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WHAT IS MEG? MAGNETOENCEPHALOGRAPHY

• Magneto: Magnetic fields
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Image courtesy Elekta AB
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WHY MEG? A (BIASED) COMPARISON
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HOW MEG? SQUID BASICS

Superconducting QUantum Interference Device
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Images courtesy Elekta AB

THE STATE-OF-THE-ART IN MEG: LOW- Tc SQUIDS

• Full system ~3 M€
• Liquid Helium dewar, 

~50 k€/yr
• 102x3 low-Tc SQUIDs
• Sensor-scalp 

separation �������

• Elekta NeuroMag® Triux



Slide 11/462 June 2015 justin.schneiderman@neuro.gu.se

Kristina Stenborgs Stiftelse 
Chalmerska forskningsfonden

I. What is MEG and how is it useful?

II. MEG with high-Tc SQUIDs

III. Demands on cryogenics

CRYOGENICS FOR MULTICHANNEL

MEG SQUID SYSTEMS:
DEMANDS ON CRYOGENIC COOLING SYSTEMS FOR FULL-HEAD 

HIGH-TC SQUID-BASED MAGNETOENCEPHALOGRAPHY



Slide 12/462 June 2015 justin.schneiderman@neuro.gu.se

Kristina Stenborgs Stiftelse 
Chalmerska forskningsfonden

I. What is MEG and how is it useful?

II. MEG with high-Tc SQUIDs

III. Demands on cryogenics

CRYOGENICS FOR MULTICHANNEL

MEG SQUID SYSTEMS:
DEMANDS ON CRYOGENIC COOLING SYSTEMS FOR FULL-HEAD 

HIGH-TC SQUID-BASED MAGNETOENCEPHALOGRAPHY



Slide 13/462 June 2015 justin.schneiderman@neuro.gu.se

WHY HIGH-Tc SQUID-BASED MEG?

• Better(?): improved sensitivity to superficial 
(cortical) structures

• Cheaper: liquid nitrogen (78% of atmosphere) 
cooling rather than liquid helium (scarce and 
expensive)

• Simpler: relaxed cooling requirements reduces 
system complexity



Slide 14/462 June 2015 justin.schneiderman@neuro.gu.se

BIOMAGNETISM: WHY HIGH- Tc SQUIDS?
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BIOMAGNETISM: WHY HIGH- Tc SQUIDS?
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A note on insulation: Life happens at 300 K!

BIOMAGNETISM: WHY HIGH- Tc SQUIDS?
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A note on insulation: Life happens at 300 K!
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A note on insulation: Life happens at 300 K!
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SPONTANEOUS RHYTHM STUDIES: HOW TO?

• Recording from:
– O2 (visual area) � � -rhythm

– C4 (”hand” area) � µ-rhythm

�

µ
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SPONTANEOUS RHYTHM STUDIES: 2 CHANNELS!
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2-CHANNEL HIGH-Tc SQUID-BASED MEG RESULTS

� -rhythm

µ-rhythm
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COMPARING TECHNOLOGIES: THEORETICAL ARRAYS
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WHY HIGH-Tc SQUID-BASED MEG? SIGNAL-TO-NOISE
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WHY HIGH-Tc SQUID-BASED MEG? MORE INFORMATION
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BENCHMARKING STUDIES
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BENCHMARKING: AUDITORY EVOKED FIELDS
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FOCAL MEG: AN EU COLLABORATION?
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FOCAL MEG: AN EU COLLABORATION?
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FOCAL MEG: COOLING SYSTEM DEVELOPMENT
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U. TWENTE COOLER DEVELOPMENT

2000: HTS MCG Stirling-cooler cooled

0 510 05 Time [sec]Time [sec]
10

0 
pT

40
0 

pT

P
Q

R

S
T



Slide 35/462 June 2015 justin.schneiderman@neuro.gu.se

U. TWENTE COOLER DEVELOPMENT

2008: cryocooler-cooled LTS SQUID
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FOCAL MEG: COOLING SYSTEM DEVELOPMENT
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KRYOZ COOLER DEVELOPMENT
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HIGH-Tc SQUIDS + KRYOZ MICROCOOLERS
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HIGH-Tc SQUIDS + KRYOZ MICROCOOLERS
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MORE CONCRETE DEMANDS ON COOLING SYSTEMS
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