
Superconducting Circuits for Observational Astrophysics

Single SQUID Frequency Domain Multiplexer for 
Superconducting Bolometer Arrays

Development of superconducting sensors and circuitry for the
next generation of telescopes

Jongsoo Yoon

• Introduction to superconductivity and superconducting bolometers

• How do we read a superconducting bolometer ?

• How does a SQUID work ?

• SQUID Multiplexer Design



Superconductivity arises from electron pairing (Coo per pair)

e-

+ ++

+ ++

+ ++

+ ++

+ ++

+ ++

+

+

+

+ ++

+ ++

+ ++

e-

e- e- e-

e-

e- e-

e-

e-e- e-

e-e-

e-

e-

e-e- e-

e-e-

e-

e-

e-

e-e-

e-

e-

e-e-+ ++

+ ++

+ ++

+ ++

+ ++

+ ++

+ ++

+ ++

+

+

+

+

+ ++

+ ++

+ ++

+ ++

e-

e-

e-
e-

e-

e-

e- e- e-

e-
e-

e-

e-

e-

e- e-

e- e-

e-e- e-e-

e-

e-

e-

e-

e-

e-e-

e-

e-

e-

e-

e-

e-e-

e-

e-

e-

e-

electron pair
(Cooper pair)



In the Cooper pair state,

• (paired) electrons behave as a boson,

• Bose-Einstein condensation at low enough temperature.

To break Cooper pairs, certain amount of energy is required.
(Superconducting energy gap)

Electron pairs can be broken by

1. Thermal energy

2. Magnetic energy

3. Kinetic energy

Tc (critical temperature)

Bc (critical magnetic field)

Ic (critical current)



Microwave radiation detector
(UC Berkeley)

Microwave radiation sensors in astrophysics

WMAP satellite
(Wilkinson Microwave 

Anisotropy Probe)
WMAP  Delta II Rocket

Launch 
(June 30, 2001)T

R



Hubble Space Telescope
(visible light)

Looking at the Birth of Our Universe 
with microwave probe

WMAP (microwave)

James Webb Space Telescope
(infrared), Launch Date: 2011

Images are made by NASA/HST, WMAP Teams



• How do we read a superconducting bolometer ? 

How do we measure resistance ?  R = V / I

Current bias , measure the voltage

RbiasRbolo

Rbias >> Rbolo

Positive self-feedback (Q = I2R)
slow response
limited dynamic range

T

R

We need a highly sensitive current sensor with mini mal resistance.

Voltage bias , measure the current

RbiasRbolo

Rshunt

Rbias >> Rbolo >> Rshunt

Negative self-feedback (Q = V2/R)
fast response
wide dynamic range



SQUID is a null detector, sensitive to magnetic flu x.

How does a SQUID work ?

Ibias ���������������� ����

With an input coil, SQUID is a current sensor.

The idea of multiplexing:

Vout

The problem!

10000 sensors 10000 SQUIDs 80000 wires Thermal Short!
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SQUID is a null detector, sensitive to magnetic flu x.

How does a SQUID work ?

With an input coil, SQUID is a current sensor.

The idea of multiplexing:

Vout





0.1

1

10

cu
rr

en
t (

nA
/H

z1/
2 )

I  = 6.3x10-11A/Hz1/2

0.01

0.1

1

10

0.1

1

10

(a)

(b)

cu
rr

en
t (

nA
/H

z1/
2 )

0.01
0 5 10

 
frequency (kHz) 

IJohnson = 6.3x10-11A/Hz1/2

Is=20nA rms
f2=2.78kHz
f1=1.97kHz

f3=3.52kHz
f4=4.31kHz
f5=5.06kHz
f6=6.45kHz
f7=7.68kHz
f8=9.66kHz

Bias Amp. Mod. (2%)
1.6 Hz
2.9 Hz
3.7 Hz
5.7 Hz
8.6 Hz

13.0 Hz
19.0 Hz
No Mod.
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Is=20nA rms
f2=2.78kHz
f1=1.97kHz

f3=3.52kHz
f4=4.31kHz
f5=5.06kHz
f6=6.45kHz
f7=7.68kHz
f8=9.66kHz

Bias Amp. Mod. (2%)
1.6 Hz
2.9 Hz
3.7 Hz
5.7 Hz
8.6 Hz  (a)

13.0 Hz
19.0 Hz
No Mod. (b)



The Future
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10000 sensors

100 SQUIDs

800 wires
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