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Abstract
Fermilab has built a system of electronics for controlling superconducting sensors. A 10,000 pixel array deployed at Palomar uses this system. We are using it to characterize µMUX chips in order to demonstrate performance for CMB-S4.
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fMESSI on DARKNESS Camera at Palomar
The fMESSI system is used on the 10,000 pixel DARKNESS camera. This image is from its 2017
commissioning run.

Introduction
Frequency Multiplexed Electronics for Superconducting Sensor Instruments (fMESSI) is a scalable system. It has two hardware blocks: DAC/ADC and IF/RF. Tone generation/reception is via
DAC/ADC with sample rates of 2 G samples/second, controlled with an FPGA. IF/RF up- and downconverts between baseband to GHz frequencies.
fMESSI boards designed and built at Fermilab are in use at telescopes. The Mazin group at UCSB
operates the DARKNESS camera with 10,000 Microwave Kinetic Inductance Detectors (MKIDs)
pixels. It was commissioned at Palomar in 2017.[1]
At Fermilab we are using fMESSI electronics to run µMUX chips provided by NIST. We use software from the Mazin group to communicate with the ROACH2 board integrated in our system. For
optical/NIR MKIDs detectors a pixel reacts to each photon. The software records arrival time and
energy for each photon. For CMB work we are interested in mean power distributions per pixel. We
are adding functionality to the base software to operate and characterize µMUX chips [2, 3] provided
by NIST.

fMESSI Board

Figure 3: Median 1-second J-band image of 10 Uma, a spectroscopic binary with separation of 0.42” at the time of
observation, Vprim = 3.96, and ∆V ∼ 2. The large frame shows the system with the coronagraph FPM installed, and inset
shows FPM removed to reveal the primary.

The development work invested in DARKNESS has simultaneously supported the MKID Exoplanet
Camera (MEC), a 20 kilopixel MKID IFS for SCExAO on Subaru in 2017, and PICTURE-C, a
balloon-borne high-contrast platform that will fly a DARKNESS clone in 2019. Additionally, thanks
to its portable design, DARKNESS is slated to join MagAO-X in 2019 as the first high-contrast instrument with MKID IFS backend in the Southern Hemisphere.

fMESSI and µMUX

Figure 4: µMux in dewar
Figure 1: fMESSI has two main components. The (smaller) IF/RF board mixes generated tones up from baseband to RF
and down from RF to baseband. The (larger) ADC/DAC board uses DACs to generate tones, ADCs to digitize received
tones, and FPGA to channelize data.

IF/RF board functions
• Low-pass filter and upconvert the DAC generated excitations from baseband to RF. We use singlesideband modulation, so there are independent I and Q channels converted to an analytic RF signal.
• Apply variable set to match detector. Send analog frequency comb to detector.
• Receive frequency comb modified by the detector. Amplify and apply variable attenuations to
match mixer and amplifier dynamic ranges.
• Apply low pass filters and send analog signal to ADC.
• Control LO frequency from 4 to 8 GHz. This is used in special runs to locate and characterize
detector resonances.
Figure 5: Phase noise for a number of resonators read bythe fMESSI system at Fermilab. The noise contribution from
fMESSI is . -143 dBc/Hz. “Good” channels have an average noise of -95 dBc/Hz. ch3 is a “bad” resonator, and ch11
has low Q, so we expect lower noise.

ADC/DAC board functions
• Generate a digital time domain signal: a frequency comb with each tone at a resonance frequency
and relative power tuned for each sensor channel.
• Convert the digital frequency comb to analog (16 bits VPP = 0.5 Volt).
• Convert the analog signal returned from the detector (12 bits VPP = 0.5 Volt).
• Channelize the acquired data into a continuous stream of information for each pixel.
• The large Virtex7 XC7VX330 FPGA allows for flexible signal processing algorithms, digital filtering and frequency tracking.
• Measure signal powers (for CMB applications) or single photons (for Optical/NIR applications) on
each pixel.

Conclusions and Future Work
µMUX is an attractive way to read out the large number of pixels for CMB-S4. fMESSI warm electronics has been operated on-sky for Optical/NIR MKIDs applications and will continue that use.
The system architecture requires minor modifications (simplifications, actually) for use in CMB detectors. We are making the software and firmware changes to build a system convenient for CMB
astronomers. We continue to characterize µMUX chips with the goal to know “unknown unknowns.”
DC bias cannot be optimized for individual pixels. Our goal is to demonstrate whether constraints on
fabrication tolerance can be met.

• Transmit data stream.
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