HYBRID TRANSISTOR BACKGROUND [0001]Non-volatile memory (NVM)
has been widely used as computer memory that can retain the stored
information even when there is no power supply. Examples of non-volatile
memory include read-only memory, flash memory, and most types of
magnetic computer storage d&YBBIDABANMIERRIN NVM is achieved by
applying a positive programming voltage to the drain region and connecting
the source region to ground, therléﬁ§j BHE%e floating gate (FG) via
nel hot electron (CHF) injection from the drain region. Therefore, t ot
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an energetic charge carrier loses energy by the creation of other charge
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kinetic energy can transfer its energy to an electron in the valence band, and
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However, in a conventional metal-oxidesemiconductor field-effect transistor
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second purpose. The current paths are selected by providing an appropriate
oBiGNAhALthe88L€ 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.



[0005]A method of forming a device is also disclosed. The method includes
providing a substrate having an active area. A gate is formed 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
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another embodiment, a method of forming an integrated circuit is also
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the current paths. [000 ese andother objects, along with advantages and
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embodiments described herein are not mutually exclusive and can exist in
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DRAWINGS [0008]In the drawings, like reference characters generally refer
cugamepsdrprswardittirpughuanthhelifferpd cuieanspalisertheadeawid gammpsenothe gate
necessarily to scale, emphasis instead generally being placed upon
contretsa6ifg AR PribRfIEEbPIHE invention. In the following description, various

mRodiments of the present invention are described with reference to the
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hes'r%pnegpsg‘ﬂ)%e%a\g{ﬁgégn?é reppepq}(e)ﬁ}/tﬁre(uigh 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



[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 [0013]Figs. 5a-g
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DESCRIPTION [0014]Embaodiments generally relate to semiconductor
devices. More patrticularly, J3Fde OBIERE R to memory devices,
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system on chips (SoCs). The devices or ICs can be incorp into or used
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phones, and person gital assistants (PDASs). [0015]Fig. 1 shows a circuit
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a hot carrier injection mechanism. For example, the transistor comprises a
(StéatinglgateviransisiOs witthaihat pakriat imje otiosedechdnismanijie, floatinger

gate, in one embodiment, comprises a conductive floating gate. Other types
cleftiranssiusts sobhas eogplitteatcciiahorstorand agrsise BiadsiThrts (PDAs).

transistor, for example, forms a NVM memory cell. Employing the transistor
[Wc])therFéﬁaﬂl i%mcmytég@rg@agggﬂgm 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.



[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
ate. Adjacent to a first side of the gate are first and second source regions
lo%ﬂh-b; Hewntivg sntadimensithe grinistgatenisiacidshirepand jesprd non-common
embodiment, an ionization region 111 is disposed between the second
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aflcau;gelledhtlglfg% zilsrgd second source regions while a third terminal D is coupled
b'the drain ‘and atourth terminal G is coupled to the gate. The first terminal
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terminal, the third terminal D is a drain terminal and the fourth ternlinal G is a
weBRIRaISI MO alsdQsming- o auRInabHanSiRio o h AR LEAMhALSERR ¥ Bninal, gate and
embodiment, the transistor may include first and second non-common drains
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This produces a five terminal transistor. [0018]A first current path 104 is
thfoappechbthrto ughdhe firsgseuccaiteltmihalcgatet padithendeave tkiferimeipwipidees to
second current path 105 is formed through the second source terminal, gate
erpdctheetramansem inainSaidedoncot the Gintrentqyatiashaasl dstsssrhsiad-withsistor
for example, applying the appropriate signal to the gate terminal. The current
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access paths of the memory cell. In one embodiment, one of the current
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and the other current path is used for reading the memory cell. For example,
oftiee fustausianispatd candaeinsad fasmeadiay. Wiile thasecaadicucterhpgdth can be
can be used for programming. [0019]In one embodiment, the first
usdidransisombdetprisent hastivpadifent bf estdisiptogrhmving source and
drain comprising dopants of the same polarity type, such as a metal oxide
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impact ionization transistor (I-transistor), such as an impact ionization MOS
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c SRS QAP PEING 1AFe IME ISien REIOAS A@BIOBIcond 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.



111 between the P and N doped regions. The intrinsic region is disposed, for

example, adjacent to the source and gate of the I-MOS transistor. During

programming, a strong lateral electric field is generated in the intrinsic region

by reverse biasing the diode part to achieve strong impact ionization. The
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: E]]ate (VG >0, Vs 2 < 0), pushing the I-transistor into avalanche breakdown
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programming speed. [0021]Various voltages are applied to the terminals S,
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programming mode, both the first and second transistors might be switched

o0hsinte (VE>0VV o, Ra)eyshidgtib e fiiskkidnsisdakalatree iBragk doieotowArR a
the channel due to the potentials of both source and drain being the same.
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the second transistor is switched off [0022]Table 1 below shows an
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modes of the memory cell. Other voltages may also be useful for different
sehiarRlihy M suRlanchsisidcet ode hes el WisrHgrAHivenge Srsdsanhaiesded his
. Read Voltages .
increases programming speed.
[0021] Various voltages are applied to the terminals S1, S2, D and G. A transistor is off
when Vg < Vrand 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
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[0023] As described, the memory cell comprises a hybrid transistor. Programming or
erasing is achieved using one of the sub-transistors while reading is achieved using the other sub-
transistor. In one embodiment, programming or erasing is achieved using the second sub-
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 [-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.



1VG9 14 1.2 [0023]As described, the memory cell comprises a hybrid

transistor. Programming or erasing is achieved using one of the

sub-transistors while reading is achieved using the other sub-transistor. In

one embodiment, programming or erasing is achieved using the second
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accordance with one embodiment, programming entails writing a 1 to the
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memory cell, the high positive gate voltage attracts the hot electrons
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triggers impact ionization into the floating gate. Due to impact ionization,
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gate voltage is higher than the gate threshold voltage of the
insulator (SOI), are also useful. The active region, in one embodiment, comprises a doped well.
In one embodiment, the active region comprises a lightly doped well. Other types of doped
wells may also be useful. The doped well, for example, comprises first polarity type dopants. In
one embodiment, the first polarity type comprises p-type for n-type transistors. Alternatively,
the first polarity type comprises n-type for p-type transistors. N-type dopants can include
phosphorus (P), arsenic (As), antimony (Sb) or a combination thereof while P-type dopants can
include boron (B), indium (In) or a combination thereof. Isolation regions (not shown), such as
shallow trench isolation regions, may be provided to isolate the active region from other device
regions.
[0028] The hybrid transistor comprises a gate 220. In one embodiment, the gate comprises
first and second stacked sub-gate electrodes 224 and 228. The first sub-gate electrode, for
example, serves as a control gate over the second sub-gate electrode which serves as a floating
gate. Other gate configurations are also useful. Various types of materials, such as polysilicon,
can be used to form the gate electrodes. Beneath the gate is a channel region 230.
[0029] A dielectric layer 222 is provided to separate the second sub-gate electrode from the
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,O3 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,



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
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impact ipnization gccurs in the memary cell while reading. This reduces read
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wordlines in a first direction and bitlines in a second direction. In one
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the control gate is coupled to a wordline. The first source is coupled to a read
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show cross-sectional and top views of an embodiment of a portion 200 of a
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in Fig. 1. The cross-sectional view of the device is taken from the I-transistor
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active region defined on a substrate 205. The substrate, for example,
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dopants. N-type or otherciiycfes of substrates, such as silicon ﬁerm?nium or
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one embodiment, the first polarity type comprises p-type for n-type
[06315iStONS o AX IGHBBLINRYY, thadits HROIATHYIYBS € RBRMIMPridRe {4 R Ioped
transistors. N-type dopants can include phosphorus (P), arsenic (As),
re@[iinonyl(SFip oL a1 dodikpoadios these eferhilaBd tygoendajppads gaoni acdde gate. The
boron (B), indium (In) or a combination thereof Isolation regions (not shown),
[-siginassiadote senohl idapatiorgregions tmaytbelprabidedbodgotate thevated doped
active region from other device regions. [0028]The hybrid transistor
reginpisadsa pjatedesd ton o Hiesernh Buifdancdriesipard e Miprives e suctures.
second stacked sub-gate electrodes 224 and 228. The first sub-gate
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electrode which seryes as g floating gate. Other. gate conpfigurations are al
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also useful. Dielectric cap 239 and sidewall spacers 238 can be provided for
nilewgaiad\¢apicushdielactind materalg dnoltelingfsilicon oxide, silicon nitride,
silicon oxynitride, may be used to form the cap and spacers. Additionally, the
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that the cap, spacers and sub-spacers need not be formed from the same
re@iﬁé {ormafaisgyub-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



[0030]First and second doped regions 242 and 244 are disposed on a first

side of the gate while a third doped region 248 is disposed on a second and

opposing side. The first and second doped regions serve as the first and

second source regions and the third doped region serves as the drain region
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doped region. The second doped region may be narrower without negatively
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regions may also bé useful. [0031]In one embodimént, at least the second
regme%r@gl%ﬁmmm. atheleyated fRpRAIeR Qﬁp&édﬁ%wﬂq@ 144 regions and
isposed between the elevated second doped region and the gate. The
eltéag@iam sepaiated e Gepand deppacsagioatsanmihalgate (e gifd@lectrodes. The
embodiments, elevated doped regions are also provided for the first and third
dgiopefithe groasion feugivsy fometrioplesisutture)iraidéd cegions 285¢ areomprises a
disposed on the substrate adjacent to the gate to accommodate the elevated
defwpeerrsgivntiThel pheed Fagditms/traveln eop cubfsbmoghsinovéothef ibp extension
surface 206 of the substrate. As shown, the raised regions are isolated from
regianele b hineissddnmEmpadens ariahesiderpresra R Eatiopita dhydtartipe below the
In one embodiment, the raised regions comprise silicon or silicon

regions. :
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comprise dopants of the second polarity type for forming a second polarity
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n-type memory cell. Alternatively, the second polarity type can be p-type to
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about 1E21 ions/cm2. [0033]The doped regions of the first sub-transistor
regooupyripeseaiSedpdgion sypeitderexte mdida thegiomns iyitrecsulpstset ecbeddwolhhiey
extension regions are disposed below the raised regions and extend into the
typhaapeltfedibhBel oplany spscanshoraboeetddhsdgecnd praghtdyeteeanduastype.
The depth of the extension regions, for example, is about 50nm. The o
(0938 nsioRiFRieh RebMTBR SsSsCaRp st eoME e & UitdbsgtorEa 1. idhe/krrgion is a
In one.embodiment,.the %ortion of the extensiEn regio becg‘oﬁ the raise doved
oo CRH ALY & & H G B E PSS ReRi Ao h e RSt \%ﬁe%%%‘} & HNeope
oA LI BRI O JoRAN CINGINRIN Al WIS RIRNTAN A02IOR RYIon,

the raised region can be about the same as the doped region ab

in ORS4HHARIRRALRAARE S BIONMISLLRIILROHILEIIRIR RACLINE dRBERd in a lower

region (drain) form a
portion of the raised region corresponding to the second source and the substrate beneath and

extends below the spacer. The second source, in such case, occupies the upper portion of the
substrate. Other configurations of source and I-region are also useful. In some embodiments, a

non-elevated I-region is used. For example, raised regions are not provided for the transistor.



second sub-transistor. In one embodiment, the second source region
comprises different polarity type dopants than the first source region and the
drain region. For example, the second source region comprises first polarity
type dopants while the drain region comprises second polarity type dopants.
lﬂgﬁél first BwIdiSRe s bl Hesfpandriauits secuaipolanghtgpbichicsen. The
leg-g&%. 0035]Disposed between the second source and the gate is an

5 {1e& R shrulil & RSN NG at YRS Brgrrrkant adp it spreiaas For
resent. For example, the I-region can b doped. or comprises dopant
ot B e R S R A S R or

a IR SITRETE Sfé%?éhsﬁ?eg%ﬁ? gy ﬁtr%th 59108 E BIEVHES ISP SThe first

iIsposed In a [ower portion of the raised region corresponding to the second

pAPHAR agdiie Aubsiraie Senceiburnd iendsagl %{%iﬂheaﬁ@ acelecbhe SeCRNA:

source, in such case, occupies the upper portion of the substrate. Other
leg@ifiguratipnsoaf skt taanth beagiohamalsoThsalt parsaseampedinagbiSabout
a non-elevated I-region is used. For example, raised regions are not provided
26omthehitarisistornd P86 &cdibtande inetvidénpiloduget@rahc soulice isgeguagth of
to a length of the I-region. The length of the I-region should be sufficient to
alwpa blenavabapcHd pedkideinon havine othegionetFomexalsphe, wisdulength of the
I-region is about 20 to 100 nm. Other lengths are also useful. For applications
[(Wéz?ng risstelibedaygidhendarti g fRBy Edmpre e snhedmsnbgbarsrtion 300
The first part is the depth of the portjon of the |-region in the elevated region
"fa%g"f’ﬁ%e's GRA PP IS TREYE bé‘ldtﬁé“ﬂﬁl;ﬁ%%%f%}ﬂ%‘ Rigforrisaietd thé e 1+ The

uSRAGS s o?nf”c?%%r%é 2 SXRMPIGMaY De 2 °s‘f.'rta?e03ﬂ§'.‘ M‘é'gﬁﬁﬁﬁa?e, Pample.
par? may be about E nm. IS produces an P—reglon aving a leng F] O? a OI&]P

c B ggrsrés E@%wﬂﬂ@&lﬁ%m&&r@ﬂﬂ%%g?{tée w&.@lmﬁ%tﬁl&? ig?e'iﬁﬁ‘ﬁlﬂ% includes a

7]Figs. 3a-b show 3-dimensional and top views of another embodiment

pakaiparion 300 ef@ drviceThe-RItivRCRNPLSHS & MYprid Hansisiat 89 The

such as one described in Fig. 1. The transistor is formed on an active region
Coefinedrab, insupsiraiel 30t Idoenptikstrad o] fabexae MeS ODspsigas iacludes a bulk

crystalline-on-insulator (COIl) substrate. A COI substrate, for example,
clyrtiligiessabbuibke csyshialti ndi substratesdivdresstinfadeyerystallingl lay e bseparatde

by a buried oxide layer. The COI substrate, in one embodiment, comprises a
Odertypabstrafel wsoes shehrate ritierdadma v erpstalknBayserhedisstich

as silicon with a silicon surface layer separated by a buried oxide. Other

(09485 of ' O estB Rt LS HEraRsis i enmBHsHI QRO YPSURLHSIRS sl ayadipdield
Igsed. OOB%IE.O élﬁ odiment, the transistor om%liiFe a fin-t %%gr nsistor,

RS W it 0 ARLICHBY CEIRFEE) i 1ALty RBHEARR Jposed on
th%'?&%g%%gg&pt%tk%ﬁsﬁ%d AROS %g’a 2 18, ARSI S9N, %‘Iﬁ&gﬁ#&%@%ﬁ&% a

elevate y portion, In one em Iment,”comprises a cryst e regio

ARk QR GBI A GRSIRIRE Ry Rh e GOf BRITRRLTRR PORY bodty

portion, for example, comprises silicon or silicon germanium. Other types o

péiiystatinexamaiesiabnsheR A8 Kifnhanalsenheoiselwpdhs bgightiat the
body region, for example, may be about 50nm. This height may be equal to

mithexrithjckiniess $f thénsurimae drydtaliseulay@te 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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[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 materials may also be useful. For example, the

hard mask may comprise silicon nitride. Preferably, the hard mask comprises
matefigle sy Hiaesintc rhelRarIama S bahad mastorrarineater e HispRatiBI o f

the doped regions. [0040]A gate 320 is disposed over the body region. The
Profgebtyr B ARt epResist Ad e By Ass o RSERET AR HIB 1o o facilitate
th%?rtion into p{ﬁé nd second sections 317 and 318. As shown, the gate wraps

arouna SBOUL B MIBCSECHOR of the body portion, forming sections of about the

[0BAD]E SIZ€,HUHNg cﬁ?ﬁék%ﬁ%@‘fﬁé%%@%%%?‘%% HAISE-SE e 02880 0und

stack can comprise similar types of gate stack as described in Figs. 2a-b. For
RAPIRiDE Sa fIRCkCPNRIRGE G GRlerElielRalic RYSbaHIRAINAGRIeS. As
electrode and a control gate electrode separated by a dielectric layer.
sHvavidingaihatpypes:od gete: stachs dstrisofuse Bad{RAldkirshang seend of about
doped regions 342 and 344 are disposed in the first section. In one
the inadkime nEotheniyr stindsdecondddtped segionslsvediShoed piecpobsing
sides of the body portion in the first section, separated by an undoped mesa
coagitie SIRlaT hpanebgare siienk, Fodeebsgla FseforAmbd Rarpxamepteibeagifrestack
surface layer and serves as an isolation region between the first and second

CBREE Ya grin JKIERIFY Huped Fegibie S48 rleaikysissed P REdedbntlestedpreparated

The first and second doped regions serve as source regigns and the third
b%%ﬂbe&ﬁ?gb%wglér%é%vgg% 8‘#@?&?%5%8& BHIREFIASAS P HE polarity type of

[Jﬁéﬁyﬂrai HaSiermine %g&pﬁ'é%r}%%%%ﬁ W&eanﬁcé%%%“ ls'a‘?oS%'cHﬁ’ﬁlQ {%isrt‘[é%ﬁgﬁﬂ 106ne

e transistors whni -typedrain IS used for p-type transistors.

eRPSIERROHMERL A LISh FAUPEE AT a&a&ﬁﬁ@gd%?ﬁbggﬁmf@é%ﬂﬂg $hdy

sub- transistor 302a. The doped regions of the first sub-transistor comprise

pslapaMsHeithe sesondarlaiity sy s fandpeming -sa6RRIDOIAEMAPR gion, for
memory cell. For the second polarity type, it can be n-type to form an n-type

exnepiany catholltesmativelystiiemacefdepojarityidype eads be ipstyen te foirbaween
p-type memory cell. The dopant concentration of the doped regions is about
the i1 dorsfoml Ertensibenreditris! iy be giroide i e souticesar diseifion.
T}rlg%l(r)s?ind 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

. 2 . . . . .
ions/cm”. Extension regions may be provided for the source and drain regions.
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[0043]The second source region, gate and drain region form a second
sub-transistor 302b. The doped regions (source and drain) of the second
sub-transistor comprise dopants of a different polarity type. For example, the
second source region comprises dopants of a first polarity while the drain
[0Q5ibn cahspriserdserERdssintariEyteie depnmeoThaRrassortiy typatearsa2b:
Tﬁég{pe and the second polarity type can be n-type. [0044]Disposed between

QRS YU SR A hE YAt 'éhﬁr?Eiﬁ?Hﬂé\’@}éépﬂ}E}ﬁtﬂ-?8ﬁ‘i%rﬁﬁe§fE?‘rfﬁ 8ht

di g]rte)l?tdlmgr:i}r? Ehee."{:%?'é’” CORFiSes. an, undoped region, Alternatively, e
-regioR°comprises a lightly'doped region. For exampie, the I:region may be

pdAAY AQRSHMRIIRG 9&%{%%‘?_ %9&%‘#&88{3) S AR EMAQ ‘i‘lFE't%%Iﬂ?(t_y e

I-redgion can be undoped. [0045]Figs. 4a-f show Cross-sectional (1) and top (ii

cMPV3- QR RMROIBENp AhAPIOFESMIEE foiyping a portion 400 of a device or
IC. Referring to Fig. 4a, a substrate 205 is provided. The substrate can

[00ad]pris®RileDPeshasi At ddiRl Solnst ata thercexanplentcande adighithygion) 311.
p-type doped substrate. Other types of substrates, including silicon

Ingerercarhudineiichr-brigisulaton(S6 ) andepapedisubstitates) aie, ahsd-vsadul.
[0046]The substrate is prepared with an active region 203. The active region

capprisssadightbyionadriagitich Fotexasistorths foieaed Mhyebadithe ydgisd with n-type or
comprises a doped well (not shown) with dopants of a first polarity type. The

PAUSAPRIBHEPRTIES b AN RS RRAGBRM b fghiRFaB 5a% RF&mEondse first polarity
t doped wells are for second polarity type transistors. The first polarity
“@%ﬁ ca b%?'rﬁ‘-%fpsg%“{ E)r-?%éffc&(%}sae?r{b?iﬁé" Fﬁ”tHB WEnSiClar §/BROE BRI pracess
n-type wells are used for p-type t istors while.p-type wells ar ed for.
B R e R By o

TR @oﬁ%ﬁ@'}%ﬁﬁ?&ﬁ@%ﬁ%&ﬁﬁ&hﬂ(ﬁé‘%ﬁ}ép&f&? Rﬁ%‘i?aﬁ@'ikf%&ﬂlﬁeefa lightly p-

phosphorus (P), arsenic (As), antimony (Sb) or a combination thereo

tyEMﬂéﬁk%KEﬁﬁélS@{hép{yﬁm @&s@ﬁ%@%ﬁﬁ%ﬁﬁl_ﬁé@ﬂ&kﬁ@éﬁﬁﬁﬁﬁﬁHb@@ﬂ%n—
Figs. 1 and 2a-b. In one embodiment, the active region is designed to

insachampotase thipicansisioierairexampliaubne side of the active region
comprises two separate regions separated by a non-active region.
[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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The sub-regions correspond to first and second diffusion regions, such as
source regions, of the transistor. [0048]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

Thi rapregiont GemeRaRd ¢ Hfistrtssecpdrality el tetiohas RAVECp ey Of the
memory cells. [0049]Additionally, the substrate may include a logic portion

At Shown) for support circuitry. The substrate may also include regions for

ther types of citcuitry, depending on the type of device or IC, .
T e e R SRS AR i e

elﬂﬁlh?mﬁ?t,fﬁ{é‘}nté}ﬁo‘i’??&ﬂ %%qﬁmég 'ﬁdﬂl%%mﬁt!rﬁ&ﬁ‘éﬁh&fiyeéu%‘ Cfﬂ)@ssof memory

Implantation with a mask, can be used. The first and second type wells can
IR far m@ﬁd&ﬁ.p@@t%%ﬁﬁgeMEf deehnigvesiasbfiymineitheasiNeror a
regions are also useful. The active region or substrate may be implanted with
pldepants teedriinectne initial gate threshold voltage (VT). [0051]The substrate
can be prepared with isolation regions (not shown), for example,
[08dBespokdingtellyorhasihse regiogsiidskpairate toeiastivet shgiomsdranppach
other and other active device regions. For example, the isolation can
cisgitaundhthabritive Iregioo inchise mgibodimothetiwpisolbtioriiagiderending on the
comprise STIs. Various processes can be employed to form the STI regions.
YRePEIENTHIY; ¥he substrate can be etched using etch and mask techniques to

form trenches which are then filled with dielectric materials such as silicon
m&%@e. Cﬁg?ﬁféﬂ?'rﬁ?cﬁ:a A BoiReATAY YEMY R SR B R A S ¢ ?ng'??ef"rm the
xide.an v lanar su ate to e STIr

exces rovid str urface. Th ions
d(g)a?(réiegégl S, 101 1&1’1 ﬁjagta 100 ?elghgl ues, SUCB al mrptlﬁlg?ﬁon Wlt% a aﬁ?é 0618?)% dlsed. The

orme or example, prior to or afte e formation o wells.

qutIQr?& gg&%ﬂ%ﬁé \%1{!‘@&ﬁ%@'Rﬁﬁ&%&@ﬁa&@ﬁ%&%@’Tbtéﬂ@r%ﬂﬁnques for forming
[0052]Referring to Fig. 4b, a gate stack 220 is formed on the substrate. The

rgateRtackiindarmas Qe tharctive segih Jhamateimsjarasgdardheit dopants
substrate to divide the active region
to define the initial gate threshold voltage (V).
[0051] The substrate can be prepared with isolation regions (not shown), for example,
corresponding to non-active regions to separate the active regions from each other and other
active device regions. For example, the isolation can surround the active region. In one
embodiment, the isolation regions comprise 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 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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into first and second sections on each side of the gate. In one embodiment,

the gate stack comprises a control gate electrode over a floating gate

electrode. A first or tunneling dielectric layer 222 is disposed between the
_floating gate electrode and substrate and an inter-gate dielectric layer 232 is
infdesif petdeicitnyate b eifs b oeifel AR PRE CHY 2B LR IseSpOVRIE

over the control gate electrode. Dielectric sidewall spacers 238 are dispaosed

QRPN TSR (TR T B E BRI gRe SteK RbHiMHLEE difectric

ex le, forming the gate stack layers qn the substrate. In one embodiment,
Bcpiet S s s R R B

adiElsls avah 0 P08 SRS e §£’t@*89&?§d§é‘ﬁ%%?ﬁ9&§c OlpssdRe$Or

gate dielectric layers, such as silicon oxynitride, may also be used. Various
pl&EHRIGHES RUCh @S s m@ét@ﬁgaiﬂ?é]e@f&&/i@e&ﬁﬂsB@c&@@i@)é%Qéﬁ;f&Jé@ $hehe
second gate dielectric layer. The thickness of the tunneling dielectric layer
sifeayhaaheuitdé-100 A. Other thicknesses are also useful. [0054]On the
tunneling dielectric layer is deposited a floating gate electrode layer. The
[0053ting daterivledtequie [eyer conpprise $oiikanlenibodin eint gpelysiicbryeha the
gate electrode layer can be formed as an amorphous or non-amorphous
sybsieateT e atendleditnsde miegnplénd dirder tNaldpers2@echiniged pndyesabstrate. The
employed to dope the gate electrode, for example, insitu doping or ion
R t%!ﬁlf’ﬁ?rrﬁr%\‘lﬁiiﬁ@ ¥ E%Bﬁé&@a‘f@”éﬂ’é‘éﬁ%%’écwlﬁﬁaypgl%WR?%%%‘?
ate electrode materials are also useful. The thjckness of the

Other types of f ,
d@&&&hﬁ%&f& SYER PO TRYSF VALY e BRGSO tﬁ%}%é%@é%‘ée&é%%‘i‘éo
useful. To form t econd gate electrode layer, techniqu uch as chemical
R S SR e SRR R
hiCRRRIAR IRE SRR HIRIECINC ARG RN GRIG SIEFOPEE RUEr hUEL0RN are also
formed over the floating gate electrode layer. The inter-gate dielectric layer
uRdd, for example, comprises silicon oxide having a thickness of about several
nm. Other types of dielectric materials or thicknesses are also useful. As for
[obetTont grtestebiodel24c agan e posimeich fonminogs itenrodoer. g dte:
electrode materials. The thickness of the control gate electrode may be about
fl60ingrgaRrelvidinde dagentrohgites e fectrotebhdiniegt ophbsiliiokn s es iscddswode
useful. A dielectric cap layer 239 can be formed over the control gate
lags cadbe forme b Ibyap PP eHmplel B oS daysilichif SRItRichERdis gray be
thickness of about 20 nm. Other types of cap materials or thicknesses are
dofedy LGuTArs MRS S PHETBINYED LIRS VaFigtis tcHAuBY, cSarwgsinsity
CVD. [Q056]The layers of the gate stack are patterned fo form th te stack.
PG TP AIALo b F 6 AR N0 AT, A RS S8 1 Bt the
ofidis St&cgf 0! SXAMBS LR RNoLresiss @éf? [isTRImes Quer s gats, Stagk
ayerysp and patterned, exposing portions o the gate stack layers. An

cIBRISAL ERIG SIRN bSUELASPRABING IRRIGHRARIE MR RRHAMESGIAT DO Snd gate

exposed portions of the gate stack layers. To improve lithographic resolution,
clafromitiefeetivmigaaling HARGY maR1Ikajrdpadtibe nesth) henRali@ sSther

[0057]After patterning the gate stack, the photoresist is removed. Sidewall
tespoiqecs #88lar@seful.

[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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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

A ROrts S8 O trrehsutraraledie iefoRdectit el sanamigTahE U pely vdigRivy, other

The raised regions, in one embodiment, comprise']]%%/stalline regions. The

i SEG TR T3 e XaIh PN BB L& SR B s SRR boddr™:
types of crystalline material, such ag Sn.or InAs, may also seful. In.one
Pregrﬁagléia C(}/ %@L%a ergle%fro e'havin oﬁFer hlchbeSSélsqls ;Mso Seftl)l? Llkfillgle:ctmc cap layer

men raised regions are rormead oy C emlca}lvapor epitaxy.

S ElRTRN G Saisar eaionS A formad %§%L%Cﬂ\j§r%‘?@Sﬁbi’e?@&?ﬁllprjses silicon

epitaxy. By employing selective epitaxy, raised regions are formed only in the

niePXROBRGnR A HiRNG O thEHhdeiving SHRSELRs WNIEH AALEAROPHSARELE: are also

doped regions. Other techniques to form the raised regions may also be
uiesafuTHe Ionesembedisiest ihadeigbtoktheiaisedicaaiooyTs about 50nm.
Other heights are also useful. [0059]The process continues by forming doped
[0Gsibns dhtHeytrandistomiSinck dheptiansistor Lom prisesebottkfirgtame techniques,
second polarity type doped regions, two implant processes are performed,
sushaforafkenfirndypdidsprantbeaneadirepatisar fos ghie seconborpampisanioftesist
dopants are selectively implanted into the doped regions using an implant

layea formed RSTalE SRS RS YRR PGS HsEP B EtROFHERS Phote f&sttack
layer exposing regions to be implanted with dopants. [0060]Fig. 4d shows the
layExss é‘%‘i&?ﬁﬂ‘&%‘%tﬂ‘%}bﬁaﬂw%ﬁf&\fSHHPabﬂgéﬁ@g%&fgf&%ﬁg SreTRONFpgPsed

second_polari As shown, the ess forms ed regions

type. W | ith. :
P R S R PR O TR e
( A?l@é)@aﬁ%@‘ﬁ%xﬁ&%ﬁé&ﬁﬂh%t anglRRtterned to expose the first source

region 242 and drain region 248. Second type dopants, such as n-type

[0d8PANtS ANE PRRIAREAHA EhRSKNSH BIRIRINING 1S8EABE YRR WAP§HAIagIDTSare
corresponding to the first source and drain regions. The doped regions, for

foexem@lehocddpylthefraisgde egian Fanshextencshelowdhexsuifrceoafpties
substrate. [0061]Fig. 4e shows the substrate implanted with dopants to form

dgopedgegiohsof thgcotheraofsthe st lyresdcon thpblanitly tgpevAgshoviapntake
process forms doped regions with dopants of the first polarity type. In one

PEHIBGdIRReericabpoit@npiplarin R s RS Tesvib pReeE N the substrate and

[ 0Batterned to expose the second source region 244. First type dopants, such

SH-typetidioamitdn Ste ﬁﬁﬁf&i’rﬁé‘&?ﬁ%&‘tﬁ%‘@%@r&l@%ﬁ%}ﬁﬁiﬂﬁélﬁégﬁ%@ the
d regio ing to th d ion. [0062]] .
T T T Sl
iS€ ion.to f d ' ich ies th :
T S T

géﬁ%ﬁ[ﬁﬂe ESHY %éérggé%t%ﬂ&emhﬁfgm QQ(WQK’!Q%JV QIVPSHRI. n one

below the spacer.
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 S0nm. Other heights are also useful.
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[0063]Fig. 4f shows the transistor after removal of the second implant mask.
The process continues to complete the formation of the device. region of the
transistor. Other configurations of raised regions for the transistors may also
be useful. In yet other embodiments, no raised regions are provided for the
[09afkistoF hfrPERsers caBEBuSHBY IRERinS foRRdpBEars vt iR iidosourEE it
gate in the substrate. [0065]Figs. 5a-g show 3-dimensional view of another

R OH BRSO EL &7 FIGR R PO DRSS! 5181008 /ika gpn@nt processes are
Referring to Fig, 5a, a substrate 305.is prqvided. The substrate, for ex le,
per{%rmefp g)snea f%%]es?llgt E}/g?e%(}gaatéflnd %g O(a? T %I’ the SCCO. B t?’ﬁ)(e: %%peants. a[?é)c%pants

€
compris ubs SUbStrate” 1 example, tncludes a bu

ar‘éré’egééﬂ%‘i’yﬁ\-l%ﬁ@éﬂ AndahTars SRialine JRYShRGPARICARY isgﬂrﬂﬁ‘ﬂask, for

oxide layer. The COI substrate, in 6ne embodiment, comprises a

ebbsiraewhich inplidasda pilicRR SULire e pustalling JRY R bOMBR YRR @ dopants.

COl substrates, such as a SiGe-on-insulator substrate which includes a SiGe
[B6URCce ErystalineWayes sibay:alseiemiesediiQRpelihe suhsimpel isgoeparesle of
with an active region. The active region serves as a region on which a
thir dimgi stoesid pokdiyTiypeactivehregiothe iprarsséonipe dispahie gionsprigedogants of the
undoped crystalline island disposed on the buried oxide layer. The island, for
sesadrpieriserves s ey eteletieerbodyiot apknsisisk 25 deksenilsd @iriheigthsirate
and 3a-b. The transistor can be a memory cell in an array region of the
ageRAHE G Shex BB Sififfehtotre ﬁéﬂb?}‘}%é‘l‘% 8 FrEe TGtV olstRadRamdepants,

es of memory cells are also useful. The arrg%region g nerally

lls. Oth
S“f?grﬁ?a?fgggrzi}%%ﬂgtiﬁ%ﬁf&?ﬂ}Sdréﬁ?otﬂ% ?B?Sg?iﬁafﬁﬁ‘ﬁ)‘l?f THERibRPE&fESd regions

0067]Additjonally, the substrate ma includleija(ljdoi artion (not shown) for
Ry e e oAl M A1 SR BRI AT oy e

ra?éé‘&%%%&%ﬂ%Qi@ﬂd%lﬂ%@tﬂé%%ﬂcg%Yi&f‘é Uplal0068] The elevated body is

ormed by, for example, patterning the surface crystalline layer
[0061] Fig. 4e shows the substrate implanted with dopants to form doped regions of the other

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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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 example, comprises silicon oxide.
Other types of hard mask materials, such as silicon nitride, may also be

[098d}u1. Pretbeamiyasabetininisie 8Rp FREN herstdert friihidne [crosagippurce
one embodiment, the hard mask layer is patterned using a patterned soft

o aRRT ScHARE ot YRS OIS S ShRUISTARES A TEER PR ALS be

«{9:8XPpsEUNAnteq Rotions of he surface arvstaline yer. Thesoft mask,
may be removed arter paﬁernlng the hard mask An anisotropic etch, such as

48 1RD; 160 (RIS SRGHAME LR LEMAELNG EXRABEHROrIONS of the

surface crystalline layer to expose portions of the buried oxide layer 306
[0085W. TREPosLOhOY haiswigeqcrisirling dave ewbitihis R e pie ek Yt €orming
hard mask remains, forming an elevated body of the transistor on the buried
a peitlenlage ALt e I0atestahaidthereie vatedibeditcspenRgsonidae THes Witrate,
COl substrate used. For example, the elevated body comprises silicon for a
fos&arsplbstrangroesHiCoN gérmaniumGol suBiGecofvimsutapdy, suthsteateb@ither
types of crystalline material, such as germanium tin or indium arsenide, may
craksd e sigestidta andries eiabo dirsetineHayneigbiratfethey liduyivs akidat ®Gmrkhe COI
Other thicknesses may also be useful. The height may, for example, d?’Pend

SUSHUERE: i ERAEBL AN GPIRBE RSB NRORT Whirfeltstydst b stliges surtace
0071]Referring to Fig. 5b ate stack 320 is formed on the substrate. The
A e AR o I RN 5Oy T CESAAEHE e ot e
< RRK ion |§1t(9 firus and sec:ﬂnd §ections 317 %nd 318. As shown, the gate wraps

around about a Erlﬁfdggeséatlérﬁeo?}fﬁré%%?/ Srg)orﬁ(l)lﬁe, orming sections of about the

[09861€ SiZgreAETNAG RELUARSNAING dBiRISRERIZEFE ARUSEIN. Q04T NG gion

gate stack, in one embodiment, comprises a floating and control gate

o lpcirpdenbinhichratitanatina dieleclricd avamsepaaigscthe-Rpting: aatehdoped
electrode from the body portion and an inter-gate dielectric layer separating

cipeaiatei eleataogese Podigkebiiie Capidaygremahd s dish esedonplepsaithagate
stack. The gate stack can be formed in a similar manner as described in Fig.

elpintEbb@iarnpleythis vrariods dapedsioFithe Igate 3wé. pllkernesl torformbthengatery

CCSI}?I? la<1n 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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Forming other types of gate stacks or employing other techniques to form the

gate stack is also useful. [0073]After patterning the gate stack, the

photoresist is removed. Sidewall spacers 338 are formed on the sidewalls of

the gate stack. Forming the spacers, for example, comprises depositing a
e@l@é@tﬁ@f{w@%ﬂ%ﬁ%ﬂ%p Ry RERiPId IR MRk M o Ve s PibFoBAtIde.

portions. The vertical portions remaining form sidewall spacers. [0074]The

MY Rt S i BB FIBRE 6P USRI T one

[o%ﬁbﬁo"d"?eé‘ﬁ'e% RGPS dt%g%%&e iop which SaetEVr%Sﬁﬁ?Ss}hease‘%%’e?Eeﬁog Cias
region is forme PIhCe The transistor cOmpriges both firstand second po arl%(y

sUPSs SRBR A LRIIANS n NG U TENLNRER P4 HRREE E)%%?Héd%ee)%ﬁg&elﬁﬁgﬂmd
separately. [0075]Retferring to Fig. Sc, first type polarity doped regions are

pdRiBASds FRISEXAMRIS s tNEsaeRRd BRUIGR FEQIOR RS th&-aReeAdRY lﬁéﬁ@ﬂﬁ@%e hard
with an I-region is formed. A first implant mask 386 is formed on the

mabibsKatehide ficsétomplasit Maskiproiactsch@secepdrsaainSkhanhbeiidsed
processed. The implant mask, as shown, covers a second side of the gate

pstagis anththerteecanghwdotolayef thexposy poaiitonoFinebiypel dodanigeaio below.
implanted into the substrate to a form first type doped region 344. For

Texapnipda, o gpeidagsaanystalieeripyiemda bosoratealsl ippdishbadnoasb grmeains, forming
egion. [0076]In one embodiment, the implant comprises an angled or tilted

aIPr d podyiatdba teardmanhe P dA-sdBsHlant is in the direction
dicular t dt ds the si implant sid hich th d
O o R 4001 GRS E R DA 8 B GCUTPRIAS Hfgheror

A5hgne fmbedimenthe wist angle s aboul g uhile the vrtical componen
0 ate the

S dS rate ﬁr B%IC n germa I1’11,111’1 otra
e ’angled implant'does not penetr ard mask. Performing the

sRAAGADRIBAL IR MgtRRIE AF BRALIhEGIMER N Qi 1eAPMAAR 'EiH"'(% indium

spacer. Other twist angles that enable the formation of an I-region under the

ASPREErMNaYaIsORE ST Baiiltiangle Adndhaanaie siwhichibesdaRantsier

are implanted into the side of the body relative to the plane of the substrate.
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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In one embodiment, the tilt angle 0 is about 30 to 60. Implanting dopants at

other tilt angles may also be useful. The hard mask protects the opposing

side and top of the body from being implanted with dopants. [0077]Referring

to Fig. 5d, the first implant mask 386 is removed. The mask can be removed
Fesningater Offsrofettiniiisds 96 e ramyinagthse hehsidusetalssny dirgriagtegk is also

removal of the mask, the spacers on the sidewalls of the gate stack are
u&loved. For example, a wet etch selective to silicon can be employed to

ve the spacers. Removal of the spacers exposes the I-region 311
oo B e S 0 e bt At o
fdrhRQION fOmyPeiRg Sored urind e ImplantLoiRim e SEGNY SOMIFRes

region. [0078]The process continues by forming the second polarity type

d9ReRsJagiRNS ik the P ary of theRABISINEOHRARIBPIS LB RYARESSizontal

continues to form n-type doped regions. In one embodiment, forming the
pasicandmelasiycty perdopadagivRs Gamplises spatiéple implant processes.

[0079]As shown in Fig. 5e, a first angled implant of second polarity type
[083phNts Thgerdorsmecntmiosrbythgfingg soprd ecppgionf3dtansipartibdlyrihe

drain region 348. The angled implant, in one embodiment, is twisted about
enpbolirarnt théizhpleudenplangigsethiohferryeste decependcovees regioni SEmisl.

one embodiment, the lateral component is controlled such that an undoped
Sinfedhe ORISR ROFBH81 DAL fithey Breahd R iyiicloaesaesion Hﬁégfferem

regions. On the other hand, tge vertical component does not penetrate the
tyﬁ?g ﬁgcfﬁpﬁﬁlargﬁfoﬁﬁér‘éﬁg’rﬁ'ﬁ% {8%MGRd implants should be well controlled

vt gfih d mesa.isolation region 312. The tilt ang|
e RN e A RRERR BB EAR E e HhAhe

rst source 1tmp ex S er tit angles may also

seREriSB kel BEIRINGQ &fvahsi N6 RIRASHS SRR %%ﬁ%&?%pﬂf%&?in&plam

forming the drain region 348. In one embodiment, a second implant mas

mask 3s6i R TRt iR substate 1adrpiechina sk Rersien3hé JemdiRtn 318
processed. The implant mask, as shown, covers a first side of the gate stack

framcehe ffist sgetio miaf ithplhody gortiahosSecandtype dodants aredpptasnted and
into the substrate to complete the formation of the drain region 348.
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.
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[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 02 of the second implant of
Insencotiabadiaty- iisdidapdats 15 atose¥nipSdimbRRIa8taBslePIT At @ther tilt angles

Providing other tilt angles may also be useful. The ran%e of the tilt angle of

mierlse RS bIA A R BHRiRS Sa de pRROtD g s AT Lian S ROy SO meine

inﬁgeigetg '\t)%&pg t%lﬁtpard mask and its lateral component does not merge with
e firs dopegpregl'ons. The second implant forms a portion of the drain

[RIACCNRGING, sida-0f NF HLanfoupad MR LTMRAHANA thefELaGR:

[0082]In one embodiment, a third implant of the second polarity type dopants

reSRRAAMEsnd NS dirLimplRRL EARRAISERANANN R MRS DINISIBRARROHbval of
135 clockwise with respect to the second angled implant of the second

the@lakity thepp depantthelie ange 0B of das thicdinplantal Focerchipiadityet etch
type dopants, for example, is about 30 to 60. Other tilt angles may also be

seliseivd. (@ bidicanga bt theplity ehglecofdhetithisphiraplaRtnsdatef thingd suckx tioats the
its vertical component does not penetrate the top hard mask. The third

I-jagidartl ddivieeas tiveselreid sdrorn ne wpbsigniesides Biethractsaupidsedwdrreion
the body portion, completing the formation of the drain region of the

fromhsiog Aopsdsifing sy SRbWstHa AR reendRer ke @il of the second
implant mask. The process continues to complete the formation, of the devijce.

[0[@&4]Tﬁ%l?r¥§8ﬁet?8r$%tﬁi}lﬁseb¥ ﬁ%‘é&‘&?&dﬁ%sﬁﬂ § RpaER B ARPGdsLs In the body

rting from. the spirit or essential characteristics thereof. The foregain
o R R s B e e e

e R0 ITING R IKE RUR AFSGHREG a1 %‘%’cﬁﬁ QS&B%QE‘SV{-‘Eﬁﬂg{eleiﬁﬁB}éﬁt

indicated by the appended claims, rather than by the foregoing description,
prdBg @l changes that come within the meaning and range of equivalency of
the claims are intended to be embraced therein.
[0079] As shown in Fig. Se, 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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What is claimed is: CLAIMS 1. A hybrid transistor comprising: a gate; 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.
stockranddhs dHsO FeeHANING hedRaRE @ BH AN MSFRIIIIEGiBaRg RS SthostRlte ey B
active area; forming a gate on the substrate; and forming first and second

SubSHURED SRR PG Pt el theird B# P8t Bath serves a first purpose
(R Secord qutent pan senves,a seeond purgece wicrein ine agle

1 QN G,
controls se(fectlon of the ¢u € met Bd or Claim erein the

squ}{mﬁﬁmp&ﬁﬁﬁl?epxg Qgg%%rfﬁfsfﬁ{t 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 03 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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4. The method of claim 3 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. 5. The method of claim 4 wherein the transistor
comprises an ionization region disposed between the second source region

desrEintRn gaié 21l shangesetromerélbimi s WruHsn AL RS G5 botapTIseishe
least four terminals, wherein the first and second terminals are coupled to

cIAPEP A UsRAHH 2 Ba RSO HE FHE third terminal is coupled to a drain
region, and the fourth terminal is coupled to the gate. 7. The method of claim
3 wherein the device comprises a memory cell. 8. The method of claim 7
wherein: the first current path is used for programming the memory cell; and
the second current path is used for reading the memory cell. 9. The method
of claim 6 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. 10. The method of claim 3 wherein the
transistor includes:
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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.

Wipt piedaimethisd of claim 10 wherein the impact ionization transistor
comprises a P-I-N diode including an_intrinsic region between doped regions
of first and second polarity types. 1M thod of claim 10 wherein the

1gate qéynﬁ)r”(??r%ﬁs% zr;md selzﬂcsogd sub-gate electrodes. 13. The method of
claim 12wheréin: St%e(ﬁ)r@f)su]bggate electrode serves as a control gate; and

the sg%g{gda%ldb-gate electrode serves as a floating gate. 14. The method of
claim 10 wherein the second source region comprises an elevated doped

region i A YRR PAHUANAIR fiSRM IR, HRerTNeHEINAd QL aIBHM dves a first

comprises: performing a first implant to implant second type dopants into
pif® substiatectonningréhe fitstsspkcesena dpaipsegibnsiand pathPaifeersing ay

second implant to implant first type dopants into the substrate, forming the
pisecbng somoemegiosignal at the gate.

2. A method of forming a device comprising:

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 device comprises a hybrid transistor.
4. The method of claim 3 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.

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

between the second source region and the gate.
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16. The method of claim 15 wherein the intrinsic region comprises an lower
portion of the raised region and substrate. 17. The method of claim 4
wherein the substrate comprises a crystalline-on-insulator substrate. 18. The
method of claim 17 wherein the transistor comprises a FinFET. 19. The

6 methbBedhetlarhol 8laimiet sihethit therisatbiUsopRdess AW Jateepaidy!s, wherein
disposed on a buried oxide layer of the substrate, the body portion is

(RGP SR B S g Rl L skt P RSIOUFRS Besthia e Bhibshisravial is

Th ethod.of claim 19, comprises forming sidewall spacers on sidewalls of
e s S R e

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

7 first apngled implantiohse caRRAIR I N SRRARIS.INGIBE substrate,

forming the first source region and partially the drain region; and
performing a further plurality of angled implants of second polarity type
dopants into the substrate, completing the formation of the drain region. 22. A
8 methdbeohédrodinfyciiniritegrataat circuit comprising: providing a substrate
having an active area;
the first current path is used for programming the memory cell; and

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

9. The method of claim 6 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.

10. The method of claim 3 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.

11. The method of claim 10 wherein the impact ionization transistor comprises a P-I-N diode

including an intrinsic region between doped regions of first and second polarity types.

12. The method of claim 10 wherein the gate comprises first and second sub-gate electrodes.
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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.
13. The method of claim 12 wherein:

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

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

14. The method of claim 10 wherein the second source region comprises an elevated doped

region in an upper portion of a raised region.

15. The method of claim 14 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.

16. The method of claim 15 wherein the intrinsic region comprises an lower portion of the

raised region and substrate.

17. The method of claim 4 wherein the substrate comprises a crystalline-on-insulator
substrate.

18. The method of claim 17 wherein the transistor comprises a FinFET.

19. The method of claim 18 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.
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20.  The method of claim 19 comprises forming sidewall spacers on sidewalls of the gate.

21. The method of claim 20 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

performing a further plurality of angled implants of second polarity type dopants into the

substrate, completing the formation of the drain region.

22. A method of forming an integrated circuit comprising:

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.
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