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Characterization of HEMT Amplifiers

Clinton Bockstiegel
Advisor: Jason Glenn

Microwave Kinetic Inductance Detectors (MKIDs) are a new kind of sub-millimeter detector to
be used as the main continuum light collection devices for the Caltech Submillimeter Observatory in
the near future. Fundamentally, a MKID is a resonator circuit. The detection method utilizes a probe
signal input to the resonator, and compares the phase shift and amplitude of the output to that of the
input. Because MKIDs are superconductors, they must be operated at a temperature of a few hundred
milli-Kelvin. However, most of the readout electronics can be kept at room temperature because of a
set of cryogenic amplifiers called High Electron Mobility Transistors (HEMTs). My work is to
characterize the properties of a set of HEMTs to determine ideal bias settings to maximize their gain
and to minimize their noise, and to make sure that they have sufficiently low noise temperatures for our
purposes at the CSO.

In order to make the needed measurements, it was necessary to construct a testbed for the
amplifiers. We had a small cryostat sitting around in the lab that was a perfect size for our purposes.
This cryostat is a vacuum chamber with a tank for liquid nitrogen (LN2) and a tank for liquid helium
(LHe). The amplifiers are mounted at the 4K (the temperature of liquid helium at 1atm) stage in the
cryostat. The cryostat has feed-throughs for the HEMT signal, the HEMT bias wiring, and thermometry
wiring. | assembled the wiring and the coax cables for all electronics inside the cryostat.

The first type of measurement that [ and the members of my group made was the gain of the
HEMTs. This was accomplished with a network analyzer, measuring a quantity called S21. S21 is the
voltage gain of the amplifier, measured over a range of frequencies specified by the user. The typical
frequency range we measured over was 1-10GHz. The network analyzer outputs a signal at a known

frequency from one port, and measures the received power at that same frequency in another port.

HEMTs are hailed as very wide-band amplifiers, and can go up to 15GHz. We measured a larger range




than we need as a check to see that the gain behaves the way we expect it to. The range the HEMTs will
eventually be operated in is 3-5GHz.

HEMTSs have two bias controls, the Gate (VG) and the Drain (VD). In order to measure the gain
over a wide range of the two settings, we produced a grid. A typical grid would range from about 0.5V
to 2.0V for both VG and VD. At each of these grid points, we would measure S21, and produce a
contour plot of the gain values.

We also produce a similar grid for the white noise of the HEMT. The white noise at each point
was measured with a spectrum analyzer, which measures the power vs. frequency. We expect the
amplifier to add white noise (Which has the same power at all frequencies), and 1/f noise at low
frequencies. The noise contribution typically increases as VD or VG increase. However, the gain is also
dependent on VD and VG, so in order to find the settings that are ideal for signal to noise it is
necessary to normalize the white noise by the gain at each point on the grid.

Once we determine the best bias setting for signal to noise, we then find the HEMT's equivalent
noise temperature at that setting. Basically, the noise temperature is a measure of the noise contribution,
and the reason we care about this “temperature” is because the amplifier will be operating at 4K. If the
equivalent noise temperature of the HEMT is significantly higher than 4K, then it is too noisy. A typical
value for a HEMT is 3-5K. We can accomplish these noise temperature measurements in two ways.

The first way to measure the noise temperature is to heat up an attenuator that is placed
immediately before the HEMT in the signal line. As the attenuator's temperature increases, the white
noise floor measured by the spectrum analyzer should also increase linearly with temperature. By
plotting the noise floor against the attenuator's physical temperature and examining the slope of the line
and its intercept, we can calculate the noise temperature of the HEMT. This method is convenient |

because the loss and gain terms of the system and the HEMT drop out in the calculation, so we do not

need to measure them precisely.




Timeline

January 2010-present construction of HEMT test bed/updates and modifications of testbed/write
measurement and analysis software

August-December 2010 data collection/analysis

January-March 2011 integration of HEMTs with MKIDs/write thesis

March 2011 defend
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