
SEMICONDUCTOR CONSTRUCTIONS, ELECTRONIC SYSTEMS, AND METHODS OF 
FORMING CROSS-POINT MEMORY ARRAYS 

TECHNICAL FIELD 

[0001] Semiconductor constructions, electronic systems, and methods of forming 

cross-point memory arrays. 

BACKGROUND 

[0002] A continuing goal of integrated circuit fabrication Is to decrease the amount of 

semiconductor real estate consumed by integrated circuit devices, and to thereby increase 
the level of integration. 

[0003] Memory may utilize a large array of memory devices. Accordingly, reduction in 

the size of individual memory devices may translate into a large increase in the bit density. 

Common memory devices are dynamic random access memory (DRAM) devices, static 

random access memory (SRAM) devices, and nonvolatile devices (so-called flash devices). 

The nonvolatile devices may be incorporated into NAND or NOR memory array 

architectures. 

[0004] The size of a memory device may be expressed in terms of the smallest feature 

size utilized in fabrication of the memory device. Specifically, if the smallest feature size is 

designated as "F\ the memory device dimensions may be expressed in units of F2. 

Conventional DRAM memory frequently comprises dimensions of at least 6F2, and SRAM 

may require even more semiconductor real estate. 

[0005] A type of memory that potentially consumes very little semiconductor real estate 

is so-called cross-point memory. In cross-point memory, a memory cell occurs at overlap 

between a wordline and a bitline. Specifically, a material which undergoes a stable and 

detectable change upon exposure to current is provided between the wordline and bitiine. 

The material may be, for example, a perovskite material, a chalcogenide material, an ionic 

transport material, a resistive switching material, a polymeric material and/or a phase 

change material. Since the memory cell may be confined to a region of overlap of a bitline 

and wordline, the memory cell may theoretically be formed to dimensions of 4F2 or less. 

[0006] Problems encountered in closely packing cross-point memory may include 

disturbance mechanisms (or so-called cross-talk) occurring when data transfer to or from 

one memory cell influences a neighboring memory cell. 
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[0007] It is desired to develop Improved methods for forming highly-Integrated circuitry, 

and to develop improved highly-Integrated circuit constructions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Fig. 1 is diagrammatic cross-sectional view of a portion of a semiconductor 

construction in accordance with an embodiment. Fig. 1 also shows a schematic electrical 

diagram of some of the components of the cross-section. 

[0009] Figs. 2 and 3 are a diagrammatic top view and cross-sectional side view, 

respectively, of an array of cross-point memory cells in accordance with an embodiment 

The cross-section of Fig. 3 is along the line 3-3 of Fig. 2. The portion of Fig. 1 is shown to 

be part of the portions of Figs. 2 and 3; with the portion of Fig. 1 being within a dashed-line 

area designated as "1". 

[0010] Fig. 4 is a schematic electrical diagram of an array of memory elements in 

accordance with an embodiment. 

[0011] Fig. 5 is diagrammatic cross-sectional view of a portion of a semiconductor 

construction in accordance with an embodiment. 

[0012] Fig. 6 shows three band-gap diagrams illustrating three different bias conditions 

of a diode in accordance with an embodiment. 

[0013] Fig. 7 is diagrammatic cross-sectional view of a portion of a semiconductor 

construction in accordance with an embodiment. Fig. 7 also shows a schematic electrical 

diagram of some of the components of the cross-section. 

[0014] Fig. 8 is diagrammatic cross-sectional view of a portion of a semiconductor 

construction in accordance with an embodiment. Fig. 8 also shows a schematic electrical 

diagram of some of the components of the cross-section. 

[0015] Fig. 9 is diagrammatic cross-sectional view of a portion of a semiconductor 

construction in accordance with an embodiment. 

[0016] Rg. 10 is diagrammatic cross-sectional view of a portion of a semiconductor 

construction in accordance with an embodiment. 

[0017] Fig. 11 is a diagrammatic view of a computer embodiment. 

[0018] Fig. 12 is a block diagram showing particular features of the motherboard of the 

Fig. 9 computer embodiment. 

[0019] Fig. 13 is a high level block diagram of an electronic system embodiment. 

[0020] Fig. 14 is a simplified block diagram of an electronic system embodiment. 
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

[0021] Jn some embodiments, cross-point memory cells are formed to include diodes. 

The diodes may be configured to enable current to pass lo or from a portion of the memory 

cell, while also alleviating, and possibly preventing, cross-talk between adjacent devices. 

The diodes may contain stacked thin dielectric films, with the dielectric films being band-

structure engineered to achieve tailored diode properties for particular memory cells. 

[0022] It may be advantageous to utilize stacked dielectric materials for the diodes 

rather than utilizing conventional silicon-based n-p junction diodes. The conventional 

silicon-based junction diodes may be limited relative to bandgap, Shockley-Read-Hall 

(SRH) generation and recombination rates, active doping concentrations, injection velocity, 

carrier lifetime and breakdown strength (or other high field properties such as ionization 

rates, etc.). 
[0023] The cross-point memory cells may be arranged in vertical stacks. Stacking of 

the memory cells may substantially reduce the real estate consumption attributed to 

individual memory ceils, For instance, if two 4F2 memory cells are stacked such that one is 

directly over the other, than the amount of semiconductor real estate consumed by each is 

effectively cut in half so that the individual memory cells are essentially only consuming 2F2 

of semiconductor real estate. The reduction in effective real estate consumption increases 

proportionally to the number of vertically-stacked memory cells. Thus, significant strides in 

integration may be achieved by vertically stacking at least some of the memory cells of a 

memory cell array. 
[0024] The stacked memory cells may be utilized as nonvolatile memory, and may 

correspond to single level cells (SLCs) or multilevel cells (MLCs). Such nonvolatile memory 

may be incorporated into NAND memory arrays. In embodiments in which multi-stacked 

multilevel cells (MS-MLCs) are formed, the memory may prove to be particularly low-cost, 

high-performance and high-density. The stacked cells may be routed through multi-level 

interconnects. 

[0025] In some embodiments, the fabrication of memory cells is conducted over a 

silicon substrate utilizing low-temperature deposition processes, and with few if any high 

temperature dopant activation steps. Avoidance of high-temperature processing may 

alleviate thermally-induced damage to integrated circuit devices. Also, many of the 

materials showing promise for utilization as memory elements in cross-point memory cells 
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(for instance, Ge2Se2Te5 and other chalcogenides, various metal oxides, etc.) lack high-

temperature stability. 

[0026] Example embodiments are described with reference to Figs. 1-14. 

[0027] Referring to Fig. 1, a fragment of a semiconductor construction 10 is illustrated. 

The fragment comprises a base 12 and a plurality of cross-point memory units 14,16 and 

18 over the base. Adjacent memory units are spaced from one another by passivation 

material 20. 

[0028] Base 12 may comprise semiconductor material, and in some embodiments may 

comprise, consist essentially of, or consist of monocrystalline silicon. The base may be 

referred to as a semiconductor substrate. The terms "semiconductive substrate," 

"semiconductor construction" and "semiconductor substrate" mean any construction 

comprising semiconductive material, including, but not limited to, bulk semiconductive 

materials such as a semiconductive wafer (either alone or In assemblies comprising other 

materials), and semiconductive material layers (either alone or in assemblies comprising 

other materials). The term "substrate" refers to any supporting structure, including, but not 

limited to, the semiconductive substrates described above. 

[0029] Although base 12 is shown to be homogenous, it may comprise numerous 

layers in some embodiments. For instance, base 12 may correspond to a semiconductor 

substrate containing one or more layers associated with integrated circuit fabrication. In 

such embodiments, such layers may correspond to one or more of metal interconnect 

layers, barrier layers, diffusion layers, insulator layers, etc.. (n some embodiments, an 

uppermost region of the base may comprise an electrically insulative material so that a 

conductive layer of the memory unit 14 is directly against such insulative material. 

[0030] In some embodiments, base 12 may correspond to semiconductor-on-insulator 

(SOI). 

[0031] A schematic electrical diagram 30 is shown adjacent fragment 10 to illustrate 

some of the electrical components of the fragment. The electrical diagram shows that the 

memory units 14,16 and 18 individually comprise a wordline 22, a bitline 24, a diode 26 

and a memory element 28. 

[0032] The wordlines and bitlines 22 and 24 are shown in semiconductor construction 

10 to comprise electrically conductive material. Such electrically conductive material may 

comprise any suitable composition or combination of compositions, including one or more 

of various metals (for instance, tantalum, platinum, tungsten, aluminum, copper, gold, etc.), 
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metal-containing compositions (for instance, metal nitrides, metal silicides, etc.), and 

conductively-doped semiconductor materials (for Instance, conductively-doped silicon). 

The individual wordlines and bitlines may have thicknesses of from about 2 nanometers to 

about 20 nanometers. 

[0033] The memory elements 28 may comprise any suitable composition or 

combination of compositions, and may, for example, comprise, consist essentially of, or 

consist of one or more of perovskite materials, chalcogenide materials, ionic transport 

materials, resistive switching materials, polymeric materials and phase change materials. 

[0034] The memory elements 28, conductive material 32 and bitlines 24 together form 

memory components 35. Current within one or both of the conductive materials 32 and 24 

of the memory components 35 may be utilized to change a state of memory element 28 in a 

writing operation, or to ascertain a state of the memory element 28 in a reading operation. 

[0035] The conductive material 32, insulative material 34 and wordlines 22 together 

form diodes 26. 

[0036] The conductive material 32 is overlapped by the memory components 35 and 

the diodes 26. In some embodiments, the conductive material 32 may be referred to as 

conductive diode material (or in other words, as a diode electrode), even though material 32 

is also part of the memory components. Conductive material 32 may comprise any suitable 

composition or combination of compositions, and may, for example, comprise, consist 

essentially of, or consist of one or more of various metals (for instance, tantalum, platinum, 

tungsten, aluminum, copper, gold, etc.), metai-containing compositions (for instance, metal 

nitrides, metal silicides, etc.), and conductively-doped semiconductor materials (for 

instance, conductively-doped silicon). The conductive material 32 may have a thickness of 

from about 2 nanometers to about 20 nanometers. 

[0037] The insulative material 34 may be referred to as diode dielectric material, and 

may comprise any suitable composition or combination of compositions. In some 

embodiments, the insulative material comprises a stack of electrically insulative layers, with 

the individual layers having band gap and/or band-alignment properties tailored for the 

particular application of the diode. The layers may have individual thicknesses of from 

about 0.7 nanometers to about 5 nanometers; and may comprise, consist essentially of, or 

consist of one or more compositions selected from the group consisting of aluminum oxide, 

silicon oxide, silicon nitride, zirconium oxide and hafnium oxide. The oxide and nitrides are 

referred to in terms of the principal components, rather than in terms of specific 
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stoichiometries. Accordingly, the oxide of silicon is referred to as silicon oxide, which 

encompasses the stoichiometry of silicon dioxide. 

[0038] Tunneling properties of the insulative materials (for instance, materials 34), 

and/or carrier injection properties of the conductive materials 22 and 32, may be tailored to 

engineer desired properties into the diodes. 

[0039] The diodes are shown between the wordlines and the memory elements. In 

other embodiments, the diodes may be additionally, or alternatively, provided between the 

bitlines and the memory elements. 

[0040] In the shown embodiment, the rectifying diodes permit current flow from the 

memory elements to the wordlines, but restrict current flow in the opposing direction. Such 

can enable reading to and writing from individual memory elements, while limiting cross-talk 

between adjacent memory elements. The cross-talk is further restricted by the provision of 

passivation material 20 between the adjacent memory units. The passivation material may 

comprise any suitable composition or combination of compositions, and may, for example, 

comprise, consist essentially of, or consist of one or more of silicon dioxide, silicon nitride, 

silicon oxynitride, and organic material (for instance, polyimide, amorphous carbon, 

photoresist, etc.). 

[0041] Although the diodes are shown oriented to direct current flow from the memory 

elements to the wordlines, in other embodiments the orientation of the diodes may be 

reversed. Accordingly, the diodes may be oriented to permit current flow from the wordlines 

to the memory elements, and to restrict current flow in the opposing direction. Such 

configuration may also enable reading to and writing from individual memory elements, 

while limiting cross-talk between adjacent memory elements. 

[0042] The memory units may be incorporated into an array comprising both vertical 

stacking of memory units and horizontal arrangement of the units, as shown In Figs. 2 and 

3. 

[0043] Figs. 2 and 3 show the portion of Fig. 1 as part of a larger portion of construction 

10. The memory units 14, 16 and 18 are labeled in the cross-section of Fig. 3, and are 

shown to be part of an array comprising a plurality of identical columns of memory units. 

[0044] The bitlines 24 are shown to extend substantially orthogonally to 1he wordlines 

22. The term "substantially orthogonally" means that the bitlines and wordlines are more 

orthogonal to one another than not, which can include, but is not limited to, embodiments in 

which the wordlines and bitlines are entirely exactly orthogonal to one another. 
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[0045] The bitlines 24 are shown to be vertically interlaced with the wordlines, with 

individual bitlines being paired with individual wordlines in the memory units. The vertical 

interlacing of the bitlines and wordlines more specifically comprises individual bitlines 

interjacent pairs of wordlines, and individual wordlines interjacent pairs of bitlines. In other 

words, the wordlines and bitlines alternate with one another throughout the vertical stacks. 

[0046] The embodiment of Figs. 2 and 3 may be fabricated as follows. 

[0047] Initially, a first level of wordlines is formed over a semiconductor base (or 

substrate) 12. The first level of wordlines may be patterned by utilizing photolithographic 

processing and one or more etches to pattern wordline material into a plurality of lines. 

[0048] Subsequently, a first level of diode dielectric material 34 (which may be a stack 

of multiple dielectric layers) is formed over the first level of wordlines. The diode dielectric 

material may be deposited across the wordlines and spaces between the wordlines, and 

then patterned utilizing photolithographic processing and one or more etches to create the 

shown configuration in which the diode dielectric material is only at cross-points of the 

wordlines and bitlines. In some embodiments, the diode dielectric material may be left 

between the wordlines rather than patterned to be only at cross-points of the wordlines and 

bitlines. The diode dielectric may be deposited with any suitable methodology, including, 
for example, atomic layer deposition (ALD). 

[0049] A first level of electrically conductive diode material (i.e., a diode electrode) 32 is 

then formed over the diode dielectric material. The electrically conductive material 32 may 

be formed in the shown configuration by depositing the material and then patterning it with 

a photolithographically patterned mask and one or more etches. 

[0050] A first level of memory elements 28 is formed over the first level of conductive 

diode material. The memory elements may be formed by depositing memory element 

material across the wordlines and spaces between the wordlines, and then patterning the 

memory element material utilizing photolithographic processing and one or more etches to 

create the shown configuration in which the memory element material is only at cross-

points of the wordlines and bitlines. In some embodiments, the memory element material 

may be left between the wordlines rather than patterned to be only at cross-points of the 
wordlines and bitlines. 

[0051] A first level of bitline material is formed over the first level of memory elements. 

The bitline material may be deposited across the wordlines and spaces between the 

wordlines, and then patterned utilizing photolithographic processing and one or more 
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etches to create the shown configuration in which the bitlines are substantially orthogonal to 

the wordlines. 

[0052] Subsequent levels of wordlines, diode dielectric, conductive diode material, 

memory elements and bitlines may be formed using subsequent iterations of the above-

discussed processing to form vertically-stacked memory arrays to desired heights. In some 

embodiments, the vertical stacks may comprise at least 3 memory units, at least 10 

memory units, or at least 15 memory units. 

[0053] The vertically-stacked memory units may be identical to one another, or may 

differ from one another. For Instance, the diode material utilized for memory units at one 

level of a vertical stack may be different in composition from the diode material utilized for 

memory units at another level of a vertical stack; or may be the same composition as the 

diode material utilized for the memory units at the other level of the vertical stack. 

[0054] The configuration of Figs. 2 and 3 has the diodes provided between the 

wordlines and the memory elements. In other configurations, the diodes may be provided 

between the memory elements and the bitlines. The fabrication process utilized to form 

such other configurations may be similar to that utilized to form the configuration of Figs. 2 

and 3, except that the conductive diode material and diode dielectric materia! will be formed 

after formation of the memory elements rather than before formation of the memory 

elements. In yet other embodiments, the orientation of the wordlines and bitlines in the 

memory units may be reversed (so that the bitlines are under the wordlines) and the diodes 

may be formed either between the wordlines and the memory elements, or between the 

bitlines and the memory elements. 

[0055] Fig. 4 is a schematic circuit diagram of one level of the embodiment of Figs. 2 

and 3. Fig. 4 shows the memory elements 28 and diodes 26 between wordlines 22 and 

bitlines 24, and further shows the diodes connected between the memory elements and the 

wordlines. 

[0056] Fig. 5 shows an example cross-point memory cell 50 illustrating an embodiment 

of a diode that may be utilized. Similar numbering will be used in referring to Fig. 5 as is 

utilized above in describing Figs. 1-4, where appropriate. 

[0057] The cross-point memory cell is formed over a semiconductor base 12. The 

memory cell comprises a wordline 22, diode dielectric material 34, electrically conductive 

diode material 32, a memory element 28 and a bitline 24. 
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[0058] The conductive diode materiai 32, memory element 28 and bitline 24 together 
form a memory component 52. Current within one or both of the conductive materials 32 
and 24 of the memory component may be utilized to change a state of memory element 28 
in a writing operation, or to ascertain a state of the memory element 28 in a reading 
operation. 
[0059] The wordline 22, diode dielectric material 34 and electrically conductive diode 

material 32 together form a diode 26. The electrically conductive materials 22 and 32, and 
diode dielectric material 34, may be tailored to impart desired properties to the diode. 
[0060] In the shown embodiment, the diode dielectric material 34 comprises a stack of 

three different dielectric materials 54, 56 and 58. Such materials may be tailored relative to 
one another so that band gaps, and/or conduction band edges, and/or valence band edges, 
between the materials enable tunneling of carriers in one direction through the materials, 
but not in an opposing direction. 
[0061] The dielectric materials 54, 56 and 58 may comprise any suitable materials, and 

may, for example, comprise one or more compositions selected from the group consisting 
of aluminum oxide, silicon oxide, silicon nitride, zirconium oxide and hafnium oxide. 
[0062] Although the example diode 26 of Fig. 5 has three different dielectric materials 

(54, 56 and 58), in other embodiments the diode may comprise other than three different 
dielectric materials. Specifically, in some embodiments the diode may comprise more than 
three different dielectric materials, and in other embodiments the diode may comprise less 
than three different dielectric materials. 
[0063] Fig. 6 shows band gap diagrams of diode 26 in an unbiased condition (diagram 

60), a forward biased condition (diagram 62) and a reverse biased condition (diagram 64). 
Diagrams 60 and 64 shows that in an unbiased condition, and in a reverse biased 
condition, bands from dielectric materials 58, 56 and 54 preclude migration of carriers 
between conductive materials 22 and 32. In contrast, diagram 62 shows that tunneling may 
occur in a forward biased condition so that carriers (specifically electrons in the shown 
embodiment) may tunnel from conductive material 22 to conductive material 32. The flow 
of the electrons is diagrammatically illustrated with a dashed arrow 63 in Fig. 6. It is noted 
that the diodes are shown in Figs. 1 and 4 are oriented for current flow from conductive 
material 32 to conductive material 22. Such is consistent with the diagrams of Fig. 6 which 
illustrate electron flow from conductive material 22 to conductive material 32 (in other 
words, in an opposite direction to the current flow). In other embodiments, the diodes may 
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be reversed so that the electron flow in the forward-biased condition is from conductive 

material 32 to conductive material 22. 

[0064] The diode described in Figs. 5 and 6 may be considered to be band-gap 

engineered in that compositions of materials 22,32,54, 56 and 58 are chosen so that the 

forward-biased tunneling of diagram 62 occurs. Some example compositions suitable for 

the band-gap engineered diodes are aluminum for material 22, aluminum oxide for material 

58, silicon dioxide for material 56, silicon nitride for material 54, and tungsten for material 

32. Another set of exemplary compositions is molybdenum for material 22, silicon dioxide 

for material 58, silicon nitride for material 56, hafnium oxide for material 54 and platinum for 

material 32. Another set of exemplary compositions is platinum for material 22, silicon 

dioxide for material 58, hafnium oxide for material 56, zirconium oxide for material 54 and 

nickel for material 32. 

[0065] The band structures of Fig. 6 may be considered engineered band structures. 

Heterostructures may be formed by molecular beam epitaxy (MBE) growth of lll/V 

materials. In dielectric materials, a band gap may be engineered through thermal 

treatments (such as thermal treatment of aluminum oxides), as is known for nonvolatile 

memory cells (such as "crested barrier" cells and VARIOT flash cells). The band gap 

engineered structures may exploit characteristics of band-edge discontinuities in carrier 

transport in the semiconductor, and/or may exploit characteristics of band-edge 

discontinuities in charge storage of the dielectric. For nonvolatile memory cells, this may 

enable optimization of retention, and endurance characteristics. 

[0066] Deposition of thin layers of dielectric material may create local quantum wells 

which may be exploited in the diode structures described herein. The conduction band and 

valence band edges of the dielectrics may be engineered by material choice and/or thermal 

treatments. Fermi-level pinning in the metal region may be engineered by tailoring the 

compositions of the conductive materials at the tops and bottoms of the diodes. The barrier 

heights along the dielectric thickness may determine the tunneling characteristics of the 

structures. 

[0067] In a forward biased condition, quantum wells might form between conductive 

materials at the tops and bottoms the diodes (with such conductive materials being the 

electrodes of the diodes). The quantum wells will have discrete energy levels. The contact 

between one electrode and an adjacent dielectric will have a first Fermi level. When energy 

is provided the state may be raised to a first allowed quantum energy level, which may 
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dramatically increase the probability of carrier tunneling. This may lead to an effective 

lowering of the potential barrier in the dielectric. In a reverse bias condition, the potential 

barrier is high and formation of any quantum well is suppressed. There Is, therefore, a low 

probability for conduction current to flow from one metal to another -- due to reduced 

tunneling, which approaches zero -- if the dielectric thickness is appropriately tailored. 

[0068] If different thin film dielectric materials are sandwiched between electrodes, 

there may be multiple quantum wells under a forward bias condition. Tunneling 

characteristics across such structures indicate that there may be a sharp turn-on 

characteristic when the Fermi level corresponds to a lowest allowed quantum energy level. 

The results may be modified in the presence of phonons at higher temperatures, but a non­

linear characteristic may result from such structure. 

[0069] Tunneling may be a very fast process, and may occur in femtoseconds. 

Tunneling may also be relatively independent of temperature. Accordingly, thin film diodes 

of the type described herein may be able to be switched very fast, and to meet high 

temperature reliability criteria. 

[0070] The memory cells of Figs. 1-5 have a single diode in each memory unit cell. In 

other embodiments, multiple diodes may be utilized in a single memory unit cell. For 

instance, a pair of diodes may be provided in back-to-back arrangement to provide silicon 

controlled rectifier (SCR) type properties. Fig. 7 illustrates a memory unit cell comprising a 

back-to-back diode arrangement. In referring to Fig. 7, similar numbering will be used as is 

used above in describing Figs. 1-5, where appropriate. 

[0071] Fig. 7 shows a portion 70 of a semiconductor construction, and shows a 

schematic electrical diagram 72 adjacent the portion 70 to illustrate electrical components 

comprised by the portion 70. The schematic electrical diagram 72 shows that the portion 

comprises a wordline 22, a bitline 24, a memory element 28, a first diode 74 and a second 

diode 76. The first and second diodes are adjacent one another, and in back-to-back 

orientation relative to one another. 

[0072] The portion 70 comprises base 12, memory component 52 (containing bitline 24, 

memory element 28, and conductive material 32), and the diodes 74 and 76 between the 

memory component and the wordline. The diode 74 comprises diode dielectric materials 

80, 82 and 84; and the diode 76 comprises diode dielectric materials 90, 92 and 94. 

Dielectric materials 80, 82, 84, 90, 92 and 94 may comprise any of the compositions 

discussed above for diode dielectric materials. 
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[0073] A conductive material 98 is between the diodes, and bridges the diodes with one 
another. The conductive material may comprise any suitable composition, and may, for 
example, comprise one or more metals (for instance, one or more of tantalum, platinum, 
tungsten, aluminum, copper and gold) and/or one or more metal-containing compositions 
(for instance, metal silicide or metal nitride). 
[0074] The embodiments of Figs. 1-7 specifically show diodes provided between 

wordlines and memory elements. As discussed above, the diodes may be additionally, or 
alternatively, provided between the bitlines and the memory elements. Fig. 8 illustrates an 
embodiment in which vertically-stacked memory cells have diodes provided between 
bitlines and memory elements. Similar numbering will be used to describe Fig. 8 as is 
utilized in describing Figs. 1-7, where appropriate. 
[0075] Fig. 8 shows a portion 100 of a semiconductor construction, and shows a 

schematic electrical diagram 102 adjacent the portion 100 to illustrate electrical 
components comprised by the portion 100. The schematic electrical diagram 102 shows 
that the portion comprises wordlines 22, bitlines 24, memory elements 28, and diodes 26. 
[0076] The portion 100 comprises base 12, memory components 101 (containing 

wordlines 22, memory elements 28, and conductive material 32), diodes 26, and 
passivation 20 between adjacent memory cells. The diodes 26 comprises diode dielectric 
materials 104,106 and 108. Dielectric materials 104,106 and 108 may comprise any of 
the compositions discussed above for diode dielectric materials. 
[0077] The memory cells discussed with reference to figures 1-8 may have numerous 

advantages associated therewith. For instance, the diodes may be able to exploit Fermi-
level pinning between metal and dielectric to modulate turn-on characteristics. Additionally, 
the diodes of the memory units may be utilized in back-to-back tunneling arrangements for 
SCR-type characteristics. Also, band-gap engineered diodes may be utilized on insulators 
to provide a device structure for cross-point memory cells to reduce cell-to-cell 
disturbances. In some embodiments, trenched isolation (for instance, shallow trench 
isolation) may be omitted from a memory array, and oxide may be deposited on flat 
surfaces as passivation to isolate stacked memory cells from one another. Further, multiple 
diodes may be configured to provide appropriate current densities to a contact metal for 
programming efficiency. In some embodiments, silicates may be included in a dielectric 
stack to increase the density of tunneling states. 
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[0078] The memory cells discussed above have planar electrodes. In other 

embodiments, at least the bottom electrode may be non-planar. The non-planarity of the 

bottom electrode may increase injection efficiency by increasing the surface area of the 

bottom electrode. Fig. 9 shows an example cross-point memory cell illustrating an 

embodiment having a non-planar bottom electrode. The same numbering will be used in 

referring to Fig. 9 as is utilized above in describing Fig. 5. 

[0079] The cross-point memory cell 50 of Fig. 9 is formed over a semiconductor base 

12. The memory cell comprises the wordline 22, diode dielectric materials 54, 56 and 58, 

electrically conductive diode material 32, memory element 28 and bitline 24 that were 

described above with reference to Fig. 5. The bottom electrode 22 of Fig. 9 (in other words, 

the wordline) is partially recessed into base 12 in the shown embodiment. The bottom 

electrode may be totally recessed into the base in some embodiments. The portion of the 

base that the bottom electrode extends into may be any suitable material, and may, for 

example, be an insulative material such as silicon dioxide, silicon nitride, 

borophosphosilicate glass,etc.. 

[0080] In some embodiments, multiple diodes may be utilized to achieve desired 

current density. Fig. 10 shows an example cross-point memory cell illustrating an 

embodiment having a multiple diodes. The same numbering will be used in referring to Fig. 

10 as is utilized above in describing Fig. 5. 

[0081 ] The cross-point memory ceil 50 of Fig. 10 is formed over a semiconductor base 

12. The memory ceil comprises the wordline 22, diode dielectric materials 54, 56 and 58, 

electrically conductive diode material 32, memory element 28 and bitline 24 that were 

described above with reference to Fig. 5. The diode dielectric materials form three 

separate parallel diode interconnects between the wordline and the material 32. 

[0082] The memory cells discussed with reference to Figs. 1 -10 may be utilized in 

electronic systems, such as computers, etc.. In some embodiments, the memory cells may 

be utilized as non-volatile memory cells and incorporated into flash memory. In some 

embodiments, the flash memory may be fabricated into flash memory cards. 

[0083] Fig. 11 illustrates an embodiment of a computer system 400. Computer system 

400 includes a monitor 401 or other communication output device, a keyboard 402 or other 

communication input device, and a motherboard 404. Motherboard 404 may carry a 

microprocessor 406 or other data processing unit, and at least one memory device 408. 

Memory device 408 may comprise an array of memory cells, and such array may be 
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coupled with addressing circuitry for accessing individual memory cells in the array. 

Further, the memory cell array may be coupled to a read circuit for reading data from the 

memory cells. The addressing and read circuitry may be utilized for conveying information 

between memory device 408 and processor 406. Such is illustrated in the block diagram of 

the motherboard 404 shown in Fig. 12. In such block diagram, the addressing circuitry is 

illustrated as 410 and the read circuitry is illustrated as 412. 

[0084] Processor device 406 may correspond to a processor module, and associated 

memory utilized with the module may comprise any of the memory structures discussed 

with reference to Figs. 1-10. 

[0085] Memory device 408 may correspond to a memory module, and may comprise 

any of the memory structures discussed with reference to Figs. 1-10, 

[0086] Fig. 13 illustrates a simplified block diagram of a high-level organization of an 

electronic system 700. System 700 may correspond to, for example, a computer system, a 

process control system, or any other system that employs a processor and associated 

memory. Electronic system 700 has functional elements, including a processor 702, a 

control unit 704, a memory device unit 706 and an input/output (I/O) device 708 (it is to be 

understood that the system may have a plurality of processors, control units, memory 

device units and/or I/O devices In various embodiments). Generally, electronic system 700 

will have a native set of instructions that specify operations to be performed on data by the 

processor 702 and other interactions between the processor 702, the memory device unit 

706 and the I/O device 708. The control unit 704 coordinates all operations of the 

processor 702, the memory device 706 and the I/O device 708 by continuously cycling 

through a set of operations that cause instructions to be fetched from the memory device 

706 and executed. The memory device 706 may include any of the memory structures 

discussed with reference to Figs. 1-10. 

[0087] Fig. 14 is a simplified block diagram of an electronic system 800. The system 

800 includes a memory device 802 that has an array of memory cells 804, address decoder 

806, row access circuitry 808, column access circuitry 810, read/write control circuitry 812 

for controlling operations, and input/output circuitry 814. The memory device 802 further 

includes power circuitry 816, and sensors 820, such as current sensors for determining 

whether a memory cell is in a low-threshold conducting state or in a high-threshold non­

conducting state. The illustrated power circuitry 816 includes power supply circuitry 880, 

circuitry 882 for providing a reference voltage, circuitry 884 for providing a first wordline with 
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pulses, circuitry 886 for providing a second wordline with pulses, and circuitry 888 for 

providing a bitline with pulses. The system 800 also includes a processor 822, or memory 

controller for memory accessing. 

[0088] The memory device 802 receives control signals from the processor 822 over 

wiring or metallization lines. The memory device 802 is used to store data which is 

accessed via I/O lines. At least one of the processor 822 or memory device 802 may 

include any of the memory structures discussed with reference to Figs. 1-10. 

[0089] The various electronic systems may be fabricated in single-package processing 

units, or even on a single semiconductor chip, in order to reduce the communication time 

between the processor and the memory device(s). 

[0090] The electronic systems may be used in memory modules, device drivers, power 

modules, communication modems, processor modules, and application-specific modules, 

and may include multilayer, multichip modules. 

[0091] The electronic systems may be any of a broad range of systems, such as 

clocks, televisions, cell phones, personal computers, automobiles, industrial control 

systems, aircraft, etc. 

15 



The invention claimed is: 

1. A semiconductor construction comprising a vertical stack of memory units over a semiconductor 
substrate; individual memory units each comprising: 

a memory element; 

a wordline, 

a bitline; 

at least one diode; 

adjacent memory units being spaced from one another by at least one passivation material; and 
wherein individual diodes comprise at least two different dielectric materials in a vertical stack 
comprising at least three dielectric layers, each of the at least two different dielectric materials being 
selected from the group consisting of aluminum oxide, silicon nitride, silicon dioxide, hafnium oxide 
and zirconium oxide, each of the diodes comprising a conductive diode material that is also part of the 
memory element; the conductive diode material being a first electrode comprising a metal; and a 
second electrode free of the metal. 

2. The construction of claim 1 wherein the wordlines are non-planar within the memory units. 

3. The construction of claim 1 wherein the wordlines are non-planar and at least partially recessed 
within an insulative material. 

4. The construction of claim 1 wherein the wordlines are planar within the memory units. 

5. The construction of claim 1 wherein the diodes of the individual memory units are between the 
bitlines and the memory elements. 

6. The construction of claim 5 wherein the bitlines comprise one or more of tantalum, platinum, 
tungsten, aluminum, copper, gold and conductively-doped silicon. 

7. The construction of claim 1 wherein the diodes of the individual memory units are between the 
wordlines and the memory elements. 

8. The construction of claim 7 wherein the wordlines comprise one or more of tantalum, platinum, 
tungsten, aluminum, copper, gold and conductively-doped silicon. 

9. The construction of claim 1 wherein each memory unit comprises only one diode. 

10. The construction of claim 1 wherein at least one of the memory units comprises a plurality of 
parallel diodes. 

11. The construction of claim 1 wherein at least one of the memory units comprises a pair of diodes in 
back-to-back relation with one another. 

12. The construction of claim 1 wherein the individual diodes comprise at least three different 
dielectric materials. 

13. The construction of claim 12 wherein the individual diodes are configured to form quantum wells 
at junctions between the at least three different dielectric materials responsive to a voltage being 
applied across the first electrode and the second electrode. 
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14. The construction of claim 12 wherein each of the at least three different dielectric materials has a 
different barrier height relative to one another, each barrier height being related to an energy 
difference between a conduction band and a valence band of one of the at least three different 
dielectric materials. 

15. The construction of claim 1 wherein one or more of the diodes comprises conductive material 
directly against a memory element. 

16. The construction of claim 1 wherein the memory elements comprise one or more of perovskite 
material, phase change material, chalcogenide material, resistive switching material and polymeric 
material. 

17. The construction of claim 1 wherein: 

the metal is a first metal; 

the second electrode comprises a second metal different than the first metal; 

a first band gap diagram barrier height associated with the first metal; a second band gap diagram 
barrier height associated with the second metal; and 

the first barrier height is lower than the second barrier height. 

18. A semiconductor construction, comprising: 

a vertical stack of wordlines over a semiconductor substrate; 

a vertical stack of bitlines over the substrate, the bitlines extending substantially orthogonally to the 
wordlines; the bitlines being interlaced with the wordlines; individual bitlines being paired with 
individual wordlines in memory units; 

a plurality of memory elements, each memory unit comprising one of the memory elements; and 

a plurality of diodes, each memory unit comprising at least one of the diodes; wherein individual 
diodes comprise at least two different dielectric materials in a vertical stack comprising three or more 
layers of dielectric material, the at least two different dielectric materials being selected from the group 
consisting of aluminum oxide, silicon nitride, silicon dioxide, hafnium oxide and zirconium oxide, each 
of the diodes comprising a conductive diode material that is also part of the memory element; the 
conductive diode material being a first electrode comprising a metal, and a second electrode free of 
the metal. 

19. The construction of claim 18 wherein each memory unit comprises only one diode. 

20. The construction of claim 18 wherein at least one of the memory units comprises a pair of diodes 
in back-to-back relation with one another. 

21. The construction of claim 18 wherein the individual diodes each comprise at least three different 
dielectric materials. 

22. The construction of claim 18 wherein the memory elements comprise one or more of perovskite 
material, phase change material, chalcogenide material, resistive switching material and polymeric 
material. 

17 



23. The construction of claim 18 wherein the at least two different dielectric materials are physically 
arranged between the first electrode and the second electrode in order of increasing barrier height, a 
first one of the at least two different dielectric materials nearest the second electrode having the 
lowest barrier height of the at least two different dielectric materials and a second one of the at least 
two different dielectric materials nearest the first electrode having the highest barrier height of the at 
least two different dielectric materials. 

24. A semiconductor construction, comprising: 

a first cross-point memory unit cell over a semiconductor substrate, the first cross-point memory unit 
cell comprising an overlap between a first wordline and a first bitline, and comprising a first diode; the 
first diode comprising at least two different dielectric materials in a vertical stack comprising at least 
three layers of dielectric material, each of the diodes comprising a conductive diode material that is 
also part of the memory unit cell; the conductive diode material being a first electrode comprising a 
metal, and a second electrode free of the metal; 

and a second cross-point memory unit cell vertically stacked over the first cross-point memory unit 
cell, the second cross-point memory unit cell comprising an overlap between a second wordline and a 
second bitline, and comprising a second diode; the second diode comprising at least two different 
dielectric materials in a vertical stack selected from the group consisting of aluminum oxide, silicon 
nitride, silicon dioxide, hafnium oxide and zirconium oxide, a third electrode comprising the metal, and 
a fourth electrode free of the metal. 

25. The construction of claim 24 wherein the first and second wordlines extend substantially parallel 
to one another, and wherein the first and second bitlines extend substantially orthogonally to the first 
and second wordlines. 

26. The construction of claim 24 wherein the first wordline is directly on an electrically insulative 
material. 

27. The construction of claim 24 wherein at least one of the first and second diodes comprises a stack 
of at least three different dielectric materials. 

28. The construction of claim 24 wherein the first and second diodes comprise stacks of dielectric 
materials, and wherein the stack of dielectric materials comprised by the first diode is the same in 
composition as the stack of dielectric materials comprised by the second diode. 

29. An electronic system, comprising: 

a processor; and 

a memory array in data communication with the processor, 

the memory array comprising: 

a vertical stack of wordlines; 

a vertical stack of bitlines, the bitlines extending substantially orthogonally to the wordlines; at least 
one of the bitlines being interjacent a pair of the wordlines, and at least one of the wordlines being 
interjacent a pair of the bitlines; individual bitlines being paired with individual wordlines in memory 
units; 

a plurality of memory elements, each memory unit comprising a memory element; and 
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a plurality of diodes, each memory unit comprising at least one diode; wherein individual diodes 
comprise at least two different dielectric materials in a vertical stack comprising three or more layers 
of dielectric material, the at least two different dielectric materials being selected from the group 
consisting of aluminum oxide, silicon nitride, silicon dioxide, hafnium oxide and zirconium oxide, each 
of the diodes comprising a conductive diode material that is also part of the memory element; the 
conductive diode material being a first electrode comprising a metal, and a second electrode free of 
the metal. 

30. The electronic system of claim 29 wherein each memory unit comprises only one diode. 

31. The electronic system of claim 29 wherein at least one of the memory units comprises a pair of 
diodes in back-to-back relation with one another. 

32. The electronic system of claim 29 wherein the individual diodes each comprise at least three 
different dielectric materials. 

33. The electronic system of claim 29 wherein the memory elements comprise one or more of 
perovskite material, phase change material, chalcogenide material, resistive switching material and 
polymeric material. 
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