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Thin films of the charge-density-wave oxide Rp3;gM0O3 by pulsed-laser deposition
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Thin films of the model charge-density-wave compound RiloO; (blue bronz¢ have been grown using
pulsed-laser deposition. Films are single-phasg 44003, and consist of grains with typical sizes on the
order of micrometers. The charge-density-wave chains are parallel to the film plane. Heteroepitaxial growth of
Rbgy 3gM0oO3 is found on SrTiQ(100 substrates. The blue-bronze grains align their chains with the two
principal axes of the square surface lattice of SrFW0). Preferential orientation into a single direction can
be obtained on SrTigk510. Measurements of the film resistance as a function of temperature show a transi-
tion to the charge-density-wave state near 1823Q0163-18207)05407-9

. INTRODUCTION compound RpsgMo0O;.” The crystal structure of this blue
bronze is monoclinic, space gro@®/m, with lattice param-
Conductors with a quasi-one-dimensional band structurgters a=18.54 A, b=7.56 A, c¢c=10.04 A, and B
may exhibit a chargel-cgensity-wa\(é:D\N) state below a  =118.52°% The Mo and O atoms form chains of clusters in
Peierls temperaturép .™“ Electrons condense into a collec- the [010] direction. These chains are weakly linked to form
tive ground state in which the charge density is periodically 501) griented slabs. The slabs are separated by the rubidium
modulated. If an electric field is applied beyond a cenaingoms. Because of its anisotropic structure, the resistpvity

threshold field, charge is transported by the sliding of theOf Rb, o0 ; strongly depends on the crystal direction. At

density wave. This CDW transport leads to many interestin 0om temperatures ranaes from about 10 O cm alon
phenomena such as, for example, strongly nonlinear condu} P » 9 g

; ; 0
tion, coherent current oscillations, and mode locking a he chains to about 0 cm perpendicular to the slabs:

resonant frequencies. Various CDW properties, e.g., the exB€l0W the Peierls temperature of 182 K sliding CDW trans-
tremely high dielectric constantsip to ~108), are poten- POrt is observed along the axis. Rly3MoO; melts at

tially important for applications. 560 °C and is one phazse in the complex_ ternary phase dia-
In many ways, CDW’s are complementary to supercon-gram of Rb, Mo, and &? As much as 40 binary and ternary
ductors. Properties of CDW's are similar to those of superRb-Mo-O compounds have been reportéd.
conductors, with the role of voltage and current inter- We have used pulsed-laser depositifaLD) for the
changed. For example, a dc electric field induces ac currergrowth of Rby 3g0M0oOj thin films. This technique has been
oscillations at a frequency that is proportional to the CDWsuccessfully employed for the synthesis of thin films of many
current density, analogous to the ac Josephson relation fonaterials, in particular, the high; oxide super-
superconductors. Superconducting films have been crucial ttonductors**® The PLD setup is described in the next sec-
fundamental studies on Josephson tunneling and the proxinion. Section 1l contains the experimental results on film
ity effect, and have led to important applications such agyrowth and characterization. The deposition parameters for
superconducting quantum interference devices. The CDWhe growth of Rl 3gMoO5 are given and the results of dif-
counterpart of such phenomena and devices has been ung¥rent types of analysis are presented. Attention is given to
plored. the interaction between substrate and film and to the possi-
To date, CDW'’s have been studied in bulk crystals only.pjlity of growing epitaxial films. In Sec. IV the results on the
Thin films of CDW compounds have not been reported yetiemperature dependence of the resistance for blue-bronze
The availability of films will open up a new line of research fiims are given. In a discussion of the film-growth results
in the field of CDW'’s. Phase-coherent CDW transport can bgSec. \j, we conclude that the current films are a good start-
studied in(submicrometer structures patterned with stan-ing point for CDW studies on lithographically patterned
dard lithography techniques. Combinations of films with nor-stryctures.
mal metals or insulators can be used to fabricate CDW junc-
tions. Recently, first theoretical predictions on mesoscopic
CDW systems have been rgporﬁe‘&Next to the physics of . LASER DEPOSITION SETUP
mesoscopic CDW's, thin films will also be important for
CDW applications. Any application of a CDW effect in a  In a PLD process, the energy of laser pulses is used to
device will involve thin-film technology. ablate material from a target. A film is formed upon transfer
This paper reports on the growth of thin films of the CDW of the material to a substrate mounted opposite to this
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FIG. 1. Film composition in the investigated range of substrate FIG. 2. X-ray spectrum of a RjyMoO; film grown on an
temperatures and oxygen pressures. Solid diamonds represehit,05(012) substrate. The peak at 10.6° is caused by the predomi-
Rby 3gM00O; films; open circles indicate films with a different com- nant (21) orientation of the film, for which the CDW chains lie
position. The laser was used at 9 Hz repetition rate and 1.82J/cmwithin the plane of the substrate. X-ray wavelength is 1.54 A
fluence. The films are approximatelyum thick. (CuKa).
target'® We use a Lambda Physik LPX 105E XeCl excimer a first routine check on the grown phase we check the con-
laser, which produces 20 ns pulses with a wavelength of 308uctivity and color of the films. Rp;gM0oO3 is conducting
nm. Pulse energy can be varied between 20 and 150 mJ. Bynd has a dark blue color, which is clearly visible for all the
positioning the target slightly out of focus, an approximatelyfilms in this regime. Below 100 m Torr, films consist of a
5 mm? laser spot size is obtained on the target. brown-colored amorphous phase, and are electrically con-

Targets are prepared by pressing a stoichiometric mixturducting. These films have not been further identified. For
of Rb,M00,, MoO3, and Mo into pellets. The pellets are oxygen pressures higher than 200 m Torr, the grown films
heated in an evacuated quartz tube at 530 °C during 36 tare white and insulating. This observation, in combination
The resulting material is polycrystalline single-phasewith XRD and the energy-dispersive analysis of x rays
Rby 30M00;, as confirmed by x-ray diffractiofXRD). Tar-  (EDX) results discussed below, suggests that such films con-
gets have a diameter of 21 mm and are typically 3 mm thicksist of a combination of RfMo0 ;0,4 and MoG;.

Substrate$5x 5x 0.5 mnt) are cleaned with organic sol- XRD was performed on all films. A typical x-rag—26
vents before mounting on a heater block at 4.7 cm from thescan of a RR;MoO; film is shown in Fig. 2. The two
target. Typical background pressure of the deposition chamargest peaks in the scan are due to the sapphire substrate.
ber is 10 ® Torr. Oxygen is supplied to the chamber prior to Both reflections have a satellite peak as a result of a small
deposition. Deposition times vary between 5 min and 1 hAl K3 wavelength component in the incident radiation. The
After deposition, the film is cooled down in the oxygen am-high peaks at 10.6° and 21.3° are due to th81f2and
bient to b'elovx{ 100 °C(at_30ut 30 min before the chamber IS (402) reflections of Rlg 3gM0O. For (D1) and (D2) ori-
vented with nitrogen. Film thicknesses are determined frongnted grains the CDW axisb(axis) lies within the film
measuring the depth profile across a cut through the fillpjane. Other peaks in the scan can also be ascribed to

with a Tencor Instrumenta-step 200 profilometer. Rby 3gM00;, viz., the(203) and(131) reflections at 37.3° and
38.1° and the (81) reflection at 43.4°. In these orientations
Ill. RESULTS OF FILM GROWTH theb axis makes an angle with the film plane. No peaks from

In the PLD process, the composition and structure of fimgther phases are found. The stron@preflection is a com-

is tuned by the choice of the growth conditions. Impor'[antmon feature for all RBBCMOO?’ﬂlmS SIUd'ed.' The oceur-
parameters are substrate temperature, oxygen pressure, de 1ce of the other reflections varies from f_|Im to film, but
sition rate, and the type of substrate used. In this section w OS€ are alway.s at least one order of magnitude weaker than
present the results from the growth of more than 20che (1) reflection. . _ _
Rby 3gM0O; films. The elemental composition of the series of films grown at
425 °C was determined by EDX at an accelerating voltage
of 5 kV and a beam current of 10 nA. Measurements were
performed with a spot size of 1@m diameter at four spots

A series of films was deposited on8;(012) (sapphir¢  near the corners of the film and at one spot in the middle.
at different substrate temperatures and oxygen ambient pre$he atomic fractions of Rb and Mo in the film were calcu-
sures, keeping all other growth parameters constantated from measured x-ray intensities with &(pz)
Rby 3gM0O; films grow at temperatures between 375 °C andapproacht! A polycrystalline target consisting of single-
500 °C and at oxygen ambient pressures between 100 amhase Rj;MoO; served as a calibration standard. Since
175 m Torr, as depicted by the solid diamonds in Fig. 1. Asthe atomic fractions of Rb and Mo do not add up to unity, the

A. Film-growth conditions
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FIG. 3. Results of EDX analysis on a series of films grown at FIG. 4. Film-deposition rate versus laser fluence for films grown

425 °C on ALO3(012. The solid diamonds represent films that on A|203(012). at a9 Hz.repeti.tion .ratc.e. Error bar; dgnote the
were identified as RpMoO; from x-ray analysis and conduction peak-to-peak film corrugation. Films indicated by solid circles were
measurements. Solid lines are a guide to the eye. The expect own at a temperature of 440 °C and at an oxygen pressure of

relative amounts of the elements Rb, Mo, and O in RoO; are 108 m'l:|9rr. The open circle re_lE)r:eslgnts_ a ﬂll.m gr(i\_/tvrt] ith37d5 tC ?P]d
indicated by dotted lines. m Torr oxygen pressure. The line is a linear fit to the data. The

inset shows the dependence of the deposition rate on the pulse-

. . . . repetition rate, for a fluence of 0.8 nm/s.
remaining fraction can be interpreted as the fraction of oxy- P

gen in the films. All fractions are accurate to within 10%. C. Film morphology
The atomic fractions of Rb, Mo, and O in the films are

plotted versus oxygen pressure in Fig. 3. Data points havl(?1ﬂ
been rescaled so that the sum of the three fractions at ea%ttlr
oxygen pressure is equal to 4.30, i.e., the number of atoms i
the structural formula RfzgMoO3. At 100 and 130 m Torr
the stoichiometric numbers correspond to the compositio
Rby 3gM00,, as expected from the conductivity and color
of the films and in agreement with XRD. The Mo concentra-strong indications for in-plane orientation of the CDW
tion is deficient outside the region of pressures WhereChains in a film

Rby 3M0Q; is formed. For low oxygen pressure, excess ru- Scanning-eléctron microscopd8EM) and x-ray studies
bidium is found in the films. XRD on such films reveals that ow that the (_Ql) grains are randomly oriented on

at these pressures films are highly amorphous. The oxygeﬁI
content of films rises monotonically with the oxygen ambient 1205(012), LaAIQ3(1OO), SrLaGaQ(lQO), SrLaAIQ4(OO_1),
pressure. and amorphous Si© Some degree of in-plane orientation of

grains was found for films grown on NdGa@10).
We have focused attention on SrTjOsubstrates. On
B. Variation of the deposition rate SrTiO5(100), SrTiO5(110, and SrTiG(510 grains align
The effect of laser fluence on the film-deposition rate hadvith the principal axes of the substrate surface lattice.
been investigated by making a series of films at different Figure 3a) shows a film grown on AJO;(012 at
pulse energies and measuring the resulting film thicknesses40 °C. A dense structure of micrometer-sized elongated
(which are between 0.1 and 1x@n). The results are shown grains is observed. These grains are randomly oriented
in Fig. 4. Error bars in the plot denote the peak-to-peak corWithin the film plane. Deposition under similar conditions
rugation of the films. Typical deposition rates are found to bebut at a temperature of 500 °C vyields a film with a very
of the order of 1 nm/s. In the measured range of fluences, théifferent morphology. Figure (6) shows an optical-
deposition rate depends linearly on the laser fluence. ThBlcroscopy image. Large elongated grains with sizes of up
deposition rate does not seem to be influenced by the growtl® 100 xm have formed. These (2) platelets are randomly
temperaturécf. open dot in Fig. # In the inset of Fig. 4, the oriented on the substrate surface. The substrate is visible in
effect of varying the pulse-repetition rate is shown. Thebetween the blue-bronze grains. These are only two ex-
deposition rate is proportional to the pulse-repetition rate. amples from a large number of SEM and optical-microscopy
Film composition depends on the deposition rate. Foimages of films on AjJO3(012. All such films consist of
films grown at 470 °C, we find that we no longer grow randomly oriented grains. The size of the grains depends on
Rl 30M00O; at low repetition rateg3 Hz and lowey. An  deposition temperature and ranges from @8 at 375 °C up
insulating phase is formed instead. From SEM imdges, to more than 10Qum at 500 °C.
for example, Fig. @)] we find that blue-bronze films grown On SrTiO; substrates we observe alignment of the
with 1 Hz repetition rate at 440 °C contain small white partsRb, 30M0O; grains with the square lattice of the substrate
which we tentatively ascribe to the same insulating phase. surface. Films grown on SrTig100) at 440 °C with a depo-

Nine different substrate types were used to investigate the
uence of substrate on film morphology. A granular film
ucture is observed for all substrates. Typically, the grains
ave an elongated shape. Measurements on the in-plane ori-
entation of the CDW chains, to be discussed in Sec. Il D,
"Uhow that the CDW chains are parallel to the long dimension
of a grain. Hence, from morphology studies we can obtain



4820 0. C. MANTEL et al. 55

croscopy shows that films such as shown in Figy GBave a
typical peak-to-peak corrugation of 150 nm, which is quite
substantial in view of the average film thickness of 300 nm.
At a deposition temperature of 375 °C, the typical corruga-
tion is 50 nm.

From the defined orientation of the substrate edges, we
conclude that the grains in films on SrT4(100) are directed
with the long dimension along either tH®10] or [001]
axis of the substrate. At the film-substrate interface, the
unit cell of the (201) oriented RI;gMoO;surface has
dimensions 7.555 Ab axis) x19.796 A ([102] direction.
The principal axes of the SrTig100) square surface unit
cell both have a lattice mismatch of 3.3% with half thaxis
of Rby3gM00O;. By using the (5100 cut of SrTiO;, a
predominant orientation into one direction is obtained. The
surface unit cell of this substrate is a rectangle of which
the long side has a mismatch of 0.6% with the repeat dis-
tance in thg 102] direction, while the lattice mismatch of the
short side(i.e., thec axis of SrTiQ;) is the same as for
SrTiO5(100). Figure &d) shows a blue-bronze film grown
on SrTiOz(510 at 375 °C. The grains look similar to those
grown on SrTiQ(100 [Fig. 6(c)], but now they are prefer-
entially aligned into one direction.

The alignment of grains with the principal axes of the
SrTiO3(510) substrate surface lattice in RgMoOsfilms is
suppressed if films are grown at temperatures above 400 °C.
For such films, the majority of grains is randomly oriented
within the film plane. On SITiQ(110 a similar effect is
observed: at temperatures below 400 °C grains align into one
direction, although less pronounced than for Si(E20).
The alignment does not occur if films are grown at tempera-
tures higher than 400 °C.

—_—
30 um D. In-plane orientation of the CDW chains

The in-plane orientation of the CDW chains was investi-

FIG. 5. Morphology of films grown on AlO4(012. (a) SEM  9ated by means of an x-ray four-circle diffractometer. Films
image of a film grown at a 440 °C. The deposition rate was 0.52r€ aligned such that thé axis of rotation is parallel to the
nm/s.(b) Optical-microscope image of a film grown at 500 °C and surface normal. A blue-bronze Z2) reciprocal vector is then
a 1.0 nm/s deposition rate. brought into the reflection condition. This vector is a linear

combination of the (@1) vector, parallel to the axis of rota-
sition rate of 0.15 nm/s consist of oblongly shaped grainé'on’ af?d the Rl 30M005(010 vector. By rotation ovet, a
with a length of 1—3um and a typical width of 0.2em. An scan is made_ over all possmle orlen'gatl_ons of the
example is shown in Fig.(8). The grain size is comparable Rbv.30M0Os b axis within the film plane. In a similar way the
with that of the grains obtained for a film grown on orientations of the principal axes of the SriiQurface lat-

Al,04(012), but now the grains are arranged in two perpen-licé are determined. _
dicular directions. Figure 7a) shows the result of such an analysis on the
Films grown at lower deposition rates consist of largerfilm of Fig. 6(a). Theb axes of the Rl 3VloO5(201) grains
grains. Figure @) shows a film grown at a factor of 3 lower appear to lie parallel to the principal axes of the SrJiO
repetition rate(1 Hz) than that for the film shown in Fig. substrate. The interaction between substrate and film is thus
6(a). Oriented elongated grains as long as @M are ob-  confirmed. The Rp3gMoO; reflections have a full width at
served. Note that grain size has increased by one order &@lIf maximum(FWHM) of about 2°, which is ascribed to a
magnitude upon lowering the repetition rate from 3 Hz to 1mosaic spread due to an orientation distribution of the grains.
Hz. The white spots in the SEM image are ascribed to an A similar measurement was performed on a film grown
additional phase in the film as discussed in Sec. Ill B. Theon SrTiO3(510 at 375 °C[Fig. 7(b)]. The observed peaks
effect of growth temperature on grain size is illustrated byin the ¢ scan again confirm an in-plane orientation of the
the difference between Figs(t§ and @c). Grain size de- CDW chains. Theb axis is predominantly oriented into one
creases by one order of magnitude upon decreasing the terélirection, as is shown by the difference in intensity between
perature from 440 °CFig. 6(b)] to 375 °C[Fig. 6(c)]. the reflections. After determination of the principal axes of
The corrugation of films decreases with decreasinghe substrate surface, we find that the majority of th@l{2
growth temperature. Surface analysis by atomic-force migrains has theb axis aligned with the/001] axis of the
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FIG. 6. SEM analysis of
films grown on SrTiQ. (a) film
grown on SrTiQ(100 at 440 °C
and a 0.15 nm/s deposition rate.
(b) Similar film, grown at a 0.05
nm/s deposition rate(c) film
grown on SrTiG(100) at a 0.05
nm/s repetition rate, but at a
lower temperaturg375 °Q. (d)
film grown on SrTiGy(510 at
375°C and a 0.15 nm/s deposi-

tion rate.
1um
SrTiOy(510) substrate. These grains cause the high reflec- E. Film-substrate interface
tions at —138° and 42°. The smaller peaks a¥8° and The interface between film and substrate has been studied

132°_are due to grains for which theaxis is directed along  jith cross-sectional TEM. For all films, preparation for TEM
the [150] direction of SrTiQ;. The FWHM of the high re-  proved difficult because of the poor adhesion to the sub-
flections is approximately 2°. strate.

The in-plane orientation of the CDW chains in a film  Figyre 8 shows the interface for a blue-bronze film grown
grown on SrTiQy(510 at 440 °C was measured in a similar oy A[,0,(012). In the upper part, unit cells of the film are
way. A ¢ scan shows that only a few percent of the chains i§;isiple. The lower part shows the lattice fringes of the sub-
aligned parallel to the001] axis of the substrate. The rest of ;oo Film and substrate are separated by an amorphous

the film has a random orientation within the film plane, in layer with a thickness of 24 nm. Using the known spacing of
&he substrate plané8.48 A) as a calibration, we find a spac-

accordance with SEM images of similar films that show

suppressed alignment of grains on Srgie10 at a growth . : .
ing of 8.3+0.2 A between lattice planes in the §JgVioO;
film. This is in agreement with the expected value of 8.3 A

temperature of 440 °@Csee Sec. lll ¢ Measurements such

as those shown in Fig.(B) can be used to determine the ]

direction of the CDW chains within a grain. The x-ray datafor the distance between @2 planes. In the Rfp;MoO;
reveal the in-plane orientation of the CDW chains, whereas &lm, fringes from the (11) and (110 planes are visible at
SEM image of the same film shows the orientation of grainsangles of 58° and 76° with the Q2) planes, respectively.

It turns out that the majority ab axes is aligned parallel to EDX element analysis on the interface layer shows that its
the direction along which the long dimension of most of thechemical composition is AlQ. Since the layer has an equal
grains is directed. Thus, we find that the CDW chains in athickness everywhere on the sample it is concluded that it is
single grain lie along its long dimension, in agreement withnot an artifact of the TEM preparation. The origin of the
results from transmission-electron microscd¥M) analy-  formation of the interface layer is not understood. Reflection
sis on a single graiff For substrates on which the high-energy-electron diffraction measurements on a bare
grain orientation is random, no predominant in-plane oriensubstrate show that it is not present prior to deposition.
tation of the CDW chains was foune. scans of films grown Figure 9 is a TEM image of a SrTid100)-Rby 3gVl0O;

on Al,05(012, LaAlO4(100, SrLaGaQ(100, and interface. A sharp interface between substrate and film is

SrLaAlO,(001) show an x-ray signal that is independent of observed. In this case, no interface layer is found. Using the
@. distance of 3.91 A between substrate planes as an internal
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FIG. 7. (a) Intensity of the blue-bronze ¢2) reflection (top)
and the SrTiQ (220), (202, (220, and (202 reflections(bottom)
as a function of azimuthal anglé. The figure shows that the di-
rections of the CDW chains in the film grains are parallel to the
principal axes of the substrate surface lattid®. Intensity of the
blue-bronze (21) reflection as a function of the azimuthal angle
¢ for a film grown on SrTiQ(510. The two high reflections are
caused by grains that have the CDW chains aligned witlt theis
of the substrate.

FIG. 8. High-resolution TEM image of a film grown on
Al,05(012) with a deposition rate of 1.4 nm/s at 425 °C and at 110
m Torr oxygen pressure. At the AD3(012) interface an amor-
phous layer of 24 nm thickness is present.

calibration, the spacing between lattice planes in the film is
found to be 8.40.2 A. These lattice planes can thus betent with the opening of a gap at the Peierls temperature. In
identified as (R1) RbysM0Os; planes. No other lattice the inset the behavior of the resistivity near the Peierls tran-
fringes are visible in the film. The sharp interface confirmssition is demonstrated. The transition temperature of the
heteroepitaxial growth of the film on the substrate. The incrystal is deduced from the dip @in(p)/dT and is equal to
teraction between film and substrate results in the observetB82 K. For the film, the curve merely shows a kink near 182
alignment of film grains, with the CDW chains of blue K.
bronze parallel to the substrate principal ax8gcs. Il C In the low-temperature regime, a good fit to the data is
and Il D). obtained if the temperature dependence of the Peierls gap is
taken according to the BCS model. Both experimental curves
are consistent with a fit of (T) <exg A(T)/kgT], with A(T)
the temperature-dependent Peierls gap. We find a zero-
We have determined the Peierls temperature and themperature gap ofA(0)=470 K for the film andA(0)
CDW energy gap for blue-bronze films from measurements=530 K for the crystal, in agreement with typical values of
of the low-bias resistivity as a function of temperature. Ex-500 K that have been reported in the literatt&®2° The
periments have been performed for several films and oneesults on films seem to indicate that the zero-temperature
crystal in a helium-flow cryostat. On the films, gold contactsenergy gap depends on grain size. Films that consist of
of 100X 200 um? were evaporated with a spacing of 500 smaller grains have A(0) that is somewhat suppressed as
um. Wires were attached by ultrasonic bonding. Data areompared to the bulk value.
compared with measurements on a blue-bronze crystal, for At room temperature, the resistivities of film and crystal
which current contacts were 1 mm apart. Resistivities arare of the same order of magnitude. However, their tempera-
calculated from the sample geometry. ture dependence above the Peierls temperature is different.
Figure 10 shows the resistivity as a function of tempera-Unlike the crystal, which shows metallic behavior, the resis-
ture for a typical film and for the crystal. For both, a sharptivity of the film increases with decreasing temperature. This
increase of the resistivity below 182 K is observed, consiseffect is ascribed to the granular nature of the films.

IV. ELECTRICAL TRANSPORT
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FIG. 9. High-resolution TEM image of a fim grown on 107} tal 3
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V. DISCUSSION FIG. 10. Resistivity versus temperature of aRgMoO,film

The present films serve as a starting point for the study Ofsolid line) and crystaldotted ling. The in;et shows the_ same data
charge-density-wave transport at(submicrometer scale. pIo_tted asdln(;_))/dT versusT, de_njonstratlng the behavior near the
Films will be patterned by the use of lithographic techniquespe'erls transition. Gorowth conditions are an,@k(012) substrate
resulting in a well-defined measurement geometry. Here, W(Eemperature. (.)f 460°C, an oxygen pressure of 150 m Torr, and a 1.4
discuss compositional and morphological aspects of the film! m/s deposition rate. The film thickness ig.tn.

p pholog p
growth that seem relevant for future electrical-transport mea-
surements.

The growth parameters for the deposition ofyBiMoO; to enter the regime of phase-coherent CDW transport. Note
films appear to be quite critical. Single-phase,RMo0O;  that not only the size of the grains has to be taken into ac-
films can only be grown for a narrow range of oxygen pres-count in considerations of phase-coherent transport measure-
sures(100—-175 m Torx. The temperature range for growth ments. Random orientation of the CDW chains within the
(~375-500 °Q is shifted to lower values upon a decreasefilm plane as well as a large surface corrugation can make
of the deposition rate. The used substrate type does not sedfilins less suitable for lithographic patterning.
to affect the range of substrate temperatures and oxygen Alignment of grains within the plane of the film is impor-
pressures at which RfagMoO; is formed. Thermodynamic tant because of the quasi-one-dimensional structure of
studies on bulk systems of the elements Rb, Mo, and O shoyh, , MoO,. Since CDW transport only occurs along the
that Rby 3gV00O3 is formed only in a narrow region of the axis, it is desirable for electrical transport measurements that
ternary phase diagraff,which is in line with the observed 4| grains have this axis oriented into the same direction.
critical dependence of the film composition on growth pa-yile the b axis always lies within the film plane, orienta-

rarq_iters. | f th 0. films indi tion is random within this plane for most substrate types
e granular structure of the BBMoO; films indicates studied. In-plane alignment has been found on SgTiOn

that island growth occurs rather than layer-by-layer growth o — . . . .
The size of the grains depends on the deposition rate ar}%rT|O3(100) and SrTiC;(510 grains can be aligned into

substrate temperature during growth. The largest grains ard’© and one direction, respectively, c0|_nC|d|ng with the prin-
grown at high temperatures and at low deposition rates. Thig',Ipal axes of the substrate surface lattice. . .
suggests that the grain size is determined by the mobility of Because larger grains are grown at higher deposition
the deposited material on the substrate surface. AFM studid€mperatures, a logical step would be to grow fims on
on the initial stage of blue-bronze film growth show that SfTIC:(510 and SrTiOy(110 at high deposition tempera-
three-dimensional islands as high as 50 nm are formed on tH&res(440 °C, for example However, we find that the align-
bare substrate surfaék. ment of grains within the film plane is suppressed for such
Phase-coherent CDW transport may be measured if on@ms. This suppression of in-plane orientation at elevated
grain can be contacted and if the distance between the cogrowth temperatures is not yet understood.
tacts is smaller than the CDW phase-coherence length. This Electrical transport data on BRMoOj; films with 0.5
length is likely to be in the micrometer range along the CDWmm spaced contacts show a Peierls transition near 182 K.
chains for typical bulk blue-bronze sampfésFor most  This transition is smeared out over several kelvin for all the
films, the long dimension of the grains, which is parallel tofilms studied. The energy gap below the Peierls transition is
the CDW chains, has a length of typicallyudm. Therefore, somewhat reduced as compared to bulk-crystal values. The
(submicrometer patterning on the current films will allow us results indicate that the electrical-transport properties depend
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