
TWO-SIDED SURROUND ACCESS TRANSISTOR FOR A 4.5F2 DRAM CELL Background of
the Invention Field of the Invention [0001] The invention relates generally
to memory devices, and particularly to systems and methods of isolating
access transistor constructions for DRAM devices. Description of the
Related Art [0002] Access transistors, such as Field Effect Transistors
(FET's) are used in memory structures such as dynamic random access
memories ("DRAMs") for controlling access to capacitors used to store
charge representing information contained in the memories. The access
transistors need to be able to provide high impedance when they are turned
OFF and a low impedance connection when they are turned ON. [0003] DRAMs
and other memories use an addressing scheme whereby a wordline that is
coupled to many transistor gates is selected, and at the same time, a
bitline or digit line that is coupled to many transistor drains is
selected. An access transistor that is located at the intersection of the
selected wordline and the selected digit line is turned ON, and that memory
cell is accessed. [0004] In DRAMs, charge leakage effects necessitate
periodic refreshing of the information stored in the memory. In turn,
refreshing of the DRAM leads to increased power consumption and delays in
memory operation. Accordingly, it is desirable to reduce charge leakage
effects in DRAMs. [0005] One source of charge leakage is parasitic
conductance. At the same time the access transistor that is located at the
intersection of the selected wordline and the selected digit line is turned
ON, many other access transistors have a drain voltage due to the drains of
the access transistors being coupled to the selected digit line. These
access transistors exhibit some parasitic conductance as a result of the
drain voltage.[0006] Additionally, it is desirable to minimize the area
required for memories, such as DRAMs. The need for increasingly smaller
semiconductors results in adjacent transistors placed closer together on
the semiconductor wafer. 



This, in turn, results in the depletion regions of the transistors placed
closer together, while still requiring electrical isolation of various
circuit elements from one another. One method to create smaller depletion
regions around transistors is to increase the substrate doping
concentrations. However, higher doping levels increase the contaminant
level in the silicon, which in turn, increases the leakage current of the
transistor. [0007] In another method to maintain electrical isolation of
various circuit elements from each other, electrical isolation structures
are fabricated in the semiconductors. However, electrical isolation
structures require space on the DRAM or other integrated circuitry. Various
techniques have been developed to reduce the area used for electrical
isolation structures. As illustrated in Figure 1, one technique for
providing electrical isolation while requiring relatively little space is
to place an isolation trench 102 between a portions of transistor
constructions 100. However, in some types of integrated circuits, a portion
of the parasitic conductance is due to corner effects that are an artifact
of using trench isolation techniques. [0008] Figure 1 also illustrates the
depletion regions 104 surrounding the gate construction of each transistor
construction 100. The isolation trench 102 does not have a surrounding
depletion region. Summary of the Invention [0009] A transistor with a
grounded gate or an isolation transistor is constructed between a first
access transistor construction and a second access transistor construction
to provide isolation between the access transistor constructions of a
memory device. In an embodiment, the memory device is a DRAM. In another
embodiment, the memory device is a 4.5F2 DRAM cell. In an embodiment, the
access transistor constructions are two-sided surround access transistors.
[0010] The isolation transistor between access transistor constructions
creates a depletion region under the gate of the isolation transistor, such
that theelectrons in the substrate move away from the gate. This pinches
off and merges the depletion region of the isolation transistor with the
depletion regions of the adjacent access transistor constructions. Leakage
current is substantially 



reduced, as there is no place for the electrons in the merged depletion
region. The depletion regions may be placed close together to produce a
smaller semiconductor. Further, a lower doping concentration of the silicon
substrate may also be used. [001 1] One embodiment of this invention is a
memory device comprising a semiconductor substrate, a plurality of charge
storage devices associated with the semiconductor substrate, a plurality of
digit lines associated with the semiconductor substrate, a plurality of
gates electrically interposed between a charge storage device and a digit
line wherein a gate, a charge storage device and a digit line define a
memory cell, wherein the gates are formed so as to be recessed into the
semiconductor substrate such that a first depletion region is formed within
the semiconductor substrate and such that, when the gate is activated, a
conductive path is formed about the perimeter of the recessed gate within
the semiconductor substrate to thereby allow charge to flow between the
charge storage device and the corresponding digit line, and a plurality of
isolation structures formed so as to be recessed within the semiconductor
substrate and so as to define a second depletion region within the
semiconductor substrate. [0012] Another embodiment of the invention is a
memory device comprising a substrate having a first surface, a plurality of
memory cells arranged in a pattern on the substrate, wherein the plurality
of memory cells include a charge storage device and a recessed access
device formed so as to extend into the substrate, wherein the recess access
device induce a depletion region in the substrate and further defines a
current flow path about the recessed perimeter of the recess access device
within the substrate, and a plurality of isolation structures formed in the
substrate, so as to isolate the plurality of memory cells from each other
wherein the plurality of isolation structures comprised recessed access
devices that are formed so as to extend into the substrate, wherein the
plurality of isolation structures induce a second depletion region in the
substrate.[0013] Another embodiment of the invention is a memory device
comprising a substrate having a first surface; a first memory construction
comprising a first memory storage device, a first digit line; and a first
transistor 



construction having a first recessed gate that extends into the substrate
from the first surface, a first source, and a first drain, wherein the
first memory storage device is electrically coupled to the first source,
and the first digit line is electrically coupled to the first drain; a
second memory construction comprising a second memory storage device, a
second digit line; and a second transistor construction having a second
recessed gate, a second source, and a second drain, wherein the second
memory storage device is electrically coupled to the second source, and the
second digit line is electrically coupled to the second drain; wherein the
first and second transistor constructions are recess access devices; and a
grounded recessed transistor gate construction interposed between the first
and second memory constructions. [0014] Another embodiment of the invention
is a method of isolating a plurality of memory cells that are comprised of
a charge storage device and a recessed access device formed so as to extend
into a substrate wherein the recessed access device induces a first
depletion region in the substrate and further defines a current flow path
about the recessed perimeter of the recessed access device within the
substrate between adjacent source drain regions, the method comprising
forming a plurality of isolation structures so as to isolate the plurality
of memory cells from each other, wherein the plurality of isolation
comprise recessed access devices and inducing the recessed access devices
forming the plurality of isolation structures to form a second depletion
region in the substrate to thereby inhibit leakage between cells. [0015]
For purposes of summarizing the invention, certain aspects, advantages and
novel features of the invention have been described herein. It is to be
understood that not necessarily all such advantages may be achieved in
accordance with any particular embodiment of the invention. Thus, the
invention may be embodied or carried out in a manner that achieves or
optimizes one advantage or group of advantages as taught herein without
necessarily achieving other advantages as may be taught or suggested
herein.Brief Description of the Drawings [0016] A general architecture that
implements the various features of the invention will now be described with
reference to the drawings. The drawings 



and the associated descriptions are provided to illustrate embodiments of
the invention and not to limit the scope of the invention. Throughout the
drawings, reference numbers are re-used to indicate correspondence between
referenced elements. In addition, the first digit of each reference number
indicates the figure in which the element first appears. [0017] Figure 1
illustrates a simplified side view of trench isolation structures and
transistor constructions. [0018] Figure 2 illustrates a simplified side
view of transistor isolation constructions and access transistor
constructions of an embodiment of the invention. [0019] Figure 3
illustrates simplified side view of an embodiment of the memory device 200
of Figure 2 further comprising memory storage devices and memory access
devices. [0020] Figure 4 is a circuit diagram of a memory array containing
multiple wordlines and digit lines, where the memory array comprises the
structures of Figures 2 and 3, according to an embodiment of the invention.
[0021] Figure 5 is a schematic diagram depicting communication between
electronic circuitry and a memory device, where the memory device comprises
the structures of Figures 2 and 3, according to an embodiment of the
invention. [0022] Figure 6A is a top view of a memory storage device 600,
according to an embodiment of the invention. [0023] Figure 6B is a
simplified side view of an embodiment of the memory storage illustrated in
Figure 6A. [0024] Figure 7A is a top view of a memory storage device,
according to another embodiment of the invention. [0025] Figure 7B is a
simplified side view of an embodiment of the memory storage illustrated in
Figure 7A.Detailed Description of the Preferred Embodiment [0026] For a
more detailed understanding of the invention, reference is first made to
Figure 2. Figure 2 illustrates a simplified side view of a portion of a
memory device 200 comprising transistor isolation constructions and access 



transistor constructions of an embodiment of the invention. [0027] The
memory device 200 comprises a semiconductor substrate 202, which may
comprise a wide variety of suitable materials. The semiconductor substrate
202 may include semiconductor structures and/or other layers that have been
fabricated thereon or any doped silicon platform that is commonly used in
the art. While the illustrated semiconductor substrate 202 comprises an
intrinsically doped monocrystalline silicon wafer, those of ordinary skill
in the art will understand that the semiconductor substrate 202 in other
arrangements can comprise other forms of semiconductor layers, which
include other active or operable portions of semiconductor devices. [0028]
The memory device 200 further comprises transistor gate constructions
204-210, 240, 242. Transistor gate constructions 204-210, 240, 242 are
shown formed within the semiconductor substrate 202. In another embodiment,
the transistor gate constructions 204-210, 240, 242 are formed on the
substrate 202. [0029] Transistor gate constructions 204-210, 240, 242
comprise a gate dielectric 212-218, 256, 258, respectively, a silicon layer
(not shown), a conductive layer (not shown), and an insulative cap 206. In
an embodiment, the gate dielectric 212-218, 256, 258 comprises an oxide,
such as, for example silicon dioxide. In an embodiment, the silicon layer
comprises conductively doped silicon. In an embodiment, the conductive
layer comprises a metal or a metal suicide, such as, for example, copper,
gold, aluminum, tungsten suicide, titanium suicide, cobalt suicide, or
nickel suicide. In an embodiment, the insulative cap 206 comprises an
insulator, such as, for example, silicon dioxide, or silicon nitride.
[0030] It is to be understood that the layers of the transistor gate
constructions 204-210, 240, 242 are exemplary layers, and that other layers
can be used in addition to, or alternatively to, the described layers. For
example, abarrier layer can be incorporated between the conductive layer
and the silicon layer. [0031] The memory device 200 further comprises doped
diffusion regions or source/drain regions 220-230 formed within the
substrate 202. 



Source/drain regions 220 and 222, along with transistor gate construction
204 define a first transistor construction 232. Source/drain regions 222
and 224, along with transistor gate construction 206 define a second
transistor construction 234. [0032] Source/drain region 222 is gatedly
connected to source/drain regions 220 and 224 through transistor gates 212
and 214, respectively. Source/drain region 222 can be considered to be a
shared source/drain region, in that it is shared by the first transistor
construction 232 and the second transistor construction 234. [0033]
Similarly, source/drain regions 226 and 228, along with transistor gate
construction 208 define a third transistor construction 236. Source/drain
regions 228 and 230, along with transistor gate construction 210 define a
fourth transistor construction 238. [0034] Source/drain region 228 is
gatedly connected to source/drain regions 226 and 230 through transistor
gates 216 and 218, respectively. Source/drain region 228 can also be
considered to be a shared source/drain region, in that it is shared by the
third transistor construction 236 and the fourth transistor construction
238. [0035] In an embodiment, the gate dielectrics 212-218, 256, 258 are
wordlines 212-218, 256, 258, respectively. In an embodiment, the transistor
constructions 232-238 are two-sided surround access transistors. In another
embodiment, the transistor constructions 232-238 are recess access
transistors. In a further embodiment, the transistor constructions 232-238
are U-gate transistors. In a further embodiment, the transistor
constructions 232-238 are recess access devices. In a further embodiment,
the transistor constructions 232-238 are recess access device (RAD) access
transistors. [0036] In an embodiment, the transistor constructions 232-238
are NMOS transistor devices, such that the source/drain regions 220-230
comprise n-type regions. In another embodiment, the transistor
constructions 232-238 arePMOS transistor devices, such that the
source/drain regions 220-230 comprise p-type regions. The memory device 200
can be doped using any suitable doping process, such as, for example, ion
implantation, or diffusion. 



[0037] The transistor gate constructions 240, 242, comprise wordlines 256,
258, respectively, as described above. To provide isolation for transistor
constructions 232-238, the wordlines 256, 258 of transistor gate
constructions 240, 242, respectively, are electrically connected to ground.
Transistor constructions 240, 242 having grounded wordlines 256, 258,
comprise isolation transistor constructions 260, 262, respectively. [0038]
In an embodiment, the substrate 202 is p-doped. The p-doped substrate 202
includes an excess of holes or positively charged particles. The grounded
wordlines 256, 258 push some of the holes away from the region surrounding
the wordlines 256, 258. This reduces the free holes and electrons in the
region surrounding the grounded gates 256, 258 and, thus, reduces the
leakage current in the region surrounding the grounded wordlines 256, 258.
[0039] The dashed lines, shown in Figure 2, represent the boundary of a
depletion region around each transistor construction 232-238 and isolation
transistor constructions 260, 262. Transistor gate constructions 204-210
comprise depletion regions 244-250, respectively, and isolation transistor
constructions 240, 242 comprise depletion regions 252, 254, respectively.
[0040] To provide isolation between the source and drain 224, 226 of the
isolation transistor construction 260, in an embodiment, the gate voltage
is approximately less or equal to the threshold voltage. In this
embodiment, the isolation transistor construction 260 is in depletion mode.
[0041] In another embodiment, the gate voltage is much less than the
threshold voltage, which also provides isolation between the source and
drain 224, 226, of the isolation transistor construction 260. In this
embodiment, the isolation transistor construction 260 is in accumulation
mode. [0042] As shown in Figure 2, the depletion region 252 of grounded
gate 256 merges with the depletion regions 246, 248, of the transistor
constructions 234, 236. This provides isolation between the transistor
constructions 234 and 236. In one implementation, the gates 256 are
grounded. In another implementation a negative voltage, e.g., of
approximately -.5V is applied toenhance the depletion region. The depletion
regions surrounding the grounded wordlines of the isolation transistor
constructions merge with the depletion 



regions of the adjacent active transistor constructions in the memory
device 200 to provide isolation. Leakage current is substantially reduced
as there is no place for the electrons in the pinched off depletion regions
244-254. [0043] As mentioned above, increasing the substrate doping
concentrations is one method to reduce the size of the depletion region
surrounding the transistor gate, thus allowing smaller spacing between
transistors. In an embodiment of a memory device without isolation
transistor constructions 260, 262, a doping concentration of approximately
1016 atoms/cm 3 to approximately 1020 atoms/cm3 may be used. [0044] Forming
isolation transistor constructions 260, 262 in the memory device 200
provides isolation between active transistor elements and permits closer
spacing of the access transistors 232-238 without the need for a high
doping concentration in the substrate 202. Thus, a lower doping
concentration of the silicon substrate 202 may be used. In an embodiment of
the memory device 200, with the isolation transistor constructions 260,
262, a doping concentration of between approximately 1016 atoms/cm3 to
approximately 1015 atoms/cm3, and preferably approximately 1015 atoms/cm3
may be used. [0045] Figure 3 is a simplified side view of an embodiment of
the memory device 200 of Figure 2 further comprising memory storage devices
and memory access devices. [0046] Referring to Figure 3, an insulative
material 310 is formed over the substrate 202, and conductive interconnects
312, 314 and 316 extend through the insulative material 310 to the
source/drain regions 220, 222, and 224, respectively. Insulative material
310 can comprise, for example, borophosphosilicate glass (BPSG), and
conductive interconnects 312, 314, 316 can comprise, for example, one or
more of conductively-doped silicon, metal suicide, or elemental metal.
[0047] Conductive interconnect 314 is electrically connected with a digit
line 318, which results in an electrical connection between shared
source/drain region 222 and the digit line 318. Electrical connections 312
and 316 are incorporated into capacitor constructions 320 and 322,
respectively. In anembodiment, a dielectric material 324 is formed over
electrical connections 312 



and 316, and a capacitor plate 326 is subsequently formed over the
dielectric material 324. Accordingly, conductive interconnects 312 and 316
are incorporated into capacitor constructions 320 and 322 as storage nodes.
Dielectric material 324 can comprise, for example, one or more of silicon
dioxide, silicon nitride, or so-called high K dielectric materials, such as
tantalum pentoxide. Capacitor plates 326 can comprise, for example, one or
more of conductively-doped silicon, metal, or metal suicide. [0048]
Transistor constructions 232-238 define access transistors for the memory
device 200. Transistor constructions 232 and 234 are utilized to provide
access between the digit line 318 and the capacitor constructions 320 and
322, while transistor constructions 236 and 238 are utilized to provide
access between the digit line 318 and capacitor constructions 330 and 332.
[0049] Figure 4 is a circuit diagram of a memory array 400 comprising a
plurality of wordlines, digit lines, and memory cells 402. In an
embodiment, the memory array 400 comprises the structures of Figures 2 and
3. [0050] The memory cells 402 are organized into columns CI-CN and rows
RI-RN- A column decoder 404 and a row decoder 406 process address signals
408 to identify the column C and row RN of the targeted memory cell 402.
The columns are commonly known as wordlines and the rows are typically
known as digit lines or bitlines. [0051] The exemplary memory cell 402
comprises the transistor 232, the capacitor 320 coupled to the source S,
220 of the transistor 232, the wordline 212 coupled to the gate G of the
transistor 232 and to other gates in other memory cells, and the digit line
318 coupled to the drain D, 222, of the transistor 232 and to other drains
in other memory cells. In an embodiment, the gate G of transistor 232
comprises the wordline 212. [0052] By selecting the wordline 212 and the
bitline 318, the transistor 232 is turned ON, and the charge stored in the
capacitor 320 can be measured to determine the datum stored in the memory
cell 402. Alternatively, by selecting and turning ON the transistor 232, a
charge can be injected into the capacitor 320, to write a datum therein,
and the transistor 232 can be turned OFF to store 



the datum in the memory cell 402.[0053] Figure 5 illustrates the memory
array 400 interfacing with electronic circuitry 500 via conventional
address signals 408 and data signals 502. The address signals 408 select
one or more memory cells 402 in the memory array 400. The data signals 502,
on the other hand, carry data that is stored in or retrieved from the
memory cells 402 in the memory array 400. [0054] In one embodiment, the
memory array 400 is a dynamic random access memory (DRAM). In other
embodiments the memory array 400 may comprise a wide variety of memory
devices such as static memory, dynamic memory, extended data out memory,
extended data out dynamic random access memory (EDO DRAM), synchronous
dynamic random access memory (SDRAM), double data rate synchronous dynamic
random access memory (DDR SDRAM), synchronous link dynamic random access
memory (SLDRAM), video random access memory (VRAM), rambus dynamic random
access memory (RDRAM), static random access memory (SRAM), flash memories,
or any other memory type known in the art. [0055] The memory array 400
interfaces with different types of electronic circuitry 500. By way of
example, the electronic circuitry 500 can include any device, which
accesses or relies on memory including, but not limited to, computers, and
the like. [0056] The computers comprise, by way of example, processors,
program logic, or other substrate configurations representing data and
instructions, which operate as described herein. In other embodiments, the
processors can comprise controller circuitry, processor circuitry,
processors, general purpose single-chip or multi-chip microprocessors,
digital signal processors, embedded microprocessors, microcontrollers, and
the like. [0057] In some embodiments, the memory array 400 and the
electronic circuitry 500 are implemented separately. In other embodiments,
the memory array 400 and the electronic circuitry 500 are integrated
together. Furthermore, one of ordinary skill in the art will recognize that
the memory array 400 can be implemented in a wide variety of devices,
products, and systems. [0058] Figure 6A is a top view of an embodiment of a
memory storage 



device or memory array 600. The memory array 600 comprises a plurality of
wordlines 602, a plurality of digit lines 608, a plurality of isolation
transistorconstructions 606, and a plurality of active areas 604. The
active areas 604 are tilted with respect to the digit lines, (i.e. the
x-axis). In an embodiment, layouts of the active areas 604 are at 45. In
other embodiments, the active areas 604 make an angle with respect to the
x-axis, where the angle is between approximately 0 to approximately 180. In
an embodiment, the pitch of the memory cells in the memory array 600 is 3F
for one cell in the Y direction, and 3F for two cells in the X direction.
[0059] Figure 6B is a simplified side view of an embodiment of the memory
array 600 illustrated in Figure 6A. Figure 6B further illustrates the
plurality of wordlines 602, the plurality of digit lines 608, the plurality
of isolation transistor constructions 606, and the plurality of active
areas 604, shown in Figure 6A. [0060] Figure 7A is a top view of another
embodiment of the memory array 600. In the embodiment illustrated in Figure
7A, the layouts of the active areas 604 are at 0. The active areas 604 are
below and covered by the digit lines 608. [0061] Figure 7B is a simplified
side view of an embodiment of the memory storage illustrated in Figure 7A.
Figure 7B illustrates the plurality of active areas 604, and further
illustrates the plurality of wordlines 602, the plurality of digit lines
608, and the plurality of isolation transistor constructions 606 shown in
Figure 7A. [0062] While certain embodiments of the inventions have been
described, these embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions. Indeed, the
novel methods and systems described herein may be embodied in a variety of
other forms; furthermore, various omissions, substitutions, and changes in
the form of the methods and systems described herein may be made without
departing from the spirit of the inventions. The accompanying claims and
their equivalents are intended to cover such forms or modifications as
would fall within the scope and spirit of the inventions.WHAT IS CLAIMED
IS: 



1. A memory device comprising: a substrate having a first surface; a
plurality of memory cells arranged in a pattern on the substrate, wherein
the plurality of memory cells include a charge storage device and a
recessed access device formed so as to extend into the substrate, wherein
the recessed access device induces a depletion region in the substrate and
further defines a current flow path about the recessed perimeter of the
recessed access device within the substrate; a plurality of isolation
structures formed in the substrate, so as to isolate the plurality of
memory cells from each other wherein the plurality of isolation structures
comprised recessed access devices that are formed so as to extend into the
substrate, wherein the plurality of isolation structures induce a second
depletion region in the substrate. 2. The memory device of Claim 1, wherein
the plurality of memory cells include a charge storage device formed on the
first surface of the substrate and a digit line wherein the recessed access
device comprises a recessed access transistor having a gate formed so as to
extend into the substrate. 3. The memory device of Claim 2, wherein the
recessed access transistor further includes a pair of source/drain regions
formed adjacent the first surface of the substrate and wherein the recessed
access transistor includes a gate structure that extends inward from the
first surface into the substrate such that activation of the gate results
in the formation of a conductive channel so that current flows between the
two source/drain regions. 4. The device of Claim 1, wherein the plurality
of isolation structures are biased so as to define the second depletion
region. 5. The device of Claim 1, wherein the plurality of isolation
structures comprise a plurality of gate structures that are formed so as
toextend into the substrate from the first surface and wherein the 



plurality of gate structures are grounded. 6. The device of Claim 1,
wherein the second depletion region formed by the plurality of isolation
structures merges with the corresponding first depletion region induced by
the recessed access device of the cell such that the doping level of the
semiconductor substrate can be reduced without increasing the leakage
current between memory cells. 7. The device of Claim 6, wherein each of the
plurality of cells comprise a first and a second plurality of recessed
gates and a first and a second charge storage device and wherein each of
the plurality of cells include a common source/drain region that is common
between the first and second gates and is electrically coupled to a single
digit line. 8. The device of Claim 7, further comprising a plurality of
source/drain regions that are electrically coupled to the charge storage
device. 9. The device of Claim 1, wherein the substrate comprises a p-doped
substrate and wherein the plurality of recessed gates comprise recessed
access devices. 10. The device of Claim 1, further comprising a word line
that is used to activate the gate of a plurality of cells and a bit line
that is also electrically connected to a plurality of cells and wherein the
gate of each cell defines an active area and wherein the active area of
each cell is oriented at an angle of 45 degrees with respect to the bit
line and word line. 11. The device of Claim 1, further comprising a word
line that is used to activate the gate of a plurality of cells and a bit
line that is also electrically connected to a plurality of cells and
wherein the gate of each cell defines an active area and wherein the active
area of each cell is oriented at an angle of 0 degrees with respect to the
bit line. 12. A method of isolating a plurality of memory cells that are
comprised 



of a charge storage device and a recessed access device formedso as to
extend into a substrate wherein the recessed access device induces a first
depletion region in the substrate and further defines a current flow path
about the recessed perimeter of the recessed access device within the
substrate between adjacent source drain regions, the method comprising:
forming a plurality of isolation structures so as to isolate the plurality
of memory cells from each other, wherein the plurality of isolation
comprise recessed access devices; and inducing the recessed access devices
forming the plurality of isolation structures to form a second depletion
region in the substrate to thereby inhibit leakage between cells. 13. The
method of Claim 12, wherein the isolation structures are biased so as to
define the second depletion region. 14. The method of Claim 12, wherein the
isolation structures are formed so as to extend into the substrate and
wherein the isolation structures are grounded. 15. The method of Claim 12,
wherein forming the plurality of isolation structures comprises forming the
structures so as to be interposed between adjacent recessed access devices.
16. The method of Claim 12, wherein the second depletion region formed by
the plurality of isolation structures merges with the corresponding first
depletion region induced by the recessed access device of the cells such
that the doping level of the semiconductor substrate can be reduced without
increasing the leakage current between adjacent memory cells. 


