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DUAL CHANNEL MEMORY

BACKGROUND

[0001] Unless otherwise indicated herein, the materials
described in this section are not prior art to the claims in this
application and are not admitted to be prior art by inclusion in
this section.

[0002] With the proliferation of networking and computing
technologies, demand for further scaling down of memory
devices has resulted in smaller and denser memory devices.
However, further attempts may be hampered by core memory
functionality being based on storage of one bit (a “0” and a
“1”) in each memory cell. To increase memory density,
attempts are made to store more than one bit on one device,
such as mirror-bit approach. In conventional flash memory
devices, one channel may be used to detect the current and
threshold voltage shift caused by the charges stored in the
gate.

[0003] Conventional attempts to increase memory density
may use improvements and/or alternative or additional solu-
tions in order to effectively provide higher capacity memory
devices without increasing a size of the device.

SUMMARY

[0004] The present disclosure generally describes planar
dual channel memory devices and techniques to fabricate and
use such devices.

[0005] According to some examples, semiconductor
devices are described. Example semiconductor devices may
include a first substrate, an insulator layer positioned over the
first substrate, a second substrate positioned over the insulator
layer, a gate structure, and a third substrate positioned over a
second portion of the second substrate. The gate structure
may include a tunnel oxide layer positioned over a first por-
tion of the second substrate, a floating gate layer positioned
over the tunnel oxide layer, a control oxide layer positioned
over the floating gate layer, and a control gate layer positioned
over the control oxide layer. The second portion of the second
substrate may include dopants of a first type and the third
substrate includes dopants of a second type.

[0006] According to other examples, methods to fabricate a
semiconductor device are described. Example methods may
include forming an insulator layer over a first substrate; form-
ing a second substrate over the insulator layer; thinning a
second portion of the second substrate such that a first portion
of'the second substrate remains intact, where the first portion
is substantially central to the second substrate; forming a dual
gate structure substantially over the first portion of the second
substrate. Example methods may further include doping the
second portion of the second substrate with dopants of a first
type; forming a third substrate over the second portion of the
second substrate; thinning a first portion of the third substrate
such that a second portion of the third substrate remains
intact, where the second portion of the third substrate is
around the first portion of the second substrate; and doping
the second portion of the third substrate with dopants of a
second type.

[0007] According to further examples, systems configured
to operate a dual channel memory device are described.
Example systems may include a controller configured to
selectively activate or deactivate conduction paths corre-
sponding to a first conduction path and/or a second conduc-
tion path and a dual channel memory device coupled to the
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controller. The dual channel memory device may include a
first substrate; an insulator layer positioned over the first
substrate; a second substrate positioned over the insulator
layer; and a gate structure. The gate structure may include a
tunnel oxide layer positioned over a first portion of the second
substrate; a floating gate layer positioned over the tunnel
oxide layer; a control oxide layer positioned over the floating
gate layer; a control gate layer positioned over the control
oxide layer; and a third substrate positioned over a second
portion of the second substrate, where the second portion of
the second substrate includes dopants of a first type and the
third substrate includes dopants of a second type.

[0008] According to yet other examples, semiconductor
devices are described. Example semiconductor devices may
include a substrate and a vertical gate structure positioned
over the substrate. The vertical gate structure may include a
fin structure having a bottom surface in contact with a cen-
trally located first portion of the substrate; a tunnel oxide layer
configured to cover at least vertical surfaces of the fin struc-
ture; a floating gate layer configured to cover surfaces of the
tunnel oxide layer; a control oxide layer configured to cover
surfaces of the floating gate layer; and a control gate layer
configured to cover surfaces of the control oxide layer.
[0009] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing and other features of this disclosure
will become more fully apparent from the following descrip-
tion and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings
depict only several embodiments in accordance with the dis-
closure and are, therefore, not to be considered limiting of its
scope, the disclosure will be described with additional speci-
ficity and detail through use of the accompanying drawings,
in which:

[0011] FIGS. 1A and 1B illustrate first stages of an example
fabrication of a dual channel memory device through a sili-
con-on-insulator (SOI) process;

[0012] FIG. 2 illustrates a subsequent stage of the example
fabrication of the dual channel memory device, where p- and
n-doped layers are formed;

[0013] FIG. 3 illustrates another stage of the example fab-
rication of the dual channel memory device, where contact
pairs for front and back channels are provided;

[0014] FIG. 4 illustrates side view of an example dual chan-
nel memory device with two floating gate structures;

[0015] FIG. 5 illustrates top and side views of an initial
fabrication stage of an example dual channel memory device
implemented using a fin-shaped field effect transistor (FIN-
FET) device;

[0016] FIG. 6 illustrates top and side views of a second
fabrication stage of an example dual channel memory device
implemented using a FINFET device;

[0017] FIG. 7 illustrates side view of a third fabrication
stage of an example dual channel memory device imple-
mented using a FINFET device;

[0018] FIG. 8 illustrates side view of a fourth fabrication
stage of an example dual channel memory device imple-
mented using a FINFET device;



US 2016/0049507 Al

[0019] FIG. 9 illustrates top and side views of final fabri-
cation stages of an example dual channel memory device
implemented using a FINFET device;

[0020] FIG. 10 illustrates an example current-gate voltage
diagram for a dual channel memory device;

[0021] FIG. 11 is a flow diagram illustrating an example
method to fabricate a dual channel memory device; and
[0022] FIG. 12 is a flow diagram illustrating an example
method to fabricate a dual channel memory device imple-
mented using a FINFET device, all arranged in accordance
with at least some embodiments described herein.

DETAILED DESCRIPTION

[0023] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed descrip-
tion, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented herein. The aspects of the present disclo-
sure, as generally described herein, and illustrated in the
Figures, can be arranged, substituted, combined, separated,
and designed in a wide variety of different configurations, all
of which are explicitly contemplated herein.

[0024] This disclosure is generally drawn, inter alia, to
planar dual channel memory devices, as well as systems,
methods, and techniques to fabricate and use such devices.
[0025] Briefly stated, technologies are generally described
related to a dual channel memory device, system and method
of manufacture. Various described devices include utilization
of'both a front channel and a back channel through a substrate
formed underneath a dual gate structure of a semiconductor
device. Using two pairs of contacts on opposing sides of the
gate structure, where the contact pairs are formed on differ-
ently doped layers of the semiconductor device, multiple bits
may be stored in the semiconductor device acting as a single
memory cell. Memorization may be realized by storing dif-
ferent amount or types of charges on the floating gate, where
the charges may impact a conduction status of the channels of
the device. By detecting the conduction status of the channels,
such as open circuit, close circuit, or high resistance, low
resistance, data stored on the device (“0” or “1”) may be
detected.

[0026] The doping and substrate polarity shown in the fol-
lowing embodiments are not limited, and may be switched
between n-type and p-type depending on implementation-
specific configurations. The term “channel” as used herein
refers to the conduction channel of a transistor device. A dual
channel memory device according to embodiments makes
use of two conduction channels, where memory states may
correspond to a conduction state (i.e., whether or not one or
both of the channels are in conduction) of the channels
formed within the device.

[0027] FIGS. 1A and 1B illustrate first stages of an example
fabrication of a dual channel memory device through a sili-
con-on-insulator (SOI) process, configured in accordance
with at least some embodiments described herein.

[0028] Diagram 100A shows an early phase in fabrication
of'a dual channel memory device according to some embodi-
ments and includes an insulator 104 on a silicon substrate
106, and a second silicon substrate on the insulator 104. In
other embodiments, silicon substrate 106 and the second
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silicon substrate 102 may be other semiconductor materials,
such as Ge, I1I-V semiconductor materials, or II-VI semicon-
ductor materials. A gate structure comprising a first floating
gate 113 and a second floating gate 112 with the first floating
gate 113 located over a tunnel oxide layer 110, which in turn
is formed over the second silicon substrate 102. Another
tunnel oxide layer 111 may be sandwiched between the first
and second floating gates 113 and 112. The tunnel oxide
layers and the floating gates may be surrounded by a spacer
108. The second floating gate 112 may also be referred to as
the control gate. The other tunnel oxide layer 111 may also be
referred to as the control oxide layer.

[0029] Diagram 100B shows a subsequent phase, where the
second substrate 102 may be recessed vertically (“thinned™)
as well as horizontally such that a first portion 116 of the
second substrate 102 below the tunnel oxide layer 110 has a
cross-section area slightly larger than or about equal to the
cross-section area of the tunnel oxide layer 110. Next, a
vertically thinned second portion 114 of the second substrate
102 may be implanted with dopants of p type. In some
examples, the second portion 114 of the second substrate 102
may be implanted heavily with dopants of p type.

[0030] FIG. 2 illustrates a subsequent stage of the example
fabrication of the dual channel memory device, where p- and
n-doped layers are formed, in accordance with at least some
embodiments described herein.

[0031] Diagram 200 includes the first substrate 206, the
insulator 204 on the first substrate 206 and the modified
portions of the second substrate 102 comprising the heavily
p-doped portions 214 and the undoped portion 216 that is
substantially located under the tunnel oxide layer 210. A
control oxide layer 211, a floating gate 213, and a control gate
212, are located over the tunnel oxide layer 210 formed on the
undoped portion 216 of the second substrate. In other
embodiments, the central portion 216 of the second substrate
may be doped with p-type or n-type dopants as well. Spacer
208 is also substantially around the floating gates and the
tunnel oxide layers forming the gate structure.

[0032] Differently from the fabrication stage in diagram
100B, the device in diagram 200 includes a heavily n-doped
layer 217 that is located over the heavily p-doped portions 214
of the second substrate 102. The n-doped layer 217 may be
grown epitaxially in some example embodiments. In other
embodiments, fast annealing (e.g., laser annealing) may be
employed to reduce dopant diffusion in the n-doped layer
217. While not shown in diagram 200, a portion of the
n-doped layer 217 and a portion of the p-doped portions 214
of the second substrate may be reduced (thinned) such that
portions of the two layers around the gate structure may
remain intact and thus may facilitate access to contacts as will
be discussed below. In some examples, patterning may be
used to remove the portion of the n-doped layer 217 and the
p-doped portions 214 of the second substrate 102.

[0033] Embodiments are not limited to the techniques such
as laser annealing, patterning, or hard masking discussed
herein. Other semiconductor fabrication techniques may also
be employed to form the structures discussed herein.

[0034] FIG. 3 illustrates another stage of the example fab-
rication of the dual channel memory device, where contact
pairs for front and back channels are provided, in accordance
with at least some embodiments described herein.

[0035] The example structure in diagram 300 includes first
silicon substrate 306, insulator 304, undoped central portion
316 of the second substrate 102 located under the gate struc-
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ture, heavily p-doped outer portion 314 of the second sub-
strate 102, and the heavily n-doped layer 317 located around
the undoped central portion 316 of the second substrate 102.
In other embodiments, the central portion 316 of the second
substrate 102 may be doped with p-type or n-type dopants as
well. The gate structure comprising the sandwiched tunnel
oxide layer 310, floating gate 313, control oxide layer 311,
and control gate 312 is substantially located on the undoped
central portion 316 of the second substrate 102 and sur-
rounded by the spacer 308.

[0036] In addition to the structure shown in diagram 200,
the structure in diagram 300 includes a first pair of contacts
318A and 318B, where each respective contact from the first
pair of contacts is coupled to the heavily n-doped layer 317
about a respective longitudinal end of the of the n-doped layer
316 on opposite sides of the gate structure as shown in the
diagram. The structure in diagram 300 further includes a
second pair of contacts 320 A and 320B coupled to the heavily
p-doped outer portion 314 of the second substrate 102 on
opposite sides of the p-doped outer portion 314 of the second
substrate 102 with respect to the gate structure.

[0037] A memory device as shown in diagram 300 may be
considered as two devices sharing one channel. There may be
three general modes of operation in such a device. In a first
mode, a path between first pair of contacts (318A-318B) may
be open circuit and a path between second pair of contacts
(320A-320B) may be closed circuit. In a second mode, the
path between first pair of contacts (318A-318B) may be open
circuit and the path between second pair of contacts (320A-
320B) may be open circuit. In a third mode, the path between
first pair of contacts (318A-318B) may be closed circuit and
the path between second pair of contacts (320A-320B) may
be open circuit. The path between the first pair of contacts
(318A-318B) may pass current using a top channel 324 that
allows current flow through the central portion 316 of the
second substrate 102 between the two portions of the heavily
n-doped layer 317. The path between the second pair of
contacts (320A-320B) may pass current using a back channel
326 that allows current flow through the central portion 316 of
the second substrate 102 between the p doped outer portions
314 ofthe second substrate 102. In various examples contem-
plated herein, each of the three modes may correspond to a
different memory state such that more than one bit of infor-
mation may be stored in the memory device.

[0038] Thedifferent operational modes of'a memory device
according to embodiments are described as different paths
being “closed circuit” or “open circuit” herein. This is a
simplification for illustrative purposes assuming a transistor
structure switches similar to relays. In practice, there is for-
mation of a channel through biasing to promote conduction
from sub threshold conduction, linear (non-saturate) opera-
tion, and saturated operation. There are also reverse bias
leakage and other effects to be considered. A path being “open
circuit” refers to substantially no current flow through that
path (e.g., operated in a high impedance or open-circuit con-
figuration) and a path being “closed circuit” refers to current
flow being enabled through that path (e.g., operated in a low
impedance or closed-circuit configuration). Thus, the terms
“closed circuit” and “open circuit” should be interpreted as
simplifications of the operating configurations of the paths.
[0039] Furthermore, additional memory states may be
achieved by providing same or different bias voltages to the
gate, source and drain contact pairs. In some examples, the
voltages may be applied in a way to the various device termi-
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nals such that the devices may be operated in reverse bias
mode and the high current draw of the forward bias condition
may be avoided. The change of memory state may be con-
trolled by a voltage applied to the control gate, and/or the
charges stored at the floating gate. With the increase of the
gate voltage, the top channel may transition into inversion,
and the back channel may transition into depletion, which
may “open” the top channel and “close” the back channel.

[0040] FIG. 4 illustrates side view of an example dual chan-
nel memory device with two floating gate structures, arranged
in accordance with at least some embodiments described
herein.

[0041] Diagram 400 shows the side view of a combination
of two dual channel memory devices form an array configu-
ration. Components of the two devices 430 and 440 that are
structured and/or function similarly are numbered with same
reference numerals. For example, both devices 430 and 440
may include first silicon substrate 406, insulator 404,
undoped central portion 416 of the second substrate under the
gate structure, heavily p doped outer portion 414 of the sec-
ond substrate, and the heavily n doped layer 417 around the
undoped central portion 416 of the second substrate. The gate
structures 432 and 442 of the respective devices on the left
and right of the figure include the sandwiched tunnel oxide
layer 410, floating gate 413, control oxide layer 411, and
control gate 412 and are substantially located on the undoped
central portion 416 of the second substrate and surrounded by
the spacer 408. The device 430 on the left may further include
one of a pair of contacts 418 A and 420 A on the n doped layer
417 and the p doped outer portion 414 of the second substrate,
respectively.

[0042] Instead of corresponding contacts of each pair being
on opposite sides of the device 430 on the left with respect to
the gate structure 432, the second set of contacts 418B and
420B may be on the opposite side of the gate structure 442 of
the device 440 on the right. The gate structures 432 and 442
may be substantially similar. The two devices 430 and 440
may be coupled through a connection 422 coupling the n
doped layers 417 and the p doped outer portion 416 of the
second substrates of both devices. The connection 422 may be
operated at a fixed potential (e.g., 0V, =5V, -1V, +5V) to serve
as a circuit ground.

[0043] As mentioned previously, a dual channel memory
device structure as discussed herein may allow utilization of
both a front channel and a back channel through the central
portion 416 of the second substrate to increase a memory
density. Thus, additional storing levels may be identified, and
more multi-level storage may be enabled on a single memory
device, which may be used in an array configuration as shown
in diagram 400. In normal operation, without the applied gate
voltage or no charge stored on the floating gate, the front
channel is open circuit, and the back channel is closed circuit.
With the increase of the gate voltage or adding charges to the
floating gate, the top channel may transition into inversion,
and the back channel may transition into depletion, which
may “open” the top channel and “close” the back channel.

[0044] Vertical fin-shaped field effect transistor (FINFET)
structures are increasingly used as MOSFET structures,
which may also be used in implementing dual channel
memory structures according to some embodiments.

[0045] FIG. 5 illustrates top and side views of an initial
fabrication stage of an example dual channel memory device
implemented using a fin-shaped field effect transistor (FIN-
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FET) device, arranged in accordance with at least some
embodiments described herein.

[0046] Diagram 500 shows top view of an initial stage of
fabrication of a vertical FINFET structure according to some
embodiments and include a wafer whose SOI layer is depos-
ited with a nitride layer 502 and a photoresist (PR) layer 504
to pattern the fin portion of the FINFET device. The nitride
layer may have a thickness in a range between approximately
20 nm and 50 nm.

[0047] Diagram 550 shows a side view of the initial fabri-
cation stage of an example vertical FINFET structure along
the A-A' axis. An example wafer may include a substrate 560
with a Boron-oxide (BOX) layer 558 on top of the substrate
560. Substrate 560 may be silicon or other semiconductor
materials, such as Ge, I1I-V semiconductor materials, or II-VI
semiconductor materials. An SOI layer 556 may be deposited
(or grown) over the BOX layer 558; and the nitride layer 502
may be deposited over the SOI layer 556. PR layer 504 may
be used to pattern the fin portion as mentioned above.

[0048] FIG. 6 illustrates top and side views of a second
fabrication stage of an example dual channel memory device
implemented using a FINFET device, arranged in accordance
with at least some embodiments described herein.

[0049] At the subsequent fabrication stage of diagram 600,
the nitride and silicon layers may be removed with the excep-
tion of the area under a PR layer 604 down to an oxide layer
602 (BOX layer) to form the fin portion of the FINFET
structure. The removal of layers may be performed using
reactive ion etching (RIE) or similar methods.

[0050] Diagram 650 shows a side view of the subsequent
fabrication stage of an example vertical FINFET structure
along the A-A' axis. After the removal, a resulting wafer may
include a substrate 660 with a BOX layer 658 on top of the
substrate 660. A silicon fin 656 is positioned on top of the
BOX layer 658. A nitride layer 654 is positioned on top of the
silicon fin 656. A PR Layer 604 is positioned on top of the
nitride layer 654. The substrate 660 may be formed using
silicon or other suitable materials in various embodiments.

[0051] FIG. 7 illustrates side view of a third fabrication
stage of an example dual channel memory device imple-
mented using a FINFET device, arranged in accordance with
at least some embodiments described herein.

[0052] In the fabrication stage shown in diagram 700, the
PR layer 604 of FIG. 6 may be removed leaving the nitride
layer 702 and fin 706 over the BOX layer 708, which is
positioned over the substrate 710. In addition, the fin 706 may
be covered by a gate oxide layer 704. The gate oxide layer 704
may be formed through thermal oxidation, for example. In
other examples, high-k fate dielectric material may be depos-
ited on the surfaces of the fin 706.

[0053] FIG. 8 illustrates side view of a fourth fabrication
stage of an example dual channel memory device imple-
mented using a FINFET device, arranged in accordance with
at least some embodiments described herein.

[0054] In the fabrication stage shown in diagram 800, a
floating gate 802, a control gate 808, and a control oxide layer
806 may be formed over the tunnel oxide layer 810 and nitride
layer 804 using one or more deposition or growth techniques.
The combined fin gate structure may be positioned over the
BOX layer 812, which in turn is positioned over the substrate
814. In some embodiments, a nitride hard mask (not shown)
may be formed substantially over all of the surfaces of the
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control gate layer 808, where the nitride hard mask may be
utilized to pattern the gates of the FINFET device.

[0055] FIG. 9 illustrates top and side views of final fabri-
cation stages of an example dual channel memory device
implemented using a FINFET device, arranged in accordance
with at least some embodiments described herein.

[0056] In the fabrication stage illustrated by diagram 900,
sides 902, 904 of the source-drain region of a device may be
doped with dopants of different types such that the each of the
sides 902 and 904 has an opposite polarity. For example, side
902 may be doped with Arsenic or similar elements to form a
negative polarity (e.g., n+ type doped material). Side 904 may
be doped with Boron or similar elements to form a positive
polarity (e.g., p type doped material). The sides 902 and 904
may be doped using angled ion implantation or similar tech-
niques.

[0057] A channel region (not shown) within the BOX layer
906 underneath the fin portion may remain substantially
undoped or lightly p- or n-doped as the hard mask may block
implantation of the channel region.

[0058] In the fabrication stage shown in diagram 950, the
top view of memory structure may include source-drain
regions 956, where the two sides may be doped with opposite
polarities forming back channel 958 and front channel 954.
Because of the difference in polarity in the source and drain
region, this device can be modelled as two devices sharing
one channel controlled by a common gate 962. The source
and drain regions may include two sections, a p-doped section
and an n-doped section. These two sections have different
polarities and substantially no current may flow between
these two sections. The n-doped sections in both source and
drain regions may form a first conducting path, which effec-
tively serve as a first device. The p-doped sections in both
source and drain regions may form a second conducting path,
which effectively serve as a second device as well. Thus, these
two sections in the device may be modelled as two devices
sharing one channel.

[0059] There may be three general operational modes in a
vertical FINFET device, according to some embodiments.
The vertical FINFET device may operate with two defined
current paths, one current path through the front channel 954
and one current path through the back channel 958. With
different applied gate voltage and stored charges on the float-
ing gate, the channel (954, 958) may be changing between
accumulation, depletion and inversion modes, and due to the
different polarity in the source and drain regions for the front
and back channels, different operation modes may be enabled
for the front channel 954 and the back channel 958. In a first
operational mode, the front channel path may be open circuit
(e.g., operated in a high impedance configuration) and the
back channel path may be closed circuit (e.g., operated in a
low impedance configuration). In a second mode, when the
channel portion is depleted, both paths may be open circuit. In
athird mode, the front channel path may be closed circuit and
the back channel path may be closed. Thus, each of the three
modes may correspond to a different memory state to facili-
tate storage of more than one bit of information in the memory
device. In the table below, the closed circuit state (low imped-
ance configuration) is represented by bit 1 and the open circuit
state (high impedance configuration) is represented by bit 0.
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TABLE 1

Memory States

Front Channel Mode Back Channel Mode Memory State

1 0 10
0 0 00
0 1 01

[0060] The change of memory state may be controlled by
the voltage applied to the control gate, and/or the charges
stored at the floating gate. In addition, several possible bias
modes may be employed to enhance the utilization of the
described FINFET devices. For memory operation, a com-
mon gate voltage and a common source-drain voltage may be
applied on both channels, for example. Alternatively the front
and back channels may be biased separately. In the latter case,
the voltages may be selectively applied effective to operate
the devices (e.g., in diode configuration) in reverse bias mode
such that the high current draw of forward bias conditions
may be avoided.

[0061] A memory device according to various embodi-
ments may be fabricated by the fabrication system using at
least one of the semiconductor fabrication techniques
selected from the group of chemical vapor deposition (CVD),
low pressure CVD (LPCVD), atmospheric pressure CVD
(APCVD), ultrahigh vacuum CVD (UHVCVD, atomic lay-
ering deposition (ALD), molecular layer deposition (MLD),
plasma enhanced CVD (PECVD), metal-organic CVD
(MOCVD), molecular beam epitaxy (MBE), sputter deposi-
tion, ion implantation, annealing, wet chemical etching, gas-
eous chemical etching, plasma etching, reactive ion etching
(RIE), masking lithography, and/or chemical mechanical pol-
ishing (CMP).

[0062] FIG. 10 illustrates example current-gate voltage
graphs for a dual channel memory device, arranged in accor-
dance with at least some embodiments described herein.

[0063] Diagram 1000 depicts the current-gate voltage
graphs for the two channels of a FINFET structure according
to some embodiments across current axis 1002 and gate volt-
age axis 1004. Current-gate voltage graph 1006 represents the
behavior of current as gate voltage increases through the front
channel of a FINFET device structure (A-A' axis). Current-
gate voltage graph 1006 also shows the threshold voltage shift
1010 due to the charge stored in a floating gate (e.g., floating
gate 802 of FIG. 8). Current-gate voltage graph 1008 repre-
sents the behavior of current as gate voltage increases through
the back channel of the FINFET device structure (B-B' axis).
Current-gate voltage graph 1008 also shows the threshold
voltage shift 1010 due to the charge stored in the floating gate
(e.g., floating gate 802 of FIG. 8).

[0064] Beingableto sense the current shift due to threshold
voltage shifts in both paths (A-A' and B-B' or front channel
and back channel), the accuracy in multi-level detection may
be increased and the detection range may also be expanded. In
conventional multi-level detection, one curve from one
device may be used to detect the shift caused by the charges
stored in the floating gate. In a device according to some
embodiments, the shifts in the two curves may be used to
detect the charges stored in the floating gate. In a conventional
device, when charge A is stored on the floating gate, the
current may shift by B. In a device according to embodiments,
when charge A is stored on the floating gate, the current in the
front channel may shift by C and the current in the back
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channel may shift by D, where C and D are different. Since
information from both, the front channel and back channel, is
available, the charge stored on the floating gate may be deter-
mined more accurately compared to conventional devices.
Thus, the detection accuracy and detection range may be
enhanced over conventional devices. With the increase of the
gate voltage, the front channel may transition into closed
circuit as shown in graph 1006, and the back channel may
transition into close as shown in graph 1008.

[0065] In an example implementation, when gate voltages
are increased or more charges are added to the gate, the
current in A-A' path or front channel may increase (right half
of diagram 1000. The increase may follow, x* (as an estima-
tion), for example, and the current in B-B' path or back chan-
nel may decrease following 1/x (as an estimation). For a
single channel memory, the current-voltage graph may be
similar to that of the A-A'". Thus, if the amount of charge
stored on a single channel device can be estimated with
+/-30% accuracy, for example, with the information from
B-B' path, the amount of charges stored on the floating gate
may be estimated with increased accuracy such as +/-15%.
[0066] FIG. 11 is a flow diagram illustrating an example
method to fabricate a dual channel memory device, arranged
in accordance with at least some embodiments described
herein.

[0067] Example methods may include one or more opera-
tions, functions or actions as illustrated by one or more of
blocks 1122 through 1136, and may in some embodiments be
performed by a controller for a memory fabrication system.
The fabrication system may include a number of modules for
various stages of fabrication such as etching, deposition,
scribing, etc. Some or all of those modules may be managed
by a controller that instructs the respective modules to per-
form the operations 1122 through 1136. In some embodi-
ments, the controller may be a computing device such as a
desktop computer, a server, a laptop computer, or other forms
of computing devices. Thus, the operations described in the
blocks 1122-1136 may also be stored as computer-executable
instructions in a non-transitory computer-readable medium,
such as a computer-readable medium 1120 of a controller
1110, and may be executable by one or more processors.
[0068] An example process to fabricate a dual channel
memory device may begin with block 1122, “FORM AN
INSULATOR LAYER OVER A FIRST SUBSTRATE,”
where an insulator layer may be formed over a silicon sub-
strate.

[0069] Block 1122 may be followed by block 1124,
“FORM A SECOND SUBSTRATE OVER THE INSULA-
TOR LAYER,” where a second silicon substrate may be
formed over the insulator to support a gate structure.

[0070] Block 1124 may be followed by block 1126, “THIN
A SECOND PORTION OF THE SECOND SUBSTRATE
SUCH THAT A FIRST PORTION OF THE SECOND SUB-
STRATE REMAINS INTACT,” where a portion of the sec-
ond substrate around the gate structure may be recessed (or
thinned) such that another portion of the second substrate
substantially under the gate structure is left intact.

[0071] Block 1126 may be followed by block 1128,
“FORM A DUAL GATE STRUCTURE SUBSTANTIALLY
OVER THE FIRST PORTION OF THE SECOND SUB-
STRATE,” where the gate structure may be formed substan-
tially over the central portion of the second substrate, which is
left intact. The gate structure may include a tunnel oxide
layer, a floating gate layer formed over the tunnel oxide layer,
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another tunnel oxide layer formed over the floating gate layer,
and another floating gate layer formed over the other tunnel
oxide layer.

[0072] Block1128 may be followed by block 1130, “DOPE
THE SECOND PORTION OF THE SECOND SUBSTRATE
WITH DOPANTS OF A FIRST TYPE,” where the thinned
portion of the second substrate around the gate structure may
be implanted with p dopants, for example.

[0073] Block 1130 may be followed by block 1132,
“FORM A THIRD SUBSTRATE OVER THE SECOND
PORTION OF THE SECOND SUBSTRATE,” where a new
substrate layer may be formed (for example, by epitaxial
growth) over the thinned portion of the second substrate that
is now implanted with p dopants.

[0074] Block 1132 may be followed by block 1134, “THIN
A FIRST PORTION OF THE THIRD SUBSTRATE SUCH
THAT A SECOND PORTION OF THE THIRD SUB-
STRATE REMAINS INTACT,” where an outer portion of the
newly grown third substrate may be removed leaving an inner
portion around the gate structure intact.

[0075] Block1134 may be followed by block 1136, “DOPE
THE SECOND PORTION OF THE THIRD SUBSTRATE
WITH DOPANTS OF A SECOND TYPE,” where the inner
portion of the third substrate left intact in block 1134 may be
implanted with dopants of n type, for example. Subsequently,
contact pairs may be provided to opposing sides of the p
doped portion of the second substrate and the n-doped portion
of the third substrate.

[0076] FIG. 12 is a flow diagram illustrating an example
method to fabricate a dual channel memory device imple-
mented using a FINFET device, arranged in accordance with
at least some embodiments described herein.

[0077] Example methods may include one or more opera-
tions, functions or actions as illustrated by one or more of
blocks 1222 through 1228, and may in some embodiments be
performed by a controller for a memory fabrication system.
The fabrication system may include a number of modules for
various stages of fabrication such as etching, deposition,
scribing, etc. Some or all of those modules may be managed
by a controller that instructs the respective modules to per-
form the operations 1222 through 1228. In some embodi-
ments, the controller may be a computing device such as a
desktop computer, a server, a laptop computer, or other forms
of computing devices. Thus, the operations described in the
blocks 1222-1228 may also be stored as computer-executable
instructions in a non-transitory computer-readable medium,
such as a computer-readable medium 1210 of a controller
1210, and may be executable by one or more processors.
[0078] An example process to fabricate a vertical FINFET
dual channel memory device may begin with block 1222,
“FORM FIN OVER AN INSULATOR LAYER,” where a fin
portion may be formed by depositing an insulator such as
nitride over a silicon substrate and using photoresist masking
over an insulator layer before etching unneeded material.
[0079] Block 1222 may be followed by block 1224, “ADD
GATE INSULATION ON THE FIN PORTION,” where gate
oxide or high-k dielectric material may be deposited or grown
on the fin portion to support the gate.

[0080] Block 1224 may be followed by block 1226,
“FORM A GATE STRUCTURE SUBSTANTIALLY OVER
THE FIN PORTION, THE GATE STRUCTURE INCLUD-
ING A TUNNEL OXIDE LAYER, A FLOATING GATE
LAYER FORMED OVER THE TUNNEL OXIDE LAYER,
A CONTROL OXIDE LAYER FORMED OVER THE
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FLOATING GATE LAYER, AND A CONTROL GATE
LAYER FORMED OVER THE CONTROL OXIDE
LAYER,” where the gate structure may be formed substan-
tially over the central portion of the fin portion.

[0081] Block1226 may be followed by block 1228, “DOPE
THE SOURCE-DRAIN REGION,” where the gate structure
may be masked and source-drain region of the fin portion
doped with suitable dopants (e.g., As and B) using an angled
ion implanting technique, for example.

[0082] The blocks included in the above described process
are for illustration purposes. Fabrication ofa vertical FINFET
dual channel memory device may be implemented by similar
processes with fewer or additional blocks. In some embodi-
ments, the blocks may be performed in a different order. In
some other embodiments, various blocks may be eliminated.
In still other embodiments, various blocks may be divided
into additional blocks, supplemented with other blocks, or
combined together into fewer blocks.

[0083] According to some examples, semiconductor
devices are described. Example semiconductor devices may
include a first substrate, an insulator layer positioned over the
first substrate, a second substrate positioned over the insulator
layer, a gate structure, and a third substrate positioned over a
second portion of the second substrate. The gate structure
may include a tunnel oxide layer positioned over a first por-
tion of the second substrate, a floating gate layer positioned
over the tunnel oxide layer, a control oxide layer positioned
over the floating gate layer, and a control gate layer positioned
over the control oxide layer. The second portion of the second
substrate may include dopants of a first type and the third
substrate includes dopants of a second type.

[0084] According to other examples, the semiconductor
device may further include a first pair of contacts configured
to contact the third substrate on opposite sides of the gate
structure and a second pair of contacts configured to contact
the second portion of the second substrate on opposite sides of
the gate structure. The third substrate may be positioned
around the first portion of the second substrate. The second
pair of contacts may be positioned over the second portion of
the second substrate between an edge of the semiconductor
device and the third substrate. The semiconductor device may
further include a spacer formed along vertical surfaces of the
gate structure, where the gate structure and the spacer are
positioned to cover a lateral cross-section of the first portion
of the second substrate. The dopants of the first type may be
p dopants and the dopants of the second type may be n
dopants. The semiconductor device may be a dual channel
memory device.

[0085] According to other examples, methods to fabricate a
semiconductor device are described. Example methods may
include forming an insulator layer over a first substrate; form-
ing a second substrate over the insulator layer; thinning a
second portion of the second substrate such that a first portion
of'the second substrate remains intact, where the first portion
is substantially central to the second substrate; forming a dual
gate structure substantially over the first portion of the second
substrate. Example methods may further include doping the
second portion of the second substrate with dopants of a first
type; forming a third substrate over the second portion of the
second substrate; thinning a first portion of the third substrate
such that a second portion of the third substrate remains
intact, where the second portion of the third substrate is
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around the first portion of the second substrate; and doping
the second portion of the third substrate with dopants of a
second type.

[0086] According to further examples, the method may also
include providing a first pair of contacts to contact the second
portion of the third substrate on opposing sides of the dual
gate structure and providing a second pair of contacts to
contact the second portion of the second substrate on oppos-
ing sides of the dual gate structure. Forming the second pair of
contacts may include forming the second pair of contacts over
the second portion of the second substrate between an edge of
the semiconductor device and the second portion of the third
substrate. The method may further include forming a spacer
along vertical surfaces of the dual gate structure such that the
dual gate structure and the spacer cover a lateral cross-section
of the first portion of second substrate.

[0087] According to yet other examples, doping the second
portion of the second substrate with dopants of a first type
may include doping the second portion of the second sub-
strate with p dopants. Doping the second portion of the third
substrate with dopants of a second type may include doping
the second portion of the third substrate with n dopants.
Forming the third substrate over the second portion of the
second substrate may include growing the third substrate over
the second portion of the second substrate via epitaxial
growth. The method may further include forming a hard mask
substantially around the dual gate structure to protect the dual
gate structure during the thinning of'the second portion of the
second substrate.

[0088] According to further examples, systems configured
to operate a dual channel memory device are described.
Example systems may include a controller configured to
selectively activate or deactivate conduction paths corre-
sponding to a first conduction path and/or a second conduc-
tion path and a dual channel memory device coupled to the
controller. The dual channel memory device may include a
first substrate; an insulator layer positioned over the first
substrate; a second substrate positioned over the insulator
layer; and a gate structure. The gate structure may include a
tunnel oxide layer positioned over a first portion of the second
substrate; a floating gate layer positioned over the tunnel
oxide layer; a control oxide layer positioned over the floating
gate layer; a control gate layer positioned over the control
oxide layer; and a third substrate positioned over a second
portion of the second substrate, where the second portion of
the second substrate includes dopants of a first type and the
third substrate includes dopants of a second type.

[0089] According to some examples, the controller may be
configured to store different information in the dual channel
memory device by one of deactivate the first conduction path
and activate the second conduction path; deactivate the first
conduction path and the second conduction path; or activate
the first conduction path and deactivate the second conduc-
tion path. A first channel of the dual channel memory device
within the first portion of the second substrate corresponding
to the first conduction path and a second channel of the dual
channel memory device within the first portion of the second
substrate corresponding to the second conduction path may
be biased with substantially the same bias voltage selected by
the controller.

[0090] According to yet further examples, a first channel of
the dual channel memory device within the first portion of the
second substrate corresponding to the first conduction path
and a second channel of the dual channel memory device
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within the first portion of the second substrate corresponding
to the second conduction path may be biased with different
bias voltages selected by the controller. The bias voltages may
be selected by the controller such that at least one of the first
and the second channels operates in reverse bias mode. The
first conduction path may be between a first pair of contacts
configured to contact the third substrate on opposing sides of
the gate structure. The second conduction path may be
between a second pair of contacts configured to contact the
second portion of the second substrate on opposing sides of
the gate structure. The controller may be coupled to the dual
channel memory device through the first pair of contacts and
the second pair of contacts.

[0091] According to yet other examples, semiconductor
devices are described. Example semiconductor devices may
include a substrate and a vertical gate structure positioned
over the substrate. The vertical gate structure may include a
fin structure having a bottom surface in contact with a cen-
trally located first portion of the substrate; a tunnel oxide layer
configured to cover at least vertical surfaces of the fin struc-
ture; a floating gate layer configured to cover surfaces of the
tunnel oxide layer; a control oxide layer configured to cover
surfaces of the floating gate layer; and a control gate layer
configured to cover surfaces of the control oxide layer.
[0092] According to further examples, the semiconductor
device may include a source layer and a drain layer located on
opposite sides of the vertical gate structure, bottom surfaces
of the source layer and the drain layer configured to contact
the substrate. The source layer and the drain layer may each
include at least two regions, the two regions doped with
dopants of opposite polarity. The regions of the source layer
and the drain layer doped with dopants of same polarity may
be on a same side of the semiconductor device relative to the
substantially centrally positioned fin structure.

[0093] According to some examples, the semiconductor
device may also include a first pair of contacts configured to
contact the two regions doped with opposite polarity in the
source layer and a second pair of contacts configured to
contact the two regions doped with opposite polarity in the
drain layer. The dopants of opposite polarity may include p
dopants and n dopants. The control gate may include a first
region and a second region. The first region may be electri-
cally decoupled from the second region. The first region may
be configured to control a first conduction channel of the
semiconductor device within the substrate corresponding to a
first conduction path between the source layer and the drain
layer. The second region may be configured to control a
second conduction channel of the semiconductor device
within the substrate corresponding to a second conduction
path between the source layer and the drain layer.

[0094] According to some examples, methods to fabricate a
semiconductor device are described. Example methods may
include forming a vertical gate structure over a substrate. The
vertical gate structure may be formed by forming a fin struc-
ture having a bottom surface in contact with a centrally
located first portion of the substrate, forming a tunnel oxide
layer configured to cover at least vertical surfaces of the fin
structure, forming a floating gate layer configured to cover
surfaces of the tunnel oxide layer, forming a control oxide
layer configured to cover surfaces of the floating gate layer,
and forming a control gate layer configured to cover surfaces
of the control oxide layer.

[0095] According to other examples, the methods may fur-
ther include forming a source layer and a drain layer over the
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substrate on opposite sides of the vertical gate structure such
that bottom surfaces of the source layer and the drain layer
contact the substrate. Forming the source layer and the drain
layer may include doping two regions within the source layer
with dopants of opposite polarity and doping two regions
within the drain layer with dopants of opposite polarity.
Forming the source layer and the drain layer may further
include doping the regions of the source layer and the drain
layer doped with dopants of same polarity on a same side of
the semiconductor device relative to the substantially cen-
trally positioned fin structure.

[0096] According to further examples, the methods may
also include providing a first pair of contacts to contact the
two regions doped with opposite polarity in the source layer
and providing a second pair of contacts to contact the two
regions doped with opposite polarity in the drain layer. The
dopants of opposite polarity may include p dopants and n
dopants. Forming the control gate layer may include forming
a first region and a second region within the control gate such
that the first region is electrically decoupled from the second
region, the first region is to control a first conduction channel
of the semiconductor device within the substrate correspond-
ing to a first conduction path between the source layer and the
drain layer, and the second region is to control a second
conduction channel of the semiconductor device within the
substrate corresponding to a second conduction path between
the source layer and the drain layer.

[0097] There are various vehicles by which processes and/
or systems and/or other technologies described herein may be
effected (for example, hardware, software, and/or firmware),
and that the preferred vehicle will vary with the context in
which the processes and/or systems and/or other technologies
are deployed. For example, if an implementer determines that
speed and accuracy are paramount, the implementer may opt
for amainly hardware and/or firmware vehicle; if flexibility is
paramount, the implementer may opt for a mainly software
implementation; or, yet again alternatively, the implementer
may opt for some combination of hardware, software, and/or
firmware.

[0098] The foregoing detailed description has set forth vari-
ous embodiments of the devices and/or processes via the use
of block diagrams, flowcharts, and/or examples. Insofar as
such block diagrams, flowcharts, and/or examples contain
one or more functions and/or operations, each function and/or
operation within such block diagrams, flowcharts, or
examples may be implemented, individually and/or collec-
tively, by a wide range of hardware, software, firmware, or
virtually any combination thereof. In one embodiment, sev-
eral portions of the subject matter described herein may be
implemented via Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Arrays (FPGAs), digital
signal processors (DSPs), or other integrated formats. How-
ever, some aspects of the embodiments disclosed herein, in
whole or in part, may be equivalently implemented in inte-
grated circuits, as one or more computer programs running on
one or more computers (for example, as one or more pro-
grams running on one or more computer systems), as one or
more programs running on one or more processors (for
example as one or more programs running on one or more
microprocessors), as firmware, or as virtually any combina-
tion thereof, and that designing the circuitry and/or writing
the code for the software and or firmware would be possible
in light of this disclosure.
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[0099] The present disclosure is not to be limited in terms of
the particular embodiments described in this application,
which are intended as illustrations of various aspects. Many
modifications and variations can be made without departing
from its spirit and scope Functionally equivalent methods and
apparatuses within the scope of the disclosure, in addition to
those enumerated herein, will be possible from the foregoing
descriptions. Such modifications and variations are intended
to fall within the scope of the appended claims. The present
disclosure is to be limited only by the terms of the appended
claims, along with the full scope of equivalents to which such
claims are entitled. It is to be understood that this disclosure
is not limited to particular methods, systems, or components,
which can, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be limit-
ing.

[0100] In addition, the mechanisms of the subject matter
described herein are capable of being distributed as a program
product in a variety of forms, and that an illustrative embodi-
ment of the subject matter described herein applies regardless
of the particular type of signal bearing medium used to actu-
ally carry out the distribution. Examples of a signal bearing
medium include, but are not limited to, the following: a
recordable type medium such as a floppy disk, a hard disk
drive, a Compact Disc (CD), a Digital Versatile Disk (DVD),
a digital tape, a computer memory, etc.; and a transmission
type medium such as a digital and/or an analog communica-
tion medium (for example, a fiber optic cable, a waveguide, a
wired communications link, a wireless communication link,
etc.).

[0101] Those skilled in the art will recognize that it is
common within the art to describe devices and/or processes in
the fashion set forth herein, and thereafter use engineering
practices to integrate such described devices and/or processes
into data processing systems. That is, at least a portion of the
devices and/or processes described herein may be integrated
into a data processing system via a reasonable amount of
experimentation. Those having skill in the art will recognize
that a typical data processing system generally includes one
or more of a system unit housing, a video display device, a
memory such as volatile and non-volatile memory, proces-
sors such as microprocessors and digital signal processors,
computational entities such as operating systems, drivers,
graphical user interfaces, and applications programs, one or
more interaction devices, such as a touch pad or screen,
and/or control systems including feedback loops.

[0102] A typical data processing system may be imple-
mented utilizing any suitable commercially available compo-
nents, such as those typically found in data computing/com-
munication and/or network computing/communication
systems. The herein described subject matter sometimes
illustrates different components contained within, or con-
nected with, different other components. It is to be understood
that such depicted architectures are merely exemplary, and
that in fact many other architectures may be implemented
which achieve the same functionality. In a conceptual sense,
any arrangement of components to achieve the same func-
tionality is effectively “associated” such that particular func-
tionality is achieved. Hence, any two components herein
combined to achieve a particular functionality may be seen as
“associated with” each other such that the particular function-
ality is achieved, irrespective of architectures or intermediate
components. Likewise, any two components so associated
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may also be viewed as being “operably connected”, or “oper-
ably coupled”, to each other to achieve the particular func-
tionality, and any two components capable of being so asso-
ciated may also be viewed as being “operably couplable”, to
each other to achieve the particular functionality. Specific
examples of operably couplable include but are not limited to
physically connectable and/or physically interacting compo-
nents and/or wirelessly interactable and/or wirelessly inter-
acting components and/or logically interacting and/or logi-
cally interactable components.

[0103] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the sin-
gular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be
expressly set forth herein for sake of clarity.

[0104] It will be understood by those within the art that, in
general, terms used herein, and especially in the appended
claims (for example, bodies of the appended claims) are gen-
erally intended as “open” terms (for example, the term
“including” should be interpreted as “including but not lim-
ited to,” the term “having” should be interpreted as “having at
least,” the term “includes” should be interpreted as “includes
but is not limited to,” etc.). It will be further understood by
those within the art that if a specific number of an introduced
claim recitation is intended, such an intent will be explicitly
recited in the claim, and in the absence of such recitation no
such intent is present. For example, as an aid to understand-
ing, the following appended claims may contain usage of the
introductory phrases “at least one” and “one or more” to
introduce claim recitations. However, the use of such phrases
should not be construed to imply that the introduction of a
claim recitation by the indefinite articles “a” or “an” limits
any particular claim containing such introduced claim recita-
tion to embodiments containing only one such recitation,
even when the same claim includes the introductory phrases
“one or more” or “at least one” and indefinite articles such as
“a” or “an” (for example, “a” and/or “an” should be inter-
preted to mean “at least one” or “one or more”); the same
holds true for the use of definite articles used to introduce
claim recitations. In addition, even if a specific number of an
introduced claim recitation is explicitly recited, those skilled
in the art will recognize that such recitation should be inter-
preted to mean at least the recited number (for example, the
bare recitation of “two recitations,” without other modifiers,
means at least two recitations, or two or more recitations).
[0105] Furthermore, in those instances where a convention
analogous to “at least one of A, B, and C, etc.” is used, in
general such a construction is intended in the sense one hav-
ing skill in the art would understand the convention (for
example, “a system having at least one of A, B, and C” would
include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). It will be further
understood by those within the art that virtually any disjunc-
tive word and/or phrase presenting two or more alternative
terms, whether in the description, claims, or drawings, should
be understood to contemplate the possibilities of including
one of the terms, either of the terms, or both terms. For
example, the phrase “A or B” will be understood to include
the possibilities of “A” or “B” or “A and B.”

[0106] As will be understood by one skilled in the art, for
any and all purposes, such as in terms of providing a written
description, all ranges disclosed herein also encompass any
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and all possible subranges and combinations of subranges
thereof. Any listed range can be easily recognized as suffi-
ciently describing and enabling the same range being broken
down into at least equal halves, thirds, quarters, fifths, tenths,
etc. As a non-limiting example, each range discussed herein
can be readily broken down into a lower third, middle third
and upper third, etc. As will also be understood by one skilled
in the art all language such as “up to,” “at least,” “greater
than,” “less than,” and the like include the number recited and
refer to ranges which can be subsequently broken down into
subranges as discussed above. Finally, as will be understood
by one skilled in the art, a range includes each individual
member. Thus, for example, a group having 1-3 cells refers to
groups having 1, 2, or 3 cells. Similarly, a group having 1-5
cells refers to groups having 1, 2, 3, 4, or 5 cells, and so forth.
[0107] While various aspects and embodiments have been
disclosed herein, other aspects and embodiments will be
apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration
and are not intended to be limiting, with the true scope and
spirit being indicated by the following claims.

1. A semiconductor device comprising:

a first substrate;

an insulator layer positioned over the first substrate;

a second substrate positioned over the insulator layer;

a gate structure comprising:

atunnel oxide layer positioned over a first portion of the
second substrate;

a floating gate layer positioned over the tunnel oxide
layer;

a control oxide layer positioned over the floating gate
layer;

a control gate layer positioned over the control oxide
layer, and

a third substrate positioned over a second portion of the

second substrate, wherein the second portion of the sec-
ond substrate includes dopants of a first type and the
third substrate includes dopants of a second type.

2. The semiconductor device of claim 1, further compris-
ing:

a first pair of contacts configured to contact the third sub-

strate on opposite sides of the gate structure; and

a second pair of contacts configured to contact the second

portion of the second substrate on opposite sides of the
gate structure.

3. The semiconductor device of claim 2, wherein the third
substrate is positioned around the first portion of the second
substrate.

4. The semiconductor device of claim 2, wherein the sec-
ond pair of contacts are positioned over the second portion of
the second substrate between an edge of the semiconductor
device and the third substrate.

5. The semiconductor device of claim 1, further comprising
a spacer formed along vertical surfaces of the gate structure,
wherein the gate structure and the spacer are positioned to
cover a lateral cross-section of the first portion of the second
substrate.

6. The semiconductor device of claim 1, wherein the
dopants of the first type are p dopants and wherein the dopants
of the second type are n dopants.

7. The semiconductor device of claim 1, wherein the semi-
conductor device is a dual channel memory device.

8. A method to fabricate a semiconductor device, the
method comprising:
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forming an insulator layer over a first substrate;

forming a second substrate over the insulator layer;

thinning a second portion of the second substrate such that
a first portion of the second substrate remains intact,
wherein the first portion is substantially central to the
second substrate;

forming a dual gate structure substantially over the first
portion of the second substrate;

doping the second portion of the second substrate with
dopants of a first type;

forming a third substrate over the second portion of the
second substrate;

thinning a first portion of the third substrate such that a
second portion of the third substrate remains intact,
wherein the second portion of the third substrate is
around the first portion of the second substrate; and

doping the second portion of the third substrate with
dopants of a second type.

9.-15. (canceled)

16. A system configured to operate a dual channel memory

device, the system comprising:

a controller configured to selectively activate or deactivate
conduction paths corresponding to a first conduction
path and/or a second conduction path;

a dual channel memory device coupled to the controller,
wherein the dual channel memory device comprises:

a first substrate;
an insulator layer positioned over the first substrate;
a second substrate positioned over the insulator layer;
a gate structure comprising:
a tunnel oxide layer positioned over a first portion of
the second substrate;
a floating gate layer positioned over the tunnel oxide
layer;
a control oxide layer positioned over the floating gate
layer;
a control gate layer positioned over the control oxide
layer; and
a third substrate positioned over a second portion of the
second substrate, wherein the second portion of the
second substrate includes dopants of a first type and
the third substrate includes dopants of a second type.

17. The system of claim 16, wherein the controller is con-
figured to store different information in the dual channel
memory device by one of:

deactivate the first conduction path and activate the second
conduction path;

deactivate the first conduction path and the second conduc-
tion path; and

activate the first conduction path and deactivate the second
conduction path.

18. (canceled)

19. The system of claim 16, wherein a first channel of the
dual channel memory device within the first portion of the
second substrate corresponding to the first conduction path
and a second channel of the dual channel memory device
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within the first portion of the second substrate corresponding
to the second conduction path are biased with different bias
voltages selected by the controller.

20. The system of claim 19, wherein the bias voltages are
selected by the controller such that at least one of the first and
the second channels operates in reverse bias mode.

21. The system of claim 16, wherein

the first conduction path is between a first pair of contacts
configured to contact the third substrate on opposing
sides of the gate structure;

the second conduction path is between a second pair of
contacts configured to contact the second portion of the
second substrate on opposing sides of the gate structure;
and

the controller is coupled to the dual channel memory
device through the first pair of contacts and the second
pair of contacts.

22.-28. (canceled)

29. The semiconductor device of claim 1, wherein the first
substrate includes one of silicon, germanium, a group Il semi-
conductor material, a group III semiconductor material, a
group IV semiconductor material, a group V semiconductor
material, and a group VI semiconductor material.

30. The semiconductor device of claim 1, wherein the
second substrate includes one of silicon, germanium, a group
II semiconductor material, a group III semiconductor mate-
rial, a group IV semiconductor material, a group V semicon-
ductor material, and a group VI semiconductor material.

31. The semiconductor device of claim 1, wherein a first
position of the second substrate below the tunnel oxide layer
includes a cross-sectional area that is about larger than or
about equal to the cross-sectional area of the tunnel oxide
layer.

32. The semiconductor device of claim 1, wherein fast
annealing is employed to reduce dopant diffusion in the
dopants of the second type.

33. The semiconductor device of claim 1, further compris-
ing:

avertical fin-shaped field effect transistor (FINFET) struc-
ture that is configured to implement the semiconductor
device.

34. The semiconductor device of claim 1, further compris-

ing:

a nitride hard mask formed substantially around over the
control gate layer, wherein the nitride hard mask is uti-
lized to protect the control gate layer during a thinning of
the second portion of the second substrate.

35. The semiconductor device of claim 1, further compris-

ing:

a source layer and a drain layer located on opposite sides of
the gate structure, bottom surfaces of the source layer
and the drain layer configured to contact the substrate,
wherein the source layer and the drain layer each include
at least two regions, the two regions doped with dopants
of opposite polarity.
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