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Demonstration of Abbe's Theory of Image Formation



Abstract

“No microscope permits components to be
seen separately if these are so close to each
other that even the first light bundle created
by diffraction can no longer enter the objective
simultaneously with the non-diffracted light
cone.” Ernst Abbe, 1873.

Within VirtualLab Fusion, we build up an
Imaging system, use chromium gratings as
test objects, and demonstrate the theory of
Ernst Abbe. On one hand, we change the
grating period; on the other hand, we (keep
the period) change the aperture at the Fourier
plane, and investigate the influence on the
image formation.




Modeling Task — Imaging with Varying Grating Period
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Image Formation Analysis

image on Fourier plane
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For imaging analysis, we horical Fourier
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Image Formation Analysis

behind grating object

n 6: Behind Grating Object (d = 7.5um)
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A 10-times magnification
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Behind Grating Objects with Different Periods
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For imaging analysis, we
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Behind Grating Objects with Different Periods
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Fourier Plane Images for Different Periods

grating object
- thin chromium

on substrate

- duty cycle 50%
- varying period

d=5,7.5,10um
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proportional to the grating period.
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Grating efficiencies — corresponding to the spot brightness — are
calculated by Fourier modal method (FMM, also known as RCWA).




Grating Images for Different Periods

grating object
- thin chromium

on substrate

- duty cycle 50%
- varying period

d=5,7.5,10um
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Grating Images for Different Periods
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Modeling Task — Aperture Effect in Fourier Plane

grating object
thin chromium

on substrate

duty cycle 50%
period d=7.5um

input field

- Gaussian profile ‘M
wavelength 632.8nm

polarized along x
waist radius 50um
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How can the aperture in the Fourier plane
affect the image formation, and the
resolution of the imaging system?
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Aperture Width 5mm

n 43: Grating Image (5mm Aperture Width)
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Aperture Width 3mm

images on Fourier plane behind aperture
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The grating image gets
smoother because of the
truncation of higher diffraction
orders in the Fourier plane.
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Aperture Width 1mm

images on Fourier plane behind aperture

n 37: Fourier Plane Image (1mm Aperture Width)
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Aperture Width 0.5mm

u 46: Grating Image (0.5mm Aperture Width) m@
Chromatic Fields Set
. . . th . . E 2 4
images on Fourier plane behind aperture | ©nly the 0% diffraction order = |
passes the aperture. -
n39: Fourier Plane Image (0.5 Aperture Width) j@@ E g I
Chromaic Fields Set 7 - | E ﬁ/\
_ = Qth . — o 0 01 02 03 04
ES The image is a X e
28 26 24 22 2 -18 -6 -14 -12 -1 -08 06 04 -02 0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 magnlflcatlpn Of the InpUt
X [mm) Gaussian beam. )
m Aperture Width) E@@
‘ Chromatic Fields Set
g
,/
4
/
K
. /
aspherical / m spherical
| ~ gt E
/’ ,/ >
- ’
L} ,,
|
—_ e
X . I—"”
grating
L>Z Taperture |rr|1age
width 1Tmm plane X [mm]

15




Peek into VirtualLab

Fusion

Edit Grating Component X l
Component Size ’ 25 mml x ’ 25 mm] (i |
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direct and flexible visualization
of field quantities in the system
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Workflow in VirtualLab Fusion

« Import lens systems from Zemax OpticStudio®
— Import Optical Systems from Zemax OpticStudio® [Use Case]

Include grating components into system modeling

Set the Fourier transforms properly according
to the situation

Edit Grating Component
;ﬁ_ Component Size ‘ 25mm| x 25mm| H
A Reference Surface (all Channels)
Coordinate
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E = Lozd / el
Position / Aperture
Orientation
Grating Stack
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1 1 75 E
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Air in Homogeneous Medium

}ﬂ"\ (O On Front Side of Reference Surface

Solver Homogeneous Medium Behind Surface
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VirtualLab Fusion Technologies
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