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The electron phase coherence length is used as a thermometer to measure the temperature of a 2DEG. We
find that the electron temperature differs from the mixing chamber temperature of the refrigerator by as much as
100 mK at base temperature. We also measure the thermal resistance between the electron gas and the mixing
chamber and find a resistance comparable to that predicted by the Wiedemann-Franz Iaw for the electron gas
alone. Our results indicate an extraneous power level of about 4 pW in our experimental configuration.

1. INTRODUCTION

For experiments designed to measure low
lemperature lransport properties of an clectron gas,
the ultimate measure of performance of a dilution
refrigerator system is the temperature reached by the
electrons under typical conditions. This temperature
will differ from the mixing chamber temperature,
Tme- because of power P dissipated in the sample,
which must flow through some thermal resistance to
reach the source of cooling power. By analogy with
Ohm's law, for small temperature differences we
have
(Te—Tme)=PRyp ey
where T is the effective tcmperature of the electron
gas as inferred from measurement and Ry, is the
thermal resistance of the path [or the heat flow. (For
large differences in temperature see below.)

The power P may come from the current used to
measure the electrical resistance, or from extraneous
sources such as clectrical noise and thermal radiation
from surfaces surrounding the sample. In this paper
we present measurements of Tg and Ry for a
GaAs/AlGaAs 2D electron gas. Our results indicate
that Ry is dominated by the clectron gas itself,
which is an important consideration in designing a
system to achieve the minimum electron
temperature.

2. RESULTS

Our 2DEG sample has a simple rectangular
shape, 2 mm long and 100 pm wide, with current
probes at either end and voltage leads along each
side. The resistance per square at 4.2 K is 300 Q

with an electron density of about 1.6 x 1015 m-2,
The sample is mounted in vacuum on the end of a

Cu and epoxy rod which extends from the mixing
chamber into the magnet. Each sample lead has a pi
filter where it enters the cryostat and is capacitively
coupled to ¢lectrical ground at the mixing chamber.

The low field magnetoresistance of the sample
displays 2D weak localization. This can be fit to a
well-established theory [1] to find the electron phase
coherence length Lq,. A temperature dependence ol
L o< Te/2 is expected to hold down to millikelvin
temperatures. Our results for Le at mixing chamber
temperatures from 300 to 40 mK are shown in Fig. |
The straight line is a fit 1o Lgy o Tpnc /2 for the five
points with Tme > 150 mK. Below 130 mK, L is
nearly independent of mixing chamber temperature.
This indicates the clectron gas did not reach
temperatures below 130 mK. The current was kept
small enough to avoid self-heating.
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Fig. 1: Phase coherence length vs mixing chamber
temperature (See text for inset).
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Heat conduction from the electron gas (o the mixing
chamber will occur predominantly through the
ohmic contacts of the sample and the leads
connected to them, since the electron-phonon
coupling is very weak below 1 K. The thermal path
consists of the Au wire bonds, the header pins and
sockets, the Cu icads, the wrapping of the leads at
various heat sinks at or near Tpy,¢. and the thermal
rcsistance of the clectron gas itself. When estimatcs
of these contributions are made using standard
expressions and values from literature [2], the
electron gas 1s seen to be the dominant thermal
resistance in the problem. The Wiedemann-Franz
law for Te = Time = T (in S.I. units) gives
ol
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where R is the electrical resistance. Using R for

one square, we can define a thermal sheet resistance
1010 A

- = 3
Pih T T 3

Wec model the thermal path between the 2DEG
and the mixing chamber as a single lead of width W
and length L as (scc inset of Fig.1 }. The heat flow
equation using (3) is
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Considering the non-uniform temperature in our
sample and the average distance heat must travel to
rcach the chmic contacts, we estimate about two
squares ol resistancc lor he gcometry of our sample
(L = 2W). Integrating (4) along the lcad gives
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To determine if the 2DEG limits Te we must
measure the constant A for our sample. We do this
by applying a known amount of extra power AP to
the sample using the measuring current. 'We use the
magnetoresistance to find L and infer the new Te
assuming Te o< L(p'z. From (5) we have
A—E(Tef —Tei) ©)
where Ter and Tej are the initial and final electron
temperatures, Using (6) we obtain the results shown
in Table 1. These show that A is roughly of the
magnitude expected if the electron gas dominates the
thermal path.

Table 1: Thermal resistance results.

I AP Tef Tej Alfrom (6))
MmA) W) (mK) mK)  (KZW)
<10 — 130 —
4.6 13 140 130 0.52x 10%
226 32 200 130 1.8 x 109
51,1 16 280 130 096x 107

3. DISCUSSION

According to (3), the constant A should be about
1019, which is about an order of magnitude iarger
than obscrved. However, this difference may not be
so significant since the temperature profile along the
sample is rot uniform and the magnetoresistance is
an average over the sample which reflects an
effective temperature. With proper modeling of the
temperature profile and the resulting
magnetoresistance, better agreement is likely (o be
found, although the presence of some other thermal
path cannot be ruled out at this stage.

From (5) and using A=10%, we estimate the
extraneous power heating the electron gas to 130
mkK, with the mixing chamber at 40 mK, to be about
4 pW. We also estimate an upper bound for the
black body radiation from the walls of the vacuum
can surrounding the refrigerator (T=4.2 K) to be 3.5
pW. Hence an obvious next step is to build around
the sample a second enclosure which has T = T
and produces negligible blackbody radiation. Such
an enclosure may also provide better shielding of
clectrical noisc. Shorter contacts would also be
desirable to minimize the intringic thermal resistance

of the 2DEG.
Research was supported by NSF DMR 9112752
and equipment purchased under DMR 6112451,

REFERENCES

1. S. Hikami, A. I. Larkin, and Y. Nagaoka, Prog.
Theor. Phys. 63 (1980) 707.

2. 0O.V. Lounasmaa, Experimental Principles and
Methods Below 1K (Academic Press. San Diego,
1988) and G.E. Childs ct al., Thermal Conductivity
of Solids at Room Temperature and Below (NBS
Monograph 131, 1973).



