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Transparent p-type conducting CuScO ,., films
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Transparent films of CuSc¢Q, have been prepared which shpwype electrical conductivity. The
temperature dependence of the conductivity indicates semiconducting behavior with an apparent
room temperature activation energy of 0.11 eV. The highest room temperature conductivity
observed was 30 S cm. Films 110 nm thick show 40% transparency in most of the visible
spectrum and become much more transparent in the infrared spectrump:-tyjpe behavior was
confirmed by the Seebeck effect. D00 American Institute of Physi¢&0003-695(00)00535-(

The best known transparent conductors such as dopetie visible spectrunfFig. 2). A film on a silicon substrate is
Zn0O, In,O3, or SnG aren-type conductors. There has been much more transparent in the infrared region as shown in the
considerable interest in findingrtype electrical conducting inset in Fig. 2. The feature at abouy®n may be related to
films that are transparent in the visible and/or infraredthe apparent room temperature activation energy obtained
spectrum In this regard, CuAl@ has attracted recent from conductivity measurements. Four probe electrical con-
attention?? Films of CuAlO, have shown transparency in ductivity measurements on this film over the temperature
the visible and infrared spectrum with electrical conductivi-range 80—300 K showed semiconducting behavior. The log
ties reported to be as higlsd S cm® but generally in the o vs 1/T plot (inset in Fig. 3 is not well fit by a straight line.
range 0.1-0.5 S cnt.

CuAO, compounds isostructurdFig. 1) with CuAlO,
are known where A is Fe, Co, Rh, Ga, Sc, Y, or a
lanthanid€® Intercalation with oxygen to form CuAQ,
phases is possible for the compounds with the larger A cal
ions. Such an intercalation reaction is unknown for CuAIO
presumably because the small size ot Akhrinks the lattice
to the point where oxygen cannot readily penetrate. Cava ar
co-workers® have investigated the properties of polycrystal-
line CuYO,, , and CuLaQ, , phases. After oxygen interca-
lation, a conductivity as high as 10 S cfrwas observed. No
films of CuYG,, ,, CuLaG, 4, or CuScQ, , have been re-
ported, and no electrical transport data have been reporte
for CuScQ, . phases.

Polycrystalline CuSc®was prepared from an intimate
mixture of CyO and Sg¢O3. This mixture was pelleted and
heated at 1100 °C for 24 h. X-ray diffraction of this product
showed only CuScQ A 2 in. diam sputtering target was
prepared by pressing and heating a pellet of CySeD
1100 °C for 12 h. Sputtering utilized on-axis geometry and ¢
background argon pressure of 10 mTorr. The substrate we
silicon or amorphous silica heated to 300 °C. The initially
deposited film was amorphous by x-ray diffraction. Rapid
thermal annealing of the film for 3 min at 700 °C under
oxygen produced polycrystalline €86,05. Further anneal-
ing at 900 °C under argon for 10 min produced a polycrys-
talline film of CuScQ that was electrically insulating and
highly transparent, showing an optical band gap of 3.3 eV
Treating this film under oxygen at 450 °Crf® h produced a
polycrystalline CuSc@,, film. This 110 nm thick, light-
brown film on a silica substrate showed 40% transparency i

FIG. 1. Structure of CuA@ phases with Cusmall dark spherescoordi-
dauthor to whom correspondence should be addressed; electronic maihated to two oxygen atom&arge dark sphergsind A (small light spheres
arthur.sleight@orst.edu coordinated to six oxygen atoms.
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FIG. 2. Optical transmission spectrum for a 110 nm thick CuSgGilm

with infrared transmission in the inset.

However, the logr vs 1/TY plot is close to a straight line,
suggesting a variable range hopping model is appropfiate

Duan et al.

in CuScQ,  films. Thermopower measurements established
the conductivity ag-type.

The holes produced in the valence band of CyAQ
may be trapped as €t centers adjacent to an oxygen inter-
stitial. If so, the optical absorption in the visible spectrum
and the activated conductivity are presumably related to ex-
citations to move the hole carrier away from the oxygen
interstitial. Qualitatively, this trapping of the holes would
contribute to their decreased mobility relative to that of
n-type carriers, and substantially decrease the infrared ab-
sorption expected if the carriers were really free carriers as in
the case oh-type conducting films.

The conductivities we have observed ip-type
CuScQ., are much higher than those reported for the
p-type CUAIG; films. This is presumably due, at least in part,
to the ease of increasing carrier concentration through oxy-
gen intercalation. Oxygen annealing is necessary to induce
conductivity in the films, and electron probe microanalysis
confirms an increased oxygen content in doped Cy$¢O
films that have become conducting as a result of such an

The activation energy derived from the slope in the Fig. 3,nh051ing procedure. The conductivities of our films are still
inset increases with increasing temperature becoming 0.1+ \ower than routinely found fortype transparent con-

eV at room temperature. The room temperature conductivit
shown in Fig. 3 is about 15 S crt however, we have ob-
served a room temperature conductivity as high as 30 S-cm
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FIG. 3. Log conductivity vs T and vs 1T (insed for a CuScQ.., film.

Downloaded 22 Jan 2010 to 128.193.163.2. Redistribution subject to AIP |

Yuctors. However, with the great range of composition pos-

sible in the CuAQ family, further improvements in proper-
ties are likely.
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