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Recently, the preparation of copper selenide thin film haseactor with silicon or glass substrates. Substrate temperature
attracted much attention of particular interest due to theiwas controlled to 310-351C range and feed temperature to
wide applications such as electronic and electro-opticaP0-110°C range. Working pressure during deposition was
devicest® In the literature, various copper selenides withmaintained at about 1 Torr using argon for flowing gas.
different compositions, including stoichiometric /Se,  Adhesion of the Cu films to the substrates was good, but it
CwSe, CuSe and Cu%eand nonstoichiometric GuSe  should be mentioned that in case of Cu(ebp®cursor, no
were well-characterized and documented in addition to theideposition on silicon substrate was observed. Deposition rate
phase transformatioriS. Typical preparation methods for was about 12.5 A/min. Average resistivities of the Cu films
these films include vacuum evaporation ot&riat the high by four point probe method was 1.68®-cm, indicating
temperature above 1000% and chemical bath deposition at that the film is composed of very pure copper metal, and this
50 °C* But the latter method was reported to haveresult was corroborated by X-ray diffraction pattern(JCPDC
difficulties in controlling film thickness, conductivity, and 4-836) as shown in Figure 1.
grain size. In our laboratory, the preparation of CuSe thin Also, XPS (VG Scientific Ltd.,, ESCALAB MK-11)
film was considered to be an important intermediate procesanalysis revealed that there are no appreciable amounts of
in the context of its use as a precursor material as well aspurities such as C or O. Scanning electron micrographs of
InSe for the preparation of CulnSthin films that can be the copper film deposited using Cu(ejags a precursor
applied to high efficiency solar céllThus, copper thin fims  showed that the morphology of the deposited films depends
was first prepared by metal organic chemical vapor depositionn the substrate temperature and the deposition time; as the
method (MOCVD) using organometallic precursors andtemperature and time increase, the grain size increases. For
then they were converted to copper selenide thin filmdnstance, the average size of the grains in copper films on Si
through selenium vapor deposition. In this study, bis(ethylwafer substrate grown at 29C was about 0.1%m, but
butyrylacetato)copper(ll), (designated as Cu(ehPadnd increased to about 1/8m when they were grown at 370
bis(ethyl isobutyrylacetato)copper(ll), (designated as Cufgiac) as shown in Figure 2.
were synthesized by reacting CuCGind corresponding The experiments for the transformation of Cu thin films to
sodium salts of$3-diketonates at room temperature. The copper selenides through selenium vapor deposition were
products were very stable in ambient condition and were
easily characterized by IR, mass spectroscopy, and element-'
analysis. In thermogravimetry and differential scanning
calorimetry(TG/DSC) under argon atmosphere, they were¢
found to have relatively low melting endotherm at about 10C 20000
°C and multistep decomposition processes, as summarize
below;
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Figure 2. SEM micrographs of copper films at different substrate temperatures.
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Figure 3. XRD pattern of CuSe obtained after annealing in Figure 4. XRD pattern of CuSe obtained after annealing in Ar
vacuum for 1 h at 25%C. h at 150°C.
implemented by simply exposing the copper thin film to General Methods

selenium vapor at 25T. After 4 hours, the copper metallic
color of the films changed to black and the X-ray diffraction Infrared spectra were obtained on Jasco FT/IR-5300
pattern of the resulting films accords quite well with that of spectrometer and NMR spectra were recorded on Varian
Cuw..Se (JCPDS 6-680) as shown in Figure 3. Further expoGemini 2000 NMR spectrometer. Elemental analyses were
sure of the resulting GuSe films to selenium vapor at 250 performed with EA-1110 Fisous and thermal analyses
°C for 8 hours converted them to CuSe (JCPDS 34-171) thimcluding TGA and DSC were carried out with Setaram
film, as shown in Figure 4. LABSYS. Mass spectra were obtained on Autospec EBE
It is interesting to note that no other peaks fromSay mass spectrometer. Cu(ebasps synthesized by reacting
CuSe, and CuSe appeared in the XRD patterns, although 0.2 mol of ethyl butyrylacetate and NaOH, and 0.1 mol of
the reason is not clear at this stage. On heating those Cu&aiCL (Aldrich Chem. Co.)n a 30 mL solution of 95%
thin films on glass substrates in argon gas (50 mTorr) or imethanol at room temperature. After 2 hours, the solvent
vacuum at 400°C for 4 hours, they transform back to was evaporated and resulting residue was dissolved in a
Cw.,Se. pentane solution. The solution was filtered off to remove
In conclusion, very pure copper thin film was successfullyimpurities and the product was obtained after evaporation of
prepared by MOCVD using new organometallic Cu(ll) the pentane solvent. Final product was recrystallized in
precursors and characterized. Also, it was proved that thpentane solution and/or sublimated right before each CVD
resulting copper films could be transformed ta.(3e orto  experiment.Cu(ebac): IR (KBr pellet, cm?): 2983 (m),
CusSe thin films by selenium vapor deposition method at2960 (m), 2931 (m), 2872 (w), 1596 (s), 1529 (s), 1368 (w),
relatively mild conditions. 1302 (s), 1258 (s), 1172 (m), 1054 (m), 978 (w), 776 (s), 503



Notes

(w); Mass (70 eVin/e): 377, 34%, Cu(ebag)*; 379, 18%,
[®*Cu(ebac)*; elemental analysis: calcd. C: 50.85%, H: 6.93
%,; found. C: 48.44%, H: 6.85%Cu(eiac)y was similarly
prepared using corresponding ethyl isobutyrylacetate and
sodium metal in THF soution as above. Cu(eid&) (KBr
pellet, cm?): 2971 (m), 2932 (m), 2872 (w), 1606 (s), 1586
(s), 1534 (s), 1509 (s), 1366 (M), 1326 (s), 1263 (s), 11782

1.

(m), 1093 (M), 1045 (s), 954 (m), 797 (m), 492 (m), 469 (m);
Mass (70 eV,m/e: 377, 89%, Cu(eiac)]*; 379, 58%, 4.
[®Cu(eiac)]*; elemental analysis: calcd. C: 50.85%, H: 5.
6.93%; found. C: 51.24%, H: 7.32%. 6.
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