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Einfache Optiksysteme
Typklassen optischer Systeme

= Ubersicht und Sortierung
optischer Systemtypen in
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Einfache Optiksysteme
Field-Aperture-Diagram

= Classification of systems

= Aperture dominated :
Disk lenses, microscopy,
Collimator

* Field dominated :
Projection lenses,
camera lenses,
Photographic lenses
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Einfache Optiksysteme
Achromate

® Achromat:

- Farbkorrektion durch verkitten von 2 unterschiedlichen Glasern

- Korrektur Offnungsfehler am Rand
- Aplanatische Komakorrektur moglich

® Vier grundsatzliche Losungen maoglich:

- zwei Lésungen fur Kron-voraus
- zwei Losungen fur Flint-voraus

®* Normalerweise:
- Korrektion fur Objekt im Unendlichen
- spharische Randkorrektur
- axiale Farbkorrektur
- Glaswabhl fur korrigierte Koma
- beugungsbegrenzt bis NA 0.1

Kron voraus

Flint voraus
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Einfache Optiksysteme
Achromate : Bauformen

® Vorteil der Verkittung:
angespannte spharisch unterkorrigierende Kittflache ist stabil

® Nachteil der Verkittung:
einen Freiheitsgrad weniger

® Daher in der Praxis
unterschiedliche Bauformen

Kantenkontakt verkittet Mittenkontakt

Kantenkontakt verkittet Mittenkontakt Gaussform
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Einfache Optiksysteme
Achromate : Ansatz

® Berechnungsansatz:
1. Annahme zwei dicht zusammenstehende dunne Linsen

2. Brennweite/Brechkraft F=F+F,
3. Achromasie Ho B
v, v,
® . s 1
Einzelbrechkrafte F = - F F, = 1 P
1--2 1
Vi V,
® Fazit:

1. eine positive und eine negative Brechkraft
Reihenfolge egal (Kron/Flint voraus)

2. groBe v-Differenz entspannt Einzellinsen

3. Achromasie unabhangig von Durchbiegung

4. Durchbiegung dient der spharischen Randkorrektur

5. Aplanasie nur durch spezielle Glaswahl moglich
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Achromate : Korrektion

® Verkitteter Achromat: 6 Freiheitsgrade
- 3 Radien, 2 Brechzahlen, Verhaltnis v,/v,

¢ Korrektion der spharischen Aberration:
zerstreuende Kittflache

n,.>nN
zer sam AS'

® Glaswabhl: alternativ
1. Aplanatische Komakorrektur
2. Minimierung spharischer Zonenfehler
3. Sekundares Spektrum minimieren

4. Gaussfehler minimieren

® Es gibt drei LOsungsbereiche
far die Glaswahl:
1. keine spharische Randkorrekur
2. Zwei Losungen
3. Eine LOsung, aplanatisch

case with 2 solutions

N,

1

/ ~\

/ . .
case without solution,
only sperical minimum

case with
one solution

and coma

correction
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Achromate

= Achromate f\v |
v

= Longitudinal aberration |

= Transverse aberration

= Spot diagram Ay

A =486 nm

A =656 nm

sinu’

A =587 nm

axis

1.4°

486 nm 587 nm 656 nm




Einfache Optiksysteme
Achromate

= Diffraction limit
= small field of view
= Performance decrease in the blue

0.3

0.2
0.1
0
diffraction
limit
A
0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 [um]

s [A]

486 nm

! 587 nm
| 656 nm

diffraction limit i

field

2 angle []
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Optimierung

® |deal aplanatic solution for glass selection: "

fixed flint glass &

1. fixed flint glass
curved line in glass diagramm for optimal

1.7 .
line of

crown glass combination ies  minimal
spherical
18 aberration

1.55

1.5

1.45

2. fixed crown glass
curved line in glass diagramm for optimal
flint glass combination il
spherical

aberration

® Reality:
Only glasses near by due to discrete structure

1.55

1.5 . ~——
> fixed crown glass

1.45

80 70 60 50 40 30

0
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Farbkorrektur

e Achromatische Korrektur :

Stets hdchstens 2 Farben mit gleicher Schnittweite

e Apochromatische Korrektur :
Korrektur fur mehrere
Farben, kleinere Restfehler
( sekundares Spektrum )

A

0.6438
0. 6275
0,611l
0.5947
0.5783
0.5619
0 .5455
0.5291
0.5128
0. 4964

¥. 4800

Apochromat

c /’
— i le—
Restfehler \

Restfehler
4

>

F {\

-108 ., 00D

v.000

100, oo
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Einfache Optiksysteme
Disk and Pick-up Lenses

= Read and write on disks with laser
= Monochromatic, no field of view
= High volume : plastic optics
= Simple version :
objective

one lens lens ‘.
D

beam-

splitter lens
laser detector detector
—> «— > [ AN S AN lens
disc beam
splitter
collimator
lens

laser

— 1 sensor

Page No. 15



Einfache Optiksysteme
Disk and Pick-up Lenses

» Decrease of performance with defocus and field size

= High numerical aperture more critical
= Aspherical singlet solution

[pm]

«——— defocus field size —
””””””””””””””””””””””””””” I \\diffractionlimiti
Tos -
4_/—/ ] / . \ | \\.‘\\ , ~— [uyl'\'l]

5 4 3 2 1 0 30 60 90 120 150

NA = 0.50

NA = 0.65

NA = 0.80

a) b) c)
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Einfache Optiksysteme
Disk and Pick-up Lenses

= Aspherical singlet

/

/1

=

|

\

—

= three-lens glass solution

=

L
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Einfache Optiksysteme
Disk and Pick-up Lenses

= CD-DVD dual-band solution
CD:780 nm, NA=0.45t=1.2 mm
DVD : 650 nm, NA=0.60,t=0.6 mm

= Adjusting one distance

Ds

1.0

diffraction limit

i CD ]
780 nm

05 i

0 1 1 1 1 1 y' [},Lm]
0 10 20 30 40 50

a) DVD

650 nm
NA = 0.60

N4

—> ?(_
214 ;0.6 mm

mm

_l

b) CD
780 nm
NA = 0.45

/A

2
"
3
3

=l
3

I
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Einfache Optiksysteme
Collimation

= Collimating source radiation:
Finite divergence angle is reality

= Geometrical part due to finite size : 0, =2
f
= Diffraction part: A
6,=—
D
: o . 2Az7 .

= Defcussing contribution to divergence AG= —7-smu

.

7

A

1 ‘J/
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Einfache Optiksysteme
Collimator Optics

spherical

= Monochromatic doublet

= Correction only spherical and coma:
Seidel surface contributions coma
Limiting : astigmatism and curvature

astigmatism

curvature

distortion

= Enlarged aperture : meniscus added

= —
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Einfache Optiksysteme
Collimator Optics

» Enlarging numerical aperture by aplanatic-concentric meniscus lenses
= Extreme good correction of spherical aberration

a) NA = 0.124

b)NA=0.187 Wrms

o2 L e
NA = 0.124 ; ;

- NA=0.187 ' ' ! T

. NA=0.277 i -

0.15 f---mmnnen omeeeeee oeeee S

c) NA = 0.277

0.1

0.05
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Einfache Optiksysteme
Collimator Optics

= Problem of high-NA collimators: — 1~

small field of view \\
« Example : NA = 0.6, w = 0.13° | >
= Field correction cumbersom: :z
Zernike coefficients shows
residual coma

nm
014} -----s g RREEETEEPE P SERREE
ORI SR SO S
g AU SO S
YWE § N SR .
oo SR S A
o SRR RO SO0
0.02f------- -l - R ERERERt CECEREE e
0 = . —
0.020 Q- S RRORt IUTPILRS e
0.04 -2 R EEEET EEEEERE, SRR
splh colma aslt trle AII 5I
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Collimator Optics

= Collimator with large

field :
NA = 0.75 ( }
wW=22°

= Collimator lens for visible spectrum
NA=0.17,w=8°

| diffraction limit

0.5
0 T
Wrms
0-2 T T T T
486 nm _
587 nm
656 nm
— -
0.1
I diffractionilimit .
/74
0
0 2° 4° 6°

(o]
o

wq]
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Einfache Optiksysteme
Telecentric Systems

= Principle:
Chief ray parallel to optical axis
Stop position in focal plane
Pupil position in infinity
» Three possibilities :
1. Object-sided
2. Image-sided
3. Double-sided
= Advantages :
invariant magnification during defocussing
» Problems :
Large diameters necessary
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Einfache Optiksysteme
Telecentric Systems

a) image sided telecentric b) object sided telecentric

= Cases object telecentric image  object telecentric image

stop stop X

A A A

1 and 2 t 1
Z >
— T
chief rays chief rays
parallel to axis parallel to axis
¢ In Image space in object space f
object lens f, telecentric lens f, image
stop
A A

= Case 3

A
| — v
chief rays

parallel to axis
in object space chief rays
f f parallel to axis
1 2 in image space
> f1 7 f
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Einfache Optiksysteme
Telecentric Systems

= Example system — S
= Problem .: 90ma and vignetting disturbe e ———
telecentricity —
= Definition of telecentricity deviation
AWteIe[m:I
1.2
Awtele[O] ' centre ray with
0.05 vignett)i,ng /

0.8
0 /
\\ 0.6
centre ray
-0.05 with coma
04

chief
-0.1 ray
480 nm
587 nm 0.2 /
0.15 656 nm

. '/ v
02, 0.2 0.4 0.6 0.8 1 Y'Y max 0 0.2 0.4 0.6 0.8 1

y‘/y‘ max
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Telecentric Systems

= Typical :
System layout with two groups
= Error due to vignetting

486 nm 587 nm 656 nm

axis

AWtele [o]

0.9

0.8

0.7

0.6

chief
ray

0.5

0.4

centre ray

0.3

0.2

0.1

-0.1

0.2

0.4

0.6

0.8

y'/ y'max
1
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Einfache Optiksysteme

Telecentric Systems

= Example :

Double sided no-vignetting system

/

< -
——————
486 nm 587 nm 656 nm AW, [°]
0.1
axis @ 0.05
0
-0.05
7° \
0.1 \
\ centre ray
0.15
chief\\
10° o ray \
. \\
0.25
0 0.2 0.4 0.6 0.8 1

y'/y'max
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Einfache Optiksysteme
Beam Guiding Systems

i

= Transport of laser light over large )
distances t=e

= Adaptation of beam diameter
= Solutions : Fes
Telescopes of Kepler or Galilei type

r=4 =
1
d)
I'=50
1
adjustment «—
e) i
I'=4 =
T
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Einfache Optiksysteme
Beam Transmission

= Encircled energy of a Gaussian
beam

jl(r')zm' dr
E(r)=2 =l—e

II(r')Zf[r'dr'

0

= Transmission through a circular
aperture numerical

E(r)/E

1

=7 0.99
02 7 0.865
0.8
y Z
iEee
0.2 /
0.1 /
%0 0z 04 06 08 1 12 14 16 18 2%
T
1
———
v=0////
0.8
Y/ s é
// viw =1 / viw =2
0.4 - :
o // / / /
0%// a/w
5

1 1.

2 2.5
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Einfache Optiksysteme
Edge-Diffraction of Gaussian Beams

= Truncation of a coherent Gaussian beam at a circular aperture:
Edge-diffraction
= | ow-level intensity at the boundary: small effect in focus

Log [A|
10° : : : :
I(r) 102 \ = : I S — _
1 - - - - - I - | ; . |
top hat T 1 E i ] H 1 a/wo = 1
Gaussian profile 1074 oA N A N NN N Moot o]
i H J HE] H H H _
i i i Y i | a/wo =2
i I~V i | i a/W(J =3
05 s s s
10° i |
10710 : : ) a/wo =4
0 .,\N\/\/d. m\'w 12 1 i 1 i
. 10 L L L L r'w
80 pm 0 80 um 0 1 5 3 S p
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Einfache Optiksysteme
Coherent Straylight

= Example : coherent straylight with 1% of signal energy
Focused straylight : significant interference fringes

—
— focus straylight
> Z
—
signal — >
beam
z=4 z=5 zZ=8 z=9
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Coherent Straylight
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Einfache Optiksysteme
Gaussian Beams with Aberrations

= |[deal intensity I(r,z)

= Spherical aberration ¢,, = 0.3 A
Asymmetry and focal shift

I(2)

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

z [mm]

1
-0.1 -0.05 0 0.05 0.1

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1
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Gaussian Beams with Aberrations

= Astigmatism c,, = 0.3 A

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

= Comacy, =03 A

0.02 0.04 0.06 0.08
Page No. 38



Einfache Optiksysteme
Beam-Clean-up-System

= Filtering of higher order modes
in a non-fundamental beam

= Kepler telescope with stop in
or near the focal location

= Typical diameter:

_2Af

stop ~

=0.637- Af

D

= Optimization of filtering
and diffraction effects

M2
4
3.5 spherical
aberration
c,.=1.0A
3 40
2.5
\ spherical
2 aberration
/ 040 = 0-5 7\;
1.5
1 ideal
0.5
0
0 0.5 1 1.5 2 AW

Ien}f aperture stop
WLT / Dstop ¢L \

f
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7. Relay-Systeme
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Relay Systems: Achromate

= Large residual aberrations:
1. Astigmatism
2. Field curvature

a) spherical aberration b) astigmatic field curves c) distortion
Yo! Yomax tan sag Y/ Vmax Y/ Y max
—1.0 —1.0 +1.0
656 nm
546 nm
486 nm
435 nm
+0.5 +0.5 +0.5
r T T 1 Az r T T 1 Az T T T 1 [%]
1.5 0 15mMml 50 0 2,0 [mml 19 0 1.0
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Einfache Optiksysteme
Relay Systems: More Complicated Systems

. a) spherical aberration b) astigmatic field curves
= |mproved performance with more lenses Yo Yo
1.0
= |n particular better color correction
656 nm
546 nm
486 nm
e |
=eS ’H ,—‘\ \ solid: tan |
dashed: sag
' : : . Az Az
-0.5 0 0.5 [Mm] o4 0 0.1 [mm]
= Magnification m = 0.2 . . . .
a) spherical aberration b) field curvature c) distortion

TS YWoax TS TS

|

_\
486 nm |
587 nm
656 nm
As' A
02 005 o0 005 01 [mml 005 o
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Relay Systems: 4f-Systems

= Basic system with achromates

= Split achromates

T
-1.5

a) spherical aberration b) astigmatic field curves
yp/ ypmax y' / y'max
+1.0 T+1.0
656 nm sag
546 nm tan
486 nm
435 nm
+\0.5 T 0.5
Az Az
1 T T 1
0 1.5[mMml 29 0 2,0 [mm]
a) spherical aberration b) astigmatic field curves
yp/ ypmax y'/ ylmax
+1.0 sag +1.0
656 nm tan
546 nm
486 nm
i 435 nm
0.5 T 0.5
Az Az
T 1 T T 1
0 15Imml 20 0 2,0 [mm]

T
-1.5

c) distortion
yll y'max
+1.0
1 0.5
r 1 [%]
-1.0 0 1.0
c) distortion
yll Y'max
- 1.0
1 0.5
T T 1 [%]
-1.0 0 1.0
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Relay Systems: Periscope

= Major parts:

1. Eyepiece

2. Relay system, several stages
3. Objective o
4. Turnable prism =

<«—— objective

T~ field lens

<«—— 1.relay system

N <«—— 1.image

<«—— 2. relay system

/) 2. image

<«—— 3.relay system
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Relay Systems: Endoscopes

= Transport over large distances

= Combination of several relay subsystems
= Large field-angle objective lens

= Applications: Technical or medical

objective 1. relay 2. relay 3. relay
— . 7  —x—\— 7 \
——
Ws [M
. 0.5 ' '
= Different subsystems: Vi
0.4
486 nm 4
587
0.3 555 nm
0.2
‘ 0.1 o
g % F— diffraction limit
—— — 0 o
0 0.4 0.8 1.2 16 2

[mm]
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8. Scanner-Systeme
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Scan Systems: Introduction

= Changing components allows a field scan ,

MOStIy I’O’[atlng mirrOI’S rotating scan l\ !
[0} mirror

= Pre- and post-objective scanning e
possible >
= Scan-magnification m =1...2 A\> image
objective plane
d lens
ned?
dé
= Basic setup
lens 1 lens 2 chief ray due
, p===f——— toscanangle
point —— marginal ray 11 L
source ¢ =
I field
i o\ scan scan D Y. size
virtual source angle mirror ¥
point for scan i
angle (-): s » > s
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Scan Systems: Introduction

= Scan resolution:

Number of resolvable points in the field of view

= |nformation capacity:

1. Resolvable points
2. Speed of scanning
= Types of variable components

electro-optic

— hnon-mechanical

acousto-optic

— mechanical TL

polygon
oscillation {
rotating wedge
galvanometric
rotation ~,
holographic
translation microlens-array

L 2-D

ExP ) max

Airy
log A6 growing scan
A . . capacity
angle |\ \‘I
resolution| * polygon N
mirror
> galvo | " acoustic
scanner ™ optical
. modulator
~— logv

scan speed
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Scan Systems: Varying Components, Polygon Mirrors

= Rotating
mirror with facets  oyramica

polygon

a) pyramidal polygonal mirror b) prismatic polygonal mirror

objective
lens prismatic
polygon

= Two types:

scan

1. Pyramidal

2. Prismatic ~
— 4\_) objective
lens
scan line

. ACOUStO-OptIC&' acoustic
absorber
deflector

incident
wave

diffracted
waves

refractive ~ \

= Rotating wegdes

index ——
variation

electrical
excitation

Page No. 49
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Scan Systems: F-6-Scan Lenses

= Paraxial image height y'=f -tan9
= Desired in scan systems:
_ _ . . _ L=2- f .6
linearity of image position to angle size

= Solution : special distortion Y

dis tortion
corrected

p=—2 ]
tan @ R e e

= Definition of deviation as aberration

De = y —1 linear

0 [°]

1%

-1%
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Einfache Optiksysteme
Scan Systems: Example 1

= Monochromatic

= Scan field 2x20°

= Numerical apertur 0.025
= Telecentric

= F-0-correction

= With field lens

a) telecentricity error b) f-6-distortion

Aw []] y/ Ymax
T1

T 0.5

c) wave aberration

W, [A]

\‘\_2

0.1

0.08

0.06

diffraction limit

0.04

0.02

-0.2 R e e e L T
0 o

T 0
0.05% 0

10°

0
20°
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Scan Systems: Example 2

= Non-telecentric
= Scan angle 2x30°

a) standard distortion

Monochromatic
F-0-corrected

1

T 0.5

b) f-6-distortion
y/ymax y/ymax

1

-10%

0 10% -0.2%

)

c) wave aberration

Wims [M

0.1

0.08

0.06

0.04

0.02

0 15°

30°
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