
RID TRANSISTOR BACKGROUN D WWI])tmemory (WM) has been widely used as
computer memory that can storec informationis no power supply. Examples of
non-volatile memory include read-only memory, flash memory, and most types
of magnetic computer storage devices. Programming in NVM is achieved by
applying a positive programming voltage to the drain region and connecting
the source region to ground, thereby charging the floating gate (FO) via
channel hot electron (CHE) injection from the drain region. Therefore, the
hot carrier injection efficiency determines the program speed of the memory
device. [0002]To achot 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-oxidesemiconductor
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 fitst prognimming 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.
I00051A 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 second purpose. The gate controls selection of the current paths.
[0006]In yet another embodiment, a method of forming an integrated circuit
is also presented 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 also 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. [WW]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 drawingsreference characters
generally refer to the same pan throughout the different views. Also, the
drawings are not necessarily to scale, emphasis instead generally being
placed upon illustrating the priniiples of the invention. In the following
description, various embodiments of the present anion are escribed with
reference to the following drawings, in which: 



[0009.1Fig. I shows an embodiment of a circuit schematic diagram of a
memory cell; WWIFigs. 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
P911131Figs. 5a-g show another embodiment of a process for formii DETMJ ED
DESCRIPTION 1100141Embodiments generally relate to semiconductor devices.
More particularly, some embodiments relate to memory devices, such as
non-volatile memory (NVIY) devices. Such memory devices, for example, can
be incorporated into standalone memory devices, such as IISB or other types
of portable storage units, or ICs, such as micrecontrollers or system on
chips (SoCs). The devices or ICs can be incorporated into or used with, for
example, consumer electronic products, such as computers, eel/ phones a id
personal digital assistants (PDAs). [0015]Fig. 1 shows a circuit: schematic
diagram of a hybrid transistor 101. The transistor, as shown, uses a ho
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 NVIM memor:,, ell. Ertiploying
the transistor for other applications may also he useful. 



[0{H6]The transistor comprises a gate 120. As shown, the gate comprises
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. In one embodiment, an ionization region 111 is disposed between the
second source region end the gate. First and second terminals SI and 52 are
coupled to first and second source regions while a third terminal D is
coupled to the drain and a fburth terminal G is coupled to the gate. The
first terminal Sl is a first source terminal, the second terminal 52 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.
F6017]In alternative embodiment, the transistor may include first and
second non-common drains D1 and D2 on the second side of the gate to from a
five terminal transistor. This produces a live teiminal transistor. [NMA
first current path 104 is formed through the first source terminal, gate
and the drain terminal while a second current path 105 is formed through
the second source terminal, gate and the drain terminal, Selection of the
current paths can he achieved with, for example, applying the appropriate
signal to the gate terminal, The current paths can serve different purposes
to enhance performance. In one embodiment, the first current path includes
a first sub-transistor 102a or has the effect of a first type transistor
tailored for the first purpose and the second current path includes a
second sub-transistor 102b or has the effect of a second type transistor
tailored for the second purpose. The sub-transistors have a common gate.
The current paths, for example, correspond to different access paths of the
memory cell. In one embodiment, one of the current: paths is used for
programming the memory cell, such as writing or erasing and the other
current path i.s used for reading the memory cell. For example, the first
current path can be used for reading while the second current path can be
used for programming. [0019]In one emhodinient, the first sub-trarsistor
comprises or has the effect of a transistor having source and drain
comprising dopants of the same polarity type., such as a metal oxide
semiconductor (MOS) transistor and the second sub-transistor comprises an
impact i.OEI zation transiator (1-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 co.rnptise a
p-doped source region and an n-doped drain region. Other configurations,
such as pdoped source and drain regions for the first sub-transistor and an
n-doped source region and pdoped drain region for the second
sub-transistor, are also useful. 



WWIThel-trami stor is essentially a P-I-N diode comprising an EntnnsEc
region (Tregion) 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 lateral electric field can be further
increased by applying a polarization on the gate (ri > 0, V7 < 0), pushing
the I-transistor into avalanche breakdown mode. As a result, high density
of hot carriers can be generated rapidly in the intrinsic region due to the
strong impact ionization and sharp sub-threshold slope of the I-transistor.
In addition, due to the self-amplifying avalanche effect, the hot carrier
injection efficiency is greatly enhanced. This increases programming speed.
[0021]Various voltages are applied to the terminals SI, S2, D and C. A
transistor is off when VG< VT and on when VG > VT. in the programming mode,
both the first and second transistors might be switched on since VG > VT.
However, for the first transistor, there is no current flow in the channel
due to the potentials of both source and drain tieing 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 differnt operating
modes of the EllieFilOry cell. Other voltages may also be useful for
different operating modes. Table 1 ----Mode VS2 Program Voltages'Erase
Voltages 



cad Voltages       1:00231As 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 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 0 to the memory cell.
Alternatively, programming can be wilting a 0 to the memory cell while
erasing writes a Ito 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 l-region
and the negative gate voltage triggers impact ionization into the foaling
gate. Due to impact ionization, increased programming speed is achieved. 



[9025]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 I or a 0 stored. As such, no impact ionization
occurs in the Ellefeely Cell while reading. This reduces read disturb and
improves reliability of the memory ea. On the other hand, during
programming, the second sub-transistor is used, which increases programming
speed. [0026]A plutratity of memory cells may be interconnected to fomt an
array. For example, the memory cells may be interconnected by wordlirtes in
a first direction and hitlincs in a second direction, In one embodiment, a
drain of a memory eel) is coupled to a hitt:Ile of the array and the
control gate is coupled to a wordlirie. The first source is coupled to a
read line and the second source is coupled to a program line.  [0027]Figs.
2a-b show cross-sectional and top views of an embodiment of a portion 200
of a device. The portion comprises a hybrid transistor 201, such as one
described in Fig. I. The cross-sectional view of the device is taken from
the I-transistor side of the transistor. Referring to Figs 2a-b, the
transistor is formed on an active region defined on a substrate 205. The
substrate, for example, comprises a silicon substrate. The substrate can be
lightly doped with p-type dopants. N-type or other types of substrates,
such as silicon germanium or silicon-on-- insulator (SOT), 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 he useful. The doped well, for example, comprises
first polarity type &pants. in one embodiment, the lint polarity type
comprises p-type for n-type transistors. Alternatively, the first polmity
type comprises rt-type for p-type transistors. N-type dopants can elude
phosphorus (P), arsenic (As), antimony (Sb) or a combination thereof while
P-type dopants can include boron (a), lEldiDIE3 (In) or a combination
thereof. isolation regions (not shown), such as shallow trench isolation
regions, nit   he provided to isolate the active region from other device
regions. /00281The hybrid transistor comprises a gate 220. In one
embodiment, the gate comptise, 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.  802911A 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 Al203 or Ilf02, 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 form the 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 formed from
the same type of material [00301First 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 of the transistor. As shown, the first doped
region is wider than the second doped region. The second duped region may
be narrower without negatively impacting performance since high injection
efficiency can be achieved due to impact iontitiliOTI. The ability to use a
natrower second doped region without negatively impacting performance
advantageously fedUCCS the footprint of the transistorProviding other
configurations of first and second doped regions may also be useful.
lO031]in one embodiment, at least the sc nd doped region comprises an
elevated doped region. An luregion 211 is disposed between the elevated
tieCOTIti doped region and the gate. The 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 compose 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)gateand 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  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
iorts/cm2. [0033]The doped regions of he first sub--transistor occupy the
raised regions, with extension 



regions in the substrate below. The extension regions are disposed below
the raised regions and extend into the channel region below the spacers to
about the edge of the gate electrodes. The depth of the extension regions,
for example, is about 50rErrt. The extension region comprises a dopant
concentration of about 1E21 ionsicm", In one embodiment, the portion of the
extension region below the raised region can have a higher dopant
concentration than the portion below the spacer. For example, the dopant
concentration of the extension region below the raised region can be about
the same as the doped region above. [WM]The second doped region (second
source), gate and third doped region (drain) Corm a second sub--transistor.
In one embodiment, the second source region comprises different polarity
type dopauts than the first source region and the drain region. For
example, the second source region comprises first polarity type dermas
while the drain region CO311)3iSCS second polarity Eyre dopants. The first
polarity type can he p-type and the second polarity type can be n-type.
00351Disposed. between the second source and the gate is.egion 211. The
1-region is a region without any significant dopant species present. For
example, the 1- egion can be Endured or comprises dopants of the substrate
type iilld in an amount of the substrate type. The I-region, in one
embodiment, comprises an elevated Tregion. The elevated I-region is
disposed in a lower 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 1-region are also useful. in some
embodiments, a non-elevated 1-region is used. For example, raised regions
are not provided for the transistor,  180361The distance between the gate
and source is equal to a length of the 1-region. The length of the I-region
should be sufficient to enable avalanche breakdown in the 1-region. For
example, the length of the I-region is about 21) to 100 mu. Other lengths
are also useful. For applications having an elevated 1-region, its length
may comprise the sum of two parts. The first part is the depth of the
portion of the 1-region in the elevated region and the second part is the
length of the portion of the 1-region below the spacer. The first part, for
example, may be about 20 run while the second part may be about 40 nut This
produces ant-region having a length of about 60 nm. Providing ant-region
having other lengths may also be useful. [0037]Figs. 3a-b show
3-dimensional and top views of another embodimen1 of a portion 300 of a
device. The portion comprises a hybrid transistor 301, such as one
described in Fig. 1. The transistor is formed on an active region defined
on a substrate 305. The substrate, for example, comprises a
crystalline-on-insulator (COI) substrate. A COI substrate, for example,
includes a bulk crystalline substrate and a surface crystalline layer
separated by a buried oxide layer. The COI substrate, in one embodiment,
comprises a SO! substrate. A SOI substrate includes a hulk crystalline
substrate, such as silicon with a silicon surface layer separated by a
buried oxide. Other types of COI substrates, such as a SiGe-on-insulator
substrate, may also be used. [0031In 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 portiEm, in one
embodiment, comprises a crystalline region formed from the surface
crystalline layer of the CO1 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 50rim. 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:  materials may also be useful. For example, the hard mask may
comprise silicon nitride. Preferably, the hard mask comprises a dielectric
material. The hard mask can serve to faciffiate the formation of the doped
regions. f00401A gate 320 is disposed over the body region. The gate, for
example, wraps around the body portion, separating the body portion into
first and second sections 317 and 318. As shown, the gale wraps around
about a mid-section of the body portion, forming sections of about the same
size. Forming sections having different sizes is :Ike useful. The gate
stack can comprise similar Eypes of gale stack as described in Figs. 2a-b.
For example, the gate stack comprises a gale dielectric layer, a floating
gate electrode and a control gate electrode separated by a dielectric
layer. Providing other types of gate slacks is also useful. [0041lFirst and
second doped regions 342 and 344 are disposed in the first section. In one
embodiment, the first and second doped regions are disposed on opposing
sides of the body portion in the first section, separated by an undoped
mesa region 312. The mesa region, for 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 tbr n-type transistors while p--type drain is used for
p-type transistors. [WWIIn 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 &pants of the second polarity type for
forming a second polarity type memory cell. For the second polarity type,
it can be n-type El> form an a-type men on' 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 t-E21 ionslcm2. Extension
regions may be provided for the source and drain regions.  



[00431The second source region, gate and drain region fthm a second
sub-transistor 302h. 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 region comprises second polarity type dopants. The first polarity
type can be p-type and the second polarity type can he n-type.
100441Disposed between the second source and the gate is an intrinsic
region (I-region) 311. In one embodiment, the I-region comprises an undoped
region. Alternatively, the 1-region comprises a lightly doped region. For
example, the 1-region may be lightly doped with n-type or p-type dopant
species. In one embodiment, the I-region can be undoped. [0045]Figs. 4a-f
show cross-sectional (i) and top (ii) views of an embodiment of a process
for forming a portion 400 of a device or /C. Referring to Pig. 4a, a
substrate 205 is provided. The substrate can comprise a silicon substrate.
The substrate, for example, can be a lightly plype doped substrate. Other
types of substrates, including silicon germanium, silicon-oninsulator
(S01)4.-ir 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 &pants 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
u--type transistors. P-type dopards can include boron (B), ahltniMitt3
(At), indium (in) or a combination thereof while n-type &pants can include
phosphorus (P), arsenic (As), antimony (51)) or a combination thereof.
[NC]The transistor, for example, comprises a transistor as described in
Figs. 1 and 2a-b. In one embodiment, the active region is designed EC)
accommodate the transistor. For example, one side of the active region
comprises two separate regions separated by a non-active region.  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 array region generally
comprises a plurality of active regions for a plurality of memory 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 wrth both first and second type wells. To form the
doped wells, ion implantation techniques, such as implantation with a mask,
can be used. The find and second type wells can be formed in separate
processes. Other techniques for forming the active regions are also useful.
The active region or substrate may be implanted with clopants to define the
initial gate threshold voltage (Vr), [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 CO3TEpriSe 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 tilled 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 he 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 i.s disposed on the substrate to
divide the active region  



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 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]Forming the gate
stack comprises, for example, forming the gate stack layers on the
substrate. In one embodiment, a tunneling dielectric layer 222 is formed on
the substrate. The tunneling dielectric layer, in one embodiment, comprises
silicon oxide. Other types of gate dielectric layers, such as silicon
oxyrtitride, may also be used. Various techniques, such as thermal
oxidation or CVO, can be employed to ham the second gate dielectric layer.
The thickness of the tunneling dielectric layer may be about l0-100 A.
Other thicknesses are also useful. [00541On the tunneling dielectric layer
is deposited a floating gate electrode layer. The floating gate electrode
layer comprises, in one embodiment, pcilysilicon. 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, ins itU 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 um. Other thicknesses are also useful. To
form the neCOThi gine 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 h floating gate electrode layer. The inter-gate dielectric layer 232,
for example, comprises silicon oxide having a thickness of about several
am. Other typos of dielectric materials or thicknesses  are also useful. As
for the control gate electrode 224; it can be formed from polysilicon or
other gate electrode materiais. The thickness of the control gate electrode
may be about 50 am. Providing a control gate electrode having other
thicknesses is also useful. A dielectric cap layer 239 can be formed over
the control gate electrode. The cap layer, for example; comprises silicon
nitride having a thickness of about 20 rim. Other types of cap materials or
thicknesses are also useful. The layers can be formed using various
techniques, such as CV!). I0056.1The layers of the gate stack are patterned
to form the gate stack. Various techniques; such as masking and etching,
can be used to pattern Mx gate stack. For example, a photoresist layer is
formed over the gate stack layers and patterned, exposing portions of the
gate stack layers. An anisotropie etch, such as a reactive ion etch (R1E),
is performed to remove exposed portions of the gate stack layers. To
improve lithographic resolution, an at reflective coating (ARC) can be
provided beneath the photoresist. 



00057IAlter patterning the gate stack, the photoresist is removed. Sidman
spacers 238 are formed on the sidewalls of the gate stack:. Forming the
spacers, fin example, comprises depositing a dielectric layer and
anisotropically etching the layer to remove the horizontal portions. The
vertical portions remaining form sidewall spacers. MOMAs 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 he useful. In one embodiment., the raise-
dregions 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 5011111. Other
heights are also useful,  l00591The process continues by forming doped
regions of the transistors. Since the transistor comprises both first and
second polarity type doped regions, two implant processes arc performed,
one for the First type dopants and the other for the second type dopants.
The dopams are selectively implanted into the doped regions using an
implant mask. The implant mask, for example, comprises a patterned
photoresist layer exposing regions to be implanted with dopants. MOWFig. 4d
shows the substrate implanted with dopants to form doped regions of one of
the first or second polarity type. As shown, the process forms doped
regions with dopants of the second polarity type. In one embodiment, a
first implant mask 286 k formed on the substrate and patterned to expose
the first source region 242 and drain region 248. Second type dopants, such
as n-type &pants, arented into the substrate, forming second type doped
regions corresponding to the first source and drain regions. The doped
regions, for example, occupy the raised regions and emend below the surface
of the substrate. l00611Fig. 4e shows the substrate implanted with dOINMES
to form doped regions of the other 



of the first or second polii6ty 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. l00621In 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
1-region 211. The 1-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.
[0064]In alternative embodiments, a raised region is provided for only the
second source region of the transistor. Other configurations of raised
regions for the transistors may also be useful. En yet other embodiments,
no raised regions are provided for the transistor. In such cases, the
I-region is disposed between the source and gate in the substrate.
1:00651Figs. 5a-g show 3-dimensional view of another embodiment of a
process for forming a portion 500 of a device or IC. Referring to Fig. 5a,
a substrate 305 is provided. The substrate, for example, comprise COI
substrate. A COI substrate, for example, includes a bulk crystalline
substrate and a surface crystalline layer separated by a buried oxide
layer. The CO! substrate, in one embodiment, comprises a SOI substrate
which includes a silicon surface crystalline layer. Other types of COI
substrates, such a SiGe-on-insulator substrate which includes a SiGe
surface crystalline layer, may also he used. 00661The substrate is prepared
with an active region. The aclive regioa 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. I and 3a-b. The transistor can be a memory cell in an
array region of the device. In one embodiment, the memory cells comprise
nonvolatile 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. 1100671Additionally, the substrate may include a
logic poirion (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
example, comp.nses silicon oxide. Other types of hard TEMSk materials, such
as silicon nitride, may also be useful. Preferably, the hard mask
coinprisesa. dielectric material. [0069]in one embodiment, the hard mask
layer is patterned using a patterned soft mask, such as photoresist. Using
the soft mask, the hard mask is patterned, to expose unwanted portions of
the surface crystalline layer. The soft mask may be removed, after
patterning the hard mask. An iilliSOtrOpie etch, such as reactive ion etch
(RIE) is perfoimed to remove the exposed portions of the surface
crystalline Layer to expose portions of the buried oxide layer 306 below.
The portion of the surface crystalline layer which is protected by the hard
mask remains, forming an elevated body of the transistor on the buried
oxide layer. [0070]The material of the elevated body depends on the type of
COI substrate used. For example, the elevated body comprises silicon for a
SOT substrate or silicon germanium for a &Cie on insulator substrate. Other
types of crystalline material, such as germanium tin or indium arsenide,
may also be useful. In one embodiment, the height of the body is about 50
MIL Other thicknesses may also be useful. The height may, or 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 clack. 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.  Forming other types of gate
stacks or employing other techniques to form the gate stack is also use
[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 dielectric layer and
anisotropictilly etching the layer to remove the horizontal portions. The
vertical portions remaining form sidewall spacers. [0074]The process
continues by forming dopeds of the transistor In one embodiment, a first
type doped region which serves as the second source region Since the
transistor comprises both first. and second polarity type doped regions,
the different types of doped regions are processed separately. 



10075]Referring to Fig. 5c, first type polarity doped regions are formed.
For example, the second source region of the second sub-transistor with
ant-region is formcd. 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. I0976.1In one embodiment, the implant comprises an angled or tilted
implant. The lateral comporient 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 00, 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 tinder the spacer. Other twist angles that enable the   utation of
an I-reg.ion under the spacers may also be useful. The tilt angle 0 is the
angle at which the dopants are implantedthe side of the body relative to
the plane of the substrate.  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 depants. [0077]Referring to Fig. 5d, the first implant mask
386 is removed. The mask can be removed by willing. Other techniques for
removing the mask are also useful. After removal of the mask, the spacers
on the sidewalk of the gate stack LiTe removed. For example, a wet etch
selective to silicon can be employed to re1310Ve the spacers. Removal of
the spacers exposes the 1-region 3 I between the second source 344 and the
gate 320. The spacer protects the Fregion from being doped during the
illiphffif to form the second source region. 100781The process continues by
Ebm3i.ng the second polarity type doped regions in the body of the
transision For example, the process continues EC ibtn3 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
&pants 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 writ-oiled 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 list snurce implant, for example, is about 45'. Other tilt angles
may also be useful. [9080]Referring to Fig. 51, the process continues to
complete fanning 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  stack and the first section of the body portion.mad type dopants are
implanted into the substrate to complete the formation of the drain region
348. l00811In one embodiment, a second implant of second type dopants is
performed. The second implant comprises an angled implant twisted about
I80' with respect to the first angled implant which formed the first source
(e.g., a twist angle of about 0"). The till angle 02 of the second implant
of second polarity type dopants, in one embodiment,about 30 to 60.
Providing otherangles may also be useful. The range of the tilt angle of
the second implant is determined such hat 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 draina'
ihaned during formation of the first source. 



1:00821in one cinboclinient, a third implant of the second politrny type
clopants 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 iinplant 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
dram region of the transistor. [0983]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 front the spirit or essential
characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention
described herein. Scope of the invention is thus indicated by the appended
claims, rather than by the foregoing  description, and all changes at come
within the meaning and range of equivalency of the claims are imended lo be
embraced therein.  What is claimed is: 



CLAIMS A device compris a memory cell having a hybrid transistor, wherein
the transistor Cluck 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 method of forming a device comprising: fbrrntng a
memory ceLl having 1 hybrid transistor, whereinforming 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 (he gate,
thefirst cupath serves a 



first purpose and the second current path serves a second purpose, wherein
the gate controls selection of the current paths. The method 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
method of claim 3 wherein the transistor comprises an ionization region
disposed between second source region and the gate.  first and second
terminals are coupled to first and second source regions, the third
terminal is coupled to a drain reon, and the fourth terminal is coupled to
the gate. 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 kir
reading the memory cell. The method of claim 5 wherein: the first current
path is formed through the lust, 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
secondsub-transistor comprising an impact ionization transistor having
second source and drain :regions comprising do:pants of the opposite
polarity types.  9. The method of claim 8 wherein the impact ionization
transistor comprises a P-I-N thode 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.
The method of claim 8 wherein the second source region coinpnses an
elevated doped region upper portion of a raised region.  13. The method of
claim 12 comprises: performing a first implant to implant second type
doparas into the substrate, forthe first 



source and drain regions; and       performing a second implant to implant
first type dopants into the substrate,funning 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 Fi  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. The method of claim 18 comprises: performing a angled implant
of first polarity type dopants into he substrate, second source region and
an intrinsic region beneath the spacers; performing a first angled implant
of second polarity type dopants into the substrate,ung 



the first source region and partially the drain region;         performing
a further plurality of angled implants of second polarity type dopants into
the substrate, completing the formation of the drain region. 20.A method of
forming an integrated circuit mp forming a memory cell having a hybrid
transistor, wherein fbrming the memory cell includes providing a substrate
having an act:ive 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 second purpose
herein the gate controls selection of the current paths. 21 .The device of
claim I wherein the transistor comprises: first and second sourcens
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 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 programming the memory cell; and the second
current path is used for reading the memory cell. 25. The device of claim
24 wherein: is coupled  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. The device of claim I 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 lopants of the opposite polatity
types. 77_The device of claim 26 wilee impansistor comprises a P-I-N diode
including anegion between doped regions of irst 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 serve, 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 elevateddoped region upper portion of a
raised region. 


