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Outline

e Introduction to OSLO

 Basic fundamental of OSLO
— Example 1 : Cooke triplet

 Advanced fundamental of OSLO

— Example 2 : four-prism configuration beam displacer
(achromatic polarization preserving)

— Example 3 : effective lens model of VCSEL (vertical
cavity surface emitting lasers with whispering gallery
mode)
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| ntroduction to OSL O
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What 1s OSLO?
The advantages of OSLO

The computer interface of OSLO
What could be designed with OSLO?
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What iIsOSLO?

* OSLO 1s an optical system design software. It can
design geometrical (lens) optical systems and
analyze the system and evaluate the performance,
such as 1image quality.

* The method of ray tracing used 1n OSLO 1s
sequential ray tracing, but 1t also can execute non-
sequential ray tracing.

It can execute the optimization and tolerance
analysis.
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The advantage of OSLO

 OSLO works like to window’s program. It is convenient for you to
use the mouse and enter the data.

* OSLO also provides the command interface. Users can choose
both windows interface and command interface by convenience.

* The analyzed data output could be in graphic type or in text type.

* In optimization and tolerance analyses, users could employ the
default error function or create user-defined error function.

* OSLO provides global optimization to find the best solutions of a
system.
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Theinterface of OSLO

Surface spreadsheet

Command input area
T_‘E.i wran Triplel S0mm D AHey [dameterp] - OELO LT
Bl Lsas Euwluae Opheese Toleasss Sonice

a Wiedea  BHelp
BEREETEHE

Graphic

B [ Soe Fin A Fay Pac A Miw Ol Tia Bl Fan =|=- fal
TEgE A LA TRALE

3 [ . window
il @ I ue

Text
window

ool ontpuiy On FPage moder On Graghics amockess: O
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Surface data spreadsheet

B -urface Data

o Comrmand:
W

L3

wavelengths || variables ||_Draw on =

Lens: Demo Triplet Sonm T4 20deg ET1 CO.000541

Ent beam radius i) Field angle . 0.5575¢0

THICKNESS AFER : SFECTAL

INRNNNEN

w

Glass material
Curvature thickness _
radius Aperture radius
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Text output

F
SLM -0.05441&

*FIFTH-ORDER
SRF :

SUM 0. 2 d 7 0. 0205841 0. 050717 0.039752

ODIsSE
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Graphic Output

Aberration
plots
B W 1 - Eay Intercept Corves Analssi:
| E e <z a@
Ray itercept Fleld 20 o~
curve

System
layout

;I$=ui?ﬂ;=m L =i Demo Triplet 5Jmm f44 POdeg

WRVELETH : +:0. 30 &0, 405 o0, 0% RAY TRACE AMALYWSIS
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What could be designed by OSL O?

» Standard geometrical optical lens system

Standard reflected system

» Aspherical lens system

* Non-sequential lens array system
 Diffraction optical element
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Thelimitation of OSLO

* It could not simulate physical optics.

* It could not do stray-light analysis of a system.

* It could not simulate complex light sources.
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Basic fundamental of OSL O
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« Ray tracing
* Image quality analysis
— Aberration analysis

— Image evaluation
e Spot di agr am,

* Optimization

e Tolerance
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Example 1
Cooketriple
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Focal length: 10mm

f/# : £/2.8
Demo Triplet 50mm /4 20deg UNITS: MM
Half ﬁeld angle . 200 FOCAL LENGTH = 9.855 NA = 0.1786

Aperture radius : 1.8mm

materials:
— Lens A and Lens C ;: SK16
— Lens B : F4

Working wavelengths
— main : 0.5876 pm

~ 0. 4 8ufn1
~ 0. 6 5u/3
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The procedure of optical system design

System data entry
Ray tracing
Checking optical performance

Optimization

S D —

Tolerance

A-Chuan Hsu
jane@phys.ncku.edu.tw

17



Data entry

e System parameters
— Wavelengths

— Lens parameters
 Curvature radius
* Thickness
» Aperture radius

e (Glass materials
— Field angle

— Paraxial parameters

e Beam radius

o {/#
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Data entry — wavelength and field angle

* Wavelength

B Wavelength Data < Surface Data

CuUrrent

« Field angle =

o *=

x [HIEE = 2

.:-_T._:. : F

__gen ||_setup || wavelengths || warables || Draw off || Group || Hotes |
ET 3

LEMED MO nNams | 1.
Int beam radius 1., 000000 Fisl m rimary weaneln ]
SRF . aLass
) a il

B

1. ERCIEIL Ill: papElinenl g ey D F.piddmeal@
1. ERCIEIL Ill: 1, DL D 1 - GO IE
1. ERCIEIL Ill: 1, DL D 1 - GO IE
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Data entry — lens parameters

 When you enter the surface data , it 1s better to move from
right to left :glass, aperture radius, thickness, finally radius.

B wurface Diata = =]

i Cornmard:

et
&
GEn Setup wWawe | eni el 01 Nts wariahles Oraw 0On araup
I

Lens: : of 1 ET1

Ent beam radius 1.24933%& Field angle 20.000000 Primary waw
RADTUS THICKMWESS APERTURE RADTUS

z.o000e+19 [ | 7.z793e+ls
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Data entry — paraxial parameters

 We should enter 1.78571
in entrance beam radius — P
field, since the f-number
must set 1n 2.8. D=entrance beam radius

f=focal length

EEg Paracaial Setup Editor < Surface Dada ==

1.243386472459459

Aperture Field Zonjugates

Entr beam rad* R Ficld angle  * object dist = ooon

Object NA Object height Object to PP1 [ 2.0000

Ax. ray slope -0.126544| Gaus image ht Gaus img dist
Image NA

FFz to image
working T-nbr Magni fication

Aperture diwvisions across pupil for spot diagram: 17.030000

Gaussian beam
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Checking the feature

Graphic output Triplet fm /2.8 20 TS

FOCAL LEMSTH = 10 ha = (0,17 CES

UNITS: MM
DE C

*LEMS DATA

riplet 1omm /2.5
SRF FADIUS 4 aP 3 L ; SFPE
OB . . E '
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Ray trace

» Paraxial ray tracing

— Command : “pxt all”

— The algorithm 1s YUI method
* Y: the ray height at surface
» U: ray slope
* [: ray angle

S 7077

1.303309 0.11&017

1.443128

-0.0543254
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Setting obj ect point

e Using menu :
— Select “Evaluate >> Single Ray Trace>>Set object point”

e Using command :

— set_object point (FBY) (FBX) (FBZ) (FYRF) (FXRF)
 FBY,FBX,FBZ : object point fractional coordinates
 FYRF,FXREF : aperture-stop coordinates of a reference ray.

EEjwet object point < Surface Data

.7

Ohject point specification: ® DOirect entry (O Field point number
Fractional coordinates of object point

0.700000 =Ny FEx FEZ

wawvelength number: (0.582 micrometers)
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Ray trace

* Single ray trace

— It shows the trajectory of a single Lagrangian (ordinary) ray
through an optical system.

— Evaluate >> Single Ray Trace YR
« K,L,M : direction cosine
 TANG, RANG :incident and refraction angle

*TRACE RAY - LOCAL COORDS - FEY 1.00, FBX 0.00, FEEZ 0.00
sRF oL HJE Z,/M TANG S TANG HAMNG R ANG 0,/OFPL

7 3.778731 -= -- 18.607615 -- 2.174E849

0. 319085 —- 0.947726  18.607615 15.607615 14.210446
— iy Fi Ray AIMING uFD
- - CENTRAL REF RAY -
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Ray trace

* Ray fans
— FY: fractional coordinates in object space
— DX, DY, DZ: image displacement

— DYA, DXA : the differences in ray slope
between the ray and reference ray.

| -~
— OPD: optical path difference. Ordinary Ray

Exit Pupil
-~ '

Reference Ray

Image
Surface %

*TRACE FAN - FBY 1.00, FBX 0.00, FBZ 0.00

RAY FY FRAC RFS DYA DXA DY DX Dz OPD DMD

1.000000 0.689575 1.0000e+20 1.0000e+20 1.0000e+20  1.0000e+20  1.0000e+20 1.0000e+20 1.0000e+20
0.500000 0.327809 -0.081239 -- -0.021304 -- -- 1.398099 0.422897

-0.500000 -0.302660  0.083840 -- 0.016727 -- -- 1.099659 0.722299
-1.000000 1.0000e+20 1.0000e+20 1.0000e+20 1.0000e+20 1.0000e+20  1.0000e+20 1.0000e+20 1.0000e+20

1
2
3
4
5
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Ray trace

* Ray-intercept curves
— Select “Ray fans >> single field point”

— These curves are graphical plots of ray fans.

— The data represents image space displacements as a function of object-
space fractional coordinates.

Triplet 10mm f/2.8 20deg FBY O FBX O
RAY-INTERCEPT CURVES W1-3 +ao
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| mage quality analysis

Aberration

— Spherical aberration
— Chromatic aberration
— Astigmatism

— Distortion

Spot diagram
« MTF

* SPF
* Energy distribution

A-Chuan Hsu
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Aberration

Triplet 10mm /2.8 20deg

[ Spherical aberration LONGITUDINAL SPHERICAL ABERRATION

— Longitudinal spherical aberration

— Lateral spherical aberration

TA, = LAstanU, =(L-I)tanU,

positive singlet
LONGITUDINAL SPHERICAL ABERRATION

PARAXIAL
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Aberration

» Chromatic spherical aberration

LONGITUDINAL SPHERICAL ABERRATION

— Longitudinal chromatic aberration

Axial Color

- - o (red)
__'1-""";-_--...___‘—“---_

— Lateral color

Lateral Color
F iblua)
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Aberration

* Astigmatism

Lrcie ol bepesi

Secondary
imiage

Sagial Ciplizal
plare VIR

Triplet 10mm /2.8 20deg TANGENTIAL +
FIELD SAGS SAGITTAL X
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Aberration

[ ] [ ]
e Distortion
Wis oo
PER CENT DISTORTION

positive singlet
PER CENT DISTORTION

— distortion < 0: barrel distortion

— distortion > 0: pincushion distortion
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Report graphsof Ray analysis

* This report graph includes the ray intercept curves,
spherical aberration plot, astigmatism plot, chromatic focal
shift plot, distortion plot, and lateral color plot.

Field 20 de
9 ASTIGMATISM LONGITUDINAL CHROMATIC

0.05 mm
+ (mm) SPHERICAL ABER. (mm)| FOCAL SHIFT (mm)
@ { .7,
—

Field 14.3 deg

0.05 mm
7“}@ k DISTORTION (%)

0.05 mm _1
i; ﬁj LATERAL COLOR (mm)
[ 0.001
-0.001

’;l\IAiIC-;E N§Od8917g L Triplet 10mm f/2.8 20deg
WAVELGTH: +:0.588 2:0.486 ©:0.656 um RAY TRACE ANALYSIS
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Spot diagram

* A collection of ray data resulting from tracing a
large number of rays from a single object point
through the aperture of the lens.

* In OSLO, the rays that trace for a spot diagram 1s
distributed in a square grid in entrance pupil. The

parameter is set in the Setup spreadsheet.

EER Paracdal wetup Editor = Surface Data

X
I:E.::I
Aperture Field

Object WA Object height

Ax. ray slope 0.1758571| Gaus image ht

Image MNA
working T-nbr

Aperture diwvisions across pupil for spot diagram:

Gaussian beam

Gaus img dist
FFz to image
Magnification

Conjugates

Entr beam rad® 1.785710] Field angle ¥ Object dist

Object to FPFP1

oo UUUUE

oo UUUUE

17.020000
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Spot diagram

* Graphic output

Y FIELD

Triplet 10mm /2.8 20deg FBY 0 FBX O REFHT O
SPOT DIAGRAM FOCUs 0O W1-3 +ao

GEOMETRICAL GEOMETRICAL
SPOT SIZE RMS Y SIZE
0.04033 0.02852

X" 3
gg&&m&aa@%;
DIFFRACTION Af i iaie iy GEOMETRICAL
LIMIT %5 PR a@ gad RMS X SIZE
0.002051 Fe R 2 0.02852

X FIELD

Focus Omm Patch size 0. 1mm (lplet 10mm 2.8 zodeg 0OsLO

Full Field 20deg 07 QG 01

WAVELGTH: +:0.588 :0.486 0:0.656 um 2D SPOT DIAGRAMS 07:00 PM
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Spot diagram

e Text output

» Using “Evaluate >> Spot Diagram >> Spot Size Analysis”

GEO0 RMS R \OIFFR LIMIT CEMTY
0.040330

Canfroid
~ of Image

CENTY

Hafe rEr'lnr.!El Ray

Image
Surface
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PSF

* Full name : Point Spread Function

* The diffraction 1mage of a point object.
— The diffraction amplitude

* P(x, y): complex pupil function Image

Planea

— The usual definition of point spread function

2

PSF(X,y)=U(X,y)

— The airy disk = diffraction limit
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PSF

Point Spread Scans

* Using “Evaluate >> Spread
Function >> Plot PSF
Scans “

size of patch on 1m
Mumber of points
Focus Bhift
Wertical normalization plot
set Object Point
Cancel

Demo Triplet 50mm f/4 20deg FBY 0 FBX O FOC O

POLYCHROMATIC POINT SPREAD FUNCTION Yo+ X X Triplet 10mm f/2.8 20deg FBY 0 FBX 0 FOC O
POLYCHROMATIC POINT SPREAD FUNCTION Yo+ X x

L
(@)
=
<
i
)
<
o
a%
i
L
>
&
—
<
]
[
[

RELATIVE IRRADIANCE

0

POSITION
POSITION
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Energy distribution

* Itis representing how much of o e S | et
the total energy in the point
image 1s contained within a
circle or square of size which
1s given.

FRACTIONAL ENERGY

0.008 0.012 0.016
RADIUS

Demo Triplet 50mm f/4 20deg FBY O FBX O FBZ O Triplet 10mm /2.8 20deg FBY O FBX O FBZ O
POLYCHROMATIC ENCIRCLED ENERGY FOCUS O POLYCHROMATIC ENSQUARED ENERGY FOCUS O

FRACTIONAL ENERGY
FRACTIONAL ENERGY

0.006 0.012 0.018 0.024 . ] 0.016 0.024 0.032
RADIUS SIDE OF SQUARE
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MTF (modulation transfer function)

 The OTF (optical transfer function) 1s a measure of the accuracy with
which different frequency components in the object are reproduced 1n
the 1image

* The algorithm of MTF and PTF

— The modulation

— IVlij; I)jiF‘ hﬂ11: ::hﬂhwme

object

PTF =273 = 2gv
p

* The object irradiance distribution with Fourier spectrum O(v,,v,) and
the Fourier spectrum of the image I(v,,v,) have the form :

I (v,,vy)=0TF(v,,v,)O(v,,v,)
A-Chuan Hsu 40
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MTF

FIELD POINTS

* .We can choose through- s s

14.29deg Ta Sv

focus MTF or through- el
WAVELENGTHS

frequency MTF in Calculate [

0.588

optical transfer function e
dialog.

MODULATION

FREQUENCY (CYCLES/MM)

L] “ L]
* Using “Transfer Function >> st T ool Tom /2,8 200k
. 2 DIFFRACTION MODULATION TRANSFER FUNCTIONS 05:?5 PM
Prlnt/PIOt OTF Triplet 10mm /2.8 20deg FBY O FBX 0 FOC O

POLYCHROMATIC DIFFRACTION MTF TAN + SAG x LIMIT o

P
@]
=
—
<
—
2
()
@]
=

FREQUENCY (CYCLES/MM)
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Optimization

Select variables

Defining operands
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Optimization — curvatureradius and thickness

« Step 1: Setting variables

— First, we would like to optimize the curvature radius and the thickness of the
system.

— All the curvature radius are defined as variables.

— Because the element thickness could not be changed, the thickness of Srf 2, Srf
4 and Srf 6 are defined as variables.

%Suﬂeu:e Diata !E

AT
Lens: Triplet 1omm T/2.5 1 of 1 ETf1 10. 000

Ent beam radius
SRF rAabDTIUS

______
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Optimization — curvatureradius and thickness

« Step 2: Setting operands

— Optimize >> Create Error Function
>> GENI ray aberration

*OFERAMDS

OF MODE WaT MHAME WAL i, 3 IMITION

9 M .gooooao Fnb diff e = 0.0 ‘0. 0001
10 M 000 Focus diff
11 M o A o

1z M

137 M

1 M

M

5 M

M

M

M

M

M

M

E M

E M

7 M

5 M

M

M

M

M

E M

E M

M

M

M

M

— Using the GENI error function is the
most convenient method.

— GENI error function 1s designed to
handle system of moderate
complexity, such as camera lenses
and other systems having three to
eight elements.

L0 0OFrD U

.0 OMD U

0O L
O OrFrD L

— Click the “Ope” button in the text

FRRPRRBRERRERRPRERRRBRBEBRERERBEBBERRRERRERRRBRER R R
. =x ==K =E=N o« o« ==K =E=F

window to show all the operands 0 41 m
been deﬁned. EI:EF:.ME EF!.F!.I:IF!.;
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Optimization — curvatureradius and thickness

. < (4 29
° Step 3k EXCCUtlIlg 1terate — After executing “iterate”, the

— Defining numbers of iterates. value of the error function will
* “ Optimize >> Iterate “ be appeared in the text window.
 We can define the numbers of

iterate by myself.

e The default number 1s 10.

Perform damped-least-syuares optinization

*ITERATE FULL 10
MNEF. DAMF ING MIN ER 3 CON ERROR.  FERCENT CHaG.

1.0000e-0%
1.0000e-04

N ITT

[H o I R UH Iy LR |

LT, W
-

LR n s B |

[y
=

*ITERATE FULL 10

MNER. DAMPING . A COWN ERROR  FERCENT CHG.
o 1. 2 . B
1 =. 7 Doe3s3ds 0.0140e7
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Optimization — curvatureradius and thickness

e Step 4: Checking

— Checking the feature and the surface data

Triplet 10mm /2.8 20deg UNITS: MM
FOCAL LENGTH = 10 NA = 0.1786 DES: OSLO
——

EEg<urface Data

K

Lens: Triplet 1lowm T/2.8 20deqg Zaam 1 of 1 ET1 10.000

Ent beam radius -] Ficld angle 20. 000000
c 3 IusS

______

1
1
1
1
[
[
1
1
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Optimization — curvatureradius and thickness

» Checking the image quality

— Spot diagram report graph
— Ray analysis report graph . = o

Field 20 de
9 0 ASTIGMATISM LONGITUDINAL CHROMATIC

S x T+ (mm) SPHERICAL ABER. (mm)| FOCAL SHIFT (mm)

Field 14.3 deg

LATERAL COLOR (nm) Y FIELD
0.0005

4).0()05

FIELD: 20deg
IMAGE NA: O
WAVELGTH :0.486 ©:0.656

EFI

X FIELD

Patch size O T(lplet 10mm
Full Field 20deg

486 656 2D SPOT
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Optimization — curvatureradius and thickness

 Step 4 : Checking the image * MTFreport graph
quality |
— PSF I‘epOI’t graph WAVELENGTHS

A(pgm) Weight
0.588
0.486

Triplet 10mm /2.8 20deg FBY 0 FBX O FOC O
POLYCHROMATIC POINT SPREAD FUNCTION Y + X X

Zz
(e}
=
=
<<
4
>
o
Q
=

L
(@)
<Z( 40 60 80
= FREQUENCY (CYCLES/MM)
<
% MTF TYPE Triplet 10mm /2.8 20deg 2}?&
= DIFFRACTION MODULATION TRANSFER FUNCTIONS 08:34 PM
Y
=
&
j o
Lol
x
Triplet 10mm /2.8 20deg FBY O FBX 0 FBZ O
POLYCHROMATIC ENSQUARED ENERGY FOCUs O
-0.0045 0 0.0045
POSITION

>

(@)

[

Lol

=

L

—

<t

=z

Q

=

=

Q

<

o

[

0.008 0.016 0.024 0.032
SIDE OF SQUARE
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Optimization — materials

* Setting variables & executing “iterate”

» [If the material of Srf 1 and Srf 5 could be changed and the
materials of the two surfaces are the same.

1. We define the “glass” of Srf 1 be “model” and Srf 5 “pickup”
with Srf 1.

2. Selecting the glass of Srf 1 to be variable (choosing “variable-
RN/DN”).

3. Defining the boundary of the two variables (1.5 to 1.8 on RN,
Oto 1l onDN)

4. Executing “iterate” until 1t could not be improved.
5. Fixing the glass into commercial glass.

A-Chuan Hsu
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Optimization — materials

» Setting variables & executing iterate

— Step 1: set Srf 1 to be a model glass and define it as a variable.
PRI ||

e i
~ I‘E_E ERrs

BB S urface Data

“M” means the glass of srf 1
wavelength || Field Points || wardiables m- ’- was set as “mOdel”

o | =220
Lens: Triplet lomm /2.8 20deg Zoam 1 o

Ent beam radius 1.755710 Field ar‘lg'le
RAaDIUS THICEMES

Field Foints I wariables || Oras DOn || araup | RoTes |

g ] 1 [y 10, GOG02E

Diﬁihimgw

| Field angl= 20. 000000 Frimary waeln
“ WE PERTUSRE RADTIUS A

.......................

UUUUUUUL¥;
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Optimization —materials

» Setting variables & executing iterate

— Step 2: define the boundary of variables.
» Using “Optimize >> Variables ” to define the boundary of RN and DN.

EER Vauriables Date. Editor < Surface Data == =2

. O]

Minimum  0,100000

Minimum  0.500000 Maximum  100.000000

# al= Increment

"""""" 1.000000 L.&e000e-05

]
=l

_________________ 0.001000 1.5820410

- 0ooooo 0. 001000 1..'-'31'5-'&—1-‘4;'

=

FlRr Rk B R PR R B R B

II
Nl =1
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Optimization —materials

« Setting variables & executing iterate

— Step 3: execute iterates and fix the glass.
OSLO Premivm Edition x|

ns: Triplet 1omm /2.5 z20deg Zoom 1 aof

ET1

t beam radius 1.785710 Field angle 20.000000 Primary waw

WoR R R R R T
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Optimization — materials
* Checking

— The THJ2] 1s too close to Srf. 3, and the image quality is not good.
— Enter 1.2 as TH[2] and re-optimize the system. S ——

Triplet 10mm /2.8 20deg UNITS: MM
FOCAL LENGTH = 10 NA = 0.1786 DES: OSLO
— ~

~ FLENS DATA

Triplet 1omm /2.5 20deqg
SRF RADIUS THICKMESS APERTURE RAaDTIUS GLASS  SPE  NOTE
Oel -= Z.0a0o0e . ATR

1 4.612761 W Fooooo 1.500000 LAK2Z
- -25 .9 1 0. 444578 W 1.500000 ! ATR

______ Fi o

T.E#ébEé ﬁ W '.é 0o A ATFR.

2. 288459 W 0. 700000 1.500000 LAKIZ P

4. 040568 S 2.2931e0 W 1.800000 <, ATE.
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Optimization — materials

* Checking

— TH]J4] 1s too close to Srf 5
— We setting TH[4] as 1.1 and re-optimize again.

. Triplet 10mm f/2.8 20deg UNITS: MM
Triplet 10mm /2.8 20deg UNITS: MM FOCAL LENGTH = 10 NA = 0.1786 DES: OSLO
FOCAL LENGTH = 10 NA = 0.1786 DES: OSLO

=c— lomm /2.8 z0deg
RADIUS THICKMWESS AFERTURE RADIUS GLASS  SFE  NOTE
2.0 9 7.2 18 ATR

LAaK3Z3 O
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Optimization — theimage quality after re-optimize

* Checking

— Checking the image equality

Field 20 deg
0.02 mm

P

Field 14.3 deg
0.02 mm

ASTIGMATISM
S x T + (mm)

-0.1 0.1

LONGITUDINAL
SPHERICAL ABER. (mm)

FOCAL SHIFT (mm)

FIELD POINTS
ON-AXIS +
14.29deg Ta Sv
2C Ta Se

WAVELENGTHS
A(um) Weight
0.588 1
0.486 1
0.656 1

MODULATION

CHROMATIC

40 60
FREQUENCY (CYCLES/MM)

MTF TYPE
DIFFRACTION

Triplet

Triplet

10mm /2.8 20deg

MODULATION TRANSFER FUNCTIONS

10mm /2.8 20deg

SPOT DIAGRAM

DISTORTION (%)
0.05

I

-0.05

REFHT O
W1-3 +ao

FBY O FBX O
FOCUS 0O

GEOMETRICAL

LATERAL COLOR (rm)
0.001

— .

-0.001

UNTTS: mm

SPOT SIZE
0.004705

DIFFRACTION
LIMIT

FIELD: 20deg

IMAGE NA: 0.179
WAVELGTH:

EFL:

+:0.588 2:0.486 0:0.656 um

10mm

Triplet

10mm /2.8 20deg

RAY TRACE ANALYSIS

OSLO
08 QG 01
01:20 PM

0.001995
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0.01

GEOMETRICAL
RMS Y SIZE
0.003327

GEOMETRICAL
RMS X SIZE
0.003327




Tolerance analysis

Define operands and set compensators
b Obtain the limitation of tolerance value.
Define tolerance value

Execute sensitive tolerance Execute inverse sensitive tolerance
Evaluation standard deviation value cy.

Calculate target contribution AS

max*
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Tolerance analysis

Sensitive tolerance ~ K is the probability distribution

parameter, which depends on

— The change in system the distribution function.
performance S from nominal
performance S,, Distribution K
55=5-5 End point 1.0
Uniform 0.58
— The value of standard deviation Guassian 0.44

G55 1S dependent on the
probablhty diStribUtion End Point Liniform Gaussian
parameter k and performance p(x) o) o

change.

=AY AX =AY AX =X A
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Tolerance analysis

* Inverse-sensitive tolerance _ The allowed performance

change for each construction
parameters :

— The probability of success is

dependent on the ratio of AS, = O s
acceptable performance change T kAN

0S, .. to standard deviation oy.

— * AS,, : the target value of AS,
OS max/Oss Piislolalhisy Gif ueesse * n: the number of construction

0.67 0.50 parameters to be considered.
0.8 0.58
1.0 0.68
1.5 0.87
2.0 0.95
2.5 0.99
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T oler ance — eement thickness

« Step 1: Defining operands and setting compensator

— Let TH[6] to be a variable which could be used as compensator. Click the
“Var” in the text window to check the variable.

AR TABLES

WEB SH CF TP LI DAMPIMG THCR
Sl & - TH l1.0000e+04 o.000173

— We will use the RMS-spot size in three wavelength to calculate the tolerance.

« Select “ Optimize >> Generate Error Function >> OSLO Spot Size/Wavefront
and accept the defaults.

* Click “Ope”in the text window to check the operands.

*OFERAMDS

OF  MODOE WaT MAME vaLUE ®CWTRE DEFINITION
M rms 1 0. 001353 4.57 RMS
M HIPmSs 2 ] i 41.85 RMS
M TS 2 0.002314  14.15% RMS

M XIS 3 0. 0021532 .58 RMS
M 0.0077033  32.73 RMS

MIN RMS ERROR.: 0.003549
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T oler ance — eement thickness

» Step 2: Defining the desired tolerance value

— Use “lens >> show Tolerance Data >> Surface” to display the default
tolerance (ISO10110) in the text window.

*SURFAZCE TOLERAMNCES
riplet 1omm t/2.5 z20deg

RA 1 TOL FRINGES THICKMWESS TH TOL RMW TOL DECEM TILT
SRF (CON CCOTOL PR, IRR 0DZ TOL ‘ WA ASE
1 .6 - .00 1.00 0. 7000 0.1000 0010 -

0.z2000 a,laon0 F4 0.

1.1000 0O.1000

0. 1000

w96 0.1000

FRIMGE WAWELEMWGTH! 0.545070
Fringes measured ower clear aperture of surface unless indicated.
Tilt tolerances are specified in degrees.
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T oler ance — eement thickness

« Step 3 : Executing sensitive tolerance

— Use “Tolerance >> User-Defined Toleranceing”, choose the “sensitive” mode
and select the tolerance item you desired.

— We will do the “element thickness ” tolerance first.

Nominal value

Tzer-defined tolerancing

ELEMENT THICKMWESS TOLERANZE
ERROR FUMZTION CHAMNGE COMFPEMSATED CHANGE

_______ SREF TOLER.AMZE FPLUS PERT MIMNUS FPERT LIS PER MIMNUS FPERT

SR

1 0.1 0.007235 0. 0053202 2.3835e-05 B.2635e-08
E 0.1 . a0 001323 . S o.000z201
5

0.1 O.000873 LO0oz3e O.000873 -5 .4004e-05

Cancel

STATISTICAL SUMMARY

UNZOMPEMNSATED COMFEMNSATED
WORST CASE CHAWGE 0 0.010&85°5 o.0022e4
F.O DEVIATIOM

: 0.002454
UNIFORM 5 0001417

QAUSSTAN S 0.003336 0.001073

COMPENSATOR STATISTICS
COMP MEAN STD DEV
TH & -0.0013&7 0.062540
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T oler ance — eement thickness

* Step 4 : Evaluation

— Let the maximum allowed spot size 1s 18 um. Since the

nominal value of spot size 1s 3.55 um, the maximum allowed
change 1s 14.45 pm (0S

max) °

— If we desire the probability success rate to be 99%, then the
desired standard deviation 1s 5.78 pum (0.00578 mm).

— Since the standard deviation of uncompensated 1s 0.004458,
smaller than the desired value, the default element thickness
tolerance value (0.1 mm) 1s acceptable.
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Tolerance — surfacetilt

e Step 1: Use the default operands (ISO10110).

« Step 2: Execute sensitive tolerance again.

— Select “Surface tilt-TLA” in User-Define Tolerance
dialog box and the result will be displayed in the

*TOLERANCE SENSITIVITY ANALYSIS

text window. ERROR FUNCTIOM FOR MOMINAL SYSTEM:

SURFACE TILT TOLERAMCE ([(TLAJ
ERROR FUNCTIOMW CZHAMGE COMFENSATED CHAMGE
TOLERANCE FPLUS ; MIMUS FEFR FLUS FER MIMUS FEFR
0.&5 0. 0. ) 0. 0: 0.0
0o.. 0 X 0. 0.0 [ 0.0
0.5 i d e a. : 0.0
0.5 . L 0. 0! 52 0.0 i 0.0
0.t 0. 57 0. 0: 32 0. 0! ; o.
0.5 O 0.01l62a7 0.01s5944

STATISTICAL SUMMARY
COMFPENSATED
0.024475F

RS5
UKNIFORM

GAUSSTAN 0.01ls175  0.015335

COMPEMSATOR STATISTICS
COMPF MEAN STO DEW WA RS5
TH B —-0.004503 0. 0s35205 0.1z011% 0.1659713
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Toler ance — surfacetilt

e Step 3 : Evaluation

— The calculation 1s the same as the tolerance calculation of element thickness.
The desired standard deviation 1s 0.00578 mm.

— The target performance change As,,. 1s 0.00407.

— Select “Inverse sensitive” and “Surface tilt-TLA” in User-define Tolerance
dialog box, and enter 0.00407 in the “change in Error Function™ field.

*INWVERSE SEMSITIVITY ANALYSIS
Mser-defined tolerancing ERROR FUNCTIONWN FOR NOMIMAL Z%STEMS
: ALLOWED ZHAMGE IM ERROR FUMCTIOM: 0. 004070

SURFAZE TILT TOLERANCE ([TLA)
ALLOWED TOLERANZE

F UNZOMFPENSATED COMPENSATED
241096

252143

L 2FR9E3

1. 230162

20dPes

2432841 0.24249

Change in emor function

Cancel Help |

F.
1
3 n]
g
c
[
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Tolerance — surfacetilt

» Step 4: Update the tolerance value
— Select “Tolerance >> Update tolerance Data >> Surface” to change values.

— Without compensation, we set “TA TOL” about 0.2 for Surface 1 and 6, and
0.25 for surface 2, 3, 4 and 5.

B s urface Tolerances Data Editor < Burface Data

RADIUS RO TOL |PWR FR IRR FR THICK |TH TOL GLASS RN TOL Ov TOL grA
E.&613 0.0 .00 1.00 O.700 0.1000 O.0010

.00 .00 1.200/0 ATR 0.0

.o .o 0.300|0.1000 o.0010

0o . 0o O.700 0.1000 0.0

E 1

E 1

L.0on 1.00 1.100 0.1000 ATR 0.0
E 1

E 1.

0o oo 5.270 0.0 AIF o.o 0.0 L@'
i 0.0 0.0 0.0 0.0 v
FRIMGE WaYELENGTH: O.54&6070
Fringes measured over clear aperture of surface unless indicated.
Tilt tolerances are specified in degrees.

Display all surface tolerances: ' Yes 8 NO

A-Chuan Hsu 65
jane@phys.ncku.edu.tw



Tolerance — surfacetilt

» Step 5: Re-execute sensitive tolerance.
— After re-executing, check the standard deviation.

*TOLERANCE SENSTITIWITY AMNALYy
ERROR FUMZTIOM FOR MWOMIMAL =

SURFAZE TILT TOLERANCE ([TLAJ
ERROR FUMZTIOM CHAMGE COMFPEMSATED CHAMGE
F TOLERANZE FLUS PERT MIMUS PERT FLUZ FER MIMUZ FPERT

0. 005 3 0.00: 5 0.0n0 : 0.0033

F.
1
4
g
G

3
0050532

SUMMAR™
UMZOMPEMNSA COMPENSA

o.032 : o.0zz2

COMPEMSATOR STATISTICS
COMP MEAMN 5TO ’
TH = -0.001370 0.030381
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Tolerance — surfacetilt

» Step 6 : Re-set the tolerance value and re-execute sensitive

tolerance.
— Update the tilt tolerance about 0.2 for surface 2, 3 and 5.

*TOLERANCE SEWNSITIWITY AMA
ERROR FUMZTIOM FOR NOMIMWAL

SURFACE TILT TOLERANCE ([[TLA]
ERFOR FUNCTIOM ZHAMNGE
F TOLERANCE FLUS FERT MIML

R
1
4
g

[
[
[
]
[
[
[

a9
a
1]
-

LOO5 377 O.00455: u}

STATISTICAL SUMMARY
COMFPENSA

UNIFORM

GALUSSTAN

COMFPEMSATOR STATISTICS
COMF MEA STD DEW
TH & ! o.0231t3
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Tolerance — surfacetilt

» Step 7 : Re-set the tolerance value and re-execute sensitive

tolerance.
— Update the tilt tolerance about 0.15 for surface 1, 2 and 6, and 0.2 for surface 3.

*TOLERANCE SENSITIVITY ANALYSIS
ERROR FUNCTION FOR MWOMIMNAL SYSTEM:

SURF&AZE TILT TOLERAMCZE ([(TLA]

ERF.OR FUMZITION CHAMGE
SRF TAOLERANCE FLUS PERT MIMUS PERT FLUS PERT
0.003743 0.003150

L0315 .

L0003 9E7 .

/67 gl | Smaller than the value
-D0s3ss grereed | of desired standard
deviation(0.005577).

LO004465

aozzr .

F.
1
4
g
=

.15

STATISTICAL SUMMAR™Y

UNCOMFENSATED COMFEMSATED
WORST CASE CHANGE 022 &0 o.021720
STANDARD DEWIATION

UNIFORM

GALUSSTAN
COMPEMSATOR STATISTICS

COMP MEAN =TO DEW WA
TH & -0.001353 0.022211 0.035430
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T olerance — surface decenter (Y)

* The process are the same as surface tilting tolerance analysis.
Step 1: Set tolerance value 0.05 for all six surfaces and do sensitive tolerance.

Step 2: Set 0.00407 for inverse sensitive tolerance analysis to check the
maximum allowed change value.

Step 3: Set tolerance value 0.2 for surface 1,3 and 4, 0.5 for surface 2 and 5, and
0.15 for surface 6. Re-run the tolerance analy51s

1'-"I'IILEF---r"J E 'EN ITI IT| HH
0.003549

SURFACE DECENTRATION TOLERANZE ([D:ZW7)
ERFOR FUNCTION CHANGE COMPENSATED CHAMGE
TAOLERAMNCE FLUS FEFT MIMUS FEFT FLUS FERT MINUS FEFT

0.0z

0. a5

0.az

o.0z2

0.0% 0.

0.01c u.uu4hEl

STATISTICAL SUMMARY
UNCOMFEMZATED
CASE CHANGE 0.015045
RD DEVIATION

GAUSSTAN 0.002996
COMPENSATOR STATISTICS
COMP MEAN STO DEW
TH [ -0.00z242¢E 0.024503
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