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DESCRIPTION 

ELECTRICALLY CONDUCTIVE LAMINATE STRUCTURES, ELECTRICAL 

INTERCONNECTS, AND METHODS OF FORMING ELECTRICAL 

INTERCONNECTS 

5 
TECHNICAL FIELD 

Electrically conductive laminate structures, electrical interconnects, and methods 

of forming electrical interconnects. 

10 BACKGROUND 

Electrical interconnects may be used for electrically interconnecting various 

components of integrated circuitry. 

A continuing goal of integrated circuit fabrication is to increase the density of 

circuit devices. A related goal is to develop electrical interconnects that can sustain high 

15 current density within a relatively small physical dimension. Conventional processing 

utilizes one or more of conductively-doped semiconductor material (for instance, 

conductively-doped silicon, conductively-doped germanium, etc.), metallic materials (for 

instance, copper, aluminum, etc.) and metal-containing compositions (for instance, metal 

silicides, metal nitrides, etc.) for electrical interconnects. 

20 As integrated circuitry is formed to ever higher density, it is becoming 

increasingly difficult to form satisfactory electrical interconnects with conventional 

materials. Accordingly, it is desired to develop new interconnect structures, and to 

develop methods for fabrication of such interconnect structures. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-7 are diagrammatic cross-sectional views of a portion of a 

semiconductor construction at various processing stages of an example embodiment. 

FIG. 8 is a diagrammatic top view of the semiconductor construction of FIG. 7. 

The cross-section of FIG. 7 is along the line 7-7 of FIG. 8. 

30 FIG. 9 is a diagrammatic cross-sectional view of the semiconductor construction 

of FIGS. 1-7 shown at a processing stage subsequent to that of FIGS. 7 and 8. 

FIGS. 10 and 11 are a diagrammatic cross-sectional view and a diagrammatic top 

view, respectively, of the semiconductor construction of FIGS. 1-7 shown at a processing 
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stage subsequent to that of FIG. 9. The cross-section of FIG. 10 is along the line 10-10 

of FIG. 11. 

FIGS. 12 and 13 are a diagrammatic cross-sectional view and a diagrammatic top 

view, respectively, of the semiconductor construction of FIGS. 1-7 shown at a processing 

stage subsequent to that of FIGS. 10 and 11. The cross-section of FIG. 12isalongthe 

line 12-12 of FIG. 13. 

FIGS. 14 and 15 are a diagrammatic cross-sectional view and a diagrammatic top 

view, respectively, of the semiconductor construction of FIGS. 1-7 shown at a processing 

stage subsequent to that of FIGS. 12 and 13. The cross-section of FIG. 14 is along the 

line 14-14 of FIG. 15. 

FIGS. 16 and 17 are a diagrammatic cross-sectional view and a diagrammatic top 

view, respectively, of the semiconductor construction of FIGS. 1-7 shown at a processing 

stage subsequent to that of FIGS. 14 and 15. The cross-section of FIG. 16 is along the 

line 16-16 of FIG. 17. 

FIGS. 18 and 19 are diagrammatic cross-sectional views of a portion of a 

semiconductor construction at various processing stages of another example 

embodiment. The processing stage of FIG. 18 follows that of FIGS. 10 and 11. 

FIGS. 20 and 21 are a cross-sectional side view and a diagrammatic top view of 

the semiconductor construction of FIGS. 10 and 11, and represent a processing stage of 

another example embodiment. The cross-section of FIG. 20 is along the line 20-20 of 

FIG. 21. 
FIGS. 22-24 are a diagrammatic top view and a pair of cross-sectional side views 

of the semiconductor construction of FIGS. 20 and 21 at a processing stage subsequent to 

that of FIGS. 20 and 21. The cross-section of FIG. 23 is along the lilies 23-23 of FIGS. 

22 and 24; and the cross-section of FIG. 24 is along the lines 24-24 of FIGS. 22 and 23. 

FIGS. 25-27 are a diagrammatic top view and a pair of cross-sectional side views 

of the semiconductor construction of FIGS. 22-24 at a processing stage subsequent to 

that of FIGS. 22-24. The cross-section of FIG. 26 is along the lines 26-26 of FIGS. 25 

and 27; and the cross-section of FIG. 27 is along the lines 27-27 of FIGS. 25 and 26. 

.FIGS. 28-30 are a diagrammatic top view and a pair of cross-sectional side views 

of the semiconductor construction of FIGS. 22-24 at a processing stage subsequent to 

that of FIGS. 25-27. The cross-section of FIG. 29 is along the lines 29-29 of FIGS. 28 

and 30; and the cross-section of FIG. 30 is along the lines 30-30 of FIGS. 28 and 29. 
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FIG. 31 shows a diagrammatic cross-sectional side view of the construction of 

FIGS. 28-30 at a processing stage subsequent to that of FIG. 30 in accordance with an 

example embodiment. 

5 DETAILED DESCRIPTION OF THE TT ,T .TTSTR ATED EMBODIMENTS 

Some embodiments include electrically conductive laminate structures containing 

graphene. The graphene may be sandwiched between non-graphene materials. At least 

one of the non-graphene materials directly against the graphene may be a metallic 

material (such as a material comprising one or both of copper and nickel). A large 

10 surface area of the graphene is directly against the metallic material, which may enhance 

electron mobility between the metallic material and the graphene. The amount of surface 

area at the interfaces of the graphene and non-graphene materials may be enhanced by 

wrapping the graphene and non-graphene materials within a trench. In some 

embodiments an electrical contact is formed to the graphene-containing laminate 

15 structure. The contact may be formed by providing a conductive material in direct 
contact with an electrically-conductive non-graphene material of the laminate structure. 

In operation, the graphene of the laminate structure may conduct most of the current 

through the interconnect, and conductive non-graphene material of the laminate structure 

may be utilized for electrically connecting circuitry to the laminate structure. In some 

20 embodiments the laminate structures may be suitable to support ultra-high current 

densities. 

Example embodiments are described with reference to FIGS. 1-30. 

Referring to FIG. 1, a semiconductor construction 10 is illustrated at a processing 

stage of an example embodiment. The semiconductor construction comprises a base 12, 

25 and an electrically insulative material 14 over the base. 

Base 12 may comprise, consist essentially of, or consist of monocrystalline 

silicon, and may be referred to as a semiconductor substrate, or as a portion of a 

semiconductor substrate. The terms "semiconductive substrate," "semiconductor 

construction" and "semiconductor substrate" mean any construction comprising 

30 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. Although base 12 is 
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shown to be homogenous, the base 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 refractory metal layers, 

5 barrier layers, diffusion layers, insulator layers, etc. 

Material 14 may comprise any suitable electrically insulative composition, such 

as, for example, one or more of silicon dioxide, silicon nitride, borophosphosilicate glass 

(BPSG), fluorosilicate glass (FSG), phosphosilicate glass (PSG), etc. Although material 

14 is shown to be homogeneous, material 14 may comprise numerous layers in some 

10 embodiments. 

A trench 16 extends into material 14. Trench 16 may be formed with any 

suitable processing. For instance, the trench may be formed by providing a 

photolithographically-patterned mask (not shown) over material 14 to define a location 

of the trench, etching into material 14 with one or more suitable etches, and then 

15 removing the mask to leave the shown construction of FIG. 1. 

Referring to FIG. 2, a material 18 is formed across insulative material 14. The 

material 18 lines trench 16, and thus forms a second trench 20 within the trench 16. 

Material 18 may be a non-graphene material (in other words, a material that does not 

comprise graphene). In some embodiments material 18 may comprise an electrically 

20 conductive material suitable for subsequent formation of graphene thereon, and in some 

embodiments may comprise metallic material. For instance, material 18 may comprise, 

consist essentially of, or consist of one or both of copper and nickel; and may therefore 

be suitable for subsequent chemical vapor deposition of graphene thereon. In some 

embodiments material 18 may comprise electrically insulative material suitable for 

25 subsequent formation of graphene thereon. In some embodiments material 18 may 

comprise silicon carbide. 

Referring to FIG. 3, graphene 22 is formed over non-graphene material 18. 

Graphene 22 lines trench 20, and thus forms a third trench 24 within the second trench 

20. 

30 Graphene 22 may be formed by any suitable method. For instance, the graphene 

may be formed by chemical vapor deposition and/or atomic layer deposition over a 

metallic non-graphene material 18. As another example, the graphene may be formed 

from a silicon carbide material 18, such as by sublimation of Si from SiC. 
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The graphene is at least one monolayer thick, and preferably no more than 10 

monolayers thick. In some embodiments the graphene may be less than or equal to about 

5 monolayers thick, and may be, for example, from about one monolayer thick to about 5 

monolayers thick. In some example applications the graphene 22 may be about three 

5 monolayers thick. It is desired that the graphene be thin enough to achieve desired high 

conductivity. In some embodiments, the graphene may be able to sustain a current 

density that is from about 10-fold to about 100-fold greater than that of copper. 

Referring to FIG. 4, a non-graphene material 26 is formed over graphene material 

22. The non-graphene material 26 lines trench 24, and thus forms a fourth trench 28 

10 within the third trench 24. The non-graphene material 26 may be referred to as a second 

non-graphene material to distinguish it from the first non-graphene material 18. In some 

embodiments the materials 18 and 26 may comprise the same composition as one 

another, and in other embodiments the materials 18 and 26 may comprise different 

compositions from one another. In some embodiments at least one of the materials 18 

15 and 26 is electrically conductive and the other is electrically insulative. For instance, 

material 18 may comprise a metallic material suitable for formation of graphene 22 

thereon, and material 26 may comprise an electrically insulative material such as silicon 

dioxide, silicon nitride, etc. In some embodiments both of the non-graphene materials 18 

and 26 are electrically conductive. 

20 Referring to FIG. 5, graphene 30 is formed over non-graphene material 26. 

Graphene 30 lines the fourth trench 28, and thus forms a fifth trench 32 within the fourth 

trench. 

Referring to FIG. 6, a non-graphene material 34 is formed over graphene material 

30. The non-graphene material 34 fills the trench 32 in the shown embodiment. In other 

25 embodiments the non-graphene material 34 may only partially fill the trench, and the 

stacking of graphene and non-graphene materials within the trench may continue to form 

more than the shown number of discrete materials within the trench. In some 

embodiments there may be less than the shown number of alternating materials within 

the initial trench 16 (FIG. 1). Specifically, although the non-graphene material 26 only 

30 partially fills trench 24 at the processing stage of FIG. 4, in other embodiments the non-

graphene material 26 may completely fill the trench so that it is only materials 18,22 and 

26 within the initial trench 16. 

The non-graphene material 34 of FIG. 6 may be referred to as a third non-

graphene material. In some embodiments the non-graphene materials 18, 26 and 34 may 
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all have the same composition as one another, and in other embodiments at least one of 

the non-graphene materials may have a different composition than at least one of the 

others of the non-graphene materials. In some embodiments all of the non-graphene 

materials may be electrically conductive, and in other embodiments at least one of the 

5 non-graphene materials may be electrically insulative. 

Referring to FIG. 7, construction 10 is subjected to planarization (for instance, 

chemical mechanical polishing) to remove materials 18, 22, 26, 30 and 34 from over a 

surface of electrically insulative material 14. The materials 18, 22, 26, 30 and 34 

remaining within the initial trench 16 (FIG. 1) together form an electrically conductive 

10 interconnect 36. Graphene materials 22 and 30 can provide electrical conductivity 

through interconnect 36 regardless of whether one or more of the non-graphene materials 

18, 26 and 32 is electrically insulative. Further, any of the non-graphene materials 18, 26 

and 34 that is electrically conductive also provides electrical conductivity within 
interconnect 36. However, the high current density of graphene relative to other 

15 materials may cause the graphene to carry most of the current that is passed through the 

interconnect. 

The interconnect 36 may be considered to comprise graphene regions 

(specifically, the regions containing graphene 22 and graphene 30), and non-graphene 

regions (specifically, the regions containing non-graphene materials 18, 26 and 34). The 

20 interconnect 36 may be considered to be a laminate structure comprising alternating 

graphene regions and non-graphene regions. 

In the shown embodiment the graphene regions and non-graphene regions are 

nested within one another due to the graphene regions and non-graphene regions 

wrapping along the sidewalls of the various nested trenches 16, 20, 24, 28 and 32 (FIG. 

25 6). In other embodiments the graphene regions and non-graphene regions may be planar. 

However, the nesting arrangement of the graphene and non-graphene regions of FIG. 7 

can provide a large amount of surface interface between a graphene region and the 

immediately adjacent non-graphene region which can enhance electron mobility between 

the graphene region and the immediately adjacent non-graphene region. It may be 

30 difficult for electrons to pass from a non-graphene material to graphene, and vice versa, 

and thus large surface interfaces between the graphene and non-graphene materials may 

be advantageous to enable electrons to pass between the various structures of the 

interconnect 36. 
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In the embodiment of FIG. 7 each graphene region is sandwiched between a pair 

of non-graphene regions. In other embodiments at least one of the graphene regions may 

be at an outer edge of the interconnect so that such graphene region is against only one 

non-graphene region, rather than being sandwiched between a pair of non-graphene 

5 regions. 

FIG. 8 shows a top view of the construction of FIG. 7, and shows that the 

interconnect 36 is configured as a line. In other embodiments, the interconnect 36 may 

be configured to have a shape other than the linear shape of FIG. 8. 

The top view of FIG. 8 shows that the interconnect 36 has an upper surface 

10 containing exposed segments 35 of the non-graphene regions, and exposed segments 37 

of the graphene regions. 

It can be difficult to form electrical contact to the interconnect 36, in that it can be 

difficult to establish electrical connection between the graphene regions and adjacent 

electrically conductivc materials. Some embodiments include recognition that it can be 

15 advantageous to form electrical contact to the non-graphene electrically conductive 

materials of interconnect 36, and to then let electrons transfer from such electrically 

conductive materials to graphene of the interconnect for subsequent transport of 
electrons along the interconnect. 

An example method of forming electrical contact to interconnect 36 is described 
20 with reference to FIGS. 9-17. 

Referring to FIG. 9, an electrically insulative material 40 is formed over the 

upper surface of interconnect 36 and over insulative material 14. Material 40 may 

comprise any suitable composition or combination of compositions, such as, for 

example, one or more of silicon dioxide, silicon nitride, BPSG, PSG, FSG, etc. 

25 Referring to FIG. 10, a contact opening 42 is etched through material 40 to 

expose an upper surface of interconnect 36. Opening 42 may be formed by any suitable 

methodology. For instance, a patterned photoresist mask (not shown) may be provided 

over material 40 to define a location of opening 42, the opening formed with one or more 

suitable etches, and then the mask removed to leave the construction shown in FIG. 10. 

30 FIG. 11 shows a top view of the construction of FIG. 10, and shows contact 

opening 42 extending through material 40 to expose graphene-containing segments 37 

and non-graphene-containing segments 35 of interconnect 36. Portions of the 

interconnect 36 that extend outwardly of contact opening 42 are shown in dashed-line 

view to indicate that such portions are beneath material 40. 
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Referring to FIGS. 12 and 13, an etch is utilized to remove at least portions of the 

graphene-containing regions from within contact opening 42 to form spaces 44 and 46. 

The etch may utilize any suitable chemistry, and may, for example, utilize an oxidative 

plasma to ash the graphene. The etch may be selective for graphene-containing regions 

5 relative to non-graphene regions, as shown. 

In the shown embodiment only some of the graphene-containing regions exposed 

within contact opening 42 are removed, and thus portions of graphene 22 and graphene 

30 remain visible in the cross-section of FIG. 12. In other embodiments the entirety of 

the exposed graphene regions may be removed, as discussed below with reference to 

10 FIGS. 18 and 19. In some embodiments a non-graphene region that is nested within a 

graphene region may be considered to be an inner non-graphene region, and the spaces 

formed by removal of the graphene region may be considered to extend at least partially 

around such inner non-graphene region. In some embodiments, one or more of the non-

graphene materials (for instance, one or more of the materials 18,26 and 34 in the shown 

15 embodiment of FIG. 12) maybe etched to widen one or both of the openings 44 and 46. 

The presence of spaces 44 and 46 changes the portion of interconnect 36 that is 

beneath contact opening 42 relative to other portions of the interconnect. Specifically, 

the portion of the interconnect beneath contact opening 42 has spaces 44 and 46 between 

non-graphene regions, whereas other portions of the interconnect have graphene between 

20 such non-graphene regions. 

Referring to FIGS. 14 and 15, electrically conductive material 48 is provided 
within opening 42 and across insulative material 40. The electrically conductive material 

48 may comprise any suitable composition or combination of compositions, and in some 

embodiments may comprise, consist essentially of, or consist of one or more of various 

25 metals (e.g., copper, aluminum, tungsten, titanium, etc.), metal-containing compositions 

(e.g., metal silicide, metal nitride, metal carbide, etc.) and conductively-doped 

semiconductor materials (e.g., conductively-doped silicon, conductively doped 

germanium, etc.). 

The conductive material 48 extends within spaces 44 and 46, and thus extends 

30 partially around non-graphene materials 26 and 34 in the shown embodiment. 

Referring to FIGS. 16 and 17, construction 10 is exposed to planarization (for 

instance, chemical mechanical polishing) to remove electrically conductive material 48 

from over insulative material 40, while leaving the electrically conductive material 

within contact opening 42. The electrically conductive material 48 within the contact 
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opening 42 defines an electrical contact 50. The electrical contact has conductive 

material extending within spaces 44 and 46, and partially around non-graphene regions 

26 and 34, 

In embodiments in which one or both of the non-graphene regions 26 and 34 

5 comprises metal or other electrically conductive material, the extension of conductive 

material 48 around the non-graphene materials 26 and 34 can enable improved electrical 

connection between contact 50 and the materials 26 and 34 relative to that which would 

be achieved in the absence of the conductive material extending at least partially around 

materials 26 and 34. This can enable current to readily pass from electrical contact 50 

10 into materials 26 and 34. Subsequently, the current can pass into graphene regions 22 

and 30 along interconnect 36 by taking advantage of the large amount of surface 
interface between the graphene regions and the materials 26 and 34. The current can 

then move rapidly through the interconnect due to the high current density of the 

graphene, and subsequently the current may be transferred into another contact 

15 analogous to contact 50 to direct the current to another electrical component. Thus, one 

or more contacts analogous to the shown contact 50, in combination with interconnect 

36, may provide a compact and efficient structure for transferring current between 
components of an integrated circuit. 

FIGS. 12-17 illustrate an embodiment in which spaces 44 and 46 are formed to 

20 extend partially around non-graphene regions 26 and 34. In other embodiments etching 

may be conducted utilizing a suitable chemistry for a suitable period of time to entirely 

remove the graphene from between non-graphene regions 26 and 34 beneath contact 

opening 42. Such will form spaces 44 and 46 to extend entirely around non-graphene 

regions 26 and 34 in a portion of the interconnect 36 that is beneath contact opening 42. 

25 FIG. 18 shows construction 10 at a processing stage analogous to that of FIG. 12, 

but in an embodiment in which spaces 44 and 46 have been formed to extend entirely 

around non-graphene materials 26 and 34 in the portion of interconnect 36 directly 

beneath contact opening 42, The construction of FIG. 18 may be subsequently treated 

with methodology analogous to that described above with reference to FIG. 14 to form 

30 electrically conductive material within opening 42. FIG. 19 shows the construction of 

FIG. 18 after the electrically conductive material 48 has been formed within contact 

opening 42. The conductive material 48 extends entirely around non-graphene regions 

26 and 34 in the portion of interconnect 36 beneath contact opening 48. In subsequent 

processing (not shown), the electrically conductive material 48 can be removed from 
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over insulative material 40 with processing analogous to that described above with 

reference to FIG. 16, if so desired. 

The processing described above with reference to FIGS. 12-19 forms electrical 

contact to interconnect 36 by first removing graphene relative to non-graphene material 

5 to form spaces, and then forming electrically conductive material within the spaces. 

Another method of forming electrical contact to interconnect 36 is to punch at least 

partially through the interconnect to form a hole that extends at least partially through the 

interconnect, and to then form electrically conductive material within the hole. Such 

method is described with reference to FIGS. 20-30. 

10 Referring to FIGS. 20 and 21, construction 10 is shown at the same processing 

stage discussed above with reference to FIGS. 10 and 11. Accordingly, the construction 

comprises a contact opening 42 extending through electrically insulative material 40 to 

expose an upper surface of interconnect 36. 

Referring to FIGS. 22-24, opening 42 is extended through interconnect 36 and 

15 into insulative material 14 with one or more etches. In the shown embodiment opening 
42 is extended entirely through interconnect 36. In other embodiments (not shown) 

opening 42 may be extended only partially through interconnect 36. 

Referring to FIGS. 25-27, electrically conductive material 48 is formed across 

material 40 and within opening 42. The electrically conductive material 48 has good 

20 electrical contact with any of the non-graphene regions 18, 26 and 34 that are electrically 

conductive due to the amount of surface of material 48 in direct contact with the regions 
18, 26 and 34 at interfaces of material 48 and the regions 18, 26 and 34. 

Referring to FIGS. 28-30, conductive material 48 is removed from over an upper 

surface of material 40 by planarization (for instance, chemical mechanical polishing) to 

25 form electrical contact 50 within the opening 42. 

In subsequent processing, additional levels of interconnects may be formed 

across a semiconductor substrate. For instance, FIG. 31 shows the materials 18, 22, 26, 

30 and 34 forming a first interconnect structure 100 directly over material 14 of the 

substrate, and forming a second interconnect structure 102 at another level above the 

30 level of the first interconnect structure. An electrically conductive material 104 extends 

through the second interconnect structure 102 to electrically tie it to the electrically 

conductive material 48, and to thereby electrically tie it to the first interconnect structure 

100. The conductive material 104 may comprise copper or any other suitable material. 
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Although the second interconnect structure 102 is shown to comprise identical 

materials 18,22,26, 30 and 34 as the first interconnect structure 100, in other 

embodiments the second interconnect structure may comprise different materials than the 
first interconnect structure. 

5 In the shown embodiment the material 18 of the second interconnect structure 

102 directly contacts the electrically conductive material 48 of the electrical contact 50. 

In other embodiments the material 18 of the second interconnect structure may be spaced 

from the contact 50 by an electrically insulative material. In some embodiments the 

material 18 of the second interconnect structure 102 may be electrically insulative, and in 
10 some embodiments the material 18 of the second interconnect structure may be 

electrically conductive. 

The various methods and structures described above may be utilized to achieve 

high current density in a circuit by maintaining a low contact resistance as current flows 

between graphene and conductive layers along interconnects and within vias. 

15 The interconnects discussed above may be utilized in integrated circuits. Such 

integrated circuits may be incorporated into electronic systems. The electronic systems 

may be any of numerous electronic systems, such as, for example, computers, cars, 
airplanes, clocks, cellular phones, etc. 

The particular orientation of the various embodiments in the drawings is for 

20 illustrative purposes only, and the embodiments may be rotated relative to the shown 

orientations in some applications. The description provided herein, and the claims that 

follow, pertain to any structures that have the described relationships between various 

features, regardless of whether the structures are in the particular orientation of the 

drawings, or are rotated relative to such orientation. 

25 The cross-sectional views of the accompanying illustrations only show features 

within the planes of the cross-sections, and do not show materials behind the planes of 

the cross-sections in order to simplify the drawings. 

When a structure is referred to above as being "on" or "against" another structure, 

it can be directly on the other structure or intervening structures may also be present. In 

30 contrast, when a structure is referred to as being "directly on" or "directly against" 

another structure, there are no intervening structures present. When a structure is 

referred to as being "connected" or "coupled" to another structure, it can be directly 

connected or coupled to the other structure, or intervening structures may be present. In 
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contrast, when a structure is referred to as being "directly connected" or "directly 

coupled" to another structure, there are no intervening structures present. 
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CLAIMS: 

1. An electrically conductive laminate structure comprising: 

a first non-graphene layer configured as an upwardly-opening first container shape, the first non-
graphene layer being electrically conductive and continuous along the first container shape; 

at least one graphene monolayer within the first container shape and directly against the first non-
graphene layer, the graphene monolayer being configured as an upwardly-opening second container 
shape; and 

a second non-graphene layer within the second container shape and directly against the graphene 
monolayer, the second non-graphene layer being electrically insulative and continuous along the first 
container shape. 

2. The laminate structure of claim 1 further comprising a plurality of graphene monolayers within the 
first container shape and directly against the first non-graphene layer. 

3. The laminate structure of claim 1 further comprising from 2 to 5 graphene monolayers within the 
first container shape and directly against the first non-graphene layer. 

4. The laminate structure of claim 1 wherein at least one of the non-graphene layers comprises one or 
more metals. 

5. The laminate structure of claim 1 wherein at least one of the non-graphene layers comprises one or 
both of copper and nickel. 

6. An electrically conductive laminate structure comprising: 

a first non-graphene layer configured as an upwardly-opening first container shape, the first non-
graphene layer being continuous along the first container shape; 

a first graphene monolayer within the first container shape and directly against the first non-graphene 
layer, the first graphene monolayer being configured as an upwardly-opening second container 
shape; 

a second non-graphene layer within the second container shape and directly against the first 
graphene monolayer; and a second graphene monolayer within the first container shape and directly 
against the second non-graphene layer, the second graphene monolayer being configured as an 
upwardly-opening second container shape. 

7. The laminate structure of claim 6 wherein both non-graphene layers are electrically conductive. 

8. The laminate structure of claim 6 wherein both non-graphene layers are electrically insulative. 


