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Fig. 1 "™ Conventional single coil 2D electromagnetic micromirror. (a) Structural of the conventional micromirror; (b) Packag-
ing of the conventional micromirror
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Fig. 3 Structure of the proposed 2D electromagnetic micromirror
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Table 1 Design parameters of micromirror

Parameters Value Unity
Die dimension 22X 22 mm?*
Reflecting mirror dimension 8 mm
Thickness of mirror 40 pm
Width of fast flexure 250 pm
Length of fast flexure 1570 pm
Width of slow flexure 600 pum
Length of slow flexure 1500 pm
Turns of slow—driving coil 30 \
Turns of fast—driving coil 20
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Fig. 4 Packaging of the micromirror: (a) Schematic; (b) Photograph.
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Fig. 5 Rear structure of the micromirror. (a) Rear structure with local stiffener on the gimbal; (b) Rear structure with complete
stiffener on the gimbal
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Table 2 simulation parameters
Material Density Young’s modulus Poisson’s ritio
Si 2329 kg/m’ 170 GPa 0.28
Au 19300 kg/m* 70 GPa 0.44
FIEs o
(a) f=100.38 Hz (b) f/=391.34Hz (c) f=103.01Hz (d) f=3949Hz
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Fig. 8 Simulation results of modal analysis. (a) Model 1 micromirror slow axis torsional mode; (b) Model 1 micromirror fast ax-
is torsional mode; (¢) Model 2 micromirror slow axis torsional mode; (d) Model 2 micromirror fast axis torsional mode

TS 1R A RS 2 B AR S 0 A A R AN TR S i s o 5 1 (ol 5 1 0l L 2 6 25 AR R il L 2 A 20
PRA AR 5390 2 100.38 Hz A1 391.34 Hzs B 2 {3l A9 158 A 411 18 A5 285 A0 DR b L 26 A6 2830 4 03 3 20 331 0 103.01
Hz 1 394.9 Hz, W35 RS PERESE A — 2.

MPa

asm (b)

MPa
A 147

(a)
y

o =147 MPa

200

o =331 MPa

MPa
A 518

e ()

400

350 .

300

250

200

150 200
150

100
100
50 50

° Bope =30° °

500
450
400
350
300
250

s
L
-,

o=>518 MPa

vo

9 MAFEER (DR 1MERBMEIECHE oA (DA S 2MERBHEL ILLHE A o4 (OBF I HEEH
AL 30°H B A A 5 (d) BB 24 55 1% % A 4 30°H B o A
Fig. 9 Simulation results of stress analysis. (a) Stress distribution of Model 1 under a 31.6° fast axis rotation; (b) Stress distribu-
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Fig. 10 Fabrication process of the micromirror. (a) SOI wafer; (b) Sputter Ti/Au/Ti metal layers; (c¢) Etching to form the bot-

tom electrode; (d) Deposition of silicon dioxide to cover the bottom electrode layer; (e) Etching the silicon dioxide to

form vias; (f) Electroplating of the metal coil; (g) Front deep silicon etch; (h) Backside deep silicon etch; (i) Etching

the buried—-oxide layer to release the micromirror structure
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Fig. 11 Complete device images. (a) Front-side structure; (b) Rear structure of Model 1 micromirror; (c¢) Rear structure of
Model 2 micromirror
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Fig. 12 Microscopic images of the structure. (a) Circular coil; (b) Rectangular coil; (¢) Slow axis; (d) Fast axis
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Fig. 13 Optical testing experimental device. (a) Experimental schematic diagram; (b) Testing device
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Fig. 14 Experimental images of raster scanning. (a) Scan trajectory without crosstalk; (b) Scan trajectory with crosstalk
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Fig. 15 Micromirror performance tests. (a) Fast axis current - angle curves for Model 1 and Model 2 micromirrors; (b) Fre-
quency-angle curves of Model 1 and Model 2 micromirrors at a 15° fast axis rotation
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Fig. 16 Crosstalk comparison of different micromirrors at a 15° fast axis optical rotation. (a) Single coil micromirror; (b)Model
2 micromirror; (c¢) Model 1 micromirror
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Fig. 17 Crosstalk comparison of different micromirrors at a 30° fast axis optical rotation. (a) Single coil micromirror; (b) Model
1 micromirror
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A Novel Low-crosstalk 2D Electromagnetic Micromirror Enabled by
Stiffener Control.

HUANG Lingyi"*, ZHOU Peng’, LI Haoxiang', SHEN Wenjiang’
(1 School of Nano— tech and Nano— bionics , University of Science and Technology of China ,Hefei 230026 , China)
(2 Key Lab of Nanodevices and Applications ,Suzhou Institute of Nano— tech and Nano— bionics, Chinese Academy of
Sciences ,Suzhou 215123, China)

Abstract: Conventional single coil two dimensional electromagnetic micromirror used in Light Detection
and Ranging (LiDAR) applications suffer from inter axis crosstalk. This crosstalk originates from the
single coil topology operating in an approximately 45° oblique magnetic field, which inherently generates
torque components about both rotational axes; as a result, driving the fast axis alone produces an
uncontrolled slow axis deflection. The crosstalk effect becomes more pronounced for mirrors with larger
apertures. Motivated by this mechanism and informed by relevant literature, this work presents a novel two

dimensional electromagnetic micromirror that preserves a large mirror aperture while effectively reducing

inter axis crosstalk. This work proposes a dual axis independently driven micromirror architecture that

prevents generation of slow axis torque when the fast axis is driven. This is achieved by spatially separating
the electromagnetic coils and optimizing the local magnetic field orientations: the slow driving coil is

mounted on a gimbal and driven by a predominantly horizontal magnetic field for quasi static scanning,
while the fast driving coils are symmetrically placed on both sides of the fast axis and driven by a

predominantly vertical magnetic field for resonant scanning. Both axes are driven by independent current

sources. However, due to manufacturing and assembly tolerances, the electromagnetic forces produced by
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the symmetrically placed fast axis coils become asymmetric, resulting in a residual net torque about the
slow axis. To address this, this work reduced the effective stiffness of the gimbal and optimized the mirror’
s backside geometry to improve the transmission efficiency of the fast axis driving torque; this lowers the
required drive current for a given fast axis rotation and further reduces crosstalk caused by unbalanced coil
torques. Two device variants were implemented for comparison: Model 1 micromirror with optimized
stiffeners and Model 2 micromirror without stiffener optimization. And the effectiveness of the stiffener
optimization was validated by simplified theoretical derivations and finite element simulations for both
models. In conclusion, the results demonstrate, to achieve a resonant optical rotation of 15°, Model 2
micromirror requires a drive current of 138.6 mA, whereas Model 1 micromirror requires only 26.2 mA.
With both devices having the same quality factor, Model 1 demonstrates superior electromechanical energy
conversion efficiency, consistent with the trends predicted by theoretical derivations and simulation
analyses. By comparing the micromirrors designed in this work with a commercially available conventional
single coil two dimensional electromagnetic micromirror, analysis of the crosstalk test results shows that at
a fast axis optical rotation of 15°, the crosstalk of Model 2 micromirror is approximately one-half that of the
single coil micromirror, while the crosstalk of Model 1 micromirror is roughly one-eighth of Model 2
micromirror. The coil separated topology therefore already yields lower crosstalk than conventional single
coil devices on the market, and the stiffener optimization further reduces crosstalk. At a fast axis optical
rotation of 30°, the crosstalk of Model 1 micromirror is only about one-twenty-first that of the single coil
micromirror. Model 1 micromirror thus demonstrates both good scanning performance and very low inter
axis crosstalk. The proposed micromirror architecture, combining independent dual axis actuation with
backside stiffener optimization, effectively suppresses inter axis crosstalk while supporting large mirror
apertures and large angle fast axis scanning, making it suitable for high resolution, high reliability LiIDAR
and precision optical scanning systems. However, asymmetry in the electromagnetic forces of the fast axis
coils still exists, so crosstalk has not been completely eliminated. Future work will pursue systematic
improvements to address the residual crosstalk, including mechanical measures such as reducing the
number of fast axis coils while increasing turns per coil to lower sensitivity to geometric errors, and circuit
level strategies such as independent current control and precise current compensation for symmetric coil
pairs, with the goal of further eliminating residual crosstalk and improving scanning accuracy and
consistency.

Key words: crosstalk; Micro—electro-mechanical systems; electromagnetic micromirror; stiffener; Light
Detection and Ranging
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