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We have measured the electrical properties of self-assembled epitaxial Mdisowires(NWs)

formed on Si substrates. We find quantum corrections due to weak antilocalization and electron—
electron interactions. Analysis of the magnetoresistance indicates that electron phase coherence in
the NWs is limited by Nyquist dephasing below 10 K, and by electron—phonon scattering at higher
temperatures. The phase-breaking and spin—orbit scattering lengths are found-4b lmen and

3—7 nm, at 4.2 K, respectively, similar to reports for thin Nifims. © 2004 American Institute of
Physics [DOI: 10.1063/1.1769583

There are many barriers to the continued downscaling ofleposition (Ni/Au:50/200 A), native oxide at the NW-
microelectronic devices. A bottom-up approach to fabricacontact areas was removed by an HF-acid dip. We focus on
tion, based on self-assembling nanostructures, may offer studies of two NWglabeled NW1 and NWg whose dimen-
solution to these problems. In this regard, recent work orsions(Table ) were determined by atomic force microscopy
self-assembled epitaxial silicide nanowi@Ns) on silicon  (AFM) and TEM. We have also made four-terminal contact
has attracted much interdst® NW formation was discov- pads, but these were bridged by several parallel NWs. These
ered for DyS}, 1 and later found for several rare-earth and measurements nonetheless allowed us to infer a contact re-
transition metals?° These structures may ultimately have Sistance of 1.5® to each NW, much smaller than the total
practical uses as nanoscale interconnects, sensor elementslegistance(Table I). The resistance between contacts un-
as active devices, in analogy with carbon nanotdb@ssil-  bridged by NWs exceeded 10Mat 4.2 K. Constant cur-
icide NWs offer unique advantages over other NW systems;
since they are perfect single crystals and are highly compat-
ible with silicon processing. In this letter, we present trans-
port measurements of such epitaxial NWs. Their electrical
properties are reminiscent of “dirty metals” and show pro-
nounced quantum corrections due to weak-antilocalization
(WAL ) and electron—electron interactio(BEl). An analysis
of these features allows us to determine the critical length
scales for electron transport in the NWs.

NiSi, NWs were formed om-type Si{111) substrates
(10 Q2 cm) miscut 8° in thg/112] direction. Growth was per-
formed in an ultrahigh vacuum chamber, after flashing the
substrate for 30 s at 1250 °C. Ni was deposited at a rate of 1
monolayer every 2 min, and Joule heating was used to main-
tain the substrate at 500 °C during this process. Growth re-
sults in NWs with typical dimensions of 5 nm thick, 15 nm
wide, and 1.5um long. A transmission electron microscope
(TEM) cross-sectional micrograph of one NW is shown in
the upper part of Fig. 1 and reveals a nearly perfect crystal-
line structure.

Two-terminal contacts to the NWs were formed by
electron-beam lithography and liftoffFig. 1). Prior to metal

B

FIG. 1. Upper panel: TEM cross-sectional micrograph of a NiSW.
Lower panel: AFM image of NW1 and its two electrodes.
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TABLE |. Parameters of the two NWs studied here.
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Wire (nm) (nm) (nm) (nm) (cns)  (cm?/Vs) (kQ)  (kQ) [ S g

NW1 790 22 6 72 07 54 51 49 B

NW2 740 14 6 35 0.8 53 71 66 100 | - ]
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rents(~50 nA) and lock-in detectior{11 Hz) were used to - ‘3\_ & -u-

measure the NW magnetoresistan@d®R) in a variable-

T \
temperature insert. TN
Figure 2 shows the MR of NW1 at several temperatures ° A
[each curve has been normalized to its zero-field resistance,
R(0)]. A positive MR is seen in all traces, and its magnitude 10 — :
increases with decreasing temperature. This behavior is remi- 4TEM2E:A;3RE (KELVIN3)0

niscent of WAL, and very similar MR curves were obtained
in studies of NW2. In one-dimensigi1D), WAL gives rise  FiG. 3. Temperature dependencel gf Filled circles: NW1. Open circles:
to a MR: 14.15 NW?2. Filled squares: Resuligrom Ref. 16 Inset: MR of wire NW1 at
30 K. Solid line is a fit to the fornR(B) « B2.
AR R [3(1 41 1\ 1/1 1\72
R OWR22T3ze) T2\t | . .
T ¢ so 'h ¢ 'h We have also attempted to fit the MR using the form for
(1) WAL in two-dimensions(2D).}* For Nw1, the 2D form fits

Here.L is the wire IengthRT:\@wﬁzlez, |,=(D7,)95is the the experiment well at 15 and 20 K, using the same values of

h breaking | b is the ph breaking i i W and I, listed in Table I(see, for example, the data for
P z?]se;j_frfea_ Ing lengt 'Pt 'S_t |§ P 3?.8' Lea Ing t'mt?’ a 20 K in the right-hand side inset to Fig).4At lower tem-
IS t € diftusion consta_n so™ TS.O) 'S.t € spin—or '.t scat- peratures, however, reasonable 2D fits can only be obtained
tering length, andr, is the spin—orbit scattering time,

= 05 o oLt by allowing W to vary significantly from its physical value.
=(Dm)"> is related to the magnetic field byDm,  The suggestion, therefore, is that this NW exhibits a cross-
=3h%/€’AB?, whereA is the cross-sectional area of the wire gyer from 1D to 2D WAL, which is consistent with the as-
andB is the magnetic field applied normal to its pla#e.  gqciated variation of,, with temperature. Figure 3 shows
=WxXt, whereW is the width of the wire and is its thick- that, in NW1,1, becomes comparable ¥ when the tem-
ness, which we take here to be 6 nm from TEM studies. Th‘?)erature is ingreased t620 K. In NW2, the MR is well
s_olld lines through the lower three data sets of Fig. 2 ar¢yescribed by Eq(1) over the entire range of temperature,
single-parameter fits to the form of E), which were ob- 54 we attribute the absence of a 1D—2D crossover in this
tained in the following way. First, we performed three- N to its smaller width(~14 nm.

parametefW, s, I,) fits of the MR to Eq.(1). As expected, The data of Fig. 2 show a clear suppression of quantum
the values ofV andl, obtalned in this way were insensitive ~qherence with increasing temperature. At 30 K, the MR
to temp.erature, and. our estimate Wwa_s in good agree- ghows the classical fortiR(B)/R(0) = (uB)?, wherey is the
ment with that obtained from AFM studies. The Sp'n_orb'tmobility (see Fig. 3, insat By fitting the MR to this form,
scattering lengths inferred for the NWs are listed in Table Lyye infer the wire mobility, and in Table | we list the values
and are consistent with studies of epitaxial NiSIms (lso ot 4, for the two wires. These values are much smaller than
~19 nm.”> With W andl, established in this way, we then ose quoted for crystalline metals at low temperatures, and
performed the “quasi-one-parameter” fits shown in Fig. 23re more reminiscent instead of metallic alldys.

usingl, as the fit parameter. In Fig. 3, we plot the temperature dependencé dior
NW1 and NW2 and see that the two sets of data fall almost

' ' ‘ ' ' on top of each other. We also plot the variation of this pa-
0.42 | v 30K | rameter, reported previously for epitaxial NijiIms.16
15K These data follow theT! dependence predict@d for
W electron—phonon scattering, and the variationl ofin the
et 80K NWSs appears consistent with this effect above 10 K. At
; - lower temperatures, howevdy, varies asTY3 as expected
S ' for Nyquist dephasing in 1B°
? r 6.0K -
)
& : W(Eg) oAZR4 _—y 2
N 2 A '
0 Here, v(Eg) is the density of states at the Fermi level and
. A A . is the conductivity. From thd*/® variation in Fig. 3, and

8 0 with the value oD listed for NW1 in Table |, we use E@2)
MAGNETIC FIELD (TESLA) to infer »(Ef)=3.5X 10*” J'* m™3. This is consistent with the

FIG. 2. Temperature-dependent MR of NW1. Successive curves are shiﬂe@Stimate?’(EF) =7.0x 10 \]—1\m“—3, Obta;ine‘j by direct appl?-
up from each other by 0.03. Solid lines are one-paranigtefits to Eq.(1). cation of the relatiorr=v(Eg)e“D. it aiso agrees weli with
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of CoSh,?* while ~60 1 cm has been reported for 3 nm
thick NiSi, films.® von Kanel measured the systematic in-
fluence of film thickness on surface scattering and found a
surface resistivity of 10} cm in 1 nm thick CoSi films.

Our NWs have resistivities 0800 u{) cm and we believe
that this is due tanterfacescattering due to native oxide at
the free NW surface, which may be reduced by passivation.
Indeed, Leeet alZ have studiedree-standingiSi,/C com-
posite NWs and obtained 35X} cm at 4.2 K.

To conclude, we have presented transport measurements
of epitaxial silicide NWs. Electron coherence is limited by
Nyquist dephasing below 10 K, and by electron—phonon
scattering at higher temperatures. The phase-breaking and
spin—orbit scattering lengths are found to be comparable to
those in thin NiSj films, although the nanoscale dimensions
of the NWs allow the observation of quantum transport at

4 6 8 10 30 high temperaturegt least 30
TEMPERATURE (K) g P N %

[R(B)-R(O)VR(0)
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