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Abstract. In general it is far from being straightforward to measure the specific heat of a single two-dimensional electron
system directly, since it is strongly dominated by the contribution of the substrate. Using a time-resolved phonon absorption
technique, we have directly measured the specific heat C of composite fermions at half Landau level filling v = 1/2. We find
a nearly linear dependence of C on temperature downto T = 0.1 K.

Phonon spectroscopy is an efficient tool to investigate
properties of two-dimensional electron systems (2DESs)
[1-4], specially thermodynamic properties. We investi-
gate the specific heat at filling factor v =1/2 in the frac-
tional quantum Hall effect (FQHE) regime. The unique-
ness of 1/2 is revealed in the composite fermion (CF)
picture of the FQHE [5]. Here, the CF quasiparticles are
constructed by attaching an even number of magnetic
flux quanta ¢ to every electron (two flux quanta in the
v = 1/2 case). These CFs experience only an effective
magnet field B* = B — 2¢one, Where ng is the electron
density and B is the magnetic field. By this the FQHE at
B is mapped to integral QHE of CFs at B*. At v =1/2
the external field is fully canceled by the gauge field
and B* = 0. Here the CF model predicts the formation
of a Fermi surface. The validity of this picture has been
proven in many experiments [6]. In their seminal paper
[7] Halperin, Lee and Read made various predictions for
v =1/2, in particular for the temperature dependence of
the specific heat C: It should be nearly linear with small
logarithmic corrections.

The sample used in this experiment is a typical
AlGaAs/GaAs-heterostructure with a 2DES processed
into a large meander with standard photo lithography and
wet chemical etching, see Fig. 1. The meander has a large
aspect ratio of | /w =10 mm/90 um = 111. This geom-
etry is chosen to maximize the p,, contribution of the
two point resistances Rapoint &2 | /W pyy + Pyy + Reontacts,
so that also smallest changes in p,, are measurable. A
thin constantan film is evaporated on the back side and
carefully adjusted to the meander. The film acts as the
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FIGURE 1. Sample and schematic setup, see text for expla-
nation.

non-equilibrium phonon source in the experiment (called
"heater").

The resistance change due to a phonon pulse is mea-
sured In the phonon absorption experiment at filling fac-
tor v =1/2. The phonons are created at the backside
by applying 10 ns electrical pulses to the heater. They
fly ballistically through the 2 mm substrate and hit the
2DES. A part of them is absorbed by the 2DES and
heats the 2DES up from base temperature Ty to a non-
equilibrium temperature T;. The 2DES is sourced with
a constant current lp and the transient current is ampli-
fied and sampled in an ultra-fast digital phosphor oscil-
loscope (DPO). When the 2DES is heated up, the two-
point resistance at v = 1/2 slightly drops (typically only
~ 1% !) which increases the measured current. Using the

CP772, Physics of Semiconductors: 27" International Conference on the Physics of Semiconductors,
edited by José Menéndez and Chris G. Van de Walle
© 2005 American Institute of Physics 0-7354-0257-4/05/$22.50

503



500 fo/ "7 ]
L 150 1ot i

< _/\\-«\.., e
E4OOM
T _/\\N e
S 300/_/\4\’: 9100' 2 2 b
H /\vu S
g = g,
<
g 20 5 -

S L J
a 100 E '.h-
ol @ L0
0608101214 00 02 04 06
t(us) T, K

FIGURE 2. Phonon signal dataat v =1/2. (a) Phonon signal
in mK versus time for same heater temperature ( Ty = 1.9 K,
pulse length T = 10 ns) and different base temperatures Ty =
75...500 mK. (b) Change in the temperature dT from Ty to
the peakvalue T; extracted from the left figure versus To =
(T1 —To)/2. The bars are the values from Ty to T; and represent
the worst case error.

measured temperature dependence equilibrium magneto-
transport data as a calibration curve this current change
is translated to a change of the 2DES temperature. To
measure this small changes in the current, the experi-
ment is repeated up to 1.5 million times at intervals of
about 0.5 ms which allows the sample to cool after every
phonon heating. For a detailed description of the phonon
absorption technique see [8].

Fig. 2(a) shows the phonon signal data at v = 1/2.
Here, the base temperature Ty is varied stepwise from
75 mK to 500 mK and the 2DES temperature is measured
during absorption of ballistic phonons from a standard
phonon pulse with length T = 10 ns, created by applying
a fixed amplitude of 0.6 V on the heater which corre-
sponds to a heater temperature of Ty = 1.9 K. The data
clearly reveals that the change in temperature dT due to
absorption of ballistic phonons decreases with increased
base temperature Ty. This is emphasized in Fig. 2(b):
The temperature change, dT, from the base tempera-
ture, To, to the maximum of the sample’s response to the
phonon absorption, Ty, extracted from the left figure ver-
sus the mean temperature, Te = (Ty — To)/2, is shown.
The monotonic decrease of dT is directly related to a
monotonic increase of the 2DES specific heatat v =1/2.

We can now determine the relative specific heat
C(Te)/ro = (Ryt)/dT of the 2DES at v = 1/2 from
our experiment, where 0 < ro < 1 an unknown phonon
absorption coefficient and Py is the total power of the
heater. In Fig. 3 we present the relative specific heat C/ry
measured by our phonon absorption experiment.

The prediction of Halperin, Lee and Read in Ref. 7 for
the temperature dependence of the specific heat at filling
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FIGURE 3. Relative specific heat C/ry at filling factor v =
1/2 measured in a phonon absorption experiment. The line is
a fit with the theoretical excepted linear behavior through the
origin [7]. Every data point is the result of 1.5 million averages.
The error of the data points is given by their distribution.

factorv=1/2is

Clv=1/2) = EmeekT )

Our experimental data (Fig. 3) nicely confirm the pre-
dicted linear temperature dependence.

In conclusion, we have succeeded in measuring the
temperature dependence of the specificheatCat v =1/2
in a phonon absorption experiment. It shows the linear
temperature dependence predicted by Halperin, Lee and
Read.
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