[#2sgomanes A ey

EEFRIK

He T RBR AP RE K AR AR B
AR, BB, SR REA, BER, KAES, BEY, AR

" bR R AL RS S I AR P A S, g KB 030051
Prp b kAR AL @ S A B R B R N =, WP KR 030051

WE LT TR R gL e IR R B8 B BRI OISR T T TR R A O A T A Rk AR B A AR KA R T T
Horpr, PR T Uk SO A - TS5 R A A T SR R BL BRI R AR IR AR T R RE . I R R T —
RGOk G2 132 AR BN AL g O 4B IR . R T BROT 3 i R 9T 1 R B2 BRI 58 LU X e fE PR 1 B2
W LB E T AR IR RS AR T R 0.6 pm X 0. 134 pum X 0.5 nm; 4 SRR T &g [ R UK A% G A 17 10 0 7% 3% Wil
I B A% [ S 3 e S R AR X Y s 1) A A L SRR T ARG BE LU R A A RO RS S v R S LB, SRR,
PR BERE 90°, REUE AT M —4. 048 MHz/mT 284k 5. 796 MHz/mT., 585 B AH 3T 09 3% 168 2% J1 (9 oL v 1 1% &
A AH L, TR AR R AR R T 4R 6 AN B G, RO W 4R/ 6 B g, R BT R B GO ML AR AR RS 1Y
il PR T —Fh Iy,

EKEBE OWE; OGHPLRIEIRD; B IRl kR

FESES TH741; 0436.1 XEkRERS A DOI: 10.3788/A0S202242.0912006

Nano-Opto-Electromechanical Magnetic Vector Sensor Design
Based on Black Phosphorus

Liu Wenyao"?, Liu Chenxi"*, Li Wei"?, Xing Enbo"?, Zhou Yanru', Chen Jianjun®,
Tang Jun'?, Liu Jun"*

' Shanxi Province Key Laboratory of Quantwm Sensing and Precision Measurement, Novth University of China,
Taiyuan 030051, Shanxi, China;
* State Key Laboratory of Dynamic Measurement Technology, North University of China,

Taiyuan 030051, Shanxi, China

Abstract Nanomechanical resonant sensors based on two-dimensional materials have great potential in sensing with
the advantages of small size, high frequency, and high-quality factor. Among them, black phosphorus provides a
unique opportunity for in-plane vector sensing due to its corrugated planar structure and anisotropic mechanical
characteristics. In this paper, a new type of a nano-opto-electromechanical magnetic vector sensor based on optically
excited optical readout is designed using black phosphorus. Using the finite element analysis method, the influences
of the number of layers and the length-width ratio of black phosphorus on the vector property are studied, and the
system structure is optimized with the size of 0.6 pmX0.134 pmX0.5 nm. The anisotropy of the response to the
magnetic field in the directions of high Young’s modulus and low Young’s modulus is explored, respectively. By
using the spatial distribution of resonant modes, the influences of the angle and length-width ratio on the sensitivity
and vector property of the device are explained. It can be found that in the Armchair direction, when the magnetic

field rotates 90°, the sensitivity changes from —4.048 MHz/mT to 5. 796 MHz/mT. Compared with Lorentz
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force-based micro-electromechanical sensors, the resonant frequency of the designed sensor can be improved by 6

orders of magnitude, and its size can be reduced by 6 orders of magnitude. This design provides a new method for

the preparation of a nano-opto-electromechanical vector sensor.
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Fig. 1 Structure and mechanical anisotropy of 2D black phosphorus material. (a) Schematic diagram of

material structure; (b) diagram of mechanical anisotropy
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Fig. 2 Resonant frequency as a function of stress loading angle in different resonant modes for

graphene and BP. (a) Graphene; (b) BP
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Fig. 3 BP NOEMS sensor. (a) 3D schematic diagram; (b) top view; (c) optical driving and readout system
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Table 1 Material mechanical parameters

Material Parameter Value
Density /(kg+ m *) 2690
Poisson’s ratio 0.62, 0.17, 0
Bp™"
Young’s modulus /GPa 166, 44, 0. 24
Shear modulus /(N * m *) 41, 41, 0.24
Density /(kg * m ) 9250
Conductivity /(S+m ") 1. 66X 107
Young’s modulus /Pa 410"
Poisson’s ratio 0.45
Saturation magnetization /
Terfenol-D™ 71 6. 36107
(Aem )
Initial magnetic
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Fig. 4 Resonant frequency and frequency difference in orthogonal direction of BP for different number of layers and length-width

ratio. (a) Resonant frequency varying with number of layers; (b) resonant frequency varying with length-width ratio
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Fig. 7 Fundamental resonance frequency of BP varying with magnetic field intensity B, at different angles.

(a) Length-width ratio is 4; (b) length-width ratio is 4.5; (c¢) length-width ratio is 5
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linear fitting in range of 40-100 mT
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Table 2 Linear fitting parameters of structures with magnetic field of 40—100 mT at length-width ratio of 4.5

Parameter 0° 15° 45° 60° 75° 90°
Slope —4.048 —3.221 0.799 3.225 4.788 5.595 5.796
Intercept 489. 305 472.033 392.420 381. 643 385.917 392.793 396. 197
Residual 0.99819 0.99754 0.92117 0.97085 0.97301 0.92764 0.97202
Non-linear error /% 2.022 2.225 9.363 5.611 5.297 4.895 4.583
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