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Final Report 2014

During the past year, we have successfully ordered, received and installed an Oxford Instru-
ments Integra AC recondensing cryostat for use with one of our existing dilution refrigerators.
This cryostat has now been in operation since May of 2014, and has already both saved us sig-
nificantly in He costs, and increased our research productivity by allowing us to run two dilution
refrigerators in parallel.

We find that with the new Integra cryostat the daily liquid He use for our Kelvinox 100 dilution
refrigerator has now dropped to only about 3 liters per day when the refrigerator is running. When
not running, we find that the cryostat can be kept cold with negligible He consumption. This
improved efficiency will likely more than triple the number of days per year that we can afford to
keep this cryostat cold and in data collection mode.

As an example of the kind of research this purchase has enabled, we show in Fig. 1 characteri-
zation data for a SLUG amplifier needed to achieve the ultimate noise performance of our cavity-
embedded Cooper-pair transistor (cCPT) electrometer. This SLUG, provided by the McDermott
group at the University of Wisconsin, Madison, has a center frequency of roughly 5.6–5.7 GHz
and has been shown to provide in excess of 20 dB of gain. This SLUG is currently being used to
characterize cCPT samples and optimize their operation versus both gate charge and flux bias.
The McDermott group has agreed to provide us with other SLUGs for both our other dilution
refrigerator, and (if needed) to improve matching between the SLUG and microwave resonator
frequencies.
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Figure 1: (a) SLUG voltage V versus flux bias current for a series of different junction bias currents. (b) Approximate
gain of the SLUG versus frequency when inactive (blue) and when biased to produce near-optimal gain (red). A
large gain in excess of 20dB is clearly visible near 5.7GHz, close to the resonant frequency of our microwave cavities.

Furthermore, acquisition of the cryostat has helped indirectly in other research, by allowing
us to run two dilution refrigerators in parallel. As an example, we show in Fig. 2 the reflection
coefficient S11 of a superconducting microwave cavity fabricated on a Si/SiGe substrate versus
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frequency for a series of temperatures T ranging from 80 mK to close to the critical temperature
of the Al film used to make the cavity. These data were taken in a second dilution refrigerator
roughly concurrently with the SLUG characterization measurements above.

As can be seen in Fig. 2 , there is a clear resonance at a frequency of 9.56 GHz in a microwave
signal reflected off the cavity at T = 80 mK. As the temperature is increased, the center fre-
quency of the resonance decreases monotonically, while the resonance itself first deepens, then
becomes both shallower and broader for temperatures approaching 1.5 K. The disappearance of
the resonance for temperatures above the critical temperature of our Al films clearly identifies
the resonance as being associated with the superconducting microwave cavity. Related measure-
ments of the resonance versus applied in-plane magnetic field show that the resonance disappears
for fields greater than 0.07 T, further confirming our identification of the resonance. Analysis of
the depth and width of the resonance allow us to determine that the external Q of the cavity is
roughly 900, while the intrinsic Q is as large as 5,000 at the lowest temperatures measured. The
low external Q and high resonant frequency of the cavity both suggest that the dielectric constant
of the Si/SiGe substrate is significantly below the anticipated value.
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Figure 2: Cavity reflection coefficient S11 versus frequency for a series of temperatures ranging from T = 80 mK to
1.5 K.

As the above two examples show, acquisition of the Integra AC cryostat has already had a
major impact on all our DOD-funded research projects. We anticipate that the cryostat will
continue to enhance our research efforts for some time to come.
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