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METHODS, DEVICES, AND SYSTEMS RELATING TO
MEMORY CELLS HAVING A FLOATING BODY

PRIORITY CLAIM
This application claims the benefit of the filing date of United States Patent
Application Serial No. 12/419,658, filed April 7, 2009, for “Methods, Devices, and
Systems Relating to Memory Cells Having a Floating Body.”

TECHNICAL FIELD
Embodiments of the present invention relate generally to memory cells. More
particularly, embodiments of the present invention relate to memory cells having a
floating body, to devices and systems utilizing same, and to methods of forming and

methods of operating same.

BACKGROUND

A conventional memory, for example, a DRAM, may include one transistor
and one capacitor. However, there are limitations to the scalability of a conventional
memory, due to the presence of the capacitor and, in particular, the size of the
capacitor. As a result, memories including one transistor (1T) and no capacitor as a
memory cell, referred to as “capacitor-less” memories, have been developed. A
capacitor-less memory cell may include a floating body (i.e., a body that is electrically
floated).

Generally, a conventional capacitor-less memory cell utilizes a
silicon-on-insulator (SOI) wafer and identifies data controlling the floating body
voltage by accumulating a majority carrier (either holes or electrons) in a floating body
or by emitting the majority carrier from the floating body. As understood by a person
having ordinary skill in the art, a logic “1” may be written to and stored in a memory
cell by causing majority carriers to accumulate and be held in the floating body. As
such, when the majority carrier is accumulated in the floating body, this state is
generally be referred to as a data “1” state. A logic “1” may be erased (i.e., logic “0” is
written) by removing the majority carriers from the floating body. As such, when the
majority carrier is evacuated from the floating body, this state is generally referred to as

a data “0” state. As also understood by a person having ordinary skill in the art, the
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stored charge in the transistor floating body affects the threshold voltage (V) of the
memory cell transistor. A lower threshold voltage (V) increases the current through
the memory cell transistor, and a higher threshold voltage (V) decreases the current
though the transistor. The current through the memory cell transistor is used to
determine the state of the memory cell.

FIG. 1 illustrates an example of a conventional floating body memory cell 10.
Memory cell 10 includes a transistor 12 having a gate region 16, a source region 18,
and a drain region 20. Source region 18 and drain region 20 are formed in silicon
layer 26 with a floating body region 24 being defined therebetween. Moreover,
floating body region 24 is disposed on an insulating layer 28 which overlies a
substrate 30. Memory cell 10 also includes a region 38 comprising silicon which is
highly positively doped compared to floating body region 24, but less positively doped
than source region 18 or drain region 20. Region 38 is connected to a contact 40 by
means of conductive line 41 passing through insulating layer 28, silicon layer 26, and
an insulating layer 32. By applying a negative voltage to region 38, typically in the
region of - 20V for insulation layer 28 having a thickness of 400 nanometers, a neutral
zone may be formed in floating body region 24. Therefore, it is possible to generate
and store an electrical charge within floating body region 24.

As illustrated above, a conventional floating body memory cell stores charges
within a floating body that is adjacent to the drain and source regions and, therefore,
the stored charges have a tendency to leak out of the floating body during operation.
This is particularly an issue during operations at higher temperatures. Additionally,
conventional floating body memory cells suffer from poor data retention due to charge
lost from the floating body upon charge recombination during hold, read, and write
operations. Furthermore, because conventional floating body memory cells may have
a small floating body which is not configured to hold a substantial charge, any charge
lost may result in a fluctuating or weakened signal.

There is a need for methods, devices, and systems for enhancing the
functionality of floating body memory cells. Specifically, there is a need for methods,
devices, and systems for enhancing the functionality of a memory cell by increasing the
size of a floating body of a memory cell and increasing data retention by a floating

body memory cell.
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BRIEF SUMMARY OF THE INVENTION

Various embodiments of the present disclosure are described below and
directed toward embodiments of a memory cell, methods of forming a memory cell, a
memory device including a memory array having a plurality of memory cells, methods
of operating a memory array, and an electronic system including at least one memory
device including a memory array having a plurality of memory cells. In at least one
embodiment, a memory cell may comprise a transistor including a source, a drain, and
a gate positioned between the source and the drain. Further, the memory cell may
include silicon having a first portion located adjacent each of the source and the drain,
and a second portion distant each of the source and the drain. The silicon may include
a passage coupling the first portion to the second portion. Moreover, the memory cell
may include a bias gate recessed into the silicon and positioned between the first
portion and the second portion. The bias gate may be configured for operably coupling
to a bias voltage. The memory cell may also include a dielectric material at least
partially surrounding the bias gate, and an isolation region adjacent to the silicon and
comprising another dielectric material. The second portion may be positioned between
the isolation region and the bias gate.

In at least one other embodiment, a memory cell may comprise a transistor
having a drain and a source each formed in silicon and a gate positioned between the
drain and the source. The memory cell may also include a bias gate recessed into the
silicon and positioned between an isolation region and the transistor. The bias gate
may be configured to be operably coupled to a bias voltage. Additionally, the memory
cell may include a floating body within the silicon and having a first portion adjacent
the source and the drain and a second portion coupled to the first portion. The first
portion may be vertically offset from the bias gate and the bias gate may be formed
adjacent the second portion.

Other embodiments of the invention may include methods of forming a
memory cell. A method may comprise forming a transistor having a source and drain
formed in silicon and a gate positioned between the source and the drain. Additionally,
the method may include forming a recess into but not through the silicon and

positioned between the transistor and an isolation region formed through the silicon.
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Further, the recess may be remote from the isolation region. The method may also
include forming a dielectric along a surface of the recess and adjacent the silicon. The
method may also comprise forming a conductive material at least partially within the
recess.

One or more other embodiments may comprise methods of operating a memory
array including a plurality of memory cells. A method may include applying a bias
voltage to a bias gate adjacent a charge storage region of each memory cell of the
plurality. The method may also include performing an operation on a memory cell
comprising a transistor by one of programming a charge to an associated charge
storage region within a floating body of the memory cell and reading a charge from the
associated charge storage region. The associated charge storage region may be
positioned adjacent an isolation region, vertically offset from the transistor, and
coupled to another region within the floating body. Additionally, the another region
may be adjacent the transistor.

In yet further embodiments, the disclosure includes a memory device
comprising a memory array including a plurality of memory cells according to one or
more of the previously described embodiments. Still other embodiments of the
disclosure include electronic systems. One or more embodiments of such systems may
comprise at least one processor and at least one memory device including a plurality of

memory cells according to one or more of the previously described embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a conventional floating body memory cell;

FIG. 2 is a cross-sectional view of a memory cell, in accordance with an
embodiment of the present invention;

FIG. 3 is a cross-sectional view of a portion of a memory array including a
plurality of memory cells, according to an embodiment of the present invention;

FIGS. 4A and 4B respectively illustrate a plan view and a cross-sectional view
of a formation of a structure, in accordance with an embodiment of the present
invention;

FIG. 5A is a plan view of further formation of the structure of FIG. 44, in

accordance with an embodiment of the present invention;
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FIG. 5B is a cross-sectional view of further formation of the structure of
FIG. 4B, in accordance with an embodiment of the present invention,

FIG. 6A is a plan view of further formation of the structure of FIG. 5A, in
accordance with an embodiment of the present invention;

FIG. 6B is a cross-sectional view of further formation of the structure of
FIG. 5B, in accordance with an embodiment of the present invention;

FIG. 7A is a plan view of further formation of the structure of FIG. 6A, in
accordance with an embodiment of the present invention;

FIG. 7B is a cross-sectional view of further formation of the structure of
FIG. 6B, in accordance with an embodiment of the present invention;

FIG. 8A is a plan view of further formation of the structure of FIG. 7A, in
accordance with an embodiment of the present invention;

FIG. 8B is a cross-sectional view of further formation of the structure of
FIG. 7B, in accordance with an embodiment of the present invention;

FIG. 9A is a plan view of further formation of the structure of FIG. 8A, in
accordance with an embodiment of the present invention;

FIG. 9B is a cross-sectional view of further formation of the structure of
FIG. 8B, in accordance with an embodiment of the present invention;

FIG. 10A is a plan view of further formation of the structure of FIG. 9A, in
accordance with an embodiment of the present invention;

FIG. 10B is a cross-sectional view of further formation of the structure of
FIG. 9B, in accordance with an embodiment of the present invention;

FIG. 11A is a plan view a formation of a structure, in accordance with another
embodiment of the present invention;

FIG. 11B is a cross-sectional view of a formation of the structure illustrated in
FIG. 11A, in accordance with an embodiment of the present invention;

FIG. 11C is another plan view of the structure illustrated in FIG. 11A and
rotated ninety degrees with respect to FIG. 11A;

FIG. 11D is another cross-sectional view of the structure illustrated in FIG. 11B

and rotated ninety degrees with respect to FIG. 11B;
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FIGS. 12A and 12B respectively illustrate a plan view and a cross-sectional
view of a formation of yet another structure, in accordance with another embodiment
of the present invention;

FIG. 13 is a circuit diagram of a memory cell, in accordance with an
embodiment of the present invention;

FIG. 14 is a block diagram of an electronic system, according to an
embodiment of the present invention; and

FIG. 15 is a diagram of a semiconductor wafer including an integrated circuit
die incorporating a memory cell of one or more of the previous embodiments, in

accordance with an embodiment of the present invention.

MODE(S) FOR CARRYING OUT THE INVENTION

In the following detailed description, reference is made to the accompanying
drawings which form a part hereof and, in which is shown by way of illustration,
specific embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those of ordinary skill in the art to practice
the invention, and it is to be understood that other embodiments may be utilized, and
that structural, logical, and electrical changes may be made within the scope of the
disclosure.

In this description, functions may be shown in block diagram form in order not
to obscure the present invention in unnecessary detail. Furthermore, specific
implementations shown and described are only examples and should not be construed
as the only way to implement the present invention unless specified otherwise herein.
Block definitions and partitioning of logic between various blocks represent a specific
implementation. It will be readily apparent to one of ordinary skill in the art that the
various embodiments of the present invention may be practiced by numerous other
partitioning solutions. For the most part, details concerning timing considerations, and
the like, have been omitted where such details are not necessary to obtain a complete
understanding of the present invention in its various embodiments and are within the
abilities of persons of ordinary skill in the relevant art.

The terms “wafer” and “substrate” used in the following description include

any structure having an exposed surface, on or in which an integrated circuit (IC)
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structure relating to embodiments of the present invention may be formed. The term
substrate includes, without limitation, semiconductor wafers and other bulk
semiconductor substrates. The term substrate is also used to refer to semiconductor
structures during processing, and may include other layers that have been fabricated
thereupon. Both wafer and substrate include doped and undoped semiconductors,
epitaxial semiconductor layers supported by a base semiconductor or insulator, as well
as other semiconductor structures known to one skilled in the art. The term *
conductor” includes semiconductors, and the term “insulator” or “dielectric” includes
any material that is less electrically conductive than the materials referred to herein as
conductors.

Referring in general to the following description and accompanying drawings,
various aspects of the present invention are illustrated to show its structure and method
of operation. Common elements of the illustrated embodiments are designated with
like numerals. It should be understood the figures presented are not meant to be
illustrative of actual views of any particular portion of the actual structure or method,
but are merely idealized representations which are employed to more clearly and fully
depict the present invention.

A memory cell including a floating body and a memory array including a
plurality of memory cells, according to various embodiments of the present invention,
will first be described with reference to FIGS. 2 and 3. Methods of forming a memory
array including a plurality of memory cells, in accordance with various embodiments
of the present invention, will then be described with reference to FIGS. 4A-10B.
Memory arrays including a plurality of memory cells, according to other embodiments
of the present invention, will then be described with reference to FIGS. 11A-12B.
Thereafter, various operations of a memory cell, in accordance with an embodiment of
the present invention, will then be described with reference to FIG. 13. Furthermore,
with reference to FIGS. 14 and 15, an electronic system and a semiconductor wafer,
each incorporating a memory array and memory cells of one or more of the previous
embodiments will be described.

It should be noted that although the following described embodiments of the
present invention comprise one or more NMOS transistors, other transistors known by

one of ordinary skill such as PMOS transistors may be used in carrying out various
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embodiments of the present invention. Furthermore, although the following described
embodiments of the present invention refer to “hole generation” or “holes” acting as
majority carriers, it will be understood by a person of ordinary skill in the art that
various voltages and/or doping polarities can be reversed in specific embodiments,
providing, for example, electron generation and electrons acting as majority carriers.
FIG. 2 is a cross-sectional view of a memory cell 210 including a floating body,
in accordance with various embodiments of the present invention. As illustrated in
FIG. 2, memory cell 210 includes a transistor 212 having an active gate 214, a
source 216, and a drain 218. Additionally, memory cell 210 includes region 234,
which may comprise silicon, overlying a buried insulator 222. As illustrated, active
gate 214 is positioned within a first recess 280 formed in region 234. Transistor 212
may be formed over buried insulator 222, which may overlie a substrate 220. For
example only, and not by way of limitation, buried insulator 222 may comprise a
buried oxide (BOX) and substrate 220 may comprise a bulk silicon substrate.
Furthermore, memory cell 210 includes a bias gate 236 positioned within a
second recess 282 formed within region 234. For example only, bias gate 236 may
comprise polysilicon or any other metal. Additionally, memory cell 210 may comprise
a dielectric material 233 formed along a surface of first recess 280 adjacent to
region 234 and along a surface of second recess 282 adjacent to region 234. Moreover,
dielectric material 233 may be formed over a portion of region 234 between second
recess 282 and a shallow trench isolation (STI) region 228, which may comprise a
dielectric material 229. Memory cell 210 may also include silicon nitride 238
overlying each of shallow trench isolation (STI) region 228 and dielectric material 233
formed over a portion of region 234. Furthermore silicon nitride 238 may overlie each
of bias gate 236 within second recess 282 and active gate 214 within first recess 280.
Region 234 may include a first portion 284 adjacent active gate 214, drain 218,
and source 216. Furthermore, region 234 may include a second portion 286 adjacent
bias gate 236 and remote from active gate 214, drain 218, and source 216. Second
portion 286 may also be referred to hereinafter as a “charge storage region.”
Moreover, first portion 284 may be coupled to second portion 286 via a passage 288
positioned between a bottom end of bias gate 236 and a bottom surface of region 234.

For example only, and not by way of limitation, passage 288 may have a height P in a
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range of, for example only, substantially 20 to 75 nanometers. Collectively, first
portion 284, passage 288, and second portion 286 may define a floating body of
memory cell 210.

Memory cell 210 may also include an oxide region 240 overlying silicon
nitride 238. Furthermore, a common source line 226 may be formed through oxide
region 240 and operably coupled to source 216. Memory cell 210 may also include a
digit line 224 overlying an oxide region 248 and extending through a channel formed
in each of oxide region 248 and oxide region 240 to operably couple to drain 218.

As described more fully below, during a contemplated operation of memory
cell 210, bias gate 236 may be operably coupled to a bias voltage and, more
specifically, a negative bias voltage. Therefore, during operation, second portion 286
in conjunction with dielectric material 233 formed along an outer surface of second
recess 282, STI region 228, and bias gate 236 may collectively function as a capacitor.
As aresult, holes generated within the floating body (i.e., first portion 284,
passage 288, and second portion 286) may be attracted to, and stored within, second
portion 286. Consequently, during operation of memory cell 210, charges may be
stored remote from each of source 216 and drain 218 and, therefore, any tendency
toward charge recombination may be decreased relative to conventional floating body
memory cells. Furthermore, coupling second portion 286 to first portion 284 via
passage 288 may restrict the number of charges moving into or moving out of second
portion 286 during operation of memory cell 210. As a result, charge retention may be
enhanced compared to conventional floating body memory cells. Moreover, as
configured, memory cell 210 may include a floating body having a larger storage area
in comparison to a floating body of a conventional prior art structure. Consequently,
this may enable more charge to be stored and, therefore, minimize the signal
fluctuation due to any lost charge. As a result, memory cell 210 may provide an
enhanced signal in comparison to conventional structures. Additionally, it should be
noted that a height H of region 234 may be increased and, therefore, an area of charge
storage region 286 may be increased to enable a greater amount of charge to be stored

within charge storage region 286.
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FIG. 3 is a cross-sectional view of a portion of a memory array 200 including a
plurality of memory cells 210, according to an embodiment of the present invention.
Like numerals have been used to identify like features in FIGS. 2 and 3.

With reference to FIGS. 4A-10B, a method of forming a memory array
including a plurality of memory cells according to various embodiments of the present
invention will now be described. In one embodiment, as depicted in the plan view
illustrated in FIG. 4A and the cross-sectional view illustrated in FIG. 4B, a structure
including buried insulator 222 over substrate 220 may be provided. As mentioned
above, buried insulator 222 may comprise, for example, a buried oxide (BOX) and
substrate 220 may comprise, for example, a bulk silicon substrate. Moreover, for
example only, buried insulator 222 may have a vertical thickness in a range of
substantially 100 to 300 nanometers. Furthermore, the structure may include
region 234 overlying buried insulator 222. As mentioned above, region 234 may
comprise silicon and may have a height H in a range of, for example only, substantially
50 to 200 nanometers. Furthermore, the structure may include shallow trench isolation
(STT) regions 228 formed through region 234. STIregions 228 may be formed using a
reactive ion etching (RIE) process or other suitable etching processes known by one
having ordinary skill in the art. A dielectric material 229 such as, by way of example
only, silicon dioxide (SiO,), spin-on-glass (SOG), or other suitable dielectric material
may be formed within each STI region 228. A top dielectric material 229 may then be
planarized by an abrasive process such as chemical mechanical planarization (CMP).
Furthermore, it should be noted that prior to forming a dielectric material 229 within
(STT) regions 228, the side walls of region 234 adjacent (STI) regions 228 may be
oxidized to repair any damage as a result of forming STI regions 228.

With reference to the plan view illustrated in FIG. SA and the cross-sectional
view illustrated in FIG. 5B, first recesses 280 and second recesses 282 may be etched
into region 234. For example only, first recesses 280 and second recesses 282 may be
etched into region 234 using an RIE process or any other etching process known by
one having ordinary skill in the art. For example only, and not by way of limitation,
first recesses 280 and second recesses 282 may be etched into region 234 a specific

depth so as to leave substantially 20 to 75 nanometers of region 234 between a bottom
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surface of region 234 and a bottom end of each of first recesses 280 and second
recesses 282.

Moreover, dielectric 233 may be formed over a top surface of region 234 and
along a surface of each of first recesses 280 and second recesses 282. For example,
according to one embodiment, dielectric 233 may be formed by selectively oxidizing a
top surface of region 234 and a surface of region 234 adjacent each first recess 280 and
each second recess 282. According to another embodiment, dielectric 233 may be
formed by any known, suitable deposition process. For example only, dielectric 233
may comprise a high-K dielectric material in comparison to silicon dioxide.

Thereafter, as depicted in the plan view illustrated in FIG. 6A and the
cross-sectional view illustrated in FIG. 6B, active gates 214 may be formed within each
first recess 280 and bias gates 236 may be formed within each second recess 282. Each
of active gates 214 and bias gates 336 may comprise, for example, a metal such as
titanium nitride (TiN), tantalum nitride (TaN), any combination thereof, or any other
metal. For example only, and not by way of limitation, bias gates 236 and active
gates 214 may each be formed by any known metal silicide deposition process or any
other process known by one having ordinary skill in the art. Thereafter, a portion of
each active gate 214 within first recess 280 and each bias gate 236 within second
recess 282 may be etched by any process known by one of ordinary skill in the art to
form depressions 235. Depressions 235 may be formed by, for example only, a blanket
RIE process. Moreover, by way of example only, depressions 235 may be formed to a
depth of substantially 20 to 75 nanometers below the top surface of region 234.

Subsequently, as depicted in the plan view illustrated in FIG. 7A and the
cross-sectional view illustrated in FIG. 7B, source 216 and drain 218 may be formed
within region 234 by any process known by one having ordinary skill in the art.
Furthermore, a dielectric 238 which may comprise, for example, silicon nitride may be
formed, by any known process, over each of region 234 and dielectric material 229.
Dielectric 238 may also be formed within each depression 235 over bias gate 236 and
active gate 214.

Furthermore, with reference to the plan view illustrated in FIG. 8A and the
cross-sectional view illustrated in FIG. 8B, using any known process, oxide region 240

may be formed over dielectric 238. Subsequently, as illustrated in FIGS. 9A and 9B, a
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conventional damascene process may be used to create common source lines 226
extending through each of oxide region 240 and dielectric 238 and coupled to

sources 216. A top of each common source line 226 may then be planarized by an
abrasive process such as a CMP process. For example only, common source lines 226
may comprise titanium nitride (TiN), tantalum nitride (TaN), tungsten (W), any
combination thereof, or any other metal. Thereafter, with reference to the plan view
illustrated in FIG. 10A and the cross-sectional view illustrated in FIG. 10B, using any
known process, oxide region 248 may be formed over oxide region 240 and common
source lines 226. Subsequently, oxide region 248 and oxide region 240 may each be
etched by any known etching process such as, for example only, an RIE process, to
form a plurality of depressions through each of oxide region 248 and oxide region 240
and over drain regions 218. Digit line 224 may then be formed over oxide region 248,
within each depression, and coupled to drains 218, as illustrated in FIG. 10B. For
example only, digit line 224 may comprise titanium nitride (TiN), tantalum nitride
(TaN), any combination thereof, or any other metal.

Referring to the plan views illustrated in FIGS. 11A and 11C and the
cross-sectional views illustrated in FIGS. 11B and 11D, a memory array 400 including
a plurality of memory cells 410, in accordance with one or more other embodiments of
the present invention, is depicted. FIG. 11C is a plan view rotated ninety degrees with
respect to the plan view illustrated in FIG. 11A. Furthermore, FIG. 11D is a
cross-sectional view rotated ninety degrees with respect to the cross-sectional view
illustrated in FIG. 11B. Moreover, FIG. 11D is taken along lines 11D-11D of
FIG. 11C. As illustrated in FIG. 11B, each memory cell 410 includes a transistor 412
having an active gate 414, a source 416, and a drain 418. Transistors 412 may
comprise, for example only, a planar transistor, and may be formed by any process
known by one having ordinary skill in the art. Transistors 412 may be formed over a
buried insulator 422, which may overlie a substrate 420. For example only, and not by
way of limitation, buried insulator 422 may comprise a buried oxide (BOX) and
substrate 420 may comprise a bulk silicon substrate. Additionally, memory array 400
includes a region 434 which may comprise silicon. Region 434 may include a first

portion 484 adjacent to active gate 414, drain 418, and source 416.
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As illustrated in FIGS. 11B and 11D, each memory cell 410 may also include a
finFET transistor 468 that may be formed by any conventional process. As understood
by a person having ordinary skill in the art, a finFET transistor may include a gate
region which may be formed into at least a portion of a silicon structure configured to
act as a floating body of a memory cell. As aresult, the gate region may at least
partially wrap around one or more portions of the floating body. As illustrated in
FIG. 11D, finFET transistor 468 may include a gate region 470 formed into shallow
trench isolation (STI) region 428 and into a portion of region 434 to form a plurality of
second portions 486 with region 434. Each second portion 486 may be formed
underneath and in vertical alignment with at least a portion of gate region 470 and first
portion 484 may be vertically offset from gate region 470. Second portion 486 may
also be referred to hereinafter as a “charge storage region.” Collectively, first
portion 484 and second portion 486 may define a floating body of memory cell 410.

It should also be noted that, although gate 470, as illustrated in FIG. 11D, does
not extend through an entire depth of region 434, gate 470 may extend through an
entire depth of region 434 to abut a top surface of buried insulator 422. As a result,
bias gate 470 may be enlarged and, therefore, a greater area configured to attract a
charge may be provided.

Memory array 400 may also include silicon nitride 438 overlying each of
shallow trench isolation (STT) regions 428 and region 434. STIregions 428 and silicon
nitride 1 438 may each be formed by any know processes, such as the processes
described above with reference to FIGS. 4A-7B. Furthermore, conventional
processing techniques, such as the processing techniques described above with
reference to FIGS. 8A-10B, may be used to form common source lines and a digit line
over each memory cell 410 to complete a memory array structure.

As described more fully below, during a contemplated operation of memory
cell 410, gate region 470 of finFet transistor 436 may be operably coupled to a bias
voltage and, more specifically, a negative bias voltage. Therefore, during operation,
each second portion 486 in conjunction with STI region 428, and gate region 470 may
function as a capacitor. Furthermore, because gate region 470, which is coupled to a
bias voltage, is formed partially around each second portion 486, holes generated

within the floating body (i.e., first portion 484 and second portions 486) may be
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attracted to and stored within second portions 486. Consequently, charge
recombination may be decreased and charge retention may be enhanced relative to
conventional floating body memory cells. Moreover, as configured, memory cell 410
may include a floating body having a larger storage area in comparison to a floating
body of a conventional prior art structure. As a result, this may enable more charge to
be stored and, therefore, minimize the signal fluctuation due to any lost charge.
Therefore, memory cell 410 may provide an enhanced signal in comparison to
conventional structures. Additionally, it should be noted that a height X (see
FIG. 11D) of region 434 may be increased and, therefore, an area of charge storage
region 486 may be increased to enable a greater amount of charge to be stored within
charge storage region 486. Additionally, it should be noted that, as illustrated in
FIG. 11B, a portion of gate region 470 may overlie and be in vertical alignment with a
portion of STI region 428, as indicated by numeral 487. Stated another way, a portion
of gate 470 may overlap a portion of STI region 428. Overlapping a portion of STI
region 428 with gate 470 may increase the capacitive coupling of second portion 486.

Referring to the plan view illustrated in FIG. 12A and the cross-sectional view
illustrated in FIG. 12B, a memory array 500 including a plurality of memory cells 510,
in accordance with yet one or more other embodiments of the present invention, is
depicted. As illustrated in FIGS 12A and 12B, each memory cell 510 includes a
transistor 512 having an active gate 514, a source 516, and a drain 518. Transistors 512
may comprise, for example, a planar transistor, and may be formed by any process
known by one having ordinary skill in the art. Transistor 512 may be formed over a
buried insulator 522, which may overlie a substrate 520. By way of example only, and
not by way of limitation, buried insulator 522 may comprise a buried oxide (BOX) and
substrate 520 may comprise a bulk silicon substrate. Additionally, memory array 500
includes a region 534 which may comprise silicon. As illustrated, each memory
cell 510 may include a bias gate 536 positioned within a recess 582 formed in
region 534. By way of example only, bias gates 536 may comprise polysilicon or any
other metal.

Additionally, each memory cell 510 may comprise a dielectric material 533
formed around a surface of recess 582 adjacent region 534. Moreover, dielectric

material 533 may also be formed over a portion of region 534 between recess 582 and
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a shallow trench isolation (STI) region 528. For example, STI region 528 may
comprise a dielectric material 529. Each memory cell 510 may also include silicon
nitride 538 overlying each shallow trench isolation (STI) region 528 and each
region 534. Furthermore silicon nitride 538 may overlie each bias gate 536 within
recess 582. Recesses 582, dielectric material 533, STI regions 528, and silicon
nitride 538 may each be formed by any know processes, such as the processes
described above with reference to FIGS. 4A-7B.

Region 534 may include a first portion 584 adjacent active gate 514, drain 518,
and source 516. Furthermore, region 534 may include a second portion 586 adjacent
bias gate 536 and remote from active gate 514, drain 518, and source 516. Second
portion 586 may also be referred to hereinafter as a “charge storage region.”
Moreover, first portion 584 may be coupled to second portion 586 via a passage 538
positioned between a bottom end of bias gate 536 and a bottom surface of region 534.
Collectively, first portion 584, passage 588, and second portion 586 may define a
floating body of memory cell 510. Furthermore, conventional processing techniques,
such as the processing techniques described with reference to FIGS. 8A-10B may be
used to form common source lines and a digit line over each memory cell 510 to
complete a memory array structure.

As described more fully below, during a contemplated operation of memory
cell 510, bias gate 536 may be operably coupled to a bias voltage and, more
specifically, a negative bias voltage. Therefore, during operation, second portion 586
in conjunction with dielectric material 533 formed along an outer surface of recess 582,
STI region 528, and bias gate 536 may collectively function as a capacitor. As a result,
holes generated within the floating body (i.e., first portion 584, passage 588, and
second portion 586) may be attracted to and stored within second portion 586.
Consequently, during operation of memory cell 510, charges may be stored remote
from each of source region 516 and drain region 518 and, therefore, any tenedency
toward charge recombination may be decreased relative to conventional floating body
memory cells. Furthermore, coupling second portion 586 to first portion 584 via
passage 588 may restrict the number of charges moving into or moving out of second
portion 586 during operation of memory cell 510. As a result, charge retention may be

enhanced compared to conventional floating body memory cells. Moreover, as
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configured, memory cell 510 may include a floating body having a larger storage area

in comparison to a floating body of a conventional prior art structure. Consequently,

~ this may enable more charge to be stored and, therefore, minimize the signal

fluctuation due to any lost charge. As a result, memory cell 510 may provide an
enhanced signal in comparison to conventional structures. Additionally, it should be
noted that a height Y of region 534 may be increased and, therefore, an area of charge
storage region 586 may be increased to enable a greater amount of charge to be stored
within charge storage region 586.

With reference to FIG. 13, various operations (i.e., erasing or writing) of a
memory cell will now be described. FIG. 13 illustrates a circuit diagram of a memory
cell 610 which comprise any previously described memory cell 210, 410, or 510.
Memory cell 610 includes a gate 614 coupled to a wordline 620, a drain 618 coupled to
a digit line 622, and a source 616 coupled to a ground voltage 624. Additionally,
memory cell 610 includes a bias gate 636 configured to be operably coupled to a bias
voltage.

Using a gate-induced drain leakage (GIDL) current, as understood by one of
ordinary skill in the art, a logic “1” may be written to memory cell 610 by applying a
first positive voltage (e.g., 2.5 volts) to gate 614 of memory cell 610 and a second
positive voltage (e.g., 1.8 volts) having a lower potential than the first positive voltage
to drain 618 of memory cell 610. Furthermore, bias gate 636 may be operably coupled
to a bias voltage and, more specifically, a negative bias voltage. For example only,
bias gate 636 may be operably coupled to a negative bias voltage in the range of
substantially -1.0 to -2.0 volts. Additionally, source 216 may be operably coupled to
ground voltage 624. As will be appreciated by one of ordinary skill in the art, an high
gate-to-drain voltage (Vgd) may create holes within a floating body of memory
cell 610 that may be attracted to a charge storage area (see e.g., charge storage
region 286 of FIG. 2, charge storage region 486 of FIGS. 11B and 11D, or charge
storage region 586 of FIG. 12B) due at least partially to the negative potential of bias
gate 636.

Moreover, a logic “1” may be erased from memory cell 610 by applying a
positive voltage (e.g., 1.0 volts) to gate 614 of memory cell 610 and a negative voltage

(e.g., -1.8 volts) to drain 618 of memory cell 210. Furthermore, bias gate 636 may be
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operably coupled to a bias voltage and, more specifically, a negative bias voltage. By
way of example only, bias gate 636 may be operably coupled to a negative bias voltage
in the range of substantially -1.0 to -2.0 volts. Additionally, source 616 may be
operably coupled to ground voltage 624. As will be appreciated by one of ordinary
skill in the art, an inverted channel and a negative drain potential will remove holes
from within a floating body of memory cell 610. Furthermore, to read a charge stored
within memory cell 610, a first positive voltage (e.g., 1.0 volt) may be applied to

gate 614 of memory cell 610. Additionally, a second positive voltage (e.g., 0.3 volts)
having a potential less than the first positive voltage applied to gate 614 of memory
cell 610 may be applied to drain 618 of memory cell 610.

FIG. 14 is a block diagram of an electronic system, in accordance with an
embodiment of the present invention. Electronic system 700 includes an input
device 772, an output device 774, and a memory device 778, all coupled to a processor
device 776. Memory device 778 incorporates at least one memory array 200/400/500
including at least one memory cell 210/410/510 of one or more of the preceding
embodiments of the present invention. FIG. 15 is a diagram of a semiconductor
wafer 990 including an integrated circuit die 992 incorporating the memory array and
memory cells of one or more of the previous embodiments, in accordance with a
further embodiment of the present invention.

Embodiments of the invention offer advantages over conventional memory
technology and structures to implement same. For example, a small capacitor structure
is employed in operation of the floating body. The floating body is remote from the
source/drain regions, thus minimizing disturbance during operation. The bias gate,
dielectric and floating body can be modeled independently from the FET, to minimize
charge loss during operation. The technology is easily scalable, and full-pitch
processes, half-pitch processes, or any combination thereof may be employed to
implement. In addition, the devices fabricated are stackable. Further, feature size (CD)
may be reduced to 8F2 or smaller using pitch reduction technology.

Specific embodiments have been shown by way of non-limiting example in the
drawings and have been described in detail herein; however, the various embodiments
may be susceptible to various modifications and alternative forms. It should be

understood that the invention is not limited to the particular forms disclosed. Rather,
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the invention encompasses all modifications, equivalents, and alternatives falling

within the scope of the following appended claims and their legal equivalents.
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CLAIMS
What is claimed is:
1. A device including one or more memory cells, each memory cell

comprising:

a transistor comprising a drain and a source each formed in silicon and a gate
positioned between the drain and the source;

a bias gate recessed into the silicon and positioned between an isolation region and
the transistor and configured to be operably coupled to a bias voltage; and

a floating body within the silicon and having a first portion adjacent the source and
the drain and vertically offset from the bias gate and a second portion
coupled to the first portion, wherein the bias gate is formed adjacent the

second portion.

2. The device of claim 1, wherein the gate of the transistor is recessed

into the silicon.

3. The device of claim 1, wherein the bias gate comprises at least one of

polysilicon and a metal.

4. The device of claim 1, wherein the bias gate is configured for

operably coupling to a negative bias voltage.

5. The device of claim 1, further comprising a dielectric material at least

partially surrounding the bias gate.

6. The device of claim 5, wherein the dielectric material comprises a

high dielectric constant relative to a dielectric constant of silicon dioxide.
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7. The device of claim 1, further comprising an isolation region adjacent
the second portion and comprising a dielectric material, wherein the second portion

is positioned between the isolation region and the bias gate.

5 8. The device of claim 1, wherein the second portion is vertically

aligned with at least a portion of the bias gate.

9. The device of claim 1, wherein the bias gate is a gate of a finFET
transistor.
10
10.  The device of claim 1, wherein the silicon overlies and is adjacent to

a buried insulator.

11.  The device of claim 1, further comprising a memory array including

15  the one or more memory cells.

12. The device of claim 1, further comprising an electronic system
comprising:
at least one processor; and

20  atleast one memory device including the one or more memory cells.

13. A method of forming a memory cell, comprising:
forming a transistor having a source and drain formed in silicon and a gate
positioned between the source and the drain;

25  forming a recess into but not through the silicon and positioned between the
transistor and an isolation region formed through the silicon, wherein the
recess is remote from the isolation region;

forming a dielectric along a surface of the recess and adjacent to the silicon; and
forming a conductive material at least partially within the recess.

30
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14.  The method of claim 13, wherein forming a recess into but not
through the silicon comprises forming the recess into but not through the silicon

having a vertical thickness in a range of substantially 50 to 200 nanometers.

15.  The method of claim 13, wherein forming a transistor comprises

forming the transistor having the gate recessed into but not through the silicon.

16.  The method of claim 13, further comprising forming another
dielectric over at least a portion of the silicon between the recess and the isolation
region, over the isolation region, and within the recess overlying the conductive

material.

17.  The method of claim 13, wherein forming a recess into but not
through the silicon comprises forming a recess into but not through the silicon
leaving a portion of the silicon between a bottom end of the recess and a top surface

of a buried insulator positioned undemeath the silicon.

18.  The method of claim 17, wherein leaving a portion of the silicon
between a bottom end of the recess and a top surface of a buried insulator comprises
leaving a portion of the silicon having a vertical thickness in a range of substantially
20 to 75 nanometers between a bottom end of the recess and a top surface of a

buried insulator.

19. A method of operating a memory array including a plurality of

memory cells, comprising:

applying a bias voltage to a bias gate adjacent a charge storage region of each
memory cell of the plurality; and

performing an operation on a memory cell comprising a transistor including a gate, a
source, and a drain by one of programming a charge to an associated charge
storage region within a floating body of the memory cell and reading a
charge from the associated charge storage region positioned adjacent an

isolation region, vertically offset from the transistor, and coupled to another
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region within the floating body adjacent each of the gate region, source

region, and drain region.

20.  The method of claim 19, wherein applying a bias voltage to a bias

5  gate comprises applying a negative bias voltage to the bias gate.
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