be interconnected by wordlines in a first direction and bitlines in a second
direction. In one embodiment, a drain of a memory cell is coupled to a bitline of the array and

the control gate is coupled to a wordline. The first source is coupled to a read line and the

second source is coupled to a program line.



[ 9025] During reading, since the gate voltage is higher than the gate
threshol d voltage of the first sub-transistor, the first sub-transistor is
switched on. On the other hand, the gate voltage is |lower than the

t hreshol d voltage of the second sub-transistor (l-transistor), causing it
to be swtched off. The drain current of the first sub-transistor is the
read current to indicate whether there is charge stored in the gate,
corresponding to either a | or a O stored. As such, no inpact ionization
occurs in the EIIefeer Cell while reading. This reduces read disturb and

| nproves r eiﬂh?ﬁ il I S}lé‘ﬁ(jl‘g& rgpclil}{na?ﬁrd togllletwﬂ %f 291t Bduﬂ@r{? gf a ﬂ%ﬂfoh BEb of a

programi ng, the s con transistor I's used I ncreases progranm ng
speed. [002@),Rc PrHtpbAbA do¥npAles gﬁmayra&ﬁl& S01MRYh R@nd a&heLRRect ehet 0 font an
array. For exanple, the menmory cells may be interconnected by wordlirtes in
a first dirgedsis@Borndedbithd d2¢iSe is Paken BRACAANHirthbikBiCide ONthe IrihsiO0E FRBOEI ment, a
drain of a nenory eel) is coupled to a hitt:lle of the array and the
control gate Hg 2e0up tedsiit@ iefoimd dh b dcéve rddien defitiedton 8 aubkteae: 20S. Teupl ed to a
read line and the second source is coupled to a programline. [0027]Fi gs.
2a-b show csubgsiesfoctopialcompries oficon engrasf Tersuestrivo dinrte fightyfdod pgshpi on 200
of a device. The portion conprises a hybrid transistor 201, such as one
descri bed i Wpdjoganty N-typpeor etheysynes efcsubsgpias sugh angiligpn geReANHE\Ar 6licanont aken from
the I-transistor side of the transistor. Referring to Figs 2a-b, the

transi stor M&EFSHRIY a@ﬁlsaﬁse%t Tll‘r‘é“f"é{ﬁgl?ﬂ iy @ci eIt gorggfﬁgstardgp@ 5. The

bstrat | t Th t b
Vightly Sop%ﬁ%eﬁ? Fl B8 S?rico%?l%%ﬁﬁ{s‘lﬁ SR Mt
such as sil I 2%5(%”11'5&@ %n%éoaed \ge(?lnfog)exam gl%lés f&st&@&ép?d&)ﬁxﬁ SR usef ul .

The active relo I ment n one

embodi ment,, Trfe Qﬁlb@cﬁhé [he' @ baﬂ’ltg R'PPJolrr%ﬁ‘&s E t}]ple QJ?B It))f)e Q%ggrs\l\@\llt!:matﬂlp er t ypes

of doped wells may al so use e doped well, for exanple, conprises

first pol ar it ¥rst poREtySRRRbSprisks h- QPSR P ABE 5. m@e bbgakes pRliRRAE Y type
conprises p-type for n-type transistors. Alternatively, the first polmty

type conpri gRsphbius (Py,pRefiOAsP attiifoRy (SbdticShififion Nekdf il Pppaticamracinel ude
phosphorus (P), arsenic (As), antinony (Sb) or a conbination thereof while
P-t ype dopaintisdedarniBicindide (bpsrarofbidatioh HkeofDIskBti¢nl regions (noashowmbiuniadsi on

t hereof. isolation regions (not shown), such as shallow trench isol ation
regions, nishallowiengrignitidedgion, mgobeatreidel w st theactegram fametheotdver devi ce
regions. /00281The hybrid transistor conprises a gate 220. In one

enmbodi nent , g gat e conptise, first and second stacked sub-gate el ectrodes
224 and 228. The first sub-- gate el ectrode, for exa serves as a

control gat@%er Hbd §%HHH'6‘°§??B‘PB§EF B2 %0t Fiowe it “%@F FUSCHRTIES £ | 0at i ng
te Gh t fi t t f t |

Jich as pol Jar e BTk B PO RT iR n/ B PR HEARe Msencath the

gate is a C&quqglservc%gg g([:]on?rgl gate o?e(??h%%&@ufjs?ﬁ’ Sé:él Itrgde c%rsergé%sﬁ oaBﬁgOVl ded to

separate the second te electro esu strate an
inter-gate gdiel gt gate cénﬁgﬁsuozéze RS lgéfﬁlp%ﬁals Qf;&sva%ﬁfatemge S&HQS po%m@on
el ectrodes. The dielectric layers, for exanpl'e, conprise silicon oxide.
Enpl oyi Nng 08ah 8¢ usky RESMAke Gic@lcBedded. BehRInakd @leSs a GbkGbI raGonA3803 or 1102, is
al so useful. Dielectric cap 239 and sidewal |l spacers 238 can be provided
for the gatmo29yar irodidectticadyectop iisprévidee fd sapagatd thcdettad Bg-gaielelectande bxmee, silicon
nitride,

substrate and an inter-gate dielectric layer 232 is disposed between the sub-gate electrodes. The

dielectric layers, for example, comprise silicon oxide. Employing other types of dielectric
materials, such as Al,O; or HfO, is also useful. Dielectric cap 239 and sidewall spacers 238 can

be provided for the gate. Various dielectric materials including silicon oxide, silicon nitride,



sthcon oaynitride, may he used to formthe cap and spacers. Additionally,
the spacers may be a spacer stack of a plurality of sub-spacers. -It is
understood that the cap, spacers and sub-spacers need not be forned from
the sane type of material [00301First and second doped regi ons 242 and 244
are disposed on a first side of the gate while a third doped region 248 is
di sposed on a second and opposing side. The first and second doped regi ons
serve as the first and second source regions and the third doped region
serves as the drain region of the transistor. As shown, the first doped

ng'n gpr ;)\Smgvgl%%{l ﬁ%it%?dﬁ,e [g§t@%£e9@9f099&9$praﬁ£; ggra «. N&asefend s&uﬁgﬂamw on may

Ively inpacting ormance since high injection
efficiency gan: BRBENUENRHAYE sfalerd. TRRGHdeds@BY thitiHelcET bpacelBid dbLdbicky tO use a
nat rower second doped region wthout negatively inpacting performance
advant ageougkyndi 86tdKea riohanhd QAL Bhé sitma@fialt he transi st or Provi di ng ot her
configurations of first and second doped regions may al so be useful.
| @031] i n onpoxbodirsrant secat dbpedskiohd ™2 aal 22d ad dppded @i fon sidOGplci gges an
el evat ed doped region. An luregion 211 is di sposed between the el evated
tieCOTIti depkd thielgiopd repia 2this dgpdsed onflvecohd and gprins effrarTat st antheecedcond
doped region fromthe gate. In other enbodinents, el evated doped regions
are al so prépdreglotseerve daaheffiryt gnd sggopd sanice sFeigapad the &iid dpred FBioN SF YRS &y mret r i call
structures. Raised regions 250 are di sposed on the substrate adjacent to
the gate t oth%léfé‘ﬁﬁ“rﬁ?ﬂag e frHeisiar VhuH: e FELIPElGrEoT Is yifer thay t%‘“'esa“’f‘égi ons have
atop surfa%ﬁ 09 abhove ng Eﬁp surface 206 of. the su%&%rat . As shown, the
rai sed regi SR GHE 136 F5PHESOP 6?ﬁ‘°£"ﬁ'éay§5f‘aémﬂ§f wifhaut Speghyely ifmp %ané%er s. The
rai .Sed regl oGRS helghCiH altoalegfilciggc &3 A ieved (&e%] i%p?%ggﬁtfgﬁ.ni"he the r al sed
regi ons con%ose ST con®or sifrcon éernanlun1 her “types of crystalline
materi al fﬁﬁlitf%%%@ rFJSrow &id d%lued% (Ql \ﬂﬁl[)ﬁtg%a%ﬂqfngﬁﬂng &Hﬁxtﬂlaﬂ& Sn and | nAs,

e useful. | 0032

may also b n one enbodi nent, the first doped region (first

sour ce) gat egighudsRiukigl red@ReMe fdipahibE ik @asRRdr. fIREVRIR Jikek Sdnfigd#Riohd @Mt skior . The
doped regions of the first sub-transistor conprise dopants of the second

polarity tygpeontiabpel @pihdgayaiss@emamlpol arity type menory cell. For the
second polarity type, it can be n-type to forman n-type nenory cell.
Al t er nat i vel0g3l]t hén aeeabalipal, arledsythd epand dagrd kegiop edmyppisestan elf@rerndepep- t ype
menory cell. The dopant concentration of the doped regions is about 1E21
iorts/cnR. fgo83}ihegicoleéd dispgicdbswesh teelefdtqdsecond dpped regiprsind thegatocBgpy t he
rai sed regions, wth extension '

I-region separates the second doped region from the gate. In other embodiments, elevated doped

regions are also provided for the first and third doped regions to form symmetrical structures.

Raised regions 250 are disposed on the substrate adjacent to the gate to accommodate the

elevated doped region. The raised regions have a top surface 209 above the top surface 206 of

the substrate. As shown, the raised regions are isolated from the gate by the sidewall spacers.

The raised regions comprise crystalline regions. In one embodiment, the raised regions comprise

silicon or silicon germanium. Other types of crystalline material, for examples, material with

narrow band-gap, such as Sn and InAs, may also be useful.

[0032] In one embodiment, the first doped region (first source), gate and third doped (drain)

region form a first sub-transistor. The doped regions of the first sub-transistor comprise dopants

of the second polarity type for forming a second polarity type memory cell. For the second



regions in the substrate bel ow. The extension regions are di sposed bel ow
the raised regions and extend into the channel region bel ow the spacers to
about the edge of the gate el ectrodes. The depth of the extension regions,
for exanple, is about 50rErrt. The extension region conprises a dopant
concentration of about 1E21 ionsicni, In one enbodi ment, the portion of the
extensi on regi on bel ow the raised region can have a hi gher dopant
concentration than the portion bel ow the spacer. For exanple, the dopant
concentration of the extension region below the raised region can be about

the same as hhe tgpe?ﬁlga}ng,gggg;g (PRAY G n-l[yg%%;{.h% &ﬂcgﬁngnﬁoagq,ersgghmmgecond

source), ga‘t’e an ed region rma second sub--transistor.
I n one enbogjd®Abe plyPEoIEHA Py SOhntcRy Jeﬁ.gdr&raopa(am¢e§@asi_o§bfftﬁeeqoséatregg&lls arity

t ype dopauts than It)he first source region and the drain region. For

exanpl e, thgasRemdigounte region conprises first polarity type dernas
whil e the drain region CO811) 3i SCS second polarity Eyre dopants. The first
pol arity tyme3xan Theddped ypiensai che filesubeamsistbr p@bgrthd yisddyrpgons,avithipetemsiony pe.
00351Di sposed. between the second source and the gate is.egion 211. The
1-r egi on i sregiomsgyihe Fubsiratdielew. dhyexgingon kgicmnte dilppahbelapbeiassgl pgiesent . For
exanpl e, the 1- egion can be Endured or conprises dopants of the substrate
type iilld ¢sengmicthoemmebreiomelosithappgisdo abppdhe etgreof the g plegirodssn The

enbodi ment, conprises an el evated Tregion. The elevated |-region is

di sposed i ndgthiobike FXiFRsieR Fregianbfor EREPle s ahont Yryi B eéBFﬁ*%g%MP?gl@}“FSoa t he
second source and the.su st;[ra%g ber)eat and eétentdﬁ\ebel.ow tthe Spacer . The
second sour B PRI ELERUIFCLIOBTRE - {THEC HPEI B0 P PEHOGY MEREC S MBst r at e.

Q her confi %&5@%410%%? %lilsea(frg%{)ri(ieanﬁegvgg#_glrleg%%ng%ﬁ%ﬁcggt?akiglgtg%%ﬁéggnion!baoéﬁ'ge

enbodi ments,~a non-e regi _ rai sed regions
are not proyldedef OfambRENE SRR Lt Qkration SBRSEdehi6n Iq%iéﬁ REnbeLNESNd he gate
and source I's equal to a length of the 1-region. The length of the I-region

shoul d be sufibi Yofinte bR BNADIBeAYAbABERE breakdown in the 1-region. For
exanple, the length of the I-region is about 21) to 100 nu. O her |engths

are al so uspas]. FOE scag@aldog:d tdg@in $sebad kdugte B Pat€ina tatdeidped rdge@i(driin) fodnsa | engt h
may conprise the sumof two parts. The first part is the depth of the
portion of fehendlubregsigor. imonk hebelingnathe decorigionme mgich ¢omprige diffrrdntpaletityi s t he

| ength of the portion of the 1l-region below the spacer. The first part, for
exanpl e, nmaypdyepaircban tRJirst evrashiéeicn andide disio oreebnp Hortexarpje. e seabrdispurd) nut Thi s
produces ant-region having a | ength of about 60 nm Providing ant-region
havi ng ot hefesiPesgtPrsss feip yRseloppais e thp dizzgemngemprives sseogthBRIArILY

3-di nensional and top views of another enb(ﬁgi nmenl of ,a}gorti on 300 of a

devi ce. TheYFotoPien TROISTROLEY type RAJEIPEYREABHET e PR D8R AR PR Bfe
descri bed i ig. 1. The transistor is fqrmed on an active.reqion.defined
on & subst rQPE! Sogomd Sabnaopatan wife udiie Ml oyt £

crystalli ”e%glplf(&;i’&%ﬁl a%g?l%ml(icgig &ogﬁlyg)géigs%}eg%lt.A:opga%ngfé,qﬁé I[fgél(?ﬂa afl BL un%fﬁgap e,

i ncl udes a cryst i ne supstrate "and a surface cr I ne yer

separ at ed by c@mﬂﬂéé (ﬁ?an@gf H€ sdbRy.es type-gh@in%n&}ﬁp&{tﬁe%hﬁtrati: BpOfhe Teeelole] ment,
conprises a SO substrate. A SO Substrate includes a hqu crystalline

substrate, guadendSdifieht! @MPriddh hltlckarsd eSO T EfkRea Thayahs G9pai atacvdy a

buri ed oxide. O her types of CO substrates, such as a Si Ge-on-insul at or
substrat e, poajonal soridbed wgiedcorfePoRiigio dneccentzontarathe sibeatd eataghiagd or
conprises a. fin-type transistor, such as a fin field effect transistor

(Fi nFET), Thendstelowitstsprcec dilpsecodsomss, vlseohatsedchody thpaprei wrioB08theli sposed on
the active region of the substrate. The el evated body porti Em in one
enmbodi nent , subBEisr Poescopfigurajigtsaf pourse apddgrainm ol iyl brirpaentodinrepie s

crystalline |ayer of the COlL substrate. The body ) i
non-elevated I-region is used. For example, raised regions are not provided for the transistor.



portion, for exanple, conprises silicon or silicon germanium O her types
of crystalline material, such as Sn or InAs, may al so be useful The hei ght
of the body region, for exanple, may be about 50rim This height may be
equal to the thickness of the surface crystalline |layer. [0039] A hard mask
370, in one enbodinent, is disposed on the top surface of the body portion.
The hard mask, for exanple, conprises silicon oxide. Qther types of hard
mask: materials may al so be useful. For exanple, the hard nask nmay
conprise silicon nitride. Preferably, the hard nmask conprises a dielectric

mat eri al . TRghar duBe;e 0, AGhGuk 0l AGLI L EAL, L NGai 01ABLLAR, ah the doped

regi ons. osed over t ody region. The gate, for

exanpl e, W gRsh @RUBELi AN EoRONuBCE itk OMabIS SRAAAE bRfkdbiiEin RRAYeRAY FéON i Nt O
first and second sections 317 and 318. As shown, the gale waps around

about a m des@piti@Nei@fh dr iR 1RRAY iB6 OB, 106 Bh MOME: 1I6@GE heBso @tfuRlrout the sanme
size. Form ng sections having different sizes is :lke useful. The gate

stack can copldati&® hiiigoh akevidpesiaf itsgalged nely ackpras thd @scofithephrts.nTHeifigs. 2a- b.
For exanple, the gate stack conprises a gale dielectric layer, a floating
gat e el ect rpdes éndkptr of G perodn @ dted-raimdt thodevasd pgoaedhdypcad direb thet ri ¢

| ayer. Providing other types of gate slacks is also useful. [0041l First and
second dopeldnatiegjitisrpertign of tamireganbelpwethelipaqso sidd fifshparthier epmgle. i@ de 19k, | n one
enbodi ment, the first and second doped regi ons are di sposed on opposi ng
sides of th¥ ‘Hb‘d?‘%’&?rsf"i%%?%@%yﬁéa?‘ﬁuf‘g’t““% {SiPERquces AP VIps 2 1Pt ‘%doped

nmesa regi on 31 The nesa region, for exanple, is forned fromthe
crystalli neabgﬂﬁpﬁ@egfog@@? a%lﬁ%glglét’*\)'% O%r)i%{ﬁrrﬁ’f D8Y 489 %4 %gi on bet ween t he
first and s d region. A.thir i on i i in the
second sect Iﬁgﬁ? T%?ﬁg@ 1?3?‘ ?bs,s Eg%%glmg econd "gggggsg‘é%?‘%iﬁeg etg%o?&?neelngosfqlggrﬁ?rigﬂr :agi ons

and the thi &‘q dgﬁ&e@hé &Qtllo?l%orﬁﬁr{sgs%shygﬁd @anggtﬁj 3@1,rs§c§1ia95he(ags01tilntﬁ it Ifigri.s ’Iﬁé or. The

polarity type of the drain determ'nes the transistor type. For exanple,

n-type drai ganbifiou$Renddldh aRadiVPRgibk @RaddTn@lssbstid 308. Rhe subsdfie d6rkdingls used for
p-type transistors. [WANIn one enbodi ment, the first source region, gate

and drain r&gipags h o falfncfdnfigula®E@OT} subsitaie S A @OI 3ib2iente, T exadplpgacludegd ons of
the first sub-transistor conprise &pants of the second polarity type for
form ng a sedomgtaiok amsitae dny peurfaempysiallioelayer sdpanted hea seicdmnddepokariibt y t ype,
it can be n-type El > forman a-type men on' cell. Alternatively, the second
pol arity ty@el sbstrathen pacteynbediment.fcomprises 45 Ql ysiraie nbbY! sglstrpte infhydes d bpkint
concentration of the doped regions is about t-E21 ionslcnR. Extension
regi ons maycrielle gippienisl e ps slisen wia Clisommdlagsriaversepasgiiddp g buried oxide.

Other types of COI substrates, such as a SiGe-on-insulator substrate, may also be used.

[0038] In one embodiment, the transistor comprises a fin-type transistor, such as a fin field

effect transistor (FinFET). The transistor comprises an elevated body portion 308 disposed on

the active region of the substrate. The elevated body portion, in one embodiment, comprises a

crystalline region formed from the surface crystalline layer of the COI substrate. The body

portion, for example, comprises silicon or silicon germanium. Other types of crystalline

material, such as Sn or InAs, may also be useful. The height of the body region, for example,

may be about 50nm. This height may be equal to the thickness of the surface crystalline layer.

[0039] A hard mask 370, in one embodiment, is disposed on the top surface of the body

portion. The hard mask, for example, comprises silicon oxide. Other types of hard mask
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[ 00431The second source region, gate and drain region fthma second
sub-transi stor 302h. The doped regions (source and drain) of the second
sub-transi stor conprise dopants of a different polarity type. For exanple,

t he second source region conprises dopants of a first polarity while the
drain region conprises second polarity type dopants. The first polarity
type can be p-type and the second polarity type can he n-type.

100441D sposed between the second source and the gate is an intrinsic
region (l-region) 311. In one enbodinment, the |-region conprises an undoped

region. A tgrnald ¥El¥o v lﬁl@fbllﬂo fle G S may Jolrn?#‘sfe'sﬁﬁc&qmﬁ@l: region. For
exanpl e, the 1-region nmay y doped with n-type or p-type dopant

speci es. | npeRAEHENROMHRRL contdaiees |a dleROkiOMaAll PR HRGeRedn rRQdhlikiags. 4a-f
show cross-sectional (i) and top (ii) views of an enbodi nent of a process
for form ngmarpastioh onnd@@eddgianisdevi ce or /C. Referring to Pig. 4a, a
substrate 205 is provided. The substrate can conprise a silicon substrate.
The subst r a0e401f ora gxeedrplselispasadioveethabddy glgtohy Tipl gppfodaperle, sudps broatde. O her
types of substrates, including silicon germanium silicon-oninsulator

(S01) 4. -ir te bogeotisubpuriigdis, body prigingwo lisemdbkecofdoedislsPheaibdtrat e is
prepared with an active region 203. The active region serves as a region on
whi ch a tr afevVstlsreate avrens prrnd . aboph a migksestipa of g bagh PeBefp FI8ies Seathyéﬁfeaaowel | (not
shown) with &pants of a first polarity type. The doped wel may be

i nt er medi at @F YIS 12 |Fg’HP‘I"§/S°a6‘}5‘é Vb%ldif@fen*lﬂl‘nzés‘P?‘F%‘fsefﬁblTQF ?"tt%ﬁtatck’/baé‘ doped wel |'s

o 1O SOt o AL B, LLARSL SRS T ) ESLBBLARL b pe oo e
welI's are ucso%% {e@g é:Re (f_.ggl?c?nc 1£;%P§‘ﬂ§%9£ gaté,\gécltr tead ‘Ii %olﬂgol\r%@l% E?Ctl%ﬁfﬁﬁeklﬁ for

u--type transt st or dpar ds- ¢an el oro tt3

(At), indi ulgpa(dlaéctrgrlay@r %r@‘%‘ﬂep@pe& Gf’%a%%ac%é & rliype &ants can include

phosphorus (P), arsenic (As), antinony (51)) or a conbination thereof.

[ NC] The tr a@6d1$t OfFirstfafll scE3ha OBYc reg oL |a§09§44 aretdrspdagd if iR FirsSecGlAS Gf dnbed i n
Figs. 1 and 2a-b. In one enbodiment, the active region is designed EC)
accommodat eentHagindetitamstist ad sec&mrdo@aadgdneare aissal od @p@bing fides atthé Mdy r egi on
conprises two separate regions separated by a non-active region. The

sub- r egi onspattgniiedpincettonfsepagted hnan sdomH theshi rédiansiidnTheaghomgors tich as source

regions, of the transistor.
example, is formed from the crystalline surface layer and serves as an isolation region between

the first and second doped region. A third doped region 348 is disposed in the second section.
The first and second doped regions serve as source regions and the third doped region serves as a
drain region of the transistor. The polarity type of the drain determines the transistor type. For
example, n-type drain is used for n-type transistors while p-type drain is used for p-type
transistors.

[0042] In one embodiment, the first source region, gate and drain region form a first sub-
transistor 302a. The doped regions of the first sub-transistor comprise dopants of the second
polarity type for forming a second polarity type memory cell. For the second polarity type, it can
be n-type to form an n-type memory cell. Alternatively, the second polarity type can be p-type
to form a p-type memory cell. The dopant concentration of the doped regions is about 1E21

ions/cm®. Extension regions may be provided for the source and drain regions.

11



[ 0048] The transistor can be a nmenory cell in an array region of the device.
In one enbodi nent, the nenory cells conprise non-volatile nenory cells.

O her types of nmenory cells are also useful. The array region generally
conprises a plurality of active regions for a plurality of nmenory cells.

[ 0049] Additionally, the substrate may include a |logic portion (not shown)
for support circuitry. The substrate n ay also include regions for other
types of circuit.y, depending on the type of device or IC. [0050] Generally,
the kr includes regions wth both first and second type wells. To formthe

doped wvel | 8[00- il '1‘1’(9%;@%35&&%% C?J;épeglﬁagﬁ r§é‘ﬂ&1hfmﬂlsa Je&}ﬁh %ttﬁhélé?& 3M-bt. h a mask,

can be used. The fin seco s can be forned In separate

processes. @NBpedl:&EH0(BtESanfi Bfainh SHthA Bnd B-tARidH orh R8¢ @psSardre al so useful .
The active region or substrate may be inplanted with clopants to define the

initial gat gftbipsial e py.ofd 3@pleMhg secdn@Oduide T nsbbigstsabopanGana e pr epar ed
with isolation regions (not shown), for exanple, corresponding to

non- acti ve pegimowisietie dapagiai eniplies acbdridpelatiggype depafits. oThe digst polotthigpe and ot her
active device regions. For exanple, the isolation can surround the active
regi on. | n onée ppodidtentesont pdaritsgpadan ban-tyegi ons CO3TEpri Se STI'S. Vari ous
processes can be enployed to formthe STl regions. For exanple, the
substrate cHfdle dliyhed bergraidhesecond whKe rrddhe LEdrmiiyuBl rerribiegPPridhches
which are then tilled with dielectric naterials such as silicon oxide.

Chemi cal nelrPansrbedinsah the fegign eLuNsses aa prdgeed segiono AHEBRIY GY- B8 e x cess oxi de

and provide a planar, substrate top surf . .TIh Tl . I . he f d,
For exanpl eSBPIO TES Bpedr s [RE s RELeaie B v Bosen YT 2 o per
processes of eri.als. ca | I Tls. [0052] Ref i

to Fig. 4b,p{gg%¥%ms?%f' Eﬁ%@?@“’%Fﬁéﬁggﬁg?ﬁgmghﬁﬁﬁrgtef TLe ga%eeSS;ELn?s

f ,Or !TEd over [0‘)55? aqﬂiés.\/ﬁ—frsﬁg\i Q&s—séghﬁxag(%taﬁd liop ﬁi) Qie§199§aﬁ gm%irﬁéﬂ?of%lﬁpﬁésg ate to
di vide the active region

for forming a portion 400 of a device or IC. Referring to Fig. 4a, a substrate 205 is provided.
The substrate can comprise a silicon substrate. The substrate, for example, can be a lightly p-
type doped substrate. Other types of substrates, including silicon germanium, silicon-on-
insulator (SOI) or n-doped substrates, are also useful.

[0046]  The substrate is prepared with an active region 203. The active region serves as a
region on which a transistor is formed. The active region comprises a doped well (not shown)
with dopants of a first polarity type. The doped wells may be intermediately or lightly doped
wells. The first polarity type doped wells are for second polarity type transistors. The first
polarity type can be n-type or p-type, depending on the transistor type. For example, n-type
wells are used for p-type transistors while p-type wells are used for n-type transistors. 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] The transistor, for example, comprises a transistor as described in Figs. 1 and 2a-b.
In one embodiment, the active region is designed to accommodate the transistor. For example,

one side of the active region comprises two separate regions separated by a non-active region.
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into first and second sections on each side of the gate in one enbodi nent,
the gate stack conprises a control gate el ectrode over a floating gate

el ectrode. A first or tunneling dielectric layer 222 is di sposed between
the floating gate el ectrode and substrate and an inter-gate dielectric

| ayer 232 is disposed between the gate electrodes. A dielectric cap 239 can
be provided over the control gate electrode. Dielectric sidewall spacers
238 are disposed on the sides of the gate stack. [0053] Form ng the gate
stack conprises, for exanple, formng the gate stack Iayers on the
substrate. g Q0e, S{mqé?a{anof@taﬁlwguaald'dﬂﬂ,sﬂhgggﬁst bl asl sBHE re Ao’ dr e OF Med 0N
the substrate. The tunneling dielectric layer, in one enbo i ment, conprises
silicon oxi @ggsistct her types of gate dielectric |layers, such as si I i con
oxyrtitride, may al so be used. Various techniques, such as thernal

oxi dati on opo43YO, ThaRarkietoLdipbOy@endro cdamid hQy fgion bthgaliee. dheheect ri c | ayer.
The thickness of the tunneling dielectric |ayer may be about |0-100 A

Q her t hi ckaesgesnathe maheg cells edroprise fddOOUMIOmMembig ctllsn Ok tygs di ednecy ri ¢ | ayer
is deposited a floating gate electrode |ayer. The floating gate el ectrode

| ayer conpr ¢edlesre alsquseine Taedrooirgzeonigenepdly Fopariribds @ ohyralifid agifae weietsdetar ode | ayer
can be fornmed as an anor phous or non-anorphous |ayer. The gate el ectrode
may be dopeﬂ“fa%Pf‘B‘H%(’rX ﬁni ques may be enployed to dope the gate

el ectr ode, exanp! e, itU dop r ion inplantation. Providing an
undoped gat @8‘3’\] ectﬁdﬂ‘&g"alﬂ&;ﬂéﬁ'su‘iﬁ?e 51@‘%’6‘915‘8* % Qg RAFLION GORIOVEN BTSEPRSE gat e
rheeiberly: f et R G R AR B
formthe ne?g;gde‘g&q)ﬁ Iectrode Iayer, t echni ques such as chem cal vapor
deposi tion can be used. Other techniques are also useful. [0055] An

inter-gate fébﬁhectdeh&a@nme RODLAQRS re@iBhsCyifl BRI HR sLRYEL e RIS TSR hor med.
over h floating gate electrode layer. The inter-gate dielectric |ayer 232,

for exanpl edopedRak, isEitphthti AR hAied Sudiayinphn@iidnhiihlan@sis cafbeaauirnesever al

am OQher typos of dielectric materials or thicknesses are also useful. As
for the confiknd gaird gk @elly @nlbe BRdkd i depadiprbe sstO roved tetinyreyrod fysdihg con or

ot her gate el ectrode materiais. The thickness of the control gate el ectrode
may be abouthe &Ovamgiomragisd usefpl.aTleonive odgiog at eibetagaiay bcdenphrated wgh diphray

thi cknesses is also useful. A dielectric cap |ayer 239 can be forned over

t he cont r ol toggfine the|igidal pyeldreshpievolizas (Yelyer, for exanpl e; conprises silicon
nitride having a thickness of about 20 rim Qher types of cap materials or
t hi cknessesl? alTepsugefesrn beprpated yyidh isolplion ragiont Gp ‘B”‘Qé?fr?éa%fh ous

t echni ques, such | 0056. 1The | ayers of ‘th re patterned
to formthe OQ‘SS[pgndS’tgé%W“'%‘fﬁlrﬁfg‘S foéEWFﬁtecfEeeascnveerﬁi‘Ws g'gg gﬂtg et chi ng,

can be usedac% (S \aligtr%grl(r)] s'vis at 5 gEh%‘Clzslc()I tl(ﬁlocr seu)lgr%‘u the actlveeehootnoi esLst layer is
fornmed over®the gat &°stac er’s an& atterne exposi porfl ons of the

gate stack | ﬂn%nt ﬁglsﬁl&loﬁﬁ? Iogpéo‘?n ﬁgecﬁﬁ"ls é}fdﬁ!ﬂh r%c&sers @ﬁ%'e{éﬁo&eﬁ% 1%&:‘?“ (RLE),

is perfornmed to renhove expose Ftions gate stack layers.

inprove |itROSTaRS. Fi?shiptel @sub@Atedhn Be@ltch&GkinY Sicit AR NG edhfiRe) t&an be
provi ded beneath the photoresist.

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 the doped wells. Other processes or materials can also be used to form the STIs.
[0052]  Referring to Fig. 4b, a gate stack 220 is formed on the substrate. The gate stack is

formed over the active region. The gate is disposed on the substrate to divide the active region
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000571 Alter patterning the gate stack, the photoresist is renoved. Sidman
spacers 238 are forned on the sidewalls of the gate stack:. Form ng the
spacers, fin exanple, conprises depositing a dielectric |ayer and
anisotropically etching the layer to renove the horizontal portions. The
vertical portions remaining formsidewall spacers. MOVAs shown in Fig. 4c,
the process continues by formng rai sed regions 250 on the substrate in
regi ons corresponding to the doped regions. The raised regions, in one
enbodi ment, conprise crystalline regions. The raised regions, for exanple,
conprise sil|j )i I e : ine material,
such as Sn %&0%?% I?(f;se(,som'g{i/ Leg S (Sjglﬁéeagfgggégf u h.e %tg %ngegrﬁggg%xﬁ;tﬁ%/g??e%%a 11e rai se-
dregi ons ar &{Ata donl¥ GRERERAL os)éﬁpﬁéatiﬁ%%atead%%mdﬁr &ek albdhelidsRRIEAE Sed
regions are fornmed by sel ective chem cal vapor epitaxy. By enploying

sel ective eﬁ%& axXYis dibpRbeadBtweSGhOMEiid relREMRERRLYriddiRR iRk pased portions
of the underlying substrate, which corresponds to the doped regions. O her
t echni ques digledi@r et 282 i dipsed bettvagiti@pate BBYtroadss & disecttis @4pLd39 cdnbeone

enbodi ment, the height of the raised regions is about 5011111. O her

hei ght s ar epratigd oug dfewbytrol 23039t ddae Dpteocie sidevat) mpararudds atpydispoedwmte doped
regions of the transistors. Since the transistor conprises both first and
second pol afifes gf the/gsee stholped regi ons, two i npl ant processes arc perforned,
one for the First type dopants and the other for the second type dopants.
The dopanms WPB!selfedtina By gpts sk copaesi fofcgaite fuBine dhe gag perkaYEs PhYe an

i npl ant mask, The_ i npl ant. mask, for anpl e, rises tterned

ohot or esi ot P TLeEhERrHinershioBRng SO ENG 5T S o Oh e SRS | VOWET g, 4d
shows the subst.rate inplanted wi.,th dopants to.form d.reaqi of one of
The 11 st b RenohfTuA o Il BORR T Sy o b RS B e

regions w tmelg&t&q R S%ElkJSPﬁC(ﬁ]% ﬁﬁﬁiide a?ﬁlg %ugéﬁp@aﬁ(;u@te% u@s{mﬁjgsmnt , a

first inplant mask 286 ormed” on the substrate and patterned to expose

the first s@HEExIE@HNARCTHZaRBEe iGN io S R kel gars @O 1hy¥Perndopant s, such
as n-type &pants, arented into the substrate, form ng second type doped

regi ons corhReRONEBGinhding bielefti¢ Bier fRYELBoRNG 10l Al Oihér@igti@nses althBo doped
regions, for exanple, occupy the raised regions and enend bel ow t he surface
of the subsisefate. | 00611Fi g. 4e shows the substrate inplanted with dO NVES
to form doped regions of the other

[0054] On the tunneling dielectric layer is deposited a floating gate electrode layer. The

floating gate electrode layer comprises, in one embodiment, polysilicon. The gate electrode

layer can be formed as an amorphous or non-amorphous layer. The gate electrode may be

doped. Various techniques may be employed to dope the gate electrode, for example, insitu

doping or ion implantation. Providing an undoped gate electrode layer may also be useful.

Other types of gate electrode materials are also useful. The thickness of the second gate

electrode layer may be about 50 nm. Other thicknesses are also useful. To form the second gate

electrode layer, techniques such as chemical vapor deposition (CVD), can be used. Other

techniques are also useful.

[0055] An inter-gate dielectric and control gate electrode layers are then formed over the

floating gate electrode layer. The inter-gate dielectric layer 232, for example, comprises silicon

oxide having a thickness of about several nm. Other types of dielectric materials or thicknesses
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of the first or second polii6ty type. As shown, the process forns doped
regions with dopants of the first polarity type. In one enbodi nent, a
second inplant mask 287 is formed on the substrate and patterned to expose
t he second source region 244. First type dopants, such as p-type dopants,
are inplanted into the substrate, formng the first type doped region
corresponding to the second source region. |00621ln one enbodi nent, the
first type dopants are inplanted into an upper portion of the raised region
to forma second source regi on which occupies the upper portion of the

raised regi %@alslp;-tleg&ill_. QR tffé%ﬁdo?%t Oeflecfrélf% 2545,‘%}t%ﬁ%e?&%@ﬂmﬁ‘@%yﬁl&@éﬁ%ﬁ%# forman

l-region 21 regi on extends along the substrate ow t he spacer.

[0063] Fi 9. gfe SONR nfalRBail " BRHIKHQL ofthd @hirdl SDM@ 0@ mdy € atRBCNEh. | NPl ant
mask. The process continues to conplete the formation of the device.

[0064] I n al pevimad 4 yRr8Ehe dlediBB Swin@otheiiS QGlek @G B ubcSul PA Qieledgtl cdp@dyeonl y t he
second source region of the transistor. Qher configurations of raised
regi ons f or239ken Herfarsd SteOths caiiiryl gale slBcthyde. URe taf layeEfor yeimpet dvetpriesiiteh nent s,
no raised regions are provided for the transistor. In such cases, the

| -regi on i snididsipomed tienewe efirboth 20 sroudber tamelofgan watprlston thickudsss aralen

1: 00651Fi gs. 5a-g show 3-di nensi onal view of another enbodi nent of a
process forustisl mibpliyes o be fooned3ooe wiriows terbyiness seth 28 EVPRef erring to Fig. 5a,
a substrate 305 is provided. The substrate, for exanp ri se CO

|
substrate. B0h Jdhplysstiae sl ptacampifianediniomy ﬁ‘é§at%13t"l?tliie V“@g%‘f}’é‘i‘lﬁsn e
substrate and a surface crystalline | ayer se b buri ed oxid
Caver | e b & e S s s i ERC Ry T dlenieat B ot e
whi ch i ncl uges. ilic rf cr line. |laver... of CO
sUbst rat es. HEqERrR b 00 R L BE i8Rkl Sl B oS e pkRBE O o
surface cr yﬁ}e‘?&. lA'nQﬁiSét%l?_ %mh,@&)ﬁ,aé& §9ctib@eiol1l ls,t@ld(RI]Q)(,)@ ﬁélr%ﬁﬁed%' %Io(lé%lxﬁos&fs prepared

with an active region. The aclive regioa region
portions of the gate stack layers. To improve lithographic resolution, an anti-reflective coating
(ARC) can be provided beneath the photoresist.
[0057] After patterning the gate stack, the photoresist is removed. Sidewall spacers 238 are
formed on the sidewalls of the gate stack. Forming the spacers, for example, comprises
depositing a dielectric layer and anisotropically etching the layer to remove the horizontal
portions. The vertical portions remaining form sidewall spacers.
[0058] As shown in Fig. 4c, the process continues by forming raised regions 250 on the
substrate in regions corresponding to the doped regions. The raised regions, in one embodiment,
comprise crystalline regions. The raised regions, for example, comprise silicon or silicon
germanium. Other types of crystalline material, such as Sn or InAs, may also be useful. In one
embodiment, the raised regions are formed by chemical vapor epitaxy. Preferably, the raised
regions are formed by selective chemical vapor epitaxy. By employing selective epitaxy, raised
regions are formed only in the exposed portions of the underlying substrate, which corresponds

to the doped regions. Other techniques to form the raised regions may also be useful. In one

embodiment, the height of the raised regions is about 50nm. Other heights are also useful.
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on which a transistor is fornmed. The active region, in one enbodi nent,
conpri ses an undoped crystalline island di sposed on the buried oxide |ayer.
The island, for exanple, serves as an el evated body of a transistor, as
described in Figs. | and 3a-b. The transistor can be a nenory cell in an
array region of the device. In one enbodi nent, the nmenory cells conprise
nonvol atile nenory cells. O her types of nenory cells are also useful. The
array region generally conprises a plurality of active regions for a
plurality of mermory cells. 1100671Additionally, the substrate may include a

N R T A R e

i ncl ude region r types o clirc epen ing on the type of

device or | anSlLtglO(,@ rTsQ?b&ﬁ ﬂ@h@gcm%& C(? t}fpeﬁ(ﬁ;@@re ms Ivﬁrlmﬁmgﬁte%ses patter ni ng

the surface crystalline |ayer of substra To pattern the surface
crystal |'i nepdr@k, ond fdd &e dirst By tkdo%ZrQs aﬁlafhebﬁieﬂféﬁge seEdaa tyPXadpRe€ Tht B&paktar d mask
is formed on a surface 309 of the CO substrate. The hard mask, for

exanpl e, cofpsdseslySnpiatenin@Xxhicdidped gk udinge sn@int maskd THEMplantmakle faral s, such
as silicon nitride, may also be useful. Preferably, the hard mask

COi npr i sesacxagple| cempriseca prtitreqd phbtorediQ GG ekprsiop egemdyo té imphinted whieddpantd mask

| ayer is patterned using a patterned soft mask, such as photoresist. Using
the soft nalR60]t hdigat thownbi subgrapsamplatesiorith dopanisipioge depadusaivesdf pesrof i ons of
the surface crystalline |layer. The soft mask may be renoved, after

pat t er ni ng PRESHAPFOMROMNAYPe] A Flogey haspesssderEm dopgﬁt?ﬁlO&SszF*éiamS\?éthF on etch
(RIE) is perfo imed.to renove the exposed porti th

cryst al [ e EAJ Y Dot PG T R B 3 ST 8P 566 bel ow
The portlonmﬁ st al |ne whi ch [ Ot By the hard

mask remai n&: p?tEerned ?o ex%ose %F ﬁrsy%ourae %an aX(? ?l]ram tr 101 2I4§ S%cond %%% ﬁ Ib ried

eva ansi st or 0]

oxi de | ayer g, f smggeﬂa&nmm Palme@rnhottnee Bhauat Ah 0t AEPEAdR QAL he type of

CO substrate use For exa 1'evat e y cornprises Silicon for a
SOT subst r ategre@bndilgl th HO ArsOLLABIHIWRIL RfioR. $fd RpQitedidhs UbkiplS URSEy @ €. Ot her
types of crystalline material, such as germaniumtin or indium arsenide,
may al so beraldepttbns ahdbx&ﬂ@b@dmmdkdm&tdthkh&s&tﬁﬂ ght of the body is about 50
ML Oher thicknesses nay al so be useful. The hei ght may, or exanple,
depend on tlees1] hi ¢ignéssowd the fubstauihplagedoriyisibgants itafersh doped regibnstohide GGkr

substrate.
of the first or second polarity type. As shown, the process forms doped regions with dopants of

the first polarity type. In one embodiment, a second implant mask 287 is formed on the substrate
and patterned to expose the second source region 244. First type dopants, such as p-type
dopants, are implanted into the substrate, forming the first type doped region corresponding to
the second source region.

[0062] In one embodiment, the first type dopants are implanted into an upper portion of the
raised region to form a second source region which occupies the upper portion of the raised
region. The lower portion of the raised region and substrate form an I-region 211. The I-region
extends along the substrate below the spacer.

[0063] Fig. 4f shows the transistor after removal of the second implant mask. The process

continues to complete the formation of the device.
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[0071] Referring to Fig. 5b, a gate stack 320 is fornmed on the substrate.
The gate, for exanple, waps around the body portion, separating the body
portion into first and second sections 317 and 318. As shown, the gate
wraps around about a md-section of the body portion, form ng sections of
about the sanme size. Form ng sections having different sizes is also
useful. [0072] The gate stack, in one enbodi nent, conprises a floating and
control gate electrodes in which a tunneling dielectric |ayer separates the
floating gate el ectrode fromthe body portion and an inter-gate dielectric

i Sposed ontOTeh off iSRS EbEFRER PRpaetb B BELILRiRR Y S e 0°

simlar nanl@ﬁ{)n @ﬁhqulﬁﬁit(;rbggleli Qnff; .ugitior%taf rafs@d re%&ﬁmtﬁetmﬁs}ik@oré/ﬁﬁ)j M3 | ayers of
the gate are patterned to formthe gate stack. Form ng othér types of gate

stacks or efpfuRYin8: ceP@hbolliGeRRing WSd fefiohsUhd Brividd SRR uBhsREK InSuddl SO use
[0073] After patterning the gate stack, the photoresist is renpoved. Sidewall

spacer s 338cagdsand bkgedis Oigpdkdidesicelen@dolse aid ghib @ tgadubsuatack. Form ng the
spacers, for exanple, conprises depositing a dielectric |ayer and

ani sot r opi ciobésly &tgsharzghdvh dimaysimaltview o movter ¢tiedineni of @ poegss fpofotmimgns. The
vertical portions remaining formsidewall spacers. [0074] The process

cont i nues bapokémiPhef adloyiesds 16 f Rafdyeng tp HigsTase wbstiats 38hie promitestd iTheswbstrag. f i r st

t ype doped region which serves as the second source region Since the
transi st or ©oNPMPIEEEmprsET? $Plsupstraigngdy COLRBHEM BT BRMPY: 1?“3‘!5‘%5 yfed regi ons,

the differ ecr};['statll nE:) gusbst(r)Jte aqlgggu%ageec%i'sgﬂisne %5 s p';lr%t%g g; 2? l(Jjuri%g gx?‘&eq;[ly%rl. y['he CO1
substrate, in one embodiment, comprises a SOI substrate which includes a silicon surface
crystalline layer. Other types of COI substrates, such as a SiGe-on-insulator substrate which
includes a SiGe surface crystalline layer, may also be used.
[0066] The substrate is prepared with an active region. The active region serves as a region
on which a transistor is formed. The active region, in one embodiment, comprises an undoped
crystalline island disposed on the buried oxide layer. The island, for example, serves as an
elevated body of a transistor, as described in Figs. 1 and 3a-b. The transistor can be a memory
cell in an array region of the device. In one embodiment, the memory cells comprise non-
volatile memory cells. Other types of memory cells are also useful. The array region generally
comprises a plurality of active regions for a plurality of memory cells.
[0067] Additionally, the substrate may include a logic portion (not shown) for support
circuitry. The substrate may also include regions for other types of circuitry, depending on the
type of device or IC.
[0068] The elevated body is formed by, for example, patterning the surface crystalline layer
of the COI substrate. To pattern the surface crystalline layer, a hard mask 370 can be used. For

example, the hard mask is formed on a surface 309 of the COI substrate. The hard mask, for
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10075] Referring to Fig. 5c¢c, first type polarity doped regions are forned.
For exanple, the second source region of the second sub-transistor with
ant-region is forncd. A first inplant nmask 386 is formed on the substrate.
The first inplant nmask protects the second section 318 from being
processed. The inplant mask, as shown, covers a second side of the gate
stack and the second section of the body portion. First type dopants are
inplanted into the substrate to a formfirst type doped regi on 344. For
exanpl e, p-type dopants are inplanted to forma p-type second source
region. 10976. 11 n one enpbodi nent.. the ipplant. copprises. an.an or tilted
ol ant . TreanbeseRPReGTRSR PR ot Dk oL B FRERAL R AP ATRG, Pect | on

per pendi cul gty 4,9, 120dlqh oS, thAR! iR LinTPLAkRL ek the second

source 344 is locate _ eral conponent may be referred to as the
tw st angl epodg}) ONLoRIRBEUIABR ihetBR ik Bler BPSketnel SsiARPdler soMbke t he
vertical conponent of the angled inplant does not penetrate the hard mask.

Perform ng {beaspagbRdsti DRh@RE soMintabk, e hivkl Slaskanglienef o aposttunPadi@sul ts in an
| -region tinder the spacer. O her twi st angles that enable the utation of

an | -reg. i oportitmelefrthd duefacs pgedlis: Iy Tk Sdt ek uagbirkmovet eftelr pdtrmaggle@ad i s t he
angl e at which the dopants are inplantedthe side of the body relative to
t he pl ane ofaskhénsuitpgopiatieh, such ps rearaved b (RET s, petfdrmed folrgmayp the expOseils about
30 to 60. Inplanting dopants at other tilt angles may al so be useful. The
hard mask pPatiase pishe yieace ppealiinedast @exepsoportops dthetbhecdasidy l2yer SR8 bdvng
inplanted with depants. [0077] Referring to Fig. 5d, the first inplant mask
386 is renDyEﬂP“Wﬁ8“H%¥EWEéﬁ“ﬂémﬁ€ﬁﬁvﬁg“ﬁVqﬁW4?Wﬁfh%i%@?“?@Eﬁﬂ?@ﬂ@s for
removi ng the qask are al so usefuI.BAtter.r nmoval of the mask, the spacers
on the si delf Rt ¥ Fafaasdorgl e FdRVed. For exanple, a wet etch
selective t Bl . e . val of
ﬁgﬁ% 430 {nﬁtgt%i Bﬁhe Matgégcic!iy ggpe{u% b8 ﬁ{é}@e Bh?‘ol%gt%&% tsed. Fig,g‘i

t he spacers oses reglon tween second source and t he

9 at e 3 20_‘ T%m?l@,@%ev&é@ﬁo@? E(§nﬂn§@ si'ﬁEcﬁlgj)lqa_rSdI LR RE @igcd#l%gﬁﬂniqﬁlrfj)rrﬁg t _he
illiphffif to Tormthe second source region. 100781The process continues by

EbnBi . ng t hgiGs 8¢ RRGkiRRhRIrd. YOthet BPest? B stalli ROhA281, budh hBrlamh t@for infi€m
transi si on For exanple, the process continues EC i btn3 n-type doped

regi ons. | nar@ae e add veanréfml. TiosnieMboditat, SRaeigk opmt Bidy isyabby penlop@er. regi ons
conprises nultiple inplant processes.
thicknesses may also be useful. The height may, for example, depend on the thickness of the
surface crystalline layer of the COI substrate.
[0071] Referring to Fig. 5b, a gate stack 320 is formed on the substrate. The gate, for
example, wraps around the body portion, separating the body portion into first and second
sections 317 and 318. As shown, the gate wraps around about a mid-section of the body portion,
forming sections of about the same size. Forming sections having different sizes is also useful.
[0072] The gate stack, in one embodiment, comprises a floating and control gate electrodes
in which a tunneling dielectric layer separates the floating gate electrode from the body portion
and an inter-gate dielectric layer separating the gate electrodes. A dielectric cap layer may be

disposed on top of the gate stack. The gate stack can be formed in a similar manner as described

in Fig. 2b. For example, the various layers of the gate are patterned to form the gate stack.
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[0079] As shown in Fig. 5e, a first angled inplant of second polarity type
&pants is perfornmed to formthe first source region 342 and partially the
drain region 348. The angled inplant, in one enbodinment, is tw sted about
180" fromthe angled inplant used to formthe second source region 344. In
one enbodi nent, the lateral conponent is wit-oiled such that an undoped
nesa i solation region 312 is fornmed between the first and second doped
regions. On the other hand, the vertical conponent does not penetrate the
top hard mask. The energy of the angl ed inplants shoul d be well controlled
for the for u ] It angle
0 of the Ii gar}n utrhgretyées gﬁ ga{g Qﬂﬁ%r e 3?‘?5?’81 raIEChg ?&lo%gmgg%i t%?ﬁtallts t angl es
may al so be,ygeful . [9080]Referr|ng to Fig. 51, the process continues to
conplete fanning the drain region 348. In one enbodi ment, a second inplant
mask 387 i spohypy) MedhrRppaki1Ring O ik LR, thOphBIoRLIRGS refnbRdf Slﬁ@%l]%ﬁ‘a@&& R a3l7 from
bei ng processed. The inplant mask, as shown, covers a first side of the
gate st ackfoand ohlae sfdewsk osﬁ@gatecmclafpoidﬁeg theﬁbacd@mdr bompREGmpyPpe dopants are
inplanted into the substrate to conplete the formation of the drain region
348. | 0081 1dapositing adirlzowtc hipatind aisstep@nity dtaijlg airtlayef to seoednitle boyipentdlopant s i s
performed. The second inplant conprises an angled inplant tw sted about

| 80" with rexstast Thegertibad pdriigns remaingigdetmisigowalispaoatsi ch forned the first source

(e.g., atwist angle of about 0"). The till angle 02 of the second inplant
of second pYPEYi t yThe PieessTrOpaNEsYY formingaped msénds Prabfraapdiit et o 60.
Provi di ng ot her an Ies may al so be useful. The range of the tilt angle of

the second TRPAEKE ?@mﬁgFéﬂWFH§8“§@EHSﬂ§?a?*%eV@Wf?ﬁﬁW%&Bﬁﬂgwgﬂt does not
penetrate tge at er rge with

lts
the first dopedmﬂmnm%%§mm¥ﬁ? %go %ﬁﬁl Mé&é$%§%#b%ﬁ?“on &%mgge dr ai na
I haned duri 98ks opﬁo%ﬂeg&ls%"e pﬁ'&gssgdl sgﬁa}ate urce.

[0075] Referring to Fig. 5c, first type polarity doped regions are formed. For example, the
second source region of the second sub-transistor with an I-region is formed. A first implant
mask 386 is formed on the substrate. The first implant mask protects the second section 318
from being processed. The implant mask, as shown, covers a second side of the gate stack and
the second section of the body portion. First type dopants are implanted into the substrate to a
form first type doped region 344. For example, p-type dopants are implanted to form a p-type
second source region.

[0076] In one embodiment, the implant comprises an angled or tilted implant. The lateral
component of the angled implant is in the direction perpendicular to and towards the side
(implant side) which the second source 344 is located. The lateral component may be referred to
as the twist angle. In one embodiment, the twist angle is about 0°, while the vertical component
of the angled implant does not penetrate the hard mask. Performing the angled implant with a
twist angle of about 0° results in an I-region under the spacer. Other twist angles that enable the
formation of an I-region under the spacers may also be useful. The tilt angle 0 is the angle at

which the dopants are implanted into the side of the body relative to the plane of the substrate.



1: 00821in one cinboclinient, a third inplant of the second politrny type
clopants is perforned. The third i nplant conprises an angled inpl ant

tw sted about 135" clockwi se with respect to the second angl ed i npl ant of
the second polarity type dopants. The angle 03 of the third iinplant of
second polarity type dopants, for exanple, is about 30 to 60. Oher tilt
angl es may al so be useful, The range of the tilt angle of the third inplant
is determ ned such that its vertical conponent does not penetrate the top
hard mask. The third inplant connects the drains fromthe opposing sides of

the second ﬁlgoﬁg %ﬁ%dﬁ%{entt, fﬂ? tipgn )é: Oﬁgébtggt%@; to %61’2811112 rf(t)l[ll doEp Qs :It %&‘?ﬁtiaf? esof the

dram regi on e transistor. g. e transistor after

renoval of [he. seeandl fRlhaaty, i i SontEiR! ete the
formation ofgfﬂe deviée. fbo85§§%Em?%@§%?§%%%§§?&%gggﬂ%ﬁﬁ?@d i%ﬁ%ther

speci fic foffpnidh WiPMpagleparting front the spirit or essential
characteristics thereof. The foregoing enbodi nents, therefore, are to be

consi dered jon7Al | ReesPRed Bigisd) thsfikdinphi@ nfagd 336 is réth@Bd. | Theindaskign bhe | nventi on
descri bed herein. Scope of the invention is thus indicated by the appended
cl ai s, r at kewvddlvanshiy. Other ttabniggo foxgemadiag de inpik apnglsoandulapfergtraovgled at cone
within the neani ng and range of equival ency of the clains are inended |o be
enbr aced t hée eptk, the saeers qnghecsfdgivatls @f the gate stack are removed. For example, a wet etch

selective to silicon can be employed to remove the spacers. Removal of the spacers exposes the
I-region 311 between the second source 344 and the gate 320. The spacer protects the I-region
from being doped during the implant to form the second source region.

[0078] The process continues by forming the second polarity type doped regions in the body
of the transistor. For example, the process continues to form n-type doped regions. In one
embodiment, forming the second polarity type doped regions comprises multiple implant
processes.

[0079] As shown in Fig. 5e, a first angled implant of second polarity type dopants is
performed to form the first source region 342 and partially the drain region 348. The angled
implant, in one embodiment, is twisted about 180° from the angled implant used to form the
second source region 344. In one embodiment, the lateral component is controlled such that an
undoped mesa isolation region 312 is formed between the first and second doped regions. On
the other hand, the vertical component does not penetrate the top hard mask. The energy of the
angled implants should be well controlled for the formation of the undoped mesa isolation region
312. The tilt angle 0 of the first source implant, for example, is about 45°. Other tilt angles may
also be useful.

[0080] Referring to Fig. 5f, the process continues to complete forming the drain region 348.
In one embodiment, a second implant mask 387 is formed on the substrate to protect the first

section 317 from being processed. The implant mask, as shown, covers a first side of the gate
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CLAI M5 A device conpris a nmenory cell having a hybrid transistor, wherein
the transistor Cuck a substrate having an active area, a gate on the
substrate, and first and second current paths through the gate, wherein the
firstpath serves a first purpose and the second current path serves a
second purpose, the current paths are selected by providing an appropriate
signal at the gate. A nethod of form ng a device conprising: fbrrntng a
menory celLl having 1 hybrid transistor, whereinformng the nenory cel

i ncl udes providing a substrate having an active area, formng a gate on the

substrate, gng ﬁﬁ@tﬁmirgtge{;i%ﬁ StinRy SFEEAN oS &S HopRRLASmbIRONER elche gate,

thefirst cupath serv
substrate to complete the formation of the drain region 348.

[0081] In one embodiment, a second implant of second type dopants is performed. The
second implant comprises an angled implant twisted about 180° with respect to the first angled
implant which formed the first source (e.g., a twist angle of about 0°). The tilt angle 6, of the
second implant of second polarity type dopants, in one embodiment, is about 30° to 60°.
Providing other tilt angles may also be useful. The range of the tilt angle of the second implant
is determined such that its vertical component does not penetrate the top hard mask and its lateral
component does not merge with the first doped regions. The second implant forms a portion of
the drain adjacent to the side of the drain formed during formation of the first source.

[0082] In one embodiment, a third implant of the second polarity type dopants is performed.
The third implant comprises an angled implant twisted about 135° clockwise with respect to the
second angled implant of the second polarity type dopants. The angle 05 of the third implant of
second polarity type dopants, for example, is about 30° to 60°. Other tilt angles may also be
useful. The range of the tilt angle of the third implant is determined such that its vertical
component does not penetrate the top hard mask. The third implant connects the drains from the
opposing sides of the second section of the body portion, completing the formation of the drain
region of the transistor.

[0083] Fig. 5g shows the transistor after removal of the second implant mask. The process
continues to complete the formation of the device.

[0084]  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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first purpose and the second current path serves a second purpose, wherein
the gate controls selection of the current paths. The nethod of claim?2
whesi, first and second source regions adjacent to a first side of the
gate; and a drain region adjacent to a second side of the gate. 4.The

met hod of claim 3 wherein the transistor conprises an ionization region

di sposed between second source region and the gate. first and second
termnals are coupled to first and second source regions, the third
terminal is coupled to a drain reon, and the fourth termnal is coupled to

the gate. 6,The .neth f claim 2 erein. the fir [hen th is used
for progr am‘%gis?]nd’ tlglhgnd%gr?garn eséea:[ fo;meé”\r?{gnntt e Sec ?1“& mtlznﬁggr)fé3 lk{vapl)eglf %Ofﬁ% used kir

readi ng t he oL Y. (&8ld o ba e eI had,0f claim5 wherein: the first current
path is forﬁgﬁ’tﬁfgug%t?ﬁz ﬁst, %bﬂrth and the third terminal and the

second current path is fornmed through the second, fourth and the third
term nal .
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8. The method of claim2 wherein the transistor includes: a first
sub-transi stor conprising a transistor having first source and drain

regi ons conprising dopants of the sane polarity type; and a
secondsub-transi stor conprising an inpact ionization transistor having
second source and drain :regions conprising do:pants of the opposite
polarity types. 9. The nmethod of claim8 wherein the inpact ionization
transi stor conprises a P-1-N thode including an intrinsic region between
doped regwﬁq sﬁm,eh%St and second polarity types. 10. The nethod of claim
8 wherein"the gate conprises first and second sub-gate el ectrodes. 11. The
met hod of claim 10 wherein: the first te el ectrode serves as a
control gate; and the second sub-gate(giec rode serves as a floating gate.
The met hod of claim8 wherein the second source regi on coi npnses an

el evat ed doped region upper portion of a raised region. 13. The nethod of
claim 12 es: perf.ormng a first inplant to inplant second type

dopar as |ﬁto t éﬁwﬁﬁpg?a?%g forthe first w yP

a memory cell having a hybrid transistor, wherein the transistor includes

a substrate having an active area,

a gate on the substrate, and

first and second current paths through the gate, wherein the first current path serves a
first purpose and the second current path serves a second purpose, the current paths are

selected by providing an appropriate signal at the gate.

2. A method of forming a device comprising:
forming a memory cell having a hybrid transistor, wherein forming the memory cell includes
providing a substrate having an active area,
forming a gate on the substrate, and
forming first and second current paths through the gate, the first current path serves a
first purpose and the second current path serves a second purpose, wherein the gate controls

selection of the current paths.
3. The method of claim 2 wherein the transistor comprises:
first and second source regions adjacent to a first side of the gate; and

a drain region adjacent to a second side of the gate.

4. The method of claim 3 wherein the transistor comprises an ionization region disposed between

the second source region and the gate.
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source and drain regions; and perform ng a second inplant to inplant
first type dopants into the substrate,funning the second source region.
14. The method of claim 13 wherein the intrinsic region conprises an | ower
portion of the raised region and substrate. 15, The nethod of claim3
wherein the substrate conprises a crystalline-on-insulator substrate. 16.
The nmethod of claim 15 wherein the transistor conprises a Fi  17. The

nmet hod of claim 16 wherein the transistor conprises an el evated body

di sposed 50 n aﬁllérrrile C!)doo)fi dﬁn i \% eergzinpfe tP h?l%&%" C%ﬁ‘l%{‘lgé}s r?ltS lteésgﬁ)a.p QQXmBQ erh'er%Fl thg

5 cl
wr apped dround by the gafe and Separate second sécti ons.

18. The thod of clai.m 17 conprises. fqrnm ng sidewal | S| Ils
o thes gdi AR BbndedfMidde SRR S LIRS RIATHR, RORGEISmA SLABKE |

of first polaci Ly tupe donante, bij g he sHbsligle. second source region and

an intrinsic regron e spacers; perﬁ%rn1ng a first angl ed inplant
of second polarity type dopants into the substrate, ung

6. The method of claim 2 wherein:
the first current path is used for programming the memory cell; and

the second current path is used for reading the memory cell.

7. The method of claim 5 wherein:
the first current path is formed through the first, fourth and the third terminal; and

the second current path is formed through the second, fourth and the third terminal.

8. The method of claim 2 wherein the transistor includes:

a first sub-transistor comprising a transistor having first source and drain regions comprising
dopants of the same polarity type; and

a second sub-transistor comprising an impact ionization transistor having second source and

drain regions comprising dopants of the opposite polarity types.

9. The method of claim 8 wherein the impact ionization transistor comprises a P-I-N diode

including an intrinsic region between doped regions of first and second polarity types.
10. The method of claim 8 wherein the gate comprises first and second sub-gate electrodes.

11. The method of claim 10 wherein;
the first sub-gate electrode serves as a control gate; and

the second sub-gate electrode serves as a floating gate.
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the first source region and partially the drain region; perform ng
a further plurality of angled inplants of second polarity type dopants into
the substrate, conpleting the formation of the drain region. 20.A nethod of
formng an integrated circuit np formng a nenory cell having a hybrid
transi stor, wherein fbrmng the nenory cell includes providing a substrate
having an act:ive area, formng a gate on the substrate, and form ng
first and second current paths through the gate, the first current path

serves a f I stypyf o Qf?n % wﬁ 21 1 sgc%%ﬁ 'S regé‘lﬁ Qorr)lg)?{%ésls.ea%f%@&%ggopggkggﬁe

her ei n the gate con s Sef éctron o e curr ce of
claiml wherein th ns. tor conprlses first and second sourcens

adj acent TIPS O%? e of the- gate; and a drain region adjacent to a
second side of the gate. 22. The device of claim 21 wherein the transistor
conprises an ionization region di sposed between the second source region
and the gate.

The method of claim 12 comprises:

performing a first implant to implant second type dopants into the substrate, forming the first
source and drain regions; and

performing a second implant to implant first type dopants into the substrate, forming the

second source region.

14. The method of claim 13 wherein the intrinsic region comprises an lower portion of the raised

region and substrate.
15. The method of claim 3 wherein the substrate comprises a crystalline-on-insulator substrate.
16. The method of claim 15 wherein the transistor comprises a FinFET.

17. The method of claim 16 wherein the transistor comprises an elevated body disposed on a
buried oxide layer of the substrate, the body portion is wrapped around by the gate and separated into

first and second sections.
18. The method of claim 17 comprises forming sidewall spacers on sidewalls of the gate.

19. The method of claim 18 comprises:

performing a angled implant of first polarity type dopants into the substrate, forming the
second source region and an intrinsic region beneath the spacers;

performing a first angled implant of second polarity type dopants into the substrate, forming

the first source region and partially the drain region; and

25



23. The device of claim 21 wherein the transistor conprises at |east four
termnals, wherein the first and second termnals are coupled to first and
second source regions, the third tenni to a drain region, and the fourth,
terminal is coupled to the gate. 24. The device of claim 23 wherein: the
first current path is used for programmng the nmenory cell; and the second
current path is used for reading the nenory cell. 25. The device of claim
24 wherein: is coupled current path is formed through the first, fourth
and the third term.nal . and.t second.curren ath is forned thr h the
second. 1 ourt HERE pRarpRr Ay ERER sSHat Gl eRRk Bphp LR TROb Y e
transi stor, includes:. a.fir ub-transi stor conprising a transistor
havi ng fi%@?mgbﬁwgﬁﬂﬁﬁgwé?gﬁﬂm}@g#ﬁ%@méelm%ising dopants of the sane
polarity type; and

20. A method of forming an integrated circuit comprising:
forming a memory cell having a hybrid transistor, wherein forming the memory cell includes
providing a substrate having an active area,
forming a gate on the substrate, and
forming first and second current paths through the gate, the first current path serves a
first purpose and the second current path serves a second purpose, wherein the gate controls

selection of the current paths.

21. The device of claim 1 wherein the transistor comprises:
first and second source regions adjacent to a first side of the gate; and

a drain region adjacent to a second side of the gate.

22 The device of claim 21 wherein the transistor comprises an ionization region disposed

between the second source region and the gate.

23. The device of claim 21 wherein the transistor comprises at least four terminals, wherein the
first and second terminals are coupled to first and second source regions, the third terminal is coupled

to a drain region, and the fourth terminal is coupled to the gate.

24, The device of claim 23 wherein:
the first current path is used for programming the memory cell; and

the second current path is used for reading the memory cell.

25. The device of claim 24 wherein:
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a second sub-transistor conprising an inpact ionization transistor having
second source and drain regions conprising |opants of the opposite polatity
types. 77 _The device of claim?26 wilee inpansistor conprises a P-1-N di ode
i ncl udi ng anegi on between doped regions of irst and second polarity types.
28. The device of claim 26 wherein the gate conprises first and second
sub-gate el ectrodes. 29, The device of claim28 wherein'" the first
sub--gate el ectrode serve, as a control gate; and the second sub-gate

el ectrode Se“"ﬁéfu%?cu?re&'rpgﬁltlé ﬁﬂm&%ﬁuéﬁ’%[ Egs Ofglﬁﬁua%ﬁﬂ%fth&dt@ﬁmnaes ngherein the

second source reglion conprises an regi on upper pOI’tI on of a
raised region. the second current path is formed through the second, fourth and the third terminal.

26. The device of claim 1 wherein the transistor includes:

a first sub-transistor comprising a transistor having first source and drain regions comprising
dopants of the same polarity type; and

a second sub-transistor comprising an impact ionization transistor having second source and

drain regions comprising dopants of the opposite polarity types.

27. The device of claim 26 wherein the impact ionization transistor comprises a P-I-N diode

including an intrinsic region between doped regions of first and second polarity types.
28. The device of claim 26 wherein the gate comprises first and second sub-gate electrodes.
29. The device of claim 28 wherein:

the first sub-gate electrode serves as a control gate; and

the second sub-gate electrode serves as a floating gate.

30. The device of claim 26 wherein the second source region comprises an elevated doped region

in an upper portion of a raised region.
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