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Optical Mechanic Analysis/Design
Advance Study

Less than Proof, More than Theory
Same Equations leads to Same results
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Cowmes |

(1) What is ASAP/Basic GUI
(2) Philosophy of Using ASAP
(3) Command Script

(4) Some Advance Topics
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Basic User Interface
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Projection Display . .
Lightpipe Physics Optics

Straylight &
Ghost analysis
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ASAP GUI

View Systern HRaye Trece Analysis Display Help

—‘I % ||Ermrs: 0 Warnings: 0 .

28 ® |y @2

' INR Input
- LIB Input
MAC Input
SCR Input
-{Z8l TXT File
BSDF Fit Utility
Geometry Builder
-[E5 Plot Yiewer
Display Viewer
-E9 3D Viewer

File Edit View Curve 3udface 3glid Transform Tools Dimensdon Analvze Eender Help

W o~ O O s W M -

-y
=

&&ﬁ%@JD@Q

O&@@amﬁ,@ﬁj@?y

5] views [ = Obiects | | word  |x 3532 y 3.503 z 0 | Freeform Body |Snap [Ortho

x

= Uersion 7.8.6 = =]
* Copyright{c) 1982-2801 by Breault Research Organization, =
*# Inc., Tucson, AZ. ALL RIGHTS RESERUED. *

OPTICAL option enabled

System database and settings hawve been reinitialized
g ——— $PATH "C:\asap7@\projectsisamples\Tutorialy”

-

AAP- |wrs: 1 IST: <notdefineds  Cilasap70iprojectsisamples\Tutoriall

dhra| | > @ S0 (0) @ | |[KRnnoceres (4.5, .| [ Rhinoeros Evaln. | [SMicrosaft Power? . | (§) A54P | INEL®EETR  ami14s
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Project Files - User definable bottom bar e

'
= Project - D:Yasap70iprojecisisar Y v.inr] ;Iilil
; DEﬂs Edit Editor View Swstern Rays Trace Analysis Display  Window Help ;Iilil
|D-@-z-l@vBooryueaw 26
M@ FHEEH SRRSO |G E M
[ Bym¥Branch.nr EEd 1"“ = 1
{E8 LIB Input yeo . . 2
E5] MAC Input *t BpmEWaveCouplerUsingGeom.inr 3
SCR Input tt Title: Evanescent wave coupler using BFH 4
TXT File ** Keywords: Wave, BPM, FIELD, COUPLE, extrude
{5 BSDF Fit Utility t? Description: This file demonstrates the use of 5
{E3 Geometry Builder t? ASAP's Beam Propagation HMethod {BPH) to propagate G
il Plot Viewer tt through a system with two cores of varying 7
{2 Display Viewer tt separation. A fiber mode is sent into the top
~(E4 3D Yiewer t* core, and couples partially into the bottom o
tt core. The distance where the cores are near 9
t* is chosen to produce a roughly 58% energy split 10
t? between them. The cores in this example B
t* are produced by extruding a circular cross

t* section along another curve. The COHMDUIT

- ‘ tt comnmand is an alternative way to create this
Object t* geometry. The example can be run in either 2
tt or 3 dimensions. In 2d, this models two slab

t* wavequides coming together. 1In 3d, it's two fibers.

| t? Edit History (latest first)

IDES <#1>
APL <#3»

FICAP2 <#4- v
BOTTOM_FIBER

IDES <#2= < ||

4T <45 = -
CAP2 «#6+ S Files _E Tie

=

e 12/22/2888 - DCS - creation

| »

s [*2 Objecb!l . | _’lll

Window Vertical: ¥ -42.7758 to 42.7758 ( 85.55080
Horizontal: 2 6.00000 to A4948._44 { 494B_ 44

X -52.4340 to 52.4348 ( 184.868
8 of 301 scans done
€<<< Overall Calculation Interrupted >>>>

j% ||Ermrs: 0 VWarnings: 0

. 1 SU: MICRONS D lasapT0projectsisamplesiBPM)

Command output window Wavelength units
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Clicking the Mew button opens an editor window by default. If you click an the triangular arrow
next to the button, you can select a project or ather document type.

Opens the Open Files dialog. The triangular arrow next to the button displays a list of
previously opened files.

Runs the current ASAP file. The triangular arrow displays a list of previously run files.

Opens or closes the ASAP Warkspace window.
Cpens or closes the Command Output window,
Switches between your original screen setting and full screen.

Stops current run.

Irmrmediately ends the current ASAP session and prepares for a new one by returning systemn
settings to their default values.

Opens the Builder.

Plots a set of profiles (slices) of the system. This button is grayed out in the initial default
setting.
Rewinds the 30 graphics file (*.vor).

Displays the 30 graphics file (*.ver).

Traces rays. This button is grayed out in the initial default setting.

Shows statistics of current ray data. This button is grayed out in the initial default setting.
Shows an isometric plot of display data.

Opens directions far searching ASAP online Help.

Opens Contents in ASAP anline Help.

Opens information about ASAP.

"
&1
(]
B
®)
il

FPerforms user-defined function as defined in the Custom Commands tab on the User
Interface Preferences dialog box (buttons 110 10 can be U okl

Cover ghan
"o
- Asgrenent Layss
’ ‘I" 11" L Mot
i i i
f

r|
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Hew
Open...

Ctl+i
Ctl+Or

Print Setup...

Project

Recent Files
Recent Projects

End
Stop Processing!
Run File...

Ctrh+Break

Pre:
Set Working Divectory...

Exit

IEile Yiew System Rays Twece Analysis Disply Help

< w G i)

. Views I"I:j Objectsl

x

--— END

System database and settings hawe been |

System database and settings have been |

Cugtorn Comnmsand s
Builder | IGES

InputOutput |

Wigwer |

General Flot Fiewsr |

[¥ Prompt when Exiting 454 F

[ Zet $P4TH when Executing INE files

[T Load BASIC verson of A3AP at startup

[~ Besetwindow emvironment to A3AF defaults

— Defanlt Setap File:

I Buowrse. . |

— Projects
[T Avtomatically load project on startug

[+ futo Bave Project

Diefanlt Froject Divectons:
ID:".Wl:urk_Item"uﬁ;SAP

Buowse... |

x|

IR |

ﬂ % ||Ermrs: 1]

|Warnings: 0
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o
Eile Yiew Justem Anelysis Display Help

Mew Cte+M 9".&‘H®¥W|?®|

Cpen... Cl+0

Bays  Trece

el B3

Print Betup...
Select Directorys

Project

(] =

-2y HSTiE
SR

- 35 BN (L)

Fecent Files
Eecent Projects

|»

End
Stop Processng! Ctrl+Brealk
Fun File...

Preference

W S = T M B Ld R =

—_
=

Exit

e |W0rk_1tem

e | Ew | wEsnmw|

. Tiews I-'[j Objectsl

* Uersion 7.8
= Copyright{c) 1982-28681 by Breault Research Organization, =
* Inc., Tucson, AZ. ALL RIGHTS RESERVED. *

OPTICAL option enabled

kol

System database and settings have been reinitialized
-—— $PATH "D:\Mork_Item\ASAP\UXGA_STRAY\Ffiley"

ommand ¢

U j 24 ||Errurs: 1]

Set the working directory for ASAP

Work TtembASAPTHGA STRAVY y
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Procedure

1.Define the system parameters

H@F&| 3 BBD @S| X M E -

A # T e

2.Build up entities (object )

3.Build up source

I

4. Modify
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Define your system

. - I
in the builder '
FILE
The command sends Run
information from the |
builder to ASAP kernel.
The kernel creates a The ASAP kernel is the
geometry database computation engine that
ASAP Kernel performs ray tracing and

analysis

Ray Tracing Plot Archive Analysis
(*.plr file)

3D Vector File

(*.ver File)
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Now, please turn on your notebook/PC.
Let’s make some fun with the ASAP 7.06 !!
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Philosophy of Using ASAP
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I Numerical
Methods

* Assumptions
*(Governing Equations
[ Boundary Conditions

*|Discretizations « System settings
* Solve « Geometry
 Post-Process « Source

 Trace

* Analysis

R €30
K AT
” / logy Research Institt
)pto-Electronics & Systems Laborator
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1.Parameters setting

1

K
J

2.Build a Geometry
OBJECT! 3.Create Source

4.Tracing rays

5.Perform analysis

* Ray is not a Line !
- Ray only interactive with OBJECT,
* Ray is OBJECT, too!
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An Enity is a geometrical construct
that does not interact with rays.

An Object is a geometrical surface
with boundaries, a position, an
orientation, and optical properties.
Object interact with rays
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Lenses

— are sequences of circular conicoids.

Surface

— are represented mathematically by a single equation
f(x,y,z)=0 and are either infinite in extent or self-enclosed
(that is, a plane or sphere, respectively).

Curve/Edges

— are made up of a series of points in space.
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« Surface : Mathematical; Fast

* Edge : CAD program; Slower

* Lens : Compatible with Lens Design
program; sequential

=< ¥

Entity Objec
An Eni ty a geometri An Objec g ometri I rf
that does not inter tWIth y \Mth bol d apos t
ent t d optical pr p rt
!!Object interact with rays

THriTEhoT
M R AT
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=10l x|
lEiJs Edit Preview Buoilder View Systen Rays Trece Analysis Display Window Help &=l
[o-z-s-l@vBo2rrv@iam2®
7 — —
*B@FS s BE N EE IALQI?“EE@:‘

' INR Input 1
-8 L1B Input * | Type | = 2
2 ot 5

N Coati »
-8 TXT File Lenses 3 Tnoam:‘g " 4
-{EZ BSDF Fit Utility T :
i - Units
— | Ed L4 iy
_ S Media 6
| Object L3 Model 4 7
L | Somres ¥ gi;:ﬁx > i}
g 3D Viewer Modifiers »  Resst 9
] Update 10
| Group S 1
Repeat
— | Betum
| $Macros
. Views I.T: Objects ol

Uersion 7.8

*

Copyright{c) 1982-2881 by Breault Research Organization, =
Inc., Tucson, AZ. ALL RIGHTS RESERVED. *

OPTICAL option enabled

System database and settings have been reinitialized
——— §PATH "'D:\Mork_Item\ASAPLUXGA_STRAVLFiley"

ﬂ # |[Erors: 0 | warnings: 0 | ‘

|ws:1 |SU: <not detined » |D:\Work_Ihem\ASAP\UXGA_STRAY\f Y

System

Reset

Units

Wavelength
Coating Properties
Media

Cover ghau
"o
Abgremant Layes

LT Matenal
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1.From the editor(*.inr)

i DLEINE * =10l x|
HHﬁlf%ﬁé’%I PEBRBEXE| D g

SYSTEM HEW
RESET
UHITSIMM "LUMEN"®

I

WAUELENGTH 638 HH
COATIHG PROPERTIES

1 8 'REFLECT®
8 1 'TRANSHIT®
8 8 "ABSORB’

**************[ELLIPSE REFLE[:T[]H]******

2.From the Bulider(*.ent)

g Builder 2 =10 5[
M FS s B @S X NE v |[A#HE 6=
* | Type o

SURFACE
OPTICAL £ 8 16.87 -8.75 ELL 2@58
OBJECT
INTERFACE COAT REFLECT AIR AIR _J:J -
E 3
A

-——- EHD

System being written to file D:\Work_ItemyAsapiDLPADLP1_1\lastexec.sys

System database and settings have been reinitialized

System database and settings have been reinitialized

ﬂ # ||Errurs: 0 |Warnings: l]- ;“
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! File Edit] Preview | Builder View Swstern Eaws Trace

Analysis  Display

Window Help

| D-E-Z-@«B o2 fryeEc=0 2®

tandard/user defined view

| Standerd View 1 (Y-2)

[, Standard View 2 (¥-X)

[, Standard View 3 (L-2)

) Standard View 4 (isometric)
|5, Standard View 5 (user-defined)
(6 Standerd View 6 (user-defined)

@ Wire Framne
[ Lit Wire Frame
™ Flat Shaded
" Smooth Bhaded

) Highlizhted Edzes

Viewer Contols

= DA Work, Ttemtdsapt DV DA

mRead}r

=0l x|

— dmbient Light

e

&l L] el

= bra30 dat
i zohiert #1

Hot Keys
Properties. .. Enter
Dptianal Froperties, . shitt-Enfer
(Clzse File Dielete

Make Visible

Hide

W ireframe
LitireFrame

Flat Shaded
amooth Shaded
Highlighted Edges

Zoom Extents
Iznlate and Zoom Exter

Izolate win Zoom Exter

W

oo mwm e g |

zobject #2 =
i~ zobject #3=
i~ zobject #4=
i~ zobject #0=
i znbject #7=

Right
click on
the tree

HRQANRA1 BEXEL M € R O HEELH S HaE

— Directional Light
* Eve ( Fixed

J_

Wl AE A
AR L Jd
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1.Create GRID sources within ASAP to simulate collimate -

parallel and point source.
2.Create EMITTER sources within ASAP to simulate extend

source.

3.Use lamps from the BRO source library.
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Defining sources and tracing rays are two separate steps in ASAP

PROFILES

Step1.Defining the source |

31.398,60.21

Step2.Tracing the rays

-31.398,-25.3383 millimeters

AR AR R R AU U

detector
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Each ray has a position ~ direction and power

PROFILES 31.398,60.21
. Ray after
[ ]
the trace
Ray before
the trace
z ]

-31.398,-25.3383 millimeters
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Rays are belong to an object

RO LI | After the trace, all rays EEEEEAEE
[ RIS belong to object # ]
=Singlet.Edge
object 4
=Stop
fore the trace, L
———
1l rays belong == _—
to object 0 ——=
=1
= %
p— /7%
object 0 object 5
= Initial rays  object 1 object 2 =Detector
Y
=Singlet.R1 =Singlet.R2

Z

-31.398,-25.3383 millimeters

ASAP Pro
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1.Calculate total flux on the object
STATS

2.Createspot diagram
SPOT POSITIONS

3.Find best focus

FOCUS, FOCUS MOVE
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N=1.613(SK4)@587.56 nm
AR coating=95% A

Units : mm

R1=44.55




o SIHNGLET ent

HEFE8 $2R2B®S| X W=«

e re

* | Type

545) System I e

45| Heset

55| Units tillieters | VWatt

595 WWavelengths AB87 .56 M anohteter
45| Coating AR Froperties,

45| Media Sk 1.613

Click “F1” for help
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Step1:Build up source in builder

Source Type: GRID ELLIPTIC, y=-10~10,x=-10~10,ray=21x21
Source Position: z=-1
Source Direction: +z
Detector Type: Plane ,Rect, y=-2~2,x=-2~2
Detector Position: z=42

* | Type Mame |Axis |Location | Aperture SEMiwidth X SEmwidth Dhs Ratio Offset x' Offset v
0eT| FPlane Z 75 Rectangle 2 2
Type Cmd [Axis | Position | Major Axis Min | Major Axis Max | Minor Axis Min | Minor Axis Max | Major Axis Rays | Minor Axis Rays
£nT| Grid Elliptic |2 -1 -10 10 -10 10 21 21
* | Type Cmd | “ecto | vWector B | Wector © Fandom Angle
Wo| Source | Dir a 0 1

Step2:Plot facets overlay

Step3:Trace plot

FLOT

1R 5 04k
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ASAP Command Script

You Can have
MORE DETATILS for your
SCIENTIFIC RESEARCH!
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Singlet

Command |

| (2) Geometry |

SYSTEHM HEUW
UHITS CEHTIHETERS

WAUELEHGTHS .55 HMICRONS
MEDIA @

1.8 'AIR'
1.% 'GLASS’

COATING PROPERTIES
8.8 8.8 'ABSORB'
8.8 1.8 'TRANSHIT®
1.8 8.8 ‘"REFLECT'
-84 .96 C'LEHS_COAT®

(1) System

t0bject 1 (LEWS_FIRST_SURF)
SURFACE
CARTOUAL 2 @8 -1.8E6 1 24 1.5,
ELLIPSE 1.2 1.2 8 8 8
OBJECT; .1 ‘"LENS_FIRST_SURF'
INTERFACE COATING "LENS_COAT"™ "“AIR™ "GLASS"

tObject 2 (LENS_SECOND_SURF)
SURFACE
CARTOUAL 2 .25 23.Y5 1.5 B

1
ELLIPSE 1.2 1.2 8 8 8
OBJECT; .1 ‘'LENS_SECOND_SURF'®
INTERFACE COATING "LENS_COAT"™ “GLASS"™ 'AIR"

*Object 3 (DETECTOR)
EDGE

ELLIPSE 2 8.25 .25 .25 16 @8 368
OBJECT; .1 ‘DETECTOR®
INTERFACE COATING ‘‘ABSORB™

III:IIHII III:IIHII
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Singlet (3) Source
Command | '

RAYS B

*Source 1 (OH_AXIS_FAN) - COHERENT tSource 3 {(ON_AXIS_FILL) - COHERENT
WAUELENGTH .55 | WAUELENGTH .55

PARABASAL 47 WIDTH 1.6 PARABASAL 4; WIDTH 1.6

FOLARIZ OFF POLARIZ OFF

GRID ELLIPTIC Z2 -1 -1 1 -1 1 1 9 GRID ELLIPTIC 2 -8.1 -1 1 -1 1 15 15
SOURCE DIRECTION 8 B8 1 SOURCE DIRECTION @6 @ 1

USERAPOD POS OFF USERAPOD POS OFF

POLARIZ OFF POLARIZ OFF

tSource 2 (OFF_AXIS_FAN) - COHERENT *Source 4 (OFF_AXIS_FILL) - COHERENT
WAVELENGTH .55 WAUELENGTH .55

PARABASAL A4; WIDTH 1.6 PARABASAL 4; WIDTH 1.6

POLARIZ OFF POLARIZ OFF

GRID ELLIPTIC 2 -1 -1 1 -1 1 1 9 GRID ELLIPTIC 2 -.1 -1 1 -1 1 15 15
SOURCE DIRECTION 8 6.825 1 SOURCE DIRECTION @ 8.825 1

USERAPOD POS OFF USERAPDD PDS OFF

POLARIZ OFF POLARIZ OFF
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Singlet (4) Check & Trace | _
Command | '

T T |
WIHDOW ¥ 2 tSet graphics window orientation
WINDDW 1.25 *Additional 25% scale factor in size
PROFILES ‘Profile of lens’
HH
t* Dblique faceted view
e Y C0M0E cntimtary ) ABNF Pee VAL

OBLIQUE tSet window to 3D oblique mode

PLOT FACETS 3 2 ‘Faceted picture of the lens®

L

** Profile with rays traced

e

$I0 VECTOR REWIND *Reset 3D vector plot file

OBLIQUE OFF *HMake sure we are not in oblique mode
SELECT OHLY SOURCE 1 OR S0DURCE 2

PLOT FACETS 3 2 OUVERLAY ‘Lens profile with rays traced®
TRACE PLOT

L1 = o e o

** 3D viewer
e

SUIEW

tUse faceted picture data in 3D viewer
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Singlet

Command | '

SHEAEEE(T) mUEEmEN(E) [ FUEA(E) 2 E

DISPLE While most optical design programs have the ability to dizplay & spot diagram or plot of ray coordinstes on zome
plane, ASAP has the unigue capshility to compute the actual optical field frradiance, intensity, phase and others)

gﬁ] - produced by an opto-mechanical system at any position ar in aney direction.

= Since ASAP sccounts for the flux propagated in each ray during interactions with objectz, and since the
DIz fundamental ray trace algorithm iz nonsequertial, AZAP can easily compute the distribution of energy produced by a
DIz lamp and reflector ar another incoherent source.
Dis Depending upon the source characteristics and system geometry, ASAP can coherertly sum the optical field of each
Diigp individual ray to compute the point spread function of an imaging zystem ar the fringe pattern produced by an
I interferometer .

Theze advanced features give ASAP a wide application to virtually any illumination, imaging, or interferometric
prablem.

Incoherent Calculations

An incoherent calculation ususlly begins with the specification of an EMITTING source wwith the appropriate
apodization characteristics. After ray tracing, the uzer typically SELECT= rays with cedain properties and CONSIDER
= a final object of choice. After computing the SPOT diagram at zome spatial resolution set by the PIXEL command,
the intensity distribution may be viesed or analyzed with the DISPLAY commands.

Coherent Caleulations

A coherent calculation usually beging with the specification of & WA VELENGTH, PARABASAL rays, and & GRID and
SOURCE combination. If the source is Gaussian, t requires an apodization. After tracing through the system, a user
typically selects ravs with certain properties and considers a final object of choice. After camputing the ZPEEAD or
FIELD at zome spatial resolution set by the PIXEL command, the irradiance andior phase infarmation may be viewed
ot analyzed with the DISPLAY commancs.

CoherentIncoherent Field/Energy Distributions from Current Beams

x U=ing a (usually Gaussian) beam summstion technigue, the coherentfincoherent field/energy can be calculated on
il ane or mare unifarm planar grids. The beams and grid points are always azsumed ta lie in the zame homogeneous
(no GRIMY and izctropic (no CRYSTAL) medium.

ent gt
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. Singlet \__I (5) Analysis 1/2 L
Command —

s EEme ABEE saven

let
|B@ FHEF BRXE 2 M N

** Preliminary j
'

SPLIT @ tDo not allow ray splitting
PIKELS 39

CONSIDER ALL

** Show the on-axis source before the ray trace "W: ror |
LR}

SELECGT DMLY SOURCE 3
WINDOW ¥ X

WINDOW 1.2 g
SPREAD HORMAL

PLOT3D [Spatial flux distribution for on-axis source’

*? Trace the source and look at spread function

L X}

TRACE

CONSIDER OHLY DETECTOR

STATS POSITIOH

W=1.22=0_.55+8 tSize via 1.22+=1lambda*=Fnum

W=2x=1_8E-L4=l. tYindow size (4 Airy rings, scale to sys units)
WIHDOW ¥ -W. W. X -W._. W,

SPREAD HORMAL

ISOHETRIE ‘Diffraction spread function of the lens®

ISOMETRIE ‘Spread function with logarithmic vertical scale’

** Trace off-axis source and look at spread function &
»|
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| Singlet u (5) Analysis 2/2

Command | '

il singlet_amalyses ]
Q@ s e # s REX@ 2 W& M

** Trace off-axis source and look at spread function
e ¢
COMSIDER aLL B N
SELECT OHLY SOURCE 4
TRACE i M Bty o
CONSIDER OHLY DETECTOR
PIKELS 2@

WINDOW ¥ X

SPOTS POSITION ATTRIBUTE 1 'Spot diagram of off-axis image spot’

‘Isometric view of flux distribution of off-axis image spot’
CONTOUR 1Y ‘Contour plot of off-axis image spot’

RETURH
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Advance Topics in ASAP

End of this trip,
hope you can enjoy it !

- OBJECT
* 5 STEPS
* 3 IDEAS g

\ 7L£ syf,mrﬁ
)pto-Electronics & S; semsLabruta
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