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The results of microwave transmittance measurements of crystallineThigBaCuO film under

the influence of an external magnetic field are presented. Generally, inThigh-
superconductors dissipation mechanisms different from those in conventional superconductors
may take place as well as transport current. Josephson-junction and anisotropy resistance-
connected processes. Measurements of transmittance induced by the magnetic field demonstrate
the dominance of flux flow dissipation mechanism and nonlinear transmittance dependence

when approachindl.. This makes possible to detect and characterize all the mechanisms
mentioned above. €999 American Institute of Physid$§1063-777X99)01505-4

Our measurements were carried out in the 2-mm waveerformed. This linear dependence of microwave transmit-
range. Under these conditions the transmittance is sensitivence on magnetic field may be explained in terms of flux
to the presence of “normal” electrons, whereas infraredflow dissipation. In contrast, the slope value at temperatures
measurements sense the superconducting energy gap. Tagproaching thd rised to 3%T ! and the behavior was
backward-wave tube was used as a microwave generatasirongly nonlinear. Evidently, this region is dominated by the
with the radiation channeled through a measurement cell thanfluence of the magnetic field on the superconducting phase
consists of two (in and ouj symmetrical quasioptical transition.
waveguides inside the pulse solenoid. The sample was Normal electron transmittance includes dissipation re-
placed between the waveguides in the region of the maxisulting from the Lorentzain-like force motion due to the
mum, homogeneous magnetic field. Finally, the radiatioriransport current normal to applied magnetic fieldFor the
was detected after the measurement cell which was placed HTSC the microwave frequency range is higher than the de-
a cryostat with special windows to transmit the microwavespinning frequency. Consequently, electromagnetic interac-
To obtain the best sensitivity a liquid helium coolednSbh  tion is much stronger than the pinning force, and the major
detector was usetiSuch a technique produces ultrahigh fre- source of the dissipation is due to the free-moving vortices.
quency (130-150 GHy current densities in the sample In the London electrodynamics approach it is possible to
which are much smaller in magnitude than the critical cur-represent the current densilyas
rent, and thus avoids test current inside the sample that is a
consequence of direct current investigations. J=_ 1 (E—fuB) 1)

The sample under study was made using magnetron i wuN? '
sputtering procedure. The 1000 A YBaCu@23 film,
which was deposited on the surface of a 0.5 mm-thickwhere\ is the London penetration depth;is the microwave
SITiO; substrate, exhibited a micro-twinned crystalline electric field;f is the fraction free vorticesWriting the vor-
structure with itsC-axis perpendicular to the surface. Pre- tex velocity asv=Jf/n, the expression for the flow resistiv-
liminary testing determined a superconducting transition aity may be obtained as
87.8 K with 1 K width.

The experimental dependences of the magnetic field- . fB _
induced transmittance at different temperatures are shown in  #~ #07~ ™! WP, 2
Fig. 1. As can be seen, the transmittance value rises mono-
tonically when the temperature rises from 4.2 KTtg. At which is true forH smaller than critical field and tempera-
low temperatures a linear behavior of the transmittance vertures that are not too high. Taking into account that a typical
sus the external field with a slope of 1%.* was exhibited, HTSC critical field is of order 100 T, the limit representation
which is consistent with results reported in Refs. 3 and 4for surface resistancB; demonstrates a linear dependence
where the bolometric and reflectance measurements wermn H:
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The granularity and various inhomogenities of the

] T=88K sample can produce a weak-like structure or, if there is an

' T et 2 intrinsic Josephson junction inside, either effect may domi-
poo—o—s - T T=65K| 8 nate in the microwave response. We assume the observed
. .~ oottt T behavior of microwave properties negf may be due to the

T=203K domination of dissipation effects from losses related to the

Transmittance, arb. units
N O ~ [o -}

——t—0——0—0—0—0——¢ Josephson junctions. To clarify this problem a set of addi-
L T=A4'2 K tional measurements on other HTSC thin films are expected
1 foo—o—o—t—o—0—0¢—¢ T to be carried out. Attention will be given to the hysteresis
. , . . , , phenomena due to the thermal and magnetic history of
0 2 4 6 8 10 12 samples with different crystalline properties.
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