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January 27, 2014 (HP67).  Nuclear Magnetic Resonance Spectrometers (NMRS) are 
among the most powerful tools for quantitative and qualitative analysis of structures 
and compositions mostly of organic but also inorganic substances.  Such 
spectrometers are widely used in many fields including physics, chemistry, biology 
and bio-molecular research, medicine, and others.  

A superconducting magnet producing a highly uniform magnetic field distribution 
over a spherical or cylindrical volume of interest is the key component of a NMRS 
system.  Its nominally uniform magnetic field is degraded by several orders of 
magnitude due to inevitable manufacturing errors, metallic material shrinkage as well 
as the surrounding ferromagnetic materials. This magnetic field within the interesting 
volume can be decomposed by a set of orthogonal harmonics.  Consequently, 
shimming technique is employed to eliminate the zonal and tesseral harmonics to 
improve the magnetic field homogeneity. 

400 MHz NMRS systems are in great demand on the market. Traditionally, 
NMRS magnets are cooled by periodically replenished liquid helium (LHe) to operate, 
which increases the operation cost greatly. The use of a two stage GM refrigerator to 
re-condense LHe in the cryostat decreases the consumption of liquid helium, but the 
vibration from the cold head adversely affects the spectrometer. 

At IEECAS we have successfully developed a 400 MHz NMRS cooled by a pulse 
tube (PT) refrigerator [1], and used the graded current density technique optimized by 
a global optimization algorithm (for basics see. e.g., [2]). A set of superconducting 
and room temperature shimming coils are employed to correct the field errors, 
including Z1, Z2, X/Y, ZX/ZY and X2-Y2/XY terms for the superconducting shim 
coils, and Z0, Z1, Z2, Z3, Z4, Z5, Z6, X/Y, ZX/ZY, X2-Y2/XY, Z2X/Z2Y, Z 
(X2-Y2)/ZXY and Z3X/Z3Y terms for the room temperature shim coils. We tested the 
NMRS superconducting magnet at operating temperature.  The results show that the 
actual peak-to-peak inhomogeneity over 10mm×10mm cylindrical volume reaches the 
order of 10-4.  The final peak-to-peak inhomogeneity is improved to better than 10-8 
by the combination of the superconducting and room temperature shim coils. 

The pulse tube (PT) refrigerator technology induces much less vibration 
compared to the standard GM coolers. The superconducting magnet for the 400 MHz 
NMRS system is equipped with a Cryomech model PT415, 1.0W @ 4.2K pulse tube 
refrigerator [3] with separate valve and three damping legs produced by Fabreeka Ltd 
[4]. The cryostat of the 400 MHz NMRS system reaches zero volatile which decreases 
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the overall costs sharply, and the structure of the magnet simplifies the maintenance of 
the operating system. Table 1 shows the technical specifications of our 400 MHz 
NMRS magnet system. Figure 1 shows a cryogenic shimming experiment on-site, 
while Figure 2 shows the spectrogram of Gd-doped D2O (0.3mg GdCl3, 1% H2O and 
99% D2O). All results to date show that the superconducting magnet for the 400 MHz 
NMRS with PT refrigerator is reliable and meets the operating requirements.  This is 
a pre-announcement of our yet unpublished results. 

TABLE 1. Specifications of IEECAS 400MHz NMRS magnet system.  

Magnetic field strength 9.4 T (400 MHz) 
Room temperature bore size 54 mm 

Vacuum in the vacuum vessel ~10-6 Pa 
Magnetic field homogeneity Better than 10-8 

Magnetic field stability 0.0126 ppm/h 
Mechanical vibration amplitude of the PT 

refrigerator 
lower than 0.02 μm 

 

  
Fig. 1. Cryogenic test experiment: magnetic field shimming. 

 

 
Fig. 2. Spectrogram of Gd- doped D2O. 
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