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Main Constituents of an NMR Magnet

Cryostat

• Outer Vacuum
Vessel (OVC)

• Radiation 
Shields

• Helium Tank

Superconducting
Magnet

• Main Magnet 
• Field
• Homogeneity
• Drift

• Active Shielding

• Cryoshims

• Accessories
(Switches, Sweep
Coils, etc)
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NMR Magnets Consist of Solenoids

Thick Solenoid
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Polynomial Expansion of On-Axis Field 
Profile

2nd Order Total Field

4th Order
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Homogenization

No Gaps
2nd order magnet
Field drops quadratically

Inner and Outer Gap
2nd and 4th order can be 
cancelled

Outer Gap
2nd order can be 
cancelled
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A Complete Superconducting NMR 
Magnet
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Operation in Persistent Mode
for Optimum Stability

All sections are connected in 
series:

Conductor
Packages

Coil Formers
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Properties of NbTi and Nb3Sn
at 4 K

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
101

102

103

104

j c
[A

/m
m

²]

jc [A/mm2]

B (T)

NbTi

(NbTaTi)3Sn



10

Optimizing Current Density
Nb3Sn and NbTi Sections

Nb3Sn Sections

NbTi Sections

B
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Critical Field 
for NbTi
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NMR & MRI
Magnet Development Goals

• Field Strength

• Homogeneity / Drift

• Compactness

• Easy Siting (Ceiling Height, 
Stray Field)

• System Availability (He / LN 
Refill Intervall)

• Cost of Ownership (Helium 
Consumption!)
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Magnet Cryogenics:
Helium Consumption

System Field Strength He Consumption

Ascend 400 9.4 T < 13 ml/h

Ascend 500 11.7 T < 13 ml/h

Ascend 600 14.1 T < 16 ml/h

Ascend 700 16.4 T < 26 ml/h

Ascend 800 18.8 T < 50 ml/h

Ascend 850 20.0 T < 140 ml/h

900 US2 21.1 T < 250 ml/h

950 US2 22.3 T < 250 ml/h
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Examples
World’s First 1 GHz NMR Spectrometer

• Full high resolution NMR compatibility

• Persistent 23.5 T magnet

• Excellent stability – Drift < 2 Hz/hr

• UltraStabilized™ sub-cooling 
technology

• Standard bore size of 54 mm

• Enables unique 1 GHz NMR 
applications
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Horizontal Bore Magnets
for MRI Applications

17.2 T MRI15.2 T MRI
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Examples
21 T FT-ICR

March 2014: Loading the 21T magnet for cold 
transport onto a special truck outside Bruker UHF-
magnet R&D and production site in Karlsruhe, 
Germany.

• 21 T / 11 cm bore

• Actively refrigerated (LN2 free, 
integrated He reliquefaction)
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Active Refrigeration
Customer Benefits

• Field Strength

• Homogeneity / Drift

• Compactness

• Easy Siting (Stray Field!)

• System Availability (He / 
LN Refill Intervall)

• Cost of Ownership 
(Helium Consumption!)
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Active Refrigeration
Customer Benefits

**Lvovsky, Supercond. Sci. 
Technology 26 (2013)
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Active Refrigeration
Typical System Configuration
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Active Refrigeration
Main Features

Cryocooler

Cooled thermal 
shield, 1st stage

He liquefaction
2nd stage

Liquid He

Room temperature, OVC

80K

4.2K
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Active Refrigeration
Customer Installation

Ascend Aeon 700 SB
installed at University of Puerto Rico, September 2014
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Active Refrigeration
Retrofittable Cooling Solutions
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BNL Customer Installation

Bruker Nitrogen Liquefier

King Saud University Riyadh
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Cryogen Free Magnets

• Cool down time ~ 68 hours

• Energizing time < 80 minutes

• Maximal field 9.9T

• Drift < 0.01 ppm/hour
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Properties of Superconductors
at 4 K
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The Benefit of Reducing the 
Temperature – Field Shift at 2 K
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The Benefit of Reducing the 
Temperature Further - Stabilization

Below a certain 
critical heat flux, 
superfluid 
helium has 
infinitely high
thermal 
conductivity; the 
thermalization of 
the winding 
package is very 
efficient. The temperature of saturated helium can be 

reduced by lowering the vapour pressure.

Source: Pobell, Matter and Methods at Low Temperature
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Helium Cryostats @ T < 4.2 K
Reduction of Vapor Pressure

Source: Pobell, Matter and Methods at Low Temperature
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Helium Cryostats @ T < 4.2 K
Pumped Bath vs. „1 K Pot“
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Ultra-Stabilization Technology
Convenient and Efficient Operation @ 2K

Thermal Barrier

Joule-Thompson
Cooling Unit

Superconducting
Magnet Coil
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Zero-Boil-Off Cryostats
Recondensation vs. Reliquefaction

Cryocooler

Cooled thermal 
shield, 1st stage

Helium 
Recondensation
2nd stage

Liquid 
Helium

OVC

80K

4.2K

PTC

J-
T

2K

4.2
K

Helium gas from 
J-T Refrigerator
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Active Refrigeration for 
High Field Magnets
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Signal-to-Noise Enhancement with
Cryogenically Cooled Probes
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Cryoprobe Technology

He gas 

at <20K

Vacuum

Cooling Block

Preamp 
at~70K

Sample at 300K

VT Gas
Block Diagram of CryoProbes

25K
Filling Factor

Coil Design

• CryoProbe coil temperature is ~ 25K

• Preamp temperature is ~ 70K

• Present coils are cold metal type. HTS 
would also be suitable for use in 
CryoProbes to reduce Power Losses Pcoil

• S/N Enhancement Factor 4-6

• Experimental Time: 16 – 36 times shorter



37

Sensitivity Enhancement 
with the Cryoprobe

Non localized in vivo mouse head 13C spectra acquired with the
13C MRI CryoProbe (red) and a room temperature coil (blue)
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Cryoprobe Prodigy
Cooled with Liquid Nitrogen

The CryoProbe Prodigy is the newest 
member of the Bruker CryoProbe family. 
RF coil and preamplifiers are cooled using 
liquid N2. 

CryoProbe Prodigy features

• 100 liter LN2 storage vessel. Liquid 
nitrogen consumption comparable to 
that of a standard Bruker 400/500 
MHz magnet.

• Low maintenance costs with long (2 
years) maintenance Interval.

• Easy siting with no additional 
infrastructure.
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