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Magnets and RF Surface Coils for NMR Sensor Applications
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ABSTRACT

The basic concept for making NMR sensors which are highly utilizable in various fields such as chemistry,
medicine, physics, and biology is presented and key components of the NMR sensor, ie. magnets and surface
coils were investigated through computer simulation and characterized after being fabricated. The Nd rare-earth
permanent magnets were fabricated in various sizes and characterized ranging from 3 to 6 mm in diameter and 1
to 7 mm in height. Using CMOS process, the circular spiral surface-coils were fabricated by depositing Al-1%Si
metal and being annealed at 400 °C. The line width, gap, and outer diameter were designed to be 10 pm, 2 pm
and 0.4 mm, respectively. A high resistive impedance of 8.7 &/mm and a low Q value less than 1 at 10.47
MHz were measured. On the other hand, the PCB surface coils with a line width of 100 pym and 150 ym and
an outer diameter of about 2 mm show a low resistive impedance of less than 1 &, and a high Q value of 4.85
+ 0.18 at 10.27 MHz.
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Fig. 1. Schematic diagram of an NMR apparatus and
Zeeman energy splitting of nuclear spin with I1=1/2.
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Fig. 2. Schematic diagram of an NMR sensor.
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fabricated Nd-Fe-B magnets.

comp.| Nd | Fe | Dy | B Al | Nb

(%) | 22.55 |balance| 1.6 0.96 | 0.18 | 0.004
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Fig. 3. Size dependences of magnetic field measured
at 1.5 mm distance above the magnet surface.
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Table 2. Summary of size, resistive impedance, inductive
impedance, inductance, and Q-values of fabricated PCB
surface coils

Freq=1027Mbz | (o %‘ZE‘ in ) L(E""'rgn‘)h R (@ X (@ L ?ﬁ"/ Q (=X/R)
Coil #1 | 06,045,041, 21 13216 079 4.19 65.0 530
ocpy | Sol#2 | 06010118 11325 084 421 653 501
Coil #3 | 10,015,01, 25 16660 087 436 676 501
Coil # | 10,01,01, 21 14882 091 442 68.5 486
Coil #1 | 06,015, 01, 21 13216 087 422 654 485
Coil #2| 06,0101 18 11325 089 422 654 474
P2 Icoi#s | 10.0150125 16660 090 435 674 483
Coil # | 10,0101, 21 143882 095 443 68.7 466
Coil #1 | 06,015,041, 21 13216 0.8 423 656 481
Coil#2 | 06,0101 18 11325 090 422 654 469
P oi#s | 100150025 16660 091 436 676 479
Coil # | 10,0101, 21 14382 095 442 685 465
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