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1 Introduction

This should provide a brief, practical hands-on introduction to microwave techniques required for
lab testing of Kinetic Inductance Detectors. All the lab work will take place in LL127. Feel free to
leave the door propped open.

Warnings:

• Don’t tighten SMA connectors with anything except an SMA torque wrench.

• Don’t set any microwave equipment to powers above 0 dBm without talking to an instructor
first.

• Every SMA-like connector you find in LL127 should be compatible with every other SMA-like
connector in this room. But, do not mix and match our connectors with hardware in other
rooms without talking to an instructor. Not all SMA-like connectors are the same.

2 Resources

• VNA principles, and introduction to microwave techniques
http://literature.cdn.keysight.com/litweb/pdf/5965-7707E.pdf

• Zmuidzinas 2012. A terse but thorough KID revew.
http://www.annualreviews.org/doi/abs/10.1146/annurev-conmatphys-020911-125022

• Berry 2014. A recent MKID thesis with a nice background review.
http://orca.cf.ac.uk/71562/1/2014BarryPPhD.pdf

• Gao 2008. An older MKID thesis with detailed fitting discussion. (And lots of interesting
TLS physics.) http://thesis.library.caltech.edu/2530/1/thesismain_0610.pdf
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3 Resonances, bifurcation power.

1. Connect the VNA to the bluefors fridge as instructed.

2. To get started, set the with a frequency range from 500 MHz to 800 MHz, an output power
of 0 dBm, a step size of 10kHz, and 1601 points. Feel free to change these throughout the
lab; this is just a starting point.

3. Starting with an input attenuation of 30dB, find a well-isolated and typical looking resonance.
(Starting around 900 MHz and moving upward will speed things up.) Take a VNA sweep
around the resonance with a smaller range and smaller step size.

4. Estimate the value of Qr of the resonance by eye. Qualitatively, how do Qi and Qc compare
for this resonator? Ask someone about the different Qs if you don’t know what they are -
also refer to the S21 function in this document.

5. Slowly raise the output power of the VNA until you see evidence a frequency shift and
distorted S21 sweep due to bifurcation. Switch to a polar (IQ) plot and look for a discontinuity
in the IQ sweep. Record this power level.

4 Finding Qs

1. With the help of the instructor, set up the labview software to record a VNA sweep of the
resonator you chose above, spanning a couple of linewidths. Save the data to a fits file. Also
record a similar file that spans a range of at least 10 linewidths.

2. In the analysis section, transfer the data to a machine running python or data anlysis software
of your choice. Plot |S21| vs. frequency and I vs. Q and confirm that it shows what you’d
expect.

3. Time to analyze this data

(a) Baseline removal: excise the region near the resonator (and any other resonators) from
the data. Fit |S21| over the remaining region with a low-order polynomial to obtain
a (real-valued) baseline function Bpfq. Divide your I and Q data by Bpfq to obtain
normalized and gain corrected data.

(b) (optional - if this is causing severe problems, just skip it) Fit the resonator transfer
function to the measured device. I suggest fitting |S21| to the absolute value of the
following, but you’re welcome to choose your own version. (If you want to try a complex
fit to the amplitude and phase of S21, feel free. You’ll need to add an Expr´2πpfτq`θ0s

term multiplying the form of S21 given below to account for phase, where τ is a cable
delay time and θ0 is a phase offset.)

S21pxq “ 1 ´
Qr

Qcep´jϕq

` 1

1 ` 2jQix

˘

x ”
f ´ f0
f0

Q´1
r “ Q´1

i ` Q´1
c
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(c) Obtain f0 for the resonator, either by doing the optional fit above, or by just finding the
frequency of the minimum point of each resonance.

5 Optical response

1. Switch to the optical channel on the cryostat if it’s not already hooked up.

2. Locate a resonance using the VNA.

3. While looking at the resonance on the VNA, remove and replace the flat metal plate in front
of the dewar. Wave your hand in front of the window. How would you explain the two time
constants visible when moving the metal plate?

4. Record the change in resonant frequency f0 due to optical loading.

5. These devices are designed for an optical band that is 50 GHz wide and centered at 220 GHz.
If you neglect any losses and assume a single-polarization, single-moded antenna is looking
into a beam filling load at 77 and 300K, what responsivity in Hz/Watt do you estimate for
these devices? HINT: Optical power is the integral of the Planck function (note just assume
you looked at a 77K and 300K blackbody) over the band, divided by two, times λ2 for this
ideal scenario. So find that power for each temperature, see how much the power changed,
and divide that by how far the frequency moved.

6 f0 vs. T

This should be done at the end of the session, since it takes a while for the stage to cool back down
to base temperature.

1. Record the minimum of one resonator on the VNA (which is a pretty good approximation to
f0) and the depth of the resonance.

2. Raise the temperature of the stage in a few increments from base temperature (100 mK) to
around 200 mK. Record f0 and the dip depth at each temperature. Do these behave as you’d
expect?

3. Fit your data to the f0 vs. T M-B function to determine a value for Tc. The function will be
provided to you by a lab instructor. Does this match your expectation for the KID material?
HINT: you expect the KID material (Al) to have a Tc of 1.4K.
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