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Arnethod for forming a platen useful for forming nanoscale 
Wires for device applications comprises: (a) providing a 
substrate having a major surface; (b) forming a plurality of 
alternating layers of tWo dissimilar materials on the substrate 
to form a stack having a major surface parallel to that of the 
substrate; (c) cleaving the stack normal to its major surface 
to expose the plurality of alternating layers; and (d) etching 
the exposed plurality of alternating layers to a chosen depth 
using an etchant that etches one material at a different rate 
than the other material to thereby provide the surface With 
extensive strips of indentations and form the platen useful 
for molding masters for nano-imprinting technology. The 
pattern of the platen is then imprinted into a substrate 
comprising a softer material to form a negative of the 
pattern, Which is then used in further processing to form 
nanoWires. The nanoscale platen thus comprises a plurality 
of alternating layers of the tWo dissimilar materials, With the 
layers of one material etched relative the layers of the other 
material to form indentations of the one material. The platen 
is then oriented such that the indentations are parallel to a 
surface to be imprinted. 
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NANOSCALE PATTERNING FOR THE 
FORMATION OF EXTENSIVE WIRES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to application 
Ser. No. 09/280,048, entitled “Chemically Synthesized and 
Assembled Electronic Devices”, ?led on Mar. 29, 1999, 
Which is directed to the formation of nanoWires used for 
nanoscale computing and memory circuits. The present 
application is also related to applications Ser. No. 09/280, 
225, entitled “Molecular Wire Crossbar Interconnect 
(MWCI) for Signal Routing and Communications”, Ser. No. 
09/280,045, entitled “Molecular Wire Crossbar Logic 
(MWCL)”, Ser. No. 09/280,189, entitled “Molecular Wire 
Crossbar Memory”, and Ser. No. 09/280,188, entitled 
“Molecular Wire Transistor (MWT)”, all also ?led on Mar. 
29, 1999, Which are all directed to various aspects of 
memory and logic circuits utiliZed in nanocomputing. 

TECHNICAL FIELD 

[0002] The present invention is generally directed to 
nanoscale computing and memory circuits, and, more par 
ticularly, to the formation of nanoWires for device applica 
tions. 

BACKGROUND ART 

[0003] With the constantly decreasing feature siZes of 
integrated-circuit devices, the need for increasingly ?ne, 
lithographically-de?ned patterning is limiting further 
advances of the technology. Consequently, a groWing 
amount of effort is being devoted to self-assembly tech 
niques to form nanoscale sWitching elements; see, e.g., C. P. 
Collier et al, “Electronically Con?gurable Molecular-Based 
Logic Gates”, Science, Vol. 285, pp. 391-394 (Jul. 16, 1999). 
The self-assembled sWitching elements may be integrated on 
top of a Si integrated circuit so that they can be driven by 
conventional Si electronics in the underlying substrate. To 
address the sWitching elements, nanoscale interconnections 
or Wires, With Widths less than 10 nm and lengths eXceeding 
1 nm, are needed. The self-assembled Wires connecting the 
conventional electronics to the self-assembled sWitching 
elements should be anchored at locations de?ned by the 
underlying circuitry and should be composed of materials 
compatible With Si integrated-circuit processing. 

[0004] Recent reports have shoWn that catalytic decom 
position of a Si-containing gas by a metal, such as Au or Fe, 
can form long “nanoWires”; see, e.g., J. WestWater et al, 
“GroWth of silicon nanoWires via gold/silane vapor-liquid 
solid reaction”, Journal of Vacuum Science and Technology 
B, Vol. 15, pp. 554-557 (May/June 1997) and A. M. Morales 
et al, “A Laser Ablation Method for the Synthesis of 
Crystalline Semiconductor NanoWires”, Science, Vol. 279, 
pp. 208-211 (Jan. 9, 1998). These studies Were based an 
earlier-developed technique frequently called the vapor 
liquid-solid (VLS) mechanism. A liquid alloy droplet con 
taining the metal and Si is located at the tip of the Wire and 
moves along With the groWing end of the Wire. The Wires 
may either be formed in the gas phase or anchored at one end 
on a substrate; see, e.g., J. L. Liu et al, “Gas-source MBE 
groWth of freestanding Si nano-Wires on Au/Si substrate”, 
Superlattices and Microstructures, Vol. 25, No. 1/2, pp. 
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477-479 (1999). HoWever, Au and Fe migrate into Si rapidly 
and create deep levels, Which can degrade devices, such as 
addressing circuitry and other portions of the system formed 
by conventional Si integrated-circuit technology. Titanium 
and TiSi2 are compatible With integrated-circuit technology 
and are frequently used in Si circuits to reduce resistance of 
silicon and polycrystalline-silicon conducting regions. 
Although Ti forms deep levels in Si, its solubility and 
diffusion coef?cient in Si are loW, and the deep levels are not 
at mid-gap. With suitable handling, Ti is generally accepted 
in integrated-circuit facilities. 

[0005] Long, thin “nanoWires” of silicon or other materi 
als, such as carbon, can be formed by catalyst-enhanced 
reaction of gaseous precursors; see, e.g., the above-men 
tioned patent application Ser. No. 09/280,048. The catalysts 
are often metal-containing nanoparticles either on the sur 
face of a substrate or suspended in the reactor ambient. The 
nanoWires may be useful in electronic or other devices as 
either connections to an electronic element such as a sWitch 
or as electronic elements themselves; see, e.g., the above 
mentioned patent applications Ser. Nos. 09/280,225, 09/280, 
045, 09/280,189, and 09/280,188. HoWever, it is dif?cult to 
control the placement of these free-standing Wires, and 
therefore it is difficult to use these nanoWires in real inte 
grated circuits. 

[0006] The fabrication of nanoWires is important for 
device applications, such as logic circuits, crossbar memo 
ries, etc. TWo lithographic fabrication approaches that have 
been used on larger scale devices include electron beams and 
X-rays. The typical siZe of an electron beam is about 20 nm, 
and Would require rastering the beam over a surface. The 
typical siZe of an X-ray beam is about 50 nm, and there are 
no lenses available to focus an X-ray beam. Also, the use of 
X-rays requires a synchrotron, and thus is very eXpensive. 
Neither approach permits generation and use of a beam on 
the order of 10 nm, Which is required for nanoWire fabri 
cation. 

[0007] In either event, it is not presently possible to 
achieve critical dimensions in patterning doWn to 10 nm. 
The present invention solves this problem, enabling the 
fabrication of nanoWires With Widths beloW 10 nm and With 
lengths extending into microscale dimensions, thereby 
avoiding the dif?culties of rastering and the cost of a 
synchrotron, While permitting more accurate control of the 
placement of the nanoWires. 

DISCLOSURE OF INVENTION 

[0008] In accordance With the present invention, a method 
is provided for forming a platen useful for forming nanos 
cale Wires for device applications. The method comprises: 

[0009] (a) providing a substrate having a major sur 
face; 

[0010] (b) forming a plurality of alternating layers of 
tWo dissimilar materials on the substrate to form a 
stack having a major surface parallel to that of the 
substrate; 

[0011] (c) cleaving the stack normal to the major 
surface to expose the plurality of alternating layers; 
and 

[0012] (d) etching the eXposed plurality of alternating 
layers to a chosen depth using an etchant that etches 
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one material at a different rate than the other material 
to thereby provide the surface With extensive strips 
of indentations and form the platen useful for mold 
ing masters for nano-imprinting technology. 

[0013] The pattern of the platen is then transferred into a 
substrate comprising a softer material to form a negative of 
the pattern, Which is then used in further processing. 

[0014] Also in accordance With the present invention, a 
nano-imprinting device, or platen, comprises a plurality of 
alternating layers of the tWo dissimilar materials, With the 
layers of one material etched relative the layers of the other 
material to form indentations of the one material. Each 
material independently has a thickness Within a range of 
about 0.4 nm to several hundred mn. The device is then 
oriented such that the indentations are parallel to a surface 
to be imprinted and the pattern created by the indentations 
is imprinted into the surface. 

[0015] The fabrication of nanoWires disclosed and 
claimed herein avoids most, if not all, of the problems of the 
prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a cross-sectional vieW of a plurality of 
alternating layers of tWo materials, forming a stack on a 
major surface of a substrate and shoWing a cleaving surface; 

[0017] FIG. 2 is a cross-sectional vieW of the stack rotated 
90 degrees so as to place the cleaved surface facing doWn 
Ward; 
[0018] FIG. 3 is a vieW similar to that of FIG. 2, but 
shoWing the effects of partially etching one of the materials 
relative to the other; 

[0019] FIG. 4 is a vieW similar to that of FIG. 3, shoWing 
use of the etched stack as a molding master for nano 
imprinting in a material that is softer than the etched 
material, depicting one embodiment of performing the nano 
imprinting, using a thin (nanometer scale) metal layer on a 
substrate; 
[0020] FIG. 5 is a vieW similar to that of FIG. 4, shoWing 
the negative formed in the softer material; 

[0021] FIG. 6 is a vieW similar to that of FIG. 5, folloWing 
etching of the thin polymer residual layers to expose por 
tions of the thin metal layer; 

[0022] FIG. 7 is a vieW similar to that of FIG. 6, folloWing 
etching of the exposed portions of the thin metal layer; and 

[0023] FIG. 8 is a vieW similar to that of FIG. 7, folloWing 
removal of the remaining softer material to expose a plu 
rality of parallel nano-Wires. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

[0024] Nanoscale strips for device applications are fabri 
cated by depositing composite thin ?lms With different 
materials A and B, as illustrated in FIG. 1. Essentially, as 
described in greater detail beloW, a plurality of alternating 
layers of A material 10 and B material 12 are deposited on 
a major surface 14a of a substrate 14 to form a stack 16, also 
having a major surface 16a, parallel to the major surface of 
the substrate. Preferably, the material having the least lattice 
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mis-match With the substrate 14 is deposited in order to keep 
a smooth groWth surface and ?at, sharp interfaces betWeen 
materials 10 and 12. 

[0025] The layers 10, 12 are then cleaved along a line 18 
normal to the major surface 16a of the stack 16 to expose the 
cross-section, as shoWn in FIG. 2. Cleaving is performed by 
any conventional technique useful in cleaving a plurality of 
alternating layers of dissimilar materials. Such techniques 
are Well-knoWn in the art for the materials used for layers A 
and B, Which are discussed beloW. 

[0026] The material B, layer 12, is then etched to a certain 
depth, as shoWn in FIG. 3, and as more fully described 
beloW, thereby providing the surface With extensive strips of 
indentations, shoWn by arroWs 20. Thus, the second, fourth, 
sixth, etc. layers from the substrate are etched. 

[0027] The indentations 20 can be used as a platen 16‘ to 
mold a master in layer 22 for nano-imprinting technology, as 
illustrated in FIG. 4. The layer 22 may comprise a thermo 
plastic polymer, for example, formed on a substrate 24, 
Which may comprise a semiconductor or metal material. The 
pattern of the polymer nanoWires formed in layer 22, shoWn 
in FIG. 5, can then be transferred to metal and/or semicon 
ductor nanoWires by using conventional lithographic and ink 
printing processes; see, e.g., X. Sun et al, “Multilayer resist 
methods for nanoimprint lithography on non?at surfaces”, 
Journal of Vacuum Science and Technology, Vol. B16, No. 
6, pp. 3922-3925 (1998). 

[0028] Examples of A and B materials are set forth in 
Table I beloW. 

TABLE I 

Examples ofA and B Materials. 

A MATERIAL B MATERIAL SUBSTRATE 

Si Si-Ge alloy Si 
AlGaAs GaAs GaAs 

[0029] Other semiconductor combinations may also be 
used, so long as there is a differential etching rate betWeen 
the A and B materials. The etching rate of one material 
relative to the other is immaterial, except that the B material 
must etch at a faster rate than the A material. Preferably, a 
differential etching rate of more than ?ve times faster is 
employed in order to minimiZe the amount of etching of the 
A material. 

[0030] Where the silicon-germanium alloy is used as 
material B, the concentration of silicon ranges from about 70 
to 90 atomic percent (at %), and the balance (30 to 10 at %) 
is germanium. Where the aluminum gallium arsenide alloy 
is used as material A, the concentration of Al ranges from a 
feW percent to 100 at % The alloy is represented as 
AlXGa1_XAs, Where x ranges from a feW at % to 100 at %. 

[0031] The tWo layers 10, 12 each independently have a 
thickness range of about 0.4 nm to several hundred nm, and 
are conveniently deposited by chemical vapor deposition 
(CVD), using organo-silanes and organo-germanes (for the 
Si/Si—Ge system) or appropriate precursors for AlGaAs and 
GaAs, as is Well-knoWn. Molecular beam epitaxy (MBE) 
may be alternatively employed in the depositions of the tWo 
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materials, using Well-knoWn procedures. The particular 
method of forming the A and B layers does not form a part 
of the present invention. 

[0032] The tWo materials Aand B are conveniently depos 
ited on a semiconductor substrate, silicon in the case of the 
Si/Si—Ge system or gallium arsenide in the case of the 
AlGaAs/GaAs system (see Table I). In any semiconductor 
system employing a semiconductor substrate on Which semi 
conductor layers are deposited, lattice mis-match is alWays 
a consideration, and selection of substrate and materials A 
and B Will be dictated by minimizing the strain resulting 
from lattice mis-match. Such a determination is easily 
Within the ability of the person skilled in this art, and 
therefore does not constitute undue experimentation. 

[0033] Layers of the A and B materials are deposited on 
the substrate in alternating fashion, each layer having a 
thickness Within the range listed above. The number of A and 
B layers depends on the requirement for the devices—a large 
number of devices requires many Wires in parallel, While a 
smaller number of devices requires feWer Wires in parallel. 
Typically the number of A and B layers is Within the range 
of a feW layers of each material to several thousand layers 
of each material. 

[0034] It Will be appreciated by those skilled in this art 
that, based on the teachings herein, the A and B layers can 
be formed With varying thicknesses, for making non-peri 
odic arrays of Wires. For example, Wires and spacings of 
different Widths and a periodic structures may be formed in 
accordance With the teachings of the present invention. Such 
a periodic arrays are useful, for example, for making blocks 
of crossbars With larger Wires for multiplexing. 

[0035] The etching of the tWo materials A and B is 
advantageously performed by chemical etching, and knoWn 
etchants are employed that have the requisite etch rate 
differential betWeen the tWo materials used. The depth of 
etching (indentations 20) may range from several nm to 
several hundred nm, and depends on the requirement of the 
height of the nanoWires ultimately formed by nano-imprint 
mg. 

[0036] Nano-imprinting, as used herein, involves pressing 
a platen 16‘ into a softer material 22, such as a thermoplastic 
polymer, thereby transferring a negative of the pattern 
formed by the indentations 18 into the softer material. 
Examples of suitable thermoplastic materials include poly 
methyl methacrylate (PMMA) and methyl methacrylate 
(MMA). HoWever, other thermoplastic materials and, 
indeed, materials other than thermoplastic materials may be 
employed in the practice of the present invention, so long as 
the material 22 is softer than that of the platen 16‘. 

[0037] The resulting imprinted pattern, imprinted by the 
platen 16‘ into the softer material 22, is then transferred into 
a substrate, e. g., semiconductor or metal, as a positive image 
of the platen. The transferred pattern can then be used for 
further processing in the formation of nanoscale devices. 

[0038] There are many Ways of transferring the pattern 
into a substrate. FIGS. 4-8 depict one such method, but it 
Will be understood that the present invention is not so 
limited. As shoWn in FIG. 4, prior to forming the soft 
material 22 on the substrate 24, a thin metal layer 26 is ?rst 
formed on the substrate, folloWed by formation of the soft 
material thereon. The thickness of the thin metal layer 26 is 
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in the nanoscale region, that is, on the order of several 
nanometers to hundreds of nanometers. 

[0039] After imprinting the pattern into the soft material 
22, as shoWn in FIG. 5, the thinner portions of the soft 
material 22 are removed, such as by etching With an etchant 
that removes the soft material but does not etch the metal 
layer 26, thereby exposing portions of the thin metal layer. 
This step is depicted in FIG. 6. 

[0040] Next, the exposed portions of the metal layer 26 are 
removed, leaving behind those portions 26‘ of the metal 
layer covered by the soft material 22, as shoWn in FIG. 7. 
The remaining soft material 22 is then removed, leaving a 
plurality of parallel metal lines 26‘ on the surface of the 
substrate 24. The metal lines 26‘, being of nanoscale thick 
ness, are then further processed to form nanoscale devices, 
as taught elseWhere. 

[0041] The foregoing method is directed to the formation 
of a plurality of alternating layers 10, 12, used to form a 
platen 16‘. The particular method of forming the plurality of 
alternating layers 10, 12 is immaterial to the method of the 
present invention, although tWo processes, CVD and MBE, 
are mentioned above. An alternate technique, called “spon 
taneous ordering” is an example of another process useful in 
the practice of the present invention. Spontaneous ordering 
is discussed, for example, by Z. Lilienthal-Weber et al, 
“Spontaneous Ordering in Bulk GaNzMg Samples”, Physi 
cal Review Letters, Vol. 83, No. 12, pp. 2370-2373 (Sep. 20, 
1999). In spontaneous ordering, one material With a homo 
geneous structure (or concentration) can decompose and 
form a superlattice With alternating layers of tWo or more 
dissimilar materials With different structures (or concentra 
tions). For example, in Mg-doped GaN single crystals, the 
magnesium atoms in GaN tend to concentrate and form 
regular periodic thin Mg-rich layers buried in GaN. These 
periodic superlattices formed by spontaneous ordering can 
also be to form the platen 16‘. 

INDUSTRIAL APPLICABILITY 

[0042] The method of nanoscale patterning for the forma 
tion of extensive nanoWires is expected to ?nd use in 
nanoscale computing and memory circuits. 

What is claimed is: 
1. A method for forming a platen useful for forming 

nanoscale Wires for device applications comprising: 

(a) providing a substrate having a major surface; 

(b) forming a plurality of alternating layers of tWo dis 
similar materials on said substrate to form a stack 
having a major surface parallel to that of said substrate; 

(c) cleaving said stack normal to its major surface to 
expose said plurality of alternating layers; and 

(d) etching said exposed plurality of alternating layers to 
a chosen depth using an etchant that etches one material 
at a different rate than the other material to thereby 
provide said surface With extensive strips of indenta 
tions and form said platen useful for molding masters 
for nano-imprinting technology. 

2. The method of claim 1 Wherein said etching is per 
formed by chemical etching. 
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3. The method of claim 2 wherein one material is etched 
to a depth Within a range of several tens of nm to several 
hundred nm relative to said other material. 

4. The method of claim 2 Wherein said tWo dissimilar 
materials are selected from the group consisting of silicon/ 
silicon-germaniun alloy and aluminum gallium arsenide/ 
gallium arsenide. 

5. The method of claim 4 Wherein said silicon-germanium 
alloy comprises about 70 to 90 at % silicon and 30 to 10 at 
% germanium. 

6. The method of claim 4 Wherein said aluminum gallium 
arsenide comprises AlXGa1_XAs, Where X ranges from about 
a feW at % to 100 at %. 

7. The method of claim 1 Wherein each said material 
independently has a thickness Within a range of about 0.4 nm 
to several hundred nm. 

8. The method of claim 7 Wherein all layers of one 
material have a ?rst uniform thickness and all layers of the 
other material have a second uniform thickness, Which may 
or may not be the same as said ?rst uniform thickness. 

9. The method of claim 7 Wherein all layers of each said 
material have different thicknesses With respect to each 
other. 

10. The method of claim 1 Wherein said substrate com 
prises a semiconductor material. 

11. The method of claim 10 Wherein said semiconductor 
material is selected from the group consisting of silicon and 
gallium arsenide. 

12. The method of claim 1 Wherein said plurality of 
alternating layers ranges from a feW layers of each said 
material to several thousand layers of each said material. 

13. The method of claim 1 further comprising imprinting 
said pattern of said platen into a material that is softer than 
that of said platen to form a negative of said pattern. 

14. The method of claim 13 Wherein said softer material 
is supported on a second substrate, and said imprinted 
pattern is transferred into said second substrate. 

15. The method of claim 14 Wherein said second substrate 
is selected from the group consisting of metals and semi 
conductors. 

16. The method of claim 1 Wherein said plurality of 
alternating layers of tWo dissimilar materials is formed on 
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said substrate by a process selected from the group consist 
ing of chemical vapor deposition, molecular beam epitaXy, 
and spontaneous ordering. 

17. A nano-imprinting device comprising a plurality of 
alternating layers of tWo dissimilar materials, said layers of 
one material etched relative to said layers of the other 
material to form indentations of said one material, With said 
device oriented such that said indentations are parallel to a 
surface to be imprinted, Wherein each said material inde 
pendently has a thickness Within a range of about 0.4 nm to 
several hundred nm. 

18. The device of claim 17 Wherein one material has a 
depth of etching Within a range of several nm to several 
hundred nm relative to said other material. 

19. The device of claim 17 Wherein said tWo dissimilar 
materials are selected from the group consisting of silicon/ 
silicon-germanium alloy and aluminum gallium arsenide/ 
gallium arsenide. 

20. The device of claim 19 Wherein said silicon-germa 
nium alloy comprises about 70 to 90 Wt % silicon and 30 to 
10 Wt % germanium. 

21. The device of claim 19 Wherein said aluminum 
gallium arsenide comprises AlXGa1_XAs, Where X ranges 
from about a feW at % to 100 at %. 

22. The device of claim 17 Wherein all layers of one 
material have a ?rst uniform thickness and all layers of the 
other material have a second uniform thickness, Which may 
or may not be the same as said ?rst uniform thickness. 

23. The device of claim 17 Wherein all layers of each said 
material have different thicknesses With respect to each 
other. 

24. The device of claim 17 Wherein said substrate com 
prises a semiconductor material. 

25. The device of claim 24 Wherein said semiconductor 
material is selected from the group consisting of silicon and 
gallium arsenide. 

26. The device of claim 17 Wherein said plurality of 
alternating layers ranges from a feW layers of each said 
material to several thousand layers of each said material. 

* * * * * 


