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Principle of microwave SQUID multiplexingMetallic magnetic calorimeters

Multiplexer design “ECHo_LEMUX” Scaling up for large detector arrays
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Impedance matching for optimal detector readout:

Lin = Ldet/2 + Lpar
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Before fine-tuning process After fine-tuning process

 •   Fine-tuning of resonance frequencies fr allows for a resonance frequency spacing ∆fr = 10 MHz

Mmod,1 = 66 µA/Φ0

No parallel inductance:
strong coupling Mmod,1

Midsize parallel inductance:
medium coupling  Mmod,2

Small parallel inductance:
weak coupling  Mmod,3

Mmod,3 = 101 µA/Φ0Mmod,2 = 82 µA/Φ0

 

 •   Removing of parallel inductances during fine-tuning of resonance frequencies

(1) (2)

(4) (5)

Niobium PhotoresistSubstrate

Common 
mod. coil

Very good agreement with multiplexer model + extracted parameters close to design values
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Post-processing: Identification of multiplexer channels

Mmod,1 Mmod,2 Mmod,3

•   Channel identification via parallel inductances which lead to reduced couplings Mmod,i  

First array based on 400 bare lumped element resonators 

Single channel readout not suited for large detector arrays      Microwave SQUID Multiplexing
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Post-processing: Fine-tuning of resonance frequencies

Imod

Mmod,1 = 66 µA/Φ0 Mmod,3 = 106 µA/Φ0Mmod,2 = 87 µA/Φ0
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Lumped element resonators made of niobium

•   Bandwidth ∆f = 1 MHz to resolve signal rise time τ0
 

•   Intrinsic quality factor Qi > 1.000.000 
 

  Power consumption Pdiss < 10 pW/channel
 

  Bandwidth ∆f adjustable by coupling capacitor CC

Non-hysteretic, unshunted rf-SQUIDs

  Simple schematic      Real rf-SQUID design

•   Parallel gradiometer consisting of four single washers
 

  Suppression of background field changes
 

  Small rf-SQUID inductance LS = 45 pH 
 

•   Input coil inductance Lin = 1.5 nH matched to detector 

•   Small parasitic coupling between different SQUID coils

Multiplexer characterization
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Very fast signal rise time
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Very good energy resolution
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Excellent linearity

Large readout bandwidth Linear signal readoutLow readout noise

βL = 0.39, ∆fmax = 725 kHz

 LS
 LW  LW  LW  LW

 •   Next step: Fabrication of large array multiplexer with fine-tuned resonance frequencies

T = 4.2 K

Detailed characterization of channel 5 (representative for all channels)

Parallel 
inductance

rel. deviation δ = 5.23 % rel. deviation δ = 0.02 %

Measure resonance frequency          Calculate new resonator parameters          Etching process

Problem: Deviation between measured fr and designed fr due to fab accuracy  Post-processing

δM =
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δE

Ctot
δΦ ∝ δM ∝ δEδT =
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