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We have fabricated and characterized the principal thermal properties of a mechanically suspended
nanostructure, consisting of a micron-scale suspended GaAs island, upon which we have defined
superconductor-insulator-normal metal tunnel junctions. The tunnel junctions allow for sensitive
thermometry and heating of the electrons in a thermally isolated normal metal element, permitting
the determination of the low-temperature thermal conductance of the legs that support the GaAs
island, as well as the low-temperature electron-phonon coupling. This device forms the basis of a
nanoscale bolometric detector, whose optical performance can be estimated from these
measurements. @002 American Institute of Physic§DOI: 10.1063/1.1491300

It has recently become possible to fabricate fully sus-with a timed wet etch in 7% hydrofluoric acid, undercutting
pended, three-dimensional integrated devices that can kbe island and six legs. The tunnel junction circuit was de-
used for sensitive measurements of energy and thermal tranfired on the surface of the suspended structure, using a sec-
port in nanostructures. Recent experiments have measuremd step of electron-beam lithography to create a stencil
the low temperature thermal conductance of submicromask for angled shadow evaporation. These included a pair
single crystal GaAs wirejn the range of 1-10 K, as well of SIN tunnel junctions connected back-to-back in a SINIS
as the quantum of thermal conductance of a suspended polpair configuration, and a separate SINIS pair with two ohmic
crystalline silicon nitride membrarfein the range of 0.1-10 superconductor-normal met@N) contacts to the center nor-

K. A challenging problem is temperature measurement of thenal metal element. The tunnel junctions were made by first
suspended device. Tigte al® relied on the temperature de- evaporating 100 A of Al, perpendicular to the sample sur-
pendence of the zero-bias resistance ofndndoped GaAs face, and oxidizing in 200 mTorr of Ofor 3 min, forming
resistor, while Schwalet al? used a dc superconducting the superconducting-insulating connections for the SIN junc-
guantum interference device to monitor the Johnson-tions;the oxidation time determines the normal state junction
Nyquist noise in a normal metal film. An alternate approachresistanceRy). A second evaporation of 100 A of Al, at 45°

is to employ a superconductor-insulator-normal mé&N)  to the sample surface, formed the superconducting connec-
tunnel junction as an electron thermometer. These have begions for the SN contacts. A final evaporation-a45° of 600
used for measuring the thermal conductivity of large-scaléd of Cu completed the tunnel junctions. Or{superconduct-
suspended silicon nitride membrarfeas well as for elec- ing) Al was deposited on the support legs, minimizing the
tronic refrigeratiorf.~® SIN tunnel junctions have also been thermal conductancésee Fig. 1 The tunnel junctions can
used as sensitive probes of the electron energy distribution in
mesoscopic metallic systerhddere we demonstrate the in-
tegration of SIN tunnel junctions with a nanoscale suspended
single-crystal GaAs structure, allowing us to measure the
electron-phonon coupling in a normal metal film on the sus-
pended structure, as well as measure the phonon thermal
conductance through the supporting legs. Our device can be
applied to infrared bolometry.

The device was fabricated from a GaAs/AlGaAs hetero-
structure consisting of a 200 nm GaAs top layer and a 400
nm Al /Ga, ;As sacrificial layer, on a bulk GaAs substrate.
The lateral dimensions of the mechanical structure were de-
fined using electron-beam lithography to pattern an etch

SN

mask, used for a timed anisotropic reactive ion etch of the Cu(N) [
GaAs heterostructure. We used SiCllowing at 10 sccm at Al () [
a pressure of 3 mTorr, with a rf power of 100 W, to etch to a SIN Alox () H

GaAs O

depth of 400 nm. The structure is shown in Fig. 1; the six
supporting legs are 0:20.2x3 um?® and the central GaAs
island is 0.X5%x6 um®. The AlGaAs layer was removed FIG. 1. Micrograph of suspended structure, wituh scale bar. Top left:

Log spiral antenna for coupling radiation to the device. Bottom: Schematic
of device, indicating the GaAs suspended island, the six supporting legs, the
3Electronic mail: cleland@iquest.ucsb.edu SIN tunnel junctions and the ohmic SN contacts.

junctions
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FIG. 2. Normalized zero-bias conductar@eof one SNIS tunnel junction, ( )
as a function ofT ;. Conductance is in units of the normal state resstanceFIG. 3. Electron temperatufB, measured as a function of powerdissi-

FB{%'S?;:(:J% "(V‘Zfameas“md by a calibrated thermometer. Solid line is & . 1" the normal metal, measuredraf, = 0.025, 0.24, 0.3, 0.4, and 0.5

K (indicated by the interceptThe 0.025 K data intercepf,, at 0.15 K;
solid lines are fits to the data. Inset is a diagram of the measurement setup.

be used as SINIS junction pairs, or, using the SN contacts, as
single SNIS junctions. similar values forn and 3. Calculations of the acoustic
Electrical contacts to the device were made with Au wiremismatch® between the Cu T, and the GaAs Tigand
bonds. The device was mounted in a stainless steel can thgshonon gases predic > Tisang» Which results in a re-
mally anchored to the mixing chamber of a dilution refrig- duced fit valuen. However, the applicability of acoustic mis-
erator, with a base temperature of 25 mK. All electrical con-match theory is debatable, as the phonon modes in the Cu
nections to the sample were extensively filtered at roonfiim are effectively two-dimensional below 1 ¥.Note that
temperature, at thl K pot, and at the mixing chamber with we will identify the island phonon temperatuiigy,,q With
 filters, three pole RC filters and stainless steel powder . .
filters. The thermal conductance of the support legs was mea-
We calibrated the SINIS junction pairs as electron thersured by dc biasing one of the SINIS pairs, and measuring
mometers by measuring the zero-bias conducta®e the corresponding rise iMiganq USing an electrically isolated
=d1/dV(V4=0) as a function of the mixing chamber tem- SNIS junction. The heating power deposited in the normal
peratureT ;. Figure 2 shows the measured normalized con-Cu section C;) of the first SINIS pair(see inset of Fig.
ductanceR\G of one of the SNIS pairs, witlRy=20 k).  heats the island phonon gas, and is then transmitted through
The other SINIS pair was very similar, witRy=130K2.  the legs to the bulk substrate. The power dissipate® is
Also shown is a one-parameter fit to Bardeen—Cooper—|(V—2A/e), using the measured currentind voltageV
Schrieffer(BCS) theory? giving a transition temperature of across the heater SINIS pair, assuming quasiparticle relax-
T.=1.3K, that of bulk aluminum. Measurements below 0.2ation to the gap £ =180 xeV) as the dominant heating pro-
K deviate from the BCS theory, possibly due to multiple cess, with negligible subsequent recombinatfgang iS
Andreev reflections in the normal section of the SINIS Pair, inferred from the electron temperature of the normal Cu sec-
or an indication of sufficient spurious radiation that the election (C,) of the SNIS thermometer, using the previously
trons do not cool to below 150 mK, due to the small volumedetermined electron-phonon coupling. The measured thermal
of Cu (2=6x0.3x0.06um® of Cu). Bulk electron-phonon  conductance is shown in Fig. 4, fdi,=25 and 50 mK.

coupling theory indicates that for this volume, an ambientThe solid line is a fit to the data of the forf= a(Tflsland
power of 10 W is sufficient to heat the electrons T,

=150 mK, for an island phonon temperaturgn+= T mix
=25 mK.1° We note that the measurement-induced heating 05
of the electron gas is negligible, as measurements were done :
with an applied power of only=10"1" W. ~ 04
We measured the electron-phonon coupling by passing a % 0.3
dc current through the two SN contacts, heating the normal
metal, and monitoring the electron temperatligeusing one
of the SNIS junctions, as shown in the inset of Fig. 3. The
SIN junction, located 5wm from the dc injection point, is ac
biased to allow a lock-in measurement of the zero-bias con- 0.1
ductance extractind, from the fit in Fig. 2. Negligible
measurement power was dissipated. Figure 3 shiyas a
function of powerP, for different mixing chamber tempera-
turesTix. The solid lines are fits of the forrR =3 Q(Tg,

—Thiand, With n=4.84 and3=2X 10° W/mB K48 for FIG. 4. Island temperaturBga..qas a function of poweP dissipated in the

o : : : island phonon gas, measured Bt;,=25 mK (circles and 50 mK (tri-
Tinix=25 mK’tgl_lzm agreement . Wlth_ previous angles. Solid line is a fit to the data, yielding a phonon mean free path
measurements, bulk theory predictsn=5 and X =7.7um. The long dash line is fo\ =1 um, for comparison. The quan-

~0.2-2x10° W/m3K®>. Measurements at othdr,,, yield  tum of thermal conductance for six legs is indicated by the short dash line.
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_Tﬁﬂx) with «=3.3x10"1° W/K*. This corresponds to a Proaches to reading out the device, using a single-electron
mean free path\ =7.7 um,® indicating that the phonons transistor as a first-stage amplifier.

undergo primarily speculafrather than diffusereflections
within the legst Also plotted (short dashesis the quantum
of thermal conductanéé’ for six legs, 6x4XG,
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