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utline

Theory

Review of aperture and field

Wave aberration function

Seidel aberration coefficients

Spot diagrams and images under aberrations
ZEMAX Practice

Aberration assessment

07.10.24 Optical Design with ZEMAX OpticStudio



|__|I_ Review of Aperture, Field, and Vignetting

m Axially symmetric optical system Images of lens edges
Lu 45 6 7 8 9 10 On Axis Small |eId Angle Large Field Angle
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ﬁ Theory of Aberrations

+- Rl Le2rning approach
L)

= Historically, the understanding of aberrations progressed from particular to general
N = For learning, it is best to begin from general to particular
= Ways to describe optical aberrations
= Wave aberration function
= Angular ray aberration
= Transverse ray aberration
= Longitudinal ray aberration

Heuristics from axial symmetry

" On-axis object point: only have an axially symmetric wavefront deformation
(quadratic, quartic, ...) with respect to the aperture

= Off-axis object point: axial symmetry in the wavefront deformation is
reduced to plane or double plane symmetry

07.10.24 Optical Design with ZEMAX OpticStudio 4




araxial Imaging Condition

Modeling imaging process

Objects: composed of numerous abstract points
Each point: a spherical wave front emanating from that point

Each image: a spherical wave front converging to or diverging from the image point
Aberrations: deviations (errors) from the spherical wave front

Fermat’s Principle

Optical Path Length (OPL) = constant

1 1 1
- _ - _= - '— K
s s f C +C
1
S s’ f
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ave Fronts and Aberrations
Wave aberration function: W (I-_i , ,5)

—

H Normalized field vector £ Normalized aperture vector

Power expansion up to the 6th order

W(H.p) =Y WiguH-HYH-p)"(5-p)
oyt
= Wooo + Wago(H - H) + W11 (H - §) + Wono(5 - p)
+ Woao(p - 5 + Wisi(H - 5)(p - p) + Wana(H - )
+ Wano(H - HY(B - ) + Wa1i(H - H)(H - ) + Wago(H - HY
+ Waso(H - H)(5 - p)* + Wasi(H - H)(H - p)(5 - p)
+ Warr(H - H)(H - )’
+ Waso(H - HY (5 - p) + Wsi(H - H*(H - p) + Weoo(H - H)?
+ Woso(5 - £)° + Wisi(H - 5)(5 - p)* + Wasa(H - 5)*(5 - )
+ Wass(H - p)°
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Aberration name
Zero order
Uniform piston
Second order
Quadratic piston
Magnification
Focus

Fourth order
Spherical aberration
Coma

Astigmatism

Field curvature
Distortion

Quartic piston

Sixth order

Oblique spherical aberration

Coma

Astigmatism

Field curvature
Distortion

Piston

Spherical aberration
Un-named
Un-named

Un-named

Optical Design with ZEMAX OpticStudio

Vector form

Wooo

Wzoe(f} - H)
Wii(H - p)
Woao(p - p)

Woao(p - p)?
Wisi(H - B)(F - p)
Wan(H - p)?
Waoo(H - H)75 - p)
Wi (H - H)Y(H - )
Wago(H - H)?

Wago(H - H)(5 - p)?
Wssi(H - H)(H - )5 - p)
Wapo(H - H)(H - )}
Wao(H - HP(5 - )
Wsi 1 (H - HY(H - )
Wsoo(g “H)

Woeo(p - p)°

Wisi(H - 2)p - p)?
Wan(H - 5)(5 - P)
Wass(H - p)’

Algebraic form j m

Wago H?
Wi Hp cos(¢)
Woaop”

Wosop®

W31 Hp? cos(¢h)
W H? p* cos ()
W H? p?

Wi H? p cos(¢h)
WipoH*

WayoH? p*

W31 H? p? cos(¢)
Wi H* p? cos? ()
Wi H*p?

Wsi1 H p cos(¢h)
Weoo H®

Woso0°

Wis1 Hp® cos(¢)
Wap H? p* cos*(¢)
W3 H? p* cos’ ()

o O

o = = O O O

LR R = — e

o o o o

o =

O = O~ O

W o= O O = O N = O

o O = O =

O = S O = D =



L.ower-order Wave Aberration Function Terms

Zero-order Second-order

Seidel
Aberrations

Field Curvature Distortion Quartic piston
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—
™ X\/ave Fan Plot

m Wave fan: plot of wave front aberration vs the normalized pupil coordinate p in
Lu the tangential and sagittal planes. The field (H) dependence is not shown explicitly

O (H changes the scale of the wave fan but not the shape).
v W ’ / W K . W ’
\\ I, I' 4 N /7
"- -.n’ -’ —— —-f( \"'- f’
P ,’ P o
4
d / 1 L L
4 3 2 2 2
Woso 0 Wi H p” COs @ W,,,H " p" cos™ ¢
2 2 3 4
WooH p W, H pcosg W00 H
N | s’ | Y W T ., ' W]
AN ’ s 7 | ememmm)eeeee | e————
Snle” e” ..”
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Spherical Aberration Balanced with Defocus

07.10.24

Shapes

Wave Fans

Minimum OPD Marginal Ray
Variance Focus

Paraxial Focus

W H I

Optical Design with ZEMAX OpticStudio
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Seidel Coefficients

Calculation

Trace a marginal ray and a chief ray through the

system, using the paraxial ray tracing equations,
at surface i
or r (), ()
s
h, Doy
Uy uy
-— ti —» s r‘_ dl
h1
07.10.24
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System level (Seidel sum): ™

A =ni; =ni/=n, (ui + E] Ei = niT: ni,?: n; [U.
ri
N am_1_ 1
| n n " n n
. 2 (u,n)
Spherical: S,; = —AhA,
Coma: S, = _Aiz‘ihiAl(u "
Astigmatism: Sg,i = AizhiAi(u g
Field curvature: S4J =—-H ZCiA,(n)
Distortion: Sg; = —ﬁ(S&i + S4|)



irst-order Errors

XP

Y

cniet 52

—

Defocusing
Magnification
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hird-order Aberrations

o<

Y

Ye
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Astigmatism

=

XP

Field curvature
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Barrel Distortion
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—

Pincushion Distortion

Distortion
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hromatic Aberration

A
EP cp A P
red
e ™S, AT=======
== red blue
blue ™
x
Y ‘ Y

Longitudinal Chromatic Aberration  Transverse Chromatic Aberration

s’ on SM _ 6n

S n-1 M n-1

Seidel B ) =
Coefficients Cui = ARA C,i = AhA;
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Zero-Seidel Conditions
. ®/@©
A=0 h=0
S,=S,=S, =0 S, =S,=5,=0
1= Cz =0 1 =L, = 0
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ero-Seidel Conditions

Aplanatic surface

Optical Design with ZEMAX OpticStudio
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™ Wave Aberration Function and Zernike Coefficients

m Zernike Polynomial
L] Z'(p,¢)=RI(p)cosmp m=0
= Z"(p,p)=Ry(p)sinmp m<0

The first 21 Zernike polynomials

@
-
®O
OO
OO
OO0
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W (p,0)= iicnmzﬁ"(p@)

n=0 m=0

O

Orthogonal over the continuous unit circle.
Continuity of derivatives

Representation of common wave front errors
Completeness (represent arbitrarily complex
continuous surfaces)
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Spot Diagrams

07.10.24
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Spherical Aberration
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th Pure Aberrations
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d Ihrough Images with Pure Coma W ,, = 2A

+1A

- +4A\

-3\

AN -7\
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+4\
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hrough Images with Pure Astigmatism W,_, = 2A

+1A

-3\

-7\
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Grid Images under Pure Aberrations
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07.10.24 Optical Design with ZEMAX OpticStudio




-
L.
O
L

mST/
MICRO-al7

07.10.24

ZEMAX
Optic

Hands-on Time
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Homework

07.10.24

Objective
Acquire a thorough understanding of aberrations
Learn to use product catalogs
Understand the influence of lens form on aberrations

Investigate the aberrations in lenses of typical forms. Task: Use one zos file for each lens investigated. For
each investigation, insert one lens of 25 mm (or 1 inch) diameter from a product catalog of your choice and
investigate its optical aberration in terms of standard spot diagrams, ray aberrations, optical path, pupil
aberration, field curvature and distortion, longitudinal aberration, lateral color, chromatic focal shift, Seidel
coefficients, and Seidel diagram (dock all windows). Wavelengths and fields: Use full FAC wavelengths
with the object at negative infinity and field angles of 1, 5, and 10 degrees. Lenses: Study lenses from each
categories of meniscus convex, planoconvex, and biconvex type, each with 50 mm and 100 mm focal length.
If you cannot find an exact match in the focal length, a close approximate can be used. Orientation: Repeat
the assessments with the lens flipped. You can use the “Reverse Elements” button in the lens data editor for
this. Use a separate file for the reversed orientation.

Pay attention to the scale of the plots. Compare and summarize your assessments in a table in terms of the
five Seidel aberrations and the two chromatic aberrations on a level of A — D with A the best and D the worst.

You should make a folder in your shared OneDrive and upload the ZEMAX design files (.zos) and a word
comparison summary file to that folder.

Optical Design with ZEMAX OpticStudio

25



	Slide 1: Optical Design with ZEMAX OpticStudio
	Slide 2: Outline
	Slide 3: Review of Aperture, Field, and Vignetting
	Slide 4: Theory of Aberrations
	Slide 5: Paraxial Imaging Condition
	Slide 6: Wave Fronts and Aberrations
	Slide 7: Wave Fronts and Aberrations
	Slide 8: Lower-order Wave Aberration Function Terms
	Slide 9: Wave Fan Plot
	Slide 10: Spherical Aberration Balanced with Defocus
	Slide 11: Seidel Coefficients
	Slide 12: First-order Errors
	Slide 13: Third-order Aberrations
	Slide 14: Chromatic Aberration
	Slide 15: Zero-Seidel Conditions
	Slide 16: Zero-Seidel Conditions
	Slide 17: Wave Aberration Function and Zernike Coefficients
	Slide 18: Spot Diagrams
	Slide 19: Point Images with Pure Aberrations
	Slide 20: Through Images with Pure Spherical W040 = 2λ
	Slide 21: Through Images with Pure Coma W131 = 2λ
	Slide 22: Through Images with Pure Astigmatism W222 = 2λ
	Slide 23: Grid Images under Pure Aberrations
	Slide 24
	Slide 25: Homework

