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THREE DIMIENSIONAL FLOATING GATE 
NAND MEMORY 

BACKGROUND 

0001 NAND flash memory is thought to offer the promise 
of lower costs and larger capacity than other flash memory 
types. In order to appreciate those advantages, it is thought 
that three dimensional NAND memory structures will have to 
be utilized. 

SUMMARY 

0002 Disclosed herein are memory arrays that include a 
first memory cell having a channel; a first insulator, a floating 
gate; a second insulator, and a control gate, wherein the first 
insulator is positioned between the channel and the floating 
gate, the second insulator is positioned between the floating 
gate and the control gate; and a second memory cell having a 
channel; a first insulator; a floating gate; a second insulator; 
and a control gate, wherein the first insulator is positioned 
between the channel and the floating gate, the second insula 
tor is positioned between the floating gate and the control 
gate, wherein the first memory cell and the second memory 
cell are positioned parallel to each other. 
0003. Also disclosed are memory arrays that can include 
at least two vertical stacks of memory cells, each vertical 
stack including at least two memory cells, the at least two 
memory cells positioned along a first axis, and each memory 
cell including a channel; a first insulator; a floating gate; a 
second insulator, and a control gate wherein the first insulator 
is positioned between the control gate and the floating gate, 
the second insulator is positioned between the floating gate 
and the channel, and the control gate, the first insulator, the 
floating gate, the second insulator and the channel are posi 
tioned along a second axis, wherein the first axis and the 
second axis are perpendicular to each other; and at least one 
vertical isolation structure positioned between the first and 
the second memory cell; and at least one horizontal isolation 
structure, wherein the at least one horizontal isolation struc 
ture isolates a first vertical stack of memory cells from a 
second vertical stack of memory cells. 
0004 Further disclosed are methods of making a memory 
array that can include steps of depositing a bilayer stack of 
alternating insulating material and floating gate material; 
etching a first void in the stack; depositing a first insulating 
material on at least the walls of the first void forming a second 
Void; depositing channel material in the second Void; etching 
a third void in the stack, the third void being substantially 
circular and Surrounding the channel material; selectively 
etching portions of the polysilicon layers adjacent the third 
void forming fourth voids, wherein the fourth voids are gen 
erally orthogonal to each other, depositing a second insulat 
ing material on the Surfaces of the fourth Voids; depositing 
control gate material on the second insulating material form 
ing a sixth Void; and depositing isolating material in the sixth 
Void. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 is a cross sectional view of an exemplary 
memory cell as disclosed herein. 
0006 FIG. 2 is a cross sectional view of two exemplary 
memory cells as disclosed herein. 
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0007 FIG. 3 is a cross sectional view of two exemplary 
memory cells configured with a vertical isolation structure as 
disclosed herein. 
0008 FIG. 4 is a cross sectional view of two exemplary 
memory cells with shared structures as disclosed herein. 
0009 FIG. 5 is a cross sectional view of two exemplary 
memory cells configured with both a vertical isolation struc 
ture and a horizontal isolation structure disclosed herein. 
0010 FIG. 6 is a cross sectional view of an exemplary 
memory array that includes two vertical stacks of memory 
arrays as disclosed herein. 
0011 FIG. 7 is a cross sectional view of an exemplary 
memory array that includes two rows of memory arrays as 
disclosed herein. 
0012 FIG. 8 is a top down view of an exemplary memory 
array that includes four off set rows of memory arrays as 
disclosed herein. 
0013 FIGS. 9A-9H and 9J are cross sectional views of an 
article at various stages in an exemplary method of making 
0014. The figures are not necessarily to scale. Like num 
bers used in the figures refer to like components. However, it 
will be understood that the use of a number to refer to a 
component in a given figure is not intended to limit the com 
ponent in another figure labeled with the same number. 

DETAILED DESCRIPTION 

0015. In the following description, reference is made to 
the accompanying set of drawings that form a parthereof and 
in which are shown by way of illustration several specific 
embodiments. It is to be understood that other embodiments 
are contemplated and may be made without departing from 
the scope or spirit of the present disclosure. The following 
detailed description, therefore, is not to be taken in a limiting 
SS. 

0016. Unless otherwise indicated, all numbers expressing 
feature sizes, amounts, and physical properties used in the 
specification and claims are to be understood as being modi 
fied in all instances by the term “about.” Accordingly, unless 
indicated to the contrary, the numerical parameters set forthin 
the foregoing specification and attached claims are approxi 
mations that can vary depending upon the properties sought to 
be obtained by those skilled in the art utilizing the teachings 
disclosed herein. 
0017. The recitation of numerical ranges by endpoints 
includes all numbers Subsumed within that range (e.g. 1 to 5 
includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5) and any range within 
that range. 
0018. As used in this specification and the appended 
claims, the singular forms “a”, “an', and “the encompass 
embodiments having plural referents, unless the content 
clearly dictates otherwise. As used in this specification and 
the appended claims, the term 'or' is generally employed in 
its sense including “and/or unless the content clearly dictates 
otherwise. 
0019 “Include.” “including, or like terms means encom 
passing but not limited to, that is, including and not exclusive. 
It should be noted that “top” and “bottom (or other terms like 
“upper” and “lower”) are utilized strictly for relative descrip 
tions and do not imply any overall orientation of the article in 
which the described element is located. 
0020 Disclosed herein are memory arrays that include at 
least two memory cells. In some embodiments, memory 
arrays may include a plurality of memory cells. Each memory 
cell in a memory array can include a channel, a first insulator, 
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a floating gate, a second insulator, and a control gate. An 
exemplary memory cell is depicted in FIG. 1. The memory 
cell 100 in FIG.1 includes a channel 105, a first insulator 110, 
a floating gate 115, a second insulator 120, and a control gate 
125. Generally, the first insulator 110 is positioned between 
the channel 105 and the floating gate 115 and functions to 
electrically insulate the channel 105 from the floating gate 
115. The second insulator 120 is positioned between the 
floating gate 115 and the control gate 125 and functions to 
electrically insulate the floating gate 115 from the controlgate 
125. 

0021. The channel 105 can beformed from a substrate that 
includes spaced apart localized doped regions 107. One of the 
doped regions 107 can be doped positively or negatively, and 
can be referred to as the source or the drain. Generally, the 
channel 105 can be made of polysilicon (which can also be 
referred to as polycrystalline silicon or poly-Si), silicon ger 
manium (SiGe, or SiGe), gallium nitride (GaN), indium 
gallium nitride (In GaN), or aluminum gallium nitride 
(AlGaN) for example. 
0022. The first insulator 110 can be formed of a tunneling 
oxide material. Exemplary tunneling oxide materials include 
magnesium oxide (amorphous, crystalline, or combinations 
thereof) alumina (Al2O), silicon oxide (SiO or SiO), 
high-k dielectric materials, or combinations thereof. The sec 
ond insulator 120 can be formed from a multilayer structure 
of an oxide/nitride/oxide (referred to herein as “ONO”), or a 
high-k dielectric material. Exemplary high-k dielectric mate 
rials can include Hf, ZO, Ta-Os. Y.O. NbOs, Al2O, 
TiO, CeO. In O. RuO, MgO, SrO. B.O. SnO, PbO, 
PbO, Pb3O4.V.O., La O, PrO, SbO, SbOs, and CaO. 
In some embodiments, the second insulator 120 can be made 
of a multilayer structure of an oxide/nitride/oxide. 
0023. In some embodiments, the first insulator 110 and the 
second insulator 120 are not the same thickness. Generally, 
the first insulator 110 can have a thickness from 20 A to 300 
A, or from 50 to 200 A, or from 60A to 80 A. Generally, the 
second insulator 120 can have a thickness from 50 A to 400A, 
from 100 A to 300 A, from 150 A to 250 A, or in an embodi 
ment about 200 A. 
0024. The floating gate 115 can be formed of polysilicon, 
for example. The control gate 125 can be made of polysilicon, 
or a metal. In some embodiments the floating gate 115 and the 
control gate 125 are not the same thickness. Generally, the 
floating gate 115 and the control gate 125 can independently 
have thicknesses from 10 nm to 100 nm, or from 20 nm to 60 

0025 Generally, each memory cell operates as a modified 
n-channel metal oxide semiconductor field effect transistor 
(MOSFET). Application of a suitable gate voltage to the 
floating gate 115 establishes a conductive channel through the 
channel 105 between the adjacent doped regions 107, thereby 
generating a drain-to-source conductivity path. During a pro 
gramming operation, a write current through the channel 105 
results in the passage of charge through the first insulator 110 
to the floating gate 115. The presence of accumulated charge 
on the floating gate 115 serves to alter the requisite threshold 
voltage (V) that needs to be applied to the controlgate 125 to 
establish conductivity through the channel. Hence, the 
memory cell 100 can store different programmed values in 
relation to different amounts of accumulated (or stored) 
charge on the floating gate 115. Increased amounts of charge 
can be successively added to the floating gate 115 during 
Subsequent write operations. A separate erase operation is 
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required to remove the accumulated (or stored) charge from 
the floating gate 115 and return the floating gate 115 to an 
uncharged State. An erase operation can be carried out on an 
entire block of memory cells at the same time. 
0026. Some embodiments described herein can include 
more than one memory cell. Such as those described above. 
Some embodiments can be referred to as memory arrays. A 
memory array can have at least two memory cells, or a plu 
rality of memory cells. An exemplary memory array can 
include a first and a second memory cell. Such as those 
described above. The first and second memory cell can be 
positioned parallel to each other. The first and second 
memory cell can also be described as being positioned along 
a first axis, where the components of the individual memory 
cells are positioned along a second axis, with the first axis 
being perpendicular to the second axis. An exemplary 
memory array 200 is depicted in FIG. 2, where the first 
memory cell 201 is positioned parallel to the second memory 
cell 202. The first memory cell 201 may be positioned above 
the second memory cell 202, such as is depicted in FIG. 2, or 
it may be positioned next to the second memory cell (not 
depicted herein), so that the first memory cell and the second 
memory cell are positioned in the same horizontal plane (in 
Such an embodiment, the two memory cells are positioned in 
the same axis as the individual components of the individual 
memory cells). In some embodiments, a plurality of memory 
cells positioned along a first axis may be connected in series. 
0027. A memory array can also include a vertical isolation 
structure. A vertical isolation structure can function to elec 
trically insulate a first memory cell from another vertically 
adjacent memory cell, for example a vertical isolation struc 
ture can function to electrically insulate a first memory cell 
from a second memory cell that is positioned above (or 
below) the first memory cell. An exemplary memory array 
300 that includes a vertical isolation structure 330 is depicted 
in FIG. 3. Vertical isolation structures can be made of any 
electrically insulating material. Exemplary materials can 
include for example silica (SiO2), alumina (AlO), and sili 
con nitride (SiNa or SiN). Exemplary memory arrays can 
also include a plurality of memory cells positioned along a 
first axis (as described above), with a plurality of vertical 
isolation structures positioned between the individual 
memory cells. 
0028. In some embodiments, different memory cells 
within a memory array can share structures, or can each 
utilize a single block of material as a component of the 
memory cell. An exemplary memory array 400 that includes 
one or more shared structures is depicted in FIG. 4, for the 
sake of convenience; similar structures are numbered simi 
larly to previous figures. For example, first and second 
memory cells can utilize a single structure, which can be 
referred to as a shared structure or in this embodiment a 
shared channel as the channel. This is depicted in FIG. 4 as the 
shared channel 405. In such an embodiment, various portions 
of the shared channel 405 can be positively and negatively 
doped in order to form doped regions as appropriate for both 
the first and second memory cells. A shared channel. Such as 
that depicted in FIG. 4 can be made of the same materials as 
the individual channel structures discussed above. In some 
embodiments, a shared channel can be utilized by more than 
two memory cells. The memory array 400 depicted in FIG. 4 
also includes a second shared structure, a shared first insulator 
410. A shared first insulator can be made of the same materials 
as the individual first insulators discussed above. In some 
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embodiments, a shared first insulator can be utilized by more 
than two memory cells. The use of shared structures in 
memory arrays can increase the efficiency, ease, and/or cost 
of manufacturing memory arrays Such as those described 
herein. 

0029 Disclosed memory arrays can also include horizon 
tal isolation structures. Generally, horizontal isolation struc 
tures can function to electrically insulate one memory cell 
from another horizontally adjacent memory cells, for 
example a horizontal isolation structure can function to elec 
trically insulate a first memory cell from another memory cell 
that is next to, but notabove or below the first memory cell. An 
exemplary memory array 500 that includes a horizontal iso 
lation structure 535 is depicted in FIG. 5. Horizontal isolation 
structures can be made of any electrically insulating material. 
Exemplary materials can include for example silica (SiO). 
alumina (AlO4), and silicon nitride (SiNa or SiN). Exem 
plary memory arrays can also include a plurality of memory 
cells positioned along a second axis (as described above), 
with a plurality of horizontal isolation structures positioned 
between the memory cells. 
0030. Another exemplary memory array is depicted in 
FIG. 6. The exemplary memory array 600 includes a first 
memory cell 601, a second memory cell 602, a third memory 
cell 603, and a fourth memory cell 604. The first and second 
memory cells 601 and 602 are positioned as was described 
with respect to FIG. 3. The third memory cell 603 can be 
positioned adjacent the first memory cell 601 along the sec 
ond axis (i.e., horizontal) and the fourth memory cell 604 can 
be positioned adjacent the second memory cell 602 along the 
second axis. It should be noted that the designation of first, 
second, third, and fourth is for convenience only and should 
not be considered to limit the scope of this disclosure. The 
third 603 and fourth 604 memory cells are positioned adja 
cent each other with one being above the other (in the illus 
trated embodiment, with the fourth memory cell 604 being 
above the third memory cell 603). As seen in FIG. 6, the 
control gates 625c and 625d of the third 603 and fourth 604 
memory cells are positioned adjacent the horizontal isolation 
structure 635. Stated another way, the orientation of the third 
memory cell 603 is opposite that of the first memory cell 601 
and the orientation of the fourth memory cell 604 is opposite 
that of the second memory cell 602. 
0031. In the memory array 600, the horizontal isolation 
structure 635 isolates the first 601 and third 603 memory cells 
from each other and the second 602 and fourth 604 memory 
cells from each other. The first vertical isolation structure 
630a isolates the first memory cell 601 from the second 
memory cell 602; and the second vertical isolation structure 
630b isolates the third memory cell 603 from the fourth 
memory cell 604. It should be noted that even though the 
horizontal isolation structure 635, the first vertical isolation 
structure 630a, and the second vertical isolation structure 
630b are depicted as separate structures, they can be made of 
the same materials and/or be a single structure. However, the 
three structures can also be separate structures that are made 
of the same or different materials. 

0032. The first and second memory cells 601 and 602 can 
be referred to as a vertical stack 650. Although not depicted 
herein, a vertical stack can have more than two memory cells. 
A vertical stack 650 can also include one or more vertical 
isolation structures, for example vertical isolation structure 
630a. The memory array 600 also includes a second vertical 
stack 651. The second vertical stack 651 includes the third 
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and fourth memory cells 603 and 604, and can also include 
the vertical isolation structure 630b. A memory array that 
includes at least two vertical stacks. Such as first and second 
vertical stack 650 and 651 can also include a horizontal iso 
lation structure, such as horizontal isolation structure 635. In 
such an embodiment, the horizontal isolation structure 635 
can be described as isolating, for example electrically isola 
tion or insulating, the first vertical stack from the second 
Vertical stack. 
0033. In a memory array that includes at least two vertical 
stacks, the at least two memory cells within a first vertical 
stack can be connected in series and the at least two memory 
cells within the second vertical stack can be connected in 
series. The memory cells within a first vertical stack 650 can 
have a configuration that is opposite that of the memory cells 
within a second vertical stack 651. As seen in FIG. 6, both the 
control gates 625c and 625d of the third 603 and fourth 604 
memory cells (which are part of the second vertical stack 651) 
and the control gates 625a and 625b of the first 601 and 
second 602 memory cells (which are part of the first vertical 
stack 650) are positioned adjacent the horizontal isolation 
structure 635. Stated another way, the orientation of the third 
memory cell 603 is opposite that of the first memory cell 601 
and the orientation of the fourth memory cell 604 is opposite 
that of the second memory cell 602. 
0034. As was discussed with respect to FIG.4, portions of 
the memory cells can be shared in a single vertical stack. For 
example, the memory cells within the first vertical stack could 
utilize a shared channel, a shared first insulator, or both. 
Similarly, the memory cells within the second stack could 
utilize a shared channel, a shared first insulator, or both. First 
and second (and optionally further) vertical stacks can be 
formed from a single stack of bilayer films 
0035. Further memory cells can be added to the region 
above and/or below the memory cells depicted in FIG. 6. In 
addition, the memory array 600 (or a memory array that 
includes additional memory cells above and/or below those 
depicted in FIG. 6) can be duplicated horizontally adjacent to 
the memory array depicted in FIG. 6. Such a memory array 
could be described as having X number of memory cells in a 
first axis (for example the vertical axis) and y number of 
memory cells in a second axis (for example the horizontal 
axis). The total number of memory cells in Such an array 
would be xxy. 
0036 FIG. 7 depicts another exemplary memory array. 
This exemplary memory array 700 includes a first row 701 
and a second row 702. A row, as seen in FIG. 7 can include at 
least a horizontal isolation structure 735, a first vertical stack 
750, and a second vertical stack 751. Both the first vertical 
stack 750 and the second vertical stack 751 utilize a shared 
channel and a shared first insulator as can be seen in FIG. 7. 
0037 FIG. 8 depicts a top down view of an exemplary 
embodiment of a memory array. The memory array 800 
includes a first row 861, a second row 862, a third row 863, 
and a fourth row 864. Each row includes (in the depicted 
embodiment) a first vertical stack (exemplified by first verti 
cal stack 851 of the first row 861), a second vertical stack 
(exemplified by the second vertical stack 852 of the first row 
861), a third vertical stack (exemplified by the third vertical 
stack 853 of the first row 861) and a horizontal isolation 
structure (exemplified by the horizontal isolation structure 
835). The components of the other rows are not labeled for the 
sake of simplicity, but similarly located Structures are 
assumed to represent the same structures. In this embodi 
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ment, the first vertical stack851 includes a channel 805, a first 
insulator 810 (represented by the solid line), a floating gate 
815, a second insulator 820 (represented by the solid line) and 
a control gate 825. 
0038. As seen in FIG. 8, each of the rows 861, 862, 863, 
and 864 are configured so that the vertical stacks of each 
adjacent row are offset from one another. This can function to 
minimize the amount of area taken up by the overall memory 
array to thereby achieve smaller sizes. 
0039. Also disclosed herein are methods of making 
memory cells. An exemplary method includes a first step of 
forming, depositing or obtaining a stack. The stack generally 
includes alternating layers of insulating material and floating 
gate material. The stack can also be described as a bilayer 
stack of alternating insulating material (for example silica 
(SiO2), or alumina (Al2O)) and floating gate material (for 
example polysilicon). An exemplary beginning stack 901 is 
depicted in FIG. 9A and can include alternating layers of 
insulating material 903 and floating gate material 905. The 
number of floating gate material 905 layers in the beginning 
stack 901 can be chosen based on the desired number of 
memory cells in a single vertical stack; as each floating gate 
material layer 905 ultimately defines a single memory cell in 
a vertical stack. Deposition of the beginning stack 901 can be 
accomplished using methods such as physical vapor deposi 
tion (PVD), chemical vapor deposition (PVD), or atomic 
layer deposition (ALD). In some embodiments, the beginning 
stack can be formed using a low pressure(LP) CVD method. 
0040. The next step in an exemplary method includes 
forming a first void in the stack. FIG.9B shows the stack 909 
after the first void 907 has been formed in the stack. Gener 
ally, the first void 907 can have dimensions from 10 nm to 100 
nm, or in some embodiments from 10 nm to 50 nm. The step 
of forming a first void can generally be accomplished by 
etching, for example by using methods such as dry etch or wet 
etch processes. In some embodiments, the first void can be 
formed using a dry etch method with low selectivity for oxide 
and poly silicon. 
0041. Once a first void has been formed in the stack, the 
next step is to deposit a first insulating material on at least the 
walls of the first void forming a second void. FIG.9C shows 
the stack 911 after the second void 913 has been formed via 
deposition of the first insulating material 915. The first insu 
lating material can be deposited on only the walls of the first 
void, or on the walls of the first void and other surfaces (such 
as the bottom of the first void and/or the top surface of the 
stack 909). In some embodiments where the first insulating 
material is deposited on surfaces other than the walls of the 
first Void, additional processing steps may be undertaken to 
remove the first insulating material on other surfaces. The first 
insulating material 915 can generally include tunneling oxide 
materials. Exemplary tunneling oxide materials include mag 
nesium oxide (amorphous, crystalline, or combinations 
thereof) and alumina (AlO) for example. The first insulat 
ing material can be deposited using methods such as physical 
vapor deposition (PVD), chemical vapor deposition (PVD), 
or atomic layer deposition (ALD) using a chemical Source 
containing silicon and oxygen for example. An exemplary 
method for depositing the first insulating material can utilize 
high temperature CVD with tetra-ethyl-ortho-silicate 
(TEOS) as a silicon and oxygen source for example. 
0042. Once a second void has been formed, the next step 
includes deposition of channel material in the second Void. 
FIG.9D shows the stack 917 after deposition of the channel 
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material 919. Generally, the channel material can include 
polysilicon (which can also be referred to as polycrystalline 
silicon or poly-Si), silicon germanium (SiGe, or SiGe), 
gallium nitride (GaN), indium gallium nitride (In GaN), or 
aluminum gallium nitride (AlGaN) for example. The 
channel material can be deposited using methods such as 
physical vapor deposition (PVD), chemical vapor deposition 
(PVD), or atomic layer deposition (ALD). In some embodi 
ments, the channel material can be deposited using atomic 
layer deposition (ALD) by co-depositing the desired compo 
nents. In some embodiments, a removal process, such as 
chemical mechanical polishing (CMP) can be used after 
deposition of the channel material 919 in order to remove 
excess channel material that may have been deposited in 
unwanted areas. 
0043. The next step in an exemplary method is forming a 
third void in the Stack. FIG.9E shows the Stack 921 after the 
third void 923 has been formed in the stack. Generally, the 
third void 923 can have dimensions from 10 nm to 100 nmi; or 
in some embodiments from 10 nm to 50 nm. The step of 
forming a third Void can generally be accomplished by etch 
ing, for example by using dry etch or wet etch processes. In 
Some embodiments, the first void can be formed using a dry 
etch process with low selectivity for oxide and poly silicon. 
0044. After the third void has been formed, the next step is 
to selectively remove portions of the floating gate material 
layers adjacent the third void. This step can be described as 
forming fourth voids. The number of fourth voids can gener 
ally be described as being equivalent to the number offloating 
gate material layers in the starting stack 901. FIG.9F shows 
the Stack 925 after formation of the fourth voids 927. The 
fourth voids 927 can be characterized as being orthogonal to 
each other, or in Some embodiments parallel. Generally, the 
fourth voids 927 can have dimensions from 5 nm to 100 nm. 
into the floating gate material layers. The step of forming 
fourth Voids can generally be accomplished by etching, for 
example by using chemical etching methods such as chloride 
(—Cl) based chemistries, for example boron trichloride 
(BC1), hydrogen based etching (H2), fluorine based etching, 
for example sulfur hexafluoride (SF), or oxygen based etch 
ing (O). Alternatively, dry etching methods can be utilized. 
0045. After the fourth voids are formed, the next step is to 
deposit the second insulating material on at least some of the 
surfaces of the fourth voids. In some embodiments, the sec 
ond insulating material can be deposited on Substantially all 
Surfaces of the fourth Voids forming second insulating mate 
rial layers 931. FIG.9G shows the stack 929 after formation 
of the second insulating material layers 931 within the fourth 
voids 927. This step can also be characterized as forming fifth 
voids. The fifth voids are designated collectively in FIG.9G 
as 933. The fifth voids 933 can be characterized as being 
orthogonal to each other, or in some embodiments parallel. 
The second insulating material layers 931 can have dimen 
sions from 5 nm to 100 nm. The second insulating material a 
multilayer structure of an oxide/nitride/oxide (referred to 
herein as “ONO”), or a high-k dielectric material. Exemplary 
high-k dielectric materials can include Hf(), ZO, Ta-Os. 
YO, NbOs, Al-O, TiO, CeO. In O. RuO, MgO, SrO. 
BO SnO, PbO, PbO, Pb3O4, VO, LaO, PrOs. 
SbO, SbOs, and CaO. In some embodiments, the second 
insulating material can be a multilayer structure of an oxide/ 
nitride/oxide. 
0046. The step of depositing the second insulating mate 
rial in some embodiments where the second insulating mate 
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rial is a multilayer structure can generally be accomplished, 
for example by using methods such as physical vapor depo 
sition (PVD), chemical vapor deposition (CVD), or atomic 
layer deposition (ALD). In some embodiments, where the 
second insulating material is a multilayer structure, it can be 
deposited using dielectric deposition. The step of depositing 
the second insulating material in embodiments where the 
second insulating material is a high-k dielectric material can 
generally be accomplished, for example by using methods 
such as physical vapor deposition (PVD), chemical vapor 
deposition (CVD), or atomic layer deposition (ALD). In 
Some embodiments, where the second insulating material is a 
high-k dielectric material, it can be deposited using ALD for 
example. In some embodiments, a removal process, such as 
chemical mechanical polishing (CMP) can be used after 
deposition of the second insulating material in order to 
remove excess material that may have been deposited in 
unwanted areas. 

0047. The next step is to deposit control gate material on at 
least Some of the Surfaces of the second insulating material 
layer. In some embodiments, the control gate material can be 
deposited on Substantially all Surfaces of the second insulat 
ing material layers forming control gate layers 935. FIG. 9H 
shows the stack 937 after formation of the control gate layers 
935 within the fifth voids. The control gate layers 935 can 
have thicknesses from 10 nm to 100 nm. The control gate 
material can be polysilicon, or a metal for example. The step 
of depositing the control gate material can generally be 
accomplished, for example by using methods such as physi 
cal vapor deposition (PVD), chemical vapor deposition 
(CVD), or atomic layer deposition (ALD). In some embodi 
ments, the control gate material can be deposited using ALD 
for example. 
0048 Generally, once the control gate material layers 935 
are formed, the third void (described first in FIG.9E is once 
again present. In some embodiments the Void remaining after 
deposition of the control gate material can have Substantially 
about (i.e., within about 10% or less) the same dimensions as 
the third void 923 that was formed in the step depicted in 
connection with FIG.9E. This void, the sixth void is depicted 
as sixth void 923b. The next step is to deposit isolating mate 
rial within the sixth void 923b. In some embodiments, vertical 
etching can take place between deposition of the control gate 
material and deposition of the isolating material in order to 
remove excess control gate material in the sixth void 923b. 
FIG.9J depicts the article 939 after deposition of the isolating 
material structure 941. Generally, this step can be described 
as forming horizontal isolation structures (as they were 
described with respect to articles previously). The isolating 
material can generally be any electrically insulating or elec 
trically isolating material. Exemplary materials can include 
for example silica (SiO2), and alumina (AlO). The step of 
depositing the isolating material can generally be accom 
plished, for example by using methods such as physical vapor 
deposition (PVD), chemical vapor deposition (CVD), or 
atomic layer deposition (ALD). In some embodiments, the 
isolating material can be deposited using CVD for example. 
0049 Other optional methods, not depicted herein can 
include additional steps that can be designed, for example to 
form additional vertical stacks and or additional rows within 
a memory array. 
0050 Memory cells and memory arrays as disclosed 
herein utilize the floating gates as the charge storage node. 
Such a memory storage device can offer an improved cou 
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pling ratio in comparison to two dimensional NAND archi 
tecture that is currently utilized. This is thought to be due to 
the enlarged Surface area between the floating gate and the 
controlgate. The improved coupling ration may provide a low 
bias operation for both program and erase functions. Scal 
ability of the memory cell (and memory arrays) can be 
achieved by scaling the channel size rather than the floating 
gate size. Memory arrays as disclosed herein can also mini 
mize the floating gate-floating gate interference in a row by 
controlling the thickness of the isolator between the floating 
gates. 
0051 Memory cells and memory arrays disclosed herein 
can be utilized in single-level cell (SLC), multi-level cell 
(MLC) tri-level cell (TLC), or quad-level cell (QLC) modes 
to house 1, 2, 3, or 4 bits/cell respectively. 
0.052 Thus, embodiments of THREE DIMENSIONAL 
FLOATING GATE NAND MEMORY are disclosed. The 
implementations described above and other implementations 
are within the scope of the following claims. One skilled in 
the art will appreciate that the present disclosure can be prac 
ticed with embodiments other than those disclosed. The dis 
closed embodiments are presented for purposes of illustration 
and not limitation. 
What is claimed is: 
1. A memory array comprising: 
a first memory cell comprising: 

a channel; 
a first insulator, 
a floating gate; 
a second insulator, and 
a control gate, 
wherein the first insulator is positioned between the 

channel and the floating gate, the second insulator is 
positioned between the floating gate and the control 
gate; and 

a second memory cell comprising: 
a channel; 
a first insulator, 
a floating gate; 
a second insulator, and 
a control gate, 
wherein the first insulator is positioned between the 

channel and the floating gate, 
the second insulator is positioned between the floating 

gate and the control gate, wherein the first memory 
cell and the second memory cell are positioned par 
allel to each other. 

2. The memory array according to claim 1, wherein the first 
insulator in the first and second memory cells is a shared 
structure and the channel in the first and second memory cells 
is a shared structure. 

3. The memory array according to claim 1, 
wherein the channel comprises polysilicon, silicon germa 

nium, or gallium nitride, indium gallium nitride, or alu 
minum gallium nitride; 

wherein the first insulator comprises a tunneling oxide 
material; 

wherein the floating gate comprises polysilicon; 
wherein the second insulator comprises a multilayer struc 

ture of an oxide, a nitride, and an oxide, or other high K 
dielectric materials; and 

wherein the control gate comprises a metal or polysilicon. 
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4. The memory array according to claim 1 further compris 
ing a vertical isolation structure positioned between the first 
memory cell and the second memory cell. 

5. The memory array according to claim 4 further compris 
ing a plurality of memory cells positioned along the first axis 
with a plurality of vertical isolation structures positioned 
between the memory cells. 

6. The memory array according to claim 5, wherein the 
plurality of memory cells are connected in series. 

7. The memory array according to claim 1 further compris 
ing a horizontal isolation structure positioned adjacent the 
control gates of the first and second memory cells. 

8. The memory array according to claim 7, wherein the 
memory array further comprises third and fourth memory 
cells, 

wherein the third memory cell is positioned adjacent the 
first memory cell along the second axis and the fourth 
memory cell is positioned adjacent the second memory 
cell along the second axis, and 

wherein the horizontal isolation structure isolates the first 
and third memory cells from each and the second and 
fourth memory cells from each other. 

9. The memory array according to claim 8, wherein the 
controlgates of the third and fourth memory cells are adjacent 
the horizontal isolation structure. 

10. A memory array comprising: 
at least two vertical Stacks of memory cells, each vertical 

Stack comprising: 
at least two memory cells, the at least two memory cells 

positioned along a first axis, each memory cell com 
prising: 
a channel; 
a first insulator; 
a floating gate; 
a second insulator; and 
a control gate 
wherein the first insulator is positioned between the 

control gate and the floating gate, the second insu 
lator is positioned between the floating gate and the 
channel, and the control gate, the first insulator, the 
floating gate, the second insulator and the channel 
are positioned along a second axis, 

wherein the first axis and the second axis are perpen 
dicular to each other; 

and at least one vertical isolation structure positioned 
between the first and the second memory cell; and 

at least one horizontal isolation structure, wherein the at 
least one horizontal isolation structure isolates a first 
Vertical stack of memory cells from a second vertical 
stack of memory cells. 
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11. The memory array according to claim 10, wherein the 
at least two memory cells within the first vertical stack are 
connected in series and the at least two memory cells within 
the second vertical Stack are connected in series. 

12. The memory array according to claim 10, wherein the 
memory cells of the first vertical stack have a configuration 
that is opposite the configuration of the memory cells of the 
second Vertical stack. 

13. The memory array according to claim 10, wherein the 
channels of the memory cells of the first vertical stack are a 
shared structure and the first insulators of the memory cells of 
the first vertical stack are a shared structure. 

14. The memory array according to claim 10, wherein the 
first and second vertical stacks are formed from a single stack 
of bilayer films. 

15. The memory array according to claim 10 further com 
prising a plurality of Vertical stacks, wherein at least the 
horizontal isolation structure and the two adjacent vertical 
stacks form a first row. 

16. The memory array according to claim 15, wherein the 
memory array comprises a plurality of rows, with each row 
being configured so that the vertical stacks of each adjacent 
row are offset from one another. 

17. A method of making a memory array, the method 
comprising: 

depositing a bilayer stack of alternating insulating material 
and floating gate material; 

etching a first void in the stack; 
depositing a first insulating material on at least the walls of 

the first void forming a second Void; 
depositing channel material in the second Void; 
etching a third void in the stack, the third void being sub 

stantially circular and Surrounding the channel material; 
selectively etching portions of the polysilicon layers adja 

cent the third void forming fourth voids, wherein the 
fourth Voids are generally orthogonal to each other; 

depositing a second insulating material on the Surfaces of 
the fourth voids; 

depositing control gate material on the second insulating 
material, forming a sixth Void; and 

depositing isolating material in the sixth Void. 
18. The method according to claim 17, wherein the step of 

depositing the second insulating material is accomplished 
using dielectric deposition 

19. The method according to claim 17, wherein the step of 
selective etching portions of the polysilicon layers is accom 
plished using chemical etching using BC1, H2, SF, or O. 

20. The method according to claim 17 further comprising 
Vertical etching between deposition of the control gate mate 
rial and deposition of the isolating material. 
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