Inelastic processes in thin Au films

D.E. Prober, M. Shen, B. Reulet, R.J. Schoelkopf

Yale University

We have investigated the energy-removal process(es) in thin Au films.(1)  The method we employ heats the film with Joule power, and we measure the resulting temperature rise using Johnson noise thermometry.  A broadband (GHz) noise measurement is employed, which ensures good sensitivity and also the ability to follow changes of electron temperature on a sub-100-nsec timescale.  Measurements of steady-state heating and of pulse heating response have been conducted between 50 mK and 0.8 K.  This is the first measurement of the pulse response, which  determines the specific heat Ce. 

We find that the temperature relaxation timescales are similar to those measured in past studies by others which employed only steady-state methods.  However, using the hot-electron response time   = Ce/Ge-ph and the thermal conductance G measured in our steady state measurements, the electron specific heat Ce inferred is more than an order of magnitude larger than expected.  This is confirmed by our pulse measurements.  We do not yet have a conventional explanation of this result, and believe that other studies using the time-response method would be desirable on other thin films.  The only other case of  time response studies of electron heating and comparison to steady-state measurements were on Nb films in a narrow wire geometry (2,3).  In that case, the steady-state measurements (3) yield a thermal conductance G which leads to an electron specific heat Ce = G    that is consistent in size the expected value, unlike the case of Au. Further analysis is in progress. 
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