A Miniature Resonant and Torsional Magnetometer
Based on Lorentz Force

Supplementary Material 1: Layout of the Double Coil System

Figure S1 is the layout of the double coil. The left one is the upper coil of the double coil system,
and the right one is the sublayer of the double coil, connecting the upper layer coil in the center.

L

1

+

(a) (b)
Figure S1. The layout of the double coil. (a) The upper coil of the double coil system, and (b) the
sublayer of the double coil, connecting the upper layer coil in the center.

Supplementary Material 2: Electronic Circuit Design

The main principle of the electronic circuit is shown in Figure S2.
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Figure S2. Circuit principle of the magnetometer.



Supplementary Material 3: Torsional Beam Parameters
There were differences in the torsional beam parameters, which are shown in Table S1.

Table S1. Torsional beam parameters.

Beam Type Length Thickness Width
Straight-I 500 um 60 um 25 um
Straight-1I 500 um 60 um 15 um

main, 30 um
Folded-1 1350 um 60 um )

side, 15 um

main, 25 um
Folded-II 1350 um 60 um

side, 15 um

Supplementary Material 4: Analyses of Different Prototypes

The sensitivity could be explained by the functions below:

S = SwSySuc, b
oM
Su = 95, ILw, (52)
_de_ v _o_ @ =2
S(P oM J(k—602)2+c202 2k 1 64w tankz: 26hwsy! (SS)
2Ghw3 §—m2?=1,3,5,oa ZW/nS
aAC L do-Zeang w
_ 50AC _ £ 0Ty €o
Sac =12 99 [sinz(pl do (d0-Stangp)sime™ &9

S: Transfer function from magnetic flux density to capacitance variation
Su: Transfer function from magnetic flux density to torque

S,: Transfer function from torque to deflection angle

Sac: Transfer function from deflection angle to capacitance variation

I: Current

k: Torsion elastic coefficient

0: The moment of inertia

£2: Drive frequency

c: Damped coefficient

G: Shear modulus
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€o: Permittivity of vacuum
L,W,h,w,l,d,: Structure sizes

-

oood oooo
oooo ooono
I OoO0O0O oooo
oo oo
W2
W h

Figure S3. Sketch map of the torsional structure.



Table S2. Comparisons of different prototypes.

M1 M2 M3 M4 MS
1.1 1.08 25.6 1.32 1.8

Mé

Sample number
S 1

From the sensitivity function above, M1 was used as a normalization standard. It can be seen that

M4 was the best design.
Supplementary Material 5: Measured and Calculated Coil Resistances

Table S3. Measured and calculated coil resistances of different magnetometer samples.

Sample Number 1 2 3 4 5 6 7 8 9 Calculated
Ml 103 103 100 103 96 103 102 110 110 128
M2 109 105 120 137 106 103 107 100 96 128
M3 63 57 56 54 55 52 52 51 52 46
M4 158 268 219 295 292 273 266 281 260 256
M5 120 25 112 117 84 116 117 75 104 92
M6 126 113 112 130 112 117 115 96 117 92




