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Abstract: 

In low-field, lightweight, pole-pieceless permanent-magnet MRI systems built 

with sintered Nd-Fe-B or Sm-Co magnets, the rapid switching of gradient fields readily 

induces eddy currents in the sintered magnets, leading to image artifacts. To address 

this, we report for the first time a Sm-Fe-N permanent-magnet MRI system based on 

anisotropic Sm-Fe-N bonded magnets, whose high electrical resistivity reduces the 

eddy currents in the X,Y and Z directions to 0.93 ‰, 1.72 ‰ and 2.38 %, respectively, 

while a magnetic field inhomogeneity below 150 ppm is achieved at the boundary of a 

220 mm diameter of spherical volume (DSV). Compared with sintered Nd-Fe-B and 

Sm-Co magnets, using Sm-Fe-N bonded magnets as the source of the static magnetic 

field not only suppresses eddy currents but also makes a closely tiled, densely packed 
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magnetic-circuit layout feasible, providing a more uniform static magnetic field for the 

MRI system. Imaging results free of obvious geometric distortion and banding artifacts 

further indicate that the Sm-Fe-N magnet system delivers low eddy currents and high 

static magnetic field homogeneity. 

Key words: low-field MRI; Sm-Fe-N; bonded magnet; low eddy current; 

lightweight. 
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1. Introduction 

High-field MRI systems are widely preferred by patients because they are non-

invasive, highly safe, and offer excellent spatial resolution.[1,2] However, their high 

purchase price and substantial maintenance cost leave developing countries and 

underdeveloped regions with very limited per-capita access.[3] The shortage of MRI 

systems often forces patients to wait a long time before they can be examined. In 

addition, high-field MRI systems are relatively bulky (weighing over 10000 kg) and 

difficult to move. To ensure timely diagnosis and treatment, the development of low-

field, lightweight MRI systems has become particularly urgent.[3–12] 

At present, the static magnetic field of low-field lightweight MRI systems is 

provided mainly by the magnetic circuit composed of sintered Nd-Fe-B magnets, 

sintered Sm-Co magnets, or a hybrid of Nd-Fe-B magnets and Sm-Co magnets.[13–19] 

These two sintered magnets offer a high maximum energy product, which favors 

lightweight low-field MRI design, but their electrical resistivity is very low. The rapid 

switching of gradient fields therefore readily induces eddy currents in the sintered Nd-

Fe-B and Sm-Co magnets. To suppress these eddy currents, sintered Nd-Fe-B and Sm-

Co magnets are commonly arranged into a segmented, relatively dispersed ring-shaped 

magnetic circuit.[19,20] Such a segmented layout, however, severely degrades static-field 

homogeneity, and because the eddy currents in sintered magnets cannot be completely 

eliminated, the parasitic field they generate perturbs the timing, waveform, and spatial 

linearity of the gradient field. This is particularly detrimental to gradient-timing-

sensitive sequences, such as diffusion-weighted imaging (DWI) and echo-planar 

imaging (EPI).[3] 

To address the eddy-current-induced degradation of image quality and static-field 

homogeneity in current low-field, lightweight, pole-pieceless permanent-magnet MRI 

systems based on sintered Nd-Fe-B and Sm-Co magnets, we propose for the first time 

the use of anisotropic Sm-Fe-N bonded magnets, which offer a much higher electrical 

resistivity, as the source of the static magnetic field. Based on the magnetic and 

electrical properties of the anisotropic Sm-Fe-N injection-molded magnets, the 

magnetic field of the Sm-Fe-N magnet system was simulated using COMSOL 

Multiphysics, leading to a magnetic-circuit design in which a 0.067 T static field is 



produced by a Sm-Fe-N magnet system with a 650 mm pole-disk diameter and a 300 

mm pole-disk separation. Building on these calculations, the corresponding Sm-Fe-N 

magnet system was fabricated, and its static-field homogeneity, eddy-current behavior, 

and imaging performance were systematically evaluated. 

 

2. Experimental Section 

The Sm-Fe-N injection-molded magnets were supplied by Shenzhen High mag 

Technology Co., Ltd. The iron yokes, supports, and anti-eddy-current plates were 

supplied by Ningbo Chuanshanjia Electrical and Mechanical Co., Ltd. Considering 

both magnetic permeability and mechanical strength, A3 steel was selected for both the 

iron yoke and the supports; its saturation magnetic flux density was taken as 1.6 T in 

the simulations and calculations. COMSOL Multiphysics was used to simulate the static 

magnetic field of the magnet system. Based on the simulation results and the magnetic 

field orientation injection-molding process for the Sm-Fe-N magnets, the magnetic-

circuit layout and the detailed geometry of the Sm-Fe-N magnets and the iron yoke 

were determined. On this basis, the Sm-Fe-N permanent-magnet MRI assembly was 

fabricated together with matched gradient coils, radio frequency coils, and receive coils. 

Gx and Gy gradient coils were unshielded, but Gz gradient coil was shielded in the 

single layer. The homogeneity and stability of the static field were investigated with a 

nuclear magnetic resonance (NMR) magnetometer and a Gauss meter. Both the phase 

method and the echo method were used to evaluate the magnitude of eddy currents. The 

experimental conditions were identical for both methods: a gradient magnetic field of 

6 mT/m was applied for 1000 ms along each of the X, Y, and Z directions. In the phase 

method, starting 100 µs after the gradient field pulse ends, the linear term of the gradient 

field induced by the eddy current was measured along the direction of the applied 

gradient field. The magnitude of eddy current in each direction was calculated by 

dividing the measured linear term of the gradient eddy current field by the 

corresponding applied gradient field (6 mT/m). In the echo method, the time difference 

between the peak of the spin echo generated by a positive gradient pulse and the peak 

of the spin echo generated by a negative gradient pulse was measured to compare the 

eddy currents. The echo method was adopted to facilitate the comparison of eddy 

currents between the Sm-Fe-N magnet system and the hybrid (Sm-Co and Nd-Fe-B) 

magnet system, taking into account the differences in software and hardware between 

the two systems. In order to obtain the signal-to-noise Ratio (SNR), contrast-to-noise 

Ratio (CNR), spatial resolution, geometric distortion, image uniformity, and other 

parameters of the Sm-Fe-N magnet system, quantitative phantom validation on the 

magnet system were performed using American College of Radiology (ACR) MRI 

phantom (190 mm in diameter and 148 mm in height). The CNR was intended to be 

calculated using the standard formula: CNR = |S1-S2|/σ, where S1 and S2 are the mean 



signal intensities of the two regions of interest inside the ACR phantom or the phantom 

and the background, and σ is the standard deviation of the signal in a uniform 

background region. The ACR phantom was positioned according to the ACR 

instructions. As recommended by the ACR guidelines, a localizer scan of the ACR 

phantom was first performed using a spin echo (SE) sequence. Subsequently, the ACR 

phantom was scanned using a T1-weighted SE sequence, a T2-weighted SE sequence, 

the routinely used T1-weighted sequence of the equipment, and the routinely used T2-

weighted sequence of the equipment. Imaging experiments were performed on a 

spectrometer manufactured by Firstech. 

 

3. Results and Discussion 

The Sm-Fe-N bonded magnet used in this work was prepared by magnetic field 

orientation injection molding and the weight ratio of Sm-Fe-N magnetic powder in the 

magnet is 90 %. Figure 1 shows the X-ray diffraction pattern measured along the 

orientation direction together with the corresponding demagnetization curve. The (006) 

peak is the strongest in the XRD pattern, indicating pronounced anisotropy. Other peaks 

such as (321) are still visible in the oriented XRD pattern, indicating that the alignment 

of the Sm-Fe-N powder did not reach 100%. This is likely due to an insufficient 

orientation magnetic field, a relatively low molding temperature, or excessive friction 

between the magnetic powder and the mold during injection.  

From the demagnetization curve the magnet has a remanence of 0.68 T, a 

coercivity of 7300 Oe, and a maximum energy product of 10.6 MGOe. The temperature 

coefficient of remanence of the magnet was also measured and found to be −0.07 %/°C, 

better than the −0.11 %/°C typical of Nd-Fe-B.[21–23] This indicates that, as the source of 

the static magnetic field in MRI magnet systems, Sm-Fe-N magnets exhibit a superior 

ability to resist temperature drift compared to Nd-Fe-B magnets. 

The bulk resistance of injection-molded Sm-Fe-N magnets and sintered Nd-Fe-B 

magnets of identical geometry was compared. The Sm-Fe-N injection-molded magnet 

showed a bulk resistance of about 50 MΩ, whereas the sintered Nd-Fe-B magnet 

showed about 1 mΩ, i.e., the Sm-Fe-N magnet has a resistance roughly 10¹⁰ times 

higher than the sintered Nd-Fe-B magnet. This high resistance arises from the 10 wt% 

non-conductive PA12 binder used in the injection-molded magnet. 



 

 

Figure 1. (a) Oriented X-ray diffraction pattern and (b) demagnetization curve of the 

Sm-Fe-N bonded magnet. 

It is well established that, in MRI, the diameter of spherical volume (DSV) is 

closely related to imaging quality. To obtain a relatively large DSV with high internal 

magnetic field homogeneity while keeping the system weight reasonable, we designed 

and built a square-frame, low-field, lightweight Sm-Fe-N magnet system with a 650 

mm pole-disk diameter and a 300 mm pole-disk separation. The target DSV was 220 

mm at a field strength of 0.067 T. 

During magnetic-circuit design, the very high bulk resistance of the Sm-Fe-N 

injection-molded magnet, which approaches that of an insulator, implies that the rapid 

switching of gradient fields produces only a very small eddy current inside the magnet. 

The Sm-Fe-N injection-molded magnets could therefore be arranged in a closely tiled, 

densely packed pattern on both the upper and lower pole disks to maximize static-field 

homogeneity, as shown in Figure 2. 

 

Figure 2. Schematic of the closely tiled, densely packed magnetic-circuit layout of (a) 

the Sm-Fe-N magnets on the pole disks and of (b) the overall magnet system structure. 

1 is Magnetic-circuit layout in the central region of the pole disk; 2 is ring-shaped 

magnetic-circuit segment at the periphery; 3 is pole-disk support; 4 is iron yoke and 

(a) (b) 

(a) (b) 



supports. 

A3 steel was used for the yoke and supports connecting the upper and lower pole 

disks (Figure 2). It was selected for two reasons: its relatively high magnetic 

permeability concentrates the magnetic flux and increases the magnetic field strength, 

while its mechanical strength ensures the structural stability of the magnet system. To 

prevent eddy currents from forming in the A3-steel yoke and supports during gradient 

operation, anti-eddy-current plates were installed between the upper yoke and the upper 

pole disk and between the lower yoke and the lower pole disk. 

Building on this magnetic-circuit design, the static field of the Sm-Fe-N magnet 

system was simulated in COMSOL Multiphysics using the magnetic properties of the 

injection-molded magnets and the A3 steel together with the geometric dimensions of 

the magnet system. To produce a 0.067 T static magnetic field, the simulations indicated 

the following layout. Taking the geometric centers of the upper and lower pole disks as 

the origin, Sm-Fe-N magnets 30 mm thick fill a circular region 572.2 mm in diameter. 

At the periphery of each pole disk, the Sm-Fe-N magnets form a ring with a 650 mm 

outer diameter and a 572.2 mm inner diameter. Within this ring, the magnets are 67.5 

mm thick on the left and right sides next to the supports and 63 mm thick on the front 

and back sides away from the supports. The greater magnet thickness at the periphery 

relative to the central region, and at the support-side edges relative to the front- and 

back-side edges, was introduced to improve static-field homogeneity. 

Following the magnetic-circuit layout obtained from the simulations, and 

combined with the magnetic field-oriented injection-molding process for the Sm-Fe-N 

bonded magnets, three types of injection-molded magnets meeting the design 

specifications were produced; their dimensions are detailed in Figure S1 of the 

Supplementary Material. The thickness of the injection-molded magnets along the 

orientation direction was kept within 11 mm to ensure a high degree of alignment of 

the Sm-Fe-N powder during magnetic field-oriented injection molding under a fixed 

orientation field. These three magnet types were assembled into the magnetic circuit as 

designed; the assembly procedure is described in the Supplementary Material. The 

completed Sm-Fe-N magnet system is shown in Figure 3. The Sm-Fe-N injection-

molded magnets used in the system weigh approximately 143 kg, while the iron yokes, 

supports, anti-eddy-current plates and other accessories weigh approximately 400 kg, 

giving a total system mass of 543 kg. It is relatively light compared to traditional 

midfield and high-field permanent-magnet MRI magnet systems, which typically weigh 

several tons, so the MRI magnet system constructed with Sm-Fe-N injection magnets 

qualifies as a lightweight magnet system. 

 



 

Figure 3. Photograph of the assembled Sm-Fe-N MRI magnet system. X direction: 

anterior-posterior direction; Y direction: left-right direction; Z direction: vertical 

direction. 

The static magnetic field strength of the as-built Sm-Fe-N magnet system was 

measured first; within a spherical volume of 220 mm DSV the field is approximately 

0.067 T (Figure 4). On the spherical surface, the magnetic field strength gradually 

increases from Z₀ to Z₇ and likewise from Z₀ to −Z₇. For an ideally homogeneous MRI 

magnet system, the field-variation amplitude from Z₀ to +Z₇ should equal that from Z₀ 

to −Z₇, but in the as-built system the two are slightly different, with the change from Z₀ 

to −Z₇ larger than that from Z₀ to +Z₇. This asymmetry mainly reflects the limited 

consistency of the dimensions of the Sm-Fe-N magnets and of their placement during 

assembly. Further passive shimming is therefore required to reach the high 

homogeneity sought in this Sm-Fe-N MRI magnet system. 

   

 

(a) (b) 



Figure 4. (a) Magnetic-field distribution on the surface of a sphere 220 mm in 

diameter centered on the geometric center of the magnet system. (b) Diagram of the 

sampling positions: at each Zᵢ (i = −7, −6, …, 6, 7), the field was measured every 30° 

along the circle defined by the intersection of the corresponding horizontal plane with 

the sphere.[19] 

Passive shimming was then used to improve homogeneity. Small magnetic shims 

were placed at specific locations on the surface of the Sm-Fe-N magnets on both pole 

disks. By iteratively optimizing their positions and number, the field inhomogeneity 

within DSVs of 220 mm and 200 mm was reduced to 141.39 ppm and 92.62 ppm, 

respectively (Figure 5), which is superior to that of the hybrid magnet system composed 

of Sm-Co and Nd-Fe-B magnets.[19]  

 

 

(a) 

(b) 



 

Figure 5. Magnetic-field homogeneity over the surface of (a) 220 mm and (b) 200 mm 

DSVs sphere as a function of position after passive shimming of the Sm-Fe-N magnet 

system. 

The magnetic field stability of the Sm-Fe-N magnet system was assessed by 

characterizing the eddy currents induced when the gradient coils were active. The eddy 

currents in the X and Y directions were very small, at 0.93 ‰ and 1.72 ‰, respectively, 

while the eddy current along Z was 2.38 % according to the phase method. Compared 

with the lower eddy current along X and Y, the larger eddy current along Z stems from 

the low-resistance A3-steel yoke and support frame with a diameter of 65 cm, which lie 

along this direction in addition to the Sm-Fe-N magnets. Further increasing the 

resistivity of the yoke and supports, and applying double-layer self-shielding to the 

gradient coil in the Z direction would reduce the Z-direction eddy current still more; 

this work is in progress. 

The magnitude of eddy currents between the Sm-Fe-N magnet system and the 

hybrid magnet system were also compared based on the echo method under comparable 

conditions. The specific experimental results are presented in Table S1. As can be seen 

from Table S1, compared with the hybrid magnet system, the time difference between 

the peak of the spin echo generated by a positive gradient pulse and the peak of the spin 

echo generated by a negative gradient pulse in the X, Y, and Z directions for the Sm-

Fe-N magnet system were reduced from 360 µs, 640 µs and 4560 µs to 92 µs, 224 µs 

and 3536 µs, respectively. This indicates that the eddy currents of the Sm-Fe-N magnet 

system are smaller than those of the hybrid magnet system in all three directions, X, Y, 

and Z. Such small eddy currents mainly originate from the high resistivity of the Sm-

Fe-N bonded magnets. 

Short-term temporal stability of central magnetic field was also investigated. It 

was found that within 4 hours, under a temperature fluctuation ranging from 23.2 ℃ 

to 23.7 ℃, the maximum amplitude of the central magnetic field variation is 8.9×10-7 

T, and the relative variation rate of the central magnetic field is 13 ppm. 

These results confirm that, because of its high resistivity, the Sm-Fe-N bonded 

magnet effectively suppresses the eddy currents induced by rapid switching of gradient 

field. The reduction in eddy currents enables the closely tiled, densely packed magnetic-

circuit layout adopted here, which in turn improves both the homogeneity and the 

stability of the MRI magnet system. 



 

 

Figure. 6 Quantitative phantom validation on the Sm-Fe-N magnet system using 

ACR MRI phantom. (a) is the localizer image of the sagittal scan of the ACR MRI 

phantom using the spin echo (SE) sequence, while (b)-(l) are T1-weighted SE images 

from the axial scan. Due to the low SNR of images acquired with a single accumulation 

on a low-field MRI, we used images with four accumulations to measure parameters 

such as SNR, CNR, spatial resolution, geometric distortion, and image uniformity. 

SNR, CNR, spatial resolution, geometric distortion, and image uniformity of the 

Sm-Fe-N magnet system were measured using the ACR MRI phantom, and the specific 

results were shown in Figure 6. Through careful analysis and calculation of the axial 

T1-weighted SE images, we can conclude that the SNR, spatial resolution and image 

uniformity of the magnet system are 5.88, 1 mm, and 81.07%, respectively. Regarding 

geometric distortion, the ACR MRI phantom appears compressed in the horizontal 

direction, with geometric distortion less than -3.4%; in the vertical direction, it appears 

stretched, with geometric distortion less than 4.1%. It should be noted that Fig.6 (b) and 

Fig.6 (c) at the beginning of the water phantom scan, as well as Fig.6 (k) and Fig.6 (l) 

at the end, exhibit slightly greater distortion compared to the Fig.6 (d-j) in the middle. 

This is mainly because portions of the two ends of the water phantom (190 mm in 

diameter and 148 mm in height) extend beyond the DSV (200 mm diameter sphere) of 

(a) (b) (c) (d) 

(e) (f) (g) 
(h) 

(i) (j) (k) (l) 



the magnet system's central region, where the homogeneity is high (92.62 ppm). With 

respect to the CNR, it can be seen from Fig.6 (l) that no spoke is observed due to the 

low magnetic field, so the CNR inside the ACR phantom could not be reliably 

quantified under the present acquisition conditions. We calculated the CNR between 

the water phantom and the air (background). Fig.S2 presents a schematic diagram of 

measuring the CNR on a T1-weighted SE image. ROI1 is the water phantom region 

with an area of 21652.2 mm² and an average value of 1723.0. ROI2 is the background, 

where four squares were taken at the four corners of the image, with a total area of 

5508.4 mm², an average value of 300.8, and a standard deviation of 128.8. The CNR 

between the water phantom and the background is 11.0. It should be noted that the 

current ACR phantom is primarily used to evaluate the performance of 1.5 T and 3 T 

MRI systems, and using it to assess the performance of a low-field MRI system may be 

inappropriate. 

 

    
 

Figure 7. (a) 3D fast-field-echo (FFE) and (b) T2-turbo spin echo (TSE) head images 

acquired with the Sm-Fe-N MRI magnet system. 

Figure 7 shows a 3D fast-field-echo (FFE) head image and a T2-TSE head image 

of a healthy volunteer. FFE 3D was performed with the following parameters: FOV = 

270 mm × 270 mm; in-plane resolution = 1.21 mm × 2.11 mm; slice thickness = 8 mm; 

number of slices = 16 slices; matrix size = 224 × 128; repetition time (TR) = 44 ms; 

echo time (TE) =18 ms; echo train length = 1; total acquisition time = 4 min 36 s. T2-

TSE was performed with the following parameters: FOV = 270 mm × 270 mm;  in-

plane resolution = 1.41 mm × 1.75 mm; slice thickness = 8 mm; number of slices = 15 

(a) (b) 



slices; matrix size = 192 × 154; TR = 5300 ms; TE = 126 ms; echo train length = 11; 

total acquisition time =5 min 18 s.  

The 3D FFE image is essentially free of obvious geometric distortion, indicating 

good static-field homogeneity in the Sm-Fe-N magnet system; the T2-TSE image 

shows essentially no banding artifacts, suggesting that eddy currents are indeed small. 

The absence of obvious distortion or artifacts further confirms that the Sm-Fe-N magnet 

system delivers low eddy currents and high static-field homogeneity. 

 

4. Conclusion 

We have developed, for the first time, a low-field, lightweight, Sm-Fe-N MRI 

magnet system. Compared with sintered Nd-Fe-B and sintered Sm-Co hybrid MRI 

magnet systems, the Sm-Fe-N bonded-magnet system delivers markedly improved field 

homogeneity and substantially lower eddy currents: within a 220 mm DSV the field 

inhomogeneity is below 150 ppm, and the magnitude of eddy current is 0.93 ‰, 1.72 ‰ 

and 2.38 % along X, Y and Z, respectively. These improvements arise from the high 

resistivity of the Sm-Fe-N bonded magnet, which enables the closely tiled, densely 

packed magnetic-circuit layout adopted here. The final imaging results confirm that the 

Sm-Fe-N magnet system offers high field homogeneity and low eddy currents.  

It is noted that although low-field Sm-Fe-N MRI suffers from reduced SNR, 

spatial resolution, and acquisition speed, it can still enable patient-centric and site-

agnostic qualitative or semi-quantitative assessment of gross morphological changes. 

For example, it can be used for bedside screening and monitoring of intracranial 

hemorrhage, as well as head imaging screening in low- and middle-income regions and 

primary healthcare settings. 
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Supplementary Materials: magnet specifications, assembly 

procedure and comparison with Nd-Fe-B+ Sm-Co hybrid 

magnet system 

1. Magnet specifications 

    

 

Figure S1. Specifications and dimensions of the three injection-molded magnets. 

 

2. Assembly procedure 

Assembly procedure of the Sm-Fe-N magnet system as follows: Square magnets 

of 30 mm × 30 mm × 10 mm (Figure S1(a)) were stacked along the thickness direction 

(10 mm) into three layers, giving a total thickness of 30 mm, and then placed inside the 

pre-assembled iron-yoke support (Figure 2). The periphery of the tiled assembly was 

machined to form a circular disk with an outer diameter of 65 cm and a thickness of 30 

mm. Sector-shaped magnets 11 mm thick (Figure S1(b)) were stacked into three layers 

along the thickness direction to reach 33 mm and assembled into a ring with an outer 

diameter of 65 cm and a thickness of 33 mm. This 33 mm ring was placed on the 30 

mm circular disk, aligned by their outer diameters, so that the outermost rim of the 

assembled magnet block reached 63 mm in height. On the left and right edges of the 

(a) (b) 

(c) 



outermost rim of each pole disk, an additional 4.5 mm sector-shaped magnet (Figure 

S1(c)) was added on top of the 63 mm stack, bringing the left- and right-side thickness 

of each pole disk to 67.5 mm while keeping the front and back sides at 63 mm. The 

upper and lower pole disks share an identical magnet-stacking pattern and are kept in 

mirror symmetry during installation. The two assembled pole disks form the N and S 

poles, respectively. 

 

3. Comparison with Nd-Fe-B+ Sm-Co hybrid magnet system 

Table S1 Comparison of specifications, dimensions, and performance parameters 

between Nd-Fe-B+ Sm-Co hybrid magnet systems and Sm-Fe-N magnet systems. 

 

magnet 

system 

magneti

c field 

strength 

Magnet 

layout 

shimming 

strategy 

DS

V  

Homo-

geneity 

gradient 

design 

eddy currents

（ echo time 

difference 2） 

Geo-

metry 

Hybrid: 

Nd-Fe-

B and 

Sm-Co  

 

0.07 T  dispersed 

ring-

shaped 

layout 
1
 

Passive 

shimming 

200 

mm 

677.47 

ppm 

Gx and Gy 

gradient coils 

without 

shielding, Gz 

gradient coil 

with single-

layer shielding 

X: 360 µs 

Y: 640 µs 

Z: 4560 µs 

3
PDD:

580 

mm 

4
PDG: 

300m

m 

Sm-Fe-

N 

 

0.067 T densely 

packed 

layout 

Passive 

shimming 

200 

mm 

92.62 

ppm 

Gx and Gy 

gradient coils 

without 

shielding, Gz 

gradient coil 

with single-

layer shielding 

X: 92 µs 

Y: 224 µs 

Z: 3536 µs 

3
PDD:

650 

mm 

4
PDG: 

300m

m 

 

dispersed ring-shaped layout 1: a 5 mm gap is maintained between magnets of different rings, while 

a 3 mm gap is kept between magnets within the same ring for the hybrid magnet system for 

decreasing the eddy current.   

echo time difference 2:  The Sm-Co and Nd-Fe-B hybrid magnet system uses an MR solution 

spectrometer, while the Sm-Fe-N magnet system uses a Firstech spectrometer. Sm-Fe-N magnet 

system can obtain the eddy current gradient field generated after the application of a gradient pulse 

magnetic field, and thereby calculate the percentage of the eddy current field relative to the gradient 

pulse field, but the hybrid magnet system cannot obtain the eddy current gradient field due to 

differences in software and hardware. To facilitate the comparison of eddy currents between the two 



magnet systems, the echo method was used to assess the magnitude of the eddy currents. We 

measured the time difference between the time when the spin echo generated by applying a positive 

gradient pulse reaches its maximum and the time when the spin echo generated by applying a 

negative gradient pulse magnetic field reaches its maximum along the X, Y, and Z directions, 

respectively. Each direction was measured three times, and the average values were taken and filled 

into the Table.S1. The smaller the time difference, the smaller the eddy currents; conversely, the 

larger the time difference, the larger the eddy currents. As can be seen from Table S1, the time 

differences of the echoes generated by the Sm-Fe-N magnet system are smaller than those generated 

by the hybrid magnet system in all three directions, X, Y, and Z. Therefore, it can be concluded that 

the eddy currents of the Sm-Fe-N magnet system are smaller than those of the hybrid magnet system 

in all three directions, X, Y, and Z. 

3PDD: pole disk diameter; 4PDG: pole disk gap;  

4. Calculation of the CNR between the water phantom and the air (background) 

 

 

Fig.S2 Schematic diagram of measuring CNR on a T1-weighted SE images with four 

accumulations from the axial scan of Sm-Fe-N MRI system.  

 


