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Broadly, it is the object of the present invention to provide a self-assembled masking

technique for use in fabricating nanoscale wires and devices in integrated circuits.

These and other objects of the present invention will become apparent to those skilled

25  in the art from the following detailed description of the invention and the accompanying

drawings.
Summary of the Invention
30 The present invention is a method for forming first and second linear structures of a

first composition that meet at right angles, there being a gap at the point at which the

structures meet. The linear structures are constructed on an etchable crystalline layer having
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Brief Description of the Drawings

Figures 1(A)-(C) are prospective views at various stages in the fabrication process of a
substrate 12 in which nanowires are to be constructed.
20
Figure 2 is a top view of a portion of a substrate 20 on which two self-assembled

nanowires and a nanoscale gap shown at 21 and 22 have been grown.

Figure 3 is a perspective view of a semiconductor nanowire structure that forms a

25  transistor.

Detailed Description of the Invention

The present invention is based on the observation that thin “nanowires” of ErSi, can

30  be grown epitaxially on the (001) plane of silicon without masking the silicon. The manner

in which these wires are grown is discussed in detail in “Self-assembled growthmof epitaxial
erbium disilicide nanowires on silicon (001)” by Yong Chen, Douglas A. A. Ohlberg,
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25 reference. A close lattice match neans that the absol ute val ue of

| attice m smatch betvve?n the . . . . .
le the example given herein utilizes ErSi, grown over Si, other materials and

substrates can be utilized. In general, any crystalline material that can be characterized by an
asymmetric lattice mismatch, in which the first material has a close lattice match (in any

20  direction) with the second material and has a large lattice mismatch along all other
crystallographic axes within the interface between the epitaxial crystal and the substrate. For
éxample, ScSi,, GdSi,, and DySi, grown on Si(001) substrates may also be utilized. Such
structures are taught in Yong Chen, Douglas A. A. Ohlberg, and R. Stanley Williams in
Journal of Applied Physics, 91, p. 3213, March 2002, which is hereby incorporated by

25  reference. A close lattice match means that the absolute value of lattice mismatch between the
two crystal materials is less than 4%. A large lattice mismatch means that the absolute value of
lattice mismatch between the two crystal materials is within the range of about 4 to 10%. While
any crystallographic direction may be chosen, the present invention preferably utilizes a
material having the asymmetric lattice mismatch along a major (or low Miller-index)

30 crystallographic direction within the interface between the epitaxial crystal and the substrate. By
“major crystallogréphic direction” is meant any direction along which the crystalline material

comprising the nanowire may prefer to grow within the interfacial plane.
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prospective view of the present invention wherein the portions of the material that were above
the insulating layer but not masked by the nanowire have been removed leaving a ridge 16

20 having an ErSi, layer on the top thereof. These portions can be removed by reactive ion
etching (RIE). The etching can be stopped at the exposed surface of the insulating layer.
Finally, the ErSi, can be removed, if desired, by selective chemical etching leaving the Si

nanowire 18 as shown in Figure 1(C).

25 The present invention is based on the observation that the ErSi, nanowires provide a
masking pattern that is ideal for the fabrication of nanoscale gaps for transistors and memory
switches. The ErSi, nanowires grow along the [110] crystal direction and also along the {1-
10] direction. When two of these nanowires are seeded such that the two nanowires will meet
at right angles, a nanoscale gap can be formed between the first and the second nanowires at

30 the point at which one nanowire meets the other nanowire at a right angle. The growth of the
first nanowire will be stopped as it gets close to the second nanowire since the two nanowires

have different crystallographic orientations.
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devices are formed between the nanowires 32 and 33, an electric field applied between the

two electrodes can switch the electric conductivity of the materials adjacent to the gap. Such
a device is taught in US Patent 6,128,214, which describes how a memory cell can be formed

20  between the two nanowires.

While the above embodiments of the present invention have been described in terms
of masks generated from ErSi, nanowires, as noted above, other materials can be utilized. In
general, any material that has a sufficiently asymmetric lattice mismatch can be utilized over

25 anappropriate substrate. Metal silicides represented as the chemical formula MSi, grown
over silicon are examples of such nanowire systems. Here, M is a metal selected from the
group consisting of Sc, Y, and the rare earths. The preferred rare earths are Er, Dy, Gd, Th,
Ho, Tb, Y, Sc, Tm, and Sm.

30 In principle, any single crystal material that is useful in the fabrication of nanowires
may be used in combination with any single crystal material that serves as a layer on which

the nanowires can be grown, provided that the asymmetric lattice mismatch conditions
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Various nodifications to the present invention wll beconme apparent to
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ot oa TP Sl BT BRSBTS PRI Pt St 6 d sl 1
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on said surface and wherein said nmaterial of said second conposition forns
crystals on said surface that have an asymetric lattice msmatch with
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second nanowires using said first and second nanowires as a mask, to form said first and

15  second linear structures of said first composition.

2. The method of Claim 1 wherein said etchable layer has an insulating layer beneath
said layer and wherein said step of anisotropically etching portions of said etchable layer
removes material of said first composition down to said insulating layer.

20

3. The method of Claim 1 wherein said step of growing said first and second self-
aligned nanowires comprises depositing material of said second composition on said surface
and wherein said material of said second composition forms crystals on said surface that have
an asymmetric lattice mismatch with respect to said crystalline surface.

25 |

4. The method of Claim 3 wherein said lattice mismatch is less than 4 percent in the

directions that are parallel to the direction in which said linear nanowires and greater than 4

percent in all other directions on said surface.

30 5. The method of Claim 1 wherein said first composition comprises silicon and
wherein said second composition comprises a metal silicide of the chemical formula MSi,,

where M is a metal selected from the group consisting of Sc, Y, and the rare earths.
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Pd, Ag’InméF,WGa)%vgm;In@Alﬁgﬂdﬁl’mﬁ?ﬂﬁﬁq’ and al l oys thereof. 9. The

met hod of aim1 erein’sai'd step of growing said first and second self-
al i gned nanow res conprises depositing an island of a seed material at a

| ocation th 5 detfermnes the | pcatjion of said first self-aligned
nanow re. 13‘5 I#ﬁ@%@?*&ﬁﬁ@ EWE‘FWP’Q‘ gﬁtéi_oﬁlpg%}_flﬂn F%“l‘%ﬁ?ﬂsil?e%%l_sosffhan 10 nm
in 9 dtfom e grdliecomBishasloOhl, Bhalintd Fehes, Ninzs A NsereNiy Gﬂgmefrh}W?“ .

h i Z, and wherein

I
conprises a metal 20 silicide of the chemcal formula M
sai d seBel Qpalreltt and Awrapdialexs théteofel enent M 12, An el ectric device
conprising: 25 a first elongated nanowire on an insulating surface and a
second el ongated nanowire on said insulating surface at right angles to

3 ai4d first d@li gﬂﬁaﬁaﬁomw © whBRinSeidteploT drowine bAd ARy sedordaRlof  bet ween
.4 riman urn.
aligned nanowires comprises depositing an island of a seed material at a location that

15  determines the location of said first self-aligned nanowire.
10. The method of Claim 9 wherein said island is less than 10 nm in width,

11. The method of Claim 1 wherein said second composition comprises a metal
20  silicide of the chemical formula MSi,, and wherein said seed material comprises the element
M.

12. An electric device comprising:

25 a first elongated nanowire on an insulating surface and a second elongated nanowire
on said insulating surface at right angles to said first elongated nanowire and separated

therefrom by a gap of between 0.4 nm and 10 nm.

13. The electric device of Claim 12 wherein said first and second nanowires form a
30 transistor having a source, drain, and gate, and wherein said first nanowire has first and

second ends;



13. The electric device of Caim1l2 wherein said first and second nanow res
forma 30 transistor having a source, drain, and gate, and wherein said
first narnwaiosesivas first and second ends; 8 WO 03/ 083928 PRTUSUBOBID7572
said first end of said first nanowire formng said source, said second end
of said fir tdﬁ%@%ﬁ {)168 QR Do Brillnd'shid sBide, SRiadenl QRS of BIONYsE © fOrm ng
sai d gate. he e rical device of daim12 wherein said first -

el ongathasbwissTonhing saddeaim and eaid aecordmanowite dororing$agbeate.f r om t he gr oup
consisting of Si, Ge, G Sil where 0 < x < 1, GAs, InAs, Al GaAs, |nGAs,
AGaAs, @GN, InN, AIN, AlGN, and InGN. 15. The electrical device of Caim
12 wher ei n f @% ih IshidlfirftRBdngated paRwiRl ectri cal
charge . §%6%%ﬁgc%?%g§rl+§gﬁ v}%‘gﬁég%ﬁsalglﬁrﬁtlz \%vherel n said gap is
fillked c‘dinbfisea aRBhizbhdictds ahisagfrom tegroupconiiping of i fenGe,Shz whied ek &ct ri cal

Lwo- of do GrosenhbridCpAROaNT g Caniey, PR AR ARGCABRUGHE 177 Ny (e

first el ectrode of said swtching device and said second nanow re formng

the second el ectrode of said sw tching device. 9
15. The electrical device of Claim 12 wherein said gap is filled with a material that

stores electrical charge .

10
16. The electrical device of Claim 12 wherein said gap is filled with a material having

electric dipole moment.

17. The electrical device of Claim 12 wherein said first and second nanowires form a
15" two-electrode memory switching device, said first nanowire firming the first electrode of

said switching device and said second nanowire forming the second electrode of said

switching device.



