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S4 – Stanford Stratified Structure Solver

S4 can compute transmission, reflection, or 

absorption spectra of structures composed of 

periodic, patterned, planar layers.

𝑧 direction: layered media

𝑥-𝑦 plane: periodic patterns

https://web.stanford.edu/group/fan/S4/index.html

https://web.stanford.edu/group/fan/S4/index.html


Example 1: Plane Wave Incident on Air-Glass Interface

Law of reflection

Reflectance 𝑹:

the fraction of the incident power that is 

reflected from the interface

https://en.wikipedia.org/wiki/Fresnel_equations

https://en.wikipedia.org/wiki/Fresnel_equations


Example 1: Plane Wave Incident on Air-Glass Interface

https://en.wikipedia.org/wiki/Fresnel_equations

Transmittance 𝑻:

the fraction of the incident power that is 

refracted into the second medium

Snell's law

https://en.wikipedia.org/wiki/Fresnel_equations


s-/p- polarization

s polarization (TE):

electric field is perpendicular to the plane of incidence

p polarization (TM):

electric field is parallel to the plane of incidence



Example 1: Plane Wave Incident on Air-Glass Interface

https://en.wikipedia.org/wiki/Fresnel_equations

https://en.wikipedia.org/wiki/Fresnel_equations


Example 2: 1D Photonic Crystal

𝑑1 = 120 nm

𝑑2 = 80 nm

𝝐𝟏 = 𝟏

𝝐𝟐 = 𝟒

3 periods

20 periods



Graphical Interface vs. Control File

Obtain a new simulation object.

Set the lattice and number of basis functions.

Define all materials.



Graphical Interface vs. Control File

Add all layers.

Specify the excitation mechanism.



Graphical Interface vs. Control File
Create array before sweeping over all frequencies.

Specify the operating frequency

Obtain desired output

Reset material properties (for dispersive media)

Loop over all frequencies

Print output

…
…
…

…
…



FAQ: Reduced Unit

By setting “default”, normalization constant = 0.9 × 𝜆𝑚𝑖𝑛 = 0.9 × 100𝑛𝑚 = 90𝑛𝑚

In S4, the speed of light is assumed to be 1. Then 𝑓 = 1/𝜆.

Wavelength = 100𝑛𝑚, 102𝑛𝑚, 104𝑛𝑚,… , 998𝑛𝑚, 1000𝑛𝑚
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FAQ: Reduced Unit

𝑑1 = 120 nm

𝑑2 = 80 nm

𝝐𝟏 = 𝟏

𝝐𝟐 = 𝟒

Layer thickness: 𝑑1 = 120𝑛𝑚, 𝑑2= 80𝑛𝑚

In reduced unit: 
𝑑1

90𝑛𝑚
= 1.333,

𝑑2

90𝑛𝑚
= 0.88889

Basis vector coordinate 
270𝑛𝑚

90𝑛𝑚
= 3



Example 3: 1D Grating

𝒙

𝒚

𝒛

𝑝 = 100 𝑛𝑚 𝑎 = 20 𝑛𝑚

𝒙

𝒛

𝑡 = 200 𝑛𝑚

unit cell



Example 3: 1D Grating

𝒙

𝒛
Layer 1: semi-infinite (vacuum)

Layer 2: vacuum background 

with PMMA pattern

Layer 3: semi-infinite (MgO)

Basis vector = (100 𝑛𝑚, 0)

𝑎/2 = 10 𝑛𝑚
𝑡 = 200 𝑛𝑚

Basis vector = (100, 0)

𝑎/2 = 10
𝑡 = 200

Set normalization constant = 1nm



Example 3: 1D Grating

Obtain a new simulation object.

Set the lattice and number of basis functions.

Define materials.

Add layers.

Modify patterns.



Example 3: 1D Grating

Specify the excitation mechanism.

Sweep over all frequencies.

Obtain and output results.

Wavelength = 100𝑛𝑚 ~ 1000𝑛𝑚
Wavelength in reduced unit = 100 ~ 1000
Frequency in reduced unit = 0.01 ~ 0.001



Additional Examples

https://github.com/victorliu/S4/tree/master/examples

https://web.stanford.edu/group/fan/S4/lua_api.html

https://github.com/victorliu/S4/tree/master/examples
https://web.stanford.edu/group/fan/S4/lua_api.html

