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The temperature dependent behaviour of the phonon modes in YBa^UjO^ (Y-123) are of

interest because the strong electron-phonon coupling within these materials yields information

about the magnitude of the superconducting gap. The opening of a gap provides a new decay

route for phonons, hence phonons near the gap energy show changes in their frequencies and

widths as the temperature drops below Tc. The magnitude of the superconducting gap may be

estimated from these changes.1'2

We report our temperature-dependent measurements of the Raman-active phonon modes in

ceramic and preferentially oriented polycrystaline samples of Y-123, under a variety of doping

regimes. The samples were made underdoped, optimally doped and overdoped by manipulation

of the hole concentration on the Cu-0 planes, achieved by changing the oxygen stoichiometry,

substitution of Zn for Cu, and substitution of Ca for Y. As observed by others,3 the 340cm"1

phonon, involving vibrations of the oxygen ions on the Cu-0 planes, showed the greatest

magnitude of change when the samples were cooled below Tc, indicating that the

superconducting gap energy is close to that of the 340cm"1 phonon.

Figure 1 (right) is a plot of the

340cm"1 phonon frequency vs.

temperature for an optimally doped

(Tc around 90K), preferentially

oriented Y-123 sample. Note the

marked softening of the frequency

that occurs below Tc, due to the

opening of the superconducting

gap.

341 °
^ 340.5-

J_ 340.0-

5* 339.5-

§. 339.0-

^ 338.5-
c

§ 338.0 H

^ 337.5-

337.0 50 100 150 200 250 300 350
Temperature (K)

1 C. Thomsen, in Light Scattering in Solids VI, edited by M. Cardona and G. Guntherodt (Springer,
Berlin, 1991)
2 B. Friedl, C. Thomsen, and M. Cardona, Determination of the Superconducting Gap in
i?Ba2Cu3O7.5, Phys. Rev. Lett. 65 (7), 915-918 (1990)
3 Kyung-Min Ham, Jin-Tae Kim, R. Sooryakumar, and Thomas R Lemberger, Raman study of the
anomalous behaviour of the 340cm'1 CuO2 planar-oxygen phonon in Ni-doped
superconducting films, Phys. Rev. B 47 (17), 11439-11446 (1993)


