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Modeling of the Talbot Effect



Abstract

The Talbot effect is a well-known near-
field diffraction effect. When a periodic
structure (e.g. a grating) is illuminated by
collimated light, at certain regular
Intervals behind the grating it is possible
to observe its reconstructed image. The
specific distance that separates these
planes is called the Talbot distance, after
Henry Fox Talbot, who first observed this
effect in 1836. In this example we
demonstrate the modeling of the Talbot
effect (also recreating the Talbot carpet)
with the fast physical optics software
VirtualLab Fusion.




Modeling Task

linear grating
* period 50um
« amplitude modulation
« fill factor 20%

“.-.=_  crossed grating
B — * period 50x50 pm
Ny « amplitude modulation

oo e fill factor 20%

varying distance z*

* Distance z is varied between 0
and the Talbot distance zr = d?/A
where d is the grating period and
A the wavelength of the input field.

N

input field
* plane wave
* wavelength 633nm
« diameter 2mm
* linear polarization
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grating

What does the
transmitted field behind
the grating look like at
different distances?
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Field behind Linear Grating

linear grating
* period 50um
« amplitude
modulation
« fill factor 20%
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Field behind Linear G
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field amplitude
along x-direction
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= 34: Extracted 1D Data Array (20:)

Numerical Data Array (Equidistant)

= 54: Extracted 1D Data Array (53)

Numerical Data Array (Equidistant)

= 36: Extracted 1D Data Array (31:)

= 27: Extracted 1D Data Array (32:)

Numerical Data Array (Equidistant)

Numerical Data Array (Equidistant)

Diagram  Table

Value at x-Coordinate

©

E
=
o
)
£ — I
£
m <
]
e
@ pa
] <€
2w
> 50 m
@
2
5
Yo
g
5
&
3
o
v -
g
2
&
... -0.1 -0.08 -0.06 -0.04
X [mm]

Diagram  Table

Value at x-Coordinate

0

Spectral Radiant Energy Density 633 nm [1E-12 J/m"]
3

& S
< rd
i 50 um
LIIRTARER " L A
A -0.1 -0.08 -0.06 -0.04
X [mm]

Diagram  Table

Value at x-Coordinate

0

Spectral Radiant Energy Density 633 nm [1E-12 J/m"]
3

50 pum

-0.1 -0.08 -0.06 -0.04

X [mm]

Diagram Table

Value at x-Coordinate

©

Spectral Radiant Energy Density 633 nm [1E-12 J/m*]
3

-0.1 -0.08 -0.06

X [mm]

-0.04

I & Field after 0 mm

Radiometric Data [Radiant Energy Density)

13 % Field after 1.97 mm

Radiometric Data [Radiant Energy Density)

13 10: Field after 3.95 mm

Radiometric Data [Radiant Energy Density)

13 11: Field after 7.89 mm

Radiometric Data (Radiant Energy Density)

Y [mm]
-0.05 o] 0.05 01

0.1

-0.1 -0.05 0 0.05

X [mm]

0.1

Y [mm]
-0.05 o] 0.05 01

0.1

-0.1 -0.05 0 0.05

X [mm]

Y [mm]
-0.05 a 0.05 0.1

0.1

-0.1 -0.05 0 0.05 0.1

X [mm]

¥ [mm]
-0,05 o 0,05 01

-0.1

-0.1 -0.05 0 0.05

X [mm]

0.1

7 =

z =0.25zy

z=0.52z

N
Il




* period 50um
« amplitude
modulation

Field behind Linear Grating — Talbot Carpet
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Field behind Crossed Grating

crossed grating z=025z7 » z=0.52zp z = z; = 7.8989mm
period 50 x50 um .
amplitude (Talbot distance)
modulation

fill factor 20%
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Field behind Crossed Grating

field amplitude
along x-direction

-y- plane

In X

field amplitude

[B-} 46: Extracted 1D Data Array (40
MNumerical Data Array (Equidistant)

=], 48: Extracted 1D Data Array (41:)

Humerical Dats Array (Equidistant)

- 50: Extracted 1D Data Array (42:)
MNumerical Data Array (Equidistant)

-l 47: Extracted 1D Data Array (43)
MNumerical Data Array (Equidistant)

Diagram  Taple  Value at x-Coordinate Diagram Table  Value at x-Coordinate Diagram Table  Value at x-Coordinate Diagram  Taple  Value at x-Coordinate
E© T oo E© E©
= = = s
o ~ o o
1 s w L
fai = ¥ far fa
£ E £ E
= = c c
o o ™ o
m By m ™
8 < 8w 8 < [
= 2 > =
n L N ) @ i > I & 5
é < 5 g U Cd é[’ Y rd
o
m = o m
5 50 pm 5 5 50 pum 5 50 pm
] 3 3 @
£ = c 2
& i 5 i
JUay 2 o = o PUr
E £ hi. S 5
] S 5 T
2 2 50 um : 2
E - - € Y S T - E -
5 : ) \ / \ j 5 ;
o 3 -3 o
@ ) a n
An. Ae.
T T T T T T T T 7 T ? T T T T T T v T
-0... -0.1 -0.08 -0.06 -0.04 -0 -0.1 -0.08 -0.06 -0.04 B -0.1 -0.08 -0.06 -0.04 -0 -0.1 -0.08 -0.06 -0.04
X [mm] X [mm] X [mm] X [mm]
I 3: Field after 0 mm I 4: Field after 1.97 mm 3 5: Field after 3.95 mm 3 6: Field after 7.90 mm = [ <=
Radiometric Data (Radiant Energy Density) Radiometric Data (Radiant Energy Density, Radiometric Data (Radiant Energy Density, Radiometric Data (Radiant Energy Density)
S S S
n o o
8 S S
=3 S S
£ < . .
E ° E ° E ° E
> > > >
n o o
S S S
€ & &
5 S S

-0.1 -0.05 0 0.05

X [mm]

0.1

-0.1

-0.05 0 0.05 0.1

X [mm]

-0.1 -0.05 0 0.05 0.1

X [mm]

-0.1 -0.05 0 0.05

X [mm]

7 =

z =0.25zy

z=0.52z




VirtualLab Fusion Technologies
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