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STARTING SYNOPSYS™

Start SYNOPSYS™ Ui-Plus by double clicking the shortcut icon on your desktop:

Double-click

If you are running the trial version and do not yet have a license, you get the following messages. Just click through
them as shownbelow:

{ l‘!\ The required hardware key was not feund

A walid securnity key waz not found. 1 pou do naot pet have a
key, pleaze zelect from one of the options below.

If you have a security key, probably the drivers are not
inztalled. Pleaze download the file Kepfilez.zip from our
wehzite, and fallow the inztructions given there.

The 12-zurface mode iz recommend for most new uzers. All
features will run, but the lens cannot have mare than 12
zurfaces.

Let me run the pragram with a limit of 12 sufaces

Corvert to Read-Only [zaving and zome features dizabled]
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Important File Types in SYNOPSYS™

In SYNOPSYS™, there are two important file types: lens data file (.RLE) and macro file(.MAC).

1. Lens Data file (.RLE): The specifications for a lens are entered into SYNOPSYS™ by means of a data file of the structure
shown below and is saved as a .RLEfile.

In the illustration below, the RLE script is shown at the right. The corresponding Menu items and Spread Sheet you can
use to implement the commands are shown at the left.

System Settings > System Declaration Setting up Lens ID (optional) ~™—{,RLE w@
System Settings > Object Object —_|, ID SINGLET

. . - > 0BB 8 1 25.4
System Settings > System Declaration Declare System Unit ——— UNITS HH
System Settings > Wavelength Wavelength _——% WAUL CDF
1 RD 108 TH 8 GTB S
Spread Sheet Surface definitions ~_ | sx1s
2 RD 156 YHT

3
This marks the end
EHND of the RLED

For more information on the System Settings Menu, see the section ‘System Settings Menu’ in the User Manual for
User Interface Plus. For the Spread Sheet, see the section ‘Spread Sheet’ in the same Manual. For the lens data input
command scripts, refer to User Manual 3.0 Lens DataInput.

You can save the .RLE file in the working directory folder or the Lens Library:

Working directory folder

I open | Lens Library |
- CONTENTS OF THE LENS LIBRARY
4+ » This PC » Data (D:) » SYNOPSYS)
LOCATION LENS ID
Organize v New folder
A~ Mame - 1 ID MIT 1 TO 2 UM LENS
# Quick access 2 ID RAYZOOM A
e 3 *%% EMPTY LOCATION ##%%
[ Desktop W 4 ID RELAY FLAT
4 Downleads e 5 *%% EMPTY LOCATION ##%%
I SELRLE 6 ID TRIPLET START
=| Documents KE‘-HE 7 ID KDSO LENS 1:1
=/ Pictures X e 8 ID IATTEL EYEPIECE
1 ID START FROM FLAT
0sD Kaie 10 ID NEW LENS

Lens Libraray:

We mostly save and launch files directly from the workingdirectory. However, the Lens Library is an alternative file
storage space for up to 10 lenses. This is a practical place to store lenses under active development since some of the
features of SYNOPSYS™ can read these data and their flexibility is thereby enhanced (See User Manual 3.7.1 The Lens
Library). The 10 locations associated with the lens library are displayed when you first launch SYNOPSYS™. Also, the
lens that you are working on is automatically saved into location 10 of the LensLibrary.
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2. Macro (.mac): MACros are sequences of SYNOPSYS™ commands or Al sentences, entered in the Macro Editor window
and usually saved to disk. Macros reside in your working directory only.

You can have any number of MACro editor windows open at the same time. Much of the work you do in SYNOPSYS™ will
require several lines of input, and it is much easier to accomplish what you want if you prepare a MACro first. Then you
can easily rerun or edit the MACro if necessary, and save it to disk for use at anothertime.

Macro files are mostly used for specific analysis such optimization and automatic search. You can also incorporate the lens
data construct in the macro but we recommend not to do so because we may need to run the optimization multiple
times. If you put your initial lens definition in the same macro, you may run the risk that the initial lens system will be
launched and replace the newer version of the lens system that has been optimized.

Macro files saved in the working directory A snippet of the Macro file in the Macro
A » ThisPC » Data (Ix) » SYMNOPSYS Editor
m
New folder ol [x|&]s]e|e]|s|w|x | v|u|=
- LoG
~ r\.lﬂn'lE ! THIS IS AN EXAMPLE OF THE DESIGN SEARCH FEATURE
! WE WILL DESIGN A 5-ELEMENT CAMERA LENS
ACCEsSs | OF F/3.5 AND 20-DEGREE FIELD OF VIEW
-tl:l “ 1IMAC ! THIS TAKES ABOUT 3 MINUTES IN OUR TESTS
FI .- ! IF YOU RUN IT MORE THAN ONCE, YOU MAY
“ Ar‘nl:lmap.mac ! GET ADDITIONAL DESIGN SUGGESTIONS
r'I|I:IEIj5 L ! FOR MORE INFORMATION, TYFE HELP DSEARCH
M Amiciper.mac
TIME
Lments M Art.mac 23::1:;3 3 QUIET
. OBB 0 20 12.7
ires M Calcite.mac NI e
END
M Cavity.mac conLS
ELEMENTS 5
e M CHALLENGE.MAC =i

The macro editor toolbar not only provide access to standard functionalities such as saving, opening, and printing the
macro files. It also has a set of buttons that are built in for setting up and editing your optimization macro easily. For more
details of the macro toolbar and the SYNOPSYS™ commands to launch, open, and run the macro files, refer to APPENDIX:
Macro files.

Optimization buttons in
n the Macro Editor toolbar = |

2| o)t [xX|s]ale|e|s|z|a] Ba|s| s ule|v 0] ¢8| alz(w]=
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Launching and Saving Files in SYNOPSYS™

1. Launching an existing Lens Data File (.RLE) from the workingdirectory

There are different ways to launch a lens data file (.rle). Here we will introduce the mostbasic operation: use the ‘Open a
File’ button from the top Toolbar:

File Workspace Vi

EIE H|E

K E=1R0 L=

IBX 1.rle
X 2.RLE

M 2_reflector.RLE

M 2ELEMENT_OPT.RLE
¥ 2acpuERE 2000 RIE

You can also use the command FETCH filename to open an existing lens data file:
SYNOPSYS AI>FETCH SINGLET

Once the file is launched, SYNOPSYS™ will automatically execute the paraxial raytrace (PXT) and Lens Specifications (SPEC,
User Manual 4.1) analysis for the Lens Data file and present the paraxial characteristic of the lens system, as well as its
specifications (SPEC), in the Command Output Window.

- SYNOPSYS> GIHT FOCL FNUM BACK TOTL
Paraxial raytrace 8.53727 97.58144 3.84179 95.91907 5.00000 0.00000
(PXT) result
ID EXAMFLE SINGLET 168 D8-SEP-19 13:02:03
LENS SPECIFICATIONS:
SYSTEM SFECIFICATIONS
OBJECT DISTANCE (THO) INFINITE FOCAL LENGTH (FOCL) 97.5814
OBJECT HEIGHT (YPFO) INFINITE FPARAXTAL FOCAL POINT 95.9151
MARG RAY HEIGHT (YMF1) 12.7000 IMAGE DISTANCE (BACKE) 95.9151
MARG RAY ANGLE (UMFD) 0.0000 CELL LENGTH (TOTL) 5.0000
CHIEF RAY HEIGHT (YFF1) 0.0000 F/NUMBER (FNUM) 3.8418
CHIEF RAY ANGLE (UEFOD) 5.0000 GATSSIAN IMAGE HT(GIHT) 8.5373
System specifications| | ENTR PUPIL SEMI-APERTURE 12.7000 EXIT PUPIL SEMI-APERTURE 12.9201
(SPEC) ENTR PUPIL LOCATION 0.0000 EXIT PUPIL LOCATION -3.3536
WAVL (uM) .6562700 .5875600 .4861300
WEIGHTS 1.000000 1.000000 1.000000
COLOR ORDER 2 1 3
TUNITS MM
APERTURE STOP SURFACE (APS) 1 SEMI-AFPERTURE 12.77165
FOCAL MODE ON
MAGNIFICATION -9.75814E-11
GLASS INDEX FROM SCHOTT OR OHARA ADJUSTED FOR SYSTEM TEMFERATURE
SYSTEM TEMFPFERATUEE = 20.00 DEGEEES C
POLARIZATION AND COATINGS ARE IGNORED.
SURFACE DATA
SURF RADIUS THICENESS MEDITUM INDEX V-NUMBER
0 INFINITE INFINITE AIR
1 100.00000 5.00000 N-BK7 1.51679 64.17 SCHOTT
2 -100.00000 95.919075 ATR
IMG INFINITE
EEY TO SYMBOLS
A SURFACE HAS TILTS AND DECENTERS B TAG ON SURFACE
G SURFACE IS IN GLOBAL COORDINATES L SURFACE IS IN LOCAL COORDINATES
0 SPECIAL SURFACE TYPE P ITEM IS SUBJECT TO FICEUP
5 ITEM IS SUBJECT TO SOLVE M SURFACE HAS MELT INDEX DATA
T ITEM IS TARGET OF A FPICKUFP
THIS LENS HAS NO SPFECIAL SURFACE TYFPES
THIS 1ENS HAS NO TITITS OB DECENTERS
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2. Launching an existing Lens Data File (.RLE) from the Lens Library
As mentioned before, the Lens Library is an alternative file storage space for up to 10 lenses. To get a Lens Data file from
the Lens Library, one can use the Lens Library menu button to select the Lens Data File in the Lens Library dialogue:

File Workspace View System Settings Systern Data
—_
=@ a=a =B ulslo
i?
—> || BH
%‘3 MLE -- Lens Library Functions
Lens Ho. Identification Log Humber Herit

1 ID HIT 1 TD 2 UM LEHS 3119 8. 8088808
2 ID RAYZO0DH A 1 a. 00080080

3" 3 *#%% EMPTY LOCATION %%
L] ID RELAY FLAT 141 a. 000800680
5 ID TRIPLET START 2a 8.118769
] ID TRIPLET START 5721 8. 000000
7 ID KOSO LENWS 1:1 119 a. 000800680
8 ID IATTEL EYEFIECE 28273 8. poBaoe
9 ID START FROM FLAT 28346 a. 000800680
18 ID MIT 1 TD 2 UM LENS 7h 8. 808501
" STORE into selected location
@ GET from selected location oK ‘ Cancel | Help

Or you can use the command GET. The example shown below will be the Lens Data file in Library slot 1:
GET 1
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3. Saving your Lens File

To save a file into the working directory, you can click the ‘save’ or ‘save as’ button .

2 SYNOPSYS for Windows
File Workspace View Sy

GG EIElE:

Or, you can Store the file into the Lens Library by clicking the ‘Lens Library’ button at the side Toolbar. Then selecta
location (for example, 3) to store the lens in the library and then click OK.

i? ||Lens Ho. Identification Log Humber HMerit

ﬁﬂ 1 ID ZSEARCH TEST La 4958.000688088
2 ID RAYZ0O0H A 1 8.0600088

%‘3 3 *%% EMPTY LOCATION =%
L Fe—iasn A 8.0068088
5 ID 5 ELEMEHT DSEARCH L7 8.819959
V] ID 5 ELEMEHT D3EARCH u7 8.0246084
i ID KOSO LEHS 1:1 119 8.0068088
] ID IATTEL EYEPIECE 28273 8.0000088
9 ID START FROM FLAT 28352 8.006808
18 ID EXAMPLE SIHNGLET 36 8.0068088

I (* STORE into selected lucatiunl

" GET from selected location OK Cancel Help

The lens (Example Singlet) is stored in location 3 of the lenslibrary:

Lens Ho. Identification Log Humber Merit

1 ID ZSEARCH TEST La 4950. 000080
2 ID_RAYZO0H A 1

3 ID EXAMPLE SINGLET 36 f.8008808
L ID RELAY FLAT 1 0.800800
5 ID & ELEMENT DSERRCH by 8.8199592
i} ID 5 ELEMENT DSEARCH u7 B.824684
i ID KOS0 LEHNS 1:1 119 8.040088
8 ID IATTEL EYEPIECE 28273 0.000808
9 ID START FROM FLAT 28352 6.8008808
18 ID EXAMPLE SINGLET 36 6.8008808
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4. Saving your Macros

To save your Macro, you can use the ‘save’ or ‘save as’ buttonsin the Macro Editor:

=

O [X|&|a|@|e || a|au|=

When you click the run button in the Macro Editor, SYNOPSYS™ will automatically save your macro under the same
name shown at the upper left corner of the macro editor (which is Default.MAC for any unsaved or unnamed macro that
you are working on). Do the followings before you click run, if you don’t want to overwrite your current macro:

1. Save your current macro by clicking the ‘save’ or ‘save as’ button at the macro editor (or same
buttons at the Command Window top toolbar) with the filename of your choice

2. Then you can save the work-in-progress macro under a different filename before making changesso
that the new changes will be saved into the new filename when you click‘run’.

3. Another way to do this is to change the name at the current macro editor window back to the
Default.MAC by clicking the ‘Rename Default. MAC’ button before running it.

i Default. MAC*

g | o) [X|g|a]e|e|s % BEE]| 8] 8| ||

For more information on the Macro Editor toolbar and other commands, see APPENDIX: MacroFiles.

Copyright @ 2020, Optical Systems Design, LLC. All rights reserved.
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Click at the Spread Sheet button in the SYNOPSYS™ main toolbar to openit. You can then enter the data directly in the
Data Entry Grid or using the Surface Data Editor Tabs. The columns in yellow can be edited directly. The other columns can

be edited via the Surface Data Editors. For more information, see the Spread Sheet section in the User Manual for User
Interface Plus.

B SYNOPSYS for Windows
File Workspace WView Systemn Settin

AICIEIEIELE
?
|

Note: You can also access the Spread Sheet by typing SPS in the Command Window:
SYNOPSYS Al> SPS

Spread Sheet in SYNOPSYS™ |

87 SPS -- SYNOPSYS SpreadSheet - m] X
R R LA R

urface Draw BUf"ﬁEETyP%l Thickness I Index | Coating | Aperture |T\IU‘Decemer

[~ Base Surface Shaps

Surface Number 1 [~ Complex Shape Options Additional Surface Feature

Edit Fickups 7

" HYPERHEMISPHERE % Narmal

Conic Constant: |0

" Unusual Surface Shapes [US5)

= Biconic ' Mo Aspheric Terms
& Flat
I Force listing (TAG) @ " Toric o Cylinder " Power-Series Aspheric Edi Solves
phefleat " Halographic Element (HOE] " Zernike Polynomial Aspheric

Force intersection: AUTOMATIC vI & Radi . -

* Fadius of Curvature:  |Infinite Grating € Spline Dedete: Oplions
Prism flag: Retain  ~ @) B ID = T Biradial Comc. ===

' " Aspheric Torcid © Fresnel Surface

Surface type: Transmitter - £ Canic Section  Flat Polarizer £+ Remove Fresnel Attribute ?

Fiadius of Curvature: — |Infinite " Mon-Circular Zone Plate

] -] i

Surface Data Editor Pane

Surface Type Surface ID Radius Thickness Material GEEIEES || VSTl || Bl

Index Coating (Outerfinner) (Outerflnner) | (QuterfInnen) Conic Tilt/Decenter CTE
infinite infinite
infinite 1
infinite 0

Surface Data Entry Grid

Copyright @ 2020, Optical Systems Design, LLC. All rights reserved.
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For example, you can enter the lens surface data directly into the Data Entry Grid of the Spread Sheet to define a singlet
with the following characteristics:

Surface 1. Radius of Curvature: 50, Thickness: 5
Surface 2. Radius of Curvature: -50

|87 5PS -- SYNOPSYS SpreadSheet - m} X
95 £ HEBESO R eE MHY cEORD T
Surface Types | Surface Drawl Aperture I TiIv’Decemerl Coating I
™ Force listing (TAG) BESE(_?"‘BDE ——— [~Other Shape Options
Spherical base radius
Force intersection: | AUTOMATIC - e ——— " Aspheric toroid " Flat polarizer
" Conic section " Biconic " Non-drcular zone plate
Prism flag: IRetain vl % Flat ™ Holographic element (HOE) ™~ Biradial conic
curf m " Grating " Diffractive element (DOE)
AR FEnSmIsEr ~| ~Added Aspheric Terms ™ Unusual surface shapes {USS) { Toric or cylinder
¥ No aspheric terms
© HYPERHEMISPHERE % Normal

" Power-series aspheric

-~
" Zernike polynomial aspheric e

" Linear spline {* Remove Fresnel attribute
" Cubic spline
Apert Y-Semi-Width | X-Serr #
ST Surface [D Radius Thickness Material Index Trring (g;e':;ﬁ‘:’::; (YOurer¥irmer)| (<Oute

infinite Air Def (Circ)/none

1 Mone Def (Circ)/none _-
Mone Def (Circ)/none _-

infinite

infinite

co |~ o e fwln|=|o

-

Surface Type Surface 1D Radius Thickness

'I
2
=

So far, two surfaces exist (plus surface O for theobject.)

12
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System visualization

1. SketchPad™, Graphic View of Lens System and Characteristics
To view the lens layout and its characteristics, click the SketchPad button in the Command Window Top Toolbar to
open the SketchPad™.

EFile Workspace Wiew Systern Setting  System Data/Merification  Image Analysi
= Hu=s =8 s 2oy §le|e]

Sometimes if the PAD window doesn’t open, click at the ‘Pad Default’ button to the right of the Pad button to
restore it.
The SketchPad™ is the primary graphical interface for SYNOPSYS™. You can use it to:
* View the lens and the image in many formats.
* Watch the lens change as youoptimize
* Watchthe image change as you alter the lens with the WorkSheet™ (WS).

The SketchPAD feature is a graphics window that can show either one or two displays simultaneously. It is typically used
to view the lens drawing and a display of image quality at the same time. This is an interactive window that you can
open, fill with your choice of display formats, and then update at any time with the update button to see the current
lens and its image characteristic displayed in the chosen format. It is also updated whenever you GET or FETCH a lens,
and during optimization if you have entered the SNAPSHOT command.

Use this button to open the SketchPad setting menu to define the contents in the upper and lower
displays in the PAD window
|

L3 = [= [ =
G > | =[5 EElMiE| [ 2]« ][t [<[>@w] 2
& 4—|—Update button | . )
? Lens Layout is displayed in the top half
= @ of the SketchPad window.
0%
= -
£
=
] \
. N | ‘ -
System performance characteristics are displayed in the lower half.
—— In this example, it is showing the transverse ray fans. You can P
' change it to other content like OPD plots by using the settings drop
s down menu.
ag. L
=3
TRANSVERSE ABER. 1.00E-06 REL.FIELD 0.75000 1.00000
Merit = 1.38467 SYNOPSYS
Note:

Go to the ‘Ui-Plus Workspace Overview’ section in the ‘User Manual for Ui-Plus’ to read more about the SketchPad
toolbars. Or see User Manual 13.3.
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Hint: You can use the ‘undo’ and ‘redo’ buttons in the SketchPad

toolbar to undo or redo changes you made to the lens. Or you can

access these features via the Workspace menu.

ol

- o O[] =l »

g
a

Ci
]
a

15

=il ':'h:' ||

B
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~ SideBar

Cpen Mew Command Window
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2. WorkSheet™ (WS)

In this section, we introduce another important system visualization and editing tool in SYNOPSYS™: the
WorkSheet (WS). To access it, click at the WorkSheet button in the SYNOPSYS™ Top Toolbar:

File Workspace

= &6

You can also use enter the WS command to open it:
SYNOPSYS AI>WS

W | BN

=

System Settin

&|=|8

i?

B

When you open the WorkSheet in SYNOPSYS™ , it will automatically open the SketchPad and the WorkSheet toolbar
will appear underneath the SYNOPSYS™ main toolbar. For more information on the WorkSheet Toolbar, see
‘WorkSheet Toolbar’ in the ‘Ui-Plus Workspace Overview’ in the User Manual for Ui-Plus.

Lens Data and Viewer

=2

Systern Settings

L i

File  Workspace View Image Analysis  Optimization + Design Search  Prototype Feadiness  Tools + Librarig

ACIEIEIENEN: o @ ¢ | <o | | 3] | | oo e | E |7 @

[

+

2| o] sjw|o|s| Bl e|H[B|e|0]2]Z|v] bbb 2|=]]H]x] O[O

S

WorkSheet Toolbar

1 <5 PAD Window3

— & o] ¢|[= B & EE||||@’T2|3|4I|5|T|Ié|él|!ﬂ|ﬁ|ﬂ

=R

. (:P
ID| . |
o 7Y | Iy | SketchPad window
=
L 2 e
~ P
L]
rq i
D> ; _____,_,_._.—-——-—'—'_'_'_
s ] —
= 1 YY
— I J

050000 MM
Sag.
‘ %é %l %‘3
i TRANSVERSE ABER. 1.00E06  REL. FIELD 0.75000 1.00000

03 S ‘F H &7 & @ = | @ E |+I I_l x |1—i‘ - Update ﬂ Cloze
1 RAD 100.0000000000000 TH 5.00000000 Curvature 0010000 Fal
1 N1 1.51431710 N2 1.51679451 N3 1.52237021 _ -
1 CTE 0.710000E-05 %m@ﬁmﬁm
1 GTB S 'N-BK7 ' WorkSheet editor pane Spacing 5.000000 T

P

Copyright @ 2020, Optical Systems Design, LLC. All rights reserved.
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The Worksheet Editor displays the parameters of a selected surface in RLE format, which you may edit. Itisa very
versatile construct in SYNOPSYS™ . There are a lot of design functions built into the WorkSheet and made available via
the WorkSheet toolbar:

* [tis anintegrative platform to work with SketchPad to give you instant feedback as you alter the lens in a variety of
ways.

* You can use the WS toolbar to manipulate the lens system such as inserting and removing surfaces, folding mirrors
and elements, flipping an element or mirror around, or creating a checkpoint to which you can later revert with the
Undo button.

* The Worksheet also shows an edit window that displays the parameters of a selected surface in RLE format, which
you may edit. You can use the ‘up’ and ‘down’ arrows next to the surface number to go to other surfaces. Surface 0
is reserved for the display of systemdata. You may enter anything in this window to change the lens system (for
example, change the radius of curvature of a surface). When you click on the Update button, the changes are
applied to the lens and the PAD display is updated.

* In addition, four slider bars are provided with which you may alter any parameter in the RLE file, including the
curvature, bending, and thickness of a surface, or slide an element along the axis — all the while monitoring the effects
with the PAD display. You can even select a data item in the edit window — not otherwise assigned to a slider — and
vary it with the top slider after clicking on the SEL button.

System data displayed in page 0 of the WorkSheet

WS -- WorkSheet Lens-Edit Window

RLE

ID MIT 1 TO 2 UM LENS 3119 E z‘> _U
FNAME '1.RLE ' Curvature | t

LOG 3119 urvatre type hol

WAVL 1.%70100 1.529600 1.060000
APS 4 Bending type not
NOWIG
UNITS MM Spacing type not
OBB 0.000000 7.00000 17.50000 -1.05311 0.00000 0.00000 17.500
0 AIR Slide element o

Ji

Copyright @ 2020, Optical Systems Design, LLC. All rights reserved.
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Hands-on Exercises

A48 . . oy SYNOPSYS™
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Exercise 1: Working with a Singlet

Now let us use a simple singlet example todemonstrate

How to create a lens data file in SYNOPSYS™
How to do optimization in SYNOPSYS™
How to improve the singlet system by adding an element

- .
Copyright @ 2020, Optical Systems Design, LLC. All rights reserved. gy Optical Systems Design
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Now we demonstrate how to enter system data to define the object, wavelengths for your design, system units,
aperture stop, ...etc. This will be done through several dialogs in the System Settings Menu that allows you to input
data relating to the system set-up such as object definition, system unit, types of pupils, wavelengths, and
everything that is not unique to a single surface.

System Declaration:
First, we will use the System Declaration Dialog To enter some basic declarations:

K SYMOPSYS for Windows
File Workspace View System Settings  Systern Data/Verification  |m

= | =i ‘ Ed | = ‘ = System Declaration

Wavelengths

i 7 Object, Pupil, and Aperture Stop
HH S‘I"NDPS"{S Polarizaticn
g | —1 T System Utilities

Enter the lens ID here to label
the lens. This ID will show in the
Lens Library as a descriptive
label to the lens system.

| Select ‘mm’ as the system unit.

/

| System [Units:  © Inches | mm| T cm M

Enter 3 for ‘Number of
surfaces’ (Optional)

A

Mumber|of surfaces in the lens (MXSF) |3

D |SINGLET EXAMPLE Lp to 33 characters

Activate Vignetting: * Yes (VIG) " No (NOVIG)

Focus modes

Ffar Ciwim kil B e e el e e e

To adjust the wavelengths, click “Open Wavelengths” at the bottom of the System Declaration Dialog. You can also
select the Wavelengths Dialog from the Systems Settings dropdown:

“Open Wavelengths” at the bottom of the System Declaration | ["d9Ws
Dialog: liew = System Settings | System Data/Verification [
pordinates: Y (YEN) li X [XEN) li E Systern Declaration
— Wavelengths
Open Wavelengths | Open Spreadsheet | Ohbject, Pupil, and Aperture Stop
. E— Polarization

Copyright @ 2020, Optical Systems Design, LLC. All rights reserved.



Wavelengths Dialog

Wavelength data can be set on this window. Advanced options are available, but for now let’s use the default CdF lines
and default uniform spectral weights.

Wavelengths and Weights:

Use defaults here

Enter Wavelengths and Spectral Weights:

To analyze Third Order Color Aberrations, enter at least 3 wavelengths

NC':"EF WAL WT1
UmDEr Set wavelengths (WA)

1 |0.656270 | 1.000000 and weights (WT)

2 |0.587560 | 1.000000

3 |0.486130 | 1.000000

4 | |

5| |

Wwaz WT2

5

| |
| |
s | |
| |
0| |
Primary, Long, and Short wavelengths:

Primary wavelenagth is used for paraxial raytrace.
Short and Long wavelengths are used for 3rd order chromatic aberration

Frimary Color Number: |2 Primary wavelength

Long Color Mumber: 1
Short Color Mumber:; 3

5Y5 for Windows

The next step is to define the object, pupil, and stop ) . o
rkspace  View | System Settings  System Data/Verification Iy

for the system. To enter the last general system

parameters, click on “Open Object/Pupil /Stop” at the B | = | & System Declaration

bottom of the Wavelength Dialog. Or you can select — Wavelengths
‘Object, Pupil, and Aperture Stop’ under the System Object, Pupil, and Aperture Stop

Settings dropdown. Polarization
SYNO  syctem Utilities
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Object, Stop, and Pupil

In the ‘Object, Stop, and Pupil’ dialog, first define an infinite object type (OBB) with height of 5. Set the stop on the first
surface with a default soft clear aperture. The Pupil Radius is declared to 12.7 and we will use the simple default pupil.
For more information, see ‘Object, Stop, and Pupil’ in the System Settings Menu of the User Manual for Ui-Plus.

Object Specification: Object Height
Distance -Bxis
* Basic object specification (NFFIELD) (THO) (YPD)
& Infinite Object (angular) (OBB) 5 [
" Finite Object (linear) (OBA)  [1e+012 K o
" Finite Object (angular) (OBC) | 1e+012 |1 o
" Wide-Angle (angular) (OBD)  [1e+012 1 o
" Fast Object {linear) (OBF) [1e+012 1 [
Stop
Surface Mumber: 1 [ Real Stop (Pupil) Search

{¢ Standard Stop: Chief Ray Height at Surface 1 (YP1): 0.000000

* Use default Aperiure Radius

" User-Defined Aperture
{ lfﬁ {

2

" Adjust Stop size to pass paraxial ray from the edge of declared Pupil (CSTOP)

" Adjust Stop size to pass real ray with fractional pupil coordinates:

| |

Pupil Types:
{+ Default Pupil (WaF 0)

" Wide-Angle Pupil Type 1 (WAP 1)
" Wide-Angle Pupil Type 2 (WAP 2} (A user-defined hard aperture must be assigned to the Stop surface)
" Wide-Angle Pupil Type 3 (WAP 3) (User-defined apertures must be assigned to the Stop and other lens surfaces)
" Vignetted Pupil (VFIELD)
Pupil Shape: ™ Circular (CPUPIL) " Elliptical (EFUPIL) " Rectangular (RPUPIL)
+ User-Defined Pupil (MOFILL)

Pupil Size: | ¥ (YMP1) 127 | 1

" Adjust PUPIL beam size to clear the aperture STOP (FILLSTOP)
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Surface Data
Now, we will enter the surface data using the Spread Sheet. For surface 1, enter 5 for Thickness and 100 for Radius of

Curvature.
Surface Type Surface ID Radius Thickness Material Index Coating
0 Infinite Object (angular) infinite infinite Air 1
1 Spherical 100 5 Air 1 Mane
2 Flat infinite 0 Air 1 Maone

Click at the Material or Index cell of surface 1 to activate the Index Editor. Select Glass Table, then Schott catalog and
enter the glass name N-BK7 in the Glass Name box.. If you don’t know the glass name you want to use, you can click
'Show Catalog' button to browse and select N-BK7 from the list. Click ‘OK’ to close the catalog listing window. Then
click ‘Set’ to set up the Material for surface 1.

Surface Type Surface ID Radius Thickness Material Index Coating
0 Infinite Object (angular) infinite infinite Air 1
| | Index Option, Surface 1 3 Air 1 None
Thiz index iz controlled by a zolve or a loakup. i 0 Air 7 1 None

[ PLASTIC [glazs model boundaries)

£ Agr 1. Click at the material for surface 1 and

™ acLLm select “Glass Table” in the Index Editor Tab
(" Explicit indices --»
{*+ [lass table >

(" Glass model -
(" Pickup indices -

2. In the Edit Glass Table dialog, select ‘Schott’;
then enter N-BK7 for the Glass name

Select a Glazz Table, then show the catalog to zelect a glazs name.
*+ Schott M-EBET Glass name
" Ohara
™ Hoya Show Catalog
" Unuzual Materials

] ‘f'ou can alzo select glass-table
" Coming France glaszes with the SketchPAD-3GT
ol . feature, which shows the selected
el glass map and lets pou click on the

~ L705 glass you want.
" Custom
" Sumita Set [

3. Click Set to submit the data.
The glass for surface 1 is updated
to N-BK7
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If you don’t know the glass name you want to use, you can click 'Show Catalog' button to browse and select N-BK7 from

the list. Click ‘OK’ to close the catalog listing window. Then click ‘Set’ to set up the Material for surface 1.

=he

Coating Aperture ] Tilt{Decenter ]

Select 3 Glazz Table, then show the catalog to select a glazs name.

' Schott Glass name
" Ohara
™ Hoya Show Catalog
" Unusual Matenials
] fou can alzo select glass-table

" Coming France glazses with the SketchPAD->GT
G . feature, which shows the selected

LEIe Tl glasz map and lets you click on the
P BT X I'lIFH."'{" uen L asank

Schott Catalog

Use ™5™ buttons to sort.

[5] e 5 e e 5 = I 5

Hame Hd Vd Bubble Humidity Stain Loid Alkali

1.516800

(=] =
(=) O
[N [

[HBETHT 1.516800 64.14

For surface 2 ,enter -100 for Radius of Curvature.

Surface Type Surface ID Radius Thickness Material Index
Infinite Object (angular) infinite infinite Air 1
Spherical 100 5 MN-BKT 1.51679
Spherical -100 0 Air 1
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Now we will define the Thickness for surface 2m which is also the back-focus distance for the singlet. To do so, we will
add a Thickness solve at surface 2 to place the image plane at the paraxial focus.

1. Click at the cell under Thickness column at
surface 2 to activate the Thickness Editor.

Surface Type Surface D Radius
0 infinite
1 100
2 -100
3 infinite
4
5

Material

Thickness Options for Surface 2

Thiz thicknesz iz entered explicith.

= Edit Thickness

2. Select “Edit Solve”

" Edit Thickness Pickup3/
f* Edi Thickness Solves

Delete Options I

" Mo zolve

Y- -plane Salves

3. Select YMT solve to
solve for the paraxial

distance to the image
plane (Surface 3).

& YMT marg

inal ray *-height

N FT princ

pal ray -height

Target * alue

e

Set

d

| 4. Click ‘Set’ to submit data. |

When we select the ‘YMT, marginal ray Y-height’ solve, SYNOPSYS™ finds the thickness (T) such that the height (Y) of
the marginal paraxial ray (M) will be the requested Target value (zero) at the next surface. In other words, surface 3
will be at the paraxial focus. This is an example of paraxial solve. With the thickness solve in place, the distance

between the back surface of the singlet and the image plane is set to be 95.9191.

Thickness

infinite

Material

Surface Type Surface ID Radius
0 infinite
1 100
2 -100
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Click at the Save button at the Top Toolbar and save the system as ‘EX1_singlet.rle’. We will use it later.

To examine the first order characteristics of the system, in the ‘Raytrace ’ dialog of the Image Analysis Menu, click ‘Run
PXT.

Paraxial Raytrace | Real-RHay Flaytrace]

Summary of systermn paraxial characteristics (PXT) Run PXT

Surface-by-surface listing of paraxial ray characteristics

(angle and height) with system summary (PXT P) ﬂ
paraxial characteristic of the lens system
SYNOPSYS AI> --- PXT
GIHT FOCL FNUM BACK TOTL DELF
8.53727 97.58144 3.84179 95.91907 5.00000 0.00000

To view the lens layout and rayfans, click the SketchPad button in the Command Window Top Toolbar to open the
SketchPad™.

e — T an——

Systern Data/Verification  Image Analys

s 8| 2oy ®ls]o

There are uncorrected

spherical aberration \¥ "EE}
(SA3) and primaryaxial - Right here.

color (PAC) as shown : ==

at the on-axis ray fans.

| |y

RANVER IE AEER. 1.00E0E REL FIELS 07000 i

FTHOP I 3
o-EERAR 18228
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Ex1.1 Optimizing a Singlet

We will demonstrate how to create an optimization macro to optimize the singlet using the Optimization Dialog in the
“Optimization + Design Search” Menu:

Optimization + Design Search

Optimization I:

Annealing
DSEARCH

Optimization (MOM)

Step 1: Define Optimization Variables | Step 2: Define Merit Fun[:tiun] Step 3: Launch Dptimizatiun]l

There are three steps in generating the optimization macro:

Step 1 : Define optimization variables into the parameter input module (PANT...END);

Step 2 : Define Merit Function aberration into the aberration input module (AANT...END).

Step 3 : Launch Optimization will add the SNAPSHOT (SNAP for short) command to show the update system in the
SketchPad and add the SYNOPSYS command to start the optimizationiterations.

Step 1. Optimization Variables:

First activate the ‘Define Optimization Variables’ tab. Select Option 1 to select basic lens data as the optimization
variables. In this dialog, You will see an interactive lens layout window at the left which you can use to select what
parameters at which surface to be included as the optimization variables (For more information, see the ‘Select Basic Lens
Data’ section in the Optimization Menu of the User Manual for Ui-Plus for more details) . For this example, we will just
select all Radii by clicking at the ‘ALL’ button of Radii selection.

Step 1: Define Optimization Variables |5tep 2: Define Merit Functiun] Step 3! Launch Optimizatiun]

Option 1: Select Basic Lens Data IO tion 2: Specify Other Variahles] Option 3: Specify Array Variahles]

Option 1: Select basic lens data for optimization interactively

Show Surfaces |1 thru |99 Redraw

* Show as Y-Z profile [ Show Rays

View Mode
" Show as Perspective Drawing [ Draw Circular Rims ONE-TO-ONE m
Elevation Azimuth ZOOM IN W ‘

20 0 ZOOM oUT

PAN

SELECT

Define Variables with Default Limits

Select a category, then click on a vertex in the lens to toggle that variable on or off.

Radii VLISTRD 12 ALL NONE

!

Optimization variables: varying
the radii on surface 1 and 2
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Step 2. Define Merit Function:

Open the ‘Define Merit Function’ dialog. Then select ‘Option 5’ to set controls for the system focal length and COMA.

In the ‘First-Order Aberrations’ block, click at the ‘Use’ checkbox to activate the input line. Then enter 100 for the Target

Value, 1 for Weight, and in the Aberration dropdown menu select FOCL (Focal Length) as the control term.

First-Order Aberrations

Target Value Weight Aberration To control the focal

=) Use 100 i

length (FOCL) of the

FOCL -

system at 100

In the ‘Third-Order Aberrations’ block, click at the ‘Use’ checkbox to activate the input line. Then enter O for the Target
Value, 1 for Weight, and in the Aberration dropdown menu select CO3 (Third order COMA) as the control term.

Third-Crder Aberrations

Target Value Weight

Aberration

—p :EUSE 0 1

To minimize
co3 | COMA

Step 3. Launch Optimization:

In the Launch Optimization dialog, enter ‘20’ for the Number of Iteration. You can Click the ‘Optimize Now’ button to
start optimization without saving the optimization macro. Usually, we would like to create the optimization macro by
clicking at the ‘Make a MACro’ button at the lower right corner of the dialog.

Optimization Options

Step 1: Define Optimization Uariahles] Step 2: Define Merit Function | Step 3: Launch Optimization

Optimize Mow | |2D

[v Monitor optimization with the SketchPAD display

Mumber of terations

This is the list of commands that goes into the optimization macro and appears in the right pane of the Optimization

dialog.

Command Line:

FANT
VLISTRAD1 2
END

AANT
M 100 1 AFOCL <_‘ Control focal Iength |

FEﬂNEE]'I A DG34—| To minimize COMA |

SNAP
STYNOPSYS 20
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To create the optimization macro, You can click at the Make a MACro button and enter filename (for example,
EX1_singlet_opt.mac) to save it:

)
Load a Saved Set ?
Make a MACro Close

=] Fictures T AFICIrap.rac

B Videos M Amiciper.mac

= Windows (C:) M ARGlass_termplate. MAC

— M Art.mac

- Data (D) Bl LMECADA LA vmmm

& NVD RW Drive (F) Andinen - ¥ €
File name: | EX1_singlet_opt.MAC
Save as type: | MAL files ( *.MAC)
» Hide Folders Save

bles

After you save the macro, it will open automatically in the SYNOPSYS™ workspace. To execute the macro, click the run
button at the top toolbar:

2| o [X|e|a @

PANT

WVLIST RAD 1 2
END

AANT

M 100 1 A FOCL
M0O1A CO3
END

SHAP

SYNOPSYS 20
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Now let’s look at the print-out in the Command Window after running the optimization macro:

Iteration No.
Damping factor

Iteration No.

Iteration No.

Iteration No.

Iteration No.

Lens number
SYNOPSYS AI>

Present merit function

Present merit function

Present merit function

Present merit function

Present merit function

Final merit function

1
5.918844E+00
5.000000E-01

2
2.761606E-01

3
3.697975E-05

4
4 .572332E-06

5
1.268009E-09

Improvement in the merit function is below threshold value.
The KICK or ANNEAL function may further improve the lens

After five passes, the merit

7.499139E-22 <

Improvement in the merit function is below threshold value.
The KICK or ANNEAL function may further improve the lens.

function is close to zero.

10 ID EXAMPLE SINGLET¢—

Also note that the current lens file is

saved in location 10 in the Lens Library
with the lens ID ‘Example Singlet’ declared
in the RLE file.

Type the command FINAL to read the resulting individual aberrations and its relative impact on merit function:

SYNOPSYS AI>FINAL

ABERRATION LIST

NAME
1
A FOCL
2
A co3

SYNOPSYS AI>

Focal length is on target

TARGET WEIGHT RAW VAL. FINAL ERROR R. EFFECT
100.0000000 1.0000000 100.0000 0.273701E-10 0.998945
0.0000000 1.0000000 -8.8948E-13| (-0.889483E-12 0.001055

™~

-

The COMA termis
almost zero.

Both targetshave
been met exactly.

Note: for more information about the command FINAL, please refer to User Menu 10.9. This commandis quite
important because it tells you which factors in the system are the major hindrances in reaching the optimization goal
as specified by the directives in the meritfunction.

Copyright @ 2020, Optical Systems Design, LLC. All rights reserved.
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Before optimization

®

Tan.

0.50000 MM

TRANSVERSE ABER. 1.00E-06 REL. FIELD

0.75000

€ =2

0y =

1.00000

After optimization

Tan.

0.50000 MM

TRANSVERSE ABER. 1.00E-068 REL. FIELD
Merit = 7.49914e-022

0.75000

[+

€ =2

—

ey =

=

1.00000
SYNOPSYS
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Ex1.2 Improve the Singlet by Adding an Element

Now that you have seen a simple optimization, we’ll show how to improve the singlet by adding an element.

For a singlet, there are 6 regular parameters (degrees of freedom) available for design or optimization: 2 radii, 1
thickness, 2 from material (index n and V number), and 1 APS position.

If we want to improve the optimized singlet further, we can increase the degree of freedoms to the system by,
* Adding more components;

* Adding parameters to lens shape: aspheres, DOE, HOE;

* Adding parameters to lens material: gradient indexlens;

Changing PARAMETERS (CONSTRAINTS) in an optical system is the way of meeting design specifications.

In this section, we will show how to improve a singlet by:
* Adding a second element in the Spread Sheet.
* Creating a merit function using the Ready-made Merit Functionsin SYNOPSYS™.

* Re-optimizing on the newsystem.

First, let’s get back to the original singlet. We will open the lens file, EX1_singlet.rle, from your working directory by Using
the Open file button in the top Toolbar. Then click the PAD button in the Top Toolbar to launch SketchPad and examine

the lens system.

File Workspace View System Setting  Systern Data/Werification  Image Analysi

E|E|H p2d %| = H ﬁn|@|s""||:| Al B 162
= —

% 2] <] =|E| EINNE [ 2o |a] 5]t ][>1]m|v] 2|

®

- ——

4

¢|o
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Now we will demonstrate how to insert an element into the current lens system by using the ‘Insert Surface button’ in
the SpreadSheet (SPS)toolbar.

Before adding more surfaces, we will first remove the Thickness solve at surface 2 of the singlet. Click at the Thickness
cell of surface 2 to activate the Thickness Editor. Select ‘Edit Thickness Solves’, then click at the ‘Delete Solve’ button to
delete it.

Surface Draw | Surface Types  Thickness Index Coating Aperture Tilty
Thicknezz Options for Suface 2 g

i

' Mo solve be

Thig thickness is controlled by aYMT 0 zokve

v-Z-plane Solves
i Edit Thickness
% YMT marginal ray Y-height

" Edit Thickness Pickups " YPT principal rap -height

& Edit Thickness Solves

Target alue

Delete Options | [ Delete Sobve |

st | 7]

Surface Type Surface ID | Radius | Thickness | Material | Index | Co

0 infinite infinite

1 w s e e
2 -100 959190677 -

3 infinite 0 -

Click at the line number of surface 3 or just anywhere in the same row to select the row. Then click ‘insert surface’
button twice in the Spread Sheet toolbar to add two surfaces to the system. Or you can just start editing new surfaces
after surface 3.

7 SPS -- SYNOPSYS SpreadSheet

Gﬂb‘ﬁ-ﬂ‘

Surface Type Surface ID Radius Thickness Material Index Coating

0 infinite infinite

W s Neo s N
a0 smororr [

infinite 0

-t

infinite 0
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At surface 2, enter 2 for Thickness. Then enter 1 for Thickness at surface 3. You can enter other values as long as
the Thickness 2 is small to keep the two elements close to each other to mimic a doublet.

Surface Type Surface ID | Radius | Thickness | Material Index | Coating ﬁ;g::t:;?nlﬁf
1] infinite infinite
1 100 3
2 -100 2
3 infinite 1

Click at the Material or Index cell of surface 3 to activate the Index Editor Tab. Select Glass Model. Enter 1.6 for Nd
(refractive index) and 55.0 for Vd (Abbe number), which corresponds to a generic glass at the center of the glass map.

Then click ‘Set’ to set up the GLM Material for surface 3.

urface Diraw | Surface Typesl Thickness Index Coating A
Index Options for Surface 3 Enter glass model parameters
Thiz index iz contralled by a solve or a lookup.

|1 B MNd
[T PLASTIC [Glass Model Boundaries)
 Air
i acuum RR.0 Wd
" Explicit Indices
= Gla Table
& Glazs Model
i i
" Interpolation Coefficients Set ? |
" GRIM [Gradient|ndex]
" Birefringent
Surface Type Surface ID | Radius | Thickness | Material | Index | Coating
infinite infinite
100 3
-100 2
infinite 1
infinite 0
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Click at the Thickness cell of surface 4 to activate the Thickness Tab. Select Edit Thickness Solves and then YMT solve
with a Target ray height of zero. Then click ‘Set’ to set up the thickness solve for surface 4.

Surface Draw |Sur1a|:e Types  Thickness Indlex | Coating | Aperure | TiltYDecenter |

Thickness Options for Surface 4 Salves in the ¥-Z plane have been dizabled

_ ) - " Nosolve because the lens is not in XF<T mode.
Thiz thickness iz entered explicith.

—Y'-Z-plane Solves #<-plane Solves
= Edit Thickness

| & MT marginal ray r-height  =MT marginal ray ¥-height
= Edit Thickness Pickups et e  =PT principal ray =-height

& Edit Thickness Salves

T arget YWalue
Delete Ophions I 0 Delete Solve |
= 1] -
Surface Type Surface ID| Radius | Thickness | Material | Index |Coating "BEE:::LTHE;T Tﬂsli:r:r:r:‘:rtr? ::(Oslﬁ::r;l‘u:r:itr?
0 infinite infinite
1 100 5
2 -100 2
3 infinite
4 infinite
5 infinite 0

Click the SketchPad buttonin the Spread Sheet toolbar to open the SketchPad™ to examine the system layout. Click the
Checkpoint buttonin the SketchPad to keep a copy of the current system before running the optimization.

SpreadSheet

H H o« | <5

{ &5 PAD Window1
iv|"—:ﬁ|e| =8| s FEMIEE [+ 234|513
H
° e
o
n
I
| &
| =
e
= K
M &_‘ﬁ; :
E LEDODD MM
| =" T = =
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The next step is to create an optimization macro for this system. Open the ‘Optimization’ Dialog:

Optimization + Design Search

Optimization

Annealing

DSEARCH

Step 1 Optimization Variables:

Again, we will use the Option 1 in the Define Optimization Variables Dialog to define the optimization variables by
selecting All Radii and All Glass Model to declare all the Glass Models and Radii on all surfaces as variables to be

varied in the optimization process.

Option 1: Select basic lens data for optimization interactively

Show Surfaces |1 thru  |983

* Show as Y-Z profile v Show Rays

Elevation Azimuth
20 10

Define Variables with Default Limits

Radii VLISTRD1234

Spacings YLISTTH

i

Glass Model VLISTGLM 13

[

Redraw

View Mode

(" Show as Perspective Drawing ¥ Draw Circular Rims ONE-TO-ONE

ZOOM IN

Z00OM OUT

i

PAN

SELECT

i

Select a category, then click on a vertex in the lens to toggle that variable on or off.

Step 1: Define Optimization Variables |S p 2: Define Merit Funciiun] Step 3: Launch Optimizatiun]

Option 1: Select Basic Lens Data ] Optipn 2: Specify Other Yariables l Option 3: Specify Array Yariables l

ALL

NONE

ALL

NOME
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Step 2 Define Merit Function:

Select Option 1 (Prepared Merit Function dialog) and then ‘Merit Function 6’. Merit Function 6 defines a set of raygrid
to minimize the transverse ray aberrations. For more details, see the Prepared Merit Function section of the Optimization
menu in the User Manual for Ui-Plus. You can also find a discussion of the Ready-made Merit Function in ‘APPENDIX:

Optimization Introduction’ of this guide.

Step 1: Define Optimization Variables

Step 2: Define Merit Function

Axially-symmetric

" Merit Function 1 Yes
" Merit Function 2 Yes
" Merit Function 3 Yes
" Merit Function 4 Yes
" Merit Function 5 Yes
{* Merit Function B Yes

TIent Funclion No

Option 6: Lens Construction Parameter Aberrations

i : ations
Option 1: Prepared Merit Function I Option 2: RayGrid Aberrations

Select from one of the ready-made merit functions listed below.

Raygrid

5 Rays
3Ix6
3x6
3x6
4x3
3x6

Bub

Color method
Monaochromatic
Monochromatic
3-Color Ray Diff.
3-Color Ray Diff.
3-Color Ray Diff.
Full Grid in Each

3-Color Ray Diff.

Step 3: Launch Optimization l

MNo. of fields
1 (On-Axiz Only)
EY
1
3
3
3

5

] Option 7: Optimizatid

Option 3: Basic Raygrid Aberrations ] Option 4: Individual Rz

This lens has no skew field defined.

Next, we will open the dialog for option 5 (1%, 37, 5t Order Aberrations) dialog. In the ‘First-Order Aberrations’ block,
click at the ‘Use’ checkbox to activate the input line. Then enter 100 for the Target Value, 1 for Weight, and in the

Aberration dropdown menu select FOCL (Focal Length) as the control term.

First-Crder Aberrations

Target Value

Weight

Aberration

= [ Use ||100

[

FOCL b

To control the focal length
| (FOCL) of the system at 100

Lastly, we will add two optimization monitors to control the system. For more details, see the Prepared
Optimization Monitor section of the Optimization menu in the User Manual for Ui-Plus. We will select ‘AEC’ to
set a lower bound to all the edge thickness (default is 1mm) and ‘ACC’ to keep an upper bound to the center thickness

(default is 25.4mm).

Edge Thickness

[+ AEC Keep all edge thickness more than:

Center Thickness Control

[~ BAFE Keep airspace edges over:

[ AGE Keep edges of glass elements over:

[~ AFE glass edges, at EFILE points A, E

TARGET WEIGHT WINDOW

|+ ACC Keep center TH variables less than:

[ ACM Keep thicknesses greater than:
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Step 3 Launch Optimization
Enter 40 for Number of Iterations. Then either click at the Optimize Now to run the optimization or click at the Make
a MACro button to create a macro file.

Optimization Options

Step 1: Define Optimization Variahlesl Step 2: Define Merit Function

Step 3: Launch Optimization “

Optimize Mow

| I-‘il} Mumber of lterations

¥ Monitor optimization with the SketchPAD display

This is the system after optimization:

T3

Tan.

0.10000 MM

Sag.

Merit = 1.47941

TRANSVERSE ABER.

On-axisaberrations
are much better

1.00E-06 REL. FIELD 0.75000

1.00000
SYNOPSYS

But the lens still has astigmatism andfield curvature,

which you cannot correct with a doublet.
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This is the list of commands that goes into the optimization macro and appears in the right pane of the Optimization
dialog.

Command Line:

PANT

VLISTRAD 1234
VLIST GLM 1 3
END

BAMNT

AEC
A Commands inserted by Merit Function6:

GSR 5105M 0 * ray-grid definitions (on-axis GSR, GNR at
GNR523M7 | 0.7 field and full field). These ray grids
GNR513M 1 are often used as a good starting merit
MIo0 T ALOCL function. For more sophisticated

END control, you can specify individualrays.

SNAP
SYNOPSYS 40

Below is a brief explanation to the GSR and GNR commands. For more details, see the Prepared Raygrid Aberrations
section of the Optimization menu in the User Manual for Ui-Plus. You can also find a discussion of the Raygrid Aberrations
in “APPENDIX: Optimization Introduction’ of this guide.

GSR .5 10 5 M 0 | 1D Sagital ray grid with

raygrid number of 3

* Generate 1D sagittal rays,

* With RT (pupil weighting factor).5

* Weighting factor to merit function =10

* With a ray grid number of 5 *\—’ .
* For all the color (multiple color) in thesystem

* For on-axis field (field 0)

GSR

* Generate 2D raysets,
* With RT (pupil weighting factor).5 20 ” |
. L ; . . ray gri
Weighting factor to meritfunction weight 2 — —— SE T3
for 0.7 field, first line weight 1 for edge field.

2" ine
* Ray grid number of 3
* For all the color (multiple color) in thesystem

* For 0.7 field and the edge

2 rays 6 rays 16 rays
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Exercise 2: A Five Element System Design

. . an /
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Ex2.1 Design by Experience (or Wild Guess)

Example 2: A Five Element System Design

Now we’ll do a more complexdesign:

* Fiveelements

* FOCL150 mm

* F/3.5

* Semifield 14 degrees

* BACK focus distance 16 mm

* TOTL length 250 mm.

* Visible light

* Aperture diameter = 150/3.5, so paraxial marginal ray height at the first element (YMP1)is 21.42 mm.

How does one approach this kind of problem? Some possible approaches:
Search a patent database

Look in your file of previous designs

Do a third-order design by hand

Play it by ear

Let the computer do the work.

e wnN e

No.3 No. 5 it's
No. 2 2 huge No. 4 often nice. But do

. works quite
requires amountof wquI we havethe

data. work tool?

Let’s say we’ll start with option4:
enter lens data based on intuition.

* First, a sketch:

* Then Guess values for radii, thickness, and glass index.
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We start setting up the system parameters using the System Settings Menu:

In the System Declaration Dialog of System Settings Menu, select ‘mm’ for the System Units and enter 11 for
‘Number of surface’. Enter the string ‘PLAY IT BY EAR’ for the optional Lens ID. Make sure the FOCAL mode is
selected.

System Declaration

System Unite: ¢ Inches] ® mm | T em M [ Use millimeter (mm) as default (Switch 24)

Number of surfaces in the lens (MXSF)

D) |PLAYIT BY EAR Up to 33 characters of lens identification. For more lines, use the ID command.

Activate Vignetting: * Yes (VIG) " Mo (NOVIG)

Focus modes

¢ FOCAL — Ithage is formed on last surface

" AFOCAL — Output is collimated. Image height is described in angular space

In the Wavelength dialog (System Settings menu), accept the default visible wavelengths and spectral weights.

System Wavelengths

Wavelengths and Weights:

IUse CdF lines

Enter Wavelengths and Spectral Weights:

To analyze Third Order Color Aberrations, enter at least 3 wavelengths

Color

ralll WAL WT1
1 l0.656270 | || 1.000000
2 | |o.587560 |||1.000000
3 \0.485130 ||| 1.000000
4| |
5| |
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We will use the ‘Object, Stop, and Pupil’ dialog of the System Settings Menu to define the object, stop, and pupil
characteristics of the system. First define an infinite object type (OBB) with height of 14. Set the stop on the fifth
surface. The Pupil Radius is declared to 21.42 and accept the simple default pupil. For more details, refer to the
‘Object, Stop, and Pupil’ section of the System Settings Menu in the User Manual for Ui-Plus.

Object Specification: Object Height
{* Basic object specification (NFFIELD) Ds?rﬁ;‘fe Tﬁ:'rxa?
& Infinite Object (angular) (OBB) 14 o
" Finite Object (linear) (OBA)  [1e+012 K o
" Finite Object (angular) (OBC) | 1e+012 |1 o
" Wide-Angle (angular) (OBD)  [1e+012 1 o
" Fast Object {linear) (OBF) [1e+012 1 [
Stop

Surface Number: | |5 [ Real Stop (Pupil) Search

(* Standard Stop: Chief Ray Height at Surface 1 (YP1): -0.249328

{* Use default Aperture Radius)

" User-Defined Aperture
{ { {

| x|

" Adjust Stop size to pass paraxial ray from the edge of declared Pupil (CSTOP)

Pupil Types:
(+ Default Pupil (WAP 0)

" Wide-Angle Pupil Type 1 (WAP 1)
" Wide-Angle Pupil Type 2 (WAP 2} (A user-defined hard aperure must be assigned to the Stop surface)
" Wide-Angle Pupil Type 3 (WAP 3) (User-defined apertures must be assigned to the Stop and other lens surfaces)
" Vignetted Pupil (VFIELD)
Pupil Shape: f* Circular (CPUPIL) " Elliptical (EPUPIL) " Rectangular (RPUPIL)
+ User-Defined Pupil (NOFILL)

Pupil Size: Y YMP1) | |21.42 1

" Adjust PUPIL beam size to clear the aperture STOP (FILLSTOP)
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Next, we will enter the surface data using the Spread Sheet. Click at the Spread Sheet button in the Top Toolbar to

open the Spread Sheet. For surface 1, enter 100 for surface Radius of Curvature and 5 for Thickness.

K SYMNOPSYS for Windows
File Workspace View Systemn Setting

ACICIEIEIEIS

P9 | e Type Surface ID Radius Thickness Material Index
0 Infinite Object (angular) infinite infinite Air 1
1 Spherical 100 5 Air 1

Click at the Material or Index cell to activate the Index Editor. Select Glass Model, enter 1.6 for Nd and 60 for Vd. Then

click ‘Set’ to set up the Material for surface 1.

Surface Draw | Suface Types|  Thickness Index Coating Aperure

Index Options for Surface 1 Enter glass model parameters.,

Thiz index iz contralled by a zolve or a lookup.

| PLASTIC [Glass Model Boundaries)
7 Air

= Wacuum 0 Wd
" Ewplicit Indices

{ Glazs Tahle

* Glasz Model

T Pickap Indices

" Interpolation Coefficients Set ? |
" GRIN [Gradient-ndex)
" Birefringent
Surface Type Surface ID Radius Thickness Material Index
0 Infinite Object (angular) infinite infinite Air 1
1 Spherical 100 5 GLM 1.6

Follow the same steps to enter the following parameters for surfaces 2 to 10.
For surface 2:

Radius of Curvature: 200

Thickness: 3

Material: Air

For surface 3:

Radius of Curvature: 50

Thickness: 5

Material: Glass Model, with 1.6 for Nd (index) and 60 for Vd (V-number)
For surface 4:

Radius of Curvature: 100

Thickness: 8

Material: Air
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For surface 5:
Radius of Curvature: -200
Thickness: 3

Material: Glass Model, with 1.6 for Nd (index) and 40 for Vd (V-number)

For surface 6:

Radius of Curvature: 100
Thickness: 8

Material: Air

For surface 7:

Radius of Curvature: -100
Thickness: 5

Material: Glass Model, with 1.6 for Nd (index) and 40 for Vd (V-number)

For surface 8:

Radius of Curvature: -50
Thickness: 3

Material: Air

For surface 9:

Radius of Curvature: -200
Thickness: 5

Material: Glass Model, with 1.6 for Nd (index) and 40 for Vd (V-number)

For surface 10:

Radius of Curvature: -100

Thickness: YMT solve with target ray height of 0
Material: Air

Surface Type Surface ID

Radius

Thickness

infinite

100

infinite

5

200

50

100

-200

100

L T & L R T # N = T B ¥
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Click the SketchPad button to view the system layout:

fication |greegefpalysis  Optimiz

[~

@? G\)CT / And here’s our wild guess.
I @ Not too good, but the light
j gets through.
/ | |
- IR /\
/mﬂ < >
Tan. \ \
5.00000 MM
Sag. |
— —. —.
TRANSVERSE ABER. 1.00E-06 REL. FIELD 0.75000 1.00000

The command script describing this system is shown below:

RLE

ID PLAY IT BY EAR 47

LOG 47

WAVL .6562700 .5875600 .4861300

APS 5

UNITS MM

OBB 0.0000000 14.0000000 21.4200000 -4.96944821498
0 AIR
1RAD 100.0000000000000 TH 5.00000000
1GLM 1.600000000 60.000000000
2 RAD 200.0000000000000 TH 3.00000000 AIR
3 RAD 50.0000000000000 TH 5.00000000
3GLM 1.600000000 60.000000000
4 RAD 100.0000000000000 TH 8.00000000 AIR
5 RAD -200.0000000000000 TH 3.00000000
5GLM 1.600000000 40.000000000
6 RAD 100.0000000000000 TH 8.00000000 AIR
7 RAD -100.0000000000000 TH 5.00000000
7GLM  1.600000000 40.000000000
8 RAD -50.0000000000000 TH 3.00000000 AIR
9 RAD -200.0000000000000 TH 5.00000000

9GLM 1.600000000 40.000000000
10 RAD -100.0000000000000 TH 89.13266528 AIR
10TH 89.13266528

10YMT 0.00000000
11CvV  0.0000000000000 TH 0.00000000 AIR
END

0.0000000 0.0000000 21.4200000
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Optimization

Now we will optimize the system. Open the ‘Optimization’ of the Optimization + Design Search Menu to set up a Marco.

Optimization + Design Search

Optimization

Annealing

DSEARCH

Step 1 Optimization Variables:
We will use the Option 1 in the Define Optimization Variables Dialog to define the optimization variables by selecting
All Radii, All Spacings, and All Glass Model to declare the optimization variables.

Step 1: Define Optimization Variables |Slep 2: Define Merit Funcﬁun] Step 3: Launch Optimization ]

Option 1: Select Basic Lens Data IO tion 2: Specify Other ‘U'ariahles] Option 3: Specify Array ‘U’ariahles]

Option 1: Select basic lens data for optimization interactively

Show Surfaces |1 thru  |999 Redraw

{+ Show as Y-Z profile Iv Show Rays View Mode
" Show as Perspective Drawing ¥ Draw Circular Rims ONE-TO-ONE
Elevation Azimuth ZOOM IN
20 10 ZOOM OUT
PAMN
SELECT

Define Variables with Default Limits

Select a category, then click on a vertex in the lens to toggle that vanable on or off.

Radii VUSTRD 12345678910 ALL ONE

Spacings WLISTTH123456789 ALL OMNE

Glass Model VLISTGLM 13579 ALL ONE

i
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Step 2 Define Merit Function:
Select Option 1 (Prepared Merit Function dialog) and then ‘Merit Function 6’. Merit Function 6 defines a set of raygrid
to minimize the transverse ray aberrations. For more details, see the Prepared Merit Function section of the
Optimization menu in the User Manual for Ui-Plus. You can also find a discussion of the Ready-made Merit Functionin
‘APPENDIX: Optimization Introduction’ of this guide.

Step 1: Define Optimization Yariables

Option 5: 15t 3rd, S5th Order Aher

Step 2: Define Merit Function

Option 1: Prepared Merit Function

’j

’j

~
~
~

Axially-symmetric

Merit Function 1

Merit Function 2

Merit Function 3

Merit Function 4

Merit Function 5

i*

Merit Function 6

T 5&I’IEFUHEEIDH :

Yes

Yes

Yes

Yes

Yes

Yes

No

ations

Option 6: Lens Construction Parameter Aberrations
Option 2: RayGrid Aberrations

Select from one of the ready-made merit functions listed below.

Rayarid
5 Rays
3Ix6
3x6
3x6
4x3
3x6

Gx6

Color method
Monochromatic
Monaochromatic
3-Color Ray Diff.
3-Color Ray Diff.
3-Color Ray Diff.
Full Grid in Each

3-Color Ray Diff.

Step 3: Launch Optimizatiun]

Option 3: Basic Raygrid Aberrations l Option 4: Individual R

Mo. of fields
1 (On-Axis Only)
3
1

3

l Option 7: Optimizatiqg

This lens has no skew field defined.

Next, we will open the dialog for option 5 (1%, 39, 5t Order Aberrations). In the ‘First-Order Aberrations’ block, click at
the ‘Use’ checkbox to activate the input line.
* Enter 100 for the Target Value, 1 for Weight, and in the Aberration dropdown menu select FOCL (Focal Length) as the
control term.
* Enter 16 for the Target Value, 1 for Weight, and in the Aberration dropdown menu select BACK (BACK Focal Length)
as the control term.

First-Order Aberrations

Target Value

Weight

Aberration

v Use

[ Use

150

1

[FoCL |

116

1

|BACK] ~|
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Lastly, we will add two optimization monitors to control the system. For more details, see the Prepared
Optimization Monitor section of the Optimization menu in the User Manual for Ui-Plus. We will select ‘AEC’ to
set a lower bound to all the edge thickness (default is Imm) and ‘ACC’ to keep an upper bound to the center
thickness (default is 25.4mm).

Edge Thickness TARGET WEIGHT WINDOW

[v¥ AEC Keep all edge thickness more than:

[ AAE Keep airspace edges over:

[ AGE Keep edges of glass elements over:

[ AFE glass edges, at EFILE points A, E

Center Thickness Control

[v¥ ACC Keep center TH variables less than: |

[ ACM Keep thicknesses greater than: |

Step 3 Launch Optimization

Enter 30 for Number of Iterations. Then click at the ‘Make a MACro’ button to save as a Marco with the filename ‘five
element_opt’.

Step 1: Define Optimization Yariables | Step 2! Define Merit Function Step 3: Launch Optimization

Optimization Options

Optimize Now | a0 |Nu mber of lterations

[v Monitor optimization with the SketchPAD display

# FIVE ELEMENT OPT.MAC =R @
8| 0! [X|#|ale|e|s|w|a|@la|=] 8]
PANT =

VLIST RAD 1 2 3 4 5 6 7 8 9 10
VLIST TH 1 2 3 456 78 9
VLIST GLM 1 3 5 7 9

END
AANT
AEC
ACC
GSR
GNR
GNR . 1
M 150 1 A FOCL
M 16 1 A BACK
END

SNAP

SYNOPSYS 30

05 M
3
3

nnn
E N R

M
M
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Next, we want to add a control to keep the total length (between the vertices of the first and last surfaces) not larger
than 250. We will do this by enter the command line ‘LUL 250 1 1 A TOTL’ to the Macro file as shown below. See
‘APPENDIX: Optimization introduction’ for an explanation to the LUL command.

PANT

VLIST RAD 1 2 3 4 56 7 8 9 10
VLIST TH1 2 3 4567829
VLIST GIM1 3 5 7 9

END
AANT
AEC
ACC
GSR .
GNR .
GNR . 1

M 150 1 A FOCL

M 16 1 A BACK

LUL 250 1 1 A TOTL
END

SNAP

SYNOPSYS 30

05M

0
.7

oow;m
RN

3 M
3 M

Run the MACro, and the lens is much improved.

Tan. =
0.05000 MM
3
3 3 q# “
Sag. z -——% z
TRANSVERSE ABER. 1.00E-06 REL. FIELD 0.75000 1.00000
Merit = 0.111241 SYNOPSYS

WM
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Annealing

Now, let’s see how Annealing impact the lens. During the optimization process, Lenses often get stuck in a local
minimum. Annealing can help the system jump out of the local minimum and go on to find the lower one. When the lens
is annealed, the program makes a series of small random changes to the design variables and reoptimizes, over and
over.

Annealing can jump out...

... and find the lowest minimum.

To start the anneal process, click the anneal button in the Top Toolbar to open the anneal dialog. Input the anneal
parameter as shown below. Click OK to start theprocess. For more details on Annealing, refer to the section ‘Annealing’ in
the Optimization & Design Search Menu in the User Manual for Ui-Plus.

[

Starting temperature

Cooling rate

Pass number

I Quist | Free GLM

ITI Help
_ Concel |
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50



Now the lens is much better (note that the rayfan unit is changed to 0.05 from 0.1), but the edge of the field has poor
color correction.

@

Tan. —_—
2
0.05000 MM
3
Sag. I g ——!ﬁ g ——# =
TRANSVERSE ABER. 1.00E-06 REL. FIELD 0.75000 1.00000
Merit = 0.0507023 SYNOPSYS
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Lens design is mostly about modifying the merit function to better control whatever is the worst problem at the
moment. Because we saw that in the last page that the lens has poor color correction at the edge of the field. We try to
correct it by re-optimizing thelens:

LOG

STORE 9

PANT

VLIST RAD ALL
VLIST TH ALL
VLIST GLM ALL
END

AANT

M 150 1 A FOCL

M 16 1 A BACK

LUL 250 1 1 A TOTL
AEC

ACC
GSR .51
GNR .5 2
GNR .5 4 Increase the weight on the rays at the edge of

\ the field from 1 to 4 and run the MACro
END .

—— | again to apply stronger control for color

SNAP correction.

SYNO 30

As a good practice, make a checkpoint between optimization stages. You can make a checkpoint by clicking at the
CheckPoint button in the Side-toolbar of the SketchPad window.

The lens is further improved with this optimization.

Not bad! And this is from a wild-guess starting point. But there is some knowledge there too:

* The stop was in the middle to gain some symmetry advantage.

* The lenses were bent the way that minimized SA3.

It’s not just a wild-guess after all.

i 1
e
Tan. M /
= 2
0.02000 MM g
3 3 74 1
Sag. 1 ,1_
TRANSVERSE ABER. 1.00E-06 REL. FIELD 0.75000 1.00000
Merit = 0.130485 SYNOPSYS
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Ex2.2 Design by DSEARCH

Now we’ll demonstrate how to use another important tool in SYNOPSYS™ , DSEARCH™, to do this problem. With the
newer design tools make available by innovative algorithms, you can make system- level decisions, but let the program
work out the details.

The DSEARCH (Design Search) in SYNOPSYS™ is an Automatic Design tool created to provide an

effective, fast, and practical solution for optical design. It is created

1. To ease the burdens on the designers in finding good starting points for their design projects.

2. Toexplore the design space efficiently to discover alternative design forms that may deliver better performances.

The principle behind it can be visualized easily using the analogy of skiing down the mountain top to find the valleys:

* From the top of a mountain you can see all the valleys.

* To search for the lower valleys, send out multiple probes that descends from the mountain top in different
directions.

Because the search is not limited to the vicinity of a pre-select starting point (as in the traditional approach), this

method s also referred to as the Global Search method.

Standing at the mountain top
(Plane-parallel plates)

Descends i  direction

bl In this directions...
and you go here

you go here

The distance you jump downhill is an input parameter in the optimization.
How fast you can go depends on the speed of the optimization process.
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DSEARCH

Select DSEARCH from the “Optimization + Design Search” drop down menu:

Optimization + Design Search Py

Optimization n i
, il
Annealing

DSEARCH

Follow the screenshots below to enter the DSEARCH parameters. For more details, see the ‘DSEACH’ section in the
‘Optimization & Design Search’ Menu in the User Manual for Ui-Plus.

Step 1 Search and System Declarations:

Sten 3 Ontional Soecial Ontimization Goals ] Step 4: Launch Search l
Step 1: Search and System Declaration \ Step 2: Goals ]

MNumber of Cores (CORE) ? (1-12)

Design Search (DSEARCH) Options:

[ Append search system to current system, starting from the surface number (JFROM)

-
Specify Library location to store the best search results (LLIPE |5 (1-10)

¥ QUIET mode  Select this to suppress all output to the current Command Window

Systemn Declaration /

Lens D |5 ELEMENT DSE/!«HCH Enter the lens identification.

WakETengths: iU.DDDdr iU.Dti 7o 04861  Enter 3 wavelengths: Long, Middle, Short, in um

Define Ubject JECT At (T B " Object at this distance (OBA): (THD)

Object Size (Height or Angle):. |14 (UPPO or YPPO)

Entering beamysize (semi-diameter) from on-axis field point: 42 MP1)

System LMits:/ = MM " Inches

Lens |s: ¢ Focal 1 AFocal

Enter any special system requirements here, such as WAP selection.
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Step 2 Enter the design goals:

Step 3: Optional Special Optimization Goals
Step 1: Search and System Declaration

GOALS

Leave blank any fields you do

ELEMEMNTS

Specify weightings for fields:

Fields: |00 [075  [10 |00

Weights: [50 |30 10 [10

{7 8TOPfirst 1+ STOP middle  STOP last

~

(* 3-Colors  Majorcoloronly  © All Colors

RSTART  |500 | |

THSTART |7 /

Thicknesses

ASTART |7 /

Airspaces

Aperture-dependent weight | 05

[ OPD correct OPDs instead of transverse ray coordinates

Step 4: Launch Search

Step 2: Goals

t care about, except number of elements, and FNUM if focal.

Desired number of elements (Required)

(Enter target of zero to bypass BACK)

TOTL |25I] ‘/|1 A%ter target of zero to bypass TOTL)

v STOP free to move

Radii of Curvature
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Step 3 Optional goals: If there is no special requirement, this step can be skipped.

Step 1: Search and System Declaration ] Step 2: Goals
Step 3: Optional Special Optimization Goals ] Step 4: Launch Search
SPECIAL PANT

Enter any special variable regiests, in PANT format.

SPECIAL AANT

Enter any special aberrations to be controlled, in AANT format.

Step 4 Launch Search
Step 1: Search and System Declaration ] Step 2: Goals
Step 3: Optional Special Optimization Goals Step 4: Launch Search

Other options/Goals for the DSEARCH/Saddle-Point Build:

Select this option only if you want to do a RANDOM search.
[ Random search, cycles | 200 Default is the BINARY search mode, which is a more systematic search
approach.

W Cuick Mode  Quick Passes |30 ‘ﬁasses 40 /

| REVERT to quick mode start

NPASS |2|} Number of optimization passes in final MACro

AMNMEAL Temperature | 200 Cooling |2I} Passes 3']{ QUIET mode [+

v SNAPSHOT Passes 10

| Replace progress bar with monitor window displaying the current and best merit function values

[ SAMPLE generate a single sample

After everything is entered, go ahead and click the “Make a MACro” button and name it something descriptive (for
example, 5_element_DSEARCH.mac).
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This is the DSEARCH MACro you just created. To run the macro, click the run button at the Macro Editor toolbar.

IG\! ‘X|@‘ﬂ.“dl

CORE 12

DSEARCH 5 QUIET
SYSTEM

ID 5 ELEMENT DSEARCH
OBB 0 14 21.42

WAVL 0.6563 0.5876 0.4861
UNITS MM

END

GOALS

ELEMENTS 5
FNUM3.51

BACK 16 SET
TOTL2501

STOP MIDDLE

STOP FREE

COLORS 3

FOV 0.0 0.75 1.0 0.0 0.0
FWT5.03.01.01.01.0
RSTART 500

THSTART 7

ASTART 7

RT 0.5

QUICK 30 40

NPASS 20

ANNEAL 200 20 Q 30
SNAPSHOT 10

END

SPECIAL PANT

END

SPECIAL AANT

END

GO
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Design Candidates by DSEARCH

DSEARCH comes back with 10 potential designs. Usually the top one is the best — but not always. You are encouraged to
try the others too to explore the design space. Each one has a merit value and a filename.

DESIGN SEARCH RESULTS

ID 5 ELEMENT DSEARCH

SCALE 0.2021 X

MERT 0.0200 = B
FILE DSEARCHO0Z.ALE

i

I 3 ELEMENT DSEARCH
SCALE 02021 X
MERIT 0.0200

FILE DSEARCHOO4.RLE

LAY

TOTAL CASES RUN: 32
CASES SKIPPED: 0

27-NOV-20 17:20:33

If you want to read the ranking of the ten best lenses and their filenames, open the macro DSS.MAC that is
automatically generated by DSERACH. You can also run the macro by typing the Execute Macro command: EM
DSS.MAC. SYNOPSYS™ will cycle through each lens at the click of the ‘return’ key. The filename is displayed at the
upper left corner of the SYNOPSYS™ workspacewindow:

R SYMOPSYS for Windcnlts DSEARCHOO0Z.RLE

File Workspace WView System Settings Lens Data ang

ACICIEIEE IR -

Il




In this demo, we use the top lens returned by DSEARCH. You can select the 2" best to see how it goes, for the sake of
exploring the design space. If you are going to use the top lens from DSEARCH, you don’t need to do anything to launch
the lens file. It's already launched. If you want to use another file, say the 2" best, according to the list returned by
DSEARCH (see last page), it would be DSEARCHO0OA4.rle. You can use the Open File button at the Top Toolbar to openit.

/7

1
Tan. /7-—__—-‘-} ——— 3 =
1
0.02000 MM 3
3
| 3 ? / ZI
Sag. | - 2 —_— pi ——
TRANSVERSE ABER. 1.00E-06 REL.FIELD 0.75000 1.00000
Merit = 0.0199593 SYNOPSYS

DSEARCH also generates an optimization macro for you to further refine thelens:

PANT

VY 0 YP1 Because there are some thin edges and
VLIST RD ALL centers in the design candidate shown
VLIST TH ALL EXCEPT LB1| above, weincrease the target values of
VLIST GLM ALL ' the AEC and ACM.

END AEC: Keep edge thickness larger than
AEC 3 1 1 ACM: Keep center thickness larger than
ACM 311

M 0.285714E4+00 O0.100000E+01 A CONST 1.0 / DIV FNUM
GSR 0.500000 5.000000 4 1 0.000000
GSR 0.500000 5.000000 4 2 0.000000
GSR 0.500000 5.000000 4 3 0.000000
GNR 0.500000 3.000000 4 1 0.750000
GNR 0.500000 3.000000 4 2 0.750000
GNR 0.500000 3.000000 4 3 0.750000
GNR 0.500000 3.000000 4 1 1.000000
GNR 0.500000 3.000000 4 2 1.000000
GNR 0.500000 3.000000\ 4 3 1.000000
M 0.250000E+03 0.100000E+01 A\QQTL

END

SNAP 10/DAMP 1.00000 The edge of the field needs
SYNOPSYS 20 a higher weight too.
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Run the macro to optimizethe lens and then anneal it and you will reach the system below. This lens is quite different

from the previous design, where we guessed a starting point. It illustrates a basic truth: for a complex lens, there are many

configurations that have roughly equal quality.

0.01000 MM

|

%

—‘\"*-\‘_'_/
—
TRANSVERSE ABER. 1.00E-06 REL.FIELD 0.75000 1.00000
Merit = 0.0353816 SYNOPSYS

-

N = W
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Real Glass Insertion

One more step: The lens has model glass types. We need to substitute real glasses for them.
Type MRG to open the ‘Automatic real glass insertion’ dialog. Make the selections shown, and click OK. For more details,
see User Manual 5.47 Automatic Real Glass Insertion.

Automatic real glass insertion (MRG) pod

Library

ARGLASS 3 W QUIET
(" schott " Corning France " sumita

CATALOG * Ohara (" Guangming " Private
" Hoya " LZOs " Mikon
" Unusual " Custom

INCLUDE 1 TO 9499

EXCLUDE |

PRICE 93

BUBBLE &

STAIN 6

ACID 5

ALKALL &

HUMIDITY 6

(" SEQUENMTIAL * SORT { REVERSE ORDER

[+ PREFERRED
| SAFE

RLIM MACRO | Cancel | Help
[+ ILINE

Note: MRG has to be run immediately after a normal optimization. (It uses the same variables and merit function.)

SYNOPSYS AI>MRG

--- ARGLASS 6 QUIET

Lens number &€ ID 5 ELEMENT DSEARCH

GLASS S-FPL51 HAS BEEN ASSIGNED TO SURFACE 5; MERIT = 0.287703E-01
GLASS S-FPM3 HAS BEEN ASSIGNED TO SURFACE l; MERIT = 0.255770E-01
GLASS S-FPM2 HAS BEEN ASSIGNED TO SURFACE 7; MERIT = 0.257014E-01
GLASS S-FPM2 HAS BEEN ASSIGNED TO SURFACE 9: MERIT = 0.248310E-01
GLASS S-TIL1l HAS BEEN ASSIGNED TO SURFACE 3; MERIT = 0.246039E-01

Type <ENTER> to return to dialog.
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And here’s our lens. This is about as good as one can do with five elements to these specifications.

Tan.

0.01000 MM

Sag. 3

TRANSVERSE ABER. 1.00E-06 REL. FIELD
Merit = 0.0246039

|
L

=W

—

0.75000

1.00000
SYNOPSYS

= WWY =

Copyright @ 2020, Optical Systems Design, LLC. All rights reserved.

62



Two potential solutions.

0.02000 MM

3
Sag. 1
z

TRANSVERSE ABER. 1.00E-08 REL. FIELD 0.75000

In only a few minutes.

i
_ }—%

TRANSVERSE ABER. 1.00E-06 REL.FIELD 0.75000 1.00000
Merit = 0.0246039 SYNOPSYS

That is a brief introduction in how to use the SYNOPSYS™ lens design software.
* Knowledge of optics theory never hurts.
* But the computer does most of the work.

* |t can often find solutions that a 3rd-order study cannot.
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APPENDIX: Macro Files

To read more about the Macros in SYNOPSYS™, type macro in the Help men to search for the Macros page:

@ SYMNOPSYS Application Help

I & &8 o

Hide Back Home Print  Options
Contents  Index ]ﬁEarch l F 4| » MACros
Type inthe keyword to find: MACros are sequences of SYNOPS3YS command or Al sent

|ma'm‘tI You can have any number of MACro editor windows open at

several lines of input, and it is much easier to accomplish wh
e or edit the MACro if necessary, and save it to disk for use at

clearing the editor
1 H panitls Bl

In that page, you will find the description of the macro toolbar buttons:

MACro editor Toolbar: @‘Q\|E|E‘@‘ @ E‘E|—N||

Saves the MACro file with the most recent name and runs it.

Opens a named MACro.

(Opens a dialog where you can select from a saved MACro file.

Saves the MACro file, prompting for a new name.

@ Saves the MACro with a name equal to the current log number. This does not rename the MACro itself, but only saves
a copy with the numeric name. This feature is intended to help you document your lenses. The button appears in two places,
on the main window toolbar and on the MACro editor toolbar. When you have run the optimization program and get a lens that
you want to save, click on that button in both places. Mow you have an RLE file and a MAC file with the same name, making it
easy to see how you got there. If you have also run BTOL, the command BTOL SAVE will save a copy of the tolerance budget
with the same name and a file type .BTO. This is how you can create a complete record of your work.

Opens a new MACro window. You can have any number open at a time.
Erases the contents of the current editor.

@ Renames the MACro DEFAULT MAC. This is useful if you want to make a change and run it without replacing the
original MACro on disk.

Commands relating to the manipulation of the Macro files:

The command LM filename (Load MACro) will load the named MACro file into an editor. This will use the mostrecently
opened editor window, if any, or a new one if there are none.

The command LAM filename (Load Alternate MACro) will load the named MACro file into a new editor window. This will
not alter any other editor windows that may be open.
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The command EM filename (Execute MACro) will immediately execute the named MACro without opening
an editor.

The command EAM filename (Execute Alternate MACro) will immediately execute the named MACro without opening an
editor. This form uses the alternate memory, which leaves intact the main MACro memory. Its main use is within a
MACro, to permit that MACro to call another as a subroutine so that control will return when the other has finished.
Placing an EM command inside a MACro (instead of EAM) would execute (and overwrite) that MACro, and would not
then return.

The command LMM (Load Menu MACro) will load the MACro editor with the commands that duplicate the most recent

action performed by a dialog. This makes it easy to create a MACro that will do what you last did via the dialog. Then you
can execute or save that MACro, giving you a convenient way to do that particular task again.
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APPENDIX: Editing Lens Data with Lens Editor

In the command line input, key in the command LE (Lens Editor, User Manual 13.3.3) to open a dedicated Macro window in
which SYNOPSYS™ puts a copy of the lens data in the RLE format.

SYNOPSYS AI>LE

Lens Data of the singlet.rle is displayed in the macro editor

 SINGLET.RLE* o] =@ |

ol ! [x|2|e[®]o|¢|z|s | B[a|s| &) ol |«|o] v |v| jz/8[=

| RLE ~

ID SINGLET 29

FNAME 'SINGLET.RLE '

MERIT 1.26488

LOG 29

WAVL .6562700 .5875600 .4861300

APS 1

TUNITS MM

OBB 0.0000000 5.0000000 12.7000000 0.000000D00000 0.0000000 0.0000000 12.7000000
0 AIR
1 RAD 100.0000000000000 TH 5.00000000
1 N1 1.51431710 N2 1.51679451 N3 1.52237021
1 CTE 0.T710000E-05
1 GTB S "N-BE7
2 RAD —-100.0000000000000 TH 95.91906767 AIR
2 TH 95.91906767
2 YMT 0O.00000000
3 CV 0.0000000000000 TH 0.00000000 ATR

END

To make changes to the lens data, you can just change it in place in the Lens Editor by keying in the new data to replace
the old one. Or, you can do the same by commenting out the current line and inserting a new line with new data. Then
you can click the run button to update the lens.

For example, to change the RAD (radius of curvature) of the 2" surface from -100 to -50, you will first add an
exclamation mark in front of the RAD command line for the 2"d surface to comment it out. Then you will insert the new
RAD line below it:

RLE
ID EXAMPLE SINGLET 181
LOG 181
WAVL .6562700 .5875600 .4861300
APS 1
UNITS MM
OBB 0.000000 5.00000 12.70000 0.00000
0.00000 0.00000 12.70000
0 AIR
1 RAD 100.0000000000000 TH 5.00000000
1 N1 1.51431710 N2 1.51679451 N3 1.52237021
1 CTE 0.710000E-05
1 GTB S 'N-BK7 !
! 2 RAD -100.0000000000000 TH 95.91906767 AIR
2 RAD -50.0000000000000 TH 95.91906767 AIR
2 TH 95.91906767
2 YMT 0.00000000
3 cv 0.0000000000000 TH 0.00000000 AIR
END
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Another way to modify the lens data is by using the CHG (Change) file construct inSYNOPSYS™
(User Manual: 3.6.1 The CHG file ):

To use CHG, enter an input file of the followingform:

CHG
(data entry lines)
END

CHG lines must be in the same format as members of an RLE file. The new values given for a surface parameter replace
the old values. If a surface number entered in a CHG file exceeds the highest number previously in the lens, the
corresponding surface is added to the lens. Surfaces not mentioned in the CHG file, and not subject to pickups or solves
that are affected, do not change.

For example, the previous modification to the surface radius can be achieved by the following change
file:

CHG
2 RAD -50.0
END

You can enter the commands one by one at the line input of the command window. Or you can put all the commands into
one Macro Editor and then run the macro.

Copyright @ 2020, Optical Systems Design, LLC. All rights reserved.

68



APPENDIX: Inserting an Element with WorkSheet

Now we will demonstrate how to insert an element into the current lens system by using the ‘Insert Element button’ in
the Worksheet (WS)toolbar.

Open WS by clicking the ‘open worksheet’ butt at the Pad Window or the Command Window top toolbar. Once the
Worksheet is open, You will find the Worksheet toolbar underneath the Command Window top toolbar. You can hover
your cursor above each button to read its functionality.

File Workspace View
ACIFIEEE L=

1
Optimization + Design Search  Prototype Readiness  Tools + Libraries  Classic Menus

Systermn Settin

PAD Help

File Workspace View System Setting System Data/Verification Image Analysis
HEIEEIERE AR = et sms] [ - DA
o) m[R[m|r] 2] @ e[H]B|e|0]2]2[v] & &]d]b|f][E=]HH[s] OO0 +]6] 2] 2] ¥ T ~] =] & £

1

| WorkSheettooIbar|

Click the ‘insert an element’ button in the WS toolbar.

< | I 25 31 | 5 O o
Z| v oo 25 H

Move your cursor into the SketchPad and you will notice that it turns into a small lens element symbol. Click

behind the first element, on the axis, to add the newelement.

®

Click here

Then you will see an element added behind the singlet:

® o

You’ve just added an element to the lens withWS.

69
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Type LE in the command window to open the Lens Editor. This is your lens data file after adding the glass plate:

Glass Plate

Surfaces

RLE
ID EXAMPLE SINGLET !Set Lens system 181
LOG 181
WAVL .6562700 .5875600 .4861300
APS 1
UNITS MM
OBB 0.000000 5.00000 12.70000 0.00000
0.00000 0.00000 12.70000
0 AIR
1 RAD 100.0000000000000 TH 5.00000000
1 N1 1.51431710 N2 1.51679451 N3 1.52237021
1 CTE 0.710000E-05
1 GTB S 'N-BK7 !
2 RAD -100.0000000000000 TH 2.13098425 AIR
3 CVv 1.0000000000000E-04 TH 1.00000000
3 N1 1.51431710 N2 1.51679451 N3 1.52237021
3 CTE 0.710000E-05
3 GID 'N-BK7 !
3 PIN 1
4 CV_1.0000000000000E-04 TH 93.78808180 AIR
5 cv 0.0000000000000 TH 0.00000000 AIR
END
PAD

You notice that the index for the glass plate is the same as the singlet (a N-BK7):

1 N1 1.51431710 N2 1.51679451 N3 1.52237021
3 N1 1.51431710 N2 1.51679451 N3 1.52237021

When you add a new element to the system, the program has no information yet for the index of element 2, so it
assigned a pickup of the index of element 1 indicated by the PIN (pickup index) command on surface 3:

3 PIN 1

Note:

You can also view the list of pickups and solves in effect in the system, type POP (Print Options) in the

SYNOPSYS™ command window.

SYNOPSYS AI>POP

SUMMARY OF SURFACE CHARACTERISTICS AND ACTIVE OPTIONS

SURF RSPC SURFACE SPECIFICATION INSPC MEDIUM SPECIFICATION
1 1RD -1 SCHOTT
2 1RD 4 AIR
3 2CV 3 PICKUP
4 2CV 4 AR
IMG 4 FLAT SURFACE 4 AR

SOLVES, PICKUPS, AND OPTIONS

3PIN 1 , :
SYNOPSYS A;\‘ index pickup
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We want to make the following changes to the system:

Remove the index pickup so that the index for the new element is free to vary duringoptimization.

Change the index for the two elements. Both elements are currently assigned with an index and V- number
corresponding to the Schott BK-7, which sits very close to the boundary of the crown glass in a standard glass map. In
this example, we are going to use the optimization method to drive the two elements (with same index and V-
number) into a crown-flint doublet. If we start with both elements sitting very close to the crown class boundary,
there is not much room for the glass models to move in order to get to the desired configuration (15t glass is a crown
glass, and 2 a flint). Therefore, we want to move the starting point closer to the center of the glass map for the
optimization process to move the two glasses in opposite directions.

There are many ways to make these changes:

1.

Enter a Change (CHG) file in the command window input line or in the Macro Editor (andrun):

CHG
1 GLM 1.6 44
3 NIOP
3 GLM 1.6 44

END

2.

Or you can do the changes In WS:
i. GotopagelinWS,inthe editor pane,typel GLM 1.6 44. Thenclick update. The surface glass characteristic

will be updated to be a Glass Model (GLM)

W5 -- WorkSheet Lens-Edit Window

1 RAD 100.0000000000000 TH 5.00000000
1 N1 1.51431710 N2 1.51679451 N3 1.52237021

1 CTE 0.710000E-05

1 GTB 5 "N-BKT7 '

Type this and then click
1 GLM 1.6 44 «———| update.

WS -- WorkSheet Lens-Edit Window

1 RAD 100.0000000000000 TH 5.00000000
1 GLM 1.60000000 44 . 00000000

ii. Gotopage3in WS, in the editor pane, type the commands as shown below and then click update.

WS -- WorkSheet Lens-Edit Window

3 CVv 1.0000000000000E-D4 TH 1.00000000
3 N1 1.59551262 N2 1.60000000 W3 1.60571633

3 GID '"GLM-NDWVD '

3 PIN 1

Type this and then click

3 NIOP ,— | update.

3 GLM 1.6 44

W5 -- WorkSheet Lens-Edit Window

3 CV 1.0000000000000E-D4 TH 1.00000000
3 GLM 1.60000000 44 . 00000000

Note:

1.

SN NIOP isa SYNOPSYS™ command: it removes any index pickup or index calculation (from a GTB,

GLM, GLASS, or GDF request). SN is the surface number.

You can also try to use the WS to continuously change the glass model using the slider. In WS, highlight the 1t
number in the glass model (i.e., the index). Click the SEL (select) button. The 1stslider now is assigned to the index.
You can change the index of the glass using the slider and see how the system changes in real time. Before you slide
it, it is a good practice to first make a check point for the original system so that you can always go back. Things can
go crazy easily with the slider.
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APPENDIX
Singlet Lens Data File CommandsExplained

(Similar but Simplified descriptions on the topics can be found in the System Settings Menu of the User Manual of Ui-Plus)

Lens data file for the singlet: | DEFAULT.MAC
| | W[ |e| S|

| Lenssystem ID—»|[*-"
ens system ID EXAMPLE SINGLET Object format B; object

OBE O 5 12.7 < at infinity
System uniti—b ONI MM

1 ED 100 TH 5 GTB 5 |

N-BET < — Surface data for 1t surface
Surface datafor2nd |—™||2 RD -100 Y¥MT
surface, with YMT 3 < Surface data for 31
thickness solve END| surface — image plane

1. OBB (B-type object) syntax (User Manual 3.1.1 Object InputDescription):
OBB UMPO UPPO YMP1 [ YP1l UXPO XP1l XMP1l ]

YMP1 |axial marginal ray height on surface 1 vertexplane.

YP1 principal ray height on surface 1 vertex plane.

XP1 principal ray height on surface 1 X-axis, from the object at XPO or UXPO
XMP1 | X-dimension of axial marginalray

UMPO |paraxial marginal ray angle in degrees. Used chiefly for infinite conjugate, for which UMPO =0.

UPPO field angle in degrees of object on Y-axis, measured at the vertex of surface 1. The value must
be non-zero.

UXPO paraxial chief ray angle in degrees for object on X-axis, measuredat the vertex of surface 1

Full-field
object
-\-\_\_\_\1

Note: SYNOPSYS™ uses Left Hand Coordinate as default. For more on this, see User Manual 2.4 Coordinate systems.
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2. Surface Datalnput
The general syntax for surface data inputis:
SN optl opt2 opt3..
where SN is the surface number, and some of the available options are listedbelow:

Curvature options:

Format: SN option

Where option is one of the following:

NULL

EFI;HNB NDEF

RAD NB DC1G1G3G6 G10G16
CVNB DC2G2G4 G5 G7 G8G9
NCOP 2?3(?112521;23%143 G14 G15G17
Eﬁﬂ\é%{ MIBI]] AT2 G5 G6 G7 G8

UPC NB AT3 GO G10G11G12
YMC NB AT4 G13 G14 G15 G16 G17
VPG NB GRATING {x} L/MM ORDER
VMC NB CCNB v

VPC NB BB

XMC NB ANB

XPC NB TORICRX

AMY ASTORIC RX

APY BICONIC KX KY

cey NCZONE COSPHI

IMY NB BRDBAC

IPY NB FRESNEL

AMX USSHAPE TYPE

APX

CCX

IMX NB

IPXNB

Thickness options:

SN THNB

SNPTHNB[MB]

SN YMT NB

SN YPT NB

SN XMT NB

SN XPT NB

SN NTOP

Glass and index options:

SNGTB r 5 !/ type
O
g Examples of index input:
E 2 AIR
a 5 N13 836505 846663 872041
- 12GTB S
R K5
14 GTB S “SF16"
SN { AIR/VACUUM } 33 GLM 151764 5
SN NIOP
SN PIN NB
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3. YMT Paraxial solves

(Similar but Simplified descriptions on the topics can be found in the Thickness Editor Menu of the User Manual of Ui-Plus)

paraxial solves, an important concept that will be used frequently. When a solve is defined, the program will calculate the
actual curvature or thickness so as to satisfy a paraxial requirement, and you do not then give it a value yourself.

When we select the YMT solve, SYNOPSYS™ finds the thickness (T) such that the height (Y) of the marginal paraxial
ray (M) will be the requested value (zero) at the next surface. In other words, surface 3 will be at the paraxial
focus. This is an example of paraxial solve.

There are many kinds of solves (see the Table below). Whenever you want to learn about one, orread about any other
term used in this guide, we can use the Help file. Forexample:
Type HELP YMT in the Command Line will open the Helppage for YMT:

SYNOFSYS AT>HELF YMT

|§5’ SYMNOPSYS Application Help

< fa) e
Hide Back Home Print  Options

Contents W'Dde" | search | Fit]» 3.3.3 Thickness Options

Overview
Tutorial Manual
[7] Users Manual
[7] What's new in this update?

(These options go into an R

Lens thicknesses — more prt

2] Mair Index following options:
Q Menus
@ Toobars SN THNB
SNPTHNBI[M[B
pickup
scale
TH=1
SNYMTN

thickn

List of Paraxial Solves in SYNOPSYS™

Curvature solves:
UMC NB U 1s a paraxial angle
UPC NB Y is a paraxial height
YMC NB M 1s the marginal ran
YPC NB P 1s the principal ray (the chief ray)
APC C designates a curvature solve
ccc T is a thickness solve
YMT NB Thickness solves
YPT NB
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APPENDIX
Optimization Introduction

(Similar but Simplified descriptions on the topics can be found in the Optimization Menu of the User Manual of Ui-Plus)

In this appendix, we will give a brief introduction to the optimization method in SYNOPSYS™.
We will discuss:

1. The optimization PArameter iNpuT (PANT)file/module

2. The optimization AberrAtion iNpuT (AANT)file/module

3. Ready-made meritfunction

The optimization program can be used for lots of things, not just improving the image. For example, you can constrain the
mechanical characteristics of your systems such as total length by including a length target in your merit function.

Optimization is usually done by a set of special commands to be entered, edited, and saved as a Macro. You can modify
and run the MACro as often as you want. Unlike other optical design software, you can save the optimization macro as a
different file without the lens data. In SYNOPSYS™, lens description data is saved in the .RLE file and can be launched
separately from the optimizationmacro.

Here’s the structure of an optimizationmacro:

7 | DEFAULT.MAC

e T EREEAEE

PANT The PANT section/module is where you define the
} . design variables you want to use for optimization.(See
END User Menu 10.2 Aberration Input.)
AANT The AANT section/module defines the merit function. It includes

all the quantities that you want to incorporate into the merit
function. (See User Menu 10.3 Aberration Input.)
EHND |

The SNAPSHOT command makes the PAD display

SHAP ¢ update as the lens changes. (See User Menu 13.3.4
SnapShot.)

SYNOPSYS ED\ |
N

The SYNOPSYS command starts the optimization.
(See User Menu 10.4 The SYNOPSYS Command.)

L
]

1. PANT section/module, to declare optimization variables
2. AANT section/module, to define the merit function, which can include the following quantities:
* Optical ray aberrations.
* Mechanical constraints; for example,
= Aperture limits
= Length limits
= Paraxial properties not controlled by a solve
= Etc.
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1. The PANT (Parameter iNpuT) file includes all the design variables for optimization. Below is a list of available
parameter inputs. All the inputs need to be enclosed between the keywords PANT and END. You can choose from the
list to define your optimization parameters. For more details, see User Manual 10.2 Parameter Input.

_PANT [P]

[ RDR FRACTION ]

[ CBOUNDS ND1 VD1 ND2 VD1 ]
[ FBOUNDS ND1 VD1 ND2 VD1 ]
[ CLIMIT UPPER LOWER ]

[ TLIMIT UPPER LOWER ]
[SLIMIT UPPER LOWER ]

[ CUL CROWNLIMIT ]

[ FUL FLINTLIMIT ]

[ CLL CROWNLLIMIT]

[ FLL FLINTLLIMIT ]

VY SN parameter [ UPPER LIMIT LOWER LIMIT [ INCREMENT] ]
VLIST parameter SN SN SN ...

VLIST RAD ALL [ EXCEPT SN SN SN ...]

VLIST CSUM ALL [ EXCEPT SN SN SN ...]

VLIST CDIFF ALL [ EXCEPT SN SN SN ...]

VLIST TH ALL

VLIST TH ALL EXCEPT SN SN SN ...

VLIST TH ALL OVER VALUE

VLIST TH ALL OVER VALUE EXCEPT SN SN SN ...

VLIST TH ALL GLASS

VLIST TH ALL GLASS EXCEPT SN SN SN ...

VLIST TH ALL GLASS OVER VALUE

VLIST TH ALL GLASS OVER VALUE EXCEPT SN SN SN ...
VLIST TH ALL AIR

VLIST TH ALL AIR EXCEPT SN SN SN ...

VLIST TH ALL AIR OVER VALUE

VLIST TH ALL AIR OVER VALUE EXCEPT SN SN SN ...
VLIST GLM ALL [ EXCEPT SN SN SN ...]

VLIST CC ALL [ EXCEPT SN SN SN ...]

VLIST G ALL [ EXCEPT SN SN SN ...]

VY SN NURBS

VY SN XNURBS

VY SN ZERNIKE [ SYMM / RSYMM / NLSYMM ]

VY SN DOE [ SHAPE ] [ UPPER LIMIT LOWER LIMIT INCREMENT ]
VY SN DCA [ SYMM / RSYMM ]

END

* The keyword VLIST means ‘Vary a LIST’ of parameters. For example, VLIST RAD ALL means to vary the radius of
curvature for all the surfaces in the system.

* The keywork VY means VarY one parameter on one surface. For example, VY 1 RD means to vary the radius of
curvature for surface 1.

* The VLIST optionsutilizes default limits and increments for variables so entered.

* To modify the default limits and bounds, you can use the commands enclosed in the green square to do so. The
upper and lower limits give the range through which the parameter is allowed to move. The RDR fraction
command is used to control the increment for calculating the derivative with the finite difference method.

* In the default mode of SYNOPSYS™, the optional [ P ] on the PANT line has no effect. This mode gives the minimum
amount of printout during optimization, and automatically includes a listing of the input data for PANT and AANT
(see 10.3). If mode switch 29 is turned off (see 10.5), the program will examine the PANT command for the [ P ] and
will echo the input if this is present. If the P is not present it will print a more lengthy, but readable, record of all
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variables for the run. In other words, if you want a very short listing, turn on switch 29. For an input echo, turn off
29 and include the P, and for a longer summary leave the P off as well.

* One can exclude surfaces from the ALL variables by declaring them following the EXCEPT mnemonic, whichis in
word 4 of theline.

* Forthecommand ‘VLIST parameter SN SN SN ..’,the keyword parameter istaking from one of the

following list:
RD, RAD or CV VZN AG AL
TH BG BL
INDEX AP1 NB GG GL
vD AP2 NB XG XL
GLASS or GLM THO YG YL
GBF YPO 6 2
GBC YMPA1 ATNB XDC NB
ASPH YP1 BT NB YDC NB
cc LHG NB GTNB ZDC NB
ACCOMMODATE RHG NB BTH GC NB
ZDATA NZOOM CAOD G NB GOUT
XP1 XMP1 XE YE
ZE AE BE GE
GPA GPB GPG ZTHO
PTHO UPD UBO
csum CDIFF CAX CAY
PGM
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2. The AANT (AberrAtion iNpuT) file includes all the aberration terms to be considered in the merit function for
optimization. For a more complete discussion, please refer to the User Manual 10.3 Aberration Input and Tutorial
Manual ch. 6 Optimization with SYNOPSYS™ . The aberration terms can be classified into three categoriesin
accordance to their distinct syntax:

A. Automatic generation of ray aberrations (ray grid aberrations)
B. User-specified aberrations
C. Optimization monitors

This is an exemplary AANT file:

AANT Catagory
AEC Automatic Edge Control C. Optimization monitor
GSR.52520 Corrects 5 rays in color 2, on axis A. Auto ray grid aberration
GNR.51411 Ray grid, color 1, full field A. Auto ray grid aberration
GNR.51421 same, color2 A. Auto ray grid aberration
GNR.51431 and color 3 A. Auto ray grid aberration
MO10A1YA1 |Correctschromaticaberration.The ([B. User-specified aberration
S3YA1l rays in colors 1 and 3 at full field

should have the same Y-intercept

(YA), with a weight of 10.
END

Note:

We can also classify all the aberrations in accordance to their physical properties. For example:

. Ray-based aberrations, including transverse coordinates andOPD’s

. Paraxial aberrations

C Construction parameter aberrations

. Diffraction MTF aberrations

You can also construct composite aberrations by combining different aberration terms. (See User Manual10.3)



Automatic Ray Grid Aberration:

The automatic ray-generating feature constructs a ray pattern of a selected type and adds selected properties of the rays
to the merit function. The target and weight of each ray or blur size is assigned by the program according to the rules
implied in the pattern mnemonic. Input consists of one or more of the followinglines:

GHR RT WT DEL ICOL HBEARGBAR[ SN [F[XWT]111] transverse coordinates

GXR RT WT DEL ICOL HBAR GBAR[SHM[F]] only correct XC coordinates
GYR BT WT DEL ICOL HBAR GBAR[SHM[F]] only correct ¥C coordinates
GSR RT WT DEL ICOL HBAR GBAR[SHM[F]] sagittal fan only, correct XC
GTR BT WT DEL ICOL HBAR GBAR[SH[F]] tangential fan only, correct ¥C

GPR RT WT DEL ICOL HBAR GBAR [ SHN[F[XWT]11] errors from principal ray

GNO RT WT DEL ICOL HBAR GBAR[O0F] OPD targets

GSO RT WT DEL ICOL HBAR GBAR[0F] sagittal fan only

GTO RT WT DEL ICOL HBAR GBAR[OF] tangential fan only

GPO RT WT DEL ICOL HBAR GBAR [0 F] reference at principal ray

G02 RT WT DEL ICOL HBAR GBAR [0 F] OPD targets squared

GNM 0 WT DEL ICOL HBAR GBAR [ SH ] correction to centroid

GNV 0 WT DEL ICOL HBAR GBAR [0 F] wavefront variance

GPV 0 WT DEL 1COL HBAR GBAR [0 F] reference at principal ray

GTP RT WT DEL ICOL 00 SN pupil aberrations on surface SN

GDROWT DEL[ICOL/P]JHXHY[OF] array to correct distortion. HX and HY give the

target XA and YA for the chef ray at full field in
Kand Y. If XPP0 is zero, only targets in Y
are considered. If "F" is in word 9, both
positive and negative GBARs are corrected.
(This form does not support color "M")

GSHEAR SHEAR WT DEL ICOL HBAR GBAR [XI/Y[F]] [See below.

Gxy: Gxy:

x =N -> 2D raygrid y = R ->ray fan aberration (transverse)
x = S/T -> Sagittal/Tangential ray fan y=0->0PD

x = P ->reference to principal ray y =V -> wavefront variance

* For GNR requests, each ray is traced only once even though two aberrations are generated (XC and YC).

* If GNO is entered, a single aberration, namely the OPD of the ray, is generated for each ray.

* GSR and GTR generate rays in the sagittal or tangential fanonly.

* GPR and GPO define the ray error with reference to the principal ray location, rather than thechief ray. (The
chief ray is always taken in the primary color, while the principal ray is in the color of the rayset.) This is useful
for designing spectrometers, where the images in several colors are widely separated.

* The chief ray is always taken in the primary color, while the principal ray is in the color of the rayset. This
is useful for designing spectrometers, where the images in several colors are widely separated.

* XC/YCis the X/Y coordinate of the ray with respect to that of the chief ray in the primary color (see next slide for
discussion on primary color).
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More on Ray grid Aberration

GNN corrects the rays relative to the centroid of that set of rays rather than to the chief ray intercept, and always traces
over the full pupil (since the centroid of a pencil over only half the pupil is itself decentered and would be inappropriate).
While GNR generates two aberrations for each ray, GNN generates only one aberration for the whole set: the mean
squared spot size measured from the centroid. For best results, a lens should be optimized as far as possible with
individual ray aberrations or GNR requests, and the GNN option used only to peak up the final image. The GNN option
also permits the centroid coordinates to be controlled explicitly. (See section 10.3.3.) Since the GNN option ignores the
location of the chief ray, it will not automatically control later color, and specific targets should be added for that
purpose.

GNV causes the variance in the wavefront to be computed for all of the generated rays. It is useful in the final stages of a
design to peak up the performance. Note that neither GNN nor GNV honors a nonzero RT entry; all rays are weighted
equally. The variance is taken relative to a sphere centered at the primary-color chief ray point. The effects of lateral
color are therefore corrected automatically if the requested color is not the primary color. For peaking the MTF at a given
frequency, the GSHEAR option is superior.

The GPV option is similar to GNV, except that the OPD reference sphere is centered at the image pointin the requested

color. This is the point that minimizes the variance in that color, and it is usually not exactly at the chief-ray point. GPV is
useful when you want each color to form a sharp image, but don't care about lateral color, which is not controlled by this
option.

GO2 is similar to GNV but is usually more powerful. Although minimizing the variance (with GNV) in principle should
maximize the Strehl ratio, it suffers from two defects. First, the variance is not sensitive to the average OPD, since it is
defined as the average of the squares minus the square of the average. So if both of these are large the program only
controls the difference, and the OPDs themselves are not strongly driven toward a value of zero. Also, the process
discards the sign information of each OPD. In contrast, GO2 calculates the square of each OPD and then assigns the sign
of the OPD itself to the result. The net effect is to reduce the sum of the squares of the OPDs, which reduces the variance
as well if the average is zero, while at the same time trying to reduce each OPD to zero to make this the case.

GSHEAR is an alternative to MTF aberrations, which work but can only be used when the design is very close to perfect
already. GSHEAR also works best if it is already close to a good solution, but it is more forgiving and can be used earlier in
the process. This form creates traces two rays for each point in the pattern, shearedin X or Y in the pupil with respect to
that point. The purpose is to improve the convolution MTF at the entered shear value. It also accepts colors "M" and "P".
The shear value is a fraction of the semi- aperture. Thus, a shear of 1.0 corresponds to the cutoff frequency, and values of
0.5 or less are usually appropriate. The RT value does not apply to this form. Larger shear values produce fewer rays, since
rays sheared out of the pupil areignored.

GTP generates a TFAN of rays all passing through the center of the entrance pupil. The fan in this case is a collection of
HBAR points. This feature is used to correct the spherical aberration of the pupil on a given surface. Be warned that if
your lens uses any of the wide-angle (WAP) pupil options or the VFIELD, thenthe chief rays will in general not go through
the center of the stop, and using the GTP feature may not make sense.
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Brief explanation to the GSR and GNR commands (10.3.1.1 Automatic generation of ray aberrations):

* GNR and GSR are the built-in ray grid aberration terms that can be included in the AANT file to construct the merit
function.

* GNR request will generate a YC and an XC aberration for each ray in a grid, the resolution of which is given by the
entry DEL. This entry represents the number of partitions to be made to the semi-aperture, as shown below. GSR (or
GTR) generate rays in the sagittal (or tangential) fan only for the correction of XC (or YC). XC (or YC) is the X-
coordinate (or Y-coordinate) of the ray with respect to that of the chief ray in the primary color.

* Syntax:

GNR RT WT DEL ICOL HBAR GBAR

GSR RT WT DEL ICOL HBAR GBAR

- RT is an aperture-dependent weighting factor which assign different weights to different zone of the pupil
according to a preset formula (see 10.3.1.1 Automatic generation of ray aberrations for more details)

- WT defines the weight of the aberration term to the merit function

- DEL defines the resolution of the raygrid (ie, number of rays); see below

- ICOL is the color number: M for multiple color, P for the primary color, number 1 stands for the 15t wavelength
declare in the system, etc...

- HBAR is the fractional object height in the Ydirection

- GBAR is the fractional object height in the Xdirection

*  When you use the letter "M*“ for the ICOL, it causes a set of ray aberrations to be generated at all defined colors. If
you want different weights on each color, you have to enter separate requests for each one. The multi-color
declaration at the left is equivalent to the declaration at the right for a system with 3 wavelengths of equal spectrum
weighting:

GSR .5 10 5 M
GNR .5 2
GNR .5 1

0 GSR .
M .7 GSR .
M1 GSR .

B
O O O
(S BN, NG|
w kL
d4u OO0

3
3

=

GNR .
GNR .
GNR .
GNR .
GNR .
GNR .

(LIS R S, I S, I O I S I 6 B O B 6
=

P PR DNMNDMND

wwwwww
WkrHrhYygwerww

* lllustration of ray grid resolution control(DEL):

DEL=1 DEL=2 DEL=3
2 rays 6 rays 16 rays
DEL=3 DEL=3
-
+. +
.
GSR GTR
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B. User-specified aberrations
As shown below, the user-specified aberration always consist of two components: GOALS and DETAILS

M 55.21 A TOTL

/ \

| Goas | | Detans |

Here, the GOALS section says to Minimize to a target value of 55.2 with a relative weight of 1 the quantity in the DETAILS
section, in this case the TOTL length of the lens. The “A” in that section means Add this quantity. You may have several
items in the DETAILS section, combined with A (Add), S (Subtract), MUL (MULtiply), and DIV (DIVide). For example, to
control the sum of thicknesses 4 and 5, you could enter the followingcommands:

M 34.567 A TH 4
A TH 5.

Note that the second item in the details (A TH 5) startsin a new line in the following example. But you can also use a ‘/’ to
separate the two details and rewrite the last user-specified aberration as

M 34.567 A TH 4/A TH 5.

The most frequently used formatis:

M tar wt A aberration

It reads as ‘Minimize the aberration item Added to the designated tar with a weight of wt'

Another frequently used formatis:

LLL tar wt wind A aberration

This is a one-sided aberration that sets a lower limit (tar) with a weight of wt for the quantity (aberration) in the DETAILS.
Similarly

LUL tar wt wind A aberration

sets an upper limit (tar) with a weight of wt for the quantity (aberration) in the DETAILS. For example,

LUL 250 1 1 A TOTL limitsthe total length to be no larger than 250.

To explain the wind (window) parameter, consider the LUL form first. If the quantity to be controlled is less than tar
(target), the aberration is zero because this is an upper limit and we don’t care in that case. For values that exceed tar
(target), the aberration varies as the square of the departure from tar (target), calculated so that if the excess is just equal
to wind (window), the aberration value is equal to wt (weight). So the tar, wt, wind are all connected. You can use this as

a guideline to choose the proper value for wind. Nonetheless, you can also use the approach of trial and error to
experiment with the wind parameter.

The following table summarizes all the allowable variations for the GOALS. See User Manual 10.3.5.1 Limit Input for the
use of the other variations.

GOALS | DETAILS
M TARWT | SCR A aberration
L SR S
Lim MUL
MF DIV
LLATF1 A2 F2
CTARWT
[LUL/LLL ] TAR WT WIND
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You can also use the NAME aname command to add a label to the user-specified aberration. The aname is an optional
string of up to 8 characters, consisting of all numbers or starting with a letter with no punctuation marks or spaces within
the name. This name will appear on the ALIST and FINAL output to help you identify individual aberrations.

[ NAME aname ]

gt TAR WT 'SR]
MF | SCR
C

L

LIM

LL Al f1 AZ f2
LUL TAR WT WINDOW
LLL TAR WT WINDOW

For the DETAILS sectionin the user-defined aberration, there are a lot of aberration terms to choose from. See User
Manual 10.3 for more details. Here we only list the format for defining user-specified ray aberrations (User Manual
10.3.1.2):

{A/S/MUL/DIV}{ICOL/P}name HBAR XEN YEN GBAR [ SN])

* A, S, MUL, and DIV determine how this component of the aberration is to be combined with any previous
components to form the combination (added to, subtracted from, multiplied by, or divided into)

* ICOL is the color number. You may substitute “P” for the primary color, but you may not use “M”.

* HBAR s the fractional object height in the Y direction.

* XEN is the fractional entrance pupil coordinate in the Xdirection.

* YEN is the fractional entrance pupil coordinate in the Ydirection.

* GBARis the fractional object height in the X direction

* SN is the surface number on which the ray intercept is to be computed. The default surface is the image
plane. This should not be entered for OPD requests, which are only valid at the image

* name is one of the following:

YA ZA RA XG XL
YC OPD RC YG YL
YP OoPP HFREQ G L
XA z HBRAGG 7IG 7L
XC HH HEFFIC HHG HHL
XP DSLOPE HSFREQ FLUX PL
XE YE ZE ZIE HHE
ERROR UNI UNR OPL ILLUM
Example user-cdefined rays:
MO1TAZ2YAOQO1 M22 1
APOPLO0O10513
MOTDOATYA100
S3IYA100
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C. Optimization monitors (User Manual 10.3 Aberration Input):

The optimization monitors are a set of control that keep certain aspects of the lens from becoming unreasonable. You can
use the ‘Monitors’ button in the Macro Editor toolbar to view and select the monitors available in SYNOPSYS™:

a|@|@ Al [

Select Monitors for Optimization >

These monitors go in the AANT file, usually near the top, to monitor properties of the lens continuously. They
apply only to quantities that are variables, except for AAC, which applies to all soft apertures.

Each monitor can take up to three arguments, giving the target value, weight, and window size. Click the Help
button for more information. If no data are entered, defaults will apply.

TARGET WEIGHT WINDOW

[ AEC Keep all edge thicknesses more than this: |

| ACC Keep center TH variables less than this: |

Select only one

[ ASC Keep slope angle at edge of lenses under this: |

AEC to monitor edge thicknesses, where TH isvarying.

AGE to monitor edge thickness of glass elements, where TH is varying.

AFE monitors edges, as does AGE, but at the apertures given by EFILE points A and E if defined, or at the CAOQ if not.

AAE to monitor edge thicknesses of airspaces, where TH isvarying.

ACC to control maximum center thicknesses of elements, where TH is varying.

ACM  to control minimum center thicknesses, where TH isvarying.

ASC to prevent surface slopes from becoming too steep at the rim rays, where CV isvarying.

ACS to prevent surface slopes from becoming too steep at the CAO, where CV isvarying.

ACA to prevent rays from entering or leaving an element too close to the critical angle, where the CV is varying.

ATC  checks the angle from normal of all rays traced by ray errors in the merit function. This is to prevent crltical
angle errors if the angle gets toosteep.

AAC aperture control, to monitor clear apertures and keep them from getting too large. This applies to all apertures.

AZA to monitor the airspace on both sides, and the edge dimensions, of each zoomgroup in a ZFILE zoom lens.

ADT to monitor the ratio of lens diameter tothickness.

ADS  to monitor the ratio of lens diameter to thickness, adding surface sag to the thickness. This accounts for the
greater stiffness of meniscuselements..

AMS to monitor the separation between centers of curvature of meniscus lenses.

ARC  to monitor the position of the chief ray within the beam throughout the lens. Each of these has
optional parameters to control how they areapplied.
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D. Ready-made merit function

There are 9 ready-made merit functions that can be accessed using the ‘Ready-made merit function(or Rayset)’

button in the Macro Editortoolbar.

Most lenses work well with selection 6. This specifies an SFAN of five rays on axis, in three colors, and a grid of three rays
in both X and Y at field points 0. 0.7, and 1.0, also in three colors. This option traces more rays than do selections 1
through 5, but will correct for chromatic differences in the aberrations, which the former will not.

Selections 1 and 2 are for monochromatic systems, while selections 3, 4, and 5 correct three colors by targeting the
difference in ray intercept points in the long and short wavelengths, and a grid or fan of rays in the primary color.

Selection 5 has a finer grid than selection 4 and is useful when the lens shows high-order aberrations. Selections 1

and 3 correct the image at just the on-axispoint.

Selection 7 is intended for systems without axial symmetry. It traces over both halves of the pupil, and corrects the on-
axis point as well as the full-field points in both HBAR and GBAR. You will probably want to add several more field points
to the merit function if you select this option, but this depend on the characteristics of your lens.

Number 8 is intended for systems near the diffraction limit. It is often a good idea in that case to include a combination
of both transverse aberrations and OPD targets in the merit function. But the relative weights must be carefully
adjusted: an OPD error of one wave is usually much better than an image blur of one inch. So the program finds a useful
weighting for the OPD errors, based on the current F/number of the lens and the wavelength. You are of course
encouraged to adjust the resulting weights as you see how things progress during optimization.

Ready Made Merit Function
(or Raysets) button

& |6 || %]

Copyright @ 2020, Optical Systems Design, LLC. All rights reserved.

85



SYNOPSYS™
(SYNthesis of OPtical SYStems)

Lens Design Software

www.osdoptics.com

info@osdoptics.com

SYNOPSYS™ is a trade name used by Optical Systems
Design commercially since 1981.

~an &

4" - . f"’
Copyright @ 2020, Optical Systems Design, LLC. Al rights reserved. AP Optical Systems Design §

SYNOPSYS™
Lens Design Software

86


http://www.osdoptics.com/
mailto:info@osdoptics.com

	SYNOPSYS™ (SYNthesis of OPtical SYStems)
	Slide Number 2
	Basic Concepts
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Hands-on Exercises
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	APPENDICES
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	SYNOPSYS™

