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Resonator and MUX

• Multiplexing with resonators 
implemented on a wafer

 6J Low Temp Phys (2008) 151: 524–529
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Thermal flow ∝ (# of wires)

How can we reduce wiring?

~O(105) detector 
on a single line



Resonator
• Input power (~ O(100 GHz)) changes 

inductance of a resonator
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• Change in the inductance causes shift 
of the resonance frequency

MKID TES (rf-SQUID)

Antenna is directly 
coupled to a resonator

Resonator is coupled to 
rf-SQUID (then to TES)



Readout
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Multiplexing
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Just placing resonators with 
different length (= resonance frequency)

-> Frequency



Multiplexed readout

• Multiplexed readout
• Calculates and outputs sum of waves
• Decomposes the sum and measures how the 

waves are changed
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Sum Decompose



Up/down 
conversion
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• MKID (or rf-SQUID) usually 
has 4 — 8 GHz resonance 
frequencies 

• Ordinary DAC or ADC cannot 
deal with RF frequency 
directly 
=> Mixing



Ex) GroundBIRD
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ADC 
DACFPGA Mixer

Combination of

• Commercially available FPGA boad

• Own-made analog board “RHEA”



Activities
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Wide band / low cost
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RHEA New board

ADC ADS4249 AD9680

bit 14 14

sample 250 MSPS 1000 MSPS

Vpp 2 ~1.7

DAC DAC3283 AD9144

bit 16 16

sample 800 MSPS 2500 MSPS

Vpp 1 ~1

New board has

• 4 times wider bandwidth

• Comparable price with RHEA

= more resonators can be read in a single line 



 16

Output/input test

FPGA firmware under development



RF electronics
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• Mixer
• Mixes intermediate frequency (IF) signal from DAC and 

RF from a synthesizer to yield (RF + IF) 

• Extracts IF from RF + IF returned from a focal-plane 
detector



IQ mixer
• Input: 

• IF: cos ωIFt , sin ωIFt
• LO: cos ωLOt
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(90° hybrid)

Up-converted
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LO IF

LO + IF



IQ imbalance

 20

What if this differs from 90 deg?

Sideband leakage



Sideband leakage
• Spectrum analyzer
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True signal

LO leakage

Sideband



Leakage suppression
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Sideband leakage can be removed by adjusting phase between I, Q



Long-term monitoring
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• Sideband grows with time
• Possible reason:

• Temperature dependence

～30 Hours
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Temperature dependence
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Difference from 90°

Temperature
It is important to 

monitor and control 
the temperature



DirectRF
• If ADCs  and DACs can deal with RF directly, mixing 

is not needed
• Recently, a lot of manufacturer start to supply high-

speed ADC & DAC (toward 5G)
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AD9172 evaluation

6GHz wave directly 
from the board



Next step
• Complete wide-band/low-cost board development

• This will replace the current system using ‘RHEA’
• Firmware will be distributed under GPLv2  

• IQ imbalance
• Active control of the temperature of the DAQ 

system
• Further study to obtain long-term stability 

• Direct RF
• Check feasibility with evaluation boards
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