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Precise Measurement of Goos-Hanchen Shift form
Weakly Absorbing Slab



Abstract

For a linearly polarized light, when total
Internal reflection takes place, the
reflected beam undergoes a small lateral

shift, which is known as the Goos-Hanchen
shift. In this example, we demonstrate similar
effects for a weakly absorbing dielectric slab,
following the theoretical work of L. Wang, et
al., but using the numerical modeling
technologies in VirtualLab Fusion. The
Influence from the absorption of the slab
medium is investigated. For different medium
absorptions, we measure the center of the
reflected beam with respect to the incidence
angle, and we compare the result with the
reference.




Modeling Task

dielectric slab

thickness t=1.8A=1.139um
€=20
€=0.0,0.02, 0.05

input field

- wavelength A=632.8nm
- collimated Gaussian

- waist radius 1mm
linearly polarized along y

How to model and visualize the
Goos-Hanchen shift?

= reference z axis

actual beam center &

system parameters adapted from L. Wang, et al., Opt. Lett. 30, 2936-2938 (2005)
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Beam Shift vs. Incident Angle

With the flexibility in
simulation, a virtual
observation plane is
chosen here.

input field beam shift vs. incident angle (¢” = 0)
- wavelength A=632.8nm ) . L e
- collimated Gaussian = hm%ﬂmmmmgh[zp::l: E)::l]kray e=leeelll

- waist radius 1 mm

. . Diagram Table Value at x-Coordinate
- linearly polarized along y

T

T Very small positive
shifts are seen for
lossless slab medium.
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Beam Shift vs. Incident Angle

With the flexibility in
simulation, a virtual
observation plane is
chosen here.

input field beam shift vs. incident angle (¢” = 0.02)
- wavelength A=632.8nm . _ =
- collimated Gaussian e s Mmgimﬂw =l

- waist radius Tmm
- linearly polarized along y

Diagram Table Value at x-Coordinate

0.02] [pm]

Fpsilonim

o] N

Relatively large
negative shifts appear
near 15° and 60°.
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Beam Shift vs. Incident Angle

With the flexibility in
simulation, a virtual
observation plane is
chosen here.

input field beam shift vs. incident angle (¢” = 0.05)
- wavelength A=632.8nm
_ ' 2=, 111: Beam Shift vs. Incident Angle [Epsilonim = 0.05] =N EoR 5=
- collimated Gaussian ey

- waist radius Tmm
- linearly polarized along y

Diagram Table Value at x-Coordinate

~

™ Relatively large
negative shifts appear
near 15° and 60°.
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Beam Shift vs. Incident Angle

With the flexibility in
simulation, a virtual
observation plane is
chosen here.

input field beam shift in A for different values of €¢”
wavelength A=632.8nm f ) i - — |
collimated Gaussian B hmsm“""cm”gk[:'::;m SR =

waist radius 1mm
linearly polarized along y

Diagram Table Value at x-Coordinate
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Fig. 2(a) from L. Wang, et al., '
Opt. Lett. 30, 2936-2938 (2005) 0 2

0 80




Observation with Focused Gaussian

Beam

the same
input field

lens
f=25mm

AN

[}

1
|
A

varying 6 ..
pe}

i

The observation plane
Is chosen along the
slab surface.

dielectric slab
- t=1.139um
- €=20,€¢"=0.02

Incident Angle []

< 110: Beam Shift vs. Incident Angle [Epsilonim = 0.02] =@
Numerical Data Array
Diagram Table Value at x-Coordinate
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Observation with Focused Gaussian

Beam

the same
input field

lens
f=25mm

[}

1
|
A

varying 6 ..
p2

The observation plane
Is chosen along the
slab surface.

E=; 110: Beam Shift vs. Incident Angle [Epsilonim = 0.02] o[-
Numerical Data Array

Diagram Table Value at x-Coordinate
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Peek into VirtualLab Fusion

S-Matrix modeling in the k domain for stratified medium

Edit Stratified Media Component X
Component Solver Layer Matrix [S-Matrix] v 7 Edit
Coordinate convenient sweeping over selected parameter(s)
Systems The layer matrix solver works in the spatial frequency domain (k domain). It consists ‘
of 11: C:A\Users\..\Goos Hanchen Shift_02b_Angle Sweep_Epsilonim=0.02.run [E=REcE
Parameter Specification

1. an eigenmode solver for each homogeneous layer and sa: ﬂ: o

Position / 2. an S-matrix for matching the boundary conditions at all surfaces. up TP (x) KT

Orientation
The eigenmode solver computes the field solution in the k domain for the You can select one or more parameters which shall be varied as well as the resulting number of iterations. Several modes are available
4 homogeneous medium in each layer. The S-matrix algorithm calculates the specifying how the parameters are varied per iteration.

response of the whole layer system by matching the boundary conditions in a
recursive manner. It is well-known for its unconditional numerical stability since,

Structure unlike the traditional transfer matrix, it avoids the exponentially growing functions in Usage Mode | Standard e
the calculation steps. Learn more about this solver. |F|ttr:-( o X l Os Oy \aciod Porsmeiers
1[2? *  Object Category Parameter ] Vary | From To ] Steps [ SIepSizeﬁlﬁgrigildVd ~
= Distance Before | O ‘ - +
Solver n Basal Positioning | Lateral ShiftX | O
1.+ I8 iR Lateral ShiftY | [ ¢ g
E— — Rotation #1 (ab..| [ 0 89° % 1
=N = X O
|—~ $ Slab#4 | Basal Positioning -
DL (Absolute) Y | d
i H z O -
. Medium at "T" Out.. | Material (Non-... | O
Component Siz..| []
Component Siz..| [ ] v
< >

B ]| New> || Swow
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Workflow Iin VirtualLab Fusion

« Set the position and orientation of components
— LPD II: Position and Orientation [Tutorial Video]

 Construct a stratified medium

11ft_D2b_Angle Sweep_Epsilonim=0.02.run

ers which shall be varied as well as the resulting number of iterations. Several modes are available
aned per iteration.

* Check influence from selected parameters with

0
2
£

Parameter Run - %] s OV e

Parameter Vary From To Steps | StepSize Original Val ~
- Usage of the Parameter Run Document [Use Case] ,
Lateral Shift Y
Rotation #1 (ab..

X
g Iy

Jut.  Material (Non-...

JO0000orood

Component Siz..
Component Siz..

Nex> | | Showr
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https://www.youtube.com/watch?v=w__CY5jIyoA
https://www.lighttrans.com/index.php?id=1596

VirtualLab Fusion Technologies

nonlinear free

crystals & components SPace

anisotropic
components

waveguides

& fibers ~

scatterer - ‘
Solver

diffusers ( \ gratings

diffractive diffractive,

prisms,
plates,
cubes, ...

@ lenses &

freeforms

@

apertures &
boundaries

Field

beam Fresnel, meta
splitters lenses
SLM.& micro lens & HOE, CGH,
adaptive  freoform DOE
components arrays
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further reading
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https://www.lighttrans.com/index.php?id=2072
https://www.lighttrans.com/index.php?id=2071

