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Atomic Force Microscopy

Solution with Silicon photonics:

 High scanning speed 

 Get rid of deflection laser

 Low-cost

 Batch fabrication 

 Compact

 High sensitivity 

Advantages:
 High Spatial Resolution
 Non-Destructive
 Force Measurements
 Complementary Technique
 ...

Disadvantages:
 Slow Scanning Speed
 Tip Wear and Sample Damage
 Deflection laser is an essential 

component noise and 
interference

 …

AFM-IR

https :/ / br uker .com

IR la s er

https :/ / molecu la r vis ta .com

AFM-Ra ma n s pectr os copy
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Resonance shift due to cantilever motion

∆𝜆𝜆
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Waveguide Bragg grating

Waveguide Bragg grating (WBG): 
 Robus t a nd ea s y to fa br ica te
 High-Speed Oper a tion
 Ca ntilever  ba s ed  

Fiber

Si Br a gg gr a ting

Si𝐎𝐎𝟐𝟐 ca ntilever

3D WBG ca ntilever



5 /  N02

11
/1

3/
20

23
C

O
M

SO
L 

C
on

fe
re

nc
e 

20
23

Waveguide Bragg grating

Port 1 Port 2

Scattering boundary 
layer

Waveguide Bragg grating (WBG): 
 Cus tomized wa ve length-s e lective
 High-Quality Factor (Q-factor)

Bragg’s equation

𝜆𝜆𝐵𝐵 = 2 �∧� 𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒
𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒 is the effective refractive index.

A resonance shift Δλ due to the change of 
refractive index Δn can be expressed by,

∆𝜆𝜆
𝜆𝜆 =

Δ𝑛𝑛
𝑛𝑛
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Electromagnetic waves simulation 2 / 11

Swept mesh Port 1

Port 2
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Electromagnetic waves simulation

Sweep wavelength from 1500nm to 1600nm
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Solid Mechanics Simulation

Boundary load

Fixed constraint
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Coupling mechanical and optical study

Define refractive index variables for Si, Si 𝐎𝐎𝟐𝟐 a nd a ir

Pa r a : 1 : s tr es s -optica l coupling, 
0 : no coupling

B1: Fir s t s tr es s  optica l coeffic ient
B2:Second s tr es s  optica l coeffic ient
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Results

At wavelength 1540nm
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Conclusion

◉ A 3D Bragg grating-based optomechanical sensor has been designed and 
simulated in COMSOL.

◉ Cantilever stiffness is about 0.06 N/m.

◉ The direction of the applied force by monitoring the increase or decrease 
in reflected power at the specified wavelength.

◉ We present the comprehensive 3D coupled finite element analysis aimed 
at understanding the mechanical stress-induced effects on 
electromagnetic wave simulations. 
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