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Target Audience The target audience are those who have interests in MRI RF coil design using advanced materials. 
Introduction 
In MRI, there are two noise sources, one is the sample and the other is the quality of radio-frequency (RF) coils. Hence, the design of RF coils has been 
considered as a critical factor to affect the signal-to-noise ratio (SNR) and resulting image quality. To reduce the coil resistance for enhancing SNR, some 
previous studies have manufactured the RF coils with superconducting materials or cooled the RF coils using cyro-cooling technologies. However, these 
technologies are not generally applicable to most of the MR systems due to their complicated design and high cost. In the past few years, graphene has 
been widely developed and considered as evolutional nano-materials, which could potentially advance the scientific researches in physics, electronics, 
optics and biomedical applications due to its remarkable physical characteristics, such as low resistance (approximately 10-6 Ω cm) and high electron 
mobility (approximately 104 cm2/Vs) at room temperature. Although some advanced nano-materials, such as carbon nanotubes, have been implemented in 
RF coil design for MRI1-4, the use of graphene on RF coil design has not been well implemented and fully investigated. Therefore, in this study, we aimed to 
develop surface RF coils with graphene materials for 3T MRI and perform a quantitative comparison in SNR of graphene and copper RF coils. 
Materials and Methods 
The graphene was produced with the Chemical Vapour Deposition (CVD) approach, which is a way of depositing gas reactants onto a substrate. Firstly, the 
copper wire was made in a circular shape to manufacture the surface RF coils with different diameters. For each diameter, we made two identical coils, one 
for conventional copper coil and the other for coating the graphene. To coat with graphene, the copper coil were put in the heated reaction chamber and a 
reaction occurred that create a material film on the coil. As shown in figure 1A, both of copper and graphene RF coils were manufactured in three different 
diameters (3, 4 and 5 cm). The same design of capacitive tuning and matching circuit was soldered with the coils. All the coils were tuned to 127.8 MHz. As 
shown in figure 1B, the unloded and loaded (from left to right: unloaded, CuSO4 and water phantom) Q for each coil (5 cm) was measured through S11 on 
a network analyzer (E8358A, Agilent Technologies, USA). All MR experiments were performed on a 3T MRI system with a high-strength gradient insert 
(40/26 cm, 310 mT/m, Resonance Research Inc., MA, USA). The spin-echo (SE) sequence with three different TR/TE settings (500/15 ms, 2000/22 ms and 
3000/60 ms) was used to acquire the MR images of a cylindrical water phantom. The other sequence parameters were slice thickness of 2 mm, field-of-view 
of 8x8 cm2 and matrix size of 128x128. For conducting quantitative comparisons, SNR was computed on the images in the similar slice location for both 
copper and graphene coils. To compute SNR, the regions-of-interest (ROIs) for signal and noise were drawn in the center of the phantom and background, 
respectively.  
Results 
Q was measured as ω0/(2Δω), where ω0 is the resonance frequency and 2Δω is the full width at half maximum. The Q values of 5-cm conventional copper 
coil are 95 (unloaded), 73 (CuSO4) and 90 (water). For 5-cm graphene coil, they are 110 (unloaded), 88 (CuSO4) and 107 (water). Figure 2 shows the MR 
images acquired with SE sequences with different TR/TE settings, subfigures 2A, 2B and 2C for conventional copper coil and 2D, 2E and 2F for graphene 
coil. For each TR/TE setting, both images of conventional copper and graphene coils were normalized to the same scale. It obviously shows that images of 
conventional copper coil are much noisier than those of graphene coil. Also, better image homogeneity is obtained by using graphene coil and consistently 
observed in all of the TR/TE settings. Figure 3 shows the SNR comparison of conventional copper and graphene coils. The ROIs with similar size and 
location were drawn in all images. For TR/TE of 500/15 ms, the SNR values are 20.8 and 28.4 for conventional copper coil and graphene coil, respectively. 
For TR/TE of 2000/22 ms, the SNR values are 14.9 and 19.2 for conventional copper coil and graphene coil, respectively. For TR/TE of 3000/60 ms, the 
SNR values are 23.9 and 35.6 for conventional copper coil and graphene coil, respectively. The SNR gains (SNRGraphene/SNRCu) are 1.37, 1.29 and 1.49 
folds, resulting in an average SNR gain of 1.38 folds.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 

Figure 2. MR 
images with 
spin-echo 
sequences and 
different TR/TE 
settings. (A-C) are 
images of 
conventional 
copper coil and 
(D-E) are images 
of graphene coil. 

Figure 1. Manufacturing conventional copper and graphene coils in different 
dimensions. (A) The coil loops with diameters 3 cm, 4 cm and 5 cm. (B) The 
measurement of Q-values without loading, with CuSO4 and water phantom. 

Discussion and Conclusion 
In this study, we have manufactured the surface RF coil coated with graphene 
material and successfully demonstrated its capability of improving the SNR of MR 
images on 3T. Our preliminary results show a consistent improvement of SNR of 
approximately 1.38 folds in average, which could be potentially useful to help 
gain higher spatial resolution or temporal resolution than conventional copper 
coil. Our future works include improving the coating procedures to increase the 
manufacturing efficiency and performing in-vivo animal experiments to 
demonstrate its sensitivity to tissue contrasts.   Figure 3. SNR comparison of conventional copper and graphene coils. 
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