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Abstract
Near-Field Microwave Microscopy (NFMM) is an accurate
and precise experimental technique for measuring the local
RF/microwave properties of materials and devices with sub-
micron resolution. In general, a magnetic/electric probe
induces a strong and highly localized RF/microwave field on
the sample’s surface and the response is measured in terms of
the reflected signal and/or the resonance shift in an external
cavity. In this work, a magnetic write-head excites MgB2 thin
films with a magnetic field parallel to the surface at a
fundamental frequency, f, and measures the amplitude and
phase of the 3rd harmonic signal , at 3f, generated by the local
intrinsic/extrinsic nonlinearities.
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Harmonics of the fundamental frequency are produced by
means of a comb-generator, and the harmonic of interest is
selected using a bandpass filter, which will be used as the
reference signal. The nonlinear response of the sample is
directed toward the VNA, through a directional coupler and a
high-pass filter, where it’s amplitude and phase, with respect
to the reference signal, are measured.

Meissner State Vortex State

Third Harmonic Measurements on MgB2

Conclusion
We have observed a strongly temperature-dependent RF
nonlinear response in MgB2 thin films. At the low-
temperature limit, the nonlinearity is attributed to the vortex
dynamics, where the switching between the Meissner and
vortex states generates a third harmonic. As the temperature
increases, so that the penetration depth exceeds the film’s
thickness, no vortices can nucleate and the third harmonic
response is significantly suppressed. Near Tc, the usual non-
linear Meissner effect is observed.

Acknowledgement
This work is, in part, supported by the 

US Department of Energy.

10 15 20 25 30 35 40
-145

-140

-135

-130

-125

-120

-115

-110

-105
MgB2 (50 nm) ; Excited at 5.33 GHz 

P 3f
 (d

Bm
)

Temperature (K)

 P5dBm
 P10dBm
 P14dBm
 P16dBm
 P18dBm

10 15 20 25 30 35 40
-200

-150

-100

-50

0

50

100

150
 Phase 
 Amplitude Ration

Temperature (K)

Ph
as

e 
(d

eg
re

e)

-85

-80

-75

-70

-65

-60

-55

ZFC: data taken in warming up direction

MgB2 (100 nm) Excited 18 dBm, 5.25 GHz
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t0: magnetic field exceeds the
Bean-Livingston barrier and
the first vortex nucleates.
tm: the vortex reaches its
maximum distance from the
surface.
tc : an anti-vortex nucleates at
the surface.
ta : the vortex and anti-vortex
collide and annihilate.

Although the amplitude of
fluctuations in the reluctance
may be small, the time rate of
the changes is not small.

Near the critical temperature,
the nonlinear Meissner
response is observed.
At low temperatures, a third
harmonic plateau with strong
amplitude is measured.
At the border of the two
aforementioned regimes, the
third harmonic response is
considerably suppressed.
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