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In situ resistance measurements of epitaxial cobalt silicide nanowires
on Si(110)
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We have performeth situ resistance measurements for individual epitaxial GaghowiregNWs)
(approximately 60 nm wide and A/m long) formed on a SiL10) surface. Two- and four-point probe
measurements were done with a multitip scanning tunneling microscope at room temperature. The
NWs were well isolated from the substrate by a Schottky barrier with zero-bias resistance(df 10

The resistivity of the NWs was 32} cm, which is similar to that for high-quality epitaxial films.

The NW resistance was essentially unchanged after exposure to 200®American Institute of
Physics [DOI: 10.1063/1.194851)9

Nanowires(NWs) have received much attention recently could be easily replaced using a load-lock system.
as promising elements for future nanoscale devideSemi- Figure Xa) shows a SEM image with two STM tips
conducting NWs can be used as active electric elements, argbntacting a single NW. The NWs in the image are typically
transistor action has been reportetiMetallic NWs are suit- 60 nm wide and fum long. Two-pointl-V curves were
able as electrical interconnects or nanoelectrodes. For th@easured between pairs of positions as indicated in the fig-
latter purpose, the NWs must have low resistivity and good,re. For points A-B, both tips are on a single NW, and the
electrical isolation from the substrate. Recently, it has beepy curve is linear, as shown in the inset in Figbll The

reported that self-assembled single-crystal epitaxial silicidgesistance is 610 for a probe spacing of 2.gm, corre-
NWs can be formed by simple deposition of metal onto a

heated silicon surface in UHV*3 The resistance of metallic
NWs has been measured for some casesitu**° Ex situ
measurements done at low temperature and high magnetic
field allow determination of fundamental transport param-
eters, but they inherently contain a problem of possible
sample transformations during air exposure and fabrication
of contact leads which can obscure the intrinsic behavior.

In this letter, we reporin situ resistance measurements
of individual epitaxial NWs using a multitip scanning tun-
neling microscope(STM). The intrinsic NW resistance is
separated from the contact resistance using a distance-
dependent two-point probe method or a four-point probe
method. The NWs are very well isolated from the substrate

by a Schottky barrier with zero-bias resistance of €0 The (a)
resistivity of 60 nm wide NWs was 30€) cm and was es-
sentially unchanged after exposure to air, suggesting a neg- 10 =
ligible influence of interface scattering. Development of the ‘g; AB Gne
multitip STM will enablein situ transport measurements for o) %01
a wide variety of surface nanostructures. s Pl ———r
CoSh NWs were formed by sublimation of high-purity g- -400 -Z‘g’mgﬂ“}\? -
cobalt onto Si110) held at 750 °C in UHV. The typical depo- ) - &8
sition rate was 1 ML in 10 min. The resistance measurements &
were performed at room temperature using a homemade =
four-tip STM with independent motion of the tip&:*8 The 5.
arrangement of tips can be monitored using an integral UHV cb
field-emission scanning electron microscap&SEM col-
umn. Electrical contact with the NWs or Si surface was made 10 e T ' r .
by moving the electrochemically etched W tips one s&p -0 -5 0 5 10
proximately 10 nmbeyond the point of tunneling. The tips (b) Current [ 1 A]

sometimes became damaged after multiple contacts, but they

FIG. 1. () A SEM image of two-point measurements with pairs of contacts
as marked by lettergb) 1-V curves for two tips on the substratpoints
dElectronic mail: okino@surface.phys.s.u-tokyo.ac.jp C-D), and(inse} for two tips on a single NW(points A-B.
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FIG. 3. Two-probe resistance measured with changing the probe spacing for

an air-exposed sample. Dotted line is a fit to EL).
FIG. 2. A SEM image of a four-point probe measurement. The current was

passed through the tip 1 and 4, and the voltage drop was measured between

the tip 2 and 3. section, and resistivity of the NW. This assumes transport in

the diffusive regime—indeed a linear behavior will demon-

. ) strate it. The data are shown in Fig. 3, and include results

Eg:vgoigtﬁogar?éaeog]stlsphSO\(/:vc;In'itﬁclgitQElsyrESe’[rgéi’b?g-ﬂ;)N:e from several different NWs. Only points that showed a linear
i 9ok |-V curve with small resistance are shown, which excludes

behavior reveals that Schottky barriers were formed at botl) . : e : : :
. . oints with poorly positioned tips. The data-fdotted lin
tip-substrate contacts. For points A-E, where the two Eiel ds R QF])=(2¥0p130 0 I[,um]p+(30160. g_ fotted I l?|t

probes are on different NWs, a similar double-diode curve | agrees with the four-point measurement within the uncertain-
observednot shown, due to the Schottky barriers between 9 P
ties. It should be noted that these measurements actually

the NWs and the substrate. The resistancg=0 obtained were done on samples that had been intentionally exposed to
from these curves was approximately’X®. We note in A pies o Yy exp
ir, indicating a negligible effect of oxidation. We return to

passing that the Schottky barrier of the NW on the substrate . .
! . . . ) is point later.

is a very interesting problem itself, and will be reported else- The resistivity of the NW mav now be calculated. pro-
where. It is clear that conduction through the substrate can b\%ded one knowsy the NW Cross éection The width c,:a[; be
ignored in comparison with conduction through a NW. It can :

be difficult to judge good alignment of the tips with the NWs dgtermmed from FESE.M Images, wh|le the helght'|s deter-
mined from cross-section transmission electron microscopy

based on the FESEM images, since the tips are larger th EM) imagest The average dimensions were found to be
the NWs and also obscure them. Hence, good placement? ges. erag . L
0 and 40 nm, respectively. Thus, we obtain a resistivity of

the tips must be confirmed by a low resistance value. : ; ;

The two-point resistance measurement contains an unsg ditr? ,qucrzn H‘e net llfncerltg:;ty T@Tdesl' 10% I'm both
known series contact resistance between the tips and the Th?: vali 'g o,f a;;’;/:tivﬁs s coolrrr: arab\lls lfaeljteiglriréwhat
NWs. This can be removed using a four-point probe Me3igher than that of molecu)llar beampe itaxy-grown films of
surement as shown in Fig. 2. The four-point probe resistanc gS' Si f hich o~ 15 1.0 tp30g 223 The re-
V,3/ 114 was obtained by passing the current through the oute 0Sh On SI, Tfor whichp piicm a ' ere

pair of probes(L and 4 and measuring the voltage drop sidual resistivity (measureq at 4 Kof films can be much
between the inner pair of prob&and 3. This was done for smaller, and depends sensitively on the quality of the sample.

. . X The TEM images and the epitaxial nature of the growth sug-
gﬁgv?/fier:eﬁz;bslgﬁz?ﬁissb;;g fgg(t)hlzlr?\n?rrhper%%:rg?]?e' ?)Se_ gest that the NWs are essentially perfect single crystal struc-

tween the two-probe and the four-probe values is due to thf!res, hence, should have resistivity similar to that of high-
contact resistance. which is found to be 30-Qidor the duality films. One might expect an excess resistance due to

combined contacts at tips 1 and 4. This shows that the cor{.peIaStiC scattering at the NW boundaridzuried interface

tact resistance is much smaller than the NW resistance, foarnd expose.d surfakevon Kanel_et al.' haye meas_ured and
this experiment, modeled this effect for ultrathin epitaxial CgSlilms on

It is also possible to isolate the contact resistance using g'(lll) , and found an excedsurfacg resistivity that scales

. . . - with film thickness, with typical values gdg,+~ 10 u{) cm
two-point probe measurement, by taking a series of data with) . by . sur
a range of probe separatia?izz Thus, the two-probe resis- for 3 nm thicknes$” This effect is expected to be small for

tanceR can be written as the QQ-nm-thmk NWs. The |nterfage scattering will depenq
sensitively on the structure of the interfaces. In our experi-

R= ! +Re 1) ment, this was tested directly by comparing the NW resis-

pS ' tance before and after oxidation. We found no change within

the 30% uncertainty. This likely reflects the limited depth of

whereR: is a sum of the contact resistances between the Whe interface scatterin@® nm compared with the NW width
tips and the NW at both ends, ahd, andp the length, cross (60 nm. G nm P

sponding to a resistance per lengthRofl =220+30Q/ um.

TABLE I. Two and four-point probe resistances of the same NW. One may also compare our value of resistivity to that of
metallic NWSs fabricated by other means. Thus,
Probe spacingum) Four-probe resistance ~ Two-probe resistance  ~ 12 u{) cm for buried CO% Wires,25 17.1uQ cm for 60

betweentip2and 3 (©) @ nm diameter Cd° 33+5 xQ cm for 70 nm diameter Pt
15402 209 351 and 4.540 cm for 70 nm diameter Au NW% In each case,
0.9+0.2 207 237 the resistivity will depend sensitively on the size and quality

of the NW. We note a recent report for chemical vapor
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