20th International Symposium on Space Terahertz Technology, Charlottesville, 20-22 April 2009


Measurement of electron-phonon coefficient of niobium using heating effect in SIS tunnel junctions
B. K. Tan1*, G. Yassin1, P. Kittara2, P. K. Grimes1, and J. Leech1

1 Department of Physics, University of Oxford*, Keble Road, Oxford, OX1 3RH, UK.

2 Department of Physics, Mahidol University, 272 Rama VI Road, Bangkok, Thailand.

* Contact:  tanbk@astro.ox.ac.uk, phone +44-1865 273303 

Abstract—Heating of SIS tunnel junction by local oscillator (LO) power and bias voltage is well known and has been reported previously [1]. In this paper, we present a novel method for recovering the heating parameters from the experimental pumped I-V curves of an SIS device at 700 GHz, together with the coupled LO power and the embedding impedance. Since this is obtained without assuming a particular power law between LO power and junction temperature, we will be able to find α, the coefficient of electron-phonon interaction of the superconducting material at various bath temperatures, and deduce a power law that describes the dependence of heat flow equation on temperature.

Recovery of the embedding parameters (including coupled LO power) and local effective junction temperature is obtained by matching the measured IV-curves with theoretical models formulated based on Werthamer [2] and BCS theory [3]. We have used CalTech's SuperMix package and Full Harmonic Balance theory (MultiTone) [4] for this purpose. From the BCS equations and the recovered LO power, the total power at each bias point, both DC and RF, dissipated in the junction are found. We start by an initial guess value of α and n, which yields an effective temperature at that particular bias point. The new gap voltage is recalculated using standard temperature dependent expression. The junction model is called again to find the current. This process is repeated throughout the whole range of bias voltage. The generated IV-curve is then compared to the measured curve, and the parameters are optimized until both theoretical and measured curves are matched.

It should be noted that heating parameters can also be recovered solely from the unpumped IV-curve. A procedure similar to the one described above can be employed, with the junction model replaced by a modified temperature dependence polynomial equation. The results obtained in this method will be compared with those obtained using the pumped IV-curve.

The measured curves used in our calculations were obtained using a niobium SIS finline mixer in the frequency range of 650- 720 GHz.
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