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Design and Implementation of an 8-Channel '"H/’F RF Coil for 11.74 T MRI
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In this study, an 8-channel multinuclear radiofrequency (RF) coil was designed and implemented for proton (‘H) and fluorine (*°F)
imaging in an ultra-high-field 11.74 T magnetic resonance imaging (MRI) system. The proposed RF coil comprises four 'H channels
and four 'F channels and was developed with a geometry suitable for medium-to-large preclinical animal experiments. The coil
design focused on enabling stable signal reception from both nuclei within a single hardware configuration, while maintaining
frequency-specific tuning and matching for each channel. Electrical characteristics of the individual coil elements, including resonance
behavior and impedance matching, were evaluated through bench measurements at the corresponding operating frequencies. Phantom
imaging experiments were subsequently performed to assess channel functionality and multi-channel image reconstruction
performance under identical experimental conditions. For both 'H and '°F acquisitions, images from individual receive channels were
successfully obtained, and combined sum images were reconstructed from the four-channel datasets. The measured signal-to-noise
ratio (SNR) of the combined images was 22.27 for 'H and 5.91 for '°F. The observed SNR difference is consistent with the inherent
sensitivity disparity between the two nuclei at ultra-high magnetic fields under comparable excitation conditions. These experimental
results indicate that the proposed multi-channel RF coil can support multinuclear imaging at 11.74 T and may serve as a technical
basis for future preclinical studies involving '°F MRI, including applications related to boron neutron capture therapy (BNCT).

Keywords : ultra-high-field MRI, multinuclear MRI, fluorine-19 imaging, multi-channel RF coil, boron neutron capture therapy

(BNCT)

1174 T 20X X7 [BHAA AlAHES 95 8xed
"HI'F RF 3ol &A ¥ 78

7Rt skl AR sk, Q1%

18

Al A4 FutE R 191, 21936
(202613 2¢¥ 129 Bk, 20269 29 23 HFFAE vRS, 20269 2¢¥ 23 AAEHA)

B AT 1174 T 2049 73R AZFoA i Hsh B2CF) F9E A5 99 849 Tl R
A AASL A AKE RF 22U e 47} VR 4d% PAROR, S0 A 5E Ael] 28 7}
3 751 28 2es AAET 4 39 Akt 9 B4 Fuige] Rl Ao Y 2 wpgsiglen], 37
g3 AR B4 WA 24 Bl B ofF $UH U 2ol DY PP FSsle] 74 AN 54 54
T4 75 BSETE H R F G RFA A A B 4] B Gel argEos g

nt ofr Ry

SRR
tlo H £ o
R poy =
L% to of, MG d
o of
28
o >
>
=2
Y
[o
=
@)
Z
F[/F
=
N
2
=
o
2
fru
e
o2l
i
32
£
e
re
-
v
|
&
3
N
ﬁ
o
ol
o
>
&
o
T
i

b

FR0] : ZIAY A7) FHD, TIF A7) FH, B2-19 QS habd RF 519, B4 F44

o A5

© The Korean Magnetics Society. All rights reserved.
*Corresponding author: Tel: +82-32-246-4410, e-mail: yeunchul.ryu@gachon.ac.kr

— 43—



44— 11.74 T 23127 2171878

L. M E

_|>i
N
of{
of,
of

’:J'(Magnetic Resonance Imaging, MRI)}& H|%
gk AR gHIE Al 8 o}, thedst
(nucleusH 71 AeE Fgstela st = 3l
HEE ZAd G 7otk dekE o= i MRIE
HE(H)S] ASE 7Nke R AL, A7 B A
T-b_'—o]:c’ﬂfqb T4 o]9)e] TS o]&g TRIE MR} U
AR, FE B, X8 529 F&WH3Hkinetics)S #ES}
Hfi 83 =72 FEo} gtk B4 3 (Fluorine )y
Z}ﬂﬂ] v 2157F A9 glo] Alert B4 sigtEel 2134
o= v o= Qs A @dstel wike- g
g0 7 FRRPMIETHEEY (Positron Emission Tomography,
PET) ollX= 'F-fluorodeoxyglucose(FDGYS 7|Wko.2 FoF
o] oAt B WIS sle T ohdRE A Jdel de] &8
Fa 9o, Exd X (molecular imaging)2] THiEZQ) AdF
AHIZ F7REa Qo). ¥ MRIGIA YF G7dsh= THo
Hlsl i os wke 7iwel sf=sofF] Aleke Rz <l o
3] AFAR] Aol HEY JTH2-6].
g, H ] A8 EoplMe Ba T £
S (Boron Neutron Capture Therapy, BNCT)7} X}AIt] 4
A7 7lEE FEUAL Itk BNCTE % Al deze
2 FHEe BA(BE ol&)E ol83ald, 2Folx A
Aol UA] F8Akeke] akg-S Fall adEke] =4 RIS
AAA S XS APEATIE A8 7ol o] B
A AEE ot JAtet gE 2 5~9 ume] Z- HISA
e THRERE, A Al tigh & ng_‘ HaslkslHA T4
o el A5 EJ’]*‘ 71 = vk Hol 71E At
A 289 v x]-x-lo]l:lr[7]
BNCT®] A8 l‘ﬁ)r— skl fsixe a4 HE &

o oy
E
O

> orr
b1s

—'—|—‘0>~

(
=

Ao] £ 2] Yoh} Mo, Te)n FRY FE
AR EAS 43 i o] Fas £ U] B4
swoh Ful PY 229 B BT ] Aol Az oF
2 AE YA QAR gk Teh} BAA of
5 ARE B4 AR el mPEACE P ¥
SR e s ARHoR J1E Ay F2 AAR
S} e AYY BRSO 7 47) 2 24 FH8

A FEE AR BAEl] HlojEHo]slst e X8 A
go 83l gtk AT Al e FE] AESHE &
A, o= FH, A 33 Tol A B ZA U= F
Ao, ol HIHS TR HEslrlole wWESE S}
S 8.

MRIE= H8]8o=z tekst diFo] ATE JAslsiar FF
31 4= Q= Ael= Eslar, BNCTO AAIZ ARS==

B3 A1Z=EE 918k 8AE 'H/F RF ZY ] AA 3 78 - 793

glzo] 0BE AA GAEsh= dole 72 olgeo] uE
ot "BE MRII 2§s A7 |eH 545 7R ¢dom, Al
T =7} vl wol AYZR @ g50] oY) wiolt)
ol IHAIE =HaP] fIgh tijke =, B4 Ag =29l
boronophenylalanine(BPA) AN &4 BF tjal ob4
Q] PFoR X|ghete] eHdsiaL, ©|F B3l BPAY A

U 2 9 FEHE UF MRIZ #ele a7E°] A3t A
Z5ar 9. o] AT F AsE Bl 54 e &

Ao =n W3l= ;dz}j;@oi ZAs £ Jrh= HojlA]
BNCT A8 A8 9 H7io)] Fast ARE A 5 Utk

ey olejgt AF-E Adsh] fEiMe PR AleE
ZHog 53 4= 9l RF Y sF=9oj7t g
Al At sjieE] 92 ARE AFsH] A%t 'H 9
A A g5E|ojof gtk o]F 9l 2Et TEE Als
S5S AR T FYolA o8] I FIE A st
= USF (multi-frequency) ZY AU, o2 719 A
S 0]—9-5]- Al (multi-channel) Y 27} AQt=o] St}
[10]. 53] H3F MRIAM= dutdoz AlsoifgH
(Slgnal- to-Noise Ratio, SNRY’} SoX|= #A7} dAslE =z,
Y] MIAEE FITIAY BE Fils B As 88
< FHskehe dege] Fasitt

Z3APE MRI 00X ol EA7)F B F=axinh
B Ao AREE 11.74 T MRI A28 28 4 e
2 QI3 o]BHeE 4ls T olFe AFsHA, FAlel
Fa SVl W RF &4, ZY 2% A, 3% 1 9
T 2|2 QIgH A7 B T MRS Vs =S S
Sith12-14]. 53] 11.74 T 340lA PF A& 855 gt
thid 2 73 2 Qdstel tigk A8 A o B
H vph A gloh

olo] B A= 11.74 T MRI AlZElolA 'He} YF
E F50] 7t 8Ald RF ZYS A7 9 7331, A
A T ARS Bl OHF AP MRI $H50A 9] A8
7Fsd% 713 Frads ANgTh

[‘

l

i
o

I CHAF 3 2h

1. RF 2 & =3

A" RF 2L HE 4487 UFg 49z AR o
3 TR RF ‘?J_i Fig. 19] Jepd 722 7oz
AL At 2 7Y 24E 712 45 mm, AE 75 mm 2
719] A4S Fejolw %7 02 mme] PCBE A|2H=| it
7} Apde] TR Fua 2L e 14 AuAEL 2719
EgH APAEE 0|83l Fasiion, duus wige
2 AR v S2E Bl A4S



L AE=> Journal of the Korean Magnetics Society Vol. 36, No. 1, February 2026

Ch 1 (H)
Ch 8 (F) Ch 2 (F)

Ch 7 (H) Ch 3 (H)

Ch 6 (F) Ch 4 (F)

Ch 5(H)

— 45—

Fig. 1. (Color online) Structure of the proposed 8-channel RF coil: (a) alternating arrangement of the 'H (green) and '°F (red) coil elements, (b)
implementation of the coil array on an acrylic frame with integrated matching boards.
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Fig. 2. (Color online) Bench-measured S11 characteristics of the RF coil elements: (a) 'H coil channel 1 and (b) '°F coil channel 2, confirming

appropriate resonance and impedance matching for each nucleus.
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Table 1. Center frequency, reflection coefficient (S11), and impedance
values measured for each RF coil element during bench testing,

organized by coil number and channel.

Channel Center Frequency S11 Impedance
Number [MHz] [dB] [Q]

1 500.0 —35.631 51.609

2 470.0 -29.567 47.501

3 500.0 —-33.548 51.434

4 470.0 -39.094 50.452

5 500.0 —26.836 53.481

6 470.0 -30.923 51.178

7 500.0 -35911 48.758

8 470.0 —29.438 50.954
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Fig. 3. (Color online) The 11.74 T MRI system installed at GUGMC, configured for multinuclear multi-channel signal acquisition. Independent
transmit and receive chains were implemented to support the 8-channel RF coil composed of four 'H and four '°F elements.
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Fig. 4. (Color online) '°F phantom used in this study, consisting of
four sealed ampoules filled with nonafluoro-tert-butyl alcohol. The
ampoules were symmetrically arranged around the central region to
evaluate signal reception from each 'F RF coil element under
identical experimental conditions.
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Fig. 5. (a) Geometric arrangement of the four-channel 'H RF coil elements. (b) Individual 'H images acquired from each receive channel (channels
1,3, 5, and 7), demonstrating the spatial sensitivity profile of each coil element. (c) Combined 'H image reconstructed from the four-channel data
(*H SUM), confirming proper operation of the proton coil array and effective signal combination.
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Fig. 6. (Color online) (a) Geometric arrangement of the four-channel '°F RF coil elements. (b) Individual °F images acquired from each receive
channel (channels 2, 4, 6, and 8), demonstrating the spatial sensitivity profile of each coil element. (c) Combined °F image reconstructed from the
four-channel data (‘’F SUM), confirming proper operation of the proton coil array and effective signal combination.
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