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KRISS
Content

SQUID system engineering in KRISS

SQUIDs for ARIADNE, pEDM and Axion
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KRISS

High sensitivity sensor - SQUID

SQUID (Superconducting Quantum Interference Device)

Flux-to-Voltage converter SQUID
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KRISS

High sensitivity sensor - SQUID

SQUID (Superconducting Quantum Interference Device)

Flux-to-Voltage converter SQUID
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KRISS

High sensitivity sensor - SQUID

SQUID (Superconducting Quantum Interference Device)

Flux-to-Voltage converter SQUID

» 10>

Magnetic flux

0o, >
V

Voltage output

Magnetic field °

Magnetic moment -

Flux-Voltage curve

Voltage dV/dd

Current
RF power

Displacement

Pirsa: 17080035 Page 6/105



s
S Applications of SQUID

Magnetotellurics/internal ocean

Electric dipole "\ waves/seismo-magnetism/rock
moments/neutron//  Particle \ / 1nrwagnensm
proton \ Physics | l,‘ Geophysics
Ammeter/ /[ N > 4 A\ - Paleomagnetism
Voltmeter/ [ Electrical Archaeology

RF amplifier \ Measurements'

/ '\
/ .

> E | NDE
y Biomagnetism \ Eddy current detection/ ‘,
" MCG/MEG ) SQU ID \_ SSM/ Corrosion measuremenr
[ Submarine \.\‘I M Gravity rs Mineral surveying/
Submarine  Measurements _ Wi emen; gravitational wave
L . /" detection
communication/ ,
submarine detection (,  Nuclear S

Measurements App!.-catronSf
Susceptometry/A-D converters/

Low-field NMR/ ™ low temp. thermometry/

MRI
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KRISS
Performance of SQUID system

Physical
Sensitivity (Field noise, noise temperature, etc.)

Bandwidth
Slew rate
Dynamic range

Engineering
Reliability of operation
Yield of fabrication

Cost of fabrication and operation
Compactness (Space for installation)
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KRISS
SQUID system: Component and noise sources

Electronics/
Preamplifier

Magnetic
shielding

External N jjjjj: SQuUID | ADC |
noise " i Dewar = == x: — z
Sample DC power

SQUID system noise: SQUID intrinsic noise + Electronics noise
Thermal noise of dewar (superinsulation & thermal shield)

Thermal noise of metals in shielding structure (mumetal & aluminum)
Residual environmental noise, RF interference, Digitization noise

Pirsa: 17080035 Page 9/105



KRISS

DC-SQUID
Basic structure Modulation of critical current
|l.-® curve
A%
Ic!max
5 Wv
Ic,rr‘lin I~
0 1 2 3
D(D/Dy)
Screening parameter of the SQUID 1

A]c: ]CJ max IC, min™ 2]0

1+,

B p— ZII)L;;L] — "‘“1
L ®,

Optimum: ;=1
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KRISS
Flux modulation of DC-SQUID

Current-Voltage curve Voltage-Flux curve
R,/2
E oV
& \% 5
=
&)
Lias | ... (nt+1/4)D, AV
L max =/ Nt 1/2)d,
]L'_ min E E I I
| ! 0 1 2
’ : Flux (®/d,)
AV Voltage
8V _ 2B, R, _ R,

§&  1+B L, L,
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KRISS

SQUID readout: Flux-locked loop (FLL)

Negative feedback Flux-locked loop
«— Bias current
® i AV A Integrat
Voltage FB Pickup Input mp ntegrator
AV coil coil Mep
06, | J
VIc:tck |
()8 ()1 Vlock
Flux ‘
leg

In FLL mode, the flux in the SQUID is kept constant (locked).
=< Output voltage= Igg X Reg, lpg= Pre/Meg
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KRISS
Preamplifier noise contribution

In direct readout mode

Current bias

SQUID Rg4 Voltage output

Low Temp.
i Ry @Tay

Preamp.

Noise of SQUID system: ®?; ;... T ©?

‘preamp

Preamplifier noise contribution: ® =V ot/ (0V/0D)

preamp

Vo= {Va2+ LARAR,)?+ 4k TR, + 4k T, R, }°5 =~ 0.5 nV/VHz
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KRISS
SQUID type and preamplifier input noise

Standard DC SQUID

Flux-voltage curve

Voltage  [dV/d®],,.c = 100 pV/D,

Iz 30 uVv

1 2
Flux (©/d,)

dVv/dd: 100 pV/d,
If, preamplifier noise: 0.5 nV/\VHz
2 5 ndy/VHz

Low transfer coefficient :
= Complex readout electronics
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KRISS

SQUID type and preamplifier input noise

Standard DC SQUID

Flux-voltage curve

Voltage  [dV/d®],,.c = 100 pV/D,

Iz30uv

1 2
Flux (®/d,)

dVv/dd: 100 pV/d,
If, preamplifier noise: 0.5 nV/\VHz
2 5 ndy/VHz

Low transfer coefficient :
= Complex readout electronics

DROS

(Double relaxation oscillation SQUID)

Flux-voltage curve

Voltage  [dV/d®],,. ¥ 1 MV/D,

{z100uv

A A

1 2
Flux (®/dy)

High flux-to-voltage transfer

= Compact readout electronics
Large modulation amplitude

= Stable against offset drift
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KRISS
DROS: Circuit diagram

Heater +|b
Rp
,'\ H‘\ #,'-
- Input coil M . fjji
( Lp " ) { l, f>-;
. x D) .
A T - <
e U X “Rq &
~—_ P Y \( Mf "-\“__ __,_r - < \C Lsh
Lf —) V
Ic2
Feedback coil ) 1

Typical flux-voltage curve
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KRISS
2-stage SQUID

Detector SQUID Amplifier SQUID

O IOy
=

Use a second SQUID as the amplifier of the first (detector) SQUID
-> Noise contribution of room-temperature electronics is negligible
Low system noise: < 1 pdy/VHz
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KRIZS

Control electronics

Others

- Installation space

- Fabrication cost

- Electricity consumption

- Reliability (maintenance) issue
- Power-line (Ground) noise
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KRISS
Pickup coils for field detection

Pickup coil .- Voltage
~1uV
Magnetometer Planar gradiometer Axial gradiometer
B, dB,/dz
I ad—
s sl e i
T . |
y /Lr'!:llllil'IHl]llng'lilma‘. Q —>
g -
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KRISS .
Planar gradiometer

Pickup coil DROS

«—A

+)
D,

\m \uu\m\\u\'\
9 10

/-nfq}m}m:;fm/nu,nu‘rmwnrn|[nu]|||||u|]mh|nn\nn\nn\mmm
mmil "2 "3l 4] 5| el 1 '8

n 12l

+ Higher balancing using photolithography
— Stress-free mounting of wafer on the substrate needed
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KRISS
Axial gradiometer

SQUID - | cofao
\ |

Superconducting
wire

Gradiometric <

mm |
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KRISs
Conventional gradiometer bobbin

Superconductive bonding

Input coil pad
/ /soum
NbTi wire Nb blocklscrew

- Bulky

- Increased stray inductance

- Superconductive shielding (= Field distortion)

- Long distance between SQUID and pickup coil
(More frequent liquid-He refill)
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KRISS
Conventional gradiometer bobbin

Superconductive bonding

ﬁ@\i"”f} - ‘;;?au.n
e
L?u—(

/ \
Vil Nb block/
NbTi wire OCKISCT®W  Superconducting shield

- Bulky

- Increased stray inductance ¢ r‘o" ti

- Superconductive shielding (= Field distortion)

- Long distance between SQUID and pickup coil
(More frequent liquid-He refill)
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KRISS . .
T Axial gradiometers

w

Conventional-2 KRIS

— SQUID chip

| —Nb bonding

_ o
\
- Nb block Cb

" Stray pickup area :

3mmx5mm=15mm?
- Imbalance = 2.4 %

CD - Insufficient noise reduction © o

Stray pickup area:
0.3mmx 2 mm = 0.6 mm?
- Imbalance = 0.1 %

© Diameter 20 mm
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KRISS .
Standard insert and dewar

Gradiometer

x f’;’“f’f‘&,
o

E.

<l
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