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Fig. 1. (a) Schematic diagram of double helical coil resonant antenna, the red part is the silicon carbide sample, the yellow part is

the antenna, the green part is the red light 730 nm laser used for the excitation of the vacancy color center of silicon carbide silicon,

the light emitted by the color center is infrared 890—1000 nm; (b) spiral antenna design parameters: antenna copper wire width d =

0.4 mm, antenna copper wire spacing w = 0.73 mm, antenna copper wire thickness ¢ = 0.035 mm, distance between dual antennas s =

10 mm, input interface line width d; = 0.67 mm, d, = 1.2 mm.

234206-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 23 (2020) 234206

S1./dB

_15 —— Measured

—— Simulated

20 40 60 80 100
ﬁ@/MHz

B 2 (a) A B AR L LMY X-Z SE T 03740 4i (8] (b) DHCRA 45+ 1Y Sy, 05 ELA5 R 5K 45 5. 3 K 8 DHCRA B S ¥ IR A
Fig. 2. (a) Magnetic field distribution in the X-Z plane of our antenna structure; (b) simulation results and measurement results of
the parameter S;; of the DHCRA structure. The inset shows the physical photograph of DHCRA.
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Fig. 3. (a) Simulated distribution of the magnetic field in the X-Z plane at 70 MHz (In the figure eis the non-uniformity); (b) simu-
lated distribution of magnetic field in the X-Y plane at 70 MHz; (c) simulation curve of magnetic field in the X-axis direction at

70 MHz; (d) simulation curve of magnetic field in the Z-axis direction of the uniform zone (X = 14.68 mm) at 70 MHz.
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Fig. 4. (a) Simulation distribution of X-Z plane magnetic field without adding samples; (b) X-Z magnetic field simulation distribu-

tion after adding silicon carbide sample.
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Fig. 6. (a) Optical detection resonance light path and signal modulation system; (b) resonance spectrum distribution of three struc-

tures for optical detection; (c) noise fluctuation graphs of three structures at 70 MHz resonance frequency; (d) demodulation test

results of three structures.
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Abstract

Due to the power instability and field non-uniformity of radio frequency (RF), microwave (MW) and laser
signals, inhomogeneous broadening of spin magnetic resonance line causes the absorption to decrease in a
nuclear resonance system, which can reduce the sensitivity of spin-based sensing and testing technology. In this
paper, we propose and design a double solenoid coil RF resonance antenna structure. The nearly uniform RF
field density is produced by the two solenoid coil antenna structures that are parallel to the symmetry axis. The
size of the uniformity in the center region of double solenoid coil RF resonance antenna structure is about

X375 mm?

x 10 mm. And the non-uniformity is less than 0.9%. Comparing with a single straight wire antenna
and the single solenoid coil RF resonance antenna structure, the uniformity is improved by about 56.889 times
and 42.889 times, respectively. At the same time, based on the near-field mutual inductance coupled resonance
effect, the intensities of RF field in the center region of the two-solenoid coil antenna structure is enhanced.
Comparing with the single solenoid coil antenna structures, it is enhanced by about 1.587 times. And the
equivalent sensitivity of the silicon vacancy color center spin based sensor is enhanced by about 4.833 times.

In the experiment, an optical detection magnetic resonance measurement system based on the spin
magnetic resonance effect of silicon vacancy color center in single crystal SiC is built. Comparing with the single
straight wire antenna and the single solenoid coil RF resonance antenna structure, the contrast of the silicon
vacancy color center spin magnetic resonance signals of the double solenoid coil RF resonance antenna structure
increases about 6 times and 2.4 times, respectively. The sensitivity of the spin-based sensor is increased by 4.833
times and 2.071 times through using the modulation and demodulation method, and the noise decreases by 8
times and twice. Hence, based on this double solenoid coil RF resonance antenna structure, the sensitivity of
the silicon vacancy spin sensor can be improved. Combined with chip manufacturing technology of SiC wafer, it
proves to be a potential approach to developing the high precision, chip scale spin sensor devices and
measurement technology.

Keywords: silicon vacancy color center, RF resonant antenna, uniform field, spin sensing, sensitivity
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