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Superconducting qbits
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• One of the most 

promising technologies 

for quantum computing
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MKID: superconductor detectors for optical-NIR cosmology

• Pixelated RF resonator array.

– 2,000 pixels multiplexed in frequency coupled to RF feed/readout-line.
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2,000 pixel sensor
pixel layout

Equivalent 
electronic 
circuit.
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10 K MKID pixel array
(B. Mazin, UCSB)



UVOIR MKIDs
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DAQs for Dark energy and the evolution of the universe
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• Superconducting detectors

• Frequency multiplexed.

• RF electronics.

• Almost the same warm 

electronics.

• Challenges:

– High number of channels per 

RF feed to minimize thermal 

load and detector wiring.

– Low noise in a multi GHz RF 

environment with noise 

sources coming from digital 

electronics.

– Cost: ~1 dollar/channel.

– High input and output 

bandwidth.

A/D, 
channelizing, 
digital filtering, 

DAC: signal 
generator for 
thousands of 
channels

1pps, and 10 MHz reference.  
Rubidium clock, frequency synthesizer

Computer

MKID HEMT
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Fermilab DAQ: this is the most advanced electronics today

10 K pixels crate
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ROACH2

Fermilab
electronics

Gustavo Cancelo | Scalable 10 to 20 Kilo-pixel MKID Signal Generation and DAQ for Cosmology

RF out

IF in

RF in

IF out

LO

To MKID

from MKID

Up conversion, 
amplification, 
attenuation and 
filtering

Down conversion, 
amplification, 
attenuation and 
filtering

To MKID

from MKID

To/from ROACH2

MKIDs for optical require a detector 
with a  BW of  ~250 KHz.
CMB ~100Hz. (More channels per 
ADC and more resolution).



XILINX Zynq UltraScale+ RFSoCs

• 1 FPGA = ADC/DAC and computing of 10 x fMESSI boards!!
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• Where we are?

– 1000 to 4000 resonators/boars.

– $5000/set of boards (ADC/DAC RF/IF).

• Where we want to be

– 10K to 50K resonators/board.

– Factor of 4 reduction in cost per set of boards.

– Major reduction in cost of a system.
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