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Design commercially since 1981.

http://www.osdoptics.com/
mailto:info@osdoptics.com
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Basic Concepts
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Click

Click

Double-click

If you have not yet done so, download and install the program from www.osdoptics.com.  

!ŦǘŜǊ ƛƴǎǘŀƭƭƛƴƎ {¸bht{¸{ϰΣ ȅƻǳ Ŏŀƴ ǎǘŀǊǘ ƛǘ ōȅ ŘƻǳōƭŜ ŎƭƛŎƪƛƴƎ ǘƘŜ {¸bht{¸{ϰ ǎƘƻǊǘŎǳǘ ƛŎƻƴ ƻƴ ȅƻǳǊ 
desktop:

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

{¢!w¢LbD {¸bht{¸{ϰ 

http://www.osdoptics.com/
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Lƴ {¸bht{¸{ϰ Σ ǘƘŜǊŜ ŀǊŜ ǘǿƻ ƛƳǇƻǊǘŀƴǘ ŦƛƭŜ ǘȅǇŜǎΥ ƭŜƴǎ Řŀǘŀ ŦƛƭŜ όΦw[9ύ ŀƴŘ ƳŀŎǊƻ ŦƛƭŜ όΦa!/ύΦ

1.  Lens Data file (.RLE): ¢ƘŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ŀ ƭŜƴǎ ŀǊŜ ŜƴǘŜǊŜŘ ƛƴǘƻ {¸bht{¸{ϰ  ōȅ ƳŜŀƴǎ ƻŦ ŀ 
data file of the structure shown below and is saved as a .RLE file.

Setting up Lens ID (optional)

Declare System Unit

Wavelength

Surface definitions

We mostly save and launch files from the working directory.
Lens Library is a designated storage space for up to 10 lenses. This is a practical place to store lenses 
ǳƴŘŜǊ ŀŎǘƛǾŜ ŘŜǾŜƭƻǇƳŜƴǘ ǎƛƴŎŜ ǎƻƳŜ ƻŦ ǘƘŜ ŦŜŀǘǳǊŜǎ ƻŦ {¸bht{¸{ϰ  Ŏŀƴ ǊŜŀŘ ǘƘŜǎŜ Řŀǘŀ ŀƴŘ ǘƘŜƛǊ 
flexibility is thereby enhanced (See User Manual 3.7.1 The Lens Library).  The 10 locations associated with 
ǘƘŜ ƭŜƴǎ ƭƛōǊŀǊȅ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ǿƘŜƴ ȅƻǳ ŦƛǊǎǘ ƭŀǳƴŎƘ {¸bht{¸{ϰΦ  !ƭǎƻΣ ǘƘŜ ƭŜƴǎ ǘƘŀǘ ȅƻǳ ŀǊŜ ǿƻǊƪƛƴƎ ƻƴ 
is automatically saved into location 10 of the Lens Library. 

Available system wavelength commands: Available object commands:

For more information on the lens data input format, refer to User Manual 3.0 Lens Data Input.

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

Working directory folder Lens Library

LƳǇƻǊǘŀƴǘ CƛƭŜ ¢ȅǇŜǎ ƛƴ {¸bht{¸{ϰ 

Object
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нΦ  aŀŎǊƻ όΦƳŀŎύΥ  a!/Ǌƻǎ ŀǊŜ ǎŜǉǳŜƴŎŜǎ ƻŦ {¸bht{¸{ϰ  ŎƻƳƳŀƴŘ ƻǊ !L ǎŜƴǘŜƴŎŜǎΣ ŜƴǘŜǊŜŘ ƛƴ ǘƘŜ 
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 
{¸bht{¸{ϰ  ǿƛƭƭ ǊŜǉǳƛǊŜ ǎŜǾŜǊŀƭ ƭƛƴŜǎ ƻŦ ƛƴǇǳǘΣ ŀƴŘ ƛǘ ƛǎ ƳǳŎƘ ŜŀǎƛŜǊ ǘƻ ŀŎŎƻƳǇƭƛǎƘ ǿƘŀǘ ȅƻǳ ǿŀƴǘ ƛŦ ȅƻǳ 
prepare a MACro first. Then you can easily rerun or edit the MACro if necessary, and save it to disk for 
use at another time.

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 replaced the newer version of the lens 
system that have been optimized.

A snippet of the Macro file in the Macro 
Editor

Macro files saved in the working directory

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 the access of optimization menu 
(MOM) with which you can set up your optimization macro easily.  For more details of the macro toolbar 
ŀƴŘ ǘƘŜ {¸bht{¸{ϰ  ŎƻƳƳŀƴŘǎ ǘƻ ƭŀǳƴŎƘΣ ƻǇŜƴΣ ŀƴŘ Ǌǳƴ ǘƘŜ ƳŀŎǊƻ ŦƛƭŜǎΣ ǇƭŜŀǎŜ ǊŜŦŜǊ ǘƻ APPENDIX: 

Macro files. 

Optimization buttons in 
the Macro Editor toolbar

LƳǇƻǊǘŀƴǘ CƛƭŜ ¢ȅǇŜǎ ƛƴ {¸bht{¸{ϰ 
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Launching an existing Lens Data File (.RLE) from the working directory

There are different ways to launch a lens data file (.rle).  Here we will introduce the most basic 
ƻǇŜǊŀǘƛƻƴΥ  ǳǎŜ ǘƘŜ ΨƻǇŜƴ ŀ [Ŝƴǎ CƛƭŜΩ ƻǇǘƛƻƴ ŦǊƻƳ ǘƘŜ ǘƻǇ ƳŜƴǳΥ

hƴŎŜ ǘƘŜ ŦƛƭŜ ƛǎ ƭŀǳƴŎƘŜŘΣ {¸bht{¸{ϰ ǿƛƭƭ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŜȄŜŎǳǘŜ ǘƘŜ t·¢ όǇŀǊŀȄƛŀƭ ǊŀȅǘǊŀŎŜύŀƴŘ {t9/ 
(Lens Specifications, User Manual 4.1) command for the RLE file and present the paraxial characteristic 
of the lens system, as well as its specifications (SPEC), in the Command Output Window.

Paraxial raytrace 
(PXT) result

System specifications 
(SPEC)

You can also use the command FETCH filename to open an existing lens data file.  For example:

SYNOPSYS AI>FETCH SINGLET

[ŀǳƴŎƘƛƴƎ ŀƴŘ {ŀǾƛƴƎ CƛƭŜǎ ƛƴ {¸bht{¸{ϰ 
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Launching an existing Lens Data File (.RLE) from the Lens Library

To get a .rle file from the Lens Library, one can use the command GET:

SYNOPSYS>GET 1

Paraxial raytrace (PXT) result

Or use the Lens Library menu button to select the Lens Data File in the MLB dialogue:

[ŀǳƴŎƘƛƴƎ ŀƴŘ {ŀǾƛƴƎ CƛƭŜǎ ƛƴ {¸bht{¸{ϰ 
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Saving your Lens File

To save a file into the working directory, you can use the command SAVE. For example,

SYNOPSYS AI>SAVE SINGLET  όΨǎƛƴƎƭŜǘΩ ƛǎ ǘƘŜ ŦƛƭŜƴŀƳŜύ

Or, you can Store the file into the Lens Library by using the command STORE:

SYNOPSYS AI>STORE 3 

This stores the lens file in location 3 of the lens library.  

[ŀǳƴŎƘƛƴƎ ŀƴŘ {ŀǾƛƴƎ CƛƭŜǎ ƛƴ {¸bht{¸{ϰ 

Saving your Macros

²ƘŜƴ ȅƻǳ ŎƭƛŎƪ ǘƘŜ Ǌǳƴ ōǳǘǘƻƴ ƛƴ ǘƘŜ aŀŎǊƻ 9ŘƛǘƻǊΣ {¸bht{¸{ϰ  ǿƛƭƭ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǎŀǾŜ ȅƻǳǊ ƳŀŎǊƻ 
under the same name shown at the upper left corner of the macro editor (which is default.mac for any 
ǳƴǎŀǾŜŘ ƻǊ ǳƴƴŀƳŜŘ ƳŀŎǊƻ ǘƘŀǘ ȅƻǳ ŀǊŜ ǿƻǊƪƛƴƎ ƻƴύΦ 5ƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎǎ ōŜŦƻǊŜ ȅƻǳ ŎƭƛŎƪ ǊǳƴΣ ƛŦ ȅƻǳ ŘƻƴΩǘ 
want to overwrite your current macro:

2. Then you can save the work-in-progress macro under a different filename before making changes so 
ǘƘŀǘ ǘƘŜ ƴŜǿ ŎƘŀƴƎŜǎ ǿƛƭƭ ōŜ ǎŀǾŜŘ ƛƴǘƻ ǘƘŜ ƴŜǿ ŦƛƭŜƴŀƳŜ ǿƘŜƴ ȅƻǳ ŎƭƛŎƪ ΨǊǳƴΩΦ 

3. Another way to do this is to change the name at the current macro editor window back to the 
5ŜŦǳŀƭǘΦa!/ ōȅ ŎƭƛŎƪƛƴƎ ǘƘŜ ΨwŜƴŀƳŜ 5ŜŦŀǳƭǘΦƳŀŎΩ ōǳǘǘƻƴ ōŜŦƻǊŜ ǊǳƴƴƛƴƎ ƛǘΦ

²ƘŜƴ ȅƻǳ ŎƭƛŎƪ ǘƘŜ ΨǊǳƴΩ ōǳǘǘƻƴΣ ǘƘŜ ŎǳǊǊŜƴǘ ƳŀŎǊƻ όǿƛǘƘ ŀƭƭ ǘƘŜ ŎƘŀƴƎŜǎύ ǿƛƭƭ ōŜ ǎŀǾŜŘ ŀǎ 
Default.mac automatically without overwriting the macro file you just saved.  

1. {ŀǾŜ ȅƻǳǊ ŎǳǊǊŜƴǘ ƳŀŎǊƻ ōȅ ŎƭƛŎƪƛƴƎ ǘƘŜ ΨǎŀǾŜΩ ƻǊ ΨǎŀǾŜ ŀǎΩ ōǳǘǘƻƴ ŀǘ ǘƘŜ ƳŀŎǊƻ ŜŘƛǘƻǊ όƻǊ ǎŀƳŜ 
buttons at the Command Window top toolbar) with the filename of your choice:

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

¢ƻ ǎŀǾŜ ȅƻǳǊ aŀŎǊƻΣ ȅƻǳ Ŏŀƴ ǳǎŜ ǘƘŜ ΨǎŀǾŜΩ ƻǊ ΨǎŀǾŜ ŀǎΩ ōǳǘǘƻƴǎ ƛƴ ǘƘŜ aŀŎǊƻ 9ŘƛǘƻǊΥ
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Viewing the Lens Data with Lens Editor

There are several ways to view the lens data after you launch the .rle file.

1. Lens Editor:  In the command line input, key in the command LE (Lens Editor, User Manual 13.3.3) to 
ƻǇŜƴ ŀ ŘŜŘƛŎŀǘŜŘ aŀŎǊƻ ǿƛƴŘƻǿ ƛƴ ǿƘƛŎƘ {¸bht{¸{ϰ  Ǉǳǘǎ ŀ ŎƻǇȅ ƻŦ ǘƘŜ ƭŜƴǎ Řŀǘŀ ƛƴ ǘƘŜ RLE-
format.  

SYNOPSYS AI>LE

[Ŝƴǎ 5ŀǘŀ ƻŦ ǘƘŜ ǎƛƴƎƭŜǘΦǊƭŜ ƛǎ ŘƛǎǇƭŀȅŜŘ ƛƴ ǘƘŜ ƳŀŎǊƻ ŜŘƛǘƻǊ ǿƛǘƘ ǘƘŜ ŦƛƭŜƴŀƳŜ Ψ[9b{95L¢ΦǊƭŜΩ 

Editing and Viewing Lens Data

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 2nd surface from -100 to -50, you will first add 
an exclamation mark in front of the RAD command line for the 2nd 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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To use CHG, enter an input file of the following form:

CHG

(data entry lines)
END

CHGlines 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 CHGfile exceeds the highest 
number previously in the lens, the corresponding surface is added to the lens. Surfaces not mentioned 
in the CHGfile, and not subject to pickups or solves that are affected, do not change.

Editing and Viewing Lens Data

!ƴƻǘƘŜǊ ǿŀȅ ǘƻ ƳƻŘƛŦȅ ǘƘŜ ƭŜƴǎ Řŀǘŀ ƛǎ ōȅ ǳǎƛƴƎ ǘƘŜ /ID ό/ƘŀƴƎŜύ ŦƛƭŜ ŎƻƴǎǘǊǳŎǘ ƛƴ {¸bht{¸{ϰ  
(User Manual: 3.6.1 The CHG file ):

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.
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Viewing the Lens Data ςSpreadSheet (SPS)

2. Spreadsheet:  In the command line input, key in the command SPS to open a spreadsheet to view and 
edit the lens data.  

SYNOPSYS AI>SPS

Note:
ǘƻ ƭŜŀǊƴ ƳƻǊŜ ŀōƻǳǘ ǘƘŜ ǎǇǊŜŀŘǎƘŜŜǘ ƛƴ {¸bht{¸{ϰ Σ ǳǎŜ 
ƪŜȅǿƻǊŘ {t{ ƛƴ ǘƘŜ LƴŘŜȄ ǘŀǇ ƻŦ ǘƘŜ {¸bht{¸{ϰ  IŜƭǇΦ  
Or, refer to !tt9b5L·Υ ¦ǎƛƴƎ {ǇǊŜŀŘǎƘŜŜǘ ƛƴ {¸bht{¸{ϰ  ǘƻ 
enter lens data.

Or you can use the Spreadsheet button 
ƛƴ ǘƘŜ {¸bht{¸{ϰ  Ƴŀƛƴ ǘƻƻƭōŀǊ ǘƻ 
open it.

{ǇǊŜŀŘǎƘŜŜǘ ƛƴ {¸bht{¸{ϰ 

Editing and Viewing Lens Data
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3. Worksheet: In the command line input, key in the command WS (WorkSheet, User Manual 13.3.2) 
command to open the WorkSheet to view and edit the lens data. 

Viewing the Lens Data ςWorkSheet (WS)

SYNOPSYS AI>WS

Or you can use the WorkSheet button in 
ǘƘŜ {¸bht{¸{ϰ  ǘƻǇ ǘƻƻƭōŀǊ ǘƻ ƻǇŜƴ ƛǘΦ

The Worksheet also shows an edit window that displays the parameters of a selected surface in RLE format, 
which you may edit. 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.  
²ƻǊƪǎƘŜŜǘ ƛǎ ŀ ǾŜǊȅ ǾŜǊǎŀǘƛƭŜ ŎƻƴǎǘǊǳŎǘ ƛƴ {¸bht{¸{ϰ Φ  ¢ƘŜǊŜ ŀǊŜ ŀ ƭƻǘ ƻŦ ŘŜǎƛƎƴ ŦǳƴŎǘƛƻƴǎ ōǳƛƭǘ ƛƴǘƻ ǘƘŜ 
WorkSheet and made available via the WorkSheet toolbar.  We will talk more about it later.  

²ƘŜƴ ȅƻǳ ƻǇŜƴ ǘƘŜ ²ƻǊƪ{ƘŜŜǘ ƛƴ {¸bht{¸{ϰ Σ ƛǘ ǿƛƭƭ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƻǇŜƴ {ƪŜǘŎƘtŀŘ όǘƘŜ ƭŜƴǎ ǎȅǎǘŜƳ 
ǾƛǎǳŀƭƛȊŀǘƛƻƴ ǘƻƻƭ ƛƴ {¸bht{¸{ϰ ύΦ  !ƭǎƻΣ ǘƘŜ ²ƻǊƪ{ƘŜŜǘ ǘƻƻƭōŀǊ ǿƛƭƭ ŀǇǇŜŀǊ ǳƴŘŜǊƴŜŀǘƘ ǘƘŜ 
{¸bht{¸{ϰ  Ƴŀƛƴ ǘƻƻƭōŀǊΥ

SketchPad window

WorkSheet editor pane

WorkSheet toolbar

Editing and Viewing Lens Data



Copyright @ 2019, Optical Systems Design, LLC.  All rights reserved.
14

To view the lens layout and its characteristics, type PADinto the Command Window,   

SketchPadϰΣ DǊŀǇƘƛŎ ±ƛŜǿ ƻŦ [Ŝƴǎ {ȅǎǘŜƳ ŀƴŘ /ƘŀǊŀŎǘŜǊƛǎǘƛŎǎ

Note:
1. ¢ȅǇŜ ΨHELP PADΩ ƛƴ ǘƘŜ ŎƻƳƳŀƴŘ ƭƛƴŜ ǘƻ ǊŜŀŘ ƳƻǊŜ ŀōƻǳǘ ƛǘ όUser Manual 13.3).
2. {ƻƳŜǘƛƳŜǎ ƛŦ ǘƘŜ t!5 ǿƛƴŘƻǿ ŘƻŜǎƴΩǘ ƻǇŜƴΣ ȅƻǳ Ŏŀƴ ǘȅǇŜ ƛƴ ǘƘŜ ŎƻƳƳŀƴŘ RESTORE or PAD ZEROto 

restore the PAD window in your monitor. 

Lens Layout is displayed in the top half of the 
SketchPad window.

System performance characteristic is displayed in the lower half.  In this 
example, it is showing the transverse ray fans.  You can change it to other 
content, for example, OPD by using the format button for the lower PAD.

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 SNAPSHOTcommand.

or click the SketchPad button in the Command Window top 
ǘƻƻƭōŀǊ ǘƻ ƻǇŜƴ ǘƘŜ {ƪŜǘŎƘtŀŘϰΦ

System visualization

The SketchPadϰ ƛǎ ǘƘŜ ǇǊƛƳŀǊȅ ƎǊŀǇƘƛŎŀƭ ƛƴǘŜǊŦŀŎŜ ŦƻǊ {¸bht{¸{ϰΦ  ¸ƻǳ Ŏŀƴ ǳǎŜ ƛǘ ǘƻΥ
Å View the lens and the image in many formats.
ÅWatch the lens change as you optimize
ÅWatch the image change as you alter the lens with the WorkSheetϰ ό²{ύΦ 

Update button
Use this two buttons to define the contents in the upper and lower 
displays in the PAD window
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In the last section, we introduced WorkSheet(WS) as a lens data editing tool.  However, WS is actually 
more than that.  

Å It is an integrative platform to work with SketchPadto give you instant feedback as you alter the lens in 
a variety of ways.  

ÅMoreover, you can use the WS toolbar (appear underneath the SketchPadtoolbar when WS is open) 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.

Å The Worksheet also shows an edit window that displays the parameters of a selected surface in RLE 
ŦƻǊƳŀǘΣ ǿƘƛŎƘ ȅƻǳ Ƴŀȅ ŜŘƛǘΦ ¸ƻǳ Ŏŀƴ ǳǎŜ ǘƘŜ ΨǳǇΩ ŀƴŘ ΨŘƻǿƴΩ ŀǊǊƻǿǎ ƴŜȄǘ ǘƻ ǘƘŜ ǎǳǊŦŀŎŜ ƴǳƳōŜǊ ǘƻ Ǝƻ 
to other surfaces. Surface 0 is reserved for the display of system data.

Å 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 ςall the 
while monitoring the effects with the PAD display.  You can even select a data item in the edit window ς
not otherwise assigned to a slider ςand vary it with the top slider after clicking on the SEL button.  You 
can see how the sliders work by watching the video in this link:

http://osdoptics.com/video/18112201.mp4

{ƪŜǘŎƘtŀŘϰ όt!5ύ ŀƴŘ ²ƻǊƪ{ƘŜŜǘϰ ό²{ύ

IƛƴǘΥ  ¸ƻǳ Ŏŀƴ ǳǎŜ ǘƘŜ ΨǳƴŘƻΩ ƻǇǘƛƻƴ ƛƴ ǘƘŜ Ψ{ƘƻǊǘŎǳǘǎΩ ƳŜƴǳ ǘƻ ǳƴŘƻ ǘƘŜ 
changes you made to the lens.  The Shortcut menu is visible in the command 
window top toolbar.  
Sometimes, the command window top toolbar is replaced by other tool bars 
when other modality (for example, the SketchPadis active).  To retrieve the 
command window top toolbar, activate the command window by clicking at 
it and the top toolbar will appear. 

System Visualization

System data displayed in page 0 of the WorkSheet

http://osdoptics.com/video/18112201.mp4
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Hands-on Exercises
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Exercise 1:  Working with a Singlet



Copyright @ 2019, Optical Systems Design, LLC.  All rights reserved.
18

Now let us use a simple singlet example to demonstrate 
ÅIƻǿ ǘƻ ŎǊŜŀǘŜ ŀ ƭŜƴǎ Řŀǘŀ ŦƛƭŜ ƛƴ {¸bht{¸{ϰ 
ÅIƻǿ ǘƻ Řƻ ƻǇǘƛƳƛȊŀǘƛƻƴ ƛƴ {¸bht{¸{ϰ 
Å How to use the built-in element insertion tool to improve the singlet system

For starters, we will learn how to enter the data for a singlet lens in an Editor Window.  (See APPENDIX:
¦ǎƛƴƎ {ǇǊŜŀŘǎƘŜŜǘ ƛƴ {¸bht{¸{ϰ  ǘƻ ŜƴǘŜǊ ƭŜƴǎ Řŀǘŀ ǘƻ ǎŜŜ Ƙƻǿ ǘƻ Řƻ ǘƘŜ ǎŀƳŜ ǿƛǘƘ ǘƘŜ {¸bht{¸{ϰ 
spreadsheet).
First, type EE in the Command Window to open a new Macro Editor.

There are three basic ways to enter lens data
ÅWith the MACroeditor (EE): Quick and easy with command inputs
Å Using the WorkSheetό²{ύΥ  ²{ ƛǎ ŀ ǾŜǊȅ ǇƻǿŜǊŦǳƭ ŎƻƴǎǘǊǳŎǘ ƛƴ {¸bht{¸{ϰΦ  ¢ƘŜ ǳǎŜǊǎ Ŏŀƴ ǳǎŜ ƛǘ 

to build a new lens system as well as for modifying an existing lens.
ÅWith the SpreadSheet(SPS): Intuitive, easy to learn

Creating a new lens file, data entry

SYNOPSYS AI> EE

Lens Data Entry with Macro Editor

Then type the commands shown below into the Macro Editor to define a singlet.  The words in green after 
ǘƘŜ ΨΗΩ ƳŀǊƪ ŀǊŜ ŎƻƳƳŜƴǘǎΦ

Ex1.1  Optimizing a Singlet

RLE

ID EXAMPLE SINGLET   !Set Lens system ID 'EXAMPLE SINGLET'

OBB 0 5 12.7         !define object at infinity by using the OBB command, (see Note 1)
UNIT MM !declare system unit to be MM

1 RD 100 TH 5 GTB S !define 1st surface by specifying RD, TH, and Glass type , (see Note 2)
N- BK7

2 RD - 100 YMT           !define 2nd surface by specifying RD, TH is determined by YMT solve , (see Note 3 )
3 !define 3rd surface, a flat surface for the image plane

END

Note 1:  
Define Object:
OBB UMP0 UPPO YMP1

UMP0 :  marginal ray angle, 0 for object at infinity
UPPO:  paraxial chief ray angle (in degree, half FOV), 5 degree in this example
YMP1:  paraxial marginal ray height at next surface (semi-aperture), 12.7mm in this example

Note 2:
The general format for surface definition is:
sn opt1 opt2 opt3é

sn: surface number
ƻǇǘмΣ нΣ оΧ ŀǊŜ ǘƘŜ ǎǳǊŦŀŎŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǊŀŘƛǳǎ ƻŦ ŎǳǊǾŀǘǳǊŜ όw!5Σ ƻǊ w5ύΣ ǘƘƛŎƪƴŜǎǎ ό¢IύΣ 
Ǝƭŀǎǎ ǘȅǇŜ όƎƭŀǎǎ ǘŀōƭŜ όD¢.ύƻǊ Ǝƭŀǎǎ ƳƻŘŜƭ όD[aύύΧ

Note 3:
When we select the YMTǎƻƭǾŜΣ {¸bht{¸{ϰ ŦƛƴŘǎ ǘƘŜ ǘƘƛŎƪƴŜǎǎ ό¢ύ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ƘŜƛƎƘǘ ό¸ύ ƻŦ ǘƘŜ ƳŀǊƎƛƴŀƭ 
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.  

For more details on the commands, see APPENDIX: Singlet Lens Data File Commands Explained
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EXECUTING MACRO DEFAULT.MAC

--- RLE

--- ID EXAMPLE SINGLET

--- OBB 0 5 12.7

--- UNI MM

--- 1 RD 100 TH 5 GTB S

--- N- BK7

--- 2 RD - 100 YMT

--- 3

--- END

GIHT         FOCL         FNUM         BACK         TOTL         DELF

8.53727     97.58144      3.84179     95.91907      5.00000      0.00000

Lens number    10 ID EXAMPLE SINGLET

SYNOPSYS AI>

The MACroruns, and the following output is printed in the command window:

To view the lens layout and its characteristics, type PADinto the Command Window, 

There are uncorrected 
spherical aberration 
(SA3) and primary axial 
color (PAC) as shown 
at the on-axis ray fans.

Right here.

Viewing the Singlet in SketchPad

¢ƛǇΥ ǘȅǇŜ ΨI9[t t!5Ω ƛƴ ǘƘŜ ŎƻƳƳŀƴŘ ƭƛƴŜ ǘƻ ǊŜŀŘ ƳƻǊŜ ŀōƻǳǘ ƛǘ ό¦ǎŜǊ aŀƴǳŀƭ моΦоύΦ 

Results from the paraxial raytrace (PXT).

²ƘŜƴ ȅƻǳ ŎƭƛŎƪ ǘƘŜ w¦b ōǳǘǘƻƴ ŀǘ ǘƘŜ aŀŎǊƻ 9ŘƛǘƻǊΣ {¸bht{¸{ϰ ǿƛƭƭ ŀǳǘƻƳŀǘƛŎŀƭƭȅ 
execute the PXT (paraxial raytrace) command for the RLE file and present the paraxial 
characteristic of the lens system in the Command Output Window.

hǊ ŎƭƛŎƪ ǘƘŜ {ƪŜǘŎƘtŀŘ ōǳǘǘƻƴ ƛƴ ǘƘŜ /ƻƳƳŀƴŘ ²ƛƴŘƻǿ ǘƻǇ ǘƻƻƭōŀǊ ǘƻ ƻǇŜƴ ǘƘŜ {ƪŜǘŎƘtŀŘϰΦ

Ex1.1  Optimizing a Singlet

Then click the run button.
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Then, open WorkSheetby clicking the WorkSheetōǳǘǘƻƴ ŀǘ ǘƘŜ {¸bht{¸{ϰ  ǘƻǇ ǘƻƻƭōŀǊΥ

The WorkSheetϰ ƻǇŜƴǎΣ ǎƘƻǿƛƴƎ ǘƘŜ {ȅǎǘŜƳ Řŀǘŀ όǇŀƎŜ лύΦ

Click on surface 1 in the PAD 
Window:

The edit pane in the WorkSheetnow shows the data for surface 1.  You can change any of these 
numbers, and when you click the Update button, you see how the lens changed.

Now we demonstrate how to use WorkSheet(WS) and SketchPad(PAD) together to change the radius of 
curvature for the first surface in the singlet.

Before making any changes to the system, let us keep a copy of the current system by clicking the 
Checkpoing button in the SketchPad :

Ex1.1  Optimizing a Singlet
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In the WorkSheet pane for surface 1, Change the first radius to 50 and click Update.

The lens is updated automatically in the SketchPad:  

Now click the Restore button in the SketchPad, the lens come back as before 
with radius of curvature = 100 on surface 1.

IƛƴǘΥ  ¸ƻǳ Ŏŀƴ ǳǎŜ ǘƘŜ ΨǳƴŘƻΩ ƻǇǘƛƻƴ ƛƴ ǘƘŜ Ψ{ƘƻǊǘŎǳǘǎΩ ƳŜƴǳ ǘƻ ǳƴŘƻ ǘƘŜ 
changes you made to the lens.  The Shortcut menu is visible in the command 
window top toolbar.  Sometimes, the command window top toolbar is replaced 
by other tool bars.  To retrieve the command window top toolbar, activate the 
command window by clicking at it and the top toolbar will appear. 

Ex1.1  Optimizing a Singlet
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Now we will optimize the singlet (with the radius of curvature for the first surface = 100mm)

We will use the optimization program for this.  It can be used for lots of things, not just improving the image.  For 
example, you can constraint 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 MACroas often as you want. Unlike other optical design software, you can save the 
ƻǇǘƛƳƛȊŀǘƛƻƴ ƳŀŎǊƻ ŀǎ ŀ ŘƛŦŦŜǊŜƴǘ ŦƛƭŜ ǿƛǘƘƻǳǘ ǘƘŜ ƭŜƴǎ ŘŀǘŀΦ  Lƴ {¸bht{¸{ϰΣ ƭŜƴǎ ŘŜǎŎǊƛǇǘƛƻƴ Řŀǘŀ ƛǎ ǎŀǾŜŘ ƛƴ ǘƘŜ 
.RLE file and can be launched separately from the optimization macro.

The optimization macro includes the following sections/modules:

1. PANT section/module, to declare optimization variables

2. AANT section/module, to define the merit function, which can 
include the following quantities:

a. Optical ray aberrations.

b. Mechanical constraints; for example, 

Å Aperture limits

Å Length limits

Å Paraxial properties not controlled by a solve

Å Etc.

IŜǊŜΩǎ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ŀƴ ƻǇǘƛƳƛȊŀǘƛƻƴ ƳŀŎǊƻΥ

The PANT section/module is where you define the 
design variables you want to use for optimization. (See 
User Menu 10.2 Aberration Input.)

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.)

The SNAPSHOT command makes the PAD display 
update as the lens changes. (See User Menu 13.3.4 

SnapShot.)

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

Ex1.1  Optimizing a Singlet
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hǊΣ ǿŜ Ŏŀƴ ƻǇŜƴ ǘƘŜ a!/Ǌƻ ŘƛŀƭƻƎ ŀǘ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ {¸bht{¸{ϰ  ǿƻǊƪǎǇŀŎŜΦ  ¢ƘŜƴ ǎŜƭŜŎǘ ΨƻǇŜƴ ŀ ƴŜǿ 
ƳŀŎǊƻ ǿƛƴŘƻǿΩΥ

In the macro editor, 
1.  Input the optimization variables ƛƴǘƻ ǘƘŜ ǇŀǊŀƳŜǘŜǊ ƛƴǇǳǘ ƳƻŘǳƭŜ όt!b¢Χ9b5ύΤ
2.  Input the aberration quantities ƛƴǘƻ ǘƘŜ ŀōŜǊǊŀǘƛƻƴ ƛƴǇǳǘ ƳƻŘǳƭŜ ό!!b¢Χ9b5ύΦ  
3.  Add the SNAPSHOT(SNAP for short) command to show the update system in the SketchPad.
4.  Add the SYNOPSYScommand to start the optimization iterations.

PANT

VY 1 RD

VY 2 RD

END

AANT

M 100 1 A FOCL

M 0 1 A CO3

END

SNAP

SYNOPSYS 20 

Read them as follows:
ÅMINIMIZE (M) to a target of 100, weight 1; 

add the FOCL to the list.
ÅMINIMIZE to a target of 0, weight 1; add the 

coma (CO3)

For more information on doing optimization in 
{¸bht{¸{ϰ Σ ǎŜŜ APPENDIX: Optimization 

Introduction. 

To enter the optimization macro, we will click at the new macro button at the Macro Editor to open a 
new window:

Optimization variables: 
varying the radii on 
surface 1 and 2

Aberration inputs: 
Å focal length of 100, 
Å no coma

Run for 20 iterations

Show snapshot

Now click the Run button to run the macro.

Ex1.1  Optimizing a Singlet
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bƻǿ ƭŜǘΩǎ ƭƻƻƪ ŀǘ ǘƘŜ ǇǊƛƴǘ-out in the Command Window after running the optimization macro:

Iteration No.      1

Present merit function  5.918844E+00

Damping factor 5.000000E - 01

Iteration No.      2

Present merit function  2.761606E - 01

Iteration No.      3

Present merit function  3.697975E - 05

Iteration No.      4

Present merit function  4.572332E - 06

Iteration No.      5

Present merit function  1.268009E - 09

Improvement in the merit function is below threshold value.

The KICK or ANNEAL function may further improve the lens.

Final merit function    7.499139E - 22

Improvement in the merit function is below threshold value.

The KICK or ANNEAL function may further improve the lens.

Lens number    10 ID EXAMPLE SINGLET

SYNOPSYS AI>

After five passes, the merit 
function is close to zero.

Also note that the current lens file is 
saved in location 10 in the Lens Library 
ǿƛǘƘ ǘƘŜ ƭŜƴǎ L5 Ψ9ȄŀƳǇƭŜ {ƛƴƎƭŜǘΩ ŘŜŎƭŀǊŜŘ 
in the RLE file. 

Ex1.1  Optimizing a Singlet

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

SYNOPSYS AI>FINAL

ABERRATION LIST

NAME            TARGET         WEIGHT            RAW VAL.  FINAL ERROR   R. EFFECT

1                 100.0000000      1.0000000         100.0000   0.273701E-10   0.998945

A   FOCL

2                   0.0000000      1.0000000      -8.8948E-13  -0.889483E-12   0.001055

A   CO3

SYNOPSYS AI>

The COMA term is 
almostzero.

Note: for more information about the command FINAL, please refer to User Menu 10.9.  This command is 
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 merit function.

Both targets have 
been met exactly.
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Before optimization

After optimization

Ex1.1  Optimizing a Singlet
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CƛǊǎǘΣ ƭŜǘΩǎ ƎŜǘ ōŀŎƪ ǘƻ ǘƘŜ ƻǊƛƎƛƴŀƭ ǎƛƴƎƭŜǘΦ  ²Ŝ ǿƛƭƭ ƻǇŜƴ ǘƘŜ ƭŜƴǎ ŦƛƭŜ ŦǊƻƳ ȅƻǳǊ ǿƻǊƪƛƴƎ ŘƛǊŜŎǘƻǊȅ ōȅ 
typing FETCH SINGLET.

bƻǿ ǘƘŀǘ ȅƻǳ ƘŀǾŜ ǎŜŜƴ ŀ ǎƛƳǇƭŜ ƻǇǘƛƳƛȊŀǘƛƻƴΣ ǿŜΩƭƭ ǎƘƻǿ Ƙƻǿ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǎƛƴƎƭŜǘ ōȅ ŀŘŘƛƴƎ ŀƴ 
element.  

SYNOPSYS AI>FETCH SINGLET

Once the lens file is retrieved, you will see the paraxial raytraceresults printed in the Command 
Window.  Then you can type PAD or click the PAD button in the Command Window top toolbar to 
launch SketchPadand examine the lens system .

For a singlet, there are totally 6 regular parameters (degrees of freedom) available for design or 
optimization: 2 radii, 1 thickness, 2 frommaterial (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, for example, 

Å Adding more components;

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

Å Adding parameters to lens material: gradient index lens;

Changing  PARAMETERS (CONSTRAINS) in optical system is the way of achieving technical, physical 
and other goals of technical specification.

In this section, we will show how to improve a singlet by:
Å Adding a second element with WS (the WorkSheet).
Å Freeing up the material on that element (it comes in with a pickup).
Å Creating a merit function using the Ready-ƳŀŘŜ aŜǊƛǘ CǳƴŎǘƛƻƴǎ ƛƴ {¸bht{¸{ϰ 

.
Å Then optimizing again, now on the new system.

Ex1.2  Improve the Singlet by Adding an Element
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/ƭƛŎƪ ǘƘŜ ΨƛƴǎŜǊǘ ŀƴ ŜƭŜƳŜƴǘΩ ōǳǘǘƻƴ ƛƴ ǘƘŜ ²{ ǘƻƻƭōŀǊΦ 

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 new element.

Click here

Then you will see an element added behind the singlet:

¸ƻǳΩǾŜ Ƨǳǎǘ ŀŘŘŜŘ ŀƴ ŜƭŜƳŜƴǘ ǘƻ ǘƘŜ ƭŜƴǎ ǿƛǘƘ ²{Φ

bƻǿ ǿŜ ǿƛƭƭ ŘŜƳƻƴǎǘǊŀǘŜ Ƙƻǿ ǘƻ ƛƴǎŜǊǘ ŀƴ ŜƭŜƳŜƴǘ ƛƴǘƻ ǘƘŜ ŎǳǊǊŜƴǘ ƭŜƴǎ ǎȅǎǘŜƳ ōȅ ǳǎƛƴƎ ǘƘŜ ΨLƴǎŜǊǘ 9ƭŜƳŜƴǘ 
ōǳǘǘƻƴΩ ƛƴ ǘƘŜ ²ƻǊƪǎƘŜŜǘ ό²{ύ ǘƻƻƭōŀǊΦ
hǇŜƴ ²{ ōȅ ŎƭƛŎƪƛƴƎ ǘƘŜ ΨƻǇŜƴ ǿƻǊƪǎƘŜŜǘΩ ōǳǘǘƻƴ             ŀǘ ǘƘŜ tŀŘ ²ƛƴŘƻǿ ƻǊ ǘƘŜ /ƻƳƳŀƴŘ ²ƛƴŘƻǿ ǘƻǇ 
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.

WorkSheet toolbar

Ex1.2  Improve the Singlet by Adding an Element
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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 CV  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

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

Ex1.2  Improve the Singlet by Adding an Element

You notice that the index for the glass plate is the same as the singlet (a BK-7):
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

Glass plate 
surfaces

Note:
You can also view the list of pickups and solves in effect in the system, type POP (Print Options) in the 
{¸bht{¸{ϰ  ŎƻƳƳŀƴŘ ǿƛƴŘƻǿΦ  

SYNOPSYS AI>POP

SUMMARY OF SURFACE CHARACTERISTICS AND ACTIVE OPTIONS

______________________________________________________________________________

SURF RSPC SURFACE SPECIFICATION                 INSPC MEDIUM SPECIFICATION

______________________________________________________________________________

1    1  RD                                              -1  SCHOTT

2    1  RD                                               4  AIR

3    2  CV                                               3  PICKUP

4    2  CV                                               4  AIR

IMG    4  FLAT SURFACE                                     4  AIR

______________________________________________________________________________

SOLVES, PICKUPS, AND OPTIONS

______________________________________________________________________________

3 PIN    1

SYNOPSYS AI> index pickup
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We want to make the following changes to the system:
Å Remove the index pickup so that the index for the new element is free to vary during optimization. 
Å 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 
sit very close to the crown class boundary, there is not much room for the glass models to move in 
order to get to desired configuration (1st glass is a crown glass, and 2nd a flint).  Therefore, we want to 
move starting point closer to the center of the glass map for the optimization process to move the two 
glasses into opposite directions.  

There are Many ways to make the changes:
1. Enter a Change (CHG) file in the command window input line or in the Macro Editor (and run):

CHG

1 GLM 1.6 44

3 NIOP

3 GLM 1.6 44

END

2.   Or you can do the changes In WS:
i. Go to page 1 in WS, in the editor pane, typE1 GLM 1.6 44. Then click update.  The surface 

glass characteristic will be updated to be a Glass Model (GLM) 

Note: 
1. SNNIOP ƛǎ ŀ {¸bht{¸{ϰ  ŎƻƳƳŀƴŘΥ  ǊŜƳƻǾŜǎ ŀƴȅ ƛƴŘŜȄ ǇƛŎƪǳǇ ƻǊ ƛƴŘŜȄ ŎŀƭŎǳƭŀǘƛƻƴ όŦǊƻƳ ŀ D¢.Σ 

GLM, GLASS, or GDF request). SN is the surface number.
2. You can also try to use the WS to continuously change the glass model using the slider.  In WS, highlight 

the 1st number in the glass model (ie, the index).  Click the SEL (select) button.  The 1st slider now is 
assigned to the index.  You can change the index of the glass using the slider and see how the system 
changes 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.

Ex1.2  Improve the Singlet by Adding an Element

Type this and then 
click update.

ii. Go to page 3 in WS, in the editor pane, type the commands as shown below and  then click 
update.

Type this and then 
click update.
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We will select Merit Function 6 
{ŜƭŜŎǘ aŜǊƛǘ CǳƴŎǘƛƻƴ сΦ  ¢ƘŜƴ ŎƭƛŎƪ ŀǘ ǘƘŜ Ψ.ŀŎƪ ǘƻ MACroŜŘƛǘƻǊΩ ŀǘ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ŘƛŀƭƻƎ ōƻȄΦ  ¢ƘŜ 
command block for Merit Function 6 will be inserted into the optimization Macro automatically.  See 
APPENDIX:  Optimization Introduction to learn more about the Ready-made Merit Function.

The next step is to create an optimization macro for this system.  Start a new macro editor window.  
Type in the commands shown below:

PANT

VLIST RAD ALL

END

AANT

M 100 1 A FOCL

END

SNAP

SYNOPSYS 40 

Put the cursor right here.

!ƴŘ ǘƘŜƴ ŎƭƛŎƪ ǘƘŜ ΨwŜŀŘȅ aŀŘŜ wŀȅǎŜǘǎΩ ōǳǘǘƻƴ ƛƴ ǘƘŜ aŀŎǊƻ 9ŘƛǘƻǊ ǘƻ 
open the Select Merit Function dialogue to see a list of handy merit 
functions.

This will vary all radii that are not 
Ŧƭŀǘ ŀƴŘ ŘƻƴΩǘ ǇƛŎƪ ǳǇ ŀƴƻǘƘŜǊ 
value.

Ex1.2  Improve the Singlet by Adding an Element
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PANT

VLIST RAD ALL

END

AANT

M 100 1 A FOCL

AEC 

ACC

GSR .5 10 5 M 0 

GNR .5 2 3 M .7 

GNR .5 1 3 M 1 

END

SNAP

SYNOPSYS 40 

IŜǊŜΩǎ ȅƻǳǊ MACronow:

Commands inserted by Merit Function 6:
Å AEC, automatic edge control
Å ACC, automatic center TH control
Å ray-grid definitions (on-axis GSR, GNR at 

0.7 field and full field). These ray grids 
are often used as a good starting merit 
function.  For more sophisticated 
control, you can specify individual rays.

Ex1.2  Improve the Singlet by Adding an Element

GSR .5 10 5 M 0 

Below is a brief explanation to the GSR and GNR commands. (For a more detailed discussion of the 
optimization input (AANT) file, see APPENDIX: Optimization Introduction.)

ÅGenerate 1D sagittal rays, 
ÅWith RT (pupil weighting factor) .5
ÅWeighting factor to merit function = 10
ÅWith a ray grid number of 5
Å For all the color (multiple color) in the system
Å For on-axis field (field 0) 

GNR .5 2 3 M .7 

GNR .5 1 3 M 1 

ÅGenerate 2D raysets, 
ÅWith RT (pupil weighting factor) .5
ÅWeighting factor to merit function 

weight 2 for 0.7 field, first line
weight 1 for edge field. 2nd line

Å Ray grid number of 3
Å For all the color (multiple color) in the system
Å For 0.7 field and the edge

1D Sagital ray grid

2D ray grid

AEC 

ACC

AEC and ACC are optimization monitors that are used to monitor certain aspects of the lens to keep it 
from becoming unreasonable. 
Å AEC to monitor edge thicknesses, where TH is varying. A penalty is issued if any of the edge become 

thinner than TAR
AEC [ TARWT[ WINDOW] ]

Å ACC activates a control to prevent thicknesses becoming larger than TAR,
ACC [ TARWT [ WINDOW] ]
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LOG ! LOG command for keeping track of your designs
STO 9 ! keep a safety copy in library location 9 just in case

PANT
VLIST RAD ALL
VLIST GLM 1 3  !vary glass models on surfaces 1 and 3
END

AANT
M 100 1 A FOCL
AEC 
ACC 
GSR .5 10 5 M 0 
GNR .5 2 3 M .7 
GNR .5 1 3 M 1 
END

SNAP
SYNOPSYS 40

Some more edits to the optimization macro:

On-axis aberrations 
are much better

But the lens still has 
astigmatism and field 
curvature, which you 
cannot correct with a 
doublet.

Ex1.2  Improve the Singlet by Adding an Element

This is the system after optimization:

Now, Click the Checkpoint button in the SketchPad to keep a 
copy of the current system before running the optimization.  
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Exercise 2:  A Five Element System Design
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Example 2:  A Five Element System Design

bƻǿ ǿŜΩƭƭ Řƻ ŀ ƳƻǊŜ ŎƻƳǇƭŜȄ ŘŜǎƛƎƴΥ
Å Five elements
Å FOCL 150 mm
Å F/3.5
Å Semi field 14 degrees
Å BACK focus distance 16 mm
Å TOTL length 250 mm.
Å Visible light
Å 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:

1. Search a patent database

2. Look in your file of previous designs

3. Do a third-order design by hand

4. Play it by ear

5. Let the computer do the work.

No. 1 
takes 
time.

No. 2 
requires 

data.

No. 4 often 
works quite 

well.

bƻΦ р ƛǘΩǎ 
nice.  But do 
we have the 

tool?

[ŜǘΩǎ ǎŀȅ ǿŜΩƭƭ ǎǘŀǊǘ ǿƛǘƘ ƻǇǘƛƻƴ пΥ 
enter lens data based on intuition.

No. 3 
a huge 

amount of 
work

Å First, a sketch:

Å ThenGuessvalues for radii, thickness, and glass index.

Ex2.1  Design by Experience (or Wild Guess)
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RLE

ID PLAY IT BY EAR

OBB 0 14 21.42

UNI MM

WAVL CDF

APS 5

1 RD 100 TH 5 GLM 1.6 60

2 RD 200 TH 3

3 RD 50 TH 5 GLM 1.6 60

4 RD 100 TH 8

5 RD -200 TH 3 GLM 1.6 40

6 RD 100 TH 8

7 RD -100 TH 5 GLM 1.6 40

8 RD -50 TH 3

9 RD -200 TH 5 GLM 1.6 40

10 RD -100 YMT

11

END

IŜǊŜΩǎ ŀ ǿƛƭŘ ƎǳŜǎǎΥ

Glass model (GLM) on all 
elements (index and V-number)

Object format B:
0UPP = Marginal ray angle coming in (0)
0UPP = Chief ray angle coming in (14)
YMP1 = Marginal ray height (21.42)

!ƴŘ ƘŜǊŜΩǎ ƻǳǊ ǿƛƭŘ ƎǳŜǎǎΦ
Not too good, but the light 
gets through.

Enter these data into the MACro editor and click the Run button.

Ex2.1  Design by Experience (or Wild Guess)
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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

END

SNAP

SYNO 30

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 .5 10 5 M 0

GNR .5 2 3 M .7

GNR .5 1 3 M 1

END

SNAP

SYNO 30

A

Optimization:
CƛǊǎǘΣ ƻǇŜƴ ŀ ƴŜǿ ƳŀŎǊƻ ŜŘƛǘƻǊ ōȅ ŎƭƛŎƪƛƴƎ ŀǘ ǘƘŜ ΨƴŜǿ ƳŀŎǊƻ ŜŘƛǘƻǊΩ ōǳǘǘƻƴ ŀǘ {¸bht{¸{ϰ  ǿƻǊƪǎǇŀŎŜ 
top toolbar:

Type the following commands into the new MACro editor.

Put the cursor right here.

!ƴŘ ǘƘŜƴ ŎƭƛŎƪ ǘƘŜ ΨwŜŀŘȅ aŀŘŜ wŀȅǎŜǘǎ όaŜǊƛǘ CǳƴŎǘƛƻƴύΩ ōǳǘǘƻƴ ƛƴ ǘƘŜ 
Macro Editor to open the Select Merit Function dialogue to see a list of 
handy merit functions

Select Merit Function 6 and tƘŜƴ ŎƭƛŎƪ ŀǘ ǘƘŜ Ψ.ŀŎƪ ǘƻ a!/Ǌƻ ŜŘƛǘƻǊΩ ǘƻ 
insert the command block into your macro. 

Here is the complete optimization macro with the Ready-Made Merit Function inserted.

Ex2.1  Design by Experience (or Wild Guess)

This is a one-sided aberration, so the total length can get smaller, but not 
larger than, 250.  For more information, see APPENDIX 
Optimization introduction
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Run the MACro, and the lens is much improved.

Ex2.1  Design by Experience (or Wild Guess)

bƻǿΣ ƭŜǘΩǎ Řƻ ǎǘƛƳǳƭŀǘŜŘ ŀƴƴŜŀƭƛƴƎ ǘƻ ǘƘŜ ƭŜƴǎΦ  5ǳǊƛƴƎ ǘƘŜ ƻǇǘƛƳƛȊŀǘƛƻƴ ǇǊƻŎŜǎǎΣ 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.

!ƴƴŜŀƭƛƴƎ Ŏŀƴ ƧǳƳǇ ƻǳǘΧ

Χ ŀƴŘ ŦƛƴŘ ǘƘŜ ƭƻǿŜǎǘ ƳƛƴƛƳǳƳΦ
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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 the process.

Now the lens is much better, but the edge of the field has poor color correction.

Ex2.1  Design by Experience (or Wild Guess)
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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 .5 10 5 M 0 

GNR .5 2 3 M .7 

GNR .5 4 3 M 1

END

SNAP

SYNO 30

Increase the weight on the 
raysat the edge of the field 
from 1 to 4 and run the 
MACro again.

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 the lens:

Ex2.1  Design by Experience (or Wild Guess)

As a good practice, make a checkpoint between optimization stages.  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:  
Å The stop was in the middle to gain some symmetry advantage.
Å The lenses were bent the way that minimized SA3.
LǘΩǎ ƴƻǘ Ƨǳǎǘ ŀ ǿƛƭŘ-guess after all.
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bƻǿ ǿŜΩƭƭ ŘŜƳƻƴǎǘǊŀǘŜ Ƙƻǿ ǘƻ ǳǎŜ ŀƴƻǘƘŜǊ ƛƳǇƻǊǘŀƴǘ ǘƻƻƭ ƛƴ {¸bht{¸{ϰ Σ 5{9!w/IϰΣ ǘƻ Řƻ ǘƘƛǎ 
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.

¢ƘŜ 5{9!w/I ό5ŜǎƛƎƴ {ŜŀǊŎƘύ ƛƴ {¸bht{¸{ϰ ƛǎ ŀƴ !ǳǘƻƳŀǘƛŎ 5ŜǎƛƎƴ ǘƻƻƭ ŎǊŜŀǘŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀƴ 
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. To explore the design space efficiently to discover alternative design forms that may deliver 

better performances

Lƴ ǘƘƛǎ ŘƛǊŜŎǘƛƻƴǎΧ  
you go here

Descends in this direction 
and you go here

Standing at the mountain top 
(Plane-parallel plates)

The principle behind it can be visualized easily using the analogy of skiing down the mountain top to find 
the valleys:
ÅFrom the top of a mountain you can see all the valleys.
ÅTo 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 is also referred to as the Global Search method.

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.

Ex2.2  Design by DSEARCH
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Type MDS(Menu, Design Search) to open the Design Search Menu and fill in data as shown below.

Then click OK. Name the file DSEARCH_5.MAC when asked for a filename.

Ex2.2  Design by DSEARCH



Copyright @ 2019, Optical Systems Design, LLC.  All rights reserved.
42

CORE 8

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

FNUM 3.5

BACK 16 .1

TOTL 250 .1

STOP MIDDLE

STOP FREE

RSTART 500

THSTART 7

ASTART 7

RT 0.5

FOV 0.0 0.75 1.0 0.0 0.0

FWT 5.0 3.0 1.0 1.0 1.0

NPASS 10

ANNEAL 200 20 Q

COLORS 3

SNAPSHOT 10

QUICK 30 40

END

SPECIAL PANT

END

GO

MDS creates a MACroŦƻǊ ȅƻǳΣ ǿƛǘƘ ŀƭƭ ƻŦ ǘƘŜ ƛƴǇǳǘ ǊŜǉǳƛǊŜŘ ǘƻ Ǌǳƴ 5{9!w/IϰΦ

Run this MACro.

Ex2.2  Design by DSEARCH

If you have a multicore PC, add 
a COREcommand at the top.
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DSEARCH comes back with 10 potential designs.  Usually the top one is the best ςbut not always.  You are 
encouraged to try the others too to explore the design space.  Each one has a merit value and a filename.

The top lens is a very 
attractive configuration.  
Found automatically, With 
no starting design required.

Ex2.2  Design by DSEARCH

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.MACΦ   {¸bht{¸{ϰ  ǿƛƭƭ ŎȅŎƭŜ ǘƘǊƻǳƎƘ ŜŀŎƘ ƭŜƴǎ ŀǘ ǘƘŜ ŎƭƛŎƪ ƻŦ ǘƘŜ ΨǊŜǘǳǊƴΩ ƪŜȅΦ  ¢ƘŜ 
ŦƛƭŜƴŀƳŜ ƛǎ ŘƛǎǇƭŀȅŜŘ ŀǘ ǘƘŜ ǳǇǇŜǊ ƭŜŦǘ ŎƻǊƴŜǊ ƻŦ ǘƘŜ {¸bht{¸{ϰ  ǿƻǊƪǎǇŀŎŜ ǿƛƴŘƻǿΥ
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Ex2.2  Design by DSEARCH

In this demo, we use the top lens returned by DSEARCH.  You can select the 2nd best to see how it goes, for the 
ǎŀƪŜ ƻŦ ŜȄǇƭƻǊƛƴƎ ǘƘŜ ŘŜǎƛƎƴ ǎǇŀŎŜΦ  LŦ ȅƻǳ ŀǊŜ ƎƻƛƴƎ ǘƻ ǳǎŜ ǘƘŜ ǘƻǇ ƭŜƴǎ ŦǊƻƳ 5{9!w/IΣ ȅƻǳ ŘƻƴΩǘ ƴŜŜŘ ǘƻ Řƻ 
ŀƴȅǘƘƛƴƎ ǘƻ ƭŀǳƴŎƘ ǘƘŜ ƭŜƴǎ ŦƛƭŜΦ  LǘΩǎ ŀƭǊŜŀŘȅ ƭŀǳƴŎƘŜŘΦ  LŦ ȅƻǳ ǿŀƴǘ ǘƻ ǳǎŜ ŀƴƻǘƘŜǊ ŦƛƭŜΣ ǎŀȅ ǘƘŜ нnd best, 
according to the list returned by DSEARCH (see last page), it would be DSEARCH006.rle.  So you can type in the 
command FETCH DSEARCH006 to launch it.

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

PANT

VY 0 YP1

VLIST RD ALL

VLIST TH ALL

VLIST GLM ALL

END

AANT P

AEC 3 1 1

ACM 3 1 1

ACC

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   

0.160000E+02  0.100000E+00 A BACK

M   0.250000E+03  0.100000E+00 A TOTL

END

SNAP/DAMP 1

SYNOPSYS 40

The edge of the field needs 
a higher weight too.

Because there are some thin edges 
and centers in the lens, we increase 
the weighting of the AED and ACM 
as shown in red.

Run the macro to optimize the 
lens and then anneal it.
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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.

Ex2.2  Design by DSEARCH
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One more step:  The lens has model glass types.  We need to substitute real glasses for them.
¢ȅǇŜ awD ǘƻ ƻǇŜƴ ǘƘŜ Ψ!ǳǘƻƳŀǘƛŎ ǊŜŀƭ Ǝƭŀǎǎ ƛƴǎŜǊǘƛƻƴΩ ŘƛŀƭƻƎΦ aŀƪŜ ǘƘŜ ǎŜƭŜŎǘƛƻƴǎ ǎƘƻǿƴΣ ŀƴŘ ŎƭƛŎƪ OK.

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

Ex2.2  Design by DSEARCH
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!ƴŘ ƘŜǊŜΩǎ ƻǳǊ ƭŜƴǎΦ  ¢Ƙƛǎ ƛǎ ŀōƻǳǘ ŀǎ ƎƻƻŘ ŀǎ ƻƴŜ Ŏŀƴ Řƻ ǿƛǘƘ ŦƛǾŜ ŜƭŜƳŜƴǘǎ ǘƻ ǘƘŜǎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ

Ex2.2  Design by DSEARCH
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Two potential 
solutions.

In only a few minutes.

¢Ƙŀǘ ƛǎ ŀ ōǊƛŜŦ ƛƴǘǊƻŘǳŎǘƛƻƴ ƛƴ Ƙƻǿ ǘƻ ǳǎŜ ǘƘŜ {¸bht{¸{ϰ ƭŜƴǎ ŘŜǎƛƎƴ ǎƻŦǘǿŀǊŜΦ

ÅKnowledge of optics theory never hurts.

ÅBut the computer does most of the work.

Å It can often find solutions that a 3rd-order study cannot.
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APPENDICES
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APPENDIX: Macro Files

¢ƻ ǊŜŀŘ ƳƻǊŜ ŀōƻǳǘ ǘƘŜ aŀŎǊƻǎ ƛƴ {¸bht{¸{ϰ Σ ǘȅǇŜ ƳŀŎǊƻ ƛƴ ǘƘŜ IŜƭǇ ƳŜƴ ǘƻ ǎŜŀǊŎƘ ŦƻǊ ǘƘŜ 
Macros page:

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

And some commands relating to the manipulation of the Macro files :

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

The command LAMfilename(Load Alternate MACro) will load the named MACrofile into a new 
editor window. This will not alter any other editor windows that may be open.

.
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The command EMfilename(Execute MACro) will immediately execute the named MACro without opening 
an editor.

The command EAMfilename(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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¢Ƙƛǎ ŀǇǇŜƴŘƛȄ ŘŜƳƻƴǎǘǊŀǘŜ Ƙƻǿ ǘƻ ŜƴǘŜǊ ǘƘŜ ǎƛƴƎƭŜǘ ƭŜƴǎ Řŀǘŀ ǳǎƛƴƎ ǘƘŜ {¸bht{¸{ϰ  ǎǇǊŜŀŘǎƘŜŜǘΦ  

!tt9b5L·Υ ¦ǎƛƴƎ {ǇǊŜŀŘǎƘŜŜǘ ƛƴ {¸bht{¸{ϰ  ǘƻ ŜƴǘŜǊ ƭŜƴǎ Řŀǘŀ

In the Command Window, type SPS at the prompt to open the SpreadSheet:

You can also open with the SpreadSheet button on the top toolbar:

SYNOPSYS AI> SPS

Enter data as shown below. So far, only two surfaces exist (plus surface 0 for the object.)
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Click in this box on line 3, and then click the 
άҌέ ŀǘ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ {ǇǊŜŀŘ{ƘŜŜǘ

To add a surface:

Now surface 3 exists.  That will be the image surface.
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Click the System Data button.

First, we need to enter some system data to define the object, wavelengths for your design, system units, 
ŀǇŜǊǘǳǊŜ ǎǘƻǇΣ ΧŜǘŎΦ  ¢ƻ ŜƴǘŜǊ {ȅǎǘŜƳ 5ŀǘŀΣ ŎƭƛŎƪ ǘƘŜ {ȅǎǘŜƳ 5ŀǘŀ ōǳǘǘƻƴ ŀǘ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ǎǇǊŜŀŘǎƘŜŜǘΥ

This opens the System Data Editor 
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.
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First, 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.

{ŜƭŜŎǘ ΨƳƳΩ ŀǎ ǘƘŜ ǎȅǎǘŜƳ ǳƴƛǘΦ  Accept the default wavelengths 
(CdF lines) and corresponding 
spectrum weights.  


