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Getting Started With
OpticStudio™

OpticStudions

Zemax

Congratulations on your purchase
of Zemax OpticStudio!

OpticStudio is the industry standard optical system design software, combining sequential lens
design, analysis, optimization, tolerancing, physical optics, non-sequential optical system design,
polarization, thin-film modeling and mechanical CAD Import/Export in a single, easy-to-use
package.

Although OpticStudio is easy to use, optical system design is a very broad area of engineering. This
guide is intended to get you started using OpticStudio quickly. It is the first place to start if you are
new to OpticStudio, or if you are upgrading from previous versions of Zemax.
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We strongly recommend you take the time to work all the way through this infromation on getting
started with OpticStudio. It covers:

¢ Installing OpticStudio, and customizing its appearance and file locations to your preference
e Entering a simple sequential design

e Understanding the normalized definitions OpticStudio uses

e An overview of the multiple configurations capability

e How to export components and rays to mechanical CAD packages

e Optimizing a simple lens

e Using some of the powerful tools OpticStudio makes available

e Tilting and decentering optical components

e Entering a simple non-sequential system, tracing rays, and using detectors
e Colorimetry

e Thin-Film Coatings

e Surface, bulk and fluorescent scattering

Also, our web-based Knowledge Base at www.zemax.com/kb is an indispensible resource for all
OpticStudio users. It contains tutorials, worked examples and answers to many frequently-asked
questions.

Important notice

Zemax® is a registered trademark of Zemax LLC Copyright © Zemax LLC 1990-2015. All rights
reserved.

OpticStudio™ is a trademark of Zemax LLC 2015. All rights reserved.

ReverseRadiance and LightningTrace are trademarks of Zemax LLC Copyright © Zemax LLC 1990-
2015. All rights reserved.

SolidWorks® is a registered trademark of Dassault Systemes SolidWorks Corporation.
AutoDesk Inventor® is a registered trademark of Autodesk, Inc.
Creo Parametric® is a registered trademark of Parametric Technology Corporation.

MATLAB® is a registered trademark of the The Mathworks, Inc.
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All other product names or trademarks are property of their respective owners.

Information in the help file documentation is subject to change without notice and does not
represent a commitment on the part of the vendor. The software described in this documentation is
furnished under a license agreement and may be used or copied only in accordance with the terms
of the agreement.

Zemax LLC provides this publication “as is” without warranty of any kind, either express or implied,
including but not limited to the implied warranties or conditions of merchantability or fitness for a
particular purpose. In no event shall Zemax LLC be liable for any loss of profits, loss of business, loss
of use or data, interruption of business, or for indirect, special, incidental, or consequential damages
of any kind, even if Zemax LLC has been advised of the possibility of such damages arising from any
defect or error in this publication or in the Software.

Installation

There are two simple steps to installing OpticStudio, which must be followed in order. All files are
downloaded from www.zemax.com/downloads.

Step 1: Install the Key Driver and Plug in the Key

The key driver installation is straightforward. Double-click the key driver installer once you have
downloaded it, and choose the ‘Complete’ installation of all program features.

A dialog box will also ask for your permission to modify the firewall settings of your computer to
allow remote users of your computer to run ZEMAX using Remote Desktop. If you want to authorize
this, click "Yes", otherwise click "No". To change this setting, just re-run the key driver installer.

Plug the key in once the key driver installation is complete, and Windows will detect the hardware
key. The green LED at the end of the key will illuminate.

<

Step 2: Install Zemax OpticStudio
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The OpticStudio installer is similarly straightforward. Download and run the installer and step
through the on-screen instructions. You may choose where within the \program files\ hierarchy
OpticStudio is installer (by default this is C:\Program Files\Zemax OpticStudio\). If you choose a
different folder, any future updates you install will remember this location and treat it as the default,
until you define a different location.

Note that the installer will automatically scan your computer to verify the presence of Microsoft
prerequisites that are required to run OpticStudio. If any of the prerequisite components are
missing, the necessary files will be downloaded and installed. These will subsequently be kept up to
date by Windows Update.

For more detailed instructions on installing OpticStudio for the first time, please our knowledge
base article:

http://www.zemax.com/support/knowledgebase/installing-opticstudio-for-the-first-time

License Codes

OpticStudio contains built-in license codes for all keys that were eligible to run this version at the
time this version was compiled. If you have purchased a new key, this license code will not be built
in, and OpticStudio will download the latest version of the license code file from the zemax.com
website automatically. If for any reason it still cannot get a valid license code, the following dialog
will appear:

'OptkS(udio 14 License Code Entry : Version March 16, 2014 Serial 34900

Enter the license code for Version March 16, 2014 Senal 34900 below:
License Code:

If you do not know the license code, see the Knowledge Base Article below:
See Knowledge Base Article on the Zemax website

OK Cancel

Use Alt-Print_Screen to copy the dialog to the clipboard and paste it into an email to
support@zemax.com. We will promptly send you the license code or further instructions.
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Note: Please do not phone for a license code! License codes are complex multi-character
strings and cannot be reliably given over the phone. Emailing the screenshot of the dialog box
to us is the quickest and most error-free way of getting your license code.

Network Keys and Clients

Zemax OpticStudio can also be supplied with 5, 10, 25 and 50-user network keys. Installation is
almost identical, except that the key driver and hardware key are installed on one computer (called
the ‘keyserver’ machine) and Zemax OpticStudioand the Prerequisites installed on as many other
machines as you wish (the ‘client’ computers). When a client machine starts OpticStudio, it looks to
the keyserver machine to see if a license is available, and if so, OpticStudio starts.

Installation of the key driver on the keyserver machine is identical to the normal installation, except
that you obviously MUST allow the firewall settings to be adjusted to allow network access to the
key.

Installation of OpticStudio on the client machines is also identical to the normal installation, except
that you must tell OpticStudio where to look for the keyserver machine after installation. Navigate
to whatever folder you installed OpticStudio in (by default this is C:\Program Files\Zemax
OpticStudio\) and locate a file called sntlconfig.xml.bak. Rename this file to sntlconfig.xml, and open
it in Notepad. Edit the following line:

<ContactServer>
10.0.0.1
</ContactServer>

Replace the default entry 10.0.0.1 with the IP address of your keyserver machine and save the file.

Troubleshooting
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OpticStudio will run without problem in the vast majority of cases. If you do experience problems,
then visit our Knowledge Base at www.zemax.com/kb. Look at the Category ‘Installation and
Troubleshooting’ for help.

Make sure your key is plugged in!

Customizing Your Installation

OpticStudio installs using several default settings which you may prefer to change. You can also set
these defaults up on a project basis, so that all designs for a specific project use the same settings.
Start OpticStudio, and navigate to Setup...Project Preferences:

B Rid= | RDPC 22 g0 Zemax OpticS|
File Setup Analyze Optimize Tolerance Libraries Part Designer Pragramming Help
N — } | Sequential UI Mode| @ ® & Performance
#& Non-Sequential Ul Mode - @ Network Server
Lens Cross-Section Shaded System
Data Model Check
System Editors [} System Viewers Diagnostics
Project Preferences
Address
Colors Address Line 1:  Zemax
Editors Address Line 2. OpticStudio
Folders
Address Line 3:
General
Graphics Address Line 4:
Toolbar Address Line 5:
Shorteut Keys .
Show Line 4 As: [FI|E Name v]
Show Line 3 As: [Conﬁguraiion # v]
Hide Address: [
[Csme J(_io0d e (] Coc J[one @
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Navigating the OpticStudio
Interface

The OpticStudio user interface provides a fast, flexible platform for the design and evaluation of
almost any optical system.

B O RhH= Q9 cz2 80 Zemax OpticStudio 15 Premium - 36563 - LENS.ZMX - [
{08 Setup | Analyze  Optimize  Tolerance  Libraries  PartDesigner  Programming  Help >

‘(‘E m Sequential Ul Mode (> ("P g @ Performance I_.F \i T‘ # T DO Editor

o & Non-Sequential Ul Mode - @ Network Server S .
System  Project  Scale Lens Cross-Section Shaded | System BringTo Window |DockNew | Make
Explorer Preferences Lens Data Model | Check Front~ Options ~ | Windows | Thermal Conjugate
System Editors 5 System Viewers Diagnostics Window Control c

System Exlorer @ LeesData X} =
» Aperture [ ,

ik +QM X% 2P O-LC IS0

» Wavelengths + Surface 1 Properties < > Configuration 1/1

» Environment

el 4 Surf:Type Comment Radius  Thickness Material Coating Semi-Diameter Conic TCE x 1E-6

» Advanced 0 OBJECT Standard v Infinity | Infinity 0 0 0

Py g, 1 STOP  Standard ~ Infinity 0 0 0 0

» Material Catalogs -

TS 2 IMAGE Standard v Infinity - 0 0 0

» Files

*» Units
» Cost Estimator

EFFL: 1e+010 WENO: 10000 ENPD: 0 TOTR:0

It consists of several key areas:

1. Aribbon bar which provides easy access to all the program’s features, clustered in task-
oriented tabs. Each tab contains groups of icons. In this example:

File Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help

&y i | Sequential Ul Mode (} CB & Performance J___T @
4--’? S dl Non-Sequential Ul Mode - &) Network Server o
System Project Scale Lens Cross-Section Shaded System Bring To Window |Dock New

Explorer Preferences Lens Data Model Check Front~ Options ~ | Windows
System Editors [F] System Viewers Diagnastics Window Control

System Explorer (3 | LensData X |

Setup is the name of the ribbon bar, and System, Editors, and System Viewers are examples of
groups.

2. The System Explorer, which can be displayed or hidden at any time. This contains system-
specific information about the optical system under design.
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System Explorer (3)

b
L4
.4
]
]
]
]
.4
4
]
]
]

Aperture
Fields
‘Wavelengths
Environment
Palarization
Advanced

Ray Aiming
Material Catalogs
Title/MNotes
Files

Units

Cost Estimator

AV e Vel S an

3. A workspace, which is the main area in which you will do your work.

[ scr Anshoe  Optimae  Tolewnce  Libries  PatDesgner  Progmming  Help

Sequentis Ui Mode 0} ! @ Pecformance
¢

A& e Bk > Okt
Spem  Proect  Scale Lens >
Explorer Preforences Lens :

CromSecion Shaded | System
Model | Check

Etos 1 SystemViewess

4. A user definable Quick Access Toolbar which allows you to place your most commonly
used features on the desktop for single-click access.

B = w?2¢C 22 ( )

File Setup Analyze Optimize Tolerance Libraries Pa

| ‘

~"
el

_ Sequential UI M

The toolbar is configured under Setup...Project Preferences...Toolbars.
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B O "RD¢Cz?T | &6 Zemax OpticStudio 15 Premium - 36563 - LENS.ZMX
File Setup Analyze | i Project Preferences
;| Address Sequential Ul Mode | Non-Sequential UI Mode
Colors
Editors Customize Quick Access Toolbar:
Folders .._. New [ Separatar |d
General @ Open {'}] Zemax Element Drawing o
» Aperture Graphics H Save éi IS0 Element Drawing
: \Fp\‘:\‘:lengths l:::’::t Keve 9 Print 3 CAD Part Viewer
» Environment = Separator (I Cross-Section
¥ Polarization i save As [ shacied Model
» Advanced '9 Undo “= Ray Aberration
b Ray Aiming c‘ Redo * Standard Spot Diagram
» Material Catalogs < Update .' Footprint Diagram
b Title/Notes ] Update All ** Through Focus Spot Diagram
b Files Separator ", Full Field Spot Diagram
¥ Units § System Check Matrix Spot Diagram
> L e ey B> 20 viewer i:% Cenfiguration Matrix Spot Diagram
Y¥ Y-Ybar Drawing
ok Optical Path
“}= Pupil Aberration -
[T fiald Ciincat, A Dicteet: [
[sawe [ tosa ][ er st ok (e @

Multiple Project Preferences may be created and recalled to customize the user interface to
the work in hand.

NN i N NN e

(e o[t (o [ cms @

5. A status bar, which displays useful information about the design at the bottom of the
workspace

DOUBLE GAUSS EFFL: 99.5007 ISFM: 298532
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System Explorer

System Explorer (3)

* T T T VT T T T T W

= Aperture

Aperture Type:

Entrance Pupil Diameter

Aperture Value:
333

Apodization Type:

Unifarm

Semi Diameter Margin Millimeters:
a

Semi Diameter Margin %
o}

Global Coordinate Reference Surface:

1

[C] Telecentric Object Space

[C] Afocal Image Space

[[] tterate Salves When Updating
Fast Semi-Diameters

[C] Check GRIN Apertures
Fields
b Settings
P Field1 (X = 0.0, Y = 0.0, Weight = 1.0}
P Field 2 (X = 0.0, Y = 10.0, Weight = 1.0}
b Field 3 (X = 0.0, Y = 14.0, Weight = 1.0}
b Add Field
Wavelengths
Environment
Polarization
Advanced
Ray Aiming
Material Catalogs
Title/Motes
Files
Units
Cost Estimator

The System Explorer shows the basic system settings
that are usually input at the very start of a design
project. Typically, these settings are not optimized, but it
can be done if needed.

The groups within the System Explorer can be
expanded, closed, and reorganized as desired, and the
whole System Explorer can be hidden or expanded at
any time using the controls in the upper right corner:

System Explorer (3)

L3

| uto Hide

= Aperture

Aperture Type:

Entrance Pupil Diameter

System Explorer (3) 3
-~ Aperture Float
Aperture Type: Float on Left

Entrance Pupil Diameter Dock on Left

Aperture Value: Auto Hide
333
Apodization Type: Expand All
Collapse All

Unifarm

Full details are given in the System Explorer section of
the Help Files Setup Tab chapter.
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File Tab

File Setup Analyze Optimize Tolerance Libraries Part Designer Pragramming Help

@ H aﬂ n . { I rt’ ! {. W = g ‘l-, ‘

MNew Open Save Save Insert File Create  Load CAD DXFIGES Zemax Encrypted Convert To Convert File Explode Exit
= As Llens Comparator | Archive Archive Files Linework = Black Box Coatings NSC Group  Formats = =
Lens File Archive Export Convert Explode

System EBxplorer (2)

The File tab contains all the file input/output functions, split into these groups:

The Lens File group contains all the normal Windows file management tasks like file opening,
saving etc. OpticStudio files are stored in .ZMX format files, along with associated .CFG files that
contain configuration settings and .SES files that contain settings data for all windows that were
open at the time the file was saved.

The Archive group lets you create and open OpticStudio Archive files. These are stored in .ZAR
format, and contain all the files needed to open the file on another computer with OpticStudio
installed on it. All OpticStudio data, glass catalogs, coatings, CAD files, SolidWorks™ etc files used
by the lens design are compressed into this single file so that you can easily make backups of the
design as it progresses through the design process, or transfer the design to another machine.

The Export group provides access to all the export capabilities in OpticStudio, including exporting
to STEP, IGES, SAT and STL format CAD files, and exporting to DXF and IGES linework diagrams.
The OpticStudio Black Box feature allows you to encrypt a range of surfaces in the lens data
spreadsheet, which can be given to other OpticStudio users without revealing the details of the
design itself. This lets you give fully ray-traceable files to customers, or to other colleagues on a
need-to-know basis, that give exact results on ray tyrace but do not reveal the design prescription.

The Encrypted Coatings feature is a similar capability for thin-film coatings, and allows the full
prescription of a thin-film coating to be exported in an encrypted format that allows exact ray
tracing without making the design itself available.

The Convert group lets you convert between OpticStudio’ sequential (lens design) and non-
sequential (system design) modes, and also converts various file formats (like .MAT Matlab® , .INT
interferometer data and .f3d OptiWave data) between original and OpticStudio formats.

See the Help Files File Tab chapter for full details of all options.
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Setup Tab

File Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help
:_:;' i | Sequential Ul Mode (:} @ ® Performance 3 @ = o 0 Editor
Sl Non-Sequential UI Mode (&) Netwark Server e -
System Project Scale Lens Cross-Section Shaded System Window |Dock New Make Make
Explorer Preferences Lens Data Model | Check Options - | Windows || Thermal Conjugate

System

Editors [ System Viewers Diagnostics Window Control Configuration

This tab is used when you start each design project, and is visited infrequently or not at all after
initial setup.

The System group puts everything to do with basic system setup in one place. Project Preferences
lets you customize the OpticStudio installation, folder locations, quick access toolbar etc and save
these settings to a project configuration file.

The Editors group gives access to the spreadsheets that are used to define the optical system on a
surface by surface or object by object basis.

The System Viewers group gives access to the layout plots that are used to view the optical system
itself.

Diagnostics lets you check the OpticStudio file. The System Check utility traps many common setup
errors.

Windows Control defines how windows in the OpticStudio workspace behave. Windows can be
docked, float freely, be tiled and cascaded etc.

Configuration is used is the design has multiple versions, which is typically the case for zoom
lenses, thermal analysis of lenses over a range of temperatures, scanning lenses and lenses with
moving parts. The Configuration group appears on all ribbons if more than one configuration is
defined.

See the Help Files Setup Tab chapter for full details of all options.

Analyze Tab

File [ nalyze | Optimize  Tolerance Part Designer  Programming  Help

& ouu@t B

aded | Roysil Abemations Wevefront PSF MTF  RMS  Endose
odel | Spots

Light = Systems -
Applicat;

Image Quality
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This tab provides access to all of OpticStudio’ analysis features in sequential Ul mode. Almost all
imaging system design is done in this Ul mode. Analysis features provide detailed performance data
over a wide range of requirements. Analysis features never change the underlying design, but
provide diagnostic information on the design that is used to guide any required changes.

The System Viewers tab gives access to the layout plots that are used to view the optical system
itself.

The Image Quality tab provides access to all the analyses used in the design of imaging and afocal
systems, including ray-trace data, aberration data, wavefront, Point Spread Functions and more.

Lasers and Fibers gives access to laser-system-specific features such as simple Gaussian Beam
Analysis, Physical Optics and fiber coupling calculations.

Polarization and Surface Physics computes the performance of thin-film coatings on individual
surfaces, overall system performance as a function of polarization and plots of surface sag, phase
and curvature.

Reports provides text based analyses for presentation purposes.

Universal Plots allow you to create your own analysis features if required.

Applications show application-specific analysis features such as Biocular system analysis, freeform
and Progressive Addition Lens analysis, and also access to the full non-sequential features of
OpticStudio.

If the lens uses multiple configurations, the Configuration group (see Setup tab) is also shown.

See the Help Files Analyze Tab chapter for full details.
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Analyze Tab (Non-Sequential Ul
Mode)

A Sctup | Analyze | Optimize  Tolerance  Libraries  PartDesigner  Programming  Help

9 = b g < 3 3 B B ¢ & A O 4

NSC3D NSCShaded CAD Part Object = Ray Lightning | Detector Detectors = RayDatabase Path Flux vs. Coatings | Prescription | Universal | Roadway Source Reverse
layout  Model  Viewer Editor = Trace  Trace Viewer  Teols - Viewer  Analysis Wavelength Analysis - Data Plot - Lighting Illumination Map Radiance

System Viewers Trace Rays Detectors Raytrace Analysis Polarization | Reports | Universal Plot Applications

This tab provides access to all of OpticStudio’ analysis features in non-sequential Ul mode, which is
used for most illumination, stray light, lighting, etc. designs. Analysis features provide detailed
performance data over a wide range of requirements. Analysis features never change the underlying
design, but provide diagnostic information on the design that is used to guide any required
changes.

The System Viewers group gives access to the layout plots that are used to view the optical system
itself.

Trace Rays initiates ray tracing using either the comprehensive non-sequential ray-trace engine, or
a faster, approximate method called LightningTrace™ that is very useful if the source can be
approximated as a point source.

Detectors and Raytrace Analysis groups provide a wide range of analyses on a previously
performed raytrace.

Polarization computes the performance of thin-film coatings on individual faces of objects.
Universal Plots allow you to create your own analysis features if required.

Applications show application-specific analysis features such as Roadway Lighting Analysis

See the Help Files Analyze Tab chapter for full details.
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Optimize Tab

File Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help

— X Remove All Variables = - % ] E‘
t 0 = = o d R Set Al Radii Varisble ¢ — = - I+ E
Quick Quick Slider  Visual Merit Optimization Optimize! _ . Global Hammer Glass Substitution Find Best Convert Stock Lens TestPlate  Test
Focus Adjust Optimizer | Function Editor  Wizard T Set All Thickness Variable | Search Current Template Asphere Asphere Types Matching  Fitting  Plate Lists

Manual Adjustment Automatic Optimization Global Optimizers Optimigation Togls

This tab is where you control the Zemax optimization capabilities.

Manual Adjustment contains a series of features that let you manually adjust the design for
desired performance. This group is only available in Sequential Ul mode.

Automatic Optimization provides access to the Merit Function Editor, which is how a system's
performance specification is defined in Zemax. The Optimization Wizard lets you quickly generate a
merit function based on the most common requirements (smallest spot, best wavefront error, least
angular deviation) which can then be edited to your exact requirements.

Global Optimization is used in two main scenarios: at the start of a design process (Global) in order

to generate design forms for further analysis, and after initial optimization (Hammer) to exhaustively
improve the current design.

Optimization Tools performs a range of post-optimization functions such as finding the best
surface to aspherize or swapping lenses in the current design for catalog optics. This group is only

available in Sequential Ul mode

See the Help Files Optimize Tab chapter for full details.
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Tolerance Tab

File Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help
- - : : : f Py
Z& 7/ - F o = ¢ B : ¢ i A
Tolerance Tolerance Tolerancing Tolerance Tolerance IS0 Element Zemax Element Sag Surface Phase Curvature SagCross Phase Cross  Curvature CAD Cost
Data Editor Wizard Seripts *  Summary Drawing Drawing Table Map Map Map Section Section  Cross Section Export Estimator

Tolerancing

Manufacturing Drawings and Data Freeform Manufacturing Data

Cost Estimator

Tolerancing allows you to see the effect of finite manufacturing and assembly tolerances on the
design.

In the Tolerancing group, the Tolerance Data Editor is where you will enter the tolerances you wish

to place on each parameter. The Tolerance Wizard will quickly set up a set of tolerances which you
can then edit.

The Manufacturing Drawings and Data group (Sequential Ul mode only) creates manufacturing
drawings in ISO 10110 format and a Zemax-specific format, as well as exporting data about the
surface to cross-check manufacturing setup.

The Freeform Manufacturing Data group provides surface information that can be used in
manufacturing a tolerancing.

The Cost Estimator is a tool that estimates the cost to manufacture a lens.

See the Help Files Tolerance Tab chapter for full details.

Libraries Tab

Setup  Analyze  Optimize  Tolerance | Libraries | PartDesigner  Programming  Help

i B i ® X * & B © B M »
d S L i b B M & & X L N s i N2, e
Materials Materials Materials Glass Substitution Lens  Make Private Test Coating Coatings IS Scatter ABg Scatter Scatter Scatter Radiant Source IES Source Spectral Source Source Source Source CIE 1931 CIE 1976
Catalog  Analyses - Tools - Template Catalog Catalog Plate Lists atalog  Tools ~ Catalo: Catalog ~ Function Viewer Polar Plot Models ~ Models ~ Models ~ Directivity Plot Polar Plot Spectrum Plat Color Chart Color Chart

Optical Materials Stock Parts Coatings Scattering

Sources Source Viewers

OpticStudio ships with a lot of data on optical materials, stock lenses, thin-film coatings and light
sources built in, in the form of catalog data, plus you can add your own data as well. This tab

provides access to all the catalog data that ships with OpticStudio and also lets you enter your own
data.
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The Optical Materials group gives access to catalogs of glasses, plastics, birefringent media and
more.

The Stock Parts group holds all the vendor lens catalogs in Zemax, which can be quickly searched
to find the correct lenses for your application.

The Coatings group contains data and tools for designing thin-film coatings and applying them to
optical surfaces.

The Scattering group gives access to Zemax's surface scattering libraries and scatter viewers. The IS
Scatter Catalog contains measured data for a range of optical finishes including various matt blacks,
ground glass and anisotropic scattering surfaces.

The Sources group gives access to the libraries of Radiant Source (spatial, angular and optionally
wavelength) data and IES (angular only) data. Spectral (color) information can be added to data files

that do not have it, and there are several source viewer options.

The Source Viewers group includes tools for modeling source directivity plots and spectra.

See Help Files The Libraries Tab chapter for full details.

Part Designer Tab

Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help

Ed B& @ A F h s ap /o~ >

Part File Build Declaration Objects Sketch Shapes Translate Boolean Ray
Designer - All - - Objects = - - -

Insert Operations Sketch Group

The Part Designer is a sophisticated geometry creation tool capable of making parametric objects
which are optimizable within OpticStudio Premium. Part Designer is only available in the Non-
Sequential UI mode.

See the Help Files Part Designer Tab chapter for full details.
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Programming Tab

File Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help

L1 sl i~ E‘ . E‘ ~ .

=840 E m 4O R EO O 6 6 6 6
Macro Edit/Run Refresh MNew Macro Extension Command Line Refresh Extensions User Extension Help Interface C#Project C++ Project MATLAB Project Python Project

List = List Macro Help List = Interface List Help Analyses List System Documentation Templates = Templates = Templates ~ Templates =

ZPL Macros Extensions Z0S-API Application Builders Z0S-API Templates

Although OpticStudio has a huge range of features and analysis options, there is always some
special feature or requirement. That's why OpticStudio has programming interfaces built right in.
The first is Zemax Programming Language (ZPL), which is a very easy to learn scripting language
similar to Basic. With ZPL, it is easy to perform special calculations, display data in different ways
and automate repetitive keyboard tasks, amongst many others.

'Extensions’ are external programs that can take control of Zemayx, instruct it to perform analyses
and extract data from it. MatLab® and Python are two of the most common programs to work with

OpticStudio, plus you can write your own program which can use zclient, our Software Development
Kit (SDK) for applications programmers.

Zemax OpticStudio also has a ZOS-API programming interface which can be used in a .NET
environment, using C#, or any other .NET-capable language. In addition, ZOSAPI can also be used
in a .COM environment, using C++, or any other .COM-capable language.

See the Help Files Programming Tab chapter for full details.
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Help Tab

File Setup Analyze Optimize Tolerance Libraries Part Designer Pragramming Help

About  License Hép Help Getting Started Using Knowledge Email Technical Zemax User Downloads | Check For Validate System  Feature
Agreement System PDF CpticStudio Base Support Home Forums~ Updates Key  Diagnostic Finder

Information Resources Websites Utilities

Systemn Fxplorer (3)

The Help tab provides links to this Help file, plus links to our web-based Knowledge Base, website,
and user forums.

See the Help Files Help Tab chapter for full details.

Using Spreadsheet Editors

Most data about your optical system is contained in one or more spreadsheets. OpticStudio’s
spreadsheets are designed to behave like Microsoft Excel® sheets as much as possible, to make
them familiar. There are some specific optical system design touches to make you very productive
when using OpticStudio. Here is a typical Editor:
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_ Lens Data v — 0O X
+Q@H ;K &PE O-LE > = @
# Surface 5 Properties < > Configuration 1/1

Type

Draw Surface Type: Standard - |E| Make Surface Stop:

Aperture Surface Color: m| Make Surface Global Coordinate Reference:

Seattering Surface Opacity: |100% - | Surface Cannot Be Hyperhemispheric:

Tl'lt."[_)ecenter Row Color: m| Ignare This Surface:

Physical Optics

Coating

Import

(7]

4 Surf:Type Comment Radius Thickness Material Coating Semi-Diameter Conic TCE x 1E-6
0 OBJECT Standard - Infinity Infinity Infinity 0 0
1 Standard - 341532 V 8.74666 SK2 AR 29.2253 0 =
2 Standard - 152522V 0.5 AR 28141 0 0
3 Standard - 359506 V 14 5K16 AR 24.2958 0 -
4 Standard - Infinity 3.77697 F3 21.2972 0 =
5 Standard - - 222699V 14.2531 AR 14.9194 0
6 S5TOP  Standard ~ Infinity 12.4281 10.2288 0
7 Standard - -25.685 V 3.77697 F> AR 131878 0 =
B Standard - Infinity 10.8339 5K16 164681 0 -
1] Standard - -36.9802 V 0.5 AR 18.92% 0 0
10 Standard ~ 196.417 V 6.85817 5K16 AR 21.3108 0 -
11 Standard - -67.1476 W 57.3145 V AR 21.6463 0
12 IMAGE Standard » Infinity - 24.5705 0

All Editors contain three areas:

1. A Toolbar area at the top which provides tools for manipulating the data in the editor and
performing tasks specific to that data. For example, the first icon in the Lens Data Editor
above is a Tilt/Decenter elements tool which allows any group of elements to be tilted and
decentered.

2. A collapsible Properties dialog that lets you see and set detailed data about each row or
item in the editor. This is typically reserved for data that is set once and then not changed
frequently. The Properties can be hidden (collapsed) when not needed.

3. The Spreadsheet region which is where the data you need to work with is kept. Spreadsheet
cell data can be entered directly, or can be calculated by Solves, which act similarly to
spreadsheet functions in Excel®

Each Editor, its toolbar and Properties is discussed in detail in its own chapter.

For more information see the "Using the Editors” section in the Help Files under The Setup Tab >
Editors Group.
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Using Analysis Windows

|J::2'.RMSV‘S.FiE|d * - 0O X
~Settings & Calale SO0 =—A S = = 3x4- @ Standard - Automatic - | @

Ray Density: 3 A | Wavelength: All A |
Field Density: 50 = | Data: Wavefront = |
Plat Scale: 0 Refer To: Centroid - |
Method: Gauss Quad = | Crientation: +y = |

Use Dashes: ] Show Diffraction Limit: ]

Use Polarization: [ Remove Vignetting Factors:

[¥] Auto Apply OK ‘ l Save H Load H Reset ‘

Field = 12.2, RM5 = (0.5896

1.0
w
@Y
@
= 0.8
‘l:
“
2 0.5
1S
w
£ 0.4 = </
S 0.
T
[y
a
]
= 0.2
w
=
o

0 L L L L L L
o 1.4 2.8 4.2 5.6 7.0 8.4 9.8 11.2 12.6 14.0
+Y Field in Degrees
B—Poly E—0.4861 B—0.5876 B—0.6563
RMS Wavefront Error vs Field
DOUBLE GAUSS Zemax
4,/28/2015 OpticStudio

Reference: Centroid

Double Causs 28 degree field.ZMX
Configuration 1 of 1

Graph | Classic | Text |

All Analysis windows contain four main areas:

1. Atoolbar, which is common across all Analysis windows. This gives access to the Analysis
Settings, which control the calculation, and various controls like print, copy, save as etc

2. The Settings dialog, which can be shown or hidden by using the Setting control on the
toolbar.

3. The data analysis itself, which can be shown in three ways: as a graphic, as a text listing and
(some windows only) in ‘Classic’ mode which uses the graphics libraries from older versions
of Zemax.
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4. A context menu that appears when the right-mouse button is clicked:

Open settings

Reset zoom

v Show legend -

v Show legend series checkboxes

Edit axis options ]

Manually position ]

Copy image to clipboard

For more information see the Help Files Analyze Tab chapter.
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Using the Shaded Model

(0] 4: Shaded Model v -ox
 setings| 2 2 ] - G @ @ =~ (BIB) O [ 0~ M- & = 0@

The Shaded Model lets you view your system through an advanced graphics view familiar to anyone
who has used modern CAD programs. Mouse control of the view is intuitive, and the toolbar gives
access to default views (Isometric, X-Y, Y-Z and Z-Y) and cutting planes which can be used
interactively to show the level of detail you need. There are options for wireframe, hidden line or
solid modeling views.

See the Shaded Model section of the Help Files Analyze Tab chapter for full details.

Arranging Windows

Windows can be free-floating or docked, and docked windows can be tiled in any way you wish.
This is best described in a video:

Watch the video: Arranging Windows :
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http://zemax.com/products/opticstudio/feature-explorer/user-interface/window-management

Printing Windows

The Graphics section of the Help Files > Setup Tab > Project Preferences includes settings for
printing layout plots to scale and the default printing orientation.

In addition, the printer icon in the toolbar of any analysis window will bring up a Print Preview
dialog window. This dialog allows you to configure options such as the desired printer, scaling, and
page ranges. The print shortcut key will also open the Print Preview window, and by default this

shortcut is “Ctrl + P".

Print Preview
Xerox EXi 570 Printer
Scale

Fit To Page
Original Size
@ Print To Scale

Scale Factor: 15

Layout

Orientation:  Landscape |

Landscape
7] Center
Maximum Size

© Use Margins

Lef: 050 Right  0.50

Top:  0.50 Battom:  0.50 Foeat dvint Lengtn: 132 59043 vm
Selection

Selection: |All -

Page 1 of 1

Properties | | Print I [ Cancel

Advanced Settings

Use the link with the selected printer name at the top-left corner, or the Properties button to choose
the desired printer as well as advanced printer driver settings. Note that the 'Print' button on the
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advanced settings dialog does not actually print, but merely accepts the new settings and closes the
dialog.

Orientation

The orientation controls whether the output is printed in Portrait or Landscape mode. There are
four options:

1. Default — use the current value from the printer advanced settings.

2. Automatic — determine the best fit based on the paper dimensions and selected scaling
mode.

3. Portrait

4, Landscape

Immediately below the orientation selection box, the computed orientation will be displayed (useful
when selecting Default or Automatic).

Scaling

Scaling determines how the graphic is scaled to fit the output pages. Note that all scaling options
are applied equally to both axes (i.e. aspect ratio is maintained). There are currently three options:

1. Fit To Page — take up the most space possible on a single page.

2. Original Size — attempt to print at exactly the size the input text or graphic is currently
displayed on the screen (not the size in the preview window).

3. Print To Scale (only for layout plots) - the layout plot will be printed at a 1:1 scale based
on the lens units.

The Center option is used to pad the graphic so that it is centered on the print page(s), rather than
on the upper-left hand corner.

Selection
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There are several options to select which of the available pages are printed. Use the preview page
controls at the bottom right to decide which pages you want printed, and then choose from the
following options:

1.

2
3.
4

All
Range — used to select a contiguous range of pages to print, from x to y.
Current — only print the current preview page.

Selected (only for text) — only print the currently selected analysis text. Note that this
option is only available when printing text, and only when a block was selected before
opening the print dialog.

Tutorials

In this section we give several examples of how to use OpticStudio. We strongly recommend that
you take the time to work through this section.

If you are viewing this in an HTML dialog, expand the “Tutorials” topic in the Contents tab to view
the subsections.

Tutorial 1: A Walk-Through an
OpticStudio Design

In this example we open one of the sample files provided with OpticStudio and get familiar with the
use of the various controls. Open OpticStudio (click File...New if it is already open) and in the Setup
tab choose ‘Dock New Windows'
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TR E W2 C2 2

Zemax OpticStudio 14 Premium - 25310 - LENS.ZMX

{0 cetip | Analyze  Optimize  Tolerance  Libraries Pragrsmming  Help
u;,_ E\ _ Sequential Ul Mode ; ® Performance i 4 @ o W _ Multiple Configuration Editor
s d Non-Sequential Ul Mode ) (&) Network Server
System  Project  Scale Lens Cross-Section Shaded  System BringTo Window DockMNew = Make  Mske
Explorer Preferences  Lens Data lodel | Check Front~ Options = | Windews | | Thermal Cenjugate
System Editors & System Viewers Diagnestics Window Control Configuration
/' lensData x | K
+emn B O-2 5@
“ Surface 0 Properties < Configuration 1/1 ¢
. SurfiType Comment Radius Thickness Material Coating  Semi-Diameter | Conic TCE x 1E-6
0 Infinity Infinity 0.000 0000 0.000
1 STOP  Standard Infinity 0.000 0.000 0000 0.000
2 IMAGE  Standard = Infinity - 0000 0000 0.000

Then click on File...Open and select the file {Current
User\Documents\Zemax\Samples\Sequential\Objectives\Double Gauss 28 degree field.zmx. This is
a classic lens design, and even if you intend to use only the non-sequential mode of OpticStudio
you should still follow this example. The user interface is common to both sequential and non-
sequential ray-tracing, and users of all versions of OpticStudio will be able to work through this
example. The OpticStudio window will look like so:

| ) H H E} G = z | Zemax OpticStudio 14 Premium - 25310 - Double Gauss 28 degree fieldzmx 3
I sctup  Analyze  Optimize  Tolerance  Libraries Programming  Help
1 ¢ ; g Py 2 7 e | P
@ = Rl S Il I'b A im b g R T A
New Open Save Save Insert Create  Load CAD DXFAGES Zemax Encrypted Convert To  Convert File Explode Exit
© Lens Archive Archive Files Linework = Black Box Coatings NSC Group ~ Formats = ©
Lens File Archive Export Convert Explode
[ 1 Layout [73] 2: RMS vs. Field : Matrix Spot Diagram Lens Data X ‘ b
+ Aperture _ = 3
QM| L eBHB O ¥ 5+@
Aperture Type:
— ~ Surface 0 Properties < » Configuration 1/1
Entrance Pupil Diameter v]
Aperture Value: 4 SurfiType Comment Radius Thickness Material Coating | Semi-Diameter  Conic TCE x 1E-6
13330 0 |[OBJECT Standard + Infinity Infinity Infinity 0.000 0.000
) 1 Standard + 54153 v 8747 sk2 AR 20,225 0.000
Apadization Type:
2 Standard 152,522 vV 0.500 AR 28141 0.000 0.000
[Uniform -
i 3 Standard + 35951 Vv 14,000 SK16 AR 24.296 0.000
[0 Telecentric Object Space a Standard Infinity 3777 £ 21207 0.000
B AfocalImage Space 5 Standard + 22270 V 14253 AR 14919 0000 0000
[ Tterate Solves When Updating 6 STOP  Standard ~ Infinity 12428 10.229 0000 0000
5 Eo
E.m";mnment 7 Standard v -25.685 V 3777 F3 AR 13188 0.000
~ Fields
b Sattings 8 Standard ~ Infinity 10834 K15 16468 0.000
» Field 1 (X = 0.000, ¥ = 0.000, Weight = 1.000) oy Standard ~ -36.980 V 0.500 AR 18.330 0.000 0.000
> GEEAEsRLIN TS TMLLERRSII || - Standard + 196417 6858 SK15 AR 21311 0.000
» Field 3 (X = 0.000, Y = 14.000, Weight = 1.000)
} Add Field 11 Standard -67.148 V 57315 V AR 21.646 0.000 0.000
¥ Files 12 IMAGE Standard + Infinity 24571 0.000 0.000
¥ Glass Catalogs
b Miscellaneous
¥ Non-Sequential
¥ Polarization
} Ray Aiming
¥ Title/Notes
¥ Units
~ Wavelengths
} Settings
} Wavelength 1 (0.486 um, Weight = 1.000)
» Wavelength 2 (0.588 um, Weight = 1.000) é
» Wavelength 3 (0.656 um, Weight = 1.000)
b Add Wavelength

T N gl
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[ET]

= ]

."'r.EEl: e =
= Close

v/ Settings Close All But This

Float
Float All

= New Horizontal Tab Group
1] MNew Vertical Tab Group

/

b to show the window placement menu:

Experiment with floating and docking windows. Then click on the Layout tab with the left-mouse-
button and drag the window away from the dock until the Window Manager icon appears. Use this
to place the layout below the other three windows:

[ 2RMS s Field | [7]3: Matrix Spot Disgram [ Lens Data X |

QM X eBFE O-<¢|5+@

v Surface 0 Properties < >

Configuration /1 < >

0

1 Standard v 54153 V 8747 sk2 AR
| Standard * 152522 V 0500 AR
E | Standard v 35951 V 14000 SK16 AR
| Standard * Infinity 3777 F5

5 1 Standard v 22270 V 14253 AR
6 STOP  Standard + Infinity 12.428

| Standard ~ -25.685 V 2777 F5 AR
7 | Sta Infinity 10834 SK16.

| Standard * -36980 V 0,500 AR
10 Standard v 196417 V 6,858 SK16 AR
1 Standard ~ -67.148 V 57315 V. AR
12 IMAGE  Standard = Infinity

29.225
28141
24,206
21207
14919
10.229
13.188
16.468
18930
21311
21646
24571

4 SurfType Comment | Radius  Thickness  Materil | Coating | Semi-Diameter
[OBJECT Standard ~ Infinity Infinity Infinity

Conic
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

TCEx 1E-6
0.000

0.000
0.000

0.000

0.000
0.000

PPN Yk W W VY. Y

And release the mouse button:

Zemax, LLC Getting Started With OpticStudio 15

Tutorials e 34



/ EZ:RMS\&. Field Matrix Spat Diagram / | lensData X

+@H | K BEEH O- ¥ 5@

~| Surface 0 Properties < > G ion 1/1 < ©
( A Surf:Type Comment | Radius | Thickness | Material Coating |Semi—DiametEI| Conic | TCE x 1E-6
0 Infinity Infinity Infinity 0.000 0.000
1 Standard » 54153 V 8747 SK2 AR 20225 0.000 -
27 Standard « 152522 V 0.500 AR 28141 0.000 0.000
3_ Standard « 350951 V 14,000 SK16 AR 24296 0.000 -
47 Standard + Infinity 3777 F5 21.297 0.000 =
5_ Standard « 22270 V 14.253 AR 14,919 0.000 0.000
ﬁ_ STOP  Standard » Infinity 12428 10.229 0.000 0.000
7_ Standard v -25.685 V 3377 F5 AR 13.188 0.000 =
B_ Standard » Infinity 10.834 SK16 16468 0.000 -
97 Standard « -36.980 V 0.500 AR 18.930 0.000 0.000
l.; Standard « 196417 V 6.838 SK16 AR 2311 0.000 -
IT Standard -567.148 V 57315 V AR 21645 0.000 0.000
__1.2_IMAGE Standard « Infinity - 24571 0.000 0.000 &
|/ [0 2: Layout x

visettings| 2 B3 pd | 2 O A = A | Q[ 5 2+ 324 - | standard - | @

; Gy
f - ! | -
Layout
‘ Zerrax.
OpticStudio

| Double Gauss 28 degree fisldzmy

figuration 1

of 1

Repeat this process to get the following workspace layout:
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|/ LensData x

+QH| X ¢FH O-25-@

~ Surface 0 Properties < > C on1/1 <
P Surf:Type Comment  Radius | Thickness | Material Coating  Semi-Diameter | Conic TCE x 1E-6
0 ‘ Infinity Infinity Infinity 0000 0000
1 Standard ~ 54153 V 8747 sk2 AR 29225 0.000 -
| Standard ~ 152522 V 0500 AR 28141 0.000 0000
B | Standard + 35951 V 14,000 K16 AR 24296 0000 -
4 Standard + Infinity 3 F5 21.297 0.000 -
5 Standard ~ 2210 V 14253 AR 14919 0.000 0000
6 STOP Standard v Infinity 12428 10229 0000 0000
7l Standard + -25.685 V 7 F5 AR 13.188 0.000 -
8 Standard = Infinity 10834 SK16 16,468 0000 -
9 Standard + -36980 V 0500 AR 18930 0000 0000
10 Standard ~ 196417 V 6858 K16 AR 2131 0.000 -
1 Standard = -67.148 V 57315 V. AR 21646 0000 0000
12 IMAGE  Standard + Infinity - 24571 0.000 0000

| [ x:Layout x

vSettings| £ Calpd | /O~ — A Q]
Standard -+ | @

o] [ &2 3xa -

Layout
DQUELE GALSS

i Zemax
Total Bl Lengeh: 132.3842 men Opticstudic

Dbl Gauss 28 egree el ame

Then make this arrangement:

/[ 2:RMS vs. x

S|/ latrix Spot Diagram X

Vsetings| 2 Cald ) /O — A Q[e]|ES o [3x2 -
Standard + Automatic + | @

e - 625 s - D333
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+¥ Field in Degrees
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_ LensData |

$+QHl LK 2BE O- ¥ $++@

v Surface 0 Properties © > Configuration 1/1
A Surf:Type Comment | Radius | Thickness | Material Coating | Semi-Diameter | Conic | TCEx 1E-6

0 Infinity Infinity Infinity 0.000 0000
il Standard « 54153 V 8747 SK2 AR 29.225 0.000 -

2 | Standard « 152.522| V 0.500 AR 28141 0.000 0.000
3 | Standard « 35951 V 14,000 SK16 AR 24,296 0.000

4 | Standard « Infinity 33T F5 21.297 0.000

5 | Standard « 22270 V 14.253 AR 14,519 0.000 0.000

6 | STOP Standard ~ Infinity 12428 10.229 0.000 0.000

F/ | Standard « -25.685 V 377 F5 AR 13.188 0.000

8 | Standard ~ Infinity 10.834 5K16 16468 0.000

9 | Standard -36.980 V 0.500 AR 18.930 0.000 0.000
10_ Standard ~ 196417 V 6.858 5K16 AR 21311 0.000

ll_ Standard -67.148 V 57315 V AR 21646 0.000 0.000
IZ_IMAGE Standard ~ Infinity = 24571 0.000 0.000
) 3: Matrix Spot Diagram [:ij 1: Layout @ 2: RM5 vs. Field

) Settings | & B3 ad gé A0/ =—A|& |E| |§|T; 3x4 - | Standard =~ Automatic - '@'

i}

fik:]

RMS Wavefront Error in Waves

a0
oo 20 40 Bl 20 100 120 140

¥ Field in Degrees

E—Paly H—04851 3 05876 B 06563

| RMS Wavefront Error vs Field
DOUBLE GALSS Zemax
I OpticStudio
R

Centroid

Double Gauss 28 degree fekd.oms
Configuration 1 aof 1

This shows one of the key features of the OpticStudio interface. Any open window many be floating
(placed where you put it, and independent of any other window), or arranged in the workspace, or
placed in a tab group with any other window etc.

Next, within the Setup tab, click on Performance in the Diagnostics group:
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Femax OpticStudio 14 Premium - 25310 - Dou

ﬁl_

. ; m | Sequential Ul Mode - . . ® Performance
@& Non-Sequential Ul Mode ] - :
Sequentia Cross-Section Shaded System

System Project Scale
Data

PHTRICEZ
Setup Analyze Optimize Tolerance Libraries Part Designer Pragramming Help

Lens on-Sequentia
Check

EE
Bnng To  Window
Front >  Opticns =
Window Control

“
Dock Mew

Windows

&

=

Make
Thermal

Explorer Preferences Lens
System | Editors & System Viewers | Diagnostics

Sl\i'e"”E'iFI‘:"Er _ _ LensData X Performance

+ Aperture
+@E L RBE O S@

Aperture Type:
~ Surface 0 Properties >
Entrance Pupil Diameter ']

| 4 Surf:Type Comment  Radius | Thick

Test ray-tracing speed for the currently
loaded lens file

Aperture Value,

~

\

Performance Test

Test results are only for comparing computers running the same Zemax
version and lens file.
12.81 million rays per second.
153.72 million ray-surfaces per second.
8.75 thousand system updates per second.
# of Cores: [8 ¥ | I Close I [ Run Test ]
" J

nfini

This will give you a simple metric of how fast OpticStudio is on your computer. It also shows one of

the best features of OpticStudio: its ability to use multiple CPUs in your computer, if available, to
trace millions of rays per second. Calculations are split up and spread over all available CPUs, and

the results stitched back together again, without any user interaction.
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Tutorial 1.1: The Lens Data Editor

_ . LensData X |

+Q@Hll LK EE O ¥ 5~0@

v Surface 3 Properties < > Configuration 1/1

A Surf:Type Comment Thickness Radius Material Coating Semi-Diameter Conic TCE x 1E-6

0 OCBIECT Standard = Infinity Infinity Infinity 0.000 0.000

il Standard = 8747 54153 V SK2 AR 29.225 0.000

2 Standard = 0.500 152,522 V AR 28141 0.000 0.000

3 Standard = 14,000 SK16 AR 24296 0.000

4 Standard = 3777 Infinity F5 21.297 0.000

5 Standard = 14.253 22270 v AR 14919 0.000 0.000

6 STOP  Standard = 12428 Infinity 10.229 0.000 0.000 }
F/ Standard = 3777 -25.685 V F5 AR 13.188 0.000

8 Standard = 10.834 Infinity SK16 16.468 0.000

9 Standard = 0.500 -36.980 V AR 18.930 0.000 0.000

10 Standard = 6.858 196417 V SK16 AR 21311 0.000

11 Standard = 57.315 vV -67.148 V AR 21646 0.000 0.000

12 IMAGE Standard + = Infinity 24571 0.000

In sequential ray-tracing, light is traced from its source, called the ‘Object’ surface, to surface 1, then
to surface 2, 3, etc. until it lands on the final Image’ surface. For historical reasons this surface is
always called the Image surface, even though the optical system may not form an image of the
source. A laser beam expander or eyepiece for example may be afocal: this is covered later.

Surfaces are inserted or deleted in the editor using the Insert or Delete keyboard keys, or via the
right-mouse click Context menu

A Surf:Type Comment
0 OQBJECT Standard =
1 [ AP P | -I
7 Copy Cell
3
4
Cut Surface
5
Copy Surface
& STC Y
Paste Surface
7
8 Insert Surface
< Inzert Surface After
e Delete Surface
11
12 IMA Hide Column
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which also allows individual cells or the entire spreadsheet to be copied to the clipboard. Column
widths can be varied by placing the cursor in the top row, over the column separator. When the
cursor turns to a < symbol, click and hold the left mouse button to resize the column. Columns can
be moved by clicking on the column header, holding the mouse down and dragging.

The 'V’ next to some parameters means that this parameter is ‘variable’. OpticStudio is allowed to
change the values in such cells in order to improve the performance. This will be discussed in more
detail later.

Surfaces also have a set of properties that are not directly visible in the editor until the Property
Inspector is opened. These are generally those properties that are set and then not changed. To see
these properties, move the mouse over the Type cell of the chosen surface, and double click.

| lLensData X |
@ LD O- ¥ S+@
# Surface 3 Properties < 7 Configuration 1/
Type
Drawe Surface Type: Standard * Make Surface Stop: ]
Aperture Surface Color: Default Color - | Make Surface Global Coordinate Reference: [C]
Scattering Surface Opacity: | 100% = | Surface Cannot Be Hyperhemispheric: ]
Tilt/Decenter X
i i Row Color: Default Color x | Ignore This Surface: O
Physical Cptics
Coating
Import
A Surf:Type Comment Thickness Radius Material Coating Semi-Diameter Conic TCE x 1E-6
0 OBJECT Standard » Infinity Infinity Infinity 0.000 0.000
1 Standard « 8.747 54153 V SK2 AR 29.225 0.000 3
2 Standard « 0.500 152,522 V AR 28141 0.000 0.000
3 14,000 35951 V SK16 AR 24296 0.000
W 3777 finity 0

Alternatively, click on the Property Inspector as shown above. A multi-tab dialog appears. From the
Surface Type drop-down list you can select the type of the surface, which can be aspheric,
diffraction grating, toroidal, etc.

Spend some time exploring each tab. The most commonly used tabs are the Type, Draw, Aperture
and the Tilt/Decenter tabs. Press the Help button on each tab to read the on-line Help.
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Tutorial 1.2: Analysis Windows

Analysis windows provide either graphical or text-based data computed from the lens as entered in
the Editor. Analysis windows never change the lens data: they provide diagnostic information of the
various aspects of the lens system'’s performance.

[0 2: RMS vs. Field L=
~Settings & Calplmm /0O — A 2 |uf||EJ& 52+ [3x4 ~|| Standard ~+ Automatic + | @
Ray Density: & - | Wavelength: All bt |
Field Density: 50 - | Data: Wavefront bt |
Plot Scale: 0 Refer To: Centroid bt |
Method: Gauss Quad A | Crientation: +y = |
Use Dashes: @ Show Diffraction Limit: £
Use Polarization: [ Remove Vignetting Factors:
Auto Apply OK | [ Save H Load H Reset |
@: 8.337, RMS = 0.9273
Close settings
3
§ 08 Reset zoom
£
—
<) 0.6
=
- ¥ Show legend
E
o v Show legend series checkboxes 4
f)
T 0.4
g Edit axis options 3
75 .
Manually position 3
=
= 0.2
Copy image to clipboard

@ D>—— | | | | —
: 2.0 40 6.0 8.0 100 12.0 :
+Y Field in Degrees

M—Poly H—04861 B 0.5876 B—0.6563

RMS Wavefront Error vs Field
DOUELE GAUSS Zemax
2/17/2014 OpticStudio
Reference: Centroid

Double Gauss 28 degree field.zmx
Configuration 1 of 1

Graph Text
Analysis windows all operate with the same user interface and have the same menu bar:

e Pressing the Settings icon will toggle a dialog box that controls the input parameters passed
to the calculation. The Save, Load and Reset buttons allow default settings to be saved,
recalled or reset to ‘factory’ defaults. If you save the settings of any window, those become
the defaults for every file that does not have its own settings, so your preferences
automatically flow through all your work.
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e Pressing the Update menu item (next to the Settings icon), or double-clicking anywhere in
ic i i e left mouse button, will make the Analysis window recompute

[£1] 2: RMS vs. Field

@) Settings| 2 B3 [ad &

e There are standard Copy, Save As and Print icons

e Right-mouse-clicking will make a context menu show. Analysis windows showing three
dimensional data have more options than 2D data plots

e A set of annotation tools let you mark up the analysis feature with text, boxes, arrows, lines
etc.:

A0/0=—A

e Windows can be locked, unlocked, cloned, overlaid and have their drawing resolution
changed

o

e = Fd 5 c5- 2x4 v Standard » Automatic = 'Zﬁ'

e You can zoom in on a section of interest by clicking the left mouse button, holding it down
and dragging it over the region you wish to zoom in on, or by clicking and dragging the
grey bars at the ends of the x and y axis, or by choosing ‘Edit Axis Options’ from the right-
mouse menu. A text tab shows the data on which the calculation is based. This can be
copied to the clipboard in whole or in part (by highlighting the section desired and right
mouse clicking) or saved to a text file.
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[i] 2: RMS vs. Field
) Settings | & B3 ad E@

RMS Wave Error vs. Field

File : C:\Users\Mark.Nicholson\Documents\Zemax\SamplesiSequential\ObjectivesiDouble Gauss 28 degree field.zmx

Title: DOUBLE GAUSS
Date : 2/17/2014

RMS units are in waves
Reference: Centroid.
Field units are in degrees.

Field is oriented along the +y direction.

Field Poly
.Baead @.3935
.28082 @.3939
56888 @.3951
54882 @.3972
12868 a.4808
42882 3.4837
.6E888 @.4852
96882 3.4135
. 24882 2.4197
.52e82 3.4266
.Baead 3.4344
.Bzea 3.4429
36882 3.4521
64888 3.4528
9282 3.4726
20882 @.4838
43082 3.4954
76282 3.5874
.e4e82 @.5198
.32e82 @.5324
.B2e8d 3.5451
.5age B.5577
.1e@ae a.5782
44882 @.5823
72882 @.5948
.B2ea 3.6851
. 28082 3.6153
56882 B.6245
54282 B.6326
L1282 3.6394
AARAG fa RAAS

a
a
a
a
1
1
1
1
2
2
2
3
3
3
3
4
4
4
5
5
5
5
6
1
6
7
7
7
7
8
=

L4861
L4465
L4465
L4465
L4465
L4465
L4487
4478
L4476
L4485
4485
L4518
L4543
L4576
L4817
4666
A723
L4798
L4866
4958
L5841
.5139
L5243
.5351
.5468
5578
L5678
L5781
.5B7E
.5965
L6941

A1

I~ s~ I T I I~ T v I i I R~ i B v I~ = s v v

bR~ =R~ R =R~ R~ R R TS =R = R~ I = R = R~ L~ I = R~ R R~ R~ = R~ T i~ = R~ ]

-5876
-2589
.2587
.2582
-2585
.2575
.2564

2551

-2539
-2528
.2519
L2514
.2513
.2519
L2531
.2552

2582

L2622
L2671
L2738
L2798
.2873
.2956
3245
L3138

3234

L3331
L3426
.3519
. 3688
L3691

ITRE

bR~ =R~ R =R~ R~ R R TS =R = R~ I = R = R~ L~ I = R~ R R~ R~ = R~ T i~ = R~ ]

.6563
L4445

L4441
L4436
44329

L3

PrErRREBRR
BE D

Open settings

Update
Copy
Copy All
Save As

Print

Ctrl+C

4326
L4329
L4333
4348
L4348
L4356
4365
4372
L4377
L4379
L4375
4365
L4348
4370

Text |

Spend some time playing with the features of the Analysis windows. Remember Analysis windows
never change the data in the design, so you cannot do any damage!

Tutorial 1.3: The System Explorer

Zemax, LLC Getting Started With OpticStudio 15

Tutorials e 43



Systern Explorer

~ Aperture

Aperture Type:

Entrance Pupil Diameter = |

Aperture Value:
33.330
Apodization Type:
[ Uniform =

["] Telecentric Object Space
["] Afocal Image Space
[ Iterate Solves When Updating

= Environment
Adjust Index Data Te Environment
Temperature (C):
20,000
Pressure (ATM):
1.000

= Fields

b Settings

b Field 1 (¥ = 0.000, Y = 0.000, Weight = 1.000)
P Field 2 (¥ = 0,000, Y = 10,000, Weight = 1.000)
P Field 3 (X = 0.000, ¥ = 14,000, Weight = 1.000)
b Add Field

Files

Glass Catalogs

Miscellanecus

Mon-Sequential

Polarization

Ray Aiming

Title/Metes

Units

Wavelengths

- w v v v w v W

1

b Settings

Wavelength 1 (0.486 um, Weight = 1.000)
Wavelength 2 (0.588 um, Weight = 1.000)
Wavelength 3 (0.656 um, Weight = 1.000)

The System Explorer defines the
light entering the system as well as
many other basic system
parameters. Data entered in the
System Explorer is usually set once
and not altered, or altered only
occasionally as the design matures,
although full optimization of System
Explorer data is supported if needed.
For example, the Aperture of this
lens is set to be ‘Entrance Pupil
Diameter’, so the EPD is specified
directly, and is set to be 33.33 ‘Lens
Units'. All items having units of
length are given in Lens Units except
where specifically noted. Click on
the Units tab to see what the Lens
Units of this lens are (they can be
mm, cm, meters or inches).

Entrance Pupil Diameter (EPD)
defines the size of the on-axis
bundle of light entering the lens
system. In the double-Gauss sample
file we are using, which is a
traditional SLR-type camera lens,
OpticStudio traces rays at this
height through the lens and
computes the size of the aperture
stop surface (marked as STOP in the
Lens Data Editor), drawn in red
opposite. The aperture stop surface
is usually a ring diaphragm, so in
reality the radial size of this surface
defines the EPD, not the other way
around.

If you prefer this alternative
definition, then choose the Aperture
Type in the General dialog box to be
'Float by Stop’, and then change the
semi-diameter of the STOP surface
to say 8 mm. Double-click all the
open Analysis windows to make
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them update to reflect this change,
and notice the change in the lens
. . apertures and performance.

Th e Fl el d S SeCtl on OpticStudio automatically computes
the appropriate size of each surface
so that all light passes through each
surface.

Another commonly used Aperture
Type is ‘Object Space NA" which is
appropriate when the source is
something like an optical fiber that
radiates out in a defined numerical
aperture. Use ‘Object Cone Angle’ if
the source is defined by a source
angle in degrees instead of NA.

The term “Field” is short for field-of-view and it can be defined in three ways, one of which supports
two options:

e The height of the object scene being imaged

e The height of the image being formed, which may be chosen to be either a real or paraxial
image height

e The angle subtended by the object scene at the lens
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. lensData | [[}]1: Layout X|

v Settings :%H@ SO A=A ;|EEE|:‘} £ 3xd v Standard - @

= Object Height

Image Height

Layout

2/18/2014
Total Axial Length: 100.00000 mm

Zemax
OpticStudio

LENS.ZMX
Configuration 1 of 1

Field data can be entered by expanding the Fields section of the System Explorer, or by double-
clicking the Fields data section to show a dialog box:

| /| lensData /[ Layout / Field Data x |
~ Aperture —— .
N . X v Weight VDX VDY vex vey VAN
erture e
£ b 1 0000 0000 1000 0000 0000 0000 0000 0000
Entrance Pupil Diameter M 2 0000 15000 1.000 0.000 0.000 0.000 0.000 0,000
Aperture Value: B 2 0000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
10000 B 4 0000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
o E 5 0000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
Apodization Type: B 6 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
[Uniform - B 7 0000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
[E] Telecentric Object Space O 8 0000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
- O 9 0000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
iccaliyaceiSnace B 10 0000 0000 1000 0000 0000 0000 0000 0000
[C] terate Solves When Updating 0 11 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
» Environment [ 12 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
« Fields
— Tt Type: Object Height x Mormalization: | Radial Heigk =
_— Number Of Fields: Maximum Field: 0,000 Equal-Area Fields
Obiject Height -
[ ec l Cancel ][ Close ] [ Set Vignetting ][Clear Vignetting] [ Save ][ Load ][ Sort ]@
MNormalization:
|Rediai Fieighe i~
[ Set Vignetting l
[ Clear Vignetting l
» Field 1 (% = 0.000, Y = 0.000, Weight = 1.000)
» Field 2 (% = 0.000, Y = 15.000, Weight = 1.000)
¥ Add Field
’w
-
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In the double Gauss sample file, we cannot use Object Height as a definition because the object
surface is at infinity. Instead, the field angle subtended at the pupil is used, and this is commonly
done in camera design. Alternatively, we might use image height when the detector is a fixed size
like a CCD chip, and in this case the field of view is defined by what the detector can ‘see’ when
looking out through the lens.

The Wavelengths Section

System Explorer

Field Data 1: Layout [£i] 2: RMS vs, Field 3: Matrix Spot Diagram
¥ Aperture P - .
} Environment Wavelength (um) Weight Primary Wavelength (um) Weight Primary
~ Wavelengths 1 0486 1.000 [ 13 0550 1.000
b Settings 2 0588 1.000 =] [ 14 0550 1.000
» Wavelength 1 (0.486 um, Weight = 1.000) 3 0656 1.000 F [ 15 0550 1.000
v Wavelength 2 (0.588 um, Weight = 1.000) 4 0550 1.000 [ 18 0550 1.000
Enable [ 0550 1.000 [ 17 0550 1.000
} 6 0550 1.000 £ 18 0550 1.000
P 0 >
4 primary 1 0550 1.000 £ 19 0550 1.000
pravekenothlii: E s 0550 1.000 [ 20 0.550 1000
0 = . L Fa . L.
0.588 E 9 0550 1.000 [ 21 0550 1.000
Weight | lC 0.550 :_.CDC [ 22 0.550 :CDC
1000 [ 11 0550 1.000 ] 0550 1.000
' O] 12 0550 1.000 1O 24 0550 1.000
» Wavelength 3 (0.656 um, Weight = 1.000) [F 4. C (Visible) - | [ Solect P : |
¥ Add Wavelength — B e Tese
¥ Fields Minimum Wave: 0486 Maximum Wave: 0.656 Steps:|4 = | Gaussian Quadrature|
b Files
» Glass Catalogs Cancel | Close | [ Save ” Load H Sort | '3@'
r Mis

Wavelengths are always entered in microns. Wavelength weights can be used to define relative
spectral intensity, or simply to define which wavelengths are most important in a design. The
‘primary’ wavelength is used as a default wavelength: for example, if asked to compute effective
focal length, OpticStudio will compute it at the primary wavelength if no wavelength is specified.

Wavelength data is entered in the System Explorer by expending the Wavelengths data section, or
by double-clicking it to give a dialog box.

Tutorial 1.4: The Normalized Coordinate
System

Because there are six ways to define system aperture, and four ways to define field of view, it is
convenient to work in normalized coordinates. When performing the initial setup of your system
you should choose the most appropriate aperture definition, and the most appropriate field
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definition, and enter the data for both of these. Subsequently, all calculations use normalized units,
and you do not have to refer to the specific values entered or definitions used.

Normalized Field Coordinates

Normalized field coordinates Hx and Hy are used throughout OpticStudio, its documentation, and
in the wider optical design literature. The normalized field coordinate (0, 1) for example, is always at
the top of the field of view in y, whether the field points are defined as angles or heights, and
regardless of the magnitude of the field coordinates. Similarly the field coordinate (0,0) is always at
the center of the field of view.

For example, suppose 3 field points are defined in the (x, y) directions using object height in lens
units of millimeters at (0, 0), (10, 0), and (0, 3). The field point with the maximum radial coordinate is
the second field point, and the maximum radial field is therefore 10 mm. The normalized coordinate
(Hx =0, Hy = 1) refers to the location on the object surface (as the field of view is defined in object
height) of x= 0, y =10 mm. The normalized coordinate (Hyx = 1, Hy = 0) refers to the object surface
location (10, 0).

You can then define any point within the field of view of the lens by its (Hx, Hy) coordinates, as long
as HZ + H2 < 1.

This is referred to as radial field normalization, as the normalized field coordinates represent points
on a unit circle. OpticStudio also supports rectangular field normalization, in which the normalized
field coordinates represent points on a unit rectangle.

Hy Hy
) 0,1
Maximum Y field
jo. 08 10,0 190, Hy
JLL e
encinl Rakd __,-"' !
.'f Mepdmum X field

Zemax, LLC Getting Started With OpticStudio 15 Tutorials e 48



Normalized Pupil Coordinates

Similarly, normalized pupil coordinates are also used throughout OpticStudio, its documentation,
and in the wider optical design literature. You define the system aperture using whatever definition
is most useful, and thereafter we use the normalized pupil coordinates Px and Py to define any point
within a unit circle. Therefore, the point (0,1) represents a point at the top of the bundle of rays
entering the system, and (0, 0) is a point at the center of the ray bundle, no matter what the
definition of system aperture is or what value it has.

Using the Normalized Coordinates

Re-open the double Gauss 28 degree field sample file in order to undo any changes you may have
made in the earlier sections. Open the Field section of the System Explorer and note that the field is
defined as angle in degrees, and the maximum field point has a value of 14°. This is a half-angle,
and so the full field of view is 28°.

Note: OpticStudio is always clear on the definitions it uses, but these definitions are not universal in
the optics industry. Always clarify with your customers what definitions they use for important system
specifications to avoid costly errors!

Then expand the Aperture section of the System Explorer and note that the system aperture is
defined as Entrance Pupil Diameter, value 33.33. Go to the Units tab to see that the lens units are
millimeters, so the EPD is 33.33 mm.

Lastly, expand the Wavelength section and note that the design uses three wavelengths, at 0.4861,
0.5876 and 0.6563 microns respectively. The primary wavelength is set as wavelength number 2,
which is 0.5876 microns.

Now click on the Analysis tab, and select Rays and Spots...Ray Trace. This is the most fundamental
calculation in OpticStudio: the tracing of a single ray. Right-mouse click on this window to bring up
its Settings dialog box:
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TR ATz Zemax Opticstudio 14 Premium - 25310 - Double Gauss 28 degree field.zmx

- Setup | Analyze | Optimize  Toleance  Libraries  Part

S BED

Cross-Section Shaded | | Ray: tions Wavefront PSF  MTF  RMS Enclosed Extended Scene | Physical Beam File Gaussian  Fiber Polarization
Mo S s & =

Spol + Enegyr  Analysis- Cptics  Viewer Beams ~ Coupling 10 - Plot 2D + Light = Systems ~
Ray Trace puality Laser and Fibers Polarization and Surface Physics | Reports Universal Plot Applications
E

length Data /(] LiLayout / [I] 2: RMS vs. Field latrix Spat Diagram /| Lens Data x|

Traces s single specificd ray snd Show | © ¥ | 5[4 Ray Trace ;

Programming  Help

B a )N M

< ¥4 oo

urface Coatings | Reports | New Universal NewUniversal | Stray Biocular PAL/Fresform
- - - Plo t -

» Aperture
Stan
¥ Environment E

~ Wavelengths
» Settings [ | Thro

» Wovelength 1 (0486 4[] Full ment | He 0 Wavelength:
~ Wavelength 2 (0,588 MG T JECT Standard <] . - s\Double Gauss 28 degree field.zm:

real and paravial data on every surface R setings| 2 G ol | O~ — A | Q[EF E3E - @

Enable Configuration Matrix Spot Diagram Standard + =
Primary . _ Standard
[[] cardinal Paints ctancind < Py L Global Coordinates: []
Wavelength (ml: | 5y ybar Drawing tandart
Standard v
0588 (%) Vignetting Plot [¥] Auto Apply. et
WEEf Z e Standard "ETes B TH aEErEeS e
1000 Incident Angle vs. Image Height SR —— .
= —— Normalized X Field Coord (Hx) 0000000000
» Wavelength 3 {0.656 um, Weight = 1.000) 8 Normalized Y Field Coord (Hy) : 2.2000008000
b Add Wavelength 8 Standard~ Normalized X Pupil Coord (Px) 0000000000
- | Normalized Y Pupil Coord (Py) : 1.2000008000
b Fields 9 Standard ~
» Files 10 Standard + Real Ray Trace Data:
b Glass Catalogs ¥ . . .
e —— 1 Standard + surs %-coordinate Y-coordinate Z-coordinate X-cosine Y-cosine Z-cosine X-normal V-normal
8 083 Infinity Infinity Infinity 6. o. 1. - -
¥ Non-Sequential 12 IMAGE Standard ~ 1 e 1 1 2.6279917240E+000  0.0000000900 -0.1198829911 0.9927880250  0.090000000¢  0.3077377845 -9.9514
b Polarization 2 ©0.00DGODOGDOE-0GD 1.5826722652E+001 5.2336716536E-001  .00000DOGD -0.1206582546 ©0.9915587411  0.00000BO0AE  0.1037668720 -0.95460;
e 3 0.0000000000E+00 1.5414932014E+001 3.4725204167E+000  ©0.0000000000 -0.2492315002 0.9684439371  0.000000000¢  0.4287806721 -0.99:
: 4 0.000000GOOPE+B0D 1.2765650379E+001 0.0DOGAOOGOOE+GBO  0.000G00OOD -0.2515715042  0.9677664257  ©.000000GGOE  0.0OGDOGO0O0 -1.BODMK
» Title/Notes 5 0.0000000000E+00 1.0970588537E+001 2.8896323744E+000  0.€000000000 -0.0892821811 0.9960963715  0.0000000000  0.4926190283 -0.870:
b Units 6 0.0000000000E+000 9.0519691099E+000 ©. e. -a. 1511 0.9960063715  0.0000000000  ©.000000000C -1.0000)
7  ©.0000000OPGE+B0R 5.9833220811E+080 -1.62218 a. a. 0.9964311064 -0.000A00A0DD -0.3497492906 -0.935!
s o ER e. X @.283: a. 15 0 a -1.0909;
9 0.00DG0DOGDOES00D 1.02327864113E+001 -1.4425291770E+000  ©.00000DOGDA -0.0418331943  0.9991246055 -0.00000BO008 -0.2765766187 -0.96
10 ©.0000000000E+000 1.01355740676+001 2.6168347205E-001  ©.000000080 -0.9455740654 0. a a -0.9986;
11 ©.0000000OGOE+D0E ©.B675924236E+000 -7.2904226192E-001  0.000000MOGR -0.1675519834  0.9555071006 -0.00BPOGG000 -.1459583351 -9.939
12 ©.000000000E+00 -1.6872410755E-002 ©.0000000DRE+AR0  ©.00000PRAGR -0.1678819834  0.9858071006  0.0000000000  0.000000000C -1.0000

Paraxial Ray Trace Data:

Surf ¥-coordinate Y-coordinate Z-coordinate X-cosine Y-cosine Z-cosine X-normal Y-normal
083 Infinity Infinity Infinity e. o. 1.

1 0. 1 18 8. -6.1155062883  ©.993306748%

2 o 1.564 1 e. a. -0.1236436483  0.9923266842

3 0. 1. 18 8. -6.2360178527  ©.9717487192

4 o 1.21 E+081 8. a. -0.2383774250  ©.971172591%

5 0. 1.12552169085+001 & 8. -0.0851769005 0.

Note how you can define any ray by where it starts on the object surface in normalized (Hy, Hy)
coordinates, and where it goes to in the pupil in normalized (Py, Py) coordinates. Try tracing some
rays, and look at the data provided by this feature. You are given the (x,y,z) position of the ray, the
direction cosines of the ray, and the path length of the ray at each surface of the system. This is the
fundamental data on which all the calculations in sequential ray tracing are based.

Note also that instead of defining ‘arbitrary’ field coordinates (Hx, Hy) you can also define the
starting coordinates of the ray by the field point number:

4: Ray Trace

~) Settings | & B3 &l

O”—A

@
%
]

Hx: 0 Wavelength: [2 >

Hy: 0 Field: Arbitrary -
Pz O Type:
Py: 1 Global Coordinates: |2

Jﬂhutt:uﬁfilppl],-r [ Save H Load H Reset l

DocumentshZemaxiSamplesiSequentialiyObjectives \Double Gauss 28 degree field.zmx
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Since field point 3 defines the maximum radial field, it is at (0, 1) in normalized field coordinates.
Field point 2 is likewise at (0, .714) and field point 1 is at (0, 0). Depending on the Analysis feature
selected, field points can be defined by either their field point number (as entered in the Field dialog
box) or by their (Hy, Hy) values.
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Tutorial 2: Defining, Positioning and
Moving Surfaces

Click on File...Open and select the file {Current
User}\Documents\Zemax\Samples\Sequential\Objectives\Double Gauss 28 degree field.zmx. If you
already have this file open from Tutorial 1, re-open it to lose any changes you may have made during
that tutorial.

In ‘'sequential’ lens design, light always starts at surface 0, the ‘object’ surface, and is traced to
surface 1, then surface 2, then 3 etc. It therefore makes sense to position surfaces relative to each
other. Returning to the double Gauss sample file, look at the Lens Data Editor, and click on surface
3. Note that this surface is drawn in red in the Layout plots when you click on it in the editor.

Rays propagate from left to right in the layout, and this direction is the +Z axis. The +Y axis goes
from the bottom to the top of the window, and the +X axis goes ‘into’ the screen. If you position
your right hand, such that your middle finger is touching surface 1 in the layout window and points
into the screen, your index finger is pointing towards the right hand of the screen, and your thumb
is pointing upwards, you have the classic ‘right hand coordinate system’ used throughout
OpticStudio and in most of the optical design literature. The Coordinate Axes are always drawn in
the Shaded Model plot, below

Also, observe that as you move your mouse over the layout window, the coordinates of the mouse
pointer are shown in the title bar of the window:
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|/ [ lensData x | [[]2RMSvs.Field [T 3: Matrix Spot Diagram | |/ [ 1: tayout x }

@My L #EE O <5-@ Vsetngs 2 5w /0 A=A L EE S 30 | g
v Surface 3 Properties ¢ > Configuration /1« *

f 4 Surf:Type | Comment | Radius | Thickness | Material | Coating ‘Semi-Diammrl C

0 OBJECT Standard « Infinity Infinity Infinity

1_ Standard ~ 542 V 8.7 SK2 AR 29.2

27 Standard ~ 1525|V 0.5 AR 28.1 5

3 1 Standard ~ 360 V 24.3 Ih

4_ Standard ~ Infinity 3.8 F5 pam

57 Standard ~ 223 V 143 AR 14.9

6_ STOP  Standard = Infinity 124 10.2

/' [[] % Shaded Model

) Settings | 2 g Ll o= ‘E‘t" el 2K |i‘ Solid - & |E||E|’i‘"* @

Al

Layout

DOUBLE GAUSS
2/18/2014
Total Axial Length: 13298842 mm

If you move the mouse across the Layout window, you will see the Z coordinate change, and as you
move the mouse up or down the window, the Y value will change.

The Lens Data Editor shows the following data for surface 1 (if you are using the Demonstration
version of OpticStudio, fewer decimal places are shown:

Radius of curvature: 54.153

Thickness: 8.747
Material: SK2
Semi-diameter: 29.225
Conic: 0

Remember that any lengths where the units are not explicitly given are in “Lens Units”, which are in
mm for this file (see System Explorer 'Units’ section).

The radius of curvature of surface 1 is 54.153 mm. This is a positive number because the center of
curvature lies in positive Z. By contrast, surface 7 has a radius of curvature of -25.685 mm because
its center of curvature lies in —Z.

Surface 1's thickness of 8.747 mm means that surface 2 is located 8.747 in positive Z relative to
surface 1. "Thickness” is therefore the distance along Z of two surfaces. We refer to this as
‘thickness’ in the editor rather than ‘z-distance’ because if you were to hold the lens formed by
surfaces 1 and 2 in your hand, you would naturally describe the lens as having a center thickness.
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Surface 1's Material type is set to SK2, which means that the space between surface 1 and surface 2
is filled by a particular glass called SK2. Click on the SK2 glass in the editor, and then click on the
Libraries tab and then the Materials Catalog icon:

7 H [N e Zemax OpticStudio 14 Premium - 25310 - Double Gauss 28 degree fieldzmx é
File

: P | ] : % a ©
- = 3 B : ¢ : * —*
e g H il B o0 o3« #H L . S e
Materials |Materials Materials Glass Substitution = Lens Make Private  Test Coating Coatings = IS Scatter ABgScatter  Scatter Scatter | Radiant Source IES Source Spectral Source Sourc
Catalog |Analyses Tools ~ Template Catalog  Catalog  Platelists | Catalog Tools» | Cataslog Catalog Function Viewer Polar Plot Models = Models»  Models + Directivity
Optical Materials Stock Parts Coatings Scattering Sources
SO Epscy L [stoyout /[ 2RMSvsField / []3: Matrix Spot Diagram Lens Data X )
» Aperture - =
b Eneonmsi +QM XX ¥HE O < 5@ <
» Wavelengths v Surface 1 Properties < > Configuration 1/1 <
» Fields
» Files 4 Surf:Type Comment Radius Thickness Material Coating  Semi-Diameter Conic TCE x 1E-6
" I _— = e
ftacs Catalogs) 0 OBJECT Standard ~ Infinity Infinity Infinity 0.000 0.000
» Miscellaneous
» Non-Sequential 1 Standard v 54153 V 8.747 I SK2 I AR 29.225 0.000 -
» Polarization P Y 0.000 0.000
» Ray Aiming Glass Catalog
» Title/Notes 0.000
» Units Catalog:  [SCHOTT.AGF | SCHOTT. preferred. inquiry and obsolete data since 201 0.000 - 3
Glass: gw 2l ok (12810 DO:  38e-06 0.000 0.000
:0 1 00072719 DI:  141e-08 0.000 0.000
0.000
K7 K2 025774 D2 228e-11
KzFs12 0.000 N
LAFNT 12 0024282 0 644e-07 :
LFS 0.000 0.000
LLFL K3: 096819 Bl 80311
0.000 -
KZFSNS
N-BAF10 L3 11038 Ltk: 0.108 0.000 0.000
N-BAF4 =
—ee [EER 6 | 0.000 0.000
Rename:  SK2
Ter 20
Formula:  [Sellmeier 1 )
P 355
Status:  Obsolete x|
dPg  -00008
Nd: 16074 Vd: 5665
[E) lamore Thermal Expansion Minimum Wavelength: 031
|| Exclude Substitution i
[7] Meta Material (Negative Index) Maximum Wavelength: 2325
MeltFreq: 2 Comment:
RelCost:  2.09 R 200 PR ? SR 220 AR 100 PR 230
[ Save Catalog Il Insert Glass J Sort By -> | [Name: -
( Save Catalog As il Cut Glass J Glass Report | Catalog Report |
( Reload Catalog Ik Copy Glass | |f Transmission | Compute Nd/Vd J
[ Exit | [ Fit Index Data | Fit Melt Data |

This shows that SK2 is a material in the Schott catalog, and it gives all the data OpticStudio knows
about the glass.

Note: A full discussion of this dialog is outside of the scope of this Tutorial. See the “Using Glass
Catalogs” section of the Technical Reference for full details.

Next, see that surface 2 has no entry for its Glass column, and is instead blank. That means that
surface 2 is made of "Air" at Standard Temperature and Pressure. Both temperature and pressure can
be changed, both at a system level and on a surface-by-surface basis. This has important, but subtle,
effects. First, the index of refraction of glass depends upon both temperature and wavelength;
relative indices which are measured with respect to air also change with pressure. Second, glass
expands and contracts with temperature, which can change the radius, thickness, or other
dimensions of a lens. Third, the distances between lenses change due to the expansion and
contraction of the mounting material.

The thermal analysis features of OpticStudio can account for all these effects. OpticStudio can be
used to analyze and optimize a design for any specific temperature or for a range of temperatures.
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This is outside of the scope of this Guide, however, and we will assume that the whole lens is at 20°
C, 1 Atm pressure.

Note: See the “Thermal Analysis” section of the Technical Reference for full details of the
comprehensive temperature and pressure modelling capabilities of OpticStudio.

The “Semi-Diameter” column shows the radial height of the surface (it is called Semi-Diameter to
avoid confusion with radius of curvature). This can be computed in two ways: automatically by
OpticStudio (the default), or directly entered by the user.

The automatic calculation sets the semi-diameter to ensure that the edge rays always pass through
the lens. This means that the lenses are ‘just big enough’ to pass the full aperture of rays from
across the field of view. Usually, lenses are made a little larger than this, so there is some unused
glass that can be used to hold the lens in its mount without blocking the beam. You can specify the
additional amount easily by adding a semi-diameter margin in System Explorer’s Miscellaneous

group.

Aperture

Enviromment
Wavelengths
Fields

Files

- T v v v v

Glass Catalogs

4

Miscellaneous

Reference OPD:

| Exit Pupil -
Paraxial Rays:

[Ign-:-re Coordinate Breaks = ]

Semi Diameter Margin Millimeters:

0.000
Semi Diameter Margin Sz

0.000

Global Coordinate Reference Surface:
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Tutorial 2.1: Working in Three
Dimensions

The double Gauss example lens is an axially symmetric lens, and so each surface is simply positioned
a distance in Z away from the previous surface. But what about systems in which optical
components are tilted or decentered with respect to each other?

Let's imagine that the second group of elements (the doublet and singlet after the stop) is tilted and
decentered with respect to the first. Click on surface 7 in the Lens Data Editor, then hold the left-
mouse button down while dragging with the mouse to highlight surfaces 7 to 11. Alternatively, click
on surface 7, and press the Shift key while also pressing the down cursor key to highlight surfaces 7-
11.

g NE Lens Data X | X
Hvem . 2HF 02 5@ ¢
_% | Tilt/Decenter Elements
% “‘ $ r';ellofnjﬁa'ﬁ:nt' to the specified Thickness Material Coating  Semi-Diameter Conic TCE x 1E-6
Infinity Infinity 0.000 0.000

1 v 8.747 SK2 AR 29.225 0.000

2 Standard ~ 152522 v 0.500 AR 28.141 0.000 0.000

3 Standard 35.951 V 14.000 SK16 AR 24,296 0.000

4 Standard Infinity 3.777 F5 21.297 0.000

5 Standard 22,270 v 14.253 AR 14.919 0.000 0.000

6 STOP  Standard v Infinity 12428 10.229 0.000 0.000

7 Standard -25.685 V 3.977 Fs AR 13.188 0.000

g Standard Infinity 10.834 SK16 16.468 0.000

9 Standard -36.980 V 0.500 18.930 0.000

Standard ~ 196.417 V
-67.148 V

Infinity - 24.571

6.858
57315 V

21.311
21.646

0.000
0.000
0.000

Standard ~
12 IMAGE Standard =

In the Lens Data Editor’s Toolbar, click the Tilt/Decenter Elements icon and configure it as shown:
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-
Tilt/Decenter Element

First Surface: |7 v| LastSurface: |11 Z
Decenter X: i 2 Tilt X 57

Decenter Y: 0 Tilt Y: 0

Crder: Decenter then tilt hd | TiltZ: 0

Coordinate Break Color: [Default Color v

Coordinate Break Comment: Tilt/Decenter the second group
["| Hide Trailing Dummy Surface

| OK ]I Cancel I @

After you press OK, click on System...Update All to update all the open windows. Note that the
Layout plot displays a warning ‘Cannot perform 2D layout on non-axial system’. Close this window,
and click on the Analyze Tab, System Viewers group and choose the Shaded Model. Configure it like
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so:
[@] 1: Shaded Model v -ox

v) Settings | & L3 lpd o= jzl(’v XIV|E’X|Z (ZXZ) ]i| Solid ~|| @ |E| ’Eﬁ"‘} (7]

-
H
£t
[
i

b

You can see that the second group of elements has been shifted in the y-direction (upwards in the
Shaded Model) and rotated around x (the x-axis points into the screen). Click anywhere inside the
3D Layout window so that this window is active (the title bar will appear brighter than the other
OpticStudio Analysis windows). The layout can be rotated by using the mouse or by the Rotation
X/Y/Z controls in the Settings dialog box for this window.

Return to the Lens Data Editor, and see that OpticStudio has now entered two new surfaces into the
design and that the editor now has additional columns.
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/' LensData x|

+ @ [ EEHE 02 5@
v Surface 7 Properties ¢ > Configuration 1/1
4 Surf:Type Comment Radius Thickness Material Coating Semi-Diameter Conic TCE x 1E-6 Decenter X Decenter Y  Tilt About X Tilt AboutY  Tilt About Z Order
0 OBJECT Standard v Infinity Infinity Infinity 0.000 0.000
1 Standard ~ 54153 V 8.747 SK2 AR 29.225 0.000 -
2 Standard ~ 152522 V 0.500 AR 28141 0.000 0.000
3 Standard ¥ 35951 V 14.000 SK16 AR 24.296 0.000
4 Standard v Infinity 3977 F5 21.297 0.000 -
5 Standard ~ 22270 Vv 14.253 AR 14919 0.000 0.000
6 STOP Standard ~ Infinity 12428 10.229 0.000 0.000
7 Tlll/Csntsr the Second Group of 0.000 - 0.000 - 2.000 0.000 5.000 0.000 0.000 0
8 Standard v -25.685 V 3977 F5 AR 13422 0.000 -
9 Standard ~ Infinity 10.834 SK16 17.280 0.000 -
10 Standard ~ -36.980 V 0.500 AR 19.839 0.000 0.000
1 Standard ¥ 196417 V 6.858 SK16 AR 23126 0.000
12 Standard v -67.148 V -21969 T AR 23.380 0.000 0.000
13 Coordinate Break v Tilt/Center the Second Group of:return 21969 P - 0.000 - -2.000 P 0.000 P -5.000 P 0.000 P 0.000 P 1
14 Standard ¥ Dummy Infinity 57315 V P 21,633 0.000 0.000
15 IMAGE Standard ¥ Infinity - 22126 0.000 0.000

These are called Coordinate Break (CB) surfaces. Coordinate Break surfaces have no optical effect;
they just define a new coordinate system relative to the previous surface’s coordinate system. Click
on the first CB surface, and scroll to the right in the Editor. See that the surface has a decentration in
x, theny, and a tilt in x, y, and z. If you filled in the dialog as shown above, you should see a
decentration in y of 2 mm, a tilt about x of 5 degrees, and have an order flag of 0. This means that
the CB will execute ‘left to right’, meaning that the decentration in x is done first, then the
decentration in y, then the tilt in x, etc.

Now look at the second CB. It has a decentration in y of -2 mm and a tilt in x of -5 degrees. This
‘undoes’ the tilt/decentration of the first CB. Also its order flag is not zero, so it executes ‘right to
left’. This means that the second CB undoes the first CB, and restores the coordinate system to its
original frame of reference.

Note also the letter P next to the decenters and tilts of the second CB. This indicates that a ‘Pick-Up
Solve’ has been placed on this parameter. Click on the P symbol of the Tilt-X parameter of the
second CB, and the pickup dialog will open:

Decenter X Decenter Y  Tilt About X Tilt AboutY @ Tilt About Z Order

2.000 0.000 5.000 0.000 0.000

-2.000 P 0.000 P —5.000 0.000 P 0.000 P 1

Parameter 3 solve on surface 13

Solve Type: Pickup -

From Surface: 7
Scale Factor:  -1.000000000000

Offset: 0.000000000000

Macro: Current
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This locks the value of parameter 3 on surface 13 to be whatever the value of parameter 2, surface 7
is, except the sign is the opposite. The pick-up solve is one of the Editor's most useful features, as it
allows one part of an optical system to be locked to another.

Note: If you visit the OpticStudio User’'s Knowledge Base at www.zemax.com/kb, look at the category
Sequential Ray Tracing/3D Geometries for many helpful articles about the use of Coordinate Break
surfaces.

Tutorial 3: A Multi-Configuration
Design

OpticStudio can also work with multiple configurations, or versions, of a design. This is typically
used to model zoom lenses (where the spacings between lenses changes), systems where the
temperature changes, and systems where the angle of a scanning mirror changes, amongst many
others. We will use this now to model a system in which the spot produced by a catalog lens is
scanned by a mirror over the image surface.

OpticStudio includes the lens catalogs of all the major vendors so you can easily find catalog lenses.
Click File...New to clear OpticStudio, and click on Libraries...Lens Catalog:

B OPHE WD C22 =
File Setup Analyze Optimize Tolerance Libraries t De Programming Help
tad A A E= :_& ;“b = :j «/\
Materials Materials Materials Glass Substitution Lens |Make Private  Test Coating Coatings IS
Catalog Analyses~ Tools~ Template Catalog | Catalog Plate Lists Catalog Tools~ Cat
Optical Materials Stock Parts Coatings
g _ lensData X I | Lens Catalog S
§ ‘*’ ¢ K = 3 O-¥ 3 ‘ Search for a particular lens from a
v) Surface 0 Properties (<)[ > F specific vendor, or browse through all [
g pe ]E { stock lens catalogs
0 — - = . = =
2 Surf:Type Comment R Sens

?0 OBJECT Standard ~ Infinity Infinity

and configure the dialog box like so:
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Lens Catalogs

Search Criteria Search Results
Vendor(s): EDMUND QPTICS v] 32475 EFL= 100.00, EPD= 20,00 (P,5,1)
32476 EFL= 100,00, EPD= 20.00 (P,5,1)
Use Effective Focal Length (mm}
. . 32482 EFL= 100,00, EPD= 25.00 (P,5,1)
R 99 Rach 101 45512 EFL= 10000, EPD= 25.00 (P.5.1) 4
Use Entrance Pupil Diameter (mm) 45512ink EFL= 100.00, EPD= 25.00 (P.5,1)
45708 EFL= 100.00, EPD= 20.00 (P,5,1)
Min: 20 Maw 25 45708ink EFL= 100,00, EPD= 20.00 (P.5,1)
Shape: Type 47350 EFL= 10000, EPD= 25.00 (P,5,1)
47350ink EFL= 100.00, EPD= 25.00 (P,5,1)
[T Equi- Spherical 47891 EFL= 100.00, EPD= 20.00 (P,5,1)
[ Bi- T GRIN 47891ink EFL= 100.00, EPD= 20.00 (P,5,1)
48276 EFL= 100,00, EPD= 25.00 (P,5,1)
Plano- [ Aspheric 48286 EFL= 10000, EPD= 25.00 (P,5,1)
[F] Meniscus ] Toroidal 48764 EFL= 10000, EPD= 20.00 (P,5,1)
48764ink EFL= 100.00, EPD= 20.00 (P,5,1)
# Of Elements: [SI'nglet - 48774 EFL= 10000, EPD= 25.00 (P,5,1)
48774ink EFL= 100.00, EPD= 25.00 (P,5,1) .
19895 ECI_ 10NAN_CHN- 95 AN e 1

Selected 39 out of 5840 files.
[ Catalog Report ] [ Prescription ] Layout
[ Close ] [ Help ]l[ Load ]l [ Insert ]

This searches for plano-convex singlet lenses with focal lengths between 99 and 101 mm, and
Entrance Pupil Diameters between 20 and 25 mm. Note that there are 27 lenses that meet these
criteria out of the 4060 files included in the Edmund Optics catalog. Select the lens 32481, and press
the Load button. OpticStudio then loads this stock lens:
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(@] 1: Shaded Model v -oOx
v) Settings | @& 3 L o= 'E[ev xw|E{x12 € € 'i| Solid ~|| @ |E| H= @

This uses the Shaded model in the YZ orientation, with a Y|Z slicing plane used to give a cross-
section view as well as the solid model view.

Our goal is to design a scanning mirror that scans the focal spot through +10° around a nominal 90°
reflection angle.

First, note that the lens has been entered so that it is illuminated right up to the edge of its
mechanical aperture. Since the lens will be held in a mount of some sort, we need to reduce the
Entrance Pupil Diameter a little (since this is a catalog lens, the mechanical diameter is fixed). Open
the System Explorer, and set the Aperture to be 18. Check the Units tab to see what the Lens Units
are.

Next, click anywhere on surface 2 in the Lens Data Editor, to highlight surface2. Note that the
thickness of this surface is controlled by a marginal ray height solve, and can be seen by the M
following the thickness. This keeps the lens at paraxial focus. We will discuss solves more later. For
now, simply press Insert after clicking on surface 2, to insert a new surface. Give this surface a
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thickness of 70 mm, and note that the thickness of the last surface automatically changes to keep
this lens in focus:

(@] 1: Shaded Model v -0OXx
v) Settings | @& 3 L e 1Z|@v xnv}v-ﬂxnz € |i‘ Solid ~|| @ |El HE @

f__LensDataX
$ Q@M X BRHE O ¢ 5@

| v Surface 2 Properties <

4 Surf:Type | Comment  Radius  Thickness  Material Coating  Semi-Diameter  Conic TCE x 1E-6

0 OBJECT Standard Infinity Infinity 0.000 0.000 0.000
1 5TOP (aper) Standard ~ 32481 51.680 4.300 MN-BK7 12,500 U 0.000 -
2 Standard Infinity 8.789 0.000 0.000
3 (aper) Standard - Infinity 27165 M 12,500 U 0.000 0.000
4 IMAGE Standard ~

Infinity - 0.328 U

0.000 0.000,

We will now make surface 3 a 'Fold Mirror’ which just reflects the light through some angle. Click on
surface 3, and then click on the Add Fold Mirror icon in the Lens Data Editor toolbar:
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" lLensData X |

+@H |k 2BEH O

S @

«~ Surface 3 Pr ‘
Add Fold Mirror

0 OBJECT //|

m
1 STOP (ape E

Make the specified surface a fold mirror

2 Standard ~

(aper) Standard =

Stan

and configure it like so:

ckness | Material

nfinity

4.300 N-BK7
Infinity 70.000

Infinity 27165 M

-
Add Fold Mirror

Fold Surface: |3

Tilt Type: Reflect Angle:
OK l [ Cancel I

90
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The Shaded Model will now show:

1: Shaded Model v -0 X
v) Settings | @ 53 fad o= |Z| (2 xnv,v—i|xaz (ZXZ) Ii( Solid ~/| @ |E] HE @

The Add Fold Mirror tool inserts two dummy surfaces, one before and one after the selected fold
surface. The fold surface then has its material type set to MIRROR, which is a special status that tells
OpticStudio that light should now reflect from this surface rather than refract into it. The two newly
inserted adjacent surfaces are set to be Coordinate Breaks with the appropriate tilt angles. The
second tilt angle is set as a pickup from the first tilt angle. Finally, all subsequent surface thicknesses
and curvatures change sign to account for the new mirror.

H+ew  xea@E o0 <50

A

Bl ~) Surface 3 Properties (<) C ion1/1 <
Surf:Type ‘ Comment ‘ Radius. Thickness. Material Coating  Semi-Diameter  Conic TCEx1E-6 Decenter X DecenterV | Tilt AboutX Tilt AboutY Tilt AboutZ  Order
0 OBJECT Standard + Infinity Infinity 0.000 0.000 0.000
1 STOP (aper) Standard v 32481 51.680 4.300 N-BK7 12,500 U 0.000
Standard + Infinity 70.000 8789 0.000 0.000.

0.000 45.000 0.000

0.000
12,500 U
0.000
2328

0.000
0.000
-27.165

Coordinate Break ~

0.000

MIRROR 0.000

Standard v

Infinity

0.000 45.000 P -0.000

Coordinate Break ~
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Remember that light normally propagates in +Z (left to right) but after a mirror it obviously goes in
the other direction. Using the Add Fold Mirror/Delete Fold Mirror tools automates all the tedious

sign conversions.

We now want to scan this mirror through £10°. We will initially tilt it through +10°, and then use
multiple configurations to define multiple tilt angles. Click on surface 4 (which is the mirror surface

now) and press the Tilt/Decenter icon in the Toolbar:

. LensData X |

+ @Ml K PBEH O-¥ $+«@

\ Tilt/Decenter Elements

Add tilt and decenter to the specified
range of surfaces

¢
¢

Standard =

Coordinate Break =

Standard =

Coordinate Break =

2
3
4 ((aper)
5
6

IMAGE Standard =

And configure as follows:

Radius Thic

Infinity Infi
51.680

Infinity 7
Infinity

nfinit

-

Tilt/Decenter Element

First Surface: [4 - ] Last Surface;
Decenter X; 0 Tilt X:
Decenter : a Tk Y:
Order: [ Decenter then tilt - ] Tilt Z:
Coordinate Break Color: [Culur 4 .:] - ]
Coordinate Break Comment: Mirror Tilt

Hide Trailing Dummy Surface

[ oK /| Cancel |@

10

Zemax, LLC Getting Started With OpticStudio 15

Tutorials e 66



(0] 1: Shaded Model v -0 X

v) Settings | & L3 nd e |_I_‘ €4 xw|E|X1z & 6 |:i:| Solid ~|| Q |gf

The Tilt/Decenter Element tool has operated just as it did in the earlier double-Gauss example, and
it has added two more Coordinate Break surfaces, with pickups, that tilt the mirror surface. The two
sets of Coordinate Breaks are ‘nested’, such that the set added by the Tilt/Decenter tool are inside
the pair added by the Fold Mirror tool:

ol ¢ HEH O <[5~ 0 3
"iE v Surface 4 Properties < > < ion 1/1 <0 4
: [ Surf:Type | Comment  Radius Thickness Material Coating  Semi-Diameter  Conic TCEx1E-6 DecenterX DecenterY | TiltAboutX |Tilt

0 OBJECT Standard + Infinity Infinity 0.000 0.000 0.000

1 STOP (aper) s:andamE\ 32481 51.680 4300 N-BK7 12500 U 0.000

2 Standard ~ Infinity 70.000 2789 0.000 0.000

3 Coordinate Break ~ 0.000 - 0.000 - 0.000 0.000 45.000

: Coordinate Break ~ Mirror Tilt 0.000 - 0.000 - 0.000 0.000 10.000

5 (apen Standard ~ Infinity 0.000 MIRROR 125500 U 0.000 0.000

; Coordinate Break ~ Mirror Tiltreturn 0.000 0.000 0.000 A -10.000 P

7 Coordinate Break + -27.165 0.000 0.000 45,000 P

8 pdard v aaan

You can vary the +10° value by hand, and watch the Shaded Model, or click on the Optimize tab
and select the Slider icon
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OWH W92 %
File Setup
W QS =
— —— N —
Quick | Quick | Slider | Visual

Focus | Adjust ptimizer F

and configure it like so:

[=| Slider T
o Type Parameter. Surface . Window stat stop , Value
1 Surface v Parameter 3 v 4-(1) > Al « 210 10 LJ’ 4
L i 1)
Quick Focus |None v Use Centroid
[ Animate H Save H Exit ]

Press the ‘Animate’ button and all open windows will update as the Tilt About X (parameter 3) of
surface 4 is scanned. You can also just drag the slider with the mouse. Now exit the slider, and reset
the tilt in surface 4 to +10 degrees if needed.

Next, go to the Setup Tab, and press the Multiple Configuration icon in the Configurations group:

/Ei un - Multiple Configuration Editor
=@ Mext Configuration
Make Make -

Thermal Cenjugate

Configuration

_ Multi-Configuration Editor v - 0O X
IWXC BNE S++«@
v Operand 1 Properties ~  ~ Configuration 1/1 * =

sl

. Active:1/1  Config 1*
1| MOFF ~ 0
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The lens currently has only one configuration, and the multiple-configuration operand MOFF
(“Multiconfiguration OFF”) is a placeholder that affects nothing, and allows you to enter comments
in the editor if desired.

Note: The Multi-Configuration Editor is used to define everything that is different between
configurations.

We will define 5 configurations, representing scan angles of +10°, +5°, 0°, -5° and -10° respectively.
Click on the Multi-Configuration Editor, and press the Insert Configuration icon (highlighted above)
four times. Alternatively, you can either right-mouse-click...Insert Configuration four times, or press
the <Shift> <Ctrl> <Insert> keys simultaneously four times, that a total of five configurations results:

Multi-Configuration Editor * — O X
‘"‘* *“P H 3 I_ “ UI... : . 'ﬁ'
+ Operand 1 Properties Configuration 1/5 »
, Active : 1/5  Config 1* Config 2 Config 3 Config 4 Config 5
1 MOFF =~ O

Each line in the Multi-Configuration Editor is an operand that acts on a parameter in the Lens Data
Editor or some other System parameter and allows its value to be changed. Move the mouse over
the ‘"MOFF’ operand and double-left-click to edit the operand. All the multiple configuration
operands OpticStudio supports can be selected from the drop-down list in the resulting dialog. Set
it up like so:
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Multi-Configuration Editor v — 0O X |

"& VWX | EBNEA S+

'~ Operand 1 Properties - Sontigueation U5 0>
' Operand 1

Operand: PRAM ~

Surface: [4 - Mirror Tilt v I

Param #: 3

Row Color: I Default Color v I

4 Active:1/5  Config 1* Config 2 Config3 = Config 4 Config 5
‘1 PRAM ~ 4/3 10.000 5.000 0.000 -5.000 -10.000

So that the PRAM operand picks up parameter data, in this case parameter 3 of surface 4, and
changes it between 10, 5, 0, -5 and 10 degrees.

Use the <cntl>A keys to change the current configuration, and note that all open windows update
to show the data for whatever configuration is current. Alternatively, use these controls:

f|I ' un - Multiple Configuration Editor
— =@ MNext Configuration

Make Make
Thermal Conjugatf 4= Previous Configuration

Configuration

(Note that the Configuration group now appears on all tabs except the File tab as soon as the Multi-
configuration Editor contains more than one configuration). You can also double-click on the
header of each configuration’s column to make it the active configuration.

Configure the Shaded Model like so:
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1: Shaded Model

A Settings| 2 3 il

v - 0O X

= K@ e 6@ s - Q0 e

First Surface: 132481 .2 Wavelength:
Last Surface: Field: All
Number Of Rays: 45 i Draw Section:
Ray Pattern: Ring v Angular Segments:
I Color Rays By: Config # I '] Radial Segments: |16
Opacity: Ignore z Brightness: 50%
Rotation
X 0 ¥zl 0 Z: -196176E-16
Delete Vignetted: Split NSC Rays:
Fletch Rays: Scatter NSC Rays:
Offset
X 0
Auto Apply|
Y
k.

Note you can select any number of individual configurations to draw, like 1/5 and 4/5 by just
selecting the desired configurations in the drop-down list.

Finally, click on the Analyze Tab...Spot Diagrams...Configuration Matrix
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File Setup

> ©

Mode

System Viewers

Systemn Explorer

Aperture
Environment
Wavelengths
Fizlds

Files

Glass Catalogs
Miscellanecus
Mazn-Sequential
Palarization

Ray Aiming
Title/Motes
Units

b . . .

Cross-5Section Shaded

M|

Analyze

CTRH WY C??

Cptimize Tolerance Libraries

+]

~ O B

Rays &
Spats * - -

Aberrations Wavefront P5F

F i Programming

N = B

I RO Y

-4
-

e
rE

20 3=

Ray Trace

Ray Aberration

Standard Spot Diagram

Footprint Diagram

Through Focus Spot Diagram

Full Field Spot Diagram

Matrix Spot Diagram
Configuration Matrix Spot Diagram

MTF  RMS Enclosed Extended Scene
= = Energy - Analysis -
Puality

Lens Data [ Multi-Configuration E
—— N

KO @BNE § @
fand 0 Properties < >
|

ive : 3/5
M = 4/3

Config 1 |
10.000

Cardinal Points
Y-¥bar Drawing

Vignetting Plot

Incident Angle vs. Imag

Configuration Matrix S5pot Diagram

+ o+
+ o+

Show spot diagram as a matrix of

individual diagrams, with each field
along a row and each configuration
down a column

to see how the spot varies with scan angle:

Zemax, LLC Getting Started With OpticStudio 15

Tutorials e 72



i1t 2: Configuration Matrix Spot Diagram r - 0O X
viSettings & Balale A —-— A ;|é| E% £=- 2x5 -  Standard - all- @
. Config 1 Config 2 Config 3 Config 4 Config 5
=1 .',:‘:..-.,,"‘-,‘..
= i 1%t
]| (G5 @ @
1 .Q4w"+“
gttt
Surface: IMA
Configuration Matrix Spot Diagram
32481 PCX
AN Zemax
2/18/2014 Units are pm. OpticStudio
Scale bar : 1000Reference : Chief Ray
TestZMX
Configuration: All 5

Finally, on the Lens Data Editor Toolbar, choose Apertures...Convert Semi-Diameters to Maximum
Apertures

|

‘

|/ Lens Data | - Multi-Configuration Editor / @ 1: Shaded Model | it 2: Configuration Matrix Spot Di
+ QM XX 8P F|OL $+@
+ | Surface 0 Properties © > @- Remaove All Apertures
Convert Semi-Diameters to Circular Apertures
d Surf:Type O P s Material C
i+ Convert Semi-Diameters to Floating Apertures
0 |OBJECT Stand — .
@ Convert Semi-Diameters to Maximurn Apertures
1 5TOP (aper) Stand () Replace Vignetti — : bR
g | Convert Semi-Diameters to Maximum Apertures
2 Standard =
. | ) Add fixed apertures to surfaces with
3_ Coordinate Break ~ size equal to the largest current
4 Coordinate Break = Mirror Tilt semi-diameter of the surfaces in 2
- multi-configuration system. The
5 (aper) Standard - apertures adjust when the semi-
g | i ) X diameter is changed to always be
6_ Coordinate Break ~ Mirror Tilt:re the largest required across
7 Coordinate Break ~ SEnfLEEEE

This will set the semi-diameters of all surfaces to the largest of whichever configuration needs it:
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[07] 1: Shaded Model s B
v Settings | 2 113 il = [K] @+ vz @ @ (@) soie- | 2 [@E= | @
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Tutorial 4: Exporting To Mechanical

CAD Packages

At some point in your lens design, you may want to export the lens design into a mechanical design
package so that you or your mechanical engineering colleagues can design lens mounts and other
opto-mechanical components alongside the lenses and rays. This is easily achieved using the Export

group in the File tab:

B ORPEH R Te

File Setup Analyze Optimize Tolerance Libraries

9 H N A

Programming Help

G B @ ¥ %

New Open Save Save Insert Create Load CAD | DXFAIGES Zemax Encrypted Convert To Convert File
A As Lens Archive Archive Files | Linework * Black Box Coatings MNSC Group  Formats -
Lens File Archive Export Convert

7
S

B

Systemn Explorer

Aperture
Environment
Wavelengths
Fields

Files

- w v w w w

J CAD Files

Export the current optical system data or
a subset to a file as a collection of 3D [
solids in STEP, SAT, IGES or STL format

Glass Catalogs

Using the file designed in Turorial 3, export it like so:

Infinity

Zemax, LLC Getting Started With OpticStudio 15

Tutorials e 75



Export CAD File

First Surface:

132481

Surfaces As Solids
("] Scatter NSC Rays

Last Surface: [8
Number Of Rays: 10 +
Ray Pattern: LSolid Beam ¥ I
Ray Layer: [1 ']
Lens Layen: [0 'J
Dummy Thickness: 1

Delete Vignetted

Wavelength: [All e ]
Field: |Au - |
Spline Segments: |32 v
File Type: |STEP v
Tolerance: [1.00E-4 ~ ]
Configuration [All AtOnce ~ ]

["] Export Dummy Surfaces
[C] Split NSC Rays

["] Use Polarization

| oK

Cancel

And load the file produced into your 3D CAD package of choice:
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# TransMagic R10 - [TestSTP] [E=EEEES)

Rk
Home Operations View Interface™ = & X
= f,% Cil 22 & e = %, £ Show Status Bar  Batch Translation
[ = — R <& 2 # 3 (o)
=] PN - - - Show Workspace  Special Functions ~
New Open.. Save Close | Print.. Single Window Select Deselect | Set Color Clear Color AutoRepair Lite  Full | Show Show Open Assembly Hide Selected Show Redraw | Settings _ )
- Select~ Select~  All Al Fiter  Filter Wizard  Repair Repair | T-Edges Edges | Browser Entities Al Faces Selection Toolbar
File Selections Repair Browser Application Special
[} A Test.STP 4bx

Note: If you are using SolidWorks™, and do not see the exported rays, visit the OpticStudio User’s
Knowledge Base at www.zemax.com/kb and search for “SolidWorks" to get advice on how to set
SolidWorks' importer options.

This lets you see easily the range of motion of the mirror, the envelope of the rays, and the optical
components. Multiple configurations can be exported as separate files, as separate layers of the
same file, or ‘all at once’ as done here.

Importing CAD objects is discussed in the non-sequential ray-tracing section of this Guide.
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Tutorial 5: Optimization

So far, we have loaded a lens file, and used Analysis features to look at the performance of the
system. Optimization takes this to the next level: OpticStudio will actively work with you to obtain
the best possible system performance, and not simply report what the system performance is.

Note: Even if you intend to use only the non-sequential mode of OpticStudio you should work through
this example, as the concepts of optimization are the same in non-sequential ray-tracing as in
sequential.

Optimization is a three step process:

e First, a basic lens design is entered which has the correct field of view, wavelength, system
aperture, number of surfaces, etc. This system should be traceable without error.

e Next, some parameters in the Editor are defined as variables. This means that OpticStudio
can change the value of these variable parameters in order to better meet the design
specification.

e Last, the design specification is expressed as a series of design goals called a merit function.
The merit function ultimately is expressed as a single number, and the closer to zero this
number is, the closer the design is to your desired performance.

Optimization then changes the values of the defined variable parameters so that the merit function
is reduced to its minimum value. OpticStudio contains several different optimization algorithms, two
local optimizers and two global optimizers. In this example we will use the Damped Least Squares
local optimizer, and the Hammer global optimizer.

Also, this three-step optimization process may be repeated several times during the design process.
After optimization, the system performance may still not be as required, and more lenses may be
needed, or you may choose to make some surfaces aspheric and repeat the optimization with the
aspheric parameters set as variables.

Tutorial 5.1: The Lens Specification

Here is the specification of the lens we are to design:
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Design a cemented doublet that works at f/5 over the visible region of
the spectrum. The field of view is 10° full field of view, and the object
is a very long distance away from the lens. The lens aperture is 25 mm
entrance pupil diameter, and the lens must be at least 2 mm wider in
diameter than the optical beam to allow for mounting clearance.

Tutorial 5.2: Entering the Basic System
In the System Explorer

Press File...New to clear OpticStudio and start a new design. We will start by defining the incoming
light, by its aperture, wavelength, and field of view. All of this is defined in the System Explorer
sidebar.

The system aperture has been defined as 25 mm entrance pupil diameter, with at least a 27 mm
mechanical diameter to allow for mounting of the lens. In the System Explorer Aperture Group,
enter the Entrance Pupil Diameter as 25:

» Aperture

Aperture Type:

Entrance Pupil Diameter =

Aperture Value:
25,000
Apodization Type:
[Ur‘liﬁ:u rm -

[C] Telecentric Object Space
[C] Afocal Image Space

Lens units are millimeters by default, which you can confirm by clicking on the Units tab of the
dialog box. We also have a requirement for the lens to be mechanically 2 mm larger in diameter
than its working aperture, so click on the Miscellaneous tab and enter a 1 mm semi-diameter
margin like so:
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 Miscellaneous

Reference OPD:

| Exit Pupil v
Paraxial Rays:

[Ignu:rre Coordinate Breaks - l

Semi Diameter Margin Millimeters:
1.000

Semi Diameter Margin &
0.000

Global Coordinate Reference Surface:

1 -

Method To Compute F/#:

Note that OpticStudio works with semi-diameters, not diameters, so a 1 mm semi-diameter margin
gives a 2 mm diameter margin.

We will now define the wavelength of the light. This specification is a little vague on this important
system parameter. For example, what is the ‘visible spectrum’, and at exactly what wavelength
should the system be f/5? We will assume that the 'visible’ region is that covered by the F, d and C
spectroscopic lines. This is a very common assumption in visible system design. We will further
assume that the d-line, being the central wavelength, should be the wavelength at which the f/# of

the lens is defined. We will therefore enter the System wavelengths as follows
+ Wavelengths 1

~ Settings

Freset:
|F. d, C (Visible) -

E Select Preset i

P Wavelength 1 (0.486 um, Weight = 1.000)
P Wavelength 2 (0.588 um, Weight = 1.000)
b Wavelength 3 (0.656 um, Weight = 1.000)
b Add Wavelength

In the drop-down list next to the ‘Select’ button, choose the spectrum “F, d, C (visible)” and press
the Select button to copy this spectrum into the Wavelength Data dialog. This sets three
wavelengths, in ascending order, and sets wavelength #2 as the primary wavelength.
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Note: In real life, any time you find yourself making assumptions about what specifications mean,
always refer back to the customer! Part of your QA process should be to do a point-by-point
comparison of each specified parameter, how it has been entered into OpticStudio and how it will be
tested in the built system.

Last, we will define the field of view, which is 10° full field of view, hence 5° half-field. In the Field

section, click on Add Field:
* Fields

* Settings

Type:
[Ang le - l

Maormalization:

| Radial Height: - |

[ Set Vignetting ]

[ Clear Vignetting ]

b Field 1 (X = 0.000, ¥ = 0.000, Weight = 1.000)
b Add Field

And enter the new field point like so:
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w Fizlds
= Settings
Type:
[Ang]e - l

Mormalization:

| Radial Height; -
[ Set Vignetting ]
[ Clear Vignetting ]

b Field 1 (X = 0.000, ¥ = 0.000, Weight = 1.000)
~ Field 2 (X = 0.000, Y = 5.000, Weight = 1.000)

Enable

X

Alternatively, just double-click on the ‘Fields’ line at the top of this section, and enter the data
though a standard dialog box:
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.
¥, Field Data s
. X i Weight VDX VDY VICX VCY WAN
1 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
2 0.000 5.000 1.000 0.0:00 0.000 0.000 0.000 0.000
[ 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
O] 4 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
] 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
[ 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
[ 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
[ 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
O 9 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
[C] 10 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
[ 11 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
|:| 12 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000
Type: [Angle v] Mormalization: | Radial Heigk -
Number Of Fields: |3 »|  Maximum Field: 0000 | Equal-Area Fields |
Cancel H Close ] [ Set Vignetting ][Clear‘l."jgnetting] [ Save H Load H Sort ]'@'

Note: As the lens is rotationally symmetric we do not need to specify a field point at y = -5°, or at x =
5°or -5°. Always define your field points in +y only unless you specifically require a non-rotationally-
symmetric lens system. We have now entered everything we need about the light coming into the lens:
its diameter, wavelength and field of view.

Tutorial 5.3: Entering the Basic System
In the Lens Data Editor

We now need to enter the first-guess data for the optical surfaces in this lens system. As we know
we will be designing a cemented doublet, we know we will need a total of six surfaces: the OBJECT
surface, STOP surface, the front, middle and rear doublet lens surfaces and the IMAGE surface. Go to
the Setup Tab, and click the Lens Data icon in the Editor group. Click on the IMAGE surface in the
Lens Data Editor, and press the Insert key 3 times to insert the correct number of surfaces, and enter
the following data:
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_ Lens Data

+@M ;L edPh O

~ Surface 5 Properties <

i Surf:Type Comment
0 OBJECT Standard ~
1 STOP Standard ~

2 Standard ~ front
3 Standard ¥ middle
4 Standard * rear

5 IMAGE Standard »

; »= @

Radius

Infinity
Infinity
Infinity
Infinity
Infinity
Infinity

Configuration 1/1 < >

Thickness Material Coating
Infinity
50.000
5.000 N-BK7
5.000 F2
50.000

-1

Semi-Diameter

Infinity
12.500
17.874
18.163
18.433
21.807

Conic

0.000
0.000
0.000
0.000
0.000
0.000

v - O X

TCE x 1E-6
0.000
0.000

0.000
0.000

Note: If you are using the demonstration version, OpticStudio will display fewer decimal places. This
does not affect the accuracy of the calculations or results.
Because the specification says that the OBJECT scene is ‘a very long distance’ away from the lens we
have set the OBJECT surface thickness to ‘Infinity’. You do this by typing the word “Infinity” or just

the letter “i"” (without the quotation marks) in the editor cell.

Do not enter anything in the semi-diameter data column. OpticStudio will work this out for you, and
include the requested margin so that the lens is larger than the incoming beam. Use the Cross-

section layout (in the Setup and Analyze tabs) to show the design so far:
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[} 1: Layout

* - 0O X

.Z:ﬁfﬁ-Settings T hakes /0O -A 2|E|@";- £ 3x4 - Standard - @

Layout

2/18/2014
Total Axial Length: 110.00000 mm

Zemax
Opticstudio

LEMS.ZMX
Configuration 1 of 1

Now our system has a requirement that it must be f/5. There is a simple way to achieve this, click
the cell to the right of the radius of curvature cell of the last lens surface, and choose an f-number

solve like so:
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_ Lens Data X
+ @ Kl # P H O-L 5@
v Surface 4 Properties ¢ > Configuration 1/1 ¢
4 Surf:Type Comment Radius Thickness Material Coating
0 OBJECT S5Standard - Infinity Infinity
1_ S5TOP  5tandard - Infinity 50.000
Z_ Standard > front Infinity 5.000 M-BKT
3_ Standard * middle Infinity 5.000 F2
4_ Standard = rear -77.505 F EE}.DEIID. .
E_IMAGE Standard ~ Infinity| Curvature solve on surface 4
Solve Type: F Mumber -
Fis 5

OpticStudio will immediately compute the radius of curvature that yields an f/5 cone of light:

@ 1: Layout

* = O X

w) Settings | & 53 ml[;é; V4 D/—A ,'|§||E|'i £ 3x4 ~|| Thickest~ '@'

Try altering the radii of curvature of the other two surfaces, and you will see that the f/# solve

automatically updates to enforce the condition that the lens be f/5. A solve is the most efficient way
to enforce a system constraint.
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Note: Read the "Solves” section of the Technical Reference in its entirety. A solid understanding, and
use, of solves is one of the hallmarks of the professional lens designer!

Now we will bring the lens into focus. Go to the Optimize tab, and in the Manual Optimization tab
choose the Quick Focus icon:

B OR m??::|é

File Setup Analyze Optimize

__,‘ '. /'1 b —
W =
Quick |Quick Slider
Focus JAdjust Optimizer Functi

£ il

anual Adjustment

and set it up like so:

'Quick Focus

{Spot Size Radial v

[¥] Use Centroid

OK H Close I @

Update the cross-section window to see the final ‘basic setup'”:
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(}l:l.ayuut v =0 X
v Settings | 2 Ca el /O =— A ;|§||E|,- £ |3x4 ~|| Thickest~ | @

So now we have an /5 lens, operating over the visible with a 5 degree field of view. Open a spot
diagram by clicking on the Standard Spot Diagram in the Rays and Spots menu of the Analyze tab:

B ORH WP C22 h

File Setup Analyze Cptimize Tolerance Libraries Part Designer Programming Hel

> o[+~ © ENIA |~ B

Cross-Section Shaded Rays & | Aberrations Wavefront PSF  MTF  RMS Enclosed Extended Scene
Model Spots M = - = = Energy = Analysis -

System Viewsrs 1 | -c‘{- Ray Trace Duality
= | Ray Aberration

« Aperture Y+ Standard Spot Diagram

Aperture Type: int Di
— @ Footprint Diagram Standard 5pot Diagram
[Entrance Pupil Dia| +-+ | Through Focus Spot Dig
N _ ) Traces bundles of rays through the

Aperture Value: + | Full Field Spat Diagram + system to the specified surface to

25000 Matrix Spot Diagram + show ray distributions
Apodization Type: +++ | Configuration Matrix Spy +~

Uniform (' | Cardinal Points

Lok TP T T

s
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%+ 2: Spot Diagram v = 0O X
visettngs| & Ga i /[0 = A Q@ E= - 3x4 - stndard - | @
v 04861

= (6563

OBJ: 0.0000 (deg) ©BJ: 5.0000 (deg)

200000

1WA 0000 rm IMA: 10.740 mm

| Surface: TMA
Spot Diagram

2/18/2014 Zemax
2aanL OpticStudio
Field : 1 2

AMS radius : 143.446 168750

GED radius ; 330575 542113 LENS.ZMX
Scale bar : 2000Reference : Chief Ray Configuration 1 of 1

I Graph Text

The RMS spot radius is 143p on axis, and about 169y at the 5° field point. Check that you get the
same data as shown here, and if not go back through the exercise step by step to make sure your
system is correctly set up.

Note: Finally, click on Setup Tab...System Check in the ‘Diagnostics’ group. This invaluable utility
checks your file for the most common setup faults. Although not every possible fault can be caught by
such a utility, anything it does report should be checked, and anything classed as an ‘Error’ must be
rectified before proceeding.

Then click on File...Save As, to save the file as ‘basic setup.zmx'.

Setting Variables

Our basic system setup is certainly an f/5 lens that meets the specification of aperture, wavelength
and field of view, but it is not necessarily the best possible lens for the job. In fact, with only one
curved surface, it is highly unlikely to be the best possible lens for the job! We are now going to
optimize the lens to get the best possible performance.

First we will tell OpticStudio what it may change. We do this by clicking on the cell to the right of
the parameter we want, and selecting the ‘variable’ solve:
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| Lens Data

+@Kl K &PH O EE+@

~ Surface 2 Properties < »

Configuration 1/1

4 Standard * rear -77.505

Infinity

Coati

Solve Type:

4 Surf:Type . Comment . Radius Thickness Material
0 OBJECT Standard - Infinity Infinity

1- STOP Standard - Infinity 50.000

2- Standard = front Infinity |V 5.000 M-BK7
3 - Standard ¥ middle Infinity Curvature solve on surface 2

Wariable

Or we can highlight the cells we want OpticStudio to change the values of, and use the keyboard
shortcut <Cntl>Z (press and hold the Cntl button, and then press the z button on the keyboard):

. Lens Data

+@Ml L 2PE O S0

~ | Surface 2 Properties < >

r

4l Surf:Type | Comment . Radius | Thickness

0 OBIECT Standard - Infinity Infinity

1- STOP  Standard = Infinity 50.000

2_ Standard = front Infinity V 5.000

3- Standard * middle Infinity V 5.000

4- Standard v rear -77.505 F 121.469
h | dard ~

Or, in the Automatic Optimization group of the Optimize tab, we can use set all radii variable/set all

thicknesses variable:
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B 1RH RIDC22

File Setup Analyze Optimize Tolerance Libraries Part Des Programming Help

" H » — e — &K o X Remove All Variables ), W
"{a ’ fai = = ® o™ R set All Radii Variable < WY
Quick Quick Slider  Visual Merit Optimization Optimize! — - - Global Hammer Glass!
Focus Adjust Optimizer | Function Editor ~ Wizard T Set All Thickness Variable | Optimizer Optimizer T
Manual Adjustment | Automatic Optimization | Global Optimizer
System Expl
G s
~ Aperture
Set all material thicknesses in the
Aperture Type: J Lens Data Editor to be adjustable by
‘ Entrance Pupil Diameter v ’ J the optimizer
Aperture Value: \/
25.000
To set a total of six variables:
prs
| Lens Data
+ QM| X 8PH O-£LT++0
+ Surface 2 Properties < > Configura
r Surf:Type Comment Radius Thickness Material
0 OBJECT Standard - Infinity Infinity
L 5TOP Standard - Infinity 50.000| v
2 Standard = front Infinity V 5.000 vV M-BKY
3 Standard = middle Infinity V 5.000 vV F2
4 Standard = rear -77.505 F 121469 V

The status flag V indicates variables that OpticStudio may change the values of, just as the F flag
means that the rear surface’s radius of curvature is set by an f/# solve. As OpticStudio modifies the
values of the variables, the f/# solve will automatically update to maintain the lens at /5.

Defining the Merit Function

Next we will build the merit function for this design. In the Optimize tab, click on Optimization
Wizard in the Automatic Optimization group:
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B OPH R9CZ2

<

File Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help
u‘a ua - — — ' Z& i) N Remove All Variables
- == == - e "R Set All Radii Variable
Quick Quick Slider  Visual Merit Optimization Pptimize! _ ) )
Focus  Adjust Optimizer | Function Edited  Wizard ‘T Set All Thickness Variable | Optimi
Manual Adjustment Automatic Optimization

This will open the Merit Function Editor, and also activate the Optimization Wizard in the Property
Inspector area of the Editor. Because this is a focal system, we want the smallest RMS spot radius,
choose RMS Spot Radius, relative to the centroid, and set the number of rings to 4 (we will discuss

this in more detail later, for now just make these changes) and press the OK button to close the
Optimization Wizard:

» Merit Function Editor

* - O XK
TEHRYX & G | 5++@
| Wizards and Operands 4 2 Merit Function: 0
Cptime=tiogiWeEand Cptimization Function Boundary Values
Current Operand (0) - .
Type: RMS - [ Glass  Min: 0 ST I durhy
Ignore Lateral Colar: ]
I Criteria: [Spot Radius - ” Max: 1000 Add Favorite Operands: ]
Reference: Centroid - Edge Thickness: |0 Configuration: Al -
Pupil Integration [ Air Min: 0 R 1000 *
(@ Gaussian Quadrature Ma: 1000 Relative X Weight: | 1
() Rectangular Array Eiee Tidoes [0
2= [l Overall Weight 1
Rings: 4 -
Arms: 6 A
Obscuration: 0
[ oK H Apply ” Save Settings H Load Settings H Reset Settings l@
: i Type Comment | [ ]
[1] BLNK ~
< m | J,

OpticStudio will then write out a merit function like so:
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» Merit Function Editor * = 0O X

PHRYX K06 $++@
~ Wizards and Operands (<. > Merit Function:  0.133932489408791

A Type Wave Hx Hy Px Py Target Weight Value % Contrib
0 DMFS ~
1 BLNK = Sequential merit function: RMS spot radius centroid GQ) 4 rings & arms
2 BLNK = Mo default air thickness boundary constraints.
3 BLNK = Mo default glass thickness boundary constraints.
4 BLNK = Operands for field 1.
5 TRAC ~ 1 0.000 0.000 0.263 0.000 0.091 0.023 0.086
6 TRAC ~ 1 0.000 0.000 0.574 0.000 0.000 0.171 0.015 0.070
7 TRAC ~ 1 0.000 0.000 0.819 0.000 0.000 0.171 0.146 6.483
8 TRAC ~ 1 0.000 0.000 0.965 0.000 0.000 0.091 0.288 13.379
9 TRAC ~ 2 0.000 0.000 0.263 0.000 0.000 0.091 0.085 1178
10 TRAC ~ 2 0.000 0.000 0.574 0.000 0.000 0.171 0.123 4.560
11 TRAC ~ 2 0.000 0.000 0.819 0.000 0.000 0.171 0.054 0.881
12 TRAC ~ 2 0.000 0.000 0.965 0.000 0.000 0.091 0.048 0.378
13 TRAC ~ = 0.000 0.000 0.263 0.000 0.000 0.091 0.111 2,003

Each row in the Merit Function Editor contains an operand, which computes some value. The TRAC
operand, for example, computes the radial point at which a specified ray lands on the image plane,
relative to the average of all rays from that field point. Note that each TRAC operand traces a ray
defined by its wavelength number, and its (Hx, Hy, Px, Py) normalized coordinates. Different
operands will take different arguments, and the names of the arguments are given in the header
row of the Editor.

Each operand that computes a value returns that value in the ‘Value' column of the editor. The
operand is also given a target value to achieve, and a weight. The merit function value is then
computed as:

vp = 2T
) >,

where Wi is the weight of the ith operand, Vi is its computed value and T; is its target value, and the
summation is over all the operands in the merit function. As the computed values of the operands
move towards their target values, the merit function value approaches zero. Because the difference
between the target and actual values of each operand is squared, any deviation from the target
value yields an increasingly positive value of the merit function.

Note: The goal of the optimizer is to reduce the merit function to zero, or as close as possible, by
adjusting the values of the variable parameters in the Lens Data Editor.
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Optimizing the Lens

Now that we have defined the variables and the merit function, click the Optimize! icon in the
Automatic Optimization group

B E  RIDC22

13 Setup Analyze Optimize Tolerance Libraries Part Designe Programming Help
W q\( ) [ (— XK u) Remove All Variables S g
QAE E Q
v ) ;—' L——‘ Q Q A - R Set All Radii Variable -
Quick Quick Slider  Visual Merit Optimization | Optimize! : . Global
Focus Adjust Optimizer | Function Editor  Wizard T Set All Thickness Variable = Optimize

Manual Adjustment Automatic Optimization

And then press the Automatic button. Note that the optimizer is multi-threaded and will split the
calculation over all the CPUs in your machine if that will speed the calculation up.

4 o )
Local Optimization &

Algorithm: vDamped Least Squares ¥ | # of Cores: |‘8 b |
Targets: 48 Cycles: Automatic ¥ |
Variables: 6 Status: Idle

Initial Merit Function:  0.133932489 Execution Time: 0.749 sec

Current Merit Function: 0.013577440

[] Auto Update|  Start - Bt | @

The merit function value quickly falls, and the Spot Diagram plot shows the improved performance
(double-click it to make it update). The RMS spot radius is now 11u on axis, and about 20y at the 5°
field point, compared to 143y and 168 prior to the optimization. That's a big improvement!
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%+ 2: Spot Diagram

v Settings | & 2 [l = | /[

CBJ: 0.0000 (deg) OBJ: 5.0000 {d=g)

v - O X

S o—-pA ;|E||El';: - 3x4 - Standard ~ @

+ 04861

= (G563

Scale bar - 200Reference - Chisf Ray

(=]

: ©

[=]

(=1

™

IMA: 0,000 mm IMA 10.833 mm
Surface: IMA
Spet Diagram

2/18/2014 Zemax
sz icstudio
Field : 1 Ort
RMS radius: 10.736 19.856 -
GEO radius; 1B.818 54440 basic setup.zmx

Configuration 1 of 1

Graph Text

However, there is a clear problem, which can be seen in the Layout plot:

@ 1: Layout

- -

visetings ¢ Ealal @ /0. = A C[A|EH= & 324 || Thickest- @

O x

The lens is unfeasibly thick! We have told OpticStudio to minimize the RMS spot radius, but have
given it no guidance about any constraints it must operate within. Press the F3 button, or click on

the Undo icon:
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I ORH  RPC22 €
File Setup Analyz

Quick Quick Shider
Focus Adjust

Undo

9 Undo last change

This will undo the optimization and restore the previous, un-optimized system. Click on the
Optimization Wizard again (it is in the Merit Function Editor toolbar as well as the Optimize tab) and
set up the following changes

» Merit Function Editor
cHBY X[&]s[¢ |5~ @
~ Wizards and Operands < > Merit Function: 0.13
Optimization Wizard
Current Operand (0)

Optimization Function Boundary Values

Type: Glass  Mim: 2 B
o _ IgI"IDI'E Lateral Caol
Criteria: Spot Radius A Maz: 20 Add Eavorite O
Reference: Edge Thickness: 2 .
Configuration:
3 2 | A in: .
Pupil Integration Air Min 0.5 Start At
@ Gaussian Quadrature Max: 1000 Relative X Weigh®
) Rectangular Array Edae Thickness: | .5
ge Thickness Cwverall Weight:
Rings:

Arms:

I

Obscuration: 0

0K [ Apply H Save Settings

These settings require that the lens elements have a center thickness somewhere in the range
between 2 and 20 mm, and that the lens edge-thickness be greater than 2 mm (this is a useful
constraint to aid manufacturability). Any surfaces made of air must have thicknesses between 0.5
and 1000 mm, which is not necessary in this design, but in a multi-element design will prevent lens
elements from hitting each other or being unreasonably far away from each other, and is therefore
added here for completeness.

Loagd Settings

Click OK to enforce the changes. Press the Optimize! icon again, and we get a much better design:
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[}l:LayDut v = 0O X

v)Settings | 2 Ealalem | /[, = A ;|§||E|‘i: £+ 3x4 v Thickest~ @

And the RMS spot radius is now 13.6u on axis, and about 26.1u at the 5° field point:

%+ 2: Spot Diagram * -0 X
v Settings | & 3 [al oo V4 D/‘— A ;|é||@|'i: £~ 3Ix4 - Standard - @
+ 04851
= 6563
OBJ: 0.0000 (deg) OBJ: 5.0000 (deg)
3 oot
g e b4
b ey
IMA- 0.000 rm IMA: 10.878 mm
Surface: IMA
Spot Diagram
3/18/2014 Zemax
FLE - icStudio
Field : 1 Ot
RMS radius: 13506 26128 -
GEO radius: Z4.682 56200 basic setup.zmx
Scale bar : 200Rsference : Chief Ray Configuration 1 of 1
Graph Text

Note: The key point is that for successful optimization, the merit function should contain both the
optical targets you want to achieve, plus constraints that will prevent OpticStudio from producing
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unwanted design shapes. Typical constraints include the thickness of elements, weight, maximum
acceptable distortion, etc.

Are There Enough Field Points?

We optimized this lens using just two field points, at 0° and 5°. Although the RMS spot radius looks
well controlled at these two points, how do we know that at some intermediate field point the
performance of the lens does not degrade?

In the Analysis tab, click on RMS...RMS versus Field:
RE [ RPCSS
File Setup Analyze Optimize Tolerance Libraries Part Designe Programming Help

> & + ~ @ HN A IC os

Cross-Section Shaded Rays & Aberratlons Wavefront PSF MTF | RMS | Enclosed Extended Scene Physical Beam File Gaus

Model Spots ~ v v Energy ~ Analysis ~ Optics  Viewer Bea
System Viewers | Image Quality L RMS vs. Field Laser and Fi
System Explorer (<] A
~ Aperture L’; RMS vs. Field
N\ 3| = Plot RMS radial, x, and y spot radius
Aperture Type: L«_ I ; y sp dius,
¥ JE tfi RMS wavefront error, or Strehl ratio

A) Settmgs

[Entrance Pupil Diameter ¥ | as a function of field

Automatic

Aperture Value:
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|/\. 3: RMS vs. Field - -0 X
~settings| @ Calal e | /O =—A L@ EH= =- 3x4 - Standard -
Automatic = @

Ray Density: 3 +|  Wovelength: Al -
Field Density: I15 b ‘ IData: |Spot Radius L ‘I
Plot Scale: 0 Refer To: Centroid |
Method: Gauss Quad - ‘ Qrientation: +y - ‘
Use Dashes: Bl Show Diffraction Limit: Bl
Use Polarization: [C] Remove Vignetting Factors:
Auta Apply ok | save || Load || Reset |
250 Finld = 1.325, RMS = 25.3%
00 /
150 L T //

RMS Spot Radius in pm
!
.-

50

oo g
() 05 10 15 20 25 X ERS 40 45 50

+Y Field in Degrees

A—Poly A—04361 B 05876 F—DA563

[ RMS Spot Radius vs Field

Zemax
2/18/2014 OpticStudic
Referance: Centroid

Basic SEUp Zm
Configuration 1 of 1

|\ Graph Text

This plot shows how the RMS spot radius varies as a function of field, with field as a continuous
variable. We are using 15 points across the 5° field, and plotting the RMS spot radius for each
wavelength individually and as a polychromatic average. Note that the RMS spot never exceeds its
value at the extreme fields of 0° and 5°. Therefore, two field points provide adequate control in this
design. If the curve shows exceeds the value at the maximum or minimum field points, add more

field points as required.

Note: If you change the number of field points, or the number of wavelengths, you must rebuild the

merit function to include your changes into it.

A similar RMS vs. Wavelength plot allows you to check that you have adequate control with the
defined number of wavelengths, as does Analyze... Aberrations...Chromatic Focal Shift and

Analyzed...Aberrations...Lateral Color.

Another excellent way to look at the optical behavior over field and wavelength is to use

Analyze...Extended Scene Analysis..Image Simulation. Configure it like so:
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& 5: Image Simulation v -OXx
ASettings = Calalem Z [0/ = A :li”_@"ﬁ: £+ 3x4 - Standard - @

————— Source Bitmap Settings -----

Input File: [Demo picture - 640 x 480.bmp

Field Height: 7 Oversampling:
Flip Source: None >, Guard Band:
Rotate Source: Wavelength:

Field:

L
Pupil Sampling: 64 x 64 >, Image Sampling:

PSF-X Points: PSF-Y Points:

DI
4

Use Polarization Aberrations: Geometric v

Apply Fixed Apertures Use Relative Illumination

Show As: Pixel Size: 0
Reference: X Pixels: 0
Flip Image: Y Pixels: 0
Suppress Frame

Qutput File:

[¥] Auto Apply|

This will produce a simulation of what a real source scene, described by an input bitmap, will look
like when imaged by the lens. This analysis is amazingly fast, taking literally only a few seconds to
produce the image below. This feature is ideal for communicating real-world optical performance to
non-optical specialists.
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Glass Optimization

There is an important difference between optimizing glasses and other system parameters.
Parameters like radii of curvature, thicknesses, etc. can be smoothly varied: a thickness of 10.0 mm
can become 10.00001mm for example. However, glasses are only available with discrete properties:
you cannot simply perturb a glass to get a slightly different refractive index! Instead, we use a
method called Glass Substitution to swap out the glasses that the design currently uses for other
glasses.

The first step is to define a template for the glasses OpticStudio is allowed to choose. Within the
Optimize tab, choose the Glass Substitution Template from the Global Optimizers group:

QQ B @ %

Global Hammer |Glass Substitution Find Best Convert Stock Le
Optimizer Optimizer Template Asphere Asphere Types Matchin

Global Optimizers Optimization To

Glass Substitution Template

Limits the range of acceptable glasses to
choose based on cost and other

contraints when using Hammer and
Global Sear

And configure it like so:
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'd ™\
Glass Substitution Template

[¥] Use Glass Substitution Template
[¢] Exclude Glasses With Incomplete Data

[7] Standard [¥] Preferred
[7] Obsolete [] Special
Maximum Relative Cost: 10

[¥] Maximum Climatic Resistance (CR): 2

[¥] Maximum Stain Resistance (FR): 1
[] Maximum Acid Resistance (SR): 100
["] Maximum Alkali Resistance (AR): 100

[] Maximum Phosphate Resistance (PR): | 100

58 glasses meet these criteria.

| Save || Load || Save As New Glass Catalog

| OK | [ Cancel | | Reset l

We are telling OpticStudio to use only Preferred optical glasses (a status flag that indicates the glass
is easily available and does not have any unusual properties). In addition, each glass must cost no
more than 10 times the price of N-BK7 (the relative cost), and must have a Climate Resistance factor
of 2 or better and a Stain Resistance factor of 1 or better. There are a total of 58 glasses in the
currently loaded catalog (by default the Schott glass catalog is loaded) that meet these criteria, and
these are the only ones that will be selected for substitution.

Then click on the cell top the right of the material of surface number 2, which is currently N-BK7,
and in the solve dialog box set a ‘Substitute’ solve:

. Lens Data 1
+Q@Hl XK #PE O-L 58

| Surface 2 Properties (< > Configuration 1/1 (< » .
d Surf:Type | Comment | Radius | Thickness | Material | Coating | Semi-Diameter |

o . OBJECT Standard ~ Infinity Infinity Infinity

1lSTOP Standard - Infinity 81616 V 12.500

2 Standard + front 147570V 20000 V 20.757

3. Standard * middle -36.548 V 20,000 V F2 Glass solve on surface 2

4: Standard * rear -81.369 F 117401 WV ez T Substitute -

5 IMAGE Standard - Infinity -

Catalog:
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Repeat this for the F2 on surface 3. The Lens Data Editor should show an S status next to the
glasses, to indicate that these glasses may be substituted:

_ Lens Data <
+ @l X 8PH O-L 5@
~ Surface 4 Properties ¢ > Configuration 1/1 ¢
dl Surf:Type . Comment . Radius . Thickness . Material . Coating
0 OBJECT Standard - Infinity Infinity
1-STDF' Standard * Infinity Blale v
2- Standard ~ front 147.570 V 20,000 V M-BKT S
3- Standard * middle -36.548 V 20,000 v F2 S
4- Standard ~ rear -81.369 F 117401 W
- dard

The glass substitution method is too complex for the local optimizer. Instead, use the Hammer
optimizer in the Global Optimizers group and OpticStudio will quickly find the best glasses for this
design:

g sval)
Hammer Optimization @
Algorithm: .Damped Least Squares ¥ | # of Cores: 8 v |
Targets: 54 Systems: 1193838
Variables: 6 Status: Idle
Initial Merit Function: ~ 0.010342063 Execution Time: 34.133 sec
Current Merit Function: 0.007887515
Auto Update l Start || Automatic J I Exit | @
- >

Check the glasses in the Glass Catalog to ensure they meet the specification (click on the glass, and
go to Libraries...Materials Catalogs). The design now has an RMS spot radius below 19u everywhere
across the field of view:
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|/ 3: RMS vs. Field -0 X
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Tutorial 5.4: Tips and Tricks for
Successful Optimization

The following tips and tricks are useful guidelines for how to make the best use of OpticStudio’s
wide and powerful optimization features.
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Use Physically Significant Merit Functions

Before you start to design your lens, think about how it will be tested and used. Test methods fall
into a number of broad categories:

Imaging onto CCD arrays or (less common) photographic films. RMS Spot Radius is usually a
good performance indicator in this case. If the final system is expected to have less than
about 2 waves of aberration, use RMS Wavefront Error instead.

If you will test your lens on an interferometer, optimize for RMS Wavefront error.

If you will test your lens on an MTF measurement rig, use RMS wavefront error. MTF
improves as RMS wavefront error approaches zero. If you need further improvement, use the
various MTF* operands described in the Optimization chapter of the Technical Reference to
target MTF performance at specific spatial frequencies.

If you are designing an afocal system like a beam expander, switch the lens to Afocal Mode
via the switch on the System Explorer’s Aperture section. Use RMS Angular Radius if you
expect more than about 2 waves of aberration in the final system, and RMS wavefront error
if you expect less than 2 waves of aberration.

Don’t Optimize Aberration Coefficients
Directly

It is tempting to attempt to ‘control’ the lens under optimization by targeting Seidel aberrations like
SPHA, COMA, etc. directly in the merit function, and then using fifth-order aberrations for better
control (see the macro fifthord.zpl, or the optimization macro ZPL03.zpl for example). While this is
perfectly possible to do in OpticStudio, we do not recommend it, for the following reasons:

Aberrations are difficult to compute in tilted and decentered systems, or systems with
components like aspheric surfaces, diffractive components or GRINs.

The Gaussian Quadrature (GQ) method OpticStudio uses for RMS Spot Radius and RMS
Default Merit Functions are exact to a specified order of wavefront aberration. If you use n
rings in the default merit function, you then have control of all wavefront aberrations up to
order r®Y In the doublet lens we designed, we used 4 rings and therefore could control all
aberrations up to r’, which is a higher order than fifth order aberrations can achieve. See G.
W. Forbes, "Optical system assessment for design: numerical ray tracing in the Gaussian
pupil”, J. Opt. Soc. Am. A, Vol. 5, No. 11, p1943 (1988) for a very readable and full account of
this useful technique.

We are usually interested in optimizing for real-world performance metrics like spot size,
wavefront error, MTF, etc. Fifty years ago aberration theory was a useful computational
shortcut, but 21st century computers and multi-threaded software like OpticStudio are
massively faster than the tools available then. Optimizing directly for the desired
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performance is more practical than optimizing for some intermediate function that we hope
will then go on to give us the desired performance. Optimize for what you want to test the
built system for!

¢ Note for example that in the optimization of the doublet we did not need to target
chromatic effects like axial or lateral color directly: the default RMS spot radius merit
function provided this automatically.

e The exception to this is distortion, because distortion affects only the location of the image,
not its quality. Operands like DIMX, DISG, etc. can be used to control distortion.

Use the Optimization Wizard

We recommend that you use the Optimization Wizard as the foundation of your merit function
construction. This generates a ‘Default Merit Function’ which is the bedrock of your optimization
function. Ultimately imaging systems are characterized by RMS spot radius or wavefront error, and
afocal systems by RMS angular radius or wavefront error. The Optimization Wizard also automates
the construction of the most common opto-mechanical constraints designers require, such as lens
edge and center thickness constraints.

Additional goals and constraints can be easily added by inserting your own operands above the
Wizard's operands in the editor. OpticStudio writes out the dummy operand DMFS (Default Merit
Function Start) to indicate where the default merit function starts, and you should not hand-edit the
operands below this line. Just click on the DMFS operand and press the insert key to insert new lines
above the default merit function.

Use Hammer Often

The Hammer optimizer is used to improve a lens that has already been optimized by the local
optimizer. Get in the habit of leaving the Hammer to run on an optimization problem when you are
working on something else. The Hammer can be left to run overnight, or over weekends or even
weeks if necessary.

Use Adequate Boundary Conditions

You should always add boundary constraints to your merit function, as well as optical targets. This
yields two important benefits:
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e OpticStudio will produce designs you can build, and that meet your non-optical goals! For
example you should always constrain edge and center thicknesses of lenses to be
reasonable, and you can add constraints on length, weight, etc. as required by your
application.

e Good boundary constraints speed up the global optimizers because OpticStudio does not
look in regions of parameter space where the boundaries are violated. This can speed up
Global Search in particular by orders of magnitude.

Use the System Check Utility

The System Check utility, on the Setup tab, is an invaluable aid to ensuring there are no accidental
errors in the system setup. Although not every possible fault can be found by such a utility, anything
it does report should be checked, and anything classed as an 'Error' must be rectified.
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Tutorial 6: Non-Sequential Ray
Tracing (Professional and Premium

only)

Note: Even if you intend to use only the non-sequential mode of OpticStudio, you should work through
the previous tutorials before starting this one.

Non-sequential ray-tracing is a powerful and general technology for tracing rays in systems where
there are multiple optical paths. Typical uses include:

e Illumination systems, especially those with multiple or complex optical sources

e Systems such as interferometers, in which light that has travelled through several different
optical systems must be coherently recombined

e Opto-mechanical stray light analysis in otherwise sequential optical systems

e LCD backlighting

e Bio-optical systems, particularly those based on scattering from tissue or fluorescent
scattering

Non-sequential ray tracing assumes that there is no pre-defined path for any ray. A ray is launched

and hits whatever object is in its path, and it may then reflect, refract, diffract, scatter, split into child
rays, etc. It is a far more general technology than sequential ray-tracing, and is therefore somewhat
slower in terms of ray-tracing speed but more general in its scope.

Sequential designs can be converted easily to non-sequential mode by using Convert to NSC Group
on the File tab.

Tutorial 6.1: A Simple Example

Click on File...New to start a new OpticStudio design. Then click on Setup...Non-Sequential Ul Mode.
A new editor, the Non-Sequential Component Editor, (NSCE) will appear. The Analyze and
Tolerancing tabs are not the same as in sequential mode.
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The NSCE is very similar to the Lens Data editor or the merit function editor in look and feel, and if
you know how to use these editors the NSCE holds no surprises. The NSCE consists of a toolbar,
Property Inspector and spreadsheet region, just like the other Editors

« Non-Sequential Component Editor v - 0O X
CCR o - Z- $++«@
v Object 1 Properties < > @ Configuration 1/1 </ >

1 | , Object Type Comment Ref Object Inside Of X Position Y Position Z Position  Tilt About X Tilt AboutY Tilt About Z Material j

|
HO Null Object'l 0 0 0.000 0.000 0.000 0.000 0.000 0.000 = ‘

However, in non-sequential mode we deal with ‘components’ or ‘objects’ rather than ‘surfaces’.
Objects are full 3D volumes, not a collection of individual surfaces.

There are three basic types of object:

e Source objects, from which rays are launched into the non-sequential system

e Geometry objects, which define the optical components (lenses, prisms, mirrors, CAD
objects, etc.) that the rays reflect, refract, scatter or diffract from

e Detector objects, which detect rays and give quantitative data of optical performance like
irradiance, radiant intensity etc.

Open the Properties Inspector for Object 1 in the NSCE:

T
3

|4 Non-Sequential Component Editor
+ | Dbject 1 Properties (<) ?

Object Type Comment Ref Object Inside Of X
Mull Object = 0 0
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- Non;S;quen!isl (Eomponent’E;!’itor

CChLMIw® ~ Z- 5+@

~ Object 1 Properties < > M Configuration 1/1 (< >
;ype General Raytrace Detector
raw
= Object Is A Detector 3 e Color (Flux)
Category: @ AIITypesI _) Sources © Objects © Detectors I Consider Objects: ObjectE ==t Showes bl ey (Chin) [
Coat/Scatter Type: Null Object = | Ignore Objecss Use Pixel Interpolation [Z] Normalize Coherent Power
Scatter To R iorre Ot s = Record spectral data Number:
" . Min wave: | 0.45 Max wave: | 0.65
User Defined Aperture UDA Scale: |1 [7] Use Consider/Ignore Objects When Splitting
File: ATLAS_RTA_LTR_01.UDA

Row Color: | Default Color ~ | [C] Use Global XYZ Rotation Order

[, ObjectType Comment RefObject InsideOf  XPosition Y Position  ZPosition Tilt AboutX TiltAboutY TiltAboutZ  Material |
{0 Null Object ~ 0 0 0.000 0.000 0.000 0.000 0.000 0.000 T

Select ‘Objects’ to restrict the listing to geometry objects, and select ‘Standard Lens' from the list:
Fi

& Mon-Seguential Component Editor
CCELORNG - Z- 5++@
~ Object 1 Properties < (> @

Type zeneral
Draw

Category: ) All Types O Sources @ Objects ) Detectors
Coat/Scatter Type: Standard Lens x
Scatter To

And close the Property Inspector. Note you can also just type directly into the Object Type cell in
the editor, or use the drop-down list:
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_/ ‘o Mon-Sequential Component Editor

CECLABDHGNG x Z- 5+«@

v Object 1 Properties (< >

P Object Type Comment Ref Object Inside Of
1| Standard Lens| = 0 0

Source Volume Rectangle “
Sphere

Standard Surface

Swept

Tahb. Faceted Radial

Tab. Faceted Toroid

[ Tab. Fresnel Radial

p

Open a Shaded Model plot to see the object and use a Y|Z cutting plane to make the layout more
meaningful.

@ 1: NSC Shaded Model -
v Settings | 2 113 Ll = (K] @ - xv[viz - @ @ [ soie- | 2 [@]EH= @

Note that you have a single ‘Standard Lens’ object that defines the entire object, rather than two
surfaces and a thickness. Looking at the editor, you can position this object at any (x, y, z) location,
and tilt it about x, y, z. You can then enter the glass type the object is made from, and its defining
parameter data. Enter the following data:

All positions and tilts: 0.0
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Material: N-BK7

Radius 1: 5.0

Conic 1: 0

Clear 1, Edge 1: both 1.0
Thickness: 1.0

Radius 2: 2.0

Conic 2: 0

Clear 2: 0.8

Edge 2: 1.0

You should see this:

& Non-Sequential Component Editor L =]
CEELOHNG ~ Z- 5@
v | Object 1 Properties . </ _>'. Configuration 1/1 (<) >/
s
|, ObjectType joutY | TiltAboutZ | Material Radius 1 Conic 1 Clear 1 Edge 1 Thickness | Radius 2 Conic 2 Clear 2 Edge 2 ;
0 Standard Lens ~ 000 0.000 N-BK7 0.000 0.000 1,000 1.000 1.000 2.000 0.000 0800 1.000
- ‘ [ m | J
F
@ 1: NSC Shaded Model v - 0O X

) Settings | @& Ly o = |Z|va|v‘E|x\zee ‘i‘ Solid ~ ',.‘lElEI".- @

L e

This is a fully parametric lens, modeled as a solid object and not a collection of surfaces.

Next, click on the lens object in the editor again and press the Insert button to create a new ‘Null

Object’ and make it a ‘Source Ray’ object.
& Mon-Sequential Component Editor

CERLNEew® ~ Z- 5

v Dbject 1 Properties < > @

., Object Type rwoutY Tilt AboutZ ;
000

Source R

1 | Source Radial
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Enter the following data:

All parameters are 0.0 except:

Y position: 0.5
Z position: -1.0
Tilt About X: 15.0
Layout Rays: 1

You will then see this ray-trace like so:

- 1: NSC Shaded Model
O settings| 2 B ] & ’Zl €~ le|E|XlZ SH |i| Solid~ & |§| |E‘

v - O X

= @

You may have to adjust the slicing plane manipulator slightly to see the whole ray trace. The ray is
traced from the source to the front face of the lens, and then onto the second face of the lens. As
there is no further object for the ray to hit, OpticStudio draws it for a short distance and then stops

tracing it.

Now click on the row number of the Source Ray object to select the whole row, right mouse click

and select 'Copy Object'.
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« Non-Sequential Companent Editor
CELDil® v Z- 5@

) Object 1 Properties (< >/ @

. ObjectType  Comment | Ref Objegd
== 0 2
. 0

= Cut Object

Copy Object

Insert Surface
Insert Surface After

Delete Surface

Hide Row

Hide Columns

Click on the row again so it is no longer highlighted and press <Cntl>V or right-mouse click again
and select Paste Object to paste the object back into the editor as a new object. You should now
have two identical source objects. Modify the parameters of one of them as follows:

Z position: 2.0
Tilt About X: -15.0
Tilt About Y: 180.0

Do not change any other parameters. Update the layout as you make each change so you can see
what is happening. You should see two sources, one on either side of the lens.
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‘@ 1: NSC Shaded Model v - 0O X
v) Settings | @& 3 L o= ‘Z’ (Zh XWElxlz S B Iil Solid ~ | & IE' H= @

i1 )

Now, on the Settings of the Layout plot, select the options to ‘Split Rays’ and ‘Fletch rays":

Zemax, LLC Getting Started With OpticStudio 15 Tutorials e 115



@ 1: NSC Shaded Model v - 0O X

O Settings | 2 1 ol = [K] @ - v © @ [ soie- | 2 [@| (A= | @

¥

This simple example shows the key benefits of non-sequential ray tracing:

You do not have to tell rays where to go. Rays are launched and then interact with whatever
objects are in their path.

When a ray hits a refractive object, part of its energy is reflected and part is transmit-ted.
OpticStudio can produce ‘child’ rays that take the reflected energy, and these child rays then
interact with whatever is in their path, and in turn produce children of their own, which can
have children of their own, etc.

As well as being partially reflected and refracted, rays can also scatter at the surface of an
object or inside its volume (called bulk scattering to distinguish it from surface scattering).
Sources, objects and detectors are placed in a global coordinate system, and can be
positioned and tilted independently of each other. In addition, if it is required, objects can be
positioned relative to other objects, which we will discuss later.

Because rays can be split into transmitted, reflected and scattered components, as each ray splits it
contains less and less energy. We need to put some limits on the ray-tracing to prevent OpticStudio
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from tracing rays with insignificant amounts of energy. This is defined in the System Explorer, in the
Non-Sequential grouping:

Environment
Wavelengths
Files

Glass Catalogs

- v v v v

Mamed Filters

4

Maon-Sequential

Maximum Intersections Per Ray:
100

Maximum Segments Per Ray:
500

Maximum Mested/Touching Objects:
5

Maximum Scurce File Rays In Memony:
1000000

Minimum Relative Ray Intensity:
1.0000E-003

Minimum Absclute ﬁay Intensity:
0.0000E+000

Glue Distance In Lens Unit:
1.0000E-006

Missed Ray Draw Distance In Lens Unit:
0.0000E+000

| Simple Ray Splitting
["] Retrace Source Rays Upen File Open

Try varying this parameter and observe how it affects the number of child rays produced. Set it to
102 and note you get fewer rays; at 102 you will get many more.
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Tutorial 6.2: Object Positioning &
Definition

The Non-Sequential Component Editor provides an easy way to define the non-sequential optical
system, and the inter-relationships between components. Open the sample file in the Samples\Non-
sequential\Miscellaneous folder called "Digital Projector Flys Eye Homogenizer.zmx". The system
contains an elliptical source volume that approximates the shape of the fireball in an arc lamp inside
a parabolic mirror. The output light enters a homogenizing optical system that consists of two fly’s
eye lenslet arrays and a field lens. The homogenizer is manufactured as a complete sub-system
which is then placed into the optical beam produced by the source and parabolic mirror.

@ 2 Nﬁs-é-égaded Model v -0 X
V) Settings | & 3 Ll o= EI:{(’- xiv viz xiz (9 &5 l:i] Solid v & ‘E' Ea = @

ul

Object Positioning
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Note how the objects are referenced:

« Non-Sequential Compenent Editor ‘
CERLODNNE - Z- 5@
v | Object 1 Properties (<1 >

Object Type Comment Ref Object Inside

Source Wolume Ellipsa ~
Aspheric Surfaca -
Lenslet Array 2 ~
Detector Rectangle = Before Fly's Eye
Lenslet Array 2 ~
Standard Lens ~

Detector Rectangle ¥ Homog. Plane
Null Object =

[N T - 'R T R - 1 R N R

L N = = T =]

Every object has a number, shown in the left-most column of the editor, and a ‘Reference Object'.
Ref Object 0 is the global coordinate reference point of the whole 3D space, and objects 1, 2 and 3
are positioned relative to this coordinate system. Objects 4, 5, 6, and 7 are positioned relative to
object 3, and they therefore are positioned like a sub-assembly: try moving object 3, and notice that
objects 4-7 automatically move as well. So the position of object 3 defines the position of the
homogenizer assembly.

Note: Any object can be positioned relative to any prior-defined object, which can be positioned
relative to any other object defined prior to it, etc.

Imagine we now want to move the homogenizer about some arbitrary point. Click anywhere on
object 1, and press the Insert key, so that you now have a ‘Null Object’ as object 1, and all other
object numbers have automatically incremented. The Lenslet Array object that serves as the
reference for the homogenizer assembly is therefore now object 4.

Null objects have no optical properties, and so they are useful for defining reference and pivot
points, for example. Position the null object at y = 40, z = 70, and then double-click on the object
type to show the object properties tab:
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& MNon-Sequential Component Editor
CCRIDHNE ~ Z- 5@

#| Object 1 Properties (€

Type [] Do Not Draw Object Draw Local Axis

Draw

Coat/Scatter
atter To

Export As Triangles ["] Increase Resolution On Sha

On the Draw tab, check the ‘Draw Local Axis’ control. On the NSC 3D Layout, the Null object’s local
axes are now drawn (note that local axes are never drawn in the Shaded Model).

3D Layout

Digital Projector Fly's Eye Integrator Zemax
2/25/2014 OpticStudio

Digital_projector_flys_eye_homogenizer.ZMX
Configuration 1 of 1

On the Non-Sequential Component Editor’s toolbar, choose the Modify Reference Object tool:
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& Non-Sequential Component Editor é\
CCRNDIENNG w Z- 5@ y

v Objed]

Modify Reference Object

Modify Reference Object Description

And set it like so:

( Modify Reference Object ]
First Object: [Object 4 'J
Last Object: | Object4: v |
Refer To: [Object 1; pivot point v l
[ OK J [ Cancel J @

OpticStudio will now modify object 4's properties so that it is positioned relative to object 1, while
retaining its absolute position and orientation in global coordinates. In other words, object 4 has
not moved, but its position is now defined relative to a different object. The subsequent objects are
still positioned relative to object 4:
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& Mon-Sequential Component Editor
CEROUDHNG - Z- 5@

+| Object 1 Properties (€ >

r Object Type Comment . Ref Object . Inside Of . X Positio
1 Mull Object = |pivot point 0 ] D.EI'DEI'{
2 Source Volume Ellipse = 0 0 0.000
3 - Aspheric Surface = 0 0 0.000
4- Lenslet Array 2 - 1 0 0.000
5- Detector Rectangle ~ Before Fly's Eye 4 0 0.000
ﬁ- Lenslet Array 2 4 0 0.000
?- Standard Lens = 4 0  0.000
3- Detector Rectangle » Homog. Plane 4 0 0.000
| 9- ull Object = 0 0

If you now apply a Tilt About X of 10 degrees to object 1, you will see that the whole homogenizer

assembly pivots about object 1, but the lamp assembly remains in place:
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3D Layout

Digital Projector Fly's Eye Integrator Zemax
2/25/2014 OpticStudio

Digital_projector_flys_eye_homogenizer.ZMX
Configuration 1 of 1

Object Parameters

As well as being positioned, objects are given their defining parameters in the NSC Editor. For
example, the Lenslet 2 object is defined by parameters like x and y halfwidths, thickness, radii of
curvature and conic constant, and numbers of lenslets in x and y.
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& Non-Sequential Component Editor I =

CCROASHNG x-Z- 5@

P

| Object 4 Properties ¢ > Configuration 1/1
4 Object Type Material | X Half-Width Y Half-Width Thickness Radius 1 Conic 1 Radius 2 Conic 2 NumberInX | NumberInY ':‘

1 Null Object ~

2 Source Volume Ellipse ~ - 250 1000000 1.000E+004 0.250 0.250 0.500

3 Aspheric Surface * MIRROR o - ¥

4 Lenslet Array 2 = B270 2318 2,667 4.000 21.000 0.000 0.000 0.000 11 9 J
5 Detector Rectangle = 22,000 22000 100 2 0 0 0.000 0 0 (
6 Lenslet Array 2 = B270 2318 P 2.667 P 4.000 20.500 0.000 0.000 0.000 11 P 2] 7

7 Standard Lens BK7 125.000 0.000 30.000 -125.000 0.000 30,000 30,000

8 Detector Rectangle ~ ABSORB 15.000 15.000 100 2 0 0 0.000 0 0

9 Null Object ~

There is a great advantage to this parametric approach. Parametric objects require relatively little
memory, are fast to ray-trace, and can be changed easily. They are also optimizable, just like
sequential surfaces.

Further, interrelationships between objects can be easily defined via pickup solves. Note that the
second lenslet object uses pickups on several parameters to lock itself to the first lenslet object
(Note the letter P on some of the defining properties of this lens, which denotes a pickup solve).
This is a great advantage during optimization, as changes to one parameter can automatically flow
through the whole system.

Tutorial 6.3: Combining Sequential and
Non-Sequential Ray-Tracing

Most imaging systems are well described by the orderly sequential approach used in the Lens Data
Editor. However, there are cases where an otherwise sequential system has some region in which
there is a need for non-sequential ray-tracing. Prism assemblies are a classic example, in which
different parts of the beam interact with different faces of the prism(s) in a different order to other
parts of the beam.

For example in Samples\Sequential\Afocal\Binocular_System.ZMX:
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(0] 3: Shaded Model v = O
v) Settings | & 3 L o= ’El - xiyvizxz (B ,i| Solid @ |E| A=

@

We have a classic sequential doublet objective and a Kellner eyepiece, just like any other sequential
system. Note that a special sequential surface type called a Non-Sequential Component is used
between the lens and eyepiece. This acts like the ‘entry port’ into the non-sequential world defined
in the non-sequential component editor.

The parameters on the Non-Sequential Component surface in the Lens Data Editor define the
location of the “exit port’, which is how rays come back to the sequential ray tracer. This is referred
to as 'hybrid’ or ‘'mixed’ Sequential\Non-sequential ray tracing.

When a sequential ray hits the Non-Sequential Component surface in the Lens Data Editor, it is
passed to the non-sequential ray-tracer and it interacts with whatever objects are defined in the
NSC Editor and are in the ray’s path. When the ray hits the region defined by the exit port in the
Lens Data Editor, it is transferred back to the sequential ray-tracer and interacts with the subsequent
sequential surfaces.

Note: Sequential rays cannot split inside the non-sequential group.
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A sequential system can contain any number of Non-Sequential Component surfaces. The objects
‘inside’ each Non-Sequential Component group are independent of each other. You can easily
switch between non-sequential component groups by clicking the Surface in the NSCE menu bar.
This surface corresponds to the surface number of the NSC group in the Lens Data Editor, and is
only shown if there is more than one NSC group inside the Lens data Editor.

& Mon-Sequential Compenent Editor: Component Group on Surface & Config 2/2
C@!ﬁa-==-‘. CAD Zv :r:;-r,al:@]

v Object 1 Properties (< » Surface b (<2

Object Type Comment Ref Object Inside Of X Position Y Position Z Positji

A

If a ray does not hit the exit port, it is terminated and it does not return to the sequential ray-trace.

Note: If the marginal and chief rays are not traceable through NS groups, OpticStudio cannot compute
important sequential parameters like pupil positions and f/#.

Tutorial 6.4: Tracing Rays and Getting
Data

Ray tracing in hybrid non-sequential mode works exactly as it does in sequential mode, except that
there is no paraxial ray-tracing inside an NS group. In pure non-sequential we use source objects to
launch rays and detector objects to get quantitative information.

Source Objects

Source objects are objects that launch rays into the optical system with the appropriate spatial and
angular distributions to represent the radiance of the real sources in your system.

Source objects fall into two categories:
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e Parametric sources, like the Source Diode or Source Filament, in which the source radiance is
computed from some equation, and you enter the parameters for this equation via the
editor.

e Measured sources, like the Source IESNA, Source EULUMDAT, and Source File. Note that
IESNA and EULUMDAT data files contain only far-field (angular) data and model the source
as a spatial point. The .DAT and .SDF formats, used by the Source file object, contain both
spatial and angular ray data, and so define the full radiance of the source. Data in these
formats are provided free by many LED and lamp manufacturers, and can also be exported
by third party programs like Radiant Zemax' ProSource and Opsira’s Luca Raymaker. The
.DAT and .SDF formats are documented in the Users' manual in both ASCII and binary
formats. The difference between the two formats is that the .SDF format contains spectral
(wavelength) data, whereas the .DAT format does not.

Source wavelengths are defined in the System Explorer Wavelength group, just like sequential
systems, although other definitions are also available, and will be discussed later in the section on
Colorimetry. Source Units (Watts or Lumens) are chosen under the System Explorer Units group.

Sources are positioned in global coordinates in exactly the same way as any other object. All
sources use parameters 1-5 of the Non-Sequential Component Editor to define some basic
information about the source. These are:

e # Layout Rays: Defines how many random rays to launch from the source when creating
layout plots. This is typically a small number, say less than 100, and is used only for drawing
purposes.

e # Analysis Rays: Defines how many random rays to launch from the source when per-
forming analysis. This is typically a much larger number and may be millions or even billions
of rays.

e Power (units): Power is the total power over the defined range of the source. The power units
are specified by the system source units in the System Explorer.

e Wavenumber: The wavenumber to use when tracing random rays. Zero means poly-
chromatic, which chooses ray wavelengths randomly with the weighting defined on the
wavelength data editor.

e Color #: The pen color to use when drawing rays from this source. If zero, the default color
will be chosen. The RGB values of each pen are defined under Project Preferences.

Parametric sources will then use further parameters to define their radiance.

Source objects are not made of any material. Rays, once launched, have no further interaction with
source objects. Rays are normally launched into air, but can be launched inside some other
refractive index if desired. Define a geometry object with the correct shape and refractive index first
and then locate the source object inside it, and then use the “Inside Of" parameter to tell
OpticStudio to launch the rays inside that object’s refractive index.

Note: Source objects must use the Inside of parameter when the source is placed inside a geometry
object, otherwise incorrect ray-tracing will result.
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Detector Objects

Rays are detected by Detector objects. Almost any kind of geometry object can be used as a
detector also, but the dedicated Detector objects are designed for the task of displaying spatial and
angular data and provide the controls users need to represent data the way it is measured
experimentally.

The most common type of detector object is the Detector Rectangle. This is a two-dimensional array
of pixels, similar to a CCD array. It is most commonly used with the material ABSORB, so that rays
terminate upon being detected, but it can also be set as a MIRROR (with coating, if required, to be
discussed later), or its material may be left blank to indicate air. Note that when the material is left
blank, rays are not perturbed in any way by being detected. This can be useful, but care must be
taken as the detector may appear to not conserve energy if a ray interacts with it multiple times
without losing any energy!

Tracing Analysis Rays

Open the sample file Samples\Non-sequential\Sources\Simple LXHL-BD0O1 LED model.ZMX. This file
contains just two objects, a Source Radial set with data taken from the LumiLeds LXHL-BDO1 LED
datasheet, and a Detector Rectangle set to 100 by 100 pixels.

Note that the source object has a total power of 27 Lumens, uses 30 layout rays for drawing
purposes, and uses 1 million Analysis rays. In the Analyze tab, click the Ray Trace icon:
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I ORH RDC22 i
File Setup Analyze Optimize Tolerance Libraries Part Designer Prograrmming
-~ ~ ~ —-

S @ B @ < 3 2k W

M5SC 3D MSC Shaded CAD Part NSC Object Ray |Lightning Detector Detectors Ray Datab,
Layout Maodel Viewer Viewer Trace | Trace Viewer  Tools - Viewer

System Viewers | Trace Rays | Detectors

Ray Trace

Launch, trace, filter and save rays for

analysis using the sources, objects,

.q and detectors defined in the NSC

Editor

e w
Ray Trace Control
[ Clear Detectors ] [ All v}
[ Clear & Trace ] [ Trace }
["] Auto Update # of Cores: g ~
[7] Use Polarization Ignore Errors
["] Split NSC Rays ["] Scatter NSC Rays
["] Save Rays: simple LXHL-BDO1 LED model.ZRD
ZRD Format: Compressed Full Data
Filter:
Idle
Exit
\ J

Click Clear and Trace to trace the million Analysis rays, then click Exit. If you have more than one
CPU in your computer, the calculation will be automatically split up over all available CPUs.

Click on Analyze...Detector Viewer to see the data inside the Detector.
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B O RPEH RDPCZ 2

File Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help

O @ @ @ < 32 B B W

MSC 3D NSC Shaded CAD Part NSC Object Ray Lightning Detector | Detectors Ray Database Path Flux vs.
Layout Maodel Viewer Viewer Trace  Trace Viewer | Tools - Viewer Analysis Wavelength A
System Viewers | Trace Rays | Detectors | Raytrace Analysis

Detector Viewer

Display data from detectors in either

\ a graphic or text format

The Settings dialog for the Detector Viewer is very powerful, and allows you to select incoherent
illuminance, Luminous intensity, coherent illuminance and phase (not meaningful in this case) and
luminance. Multiple Detector Viewer windows can be open simultaneously to display multiple views
of the same data.

3| 4: Detector Viewer - -8 x

~Settings = Galem SO0 —A ;‘ElEE'; £~ 3xd~ Standard > @

Ray Database: [ <No Ray Databases Found> - l
Detector: [2: Detector Rectangle - l
Surfaces Row/Column: 0

Show As: Cross Section Column v | Scale:
N Soubss  (umsinmis]

Inverse Grey Scale

Smoothing: False Color Contrast Enhancement: | None
I False Col

Minimum Plot Scales | e o oo Magimum Plot Scale: 0
Cross Section Row

Filter: Cross Section Column

Output Image File:

Suppress Frame

[¥] Auto Apply [ Save ” Load ” Reset ]

1259
133 / \
007 / / 1

Luminous Intensity
BB
——

a0 7 54 36 5]

¥ coordinate value

Lumingus Intensity
Simple LED mode! Zemax
2/25/2014 .
¢, . = C.0000E 1000 OpticStudio
0 to 30,000 deg, Pixels 100 W X 100 H. Total Hits = 553540

- simple LXHL-BDO1 LED modelZMX
Total Bower - 26826E-001 Lumens Configuration 1 of 1
Graph [ Text
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You can also show the data in false color, grey scale or look at cross-sections through the data
using the ‘Show As’ control. When using cross-section views, row or column 0 always means the
central row/column. Data can be scaled linearly or logarithmically.

The data can also be smoothed by averaging the data in each pixel and its neighboring pixels. The

operation can be repeated the number of times specified by the smoothing parameter. This
improves signal/noise at the expense of spatial or angular resolution.

Ray Databases

The Detector Viewers are very useful, but sometimes you will want access to the ray data directly.
Repeat the ray trace (press the Rtc button) and select ‘Save Rays’

I N
Ray Trace Control

| Clear Detectors ’ | All vl

| Clear & Trace ’ | Trace ’

[] Auto Update # of Cores: g8« ]

[7] Use Polarization ¥| Ignore Errors

("] Split NSC Rays ["] Scatter NSC Rays

Save Rays: simple LXHL-BDO1 LED model.ZRD |

ZRD Format: | Compressed Full Data v \

Filter:
Idle
\ Exit |

\ J

Note that the ray-trace takes a little longer now because of the time taken to write one million ray-
histories out to disk. Then press Analyze...Ray Database Viewer:
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Ray Database Viewer
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The Ray Database Viewer shows the history of every ray traced. The intensity position, direction
cosines, normals, path length and polarization data of every ray can be shown, although only
intensity is shown here. The ray is broken down into segments, where each segment is a single ray-
object intersection. Segment 0O is the ray data at the source. Various parameters XRTS etc. show
what happened at the end of the segment (X= terminated, R= reflected, etc.). This example is very
simple in that rays are launched, traced once and terminated:

[l 5: Ray Database Viewer * -0 X
Nsettings| 2 a @l O/ = Al @B = @
First Ray: 1 Last Ray: 10
File: [simple LXHL-BDO1 LED model. ZRD - |
ZRD Format: [Rata\n Input File Format - |
Apply Filter: 0
Save Subset Data As: 0O
Save Rays On Object: [ o As;
Show Unprocessed Data Expand Into Branches [[]
XVZ Bz L
LMN | Normal L
Path 0O
Auto Apply ok | | sae || losd || Reset |

Listing of Ray Database simple LXHL-BD®&1 LED model.ZRD

ZRD Format : Compressed Full Data. Double precision data converted to floating point precision.
Units are Millimeters.

Segment @ data is at the source point of the ray.

Subsequent segment coordinate data is at the end of the segment.

Intensity, phase, cosine, field, and path to values are prior to reflection,

refraction, splitting, absorbing, or scattering at the end point.

End of segment: X = Terminated, R = Reflected, T = Transmitted, S = Scattered, D = Diffracted, B = Bulk Scattered
Split from parent: G = Ghost, E = Diffracted, F = Scattered

Z = Ray Error (terminated)

Filter: none

m

Ray 1, Wavelength 1 (@.6278 pm), 1 segments, 1 branches:

Seg# Prnt Levl In Hit Face XRTS DGEF BZ X Y z Intensity Comment
] <] <] ] <] @ ---- == -- ©.000000000E+D0E ©.000C800C0RE+0Re ©.000000BP0E+000 1.327226045E-007 Source 1: LXHL-BDO1
1 @ 1 =] 2 9 ¥--- ---- -- -3.895373821E+000 4.770457266E-016 5.000000000E+000 1.327226045E-907

Ray 2, Wavelength 1 (@.6270 pm), 1 segments, 1 branches:

Seg# Prnt Levl In Hit Face XRTS DGEF BZ X Y z Intensity Comment
] 2] 2] ] 2] 9 ---- ---- -- -1.211918235E+000 1.372156501E+000 0©.000000000E+000 1.327226845E-807 Source 1: LXHL-BD81
1 <] 1 ] 2 @ F-o-- ---- -- -1.211918235E+000 4.117493629E+008 5.000000PEOE+008 1.327226045E-087

Ray 3, Wavelength 1 (©.6270 pm), 1 segments, 1 branches:

In a more realistic system, there are many more segments, of course. Load the sample file
led_model.zmx (in the same folder as the file we are currently using), trace Analysis rays using these
settings:
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p
Ray Trace Control

‘ Clear Detectors

‘ Clear & Trace

| l Trace

[] Auto Update
[¥] Use Polarization

[¥] Split NSC Rays

ZRD Format:
Filter:

Idle

[] Save Rays: ed_mod

# of Cores:
[¥] Ignore Errors

7| Scatter NSC Rays

ZRD

Compressed Full D

Exit

Use the Ray Database Viewer to view the ray histories. Note that as ray splitting is on, you can use

the option ‘expand into branches’ to identify each child ray separately.

Filter Strings

Because OpticStudio knows the history of every ray it has traced, we can use filter strings to identify
rays that meet specific conditions easily. For example, in the led model.zmx file, object 2 is a
reflector behind the source. Some rays are fired forwards, and never see this mirror, while others

move in the opposite direction, hit the reflector, and then travel forwards:
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Using the filter string R2 means that only rays that reflect from object 2 will be shown:
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B 4: N5SC 3D Layout v — 0O X
~ Settings 2 Ealale /[0 = A S|@& Q% - 3x4~ | Thin- @

Surface:

Ray Database: [{No Ray Database Selected > = |
l:ilter: r2 I

Ray Trace: [Use Rays Pw |
Caolor Rays By: Source ¥ - | Scale Factor: 0

Rotation

XK 0 Y. 0 £ 0

Use Polarization = Split NSC Rays [E

Fletch Rays =l Scatter NSC Rays (]

Suppress Frame (=
Auto Apply OK | [ Save H Load |[ Reset |

e —
-_________——-———.

IR2 will show those rays that do NOT reflect from object 2, i.e. rays that propagate forwards initially.
You can AND, OR, NOT, XOR, etc., multiple filters to produce a filter string that identifies exactly the
conditions you want to investigate. For example, to select rays that must have either a) hit object 7
and object 9, but did not reflect off object 6, OR b) missed object 2, the filter string would be (H7 &
H9 & !'R6) | M2.

Filter strings are your most important tool for detailed system analysis. They can also be used with
ray databases, both prior to saving the ray-database and with the saved data. For example, in stray-
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light simulations you may have to trace millions of rays to get one that finds its way to the detector.
By saving to disk only those rays that hit the detector, you can produce a manageable data set for
further study.

You can replay ray databases through the ray-database viewer, the layout plots, and the detector
viewers, and add further filters to the filtered data. The ray database viewer will also let you filter a
ray database and save the sub-set data into a new file.

Tutorial 6.5: Complex Object Creation

No matter how many objects we add to OpticStudio, you may still sometimes need an object that is
not directly available. There are, however, ways to manipulate existing objects so as to create
precisely what you need.

The Overlapping Objects Rule

When two or more objects occupy the same region of space, a simple rule applies. The properties of
the common region are defined by whichever object is listed last in the Non-Sequential Component
Editor.

Open the sample file Non-sequential\Diffractives\Diffraction grating lens with hole.zmx. This mixed
sequential/non-sequential design shows a lens with diffractive power, and a central region with no
diffractive power:
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[@] 3: Shaded Model -

This is easily achieved by placing the non-diffractive element after the diffractive element in the
editor, and co-locating them. There is no need to use the ‘Inside Of flag when geometry objects are
nested inside each other, unless a source object is inside one of the nested objects. Geometry
objects may fully or partially overlap, but source objects must always be entirely inside of any object
they are co-located with. The ‘Inside of' flag must be used for all nested geometry objects as well as
sources in this case.

The Boolean Object

Up to eight objects may be combined in any order by the Boolean object, and Boolean objects may
be combined with other objects, including other Boolean objects. For example, the sample file
Samples\Non-sequential\Geometry Creation\Boolean Example 2- a lens with a hexagonal
edge.ZMX shows how a hexagonal lens can be formed by the Boolean intersection of a lens and a
hexagonal bar:
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& Mon-5Sequential Component Editor
CELODHEN® w Z- 5++@
+ | Object 2 Properties (€ »

4 Object Type | Comment |Ref0hjecl:|lr|side Of|](
Extruded = HEXAGOMN.UDA 0

Standard Lens =
Boolsan = a&b

Null Object =

1 0
2 0
3 0
a 0

@ 3: NSC Shaded Model v - O X
v) Settings | & 3 L = [);[ €@~ xivvizxiz 5 6 li‘ Solidv & “E‘ H= @

See any of the sample files in Non-sequential\Geometry Creation for further examples.
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The Array Object

The Array object allows you to make one, two or three-dimensional arrays of any object, for
example an array of Boolean objects (Samples\Non-sequentia\Geometry Creation\Array Example 3-
an array of Boolean objects.ZMX)

@ 3: NSC Shaded Model 2 v - O X
v) Settings | @ 53 L o= ’Z' €3~ xy viz xiz €9 li' Solid~ lE( A= @

X #

e _———
—

-

Using the Array object is highly recommended over the alternative method of multiple object
definitions for several reasons:

It uses much less memory than the equivalent number of individual objects: typically only
slightly more than one instance of the parent object

It employs sophisticated ray-trace acceleration techniques to trace orders of magnitude
faster than the equivalent number of individual objects

It is less error-prone than entering multiple objects, and only one object needs to be
updated or optimized to update or optimize the whole array

Zemax,
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The Array Ring can also be used to create circular, hexapolar, and spiral arrays. It has the same
advantages as the Array object, outlined above. The sample below is Samples\Non-
sequential\Geometry Creation\Ring Array Example 3- Hexapolar Array.ZMX

| @ 1: NSC Shaded Model

v - O X
v) Settings | & 3

i (K] @ xvvizxz @ @ (@) soid- | Q[ (A= @

WIS !

gne

The Source Object

Any geometry object may be used as a source by using the Source object. This is ideal for infra-red
and Narcissus analysis, where the emissivity of opto-mechanical components must be accounted
for.
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Tutorial 7: Optimizing Non-
Sequential Systems

Optimization is fully supported in both pure non-sequential and hybrid non-sequential/sequential
optical systems. The most common way to optimize a pure non-sequential system is via the
Optimization Wizards, which can then be modified with specific requirements. OpticStudio supports
three Wizards for non-sequential designs:

& A
|
Optimize Tolerance Libraries Part Designer Prograrmming Help
« Ol & X QQ
Nerit Optimize! | Ment Function |Remove All Global Hammer
ion Editor Wizards - Wariables Search Curmrent

Automatic €4 Optimization Wizard jobal Optimizers
a Mon-5 ¥4  Bitmap Wizard
¥4 Roadway Light
> Set up the mernt function with the most
common reguirements. Can be edited
subsequently

Optimization Wizard

+| Object 1 Properties | £

( . Object Type Cnmmew

| 1| MNull ObJECt - o o AT ivie AT ivie

The most common operands used in non-sequential ray tracing are the NSTR and NSDD operands,
although other operands are also available. NSTR is used to trace rays, and it acts exactly like the
Ray Trace Control dialog.

NSDD is used to clear detectors and to read out detector data. Any pixel can be read out directly,
but for optimization it is usually more useful to optimize on aggregate ray data, like centroid
location or effective widths in the spatial or angular domains. By using negative pixel numbers in the
NSDD operand, OpticStudio will compute data like the average and standard deviation of all pixel
data, and spatial or angular centroids and RMS widths.
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Open the sample file in the Samples\Non-sequential\Miscellaneous folder called Freeform
Optimization.zmx. This file contains a CAD part and source ray file supplied by Osram for their
LB_T67c LED. It also contains a lightpipe, the shape of which we wish to optimize.

Note that although the data file for the LED contains 50.7 Im (lumen) of power, we have set the
Source power to be 1 Im. This has no effect on the rays traced other than a scaling of intensity, but
it makes it easier to discuss efficiency as the total power is now 1 Im.

@ 1: NSC Shaded Model v - 0O X

H= @

v) Settings | 2 3l = [K] @~ xiv viz xiz @ @ [@)] sotid- | 2 [

=

The lightpipe is a Freeform-Z object, which is defined by a set of (y, z) data points. OpticStudio fits a
smooth curve through these data points, and then rotates the curve around the z-axis to form a
rotationally symmetric pipe. The pipe is currently just a cylinder, but note that the (y,z) data is set to
be variable.

Note also that the z-position, and x, y halfwidths of the detector object are locked to the Freeform-z
object by pickup solves. These ensure that the detector will always be just in front of the output face
of the lightpipe, as the pipe’s length is varied during optimization, and adjust the width of the
detector so it always captures all the light from the output face as the width of the output face
changes.
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The primary goal for this light pipe is that it should give the highest brightness in the forward
direction. Therefore its luminous intensity should be as high as possible and the width (in angle
space) of the luminous intensity plot should be as small as possible. In addition, there are some
mechanical constraints on the maximum and minimum widths and length of the lightpipe that must
be met.

Open the Merit Function Editor and examine the merit function. First the detectors are cleared, and
then rays are traced. Then we compute the RMS angular width of the detector data by using pixel -9
(which is RMS width) and Data = 2 (power/unit solid angle). The starting beam has an RMS angular
width of 48.5°:

» Merit Function Editor v — O X
Z2EHRPYX A-0 G | 5+«@
v | Wizards and Operands (<> Merit Function: 12.9917828266389

4 Type Surf Det# Pix# Data # Ignored Target Weight Value % Contrib
1 BLNK ~ clear the detector
2 NSDD v 1 0 0 0 0 0.000 0.000 0.000 0.000
3 BLMK = trace the rays
4 NSTR ~ 1 2 0 0 0 1| 0.000 0.000 0.000 0.000
5 BLNK ~ DESIRED OPTICAL PERFORMANCE:
6 BELMK = get minimum RMS angular radius (best collimation)
T/ NSDD » 1 4 -9 2 0 0.000 1.000)48.506 99.569
] BLMNEK = get maximum power on the detector
9 NSDD ~ 1 4 0 0 0 1.000 0.000 0.991 0.000
10 RECI~ 9 0.000 10.000 1.009 0.431
11 BLNK ~ CONSTRAINTS:
12 BLNK = Maximum z-length of lightpipe <50 mm
13 FREZ~ 1 3 1 3 50.000  1.000 50.000 0.000
14 BLNK ~ Maximum y-height <20 mm
15 FREZ ~ 1 3 5 3 20.000  1.000 20.000 0.000
16 BLNK ~ Minimum y-height >2 mm
17 FREZ ~ |1 3 4 2 2,000 1.000 2.000 0.000

and a peak luminous intensity of 0.38 Im/sr, although this is clearly a noisy number:
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3| 3: Detector Viewer: located at end of lightpipe 2 v -Ox

visettings & Calle /SO0 = A Q|3 HS 8- 2x4- Standerd- | @

03538

03184

/\f\ W\ |
s2s7s \\
e | . ~

01783 - -

Luminous Intensity

X coordinate value

| Luminous Intensity
Optimization Example
S /ﬁ/2014 P Zemax
Detector 4, NSCG Surface : located at end of lightpipeRew Center, ¥ = 0.0000E+000 OpticStudio
Size X: -90.000 to 30.000, Y: -20.000 to 90.000 deg, Pixels 101 W X 101 H, Total Hits = 58062 |
Pesk Intens BE-001 Lumens/Steradian Freeform optimization.ZMX
Total Power  :9.9061E-001 Lumens Configuration 1 of 1

™\ Graph Text

In addition, we also target the total power detected to be as large as possible. This is an important
constraint, because if no rays land on the detector, the RMS angular width is identically zero! This is
not a solution we want, so we are optimizing for maximum received power and minimum angular
width.

There are also some constraints on the shape of the pipe, and you should consult the full
description of the FREZ operand for full details in the Help Files Optimize Tab chapter. These
constraints prevent the lightpipe from becoming unfeasibly thick or thin.

Run the optimizer, and select the ‘Orthogonal Descent’ optimization operand. This alternative local
optimizer is very good at making big improvements quickly, especially in non-sequential systems,
although the Damped Least Squares optimizer can usually make further improvements on it.

After five cycles of optimization, the lightpipe’s shape has evolved to produce a peak luminous
intensity of 102 Im/sr, which is over 200 times brighter than the starting design, and an RMS angular
radius of less than 9°:
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(n Local Optimization g

Algorithm: [Orthogonal Descent ¥ | # of Cores:
Targets: 5 Cycles: 5Cycles ~

Variables: g Status: Idle

Initial Merit Function:  12.991782827 Execution Time: 12.28 min
Current Merit Function: 2.623434084

[Vl Auto Update|  Start || =i ‘ Exit (7]

- J
BI 3: Detector Viewer: located at end of lightpipe 2 - - O X
v)Settings | 2 Cafalem| /] == A 2 |ﬂ| 1= - 3x4- Standard- | @
1321 T T
2188 .
8167 .
7146 - .
=
2 6125 -
g
=y
w 5104 e
3
5]
=
E 4084 | i
3
-
1063
2042
1021 .
o
a0 72 54 36 -18 a 18 36 54 £ @0
X coordinate value
Luminous Intensity
Optimization Example Zemax
3/4/2014 ) .
Detector 4, NSCG Surface 1: located at end of lightpipeRow Center, ¥ = 0.0000E+000 OpticStudio
Size ¥: -20.000 to 80.000, ¥: -90.000 to 90.000 deg, Pixels 101 W X 101 H, Total Hits = 63238
Peak Intensity : 1.0209E+001 Lumens/Steradian Freefarm optimization.ZM)(
Total Power :64898E-001 Lumens Configuration 1 of 1
[\ Graph [ Text |

Note also that the detector object has shifted position and increased in size because of the pick-up
solves used, and that the pipe is ~65% efficient (check the total power above and compare to our 1
Im launch power)
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Tutorial 8: Colorimetry

Colorimetry is the study of color, which is the response of the human eye to optical radiation in the
wavelength range 0.38 to 0.83 microns. The color of any non-sequential source object can be
defined in many ways.

If the wavelength spectrum of a source is known, and there is only one such spectrum it can be
entered directly in the System Explorer’'s Wavelength section (up to 24 data points). However, this is
uncommon in colorimetry are other methods are more commonly used. In the Libraries tab, Source
Viewers group, select the Source Spectrum Plot and look at its Settings:

lE‘ b: Source Spectrum Viewer
A Settings | & 23 mim 4 D/'—A 8 EE EH'_- £+ 3x4~  Standard -

Source Spectral Distribution

Source Color Black Body Spectrum >

Temp (K) System Wavelengths

CIE 1931 Tristimulus XYZ
CIE 1931 Chromaticity xy
CIE 1931 RGB (Saturated)
Uniform Power Spectrum
D&5 White

Color Temperature
Fi:X = 10000, ¥ = O

Spectrum File
Bar Chart CIE 1976 u' v

AutoAppIy 0K | [ Save ” Load H Reset |
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[l & Source Spectrum Viewer v -0 x
~settings 2 Galal @ /O = A L AEHE & 2x2- sanced- @
Source Spectral Distribution T T T
Source Color: [Biack Body Spectrum -
Temp (K) 3500 Spectrum: 29
Wavelengths From 038
To 083
Fit: X = 1.0000, ¥ = 0.9636, 7 = 0.5012
Bar Chart
© 05 |
=
=
(7] 04 =
=
03
02
01
o
037 0417 D464 o511 0.558 0.605 0.652 0699 0.746 0793 0.34
Wavelength in Microns
Relative Weight vs. Wavelength
3/4/2014
Input given by Blackbody Temperature
Temperature: 3500 deg K
Fit : X =1.0000,Y = 0.9636, Z = 0.5012
CRI = 99.9526 (CCT = 3498 K)
Graph [ Text |

The viewer is useful for investigating all the color models that OpticStudio supports, including those
fitted from CIE color coordinates. Once you know how to define the colors you want, you enter this
data within the Sources section of the Object Property Inspector:

| /' a Non-Sequential Component Editor x | ® 1: NSC Shaded Model 3| 2 Detector Viewer located at end of ightpipe 1
CClROBHOE - Z- 5@

~) Object 2 Properties ¢ >

/3] 3: Detector Viewer: located at end of lightpipe 2/ @ 4: Object3iFace0 /' .+ 5 PrEscriptiuan

Configuration 171 (¢ > Fl
Type Polarization Raytrace Array Color/Spectrum
Draw
— Rendom Polarization [T Reverse Rays Array Type: Source Color, [CIE 1831 Tristimulus XYZ -]
Initial Phace [deg)i 0 Pre-Propagation: 0 + [Sytem Waveiengtts

Coherence Length: D Bulk Scatter: CIE 1931 Tristimulus XYZ

Spectrum: CIE 1931 Chromaticity xy
CIE 1931 RGB (Saturated)
Uniform Power Spectrum
D65 White

Calor Temperature

Fit: X = %.41 Black Body Spectrum
Spectrum File

CIE 1876 u'v'

Sampling Method: | Random

Any number of sources, each with its own unique color, can be defined. For example, if you have CIE

1976 u'v' data for a source where u’ = .31 and v’ = 0.5, OpticStudio can fit this color exactly using
just four wavelengths:
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Color/Spectrum

Source Colon CIE 1976 u' v =
u 031 v 05
Spectrum: 4 % Wavelengths From 038 Te 0.83

Fit: u’ = 0.3100, v = 0.5000

In general, you should use the minimum number of wavelengths that gives adequate color
rendering. Rays are then traced using either the specified or synthesized spectra of each source,
until they are detected by a Detector Color or Detector Polar object which can provide either True
Color (photometric) or False Color (radiometric) data as required by the user.

For example, open the sample file sub-folder \Colorimetry in the non-sequential samples folder, and
open Example 1, two color mixing gives white. White LEDs can be produced by using two phosphors
in the LED die, giving spectra in the blue and yellow. For simplicity, in this file we show the blue and

yellow sources as being separate, and also as overlapping:
@ 1: NSC Shaded Model vl =0 X

v) Settings | & G [l M K| €@~ xyvizxiz D & (@) Solid~ | L gk Ea = @ ‘Min:mu:

Ly
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',ZEI 2: Detector Viewer v - 0O X

viSettings @ Caflem /[ == A Q@ El= 8- 3x4- | Standard~- @

Detector Image: Irradiance

Two color mixing gives white

3/5/2014

Detector 5, NSCG Surface 1:

Size 20.000 W X 20.000 H Millimeters, Pixels 501 W X 501 H, Total Hits = 3999917
Peak llluminance: 8.582E+001 lumens/mm*2

Total Power :1.382E+003 lumens

v-"'-\ Graph [ Text ]
Note that because the two beams do not overlap perfectly, you can see a blue tinge on one side of
the white spot, and a yellow tinge on the other. Optimization operands are available to allow each
pixel's color to be analyzed and targeted in the merit function, so that you can optimize for a
desired color or CRL

Tutorial 9: Polarization, Coatings &
Scattering

Ray tracing programs generally treat rays as purely geometric entities, which have only a position,
orientation, and phase. For example, a ray is completely described at a surface by the ray intercept
coordinates, the direction cosines which define the angles the ray makes with respect to the local
coordinate axes, and the phase, which determines the optical path length or difference along the
ray.

At the boundary between two media, such as glass and air, refraction occurs according to Snell's
law. Usually, the effects at the interface which do not affect beam direction are ignored. These

Zemax, LLC Getting Started With OpticStudio 15 Tutorials e 149



effects include amplitude and phase variations of the electric field which depend upon the angle of
incidence, the incident polarization, and the properties of the two media and any optical coatings at
the interface.

Polarization analysis is an extension to conventional ray tracing which considers the effects that
optical coatings and reflection and absorption losses have on the propagation of light through an
optical system. It is available for sequential and non-sequential systems.

Further, scattering at the interface can also be considered. Scattering is due to micro-structure of
the surface texture: at a sufficiently fine resolution, the surface of a 'smooth’, polished glass is really
a rough surface, with the result that the departing direction cosines are perturbed, or scattered,
about their specular values. Scattering can also occur during ray-tracing through an optical material,
due to inclusions in the material. This is referred to as ‘bulk scattering'.

Tutorial 9.1: Polarization

In addition to position and direction, the amplitude and polarization state of a ray can be described
by a vector E with complex valued components (E,, Ey, E;). Since the E vector must be orthogonal to
the ray direction vector k, (given by the (I, m, n) direction cosines of the ray) then k.E = 0 and

Exl + Ezm +E.n =0

Since we know the direction cosines, we only need to specify the complex values of Ex and E, as E; is
then defined. The polarization can then be defined using a 2D Jones vector J = (J,, J,) where Jx and J,
are measured along the direction of the ray and have both a magnitude and a phase. The 3D E
vector is then constructed from the 2D J vector and the direction cosines of the ray.

The method used to define the initial polarization of a ray then depends on whether we are working
with a sequential or non-sequential system.

Defining Polarization in a Sequential System

The default polarization state of rays is defined in the General dialog box’s Polarization section:
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Aperture

Environment
Wavelengths
Fields

Files

Glass Catalogs
Miscellanecus

- T T w v w v w

Mon-Sequential
= Polarization

Convert Thin Film Phase To Ray Equivalent
[C] Unpolarized
b

0.000

Jy:
1.000

X-Phase:
0,000

Awis Reference

If an Analysis feature uses polarization, but its Settings do not allow for the definition of the
polarization, then that calculation will use the settings here. However, many Analysis windows do
allow the direct definition of the polarization state. These are the ones in the special ‘Polarization
and Surface Physics’ group:
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D] ¢ = R

Polarization | Surface Coatings Reports Mew Universal
= = = Plot 1D -

-

| Polarization and Surface Physics | Reports |

Polarization

Polarization analysis is an extension to
conventional ray tracing which considers
— the effects that optical coatings and
reflection and absorption losses have on
the propagation of light through an
optical system.

These windows default to the setting in the System Explorer, but allow direct modification. For
example, the Polarization Ray Trace lets you can define the ray coordinates and polarization state
directly:

: Ty
S L] ¢ = e %
Polarization | Surface Coatings Reports MNew Universal MNew Universal
" = = = = Plot 1D - Plot 2D -
| Polarization Ray Trace | Reports | Universal Plot |
Polarization Pupil Map

-El- Transmission Polarization Ray Trace
=+e Phase Aberration Display a comprehensive listing of all the

polarization data for any single,
specified ray

‘% Transmission Fan
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/" [F1] 4: Polarization Ray Trace |

Hsetings| 2 WS /0 — Al S@EE S 34| senio- | @

I 0 Hax: 0

Ty 1 Hy: 0 equential\Objectives\Double Gauss 28
X-Phase: 0 Px: 0

Y-Phase: 4] Py 1

Global Coordinates: [ Wavelength:

[¥] Auto Apply [ Save H Load ” Reset ]

Normalized Y Field Coord (Hy) : 2.900000000

Normalized X Pupil Coord (Px) : 2.900B00R0

Normalized Y Pupil Coord (Py) : 1.000000000

Input Polarization:

X-Field . @.oea0oe
Y-Field : 1.600000
X-Phase :  9.000000
¥-Phase :  9.002000

All coordinates and cosines are in surface local coordinates.

Tracing ray to surface 1:

Path length through air (tau): 2.6279917E+088

Internal absorption per mm (alpha): ©.000000BE+E00

Internal Transmittance of ray (IT): 1.000000000000

Propagation Phase Factors (pc,ps): -0.864366762953 -0.502861908582

Coordinates on surface (x,v,z): ©.000PPPRE+00@ 1.6665QPRE+E81 2.6279917E+000
Direction cosines of incident ray (11,ml,nl): ©.000000RPRARE ©.0ERPRRRAEERD 1.0C000L000LRA
Cosine ofgangle of incident ray P 206067 (17.92295
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Defining Polarization in a Non-Sequential
System

Non-Sequential source objects can have their polarization state defined in the Property Inspector
Sources section:

|/ MNon-Sequential Component Editor |
G @ _l.a . == “‘ . CAD « Z - : el |®'|
| Object 1 Properties (<. >

Type Palarization Raytrac
Draw
["] Random Polarization [C] Reverse
Sources
Initial Phase (deg): 0 Pre-Prop
Coherence Length: 0 Bulk Sc
Ix 0 Sampling
Iy 1
¥-Phase: 0
Y-Phase: 0

Every source can have separate polarization properties specified for it.

Tutorial 9.2: Thin-Film Coatings

OpticStudio has an extensive thin film modeling capability to support the polarization analysis.
Multilayer film dielectric and metallic coatings may be defined, from either a predefined or user
defined material database. Many thin-film codes, like The Essential Macleod, TFCalc and Film-Star,
export coating designs directly in OpticStudio format.
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Coatings may be applied to either dielectric or metallic substrates. Coatings may be composed of
arbitrary layers of arbitrary material, each defined with a complex index of refraction, with full
dispersion modeling in the coating materials. Substrates may be glass, metallic, or user defined.
Coating layers may be of uniform or varying thickness, and loops of replicated coating stacks can be
easily created.

OpticStudio automatically reverses the coating layer order if surfaces go from air to glass then glass
to air, so the same coating may be applied on many surfaces without the need to define “mirror
image” coatings.

Coatings are defined in a file with the .dat extension. This file is located in the coatings folder, which
by default is My Documents\Zemax\Coatings. This folder can be modified by clicking on Project
Preferences in the Setup tab. OpticStudio is shipped with a file called coating.dat, which contains
sample data.

Note: You should not edit coatings.dat, as it is provided by the OpticStudio installer and will be
overwritten when you next install an update.

Always place your own coating data in your own .dat file, and load it via the System Explorer Files
section:

¥ Environment

F Wavelengths
= Files

Coating File:
| COATING.DAT - |

Scatter Profile:

| SCATTER_PROFILE.DAT - N
ABg Data File: 't
| ABG_DATA.DAT - @

Gradium Profile:

[F'R{]FILE.GRD

atal

With the coating data in place, OpticStudio computes the diattenuation, phase, retardance,
reflection, transmission, or absorption of any coating as a function of wavelength or angle.
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Adding Coatings to Sequential Surfaces

Open the sample file Sequential\Objectives\Double Gauss 28 degree field.zmx again. This uses the

supplied coatings.dat file. Note the Coatings column in the Lens Data Editor:

| Lens Data vy -0 X
+OH ;K EFEO-L 50
v Surface 0 Properties < > Configuration /1 <

4| Surf:Type ‘f' | Radius IT" {! ‘Maleria I(:oaling Semi-Diammr‘ Conic ‘TCE)( 1E-6
0 |OBJECT Standard 'I Infinity Infinity Infinity.  0.000 0.000
1 Standard 54153 V. 8747 SK2 AR 29225  0.000
2_ Standard 152,522 V| 0.500 AR 28141  0.000 0.000
3 | Standard ~ 35951 V 14.000 SK16 AR 24296  0.000
47 Standard Infinity 3777 F5 21297  0.000 =
57 Standard 22270V | 14.253 AR 14919  0.000 0.000
6 y STOP  Standard = Infinity 12.428 10229  0.000 0.000
7_ Standard ~ -25685 V.  3.977 F5 AR 13188  0.000
37 Standard Infinity 10.834 5K16 16468  0.000 =
97 Standard ~ -36.980 V. 0.500 AR 18930  0.000 0.000
10_ Standard 196417 V. 6.858 SK16 AR 21311 0.000
11_ Standard ~ -67.148 V 57.315 V AR 21.646 0.000 0.000
IEIMAGE Standard Infinity = 24571 0.000 0.000

Now go to the Libraries tab, and select the Coating Catalog icon from

ce Libraries Part Designer Programming Help

A AR

Lens Make Private  Test Coating | Coatings IS Scatter ABg Scatter Scatt
Catalog  Catalog  Plate Lists Catalog | Tools ~ Catalog Catalog  Function
Stock Parts ‘ Coatings ‘ Scattering

B = ¢ X *

Coating Catalog

i Gives materials and coatings definitions
T': for all coatings in the currently loaded
catalog

Scroll down to find the coating AR:
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W= @

Coating MName:

Coating MName:

/s 1: Coating/Material Listing X |

Coating Name: NULL, 1 layer(s)
Material
MGF2

Thickness

@.000060

AR, 1 layer(s)

Material
MGF2

Thickness

@.256000

WAR, 2 layer(s)

Material
MGF2

LAZ0,

Thickness

8.256000

g.500880

Absolute

Absolute

Absolute

Taper

Taper

Taper

Coating thickness is given in units of waves at the primary wavelength unless the "Absolute” flag is
non-zero; in which case the coating thickness is in um independent of wavelength. The coating AR
is, therefore, a A/4 thick layer of the material MGF2, which is defined earlier in the coating.dat file:

/' 1: Coating/Material Listing X |
ha=®®
Material Name: MGF2, 8 data point(s)
Wavelength Index Extinction
0.400000 1.383870 0.B800000
8.468008 1.381168 8.880000
8.560008 1.379788 8.088000
0.700000 1.376080 0.B800000
8.800008 1.375868 8.880000
1.e80008 1.373588 8.088000
2.p00o0oe 1.367848 0.B800000
2.580008 1.364268 8.880000

This listing gives the complex refractive index, defined as n = n + ik, where n is the usual index of
refraction, and k is the extinction coefficient. As the material MGF2 is defined as having positive n
and zero k, it is a pure dielectric. The material ALUM however:
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/s 1: Coating/Material Listing < |

Wam@
Material MName: ALUM, 1 data point(s)
Wavelength Index Extinction

8.5588e0 e.780e80 -7 .0e8gan

(s)

has index <1 and negative extinction, and so is a metal (the OpticStudio convention is that
extinction is negative for an absorbing medium). Coatings can be made up of any number of
dielectric and metallic layers, the layer thickness can be constant or tapered, and repetitive loops of

coatings can be easily defined.

If you do not have the coating prescription, OpticStudio supports several IDEAL coatings which
allow you to just specify reflection and transmission, and also TABLE coatings that are similar to
IDEAL coatings, except the transmission and reflection may be a function of incident angle and

wavelength and may be specified separately for S and P polarizations.

Note: See the Polarization section of the Technical Reference for full details of the coating file syntax.

Now click on Coatings...Reflection vs Angle in the Analyze tab to see the performance of this

coating on an SK2 substrate:

- -

Polarization Surface | Coatings Reports New Universal New Universal Stray PAL/Free:
= = Plot 1D ~ Plat 2D = Light = Systems = =
Polarization and Surfa ﬁ! Reflection vs. Angle erzal Plot Applicati

ﬁ, Transmission vs. Angle

ﬁ Absorption vs, Angle | Reflection vs. Angle

% Reflection vs. Wavelen

ﬁ Diattenuation vs. Angl Compute the §, P, and average
ﬁ Phase vs. Angle pclari;ation intensity ;9&ﬁicients for
N reflection for the specified surface as
pr Conic TCE x 1E € Retardance vs. Angle a function of incident angle
0.000 0.000

0.000 - ﬁ Transmission vs. Wavelength
0.000 0.000 | & |Absorption vs. Wavelength
0.000 _ ﬂ Diattenuation vs. Wavelength

% Phase vs. Wavelength
Retardance vs. Wavelength

0.000 -
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ﬁd:Reﬂectionvs. Angle v -0 X

~) Settings | & B [l F;A V4 D S AL |§| |E| Wi £~ 3x4- | Standard - Automatic - @
10
08
c
e
E 0.6
=
L<H]
o
=
=
= 0.4
7]
L=
=
—_
0.2
0.0 e —_—
0.0 10.0 20.0 300 40.0 500 60.0 70.0 80.0 90.0
Incident Angle In Degrees
B—5 Polarization B P Polarization E—Average Polarization
Reflection vs. Angle
DOUBLE GAUSS Zemax
3/5/2014 OpticStudio
Coating AR on Surface 1
Isncli}dent medig:é\ir
ubstrate
) Double Gauss 28 degree field.zmx
Mo e DT Configuration 1 of 1
O\ Graph [ Text |

Other plots in the same menu let you see transmission, diattenuation, phase, retardance, etc. In the
coating column of surface 1, press the spacebar to delete the coating, and note how the reflection
vs. angle plot changes.

Coating names can be typed directly into the coating column to apply the coating to the surface,
and the Apply Coating to All Surfaces tool in the Lens Data Editor toolbar lets you quickly add a
coating to all surfaces of the system.

7

| lensData X |
+@Hl L K &PE O S+@

v Surface 2 Properties < 2 Add Coatings to All Surfaces

' p Surf:Type Comment Adds any specified coating to all
4, ! ! surfaces with air-glass boundaries

0 OBJECT Standard =
1

Standard *
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Adding Coatings to Non-Sequential Objects

It is only a little more complex to add coatings to non-sequential objects. Because objects are
volumes and not surfaces, one object may have several faces that can take different coatings. Open
the sample file Non-sequential\Ray splitting\Beam Splitter.zmx to demonstrate this:

& 1: NSC 3D Layout v - 0O X
viSettings & Calalimm /], == A Q&= €- 3x4- Standard~ @

3D Layout

Beam sflitter using coatings | Zemax
=y
3/5/2024 OpticStudio

Beam splitter.ZMX
Configuration 1 of 1

Double-click on the second prism object, object 3, to open the Property Inspector and go to the
Coat/Scatter tab. This object has two faces: face 1 which is the splitter face (the hypotenuse of the
prism) and face O is everything else.
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& Mon-Sequential Component Editor

CCLADNRONE = Z- §++«@
~ Object 3 Properties < >

Type Sca

Draw Face Il, Splitter surface g | ScC

0, Face 0
Coat/Scatter Profile: R

Bulk Scatter Facels: [Object Default -

Index

Coating [L50 - |

Face 1 is coated with an IDEAL coating 1.5, which transmits 50% and reflects 50% of the ray energy,
and face 0 is coated with 1.95 which transmits 95% and reflects 5% of energy.

All native OpticStudio objects use faces to define the various regions of optical interest in the object,
and these are documented in the object definition section of the manual. Alternatively, you can use
the NSC Object Viewer in the Analyze tab to view individual objects.

B ORPH RDCZ

File Setup Analyze Optimize Telerance Libraries Part Designer

~ ~ =3
O @ (@ @ < 3 3
MNSC 3D MSC Shaded CAD Part |NSC Object Ray Lightning Detector Detecto
Layout Maodel Viewer Viewer Trace  Trace Viewer  Tools -

—u

e

System Viewers Trace Rays Detectors

. NSC Object Viewer
¥ Environment

b Wavelengths View a single object

 Files
Coating File:
COATING.DAT

If you click on a face of the object with the mouse, that face will highlight and will be identified in
the title bar of the window:

Zemax, LLC Getting Started With OpticStudio 15 Tutorials e 161



®I3: Object 3: Face 1 | v -0 X

@

v) Settings | & 23 kal & LI-J €3~ xiv viz xiz {9 6 Iil Solid~ | & lE( =

Defining the Faces of CAD objects

OpticStudio uses the several different CAD objects to load STL, STEP, IGES and SAT format files, and
also to work dynamically with SolidWorks™, AutoDesk Inventor™ and Creo Parametric™ (formerly
Pro/Engineer) parts and assemblies. These are defined by a potentially huge number of NURBS
surfaces. Some CAD programs create data files that have many more small surfaces than is useful
for optical analysis.

For example, a simple cylinder may be described in the CAD file by hundreds of small surfaces, while
for optical analysis only two or three different optical properties are applied to the entire object.
Rather than assign optical properties to each of the many surfaces, it is usually more convenient to
group CAD surfaces by assigning a single face number to all surfaces that form a continuous
smooth portion of the object.
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CAD objects support a ‘Face Mode’ parameter to simplify the allocation of optical faces to an
arbitrary CAD part, as follows:

e Face Mode = 0: All surfaces are assigned face number 0. The entire object will have just one
face. This is ideal if a single optical finish, like anodized aluminum, will be applied to the
whole object

e Face Mode = 1: All surfaces whose edges meet along a non-zero length curve, and whose
normal vectors along the curve of contact are parallel within a user defined angle tolerance
are assigned a common face number. The angle tolerance is defined by the Face Angle
(parameter 8). This mode allows control over how finely the faces are numbered. If the Face
Angle is set to a large value (such as 180) then all faces that touch will share a common
number. Larger Face Angles yield fewer unique faces. This is useful with faces that are at say
90° have different optical properties.

e Face Mode = 2: All surfaces are uniquely numbered. This mode yields the largest number of
unique faces.

e Face Mode = 3: Retains the face numbers defined in the imported file. Some CAD files, such
as those created by Zemax, have face numbers already defined. If Zemax recognizes the face
numbers, they will be used. If Zemax does not detect the face numbers, the surfaces will be
numbered as for Face Mode = 2.

e Face Mode = 4: All surfaces on each separate object defined in the CAD file are assigned a
common face number. This option is useful for applying one property to all surfaces on each
object when more than one object is defined with a single CAD file.

OpticStudio also supports manual assignment of face numbers to imported object surfaces using
the "CAD" section of the Object Properties.

Tutorial 9.3: Ray Splitting

Either sequential or non-sequential ray-tracing may be done while accounting for polarization
effects, or polarization may be ignored. If polarization ray-tracing is being used, transmission,
reflection, and absorption of optical energy is accounted for at all surfaces, and bulk absorption by
the optical media is also accounted for.
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In pure non-sequential ray-tracing, rays may also be split at interfaces. In this case, reflection losses
are not just accounted for, but a new ray is launched that takes the reflected energy away.

Because accurate reflection and transmission computation requires polarization information, ray
splitting is only allowed when performing polarization ray-tracing.

@ 1: NSC 3D Layout v - 0O X

2apea /0 —A LA

») Settings | &

£+ Ixd~  Standard v i@l

Surface:

[ <MNo Ray Databases Found=>

Ray Database:

Filter:
Ray Traca: [Use Rays = |
Color Rays By: Source # = | Scale Factor 0
Rotation
X0 Y: 0 &0
| Use Polarization Split NSC Rays |
Fletch Rays Scatter NSC Rays [E
Suppress Frame [

[¥] Auto Apply QK | [ Save |[ Load H Reset |

L. ,l

3D Layout
Bearn splitter using coatings Zemax
/5721
/5/2014 OpticStudio
Beam splitter.ZMX
Configuration 1 of 1

Ray splitting can be turned off, and in this case the transmitted path is always taken at a refractive
interface unless the ray totally internally reflects. The reflected path is of course always taken if the

object is a mirror.

The layout above shows some of the ray paths possible in the beamsplitter example when rays are
split. There is only 1 input ray drawn! The ray termination criteria defined in the System Explorer’s
Non-Sequential section are essential for efficient calculation when ray splitting is on. It is advisable
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to set the relative ray transmission reasonably high, around 0.001, until the model is working well
and more detailed results are needed.

[ systembplorer O
b Environment

F Wavelengths

b Files

b Glass Catalogs

¥ Marmed Filters

= MNon-Segquential

Maximum Intersections Per Ray:
100
Maximum Segments Per Ray:
2000
Maximum Mested,/Touching Objects:
4
Maximum Scurce File Rays In Memony:
1000000
Minimum Relative Ray Intensity:
1.0000E-007
Minimum Absclute Ray Intensity:
0.0000E-+000
Glue Distance In Lens Unit:
1.0000E-006
Missed Ray Draw Distance In Lens Unit:
0.0000E+000
("] Simple Ray Splitting
Retrace Source Rays Upen File Open

¥ Polarization
F Title/Motes

OpticStudio also supports an option to randomly choose either the reflected or the refracted path
rather than split the ray into two and trace both. This is controlled by the ‘Simple Ray Splitting’
shown above. The decision to trace the reflected or the refracted ray is random; with the reflection
and transmission coefficients being interpreted as a relative probability of taking that path.
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Tutorial 9.4: Ray Scattering

In addition to partial reflections at the surfaces of optical components, rays can also scatter due to
microscopic roughness of the surface. OpticStudio supports many detailed models of scattering
from optical surfaces, including Lambertian (used for very rough, highly scattering surfaces),
Gaussian (typically used for modeling the scattering of a well-polished surface, ABg, K-correlation
and more. In addition, OpticStudio can import scattering data in a simple ASCII file format, and the

Premium edition contains a library of measured scatter profiles. See the Scattering group in the
Libraries tab for details

e Libraries Part Designer Prograrmming Help
: : : : 7 ¥ Zx
:_& le o «ﬁa % ABg \ =% |
Lens |Make Private Coating Coatings IS Scatter ABg Scatter Scatter Scatter
Catalog Catalog Catalog Tools~ Catalog Catalog  Function Viewer Polar Plot
Stock Parts Coatings Scattering

Although scattering can be used in sequential ray-tracing (see the Scattering tab Properties
Inspector dialog), it is most useful in non-sequential ray-tracing, where rays can go wherever they
want to. Scattering functions are applied to the faces of non-sequential objects in the same way as
thin-film coatings are: on the Coat/Scatter tab of the Object Properties tab.

Open the sample file in Non-sequential\Scattering called ABg scattering surface.zmx. This file uses
the ABg scattering model on Object 2, which is commonly used with measured scattering data:

& MNon-Sequential Compenent Editor

* = 0O X
G@'ﬂ DRl o 7- ':-;..—,.::&:
# Object 2 Properties ¢ > Configuration 1/1
Type Scatter
Draw Face [{], All Faces - | Scatter Model: ABg - |
Number Of Rays: 5 %
Coat/Scatter  Profile: | Use definitions below -
Reflect: | ABG-EXAMPLE ol
Scatter To T |
: Transmit | ABG-EXAMPLE -]
Facels: [Object Default vl

[T] Thin Window Scattering

Coating [Ncme - |

As it is based on measured data, the total amount of energy scattered by the surface is defined by
the data file. Other scattering models, like the Lambertian model, require you to tell OpticStudio
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how much energy to scatter using the “Scatter Fraction” parameter on this dialog, which will appear
if a scattering mode that requires it is chosen:

LDI“IQUF&[HDH IFI S YIN;

Scafter
Scatter Model: Lambertian -
Mumber Of Rays: 5 ¥ Scatter Fraction 0

If ray splitting is turned off, the ray will either scatter or not, depending on the value of the ‘Scatter
Fraction’ parameter (or equivalent measured data) and a random number OpticStudio generates for
each ray-object intersection. Update the NSC 3D layout, and note that the ray either scatters or does
not scatter:

& 1: NSC 3D Layout * - O X

visettngs ¢ Calal | /[ = A 2[@|E= &- 3x4- mhic- @

£ = 088170745, Y = -11.320862

30 Lavout
Scattering surface using ABg Zemax
3/3/2014 Dpticstudio

ABg scattering surface.ZMX
Configuration 1 of 1

On the Settings dialog, select “Split Rays’ as well as “Scatter Rays":
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B 1: NSC 3D Layout * - 0O X

~) Settings | & =3 iﬂp;a & D/—A ,'|E||E|'; £+ Ix4d~ | Thick~ @'

Surface:
Ray Database: [ <Ne Ray Databases Found> = l
Filter:
Ray Trace: [Use Rays = l
Color Rays By: Scale Factor 0
Rotation
X0 Y: -40 i -10
Use Polarizaticn Split NSC Rays
Fletch Rays Scatter NSC Rays
Suppress Frame [

AuhoApply [ Save H Load H Reset ]

30 Layout
Scattering surface using ABg Zemax

/5/2
/3/2014 Dpticstudio

ABg scattering surface.ZMX
Configuration 1 of 1

The ray will now be split into the unscattered ray, and five scattered rays.

Update this layout a few times, and note that you always get the unscattered ray, and five randomly
scattered rays. The number of scattered rays is defined by the ‘Number of Rays’' parameter in the
Coat/Scatter tab of the Object properties.
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Tutorial 9.5: Importance Sampling

A very large number of rays may need to be traced to find a relatively small number of scattered
rays that strike an object of interest, such as a detector. OpticStudio supports two powerful ways to
improve the efficiency of the scattering analysis.

The first method is to scatter a ray according to the scatter distribution, but only trace the ray if the
ray propagates towards an object of interest. This method may be implemented by defining a
‘Scatter To' list of objects using the 'Scatter To' tab in the Property Inspector.

& Mon-Sequential Component Editor * — O X
CERLOADRNOG - Z- 5+@
~| Object 2 Properties (<) ? Configuration 1/1
Type - .
Scatter To Method: l,‘Scatter To List R
Draw

Scatter To List;
Coat/Scatter
Scatter To

The Scatter To method works well for wide angle scatter (such as Lambertian scatter) and when the
object of interest subtends a relatively large angle as seen from the scattering surface.

The second method is to always scatter the ray towards the object(s) of interest, and then to
normalize the energy the ray carries to account for the probability the ray would have actually
scattered in that direction. This method is called "Importance Sampling". Importance Sampling is
generally superior to the Scatter To method if the scatter is narrow angle or the object of interest
subtends a relatively small angle as seen from the scattering surface.

Open the sample file in Non-sequential\Scattering called Importance Sampling Demonstration.zmx.
This shows directly the benefit of using Importance Sampling. Rays are always scattered to the
desired object, in this case a detector, and the resulting signal/noise ratio is therefore far superior.
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@ 5: NSC Shaded Model v - O X
v) Settings | & 23 fal m= EL:[ - xiyvizxz (B [i] Solid~ | & |

Tutorial 9.6: Bulk and Fluorescent
Scattering

Bulk scattering models the random scattering of rays while propagating through a solid object. This
may be a very rare event (like scattering from inclusions in optical-quality glass) or a very common
event (like scattering in biological tissue samples). OpticStudio includes several bulk scattering
models, including Henyey-Greenstein and Rayleigh scattering.

In addition, rays may change wavelength when bulk scattered, usually to longer wavelengths. Open
the sample file in Non-sequential\Scattering called Fluorescence Example.zmx. This file uses two
wavelengths, 1 (blue) and 2 (red). The source radiates only in the blue, and this light enters a
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medium that scatters the light in angle and wavelength. A beamsplitter transmits the red and
reflects the blue:

@ 6: NSC Shaded Model v — 0O X
v) Settings | & 23 fal m= ’I‘ €~ xiyviz xiz ) B

B soia- 2@ A= @

Bulk scattering properties are defined on the ‘Bulk Scatter’ tab of the Property Inspector dialog:

& Non-Sequential Compenent Editor
CERONDEew® = Z - S+@
#. Object 2 Properties (<. >

Type

Scatter Fluorescence

Draw

Model: [Ang]e Scattering - Wavelength Shift:
Coat/Seatter Mean Path: a5 Angle 10 121
Scatter To DLL: bulk_samp_1.dIl

Bulk Scatter
Index

Diffraction

The "Wavelength Shift” control allows definition of wavelength transitions during bulk scatter
events. The syntax is "in, out, prob" where "in" is the input wavelength number, "out" is the output
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wavelength number, "prob" is the relative probability that this shift will occur when tracing the in
wavelength. Multiple transitions may be defined using a semi colon separator.

For example, if a single input wavelength (#1) will shift to wavelength #2 50% of the time,
wavelength #3 40% of the time, and the remaining 10% of the time will remain at the input
wavelength, then the wavelength shift string is

1, 2, 50.0; 1, 3, 40.0; 1, 1, 10.0

What’s Next?

Well done on working through this guide! This guide is by necessity brief, and has only scratched
the surface of what you can achieve with OpticStudio.

The goal was to get you started using OpticStudio in just an hour or two. There is plenty that is not
covered. For example, it does not discuss Tolerancing, Physical Optics, thermal analysis, multi-beam
interference in non-sequential mode, and many of the powerful analysis and optimization
capabilities of OpticStudio.

Note: Just because it is not covered here does not mean that it's not in OpticStudio!
Here are some other resources that will help you:
e The OpticStudio Knowledge Base. This is an indispensable resource for OpticStudio users,
and contains hundreds of articles including tutorials, answers to frequently-asked questions,

and examples. It is structured into categories, and has a powerful search engine to help you
find articles of interest easily.
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e The Technical Reference files in the Help system give detailed discussions of the underlying
capabilities of OpticStudio

%/ OpticStudio Help Files

[E= e (=)

T o= & o

Hide: Back Print  Options

Contents | Index | Search |

Getting Started With Zemax

= [.m Technical Reference
@ Using Muttiple Corfigurat

@ Using Glass Catalogs
@ Paolarization Analysis
@ Optimization Overview
@ Themal Analysis of Optic
@ Physical Cptics Propaga
@ Sequertial Sufaces
@ Non-Sequential Overvie:
@ Non-Sequential Geometr
@ Non-Sequential Sources
@ Non-Sequential Detectol

Technical Reference

More:

"] The first step

_J Multi- configuration operands table

] Comment about operands that define character strings
] Defining the number of configurations

] Defining each configuration

"] Ignoring surfaces

] Changing configurations

] Optimization with multi- configurations
"] Solves for multi- configuration data

" Specifying which glass catalogs to use
"] Editing and reviewing glass catalogs
"] Description of catalog data

] Creating a new catalog

] Copying or maving glass catalog files
] The glass dispersion formulas

] Fitting index data

] Fitting melt data

"] Defining Transmission Data

LY P N R [ T iy

@ Tolerancing
@ Using Part Diesigner
@ Keyboard Shortcuts
[2) Conventions and Definiti
@ In-Line Help

-

e The In-Line Help files are accessed by clicking the Help “?” button in dialog boxes, and give
detailed descriptions of the different analysis features.

%/ OpticStudio Help Files

T ¢ & B
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@ The Setup Tab

@ The Analyze Tab

@ The Analyze Tab (Non-E

@ The Optimize Tab

Q The Cptimize Tab (Mon-!

% The Tolerance Tab

@ The Libraries Tab

@ Part Designer Tab

Q The Programming Tab

@ The Help Tab

In-Line Help

m

More:

] Lens File Group

" Archive Group
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"] Convert Group

"] System

] Editors

"] System Viewers

] Diagnostics

") window Control

] Configuration

] System Viewers Group

] Image Quality Group

] Laser and Fibers

"] Polarization and Surface Physics
] Reports

" Universal Plot

"] Applications

_J Graphics and Text Windows Operations
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e Zemax LLC and its team of international distributors offer dedicated training classes on the
use of OpticStudio. Courses are held from introductory to advanced level, and cover all
aspects of sequential lens design, illumination, stray light, programming OpticStudio and
more. See www.zemax.com/training for more details.
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Getting Technical Support

Please contact support@zemax.com, or your local distributor, if you need help in using OpticStudio!
For help in the Chinese language, use china@zemax.com.

Note: It is vastly easier to resolve a technical problem with a sample file that demonstrates it. Of
course, many customers are concerned about the confidentiality of their designs. We do not undertake
any product development contract work. Therefore, if you have a technical question, you can be sure
that you are not explaining your work to someone who may be working for a competitor, or bidding
against you for the same job! Our goal is simply to help you use OpticStudio most effectively.

If you are still uncomfortable about sharing your design file, try simplifying it to the bare essentials
necessary to show the problem, or use one of the >100 sample files supplied with OpticStudio
instead.

Then please follow these steps:

e Make sure you are running the current version. Check For Updates in the Help tab. If you are
eligible for technical support then you are eligible to run the current version. Make sure you
can reproduce your problem with the current version as it contains fixes for all known bugs.

e Run System Check in the Setup tab to test your file for common setup errors.

e Email a full description of the problem to support@zemax.com or your local distributor.
Please be sure you include:

o Your name, organization, email address and phone number in case we need to talk
directly with you.

o The serial number of your OpticStudio key (run Help...About in OpticStudio to get
this).

o A clear description of your problem. Include the sample file that demonstrates the
issue if you can.

o Use File...Backup to Archive and send the resulting .ZAR file. This single file contains
everything we need to reproduce your design exactly as you have it on your
computer.

You will get a response within a maximum of one working day, and usually a lot sooner.

If support for your key is not current, you can renew it easily by sending an email to
sales@zemax.com or your local distributor and requesting a quotation for support renewal.
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References on Lens Design

Neither the Zemax program nor the Zemax documentation will teach you how to design lenses or
optical systems. Although the program will do many things to assist you in designing and analyzing
optical systems, you are still the designer. The Zemax documentation is not a tutorial on optical
design, terminology, or methodology. Technical support available to Zemax users includes
assistance in using the program, but does not include tutoring on fundamental optical design
principles. If you have little or no experience in optical design, you may want to read up on any of
the many good books available on the subject. The following table lists some (but by no means all)
of the books which will aid in your education.

REFERENCES

Author Title Publisher

Bass Handbook of Optics McGraw-Hill
Born & Wolf Principles of Optics Pergamon Press
Fischer & Tadic-Galeb Optical System Design McGraw-Hill
Geary, Joseph M. Introduction to Lens Design: With Practical Willmann-Bell

Zemax Examples

Hecht

Optics

Addison Wesley

Kingslake, Rudolph

Lens Design Fundamentals

Academic Press

Laikin, Milton

Lens Design, Third Edition

Marcel Dekker

Mahajan, Virendra

Aberration Theory Made Simple

SPIE Optical Engineering Press

O' Shea, Donald

Elements of Modern Optical Design

John Wiley and Sons

Rutten and van Venrooij

Telescope Optics

Willmann-Bell

Shannon, Robert

The Art and Science of OpticalDesign

Cambridge University Press

Smith, Gregory Hallock

Practical Computer-Aided Lens Design

Willmann-Bell, Inc.

Smith, Warren

Modern Optical Engineering

McGraw-Hill

Smith, Warren

Modern Lens Design

McGraw-Hill

Welford

Aberrations of Optical Systems

Adam Hilger Ltd.

Welford

Useful Optics

University of Chicago Press
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Most importantly, Zemax is not a substitute for good engineering practices. No design should ever
be considered finished until a qualified engineer has checked the calculations performed by the
software to see if the results are reasonable. This is particularly important when a design is to be
fabricated and significant costs are involved. It is the engineers responsibility to check the results of
Zemayx, not the other way around.

Converting from Zemax13 and
Older

This section of the Getting Started Using Zemax OpticStudio guide is aimed at those users
upgrading from earlier versions of Zemax (Zemax 13 and earlier). In this section we map the user
interface of the previous versions of Zemax to their current locations, and highlight any changes of
significance.

We also recommend you read the Navigating the OpticStudio Interface section for full instructions
on how to use the new UL

r-J Zemax 13 Premium - 23203 - C:\Users\mark.nicholson'\Documents\My Zemax Files\LENS.ZMX _‘;
File Editors Systern  Analysis Tools Reports Macros  Extensions  Window Help

New|Dp-e|Sav|Sas|Bac|Hes| Up-d|Upa|Gen|Fie|Wav| La}r|L3d|Lsh|Ha}r|Dpd|Spt|Mﬂ

In the following section we will look at each Z13 menu and see where its contents have now moved
to.

Note that the button bar used in Z13 is obsolete, and instead you place any feature you want
directly onto the Quick-Access toolbar in OpticStudio:

Pd=m RICSSCED )

File Setup Analyze Optimize Tolerance Libraries Pa

ot

£
o

_ Sequential UL M
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In the Setup tab, click on the Project Preferences icon and simply drag and drop the features you
want onto the Quick-Access toolbar.

File Setup

b Aperture
b Fields
» Wavelengths

P Environment

» Palarization

b Advanced

» Ray Aiming

» Material Catalogs
b Title/Notes

P Files

b Units

b Cost Estimator

Analyze

(B REHe WICZR B

o
Zemax OpticStudie 15 Premium - 36563 - LENS.ZMX

-
_{ Project Preferences

Address
Colors
Editors
Folders
General
Graphics
Toolbar
Shortcut Keys

Sequential Ul Mode | Non-Sequential Ul Mode
Customize Quick Access Toolbar:
| New Separatar |Z[
1D open e] Zemax Element Drawing o
H Save ei ISO Element Drawing
0 Print & CAD Part Viewer
Separator D Cross-Section
(] save 4s (B shaded Model
-) Undo -+ Ray Aberration
c Redo %+ Standard Spot Diagram
& Update I' Footprint Diagram
e Update All ** Through Focus Spot Diagram
Separator “, Full Field Spot Diagram
’ System Check Matrix Spot Diagram
@ 3D Viewer iii Configuration Matrix Spot Diagram
¥Y ¥-Ybar Drawing
o+ Optical Path
“}= Pupil Aberration
[T Eiatd b A N ; B
([Csove ][ tond ][ ) rcsei] Cox J(ane @

All keyboard shortcuts used by Z13 still work in OpticStudio!
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Zemax 13 File Menu

¥ Zemax 13 Premium - 23203 - CAUsers\mark.nicholson\Documents\M
File | Editors System Analysis Tools Reports Macros Extension

Mew Ctrl+M
Open... Ctrl+Q
Save Ctrl+5
Save As...

v Use Session Files

Backup To Archive File...

Restore From &Archive File...

v Sequential or Mixed Sequential/Mon-5Sequential Mode
Mon-5Sequential Mode

Insert Lens...

Preferences...

Excit Ctrl+Q

Almost all of these features have moved to the File tab in OpticStudio
T ORH  RDC22 \‘

File Setup Analyze Optimize Tolerance Libraries Pz

RERIS & b

Mew Open Save Save Insert Create  Load caD D
A As Lens Archive Archive Files La
Lens File | Archive

Except for the Program Mode and Preferences, which are now on the Setup tab:
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File Setup Analyze Optimize Tolerance Li
=1 Wt B | -
s E";’ m _ Sequential Ul Mode
k #s Non-Sequential Ul Mode
System Project Scale
Explorer Preferences | Lens

System

Zemax 13 Editors menu

K- Zemax 13 Premium - 23203 - C:";Llsers\mark.nichclscn\Dé\
File [ Editors] Systern  Analysis Tools Reports  Macrog,
Mew| ¥  LensData Shift+F1

Merit Functicn Fé
Multi-Configuration F7
Tolerance Data Shift+F2
Extra Data F&

L Mon-5Sequential Components Shift+F3
Q
— Undo F3

Edi
Redo Ctrl+F3

The biggest change here is that the Extra Data Editor is now obsolete. Extra Data is now appended
onto the Lens Data Editor. The Lens Data Editor in Z13 uses parameters 0 through 12.In
OpticStudio, extra data now appears from Parameter 13 onwards, and ther LDE simply scales in size
to accommodate however much data you need.

All Z13 and older files are read and remapped automatically by OpticStudio. Tolerance operands,
multiconfiguration operands and optimization operands that referred to Extra Data parameter
numbers are now remapped to use parameter data operands instead. As a result, .zmx files produced
by OpticStudio can not be read successfully by older versions if the file contains extra data operands in
the merit, multi-configuration or tolerance editors.

In Extensions and ZPL macros you can address (previously) Extra Data items using either extra data
operands or parameter operands with the parameter number >12.
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Editors can be found in the Setup tab in the Editors group, which shows the two main editors and
can expand to show all editors:

B ORPH TR

File Setup Analyze Cptimize Tolerance Libraries Part Designer Programming Help

I % E| _ Sequential Ul Mode : (} @
._.._.1; b Non-Sequential Ul Mode -, =

System Project Scale Lens Mon-5Sequential | Cross-Section Shaded
Explorer Preferences Lens Data Maodel
System | Editors [m]| System Viewers

) L= N

Merit Multiple Tolerance
Function Editor Configuration Editor Data Editor

The Multi-Configuration Editor is also available from the Configuration group of the Setup tab:

/E Uu _ Multiple Cenfiguration Editor
o -~

Make Make ) o
Thermal |Conjugate | = Previous Configuration

Configuration

If more than one configuration exists in the MC editor, a smaller Configuration group appears on
the Analyze, Optimize and Tolerance tabs also:

- Multiple Configuration Editor {
=k Next Configuration
4= Previous Confic

Configuration

The Merit Function Editor is also available in the Optimize tab, and the Default Merit Function tool is
renamed the Optimization Wizard:
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File Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help

r - - _;" b — — s K i-, x Remove All Vanables

l‘a__ l‘t ) = _J A TR Set All Radii Variable ’
Quick Quick Slider  Visual Merit Optimization Optimizel _ _ ) Global
Focus Adjust Optimizer | Function Editor ~ Wizard 'T Set All Thickness Variable | Search

Automatic Optimization

Manual Adjustment

The Tolerance Data Editor is also available in the Tolerance tab, and the Default Tolerances tool is
now called the Tolerance Wizard:

B OPH ¢ 4

File Setup Analyze Optimize Tolerance Libraries Part Desighe

v 7 B B 6

Tolerance Tolerance Tolerancing Tolerance ISO Element Zemax Element Sag
Data Editor  Wizard Surnmary Drawing Drawing Table
Tolerancing |  Manufacturing Drawings and Data

The Editors have been completely re-written to provide a modern, intuitive spreadsheet capability.
See the Navigation guide for full details.

Zemax 13 System Tab
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l@ Zemax 13 Premium - 23203 - C:"..Users‘l..rmrk.nicl‘mlscm‘l.DommEmé‘

File Editors |System | Analysis Tools Reports Macros Exte
Ctrl+L
Update All Shift+Ctrl+ LU

General... Ctrl+G
Fields... Ctrl+F
Wavelengths... Ctrl+W

Mext Configuration Ctrl+ 4
Last Configuration Shift+Ctrl+A

Update and Update All are moved to the Quick-Access toolbar:

IR R C 2

File Setup Analyze ienn
Update

{L h% ’—/// #  Recalculate and update the window

lerance Tolerance Toleranci *

| RE R C 22
File Setup Analyze Opti

R & 7

Tolerance Taolerance Tolerancing
Edjgor i

b T | c [ = =Y =2 r

Update All

A  Recalculate and update all open windows

o

The General, Fields and Wavelengths menu items are now combined in the System Explorer, which
is available via the sidebar or the System Explorer icon in the Setup tab:
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T .
B ORH RDPC
File Setup Analyze Optimize Toleran
j“i E' _ Sequential Ul Mo
L & Mon-Sequential Ul
System Project Scale
Explorer Preferences Lens

System

Aperture
Environment
Wavelengths
Fields

Files

Glass Catalogs
Miscellaneous
Mon-Sequential
Polarization
Ray Aiming
Title/Motes
Units

v v v ¥ W ¥ ¥ ¥ W ¥ v w

Filed and Wavelength data can be entered directly in the System Editor, or their older-style dialogs
can be invoked by double-clicking on the top lines of either the Fields or Wavelengths group:
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ORHETRIIC22T Emax OpEcSTais T3P

Setup  Analyze  Optimize  Tolerance Libraries Programming  Help

LY TS
R L 5 B @ a % Y
New Open Save Save Insert = Create load = CAD DXF/IGES Zemax Encrypted | ComvertTo Convertfile | Explode Bt
- lens | Archive Archive | Files Linework~ Black Box Coatings | NSCGroup Formats - -
Lens File Archive Export Convert | Explode
< Wavelength Data - -ox %N
e f Weight  Primary | | Weight  Primary |
Aperture Type: 1 0486 1000 B 13 0550 1,000
Entrance Pupil Diameter - @ 2 0588 1000 © [ 14 0550 1,000
P @ 3 0556 1000 B 15 0550 1000
m 4 0550 1000 B 1 0550 1000
33330 A s 0550 1000 B 7 0550 1,000
Apodization Type: 0 os 0550 1.000 18 0550 1.000
e Bl | 7 0550 1000 0 19 0550 1000
0 s 0550 1000 [ 20 0550 1000 ‘
[ Telecentric Object Space oo 0550 1000 02 0550 1000
[[] Afocal Image Space @ 1 0550 1000 0 2 0550 1000
[ Iterate Solves When Updating 6] i o 0z L L ‘
S @ 12 0550 1000 (o2 0550 1000
¥ Settings F.d, C (Visible) v | | Select Preset
» Wavelength 1 (0486 um, Weight = 1.000) ; - g (sssan=xsl
e el Minimum Wave: 0486 Masimum Wave: 0656 Steps:[4 v Gaussian Quadrature
» Wavelength 3 (0.656 um, Weight = 1000)
» Add Wavelength [concet | [ | s |@
~ Fields |
» Settings Field Data v-ox
» Field 1 (X = 0000, Y = 0,000, Weight = 1.000) 5 W o e T 7 o )
> field2(X =0000,¥ = 10000, Weight = 1000) || {5/ ™, 000 0g00 1000 0000 0000 0000 0000 0000
» Field 3 (X = 0000, ¥ = 14000, Weight = 1000) | | :
» Add Field @ 2 0000 10000 1000 0000 0000 0000 0000 0000
¥ Erwiconmert [# 3 0000 14000 1000 0000 0000 0000 0000 0000
> Files [l 4 0000 0000 1000 0000 0000 0000 0000 0000
» Glass Catalogs 1 5 0000 000 1000 0000 0000 0000 0000 0000
» Miscellaneous ] 6 0000 0000 1000 0000 0000 0000 0000 0000
¥ Non-Sequestial [] 7 0000 0000 1000 0000 0000 0000 0000 0000
» Polarization [[] 8 0000 0000 1000 0000 0000 0000 0000 0000
» Ray Aiming ] 9 0000 0000 1000 0000 0000 0000 0000 0000
» Title/Notes 110 0000 0000 1000 0000 0000 0000 0000 0000
» Units []11 0000 0000 1000 0000 0000 0000 0000 0000
(O 12 0000 0000 1000 0000 0000 0000 0000  0000)
Type: Angle +|  Normalization:
NumberOffields: (3. =]  MaximumField: 0000 Equal-Area Fields

The Next and Last Configuration controls are on the Configuration group of the Setup tab, and if
the design has more than one configuration are also available on the Analyze, Optimize and
Tolerance tabs.

- Multiple Configuration Editor
=k Next Configuration

4= Previous Co ration
Configuration
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Zemax 13 Analysis Menu

b Zemax 13 Premium - 23203 - C\Users\mark.nicholson\Decuments\M,

File Editors System | Analysis | Tools Reports Macros  Extensio

Spot Diagrams

MTF

PSF

Wavefront

Surface

RMS

Encircled Energy
Image Simulation
Biocular Analysis
Miscellaneous
Aberration Coefficients
Calculations

Glass and Gradient Index
Universal Plot
Polarization

Coatings
Physical Optics
NSC Ray Tracing

Source Viewers

Scatter Viewers
Obsolete

Almost everything on this menu has moved to the Analyze tab:

T RH R CETTT

Setup | Analyze | Optimize

Tolerance  Libraries  PartDesigner  Programming

Zemax Opticstudio 14 Premium - 23203 - LENS.ZMX f

P> & [+ -

Cross-Section Shaded
Model | Spots~

System Viewers 1

With the follow

- - NS

Rays & Aberrations Wavefront PSF MTF  RMS Enclosed Extended Scene
- - - - - Energyc  Analysis-

Image Quality

Polarization Surface Coatings

B A e

Polarization and Syriace Physics

Reports Stray  Biocular PAUFresform  NSC
- Light - Systems - - Raytracing -

Applications

Bild ¢ % % @@ © f}

New Universal New Universal
Plot 1D - Pl

Universal Plot

Reports

ing exceptions:

e Glass and Gradient Index now appears in the Optical materials group of the Libraries tab
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U R2C 22

File Setup Analyze Cptimize Tolerance Libraries

d 24 Nk B ‘la

Materials | Matenals | Matenals Glass Substitution Lens

Catalog | Analyses | Tools - Template Catalog
E Dispersion Diagram
Glass Map
Athermal Glass Map
Internal Transmission vs. Wavelength
E] Dispersion vs. Wavelength
B | Grin Profile
[ Gradium Profile (

e Source Viewers have moved to the Source Viewers group in the Libraries tab

@Ehl@’?i

Source Source Source CIE1931 CIE1976
Directivity Plot | Polar Plot | Spectrum Plot Ceolor Chart Celor Chart

[ Source Viewers |

e Scatter Viewers have moved to the Scatter Viewers group in the Libraries tab:

-

i — e
ABg LY ﬂ*
IS Scatter ABg Scatter Scatter Scatter
Catalog Catalog  Function Viewer Polar Plot

|1I.I.I.

Scattering

e The items under Miscellaneous have been placed in more meaningful locations:
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CroTETET Ty
Miscellaneous
Aberration Coefficients
Calculations

Glass and Gradient Index
Universal Plot

Polarization

Coatings

Physical Optics
NSC Ray Tracing
Source Viewers
Scatter Viewers

Obsolete

Field Curv/Distortion
Grid Distertion

Relative lllumination
Vignetting Plot
Footprint Diagram
Lengitudinal Aberration
Lateral Color

¥-¥bar Drawing
Chromatic Focal Shift
System Summary Graphic
Power Field Map
Power Pupil Map

Incident Angle vs. Image Height

qwu|5?

Setup Analyze Optimize

Tolerance lerarles

+|| |eel

Model Spots ~ >

o .h

[
Flle Optimize
Cross-Sectlon Shaded Rays & | Aberrations Wavefront PSF
[ - i

System Viewers

1210)dx3 wayshs @

0 YNTEE +++

=]

Ray Aberration
Optical Path
| Pupil Aberration

 Field Curvature and Distortion
| Grid Distortion

Longitudinal Aberration
Lateral Color

Chromatic Focal Shift

Seidel Coefficients
Seidel Diagram
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P

[=

rded
pdel

Analyze | Optimize

Tolerance

Libraries

[+] |es

Aberrations Wavefront PSF

Spats v - .

F]

Ray Trace
Ray Aberration

Standard Spot Diagram
Footprint Diagram

Through Feocus Spot Diagram
Full Field Spot Diagram
Matrix Spot Diagram

+  Configuration Matrix Spot Diagram

Cardinal Points

¥-Ybar Drawing I

Vignetting Plot

Incident Angle vs. Image Height

Stray
Light -

@

Biocular
Systems -

{@i | Field Map

Raytracing ~

e The items under Obsolete have been removed, except for

Ob=olete

Wireframe
Solid Model
Mumination XY Scan

Mumination 2D Surface

Export IGES Line Work...
Export 20 DXF File...
Export 30 DXF File...

Conjugate Surface Analysis

which now appear in the Export group of the File tab:
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MHN% L b & I % Y 4 5

Open Save Save Insert Create Load CAD  DXFAGES = Zemax Encrypted Convert To Convert Fil
v As Lens Archive Archive Files |Linework v | Black Box Coatings NSC Group  Formats ~

Lens File | Archive | Export | Convert

LeE 2 C2e
File Setup Analyze Optimize Tolerance Libraries Pa e Programming Help

DXF/IGES Linework

Export line artwork in DXF or IGES
. formats suitable for older CAD programs
DXF

e Encircled Energy is now called Enclosed Energy as circles are not the only option ©

yze Cptimize Tolerance Libraries Part Designer Programming Help

=l Y N =N

Rays & Aberrations Wa'.refront PSF MTF  RMS | Enclosed | Extended Scene Physica

Spots - = = = = Energy - Analysis - Opti
| Image Quality |£ Diffraction
[@ Geometric

m Geometric Line/ Edge Spread
h"i Extended Source
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Zemax 13 Tools Menu

@ Zemax 13 Premium - 23203 - C\Users\mark.nicholson\Documentsh\My Zemax
File Editors System  Analysis ITunis Reports Macros  Extensions Wi,

Design 2
Modify b
Telerancing L
Catalogs 3
Export/Explode Data 3

Sources
Scatter

Miscellaneous

This entire menu is now obsolete, and items have either been moved to their own tabs or to the

toolbars of the appropriate editor.

Tools...Design is now the Optimize tab

CAUsersimarknicholson\Documents\My Zemax Files\LENSZMX &

E ITDDis Reports Macros  Extensions  Window Help

Design [ Local Optimization... Shift+Ctrl+0
Muodify ] Global Optimization... Shift+Ctrl+G
Tolerancing ] Hammer Optimization... Shift+Ctrl+H
Catalogs ] Visual Optimization... Shift+Ctrl+V
Bport/BrplodeData Quick Focus.. Shift+ Ctrl+Q
sources ' Quick Adjust...

scatter Y| Slider..

Miscellaneous L4

Find Best Asphere...

Convert Asphere Type...
Merit Function Listing

Glass Substitution Template...
Stock Lens Matching...

Remaove All Variables
Make All Radii Variable
Make All Thicknesses Variable

Zemax Part Designer...
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TR TRIPCTZ2 emax OpticStudio T4 Premium = 23203 ~[ENSZM

File Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help

p— — - X Remove All Variables E =) - ]
QQAEE & & O QQ @ % =
— —=l R Set All Radii Variable — ¢
Quick Quick Slider  Visual Merit Optimization Optimize! Global Hammer Glass Substitution Find Best Convert Stock Lens Test Plate Test
Focus Adjust Optimizer = Function Editor ~ Wizard T Set All Thickness Variable | Search  Current Template ‘ Asphere Asphere Types Matching  Fitting  Plate Lists |

Manual Adj ic Optimization Global Opti

ent Optimization Tools

And the Zemax Part Designer is now a built-in capability with its own tab, which is available only in
non-sequential mode, or if you have the Premium version of OpticStudio:

TR  RDC22 Femax OpticSiudio 14 Premium - 2320

Setup Analyze Optimize Telerance Libraries Part Designer Programming Help
k ‘ \. f ;"" N

® . 2CE WM & O A7 Q4

Part File Undo Redo Load Build Build DE(Iarallun ObJEdS Sketch Shapes TranslatE Bm\eﬂn Amow | Line Curve Arc
Designer hd Example Selected Line Selected Lines Objects ~ hd Toel | Tool Teol Toal
System Insert Operations ‘ Sketch Group
0 Zemax Part Designer

DM @ al- - O di- »- l@@-xwwzmz@% Solid ~| F Mone -

Script Mode | Sketch Mode | Gallery Mode |

Tools...Modify has moved to the toolbar of the Lens Data Editor:

ChUsersymark.nicholson\Documents\My Zemax Files\LENS.ZMX
s | Tools | Reports Macros Extensions Window Help

Design » ¥ Loy | 13d| Lsh | Ray| opd| spt | Mt | Fos [Rms| Enc
Modify [ Tilt/Decenter Elements...

Telerancing [ Reverse Elements... Shift+Ctrl+B
Catalogs [ Scale Lens...

Export/Explode Data [ Make Focal...

Sources g Add Fold Mirror Shift+ Ctrl+F
S::.atter ’ Delete Fold Mirror

Miscellaneous Make Double Pass...

Local To Global...
Global To Local...

Convert Semi-Diameters to Circular Apertures
Convert Semi-Diameters to Floating Apertures
Convert Semi-Diameters to Maximum Apertures
Remove All Apertures

Replace Vignetting With Apertures
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_F.u-l"
| Lens Data - — 0O

Ewm,m.t$ﬂo¢rg“g

[} Configuration /1 ©
Tilt/Decenter Elements Q Q
T — ess Material Coating Semi-Diameter Conic TCE x
specified range of surfaces ty 0.000 0.000 0.000 3
D0 0.000  0.000 0.00

Tools...Tolerancing has become the Tolerance tab:

- CAUsers\mark.nicholson\Documentsh\My Zemax Files\LENS.ZMX
ysis [Tuuls Reports Macros  Extensions Window Help

Design 2
Modify 3
Telerancing 2
Catalogs L
Export/Explode Data r

Telerancing... Ctrl+T
Telerance Listing

Telerance Summary

Sources

Scatter

Miscellaneaus

I ORH T RDC22

File Setup Analyze Optimize | Telerance Libraries Part Designer Prograrnmi

h & 7 (& @ﬂ ¥ &

Tolerance Tolerance Telerancing Tolerance IS0 Elernent Zemax Element Sag
Data Editor  Wizard Surnmary Drawing Drawing Table
Telerancing Manufacturing Drawings and Data

Tools...Catalogs has become the Libraries tab:
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[\Users\mark.nicholson\Documents\My Zemax Files\LENS.ZMX
ETonis Reports Macros  Bdensions Window Help

Design 4 Lay | L3d | Lsh | Ray | Opd | Spt
Madify 3
Tolerancing 3
Catalogs 3 Glass Catalegs... F4
Export/Explode Data 3 Glass Compare...
Sources J Glass Fitting...
Scatter ' Lens Catalogs.. F5
3

Lzl Make Private Lens Catalog...

Test Plate Fitting...
Test Plate Lists

Edit Coating File

Reload Ceating File

Add Coatings to All Surfaces
Coating Listing

Export Encrypted Coating

R RPCT T

Setup Analyze Optimize Tolerance | Libraries | Part Designer Programming Help

% B W e - Mg O

Matenials Glass Substitution Lens Make Private  Test Coating Coatings
Tools ~ Template Catalog  Catalog Plate Lists Catalog Tools -

Optical Materials Stock Parts

Materials | Materials
Catalog | Ana

Coatings

Tools...Export/Explode has moved to the Export and Explode groups on the File tab

CAlUsersiymark.nicholson\Documents\My Zemax Files\LENS.ZMX
: [Tools | Reports Macros  Extensions  Window  Help
Design [
Modify 3
Telerancing L
Catalogs k
Export/Explode Data 3
Sources

Scatter

Export CAD File...

Explode SclidWorks® Assembly...
Explode Autodesk Inventor® Assembly...
Explode Crec Paramnetric® Assembly...

Explode CAD Assembly...

Miscellaneous

Export Zemax Black Box Data...
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Analyze Optimize Tolerance Libraries Part Designer Programming Help

— [ (3 i @ . C A LY

S RERS L m ¢ 2w VX

New ©Open Save Save Insert Create  Load CAD DXFIGES Zemax Encrypted Convert To Convert File Explode Exit #
= As Lens Archive Archive Files Linewerk * Black Box Coatings NSC Group  Formats ~ =

Explode

- ChUsersymark.nichclson\Documents\My Zemax Files\LENS.ZMX
s ITunk Reports  Macros  Extensions  Window Help

Design L
Modify 3
Telerancing 2
Catalogs 3
Export/Explode Data 3
Sources

Scatter

Download Radiant Source Model™ Data...
Generate Radiant Source Model™ Rays...

Miscellaneous Download IES Source File...

Convert to Spectral Source File...
Concatenate Spectral Source Files...
Convert 5DF To IES...
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B . . © & M » v

Radiant Source | IE5 Source Spectral Source Source Source Source CIE1931 CIE197&
Models ~ Models - Models - Directivity Plot Polar Plot Spectrum Plot Color Chart Color Chart
Sources Source Viewers

Radiant Source Models

The most accurate method of modeling
the near-field and far-field output of real
light sources in optical and illumination
design software. Containing anular,
spatial and optionally wavelength data,
R5Ms are detailed measurements of
virtually any type of light source,
including LEDs, fluorescent lights, arc,
tungsten halogen and HID lamps

Tools...Scatter has moved to the Scatter group of the Libraries tab

AUsersymark.nicholson Documents\My Zemax Files\LEMS.ZMX
ITouIsl Reports Macros  Extensions Window Help

¢

Design 3
Modify 3
Telerancing *
Catalogs 2
Export/Explode Data 2

Sources

Scatter Download IS™ Scatter Catalog Data...

Miscellaneous k

ABg Scatter Data Catalogs...

J Libraries | Part Designer Programming Help

oW 0 N ¢ = X * B

Lens Make Private  Test Coating Coatings I5 Scatter ABg Scatter Scatter Scatter
Catalog  Catalog Plate Lists Catalog Tools~ Catalog Catalog  Function Viewer Polar Plot
Stock Parts Coatings Scattering

Tools...Miscellaneous is obsolete and its features have been placed in more meaningful locations:
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(ChUsers) k.nicholson\Doc WMy Zemax Files\LENS.ZMX
s | Tools | Reports  Macros  E i Wind Help

Lay | L3d | Lsh | Ray | Opd| Spt | M

Design

Modify

Tolerancing
Catalogs
Export/Explode Data
Sources

Scatter

* ¥ ¥ v v v v v

Miscellaneous Ghost Focus Generator...

Performance Test...
Lock All Windows
Unlock All Windows
Convert To NSC Group...

Convert File Formats...
Generate MAT Files...

Test Metwork License Server...

The Ghost Focus Generator is now on the Analyze tab, in the Applications Group

=
A © >y
b Y -
Stray  Biocular PAL/Freeform NSC
‘ Light = Systems - = Raytracing -

Applications

MO ® -

Stray | Biocular PALfFreeform NSC
‘ Eght' Systems - - Raytracing =

_| [\ Ghost Focus Generator |‘

YN YNI Contributions

Ghost Focus Generator

First-pass analysis of stray light effects in
optical systems. Considers single and
double bounces frem each surface in
the system. Should be followed by full

non-sequential analysis

The Performance Test and Test Network Server are now in the Diagnostics group of the Setup tab:
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& Performance

@ Netwaork Server
System
Check

Diagnostics

The file conversion and MatLab® export tools are now on the File tab Convert group:

2 LS YV X

Convert To | Convert File Explode Exit
MNSC Group | Formats = =
[ Convert | Explode | [ ’

Convert File Formats

Convert data files from other programs

A\ into the equivalent OpticStudio format

- % & 4
= B [}
Convert To | Convert File Explode Exit
MNSC Group | Formats M
| Co| Wy, |INT Zernike To OpticStudio DAT
g |INT Grid To OpticStudio DAT

g |INT Grid To OpticStudio GRD

vg | Optiwave F3d To OpticStudio ZBF
waT  Convert To MAT

Convert To MAT

Reads the data from ZRD file or a ZBF

file then writes it to native Matlab data
MAT file format.This feature requires the

presences of a Matlab installation to run
but does not require Matlab to run
concurrently with Opti T
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Zemax 13 Reports Menu

l@ Zemax 13 Premium - 23203 - C\Usershmark.nicholson\DocumentsiMy Zemax Files\LENﬁ

File Editors System  Analysis  Tools [R-Epurls Macros  Extensions  Window H

Surface Data
System Data
Prescription Data
System Check

Report Graphic 4

Report Graphic B

These are now in the Reports group on the Analyze tab:

g B B %
Coatings Reports Mew Universal MNew Universal Stray
= v Plot 10 = Plot 2D ~ Light ~
ice Physics Reports Universal Plot
Reports

Produce text reports of all aspects of
system performance

N

i

+ | Prescription Data
System Summary Graphic
Cardinal Points

T,
= .
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Note that the Report Graphic 4 and Report Graphic 6 have no equivalent in OpticStudio. These
features were only supported by the Z13 graphics engine. A replacement feature will be
incorporated in a future release.

Zemax 13 Macros Menu

rolson\Documents\My Zemax Files\LENS.ZMX

5 [ Macru-s] Extensions Window Help

I pi Edit/Run ZPL Macros... B
B Refresh Macro List
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] DOESAG
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EXAM2

This is now in the ZPL Macros group of the Programming tab
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FPL Macros Extensions

A built-in macro editor is now provided.
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Zemax 13 Extensions Menu

[Ertensiﬂns] Window Help
Extensions... Fl1
Refresh Extensions List

ARRAYDEMO

COMMAMD LIME INTERFACE
DDE_DEMO
NSCTRACEDEMO
PHASEPLOT

PUPIL_MAP
SAGCALCULATION
TRAMSMIS

T

L

This is now in the Extensions group of the Programming tab
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Zemax 13 Help Menu

EVLENS 2V

v [ Help |

|| About F10
Help F1
Manual

Getting Started Using femax
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Zemax Knowledge Base
Zemax User Forum
lapanese User Forum

First Time Users
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View License Agreement

Validate Key

Now on the Help tab
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The Help system is now a searchable hyperlinked document, organized by the tabs in the main
ribbon bar of the OpticStudio UL
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2D Analysis Windows

The Settings dialog may now be left open and changes may be auto-applied. Right-mouse-clicking
now brings up a context menu. Data markers may be set on most windows, and the interactivity of
all windows is greatly improved. Data is no longer recalculated when displayed differently: data is
only recalculated if the calculation settings change.

[/\. 2: RMS s, Field v -0 X
») Settings | & 53 ,ﬁlf!l V4 D/— A & Ef EH mi EE- 3xd+  Standard * Automatic i@'

Ray Density: 3 = | Wavelength: Al - |
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Use Dashes: [ Show Diffraction Limit: ]
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Auto Apply OK | [ Save “ Load H Reset |
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S o8
=
= ¥
§ 06 Close settings
I
E 05 ff Resat zoom \\_/
b 04 - 5 |
§ 0.3 \ /
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s \\._H_ \/ /
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0o 14 28 4 Edit axis options 3 3 126 140
E—Poly Manually position »
- C i lipboard :
DOUBLE GAUSS to Z
3/5/2014 e S e tiestudio

Reference: Centroid

Double Gauss 28 degree fieldzmx
Configuration 1 of 1

Graph Text

There is a wider range of options available via right-mouse-click, and a toolbar provides access to all
tools associated with the window. The scale of the axes can be changed by selecting the sliders on
each end of the axes. See the full discussion of Analysis windows in the Navigation section.
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3D Analysis Windows

All the benefits of the 2D Analysis windows, plus the 3D projection can be rotated by holding down
the left mouse button and dragging, zoomed by holding down the scroll wheel and panned by
holding down the right mouse button. Again, see the full discussion of Analysis windows in the
Navigation section.

Shaded Model

This has been completely re-written to provide a CAD-like user experience. See the full discussion in
the Navigation section.

Editors

The editors have been completely re-written to make them more intuitive spreadsheets. Each editor
how has a toolbar with all its associated tools on it. For more information, see the “Using the
Editors” section of the Help Files under The Setup Tab > Editors Group.

Conventions and Definitions

This chapter describes the conventions and defines terminology used throughout this manual. Most
of the conventions and terms Zemax uses are common in the optics industry, however there may be
some important differences.
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Active configuration

The active configuration is the configuration currently being displayed in the lens data editor. For
details see the Help Files chapter about the Multiple Configuration Editor.

Angular magnification

The ratio of the paraxial image space chief ray angle to the paraxial object space chief ray angle. The
angles are measured with respect to the paraxial entrance and exit pupil locations.

Apodization

Apodization refers to the uniformity of illumination in the entrance pupil of the system. By default,
the pupil is always illuminated uniformly. However, there are times when the pupil should have a
non-uniform illumination. For this purpose, Zemax supports pupil apodization, which is a variation
of amplitude over the pupil.

Three types of pupil apodization are supported: uniform, Gaussian, and tangential. For each type
(except uniform), an apodization factor determines the rate of variation of amplitude in the pupil.
See the discussion on apodization types and factors in the Aperture section of the Help Files chapter
about the System Explorer.

Zemax also supports user defined apodizations, which may be placed on any surface. Surface
apodizations behave differently than pupil apodizations, because surfaces need not be located at a
pupil. For more information on surface apodizations, see the Help Files chapter about the Lens Data
Editor and the User Defined surface.

Back focal length

Zemax defines the back focal length as the distance along the Z axis from the last surface made of
glass to the paraxial image surface for the object at infinite conjugates. If no surfaces are made of
glass, the back focal length is the distance from surface 1 to the paraxial image surface for the
object at infinite conjugates.

Cardinal planes

The term cardinal planes (sometimes called cardinal points) refers to those special conjugate
positions where the object and image surfaces have a specific magnification. The cardinal planes
include the principal planes, where the lateral magnification is +1, the anti-principal planes, where
the lateral magnification is -1, the nodal planes, where the angular magnification is +1, the anti-
nodal planes, where the angular magnification is -1, and the focal planes, where the magnification is
0 for the image space focal plane and infinite for the object space focal plane.

Except for the focal planes, the cardinal planes are conjugates with each other, that is, the image
space principal plane is conjugate with the object space principal plane, etc. If the lens has the same
index in both object space and image space, the nodal planes are identical to the principal planes.
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Zemax lists the distance from the image surface to the various image space planes, and lists the
distance from the first surface to the various object space planes.

Chief ray

If there is no vignetting, and there are no aberrations, the chief ray is defined to be the ray that
travels from a specific field point, through the center of the entrance pupil, and on to the image
surface. Note that without vignetting or aberrations, any ray passing through the center of the
entrance pupil will also pass through the center of the stop and the exit pupil.

When vignetting factors are used, the chief ray is then considered to be the ray that passes through
the center of the vignetted pupil, which means the chief ray may not necessarily pass through the
center of the stop.

If there are pupil aberrations, and there virtually always are, then the chief ray may pass through the
center of the paraxial entrance pupil (if ray aiming is off) or the center of the stop (if ray aiming is
on), but generally, not both.

If there are vignetting factors which decenter the pupil, then the chief ray will pass through the
center of the vignetted entrance pupil (if ray aiming is off) or the vignetted stop surface (if ray
aiming is on).

The common convention used is that the chief ray passes through the center of the vignetted pupil,
while the principal ray passes through the center of the unvignetted stop. Zemax never uses the
principal ray. Most calculations are referenced to the chief ray or the centroid. Note the centroid
reference is generally superior because it is based upon the aggregate effect of all the rays that
actually illuminate the image surface, and not on the arbitrary selection of one ray which is “special”.

Coordinate axes

The optical axis is the Z axis, with the initial direction of propagation from the object being the
positive Z direction. Mirrors can subsequently reverse the direction of propagation. The coordinate
system is right handed, with the sagittal X axis being oriented "into" the monitor on a standard
layout diagram. The tangential Y axis is vertical.

The direction of propagation is initially left-to-right, down the positive Z axis. After an odd number
of mirrors the beam physically propagates in a negative Z direction. Therefore, all thicknesses after
an odd number of mirrors should be negative.

Diffraction limited

The term diffraction limited implies that the performance of an optical system is limited by the
physical effects of diffraction rather than imperfections in either the design or fabrication. A
common means of determining if a system is diffraction limited is to compute or measure the
optical path difference. If the peak to valley OPD is less than one quarter wave, then the system is
said to be diffraction limited.
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There are many other ways of determining if a system is diffraction limited, such as Strehl ratio, RMS
OPD, standard deviation, maximum slope error, and others. It is possible for a system to be
considered diffraction limited by one method and not diffraction limited by another method.

On some Zemax plots, such as the MTF or Diffraction Encircled Energy, the diffraction limited
response is optionally shown. This data is usually computed by tracing rays from a reference point in
the field of view. Pupil apodization, vignetting, F/#'s, surface apertures, and transmission may be
accounted for, but the optical path difference is set to zero regardless of the actual (aberrated)
optical path.

For systems which include a field point at 0.0 in both x and y field specifications (such as 0.0 x angle
and 0.0 y angle), the reference field position is this axial field point. If no (0, 0) field point is defined,
then the field coordinates of field position 1 are used as the reference coordinates instead.

Edge thickness

Zemax defines the edge thickness of a surface as:
Ei=2.,-Z,+1T,

where is the sag of the surface, is the sag of the next surface, and is the axial thickness of the
surface. The sag values are computed at the +y semi-diameter of their respective surfaces; Note that
edge thickness is computed for the +y radial aperture, which may be inadequate if the surface is not
rotationally symmetric, or if surface apertures have been placed upon either of the surfaces.

Edge thickness solves use a slightly different definition of edge thickness. For edge thickness solves
only, the sag of the i+1 surface is computed at the semi-diameter of surface i. This method avoids a
possible infinite loop in the calculation, since changing the thickness of surface i may alter the semi-
diameter of surface i+1, if the latter semi-diameter is in “automatic” mode and the value is based
upon ray tracing. See “Thickness: Edge thickness” and “Entering semi-diameter data” for more
information.

Effective focal length

The distance from the rear principal plane to the paraxial image surface. This is calculated for infinite
conjugates. Principal plane calculations are always based upon paraxial ray data. The effective focal
length is always referenced to an index of refraction of 1.0, even if the image space index is not
unity.

Entrance pupil diameter

The diameter in lens units of the paraxial image of the stop in object space.

Entrance pupil position

The paraxial position of the entrance pupil with respect to the first surface in the system. The first
surface is always surface 1, not the object surface, which is surface 0.
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Exit pupil diameter

The diameter in lens units of the paraxial image of the stop in image space.

Exit pupil position

The paraxial position of the exit pupil with respect to the image surface.

Field angles and heights

Field points may be specified as angles, object heights (for systems with finite conjugates), paraxial
image heights, or real image heights. Field angles are always in degrees. The angles are measured
with respect to the object space z axis and the paraxial entrance pupil position on the object space z
axis. Positive field angles imply positive slope for the ray in that direction, and thus refer to negative
coordinates on distant objects. Zemax converts x field angles (o) and y field angles (ay) to ray
direction cosines using the following formulas:

[
tan o, = =
: n

2, 2 2
I"+m +n" =1
where |, m, and n are the x, y, and z direction cosines.

If object or image heights are used to define the field points, the heights are measured in lens units.
When paraxial image heights are used as the field definition, the heights are the paraxial image
coordinates of the primary wavelength chief ray on the paraxial image surface, and if the optical
system has distortion, then the real chief rays will be at different locations. When real image heights
are used as the field definition, the heights are the real ray coordinates of the primary wavelength
chief ray on the image surface.

Zemax uses normalized field coordinates for many features. For information on how field
coordinates are normalized, see the "Normalized field coordinates” definition. To set the field type
and values, see Help Files chapter about the Setup Tab > System Explorer > Fields.

Float by stop size

Float by stop size is one of the system aperture types supported by Zemax. This phrase refers to the
fact that the entrance pupil position, object space numerical aperture, image space F/#, and stop
surface radius all are specified if just one of them is specified. Therefore, setting the stop radius, and
then allowing the other values to be whatever they are, is a perfectly valid way of defining the
system aperture. It is particularly handy when the stop surface is a real, unchangeable aperture
buried in the system, such as when designing null corrector optics.
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Ghost reflections

Ghost reflections are spurious, unwanted images formed by the small amount of light which reflects
off of, rather than refracts through a lens face. For example, the multiple images of the aperture
stop visible in photographs taken with the sun in the field of view are caused by ghost reflections.
Ghost images can be problematic in imaging systems and in high power laser systems.

Glasses

Glasses are entered by name in the glass column. Available glasses may be reviewed, and new ones
entered using the glass catalog tool. See the Chapter "Using Glass Catalogs" for details.

Blanks are treated as air, with unity index. Mirrors can be specified by entering "MIRROR" for the
glass type, although this name will not appear in the glass catalog. The index of refraction of the
mirror space is always equal to the index of refraction of the media before the mirror.

For information on the effect of temperature and pressure on index of refraction data, search the
Help Files for "Defining temperature and pressure”.

Hexapolar rings

Zemax usually selects a ray pattern for you when performing common calculations such as spot
diagrams. The ray pattern refers to how a set of rays is arranged on the entrance pupil. The
hexapolar pattern is a rotationally symmetric means of distributing a set of rays. The hexapolar
pattern is described by the number of rings of rays around the central ray. The first ring contains 6
rays, oriented every 60 degrees around the entrance pupil with the first ray starting at 0 degrees (on
the x-axis of the pupil). The second ring has 12 rays (for a total of 19, including the center ray in ring
“0"). The third ring has 18 rays. Each subsequent ring has 6 more rays than the previous ring.

Many features which require a sampling parameter to be specified (such as the spot diagram) use
the number of hexapolar rings as a convenient means of specifying the number of rays. If the
hexapolar sampling density is 5, it does not mean that 5 rays will be used. A sampling of 5 means 1
+6+ 12 + 18 + 24 + 30 = 91 rays will be used.

Image space F/#

Image space F/# is the ratio of the paraxial effective focal length calculated at infinite conjugates
over the paraxial entrance pupil diameter. Note that infinite conjugates are used to define this
quantity even if the lens is not used at infinite conjugates.

Image space numerical aperture (NA)

Image space NA is the index of image space times the sine of the angle between the paraxial on-
axis chief ray and the paraxial on-axis +y marginal ray calculated at the defined conjugates for the
primary wavelength.
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Lens units

Lens units are the primary unit of measure for the lens system. Lens units apply to radii, thicknesses,
apertures, and other quantities, and may be millimeters, centimeters, inches, or meters.

Marginal ray

The marginal ray is the ray that travels from the center of the object, to the edge of the entrance
pupil, and on to the image surface.

If there is vignetting, Zemax extends this definition by defining the marginal ray to be at the edge of
the vignetted entrance pupil. If ray aiming is on, then the marginal ray is at the edge of the
vignetted stop.

See also the definition of the chief ray.

Maximum field

The maximum field is the minimum radial coordinate that would enclose all the defined field points
if the x and y values of each field point were plotted on an Cartesian XY plot. The maximum field is
measured in degrees if the field type is angles, or in lens units for object height, paraxial image
height, or real image height. To set the field type and values, go to the Setup Tab > System Explorer
> Fields. For more information on the field type, search the Help Files for “Field angles and
heights”.

Non-paraxial systems

The term non-paraxial system refers to any optical system which cannot be adequately represented
by paraxial ray data. This generally includes any system with tilts or decenters, strong aspheres,
axicons, holograms, gratings, cubic splines, ABCD matrices, gradient index, diffractive components,
or non-sequential surfaces.

A great deal of optical aberration theory has been developed for systems with conventional
refractive and reflective components in rotationally symmetric configurations. This includes Seidel
aberrations, distortion, Gaussian beam data, and virtually all first order properties such as focal
length, F/#, and pupil sizes and locations. All of these values are calculated from paraxial ray data.

If the system being analyzed contains any of the non-paraxial components described, then any data
computed based upon paraxial ray tracing cannot be trusted. Zemax will generally use exact real
rays rather than paraxial rays for ray tracing through these surfaces and components.

A system which is well described by paraxial optics will have the general property that the real and
paraxial marginal ray data converge as the radial entrance pupil coordinate of the rays being traced
tends toward zero.

Non-sequential ray tracing

Non-sequential ray tracing means rays are traced only along a physically realizable path until they
intercept an object. The ray then refracts, reflects, or is absorbed, depending upon the properties of
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the object struck. The ray then continues on a new path. In non-sequential ray tracing, rays may
strike any group of objects in any order, or may strike the same object repeatedly; depending upon
the geometry and properties of the objects.

See also the definition of “Sequential ray tracing”.

Normalized field coordinates

Normalized field coordinates are used in both the Zemax program and documentation. There are
two normalized field coordinates: Hx and Hy. Normalized field coordinates are convenient because
useful field locations may be defined in a manner that does not change with the individual field
definitions or field of view of the optical system. For example, the normalized field coordinate (0, 1)
is always at the top of the field of view, whether the field points are defined as angles or heights,
and regardless of the magnitude of the field coordinates.

There are two methods used to normalize fields: radial and rectangular. The choice of field
normalization method is made on the Field Data dialog; for a description see the “Field angles and
heights” definition.

Radial field normalization

If the field normalization is radial, then the normalized field coordinates represent points on a unit
circle. The radius of this unit circle, called the maximum radial field, is given by the radius of the field
point farthest from the origin in field coordinates. The maximum radial field magnitude is then used
to scale all fields to normalized field coordinates. Real field coordinates can be determined by
multiplying the normalized coordinates, Hyand H,, by the maximum radial field magnitude:

fo = HF, andf = HIF,

where F, is the maximum radial field magnitude and f, and f, are the field coordinates in field units.
Hy
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For example, suppose 3 field points are defined in the (x, y) directions using object height in lens
units at (0.0, 0.0), (10.0, 0.0), and (0.0, 3.0). The field point with the maximum radial coordinate is the
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second field point, and the maximum radial field is therefore 10.0. The normalized coordinate (Hx =
0, Hy = 1) would refer to the field coordinates (0.0, 10.0). The normalized coordinate (Hx = 1, Hy =
0) would refer to the field coordinates (10.0, 0.0). Note the normalized field coordinates can define
field coordinates that do not correspond to any defined field point. The maximum radial field is
always a positive value.

If a fourth field point at (-10.0, -3.0) were added in the above example, the maximum radial field
would become

F, = J37+10%,

or approximately 10.44031. Normalized coordinates should always be between -1 and 1, and should
also meet the condition:

~J

T

H+H <1

Otherwise, the field point lies outside of the maximum radial field.

Rectangular field normalization

If the field normalization is rectangular, then the normalized field coordinates represent points on a
unit rectangle. The x and y direction widths of this unit rectangle, called the maximum x field and
maximum y field, are defined by the largest absolute magnitudes of all the x and y field coordinates.
The maximum x and y field magnitudes are then used to scale all fields to normalized field
coordinates. Real field coordinates can be determined by multiplying the normalized coordinates,
H, and H,, by the maximum x and y field magnitudes:

f\’ - H\F and ﬁ - H\'F\"

x?

where F, and F, are the maximum x and y field magnitudes, and f and f, are the field coordinates in
field units.

Hy

0,1

A

Maximum Y field
. [0,0] 1,00 Hx

Maximum X field

For example, suppose 3 field points are defined in the (x, y) directions using object height in lens
units at (0.0, 0.0), (10.0, 0.0), and (0.0, 3.0). The field point with the maximum x coordinate is the
second field point, and the maximum x field is therefore 10.0. The field point with the maximum y
coordinate is the third field point, and the maximum y field is therefore 3.0. The normalized
coordinate (Hx = 0, Hy = 1) would refer to the field coordinates (0.0, 3.0). The normalized coordinate
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(Hx = 1, Hy = 0) would refer to the field point (10.0, 0.0). The normalized coordinate (Hx = 1, Hy = 1)
would refer to the field coordinates (10.0, 3.0). Note the normalized field coordinates can define
field coordinates that do not correspond to any defined field point. The maximum x and y field are
always positive values.

If a fourth field point at (-10.0, -3.0) were added in the above example, the maximum x and y field
values would not change. Normalized rectangular coordinates should always be between -1 and 1.

Normalized pupil coordinates

Normalized pupil coordinates are often used in both the Zemax program and documentation. There
are two normalized pupil coordinates: Px and Py. Normalized pupil coordinates are convenient
because useful pupil locations may be defined in a manner that does not change with the aperture
size or position. For example, the normalized pupil coordinate (0.0, 1.0) is always at the top of the
pupil, and therefore defines a marginal ray. The normalized pupil coordinate (0.0, 0.0) always goes
through the center of the pupil, and therefore defines a chief ray.

The normalized pupil coordinates represent points on a unit circle. The radial size of the pupil is
defined by the radius of the paraxial entrance pupil, unless ray aiming is turned on, in which case
the radial size of the pupil is given by the radial size of the stop. For more information on ray aiming
see the Help Files chapter called the Setup tab > System Explorer > Ray Aiming.

For example, if the entrance pupil radius (not diameter) is 8 mm, then (Px = 0.0, Py = 1.0) refers to a
ray which is aimed to the top of the entrance pupil. On the entrance pupil surface, the ray will have
a coordinate of (x = 0.0 mm, y = 8.0 mm).

Note that the normalized pupil coordinates should always be between -1 and 1, and that
Pl+P <1,

A significant advantage of using normalized pupil coordinates is that rays defined in normalized
coordinates remain meaningful as the pupil size and position changes. Suppose prior to optimizing
a lens design, a ray set is defined to compute the system merit function. By using normalized
coordinates, the same ray set will work unaltered if the entrance pupil size or position or object size
or position is changed later, or perhaps even during the optimization procedure.

Object space numerical aperture

Object space numerical aperture is a measure of the rate of divergence of rays emanating from the
object surface. The numerical aperture is defined as the index of refraction times the sine of the
paraxial marginal ray angle, measured in object space. The marginal ray defines the boundary of the
cone of light diverging from an object point.

Parameter data

Parameter data values are used to define certain non-standard surface types. For example,
parameter data may include aspheric coefficients, grating spacings, or tilt and decenter data. For a
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complete discussion of the parameter data values see the Sequential Surfaces section under Lens
Data Editor in the Help Files.

Paraxial and parabasal rays

The term paraxial means "near the axis". Paraxial optics are optics that are well described by the
linear form of Snell’s law. Snell’s law is:

nsin® = n'sin®'

For small angles this becomes

nd = n'o'.

Many definitions in optics are based upon this assumption of linearity. Aberrations are deviations
from this linearity, and so the paraxial properties of optical systems are often considered the
properties the system has in the absence of aberrations. Paraxial rays are traced using formulas

which assume the optical surface power is based only upon the vertex radius of curvature, ignoring
local linear tilts and higher order curvature of the surface.

Paraxial data is computed on a plane tangent to the surface vertex, assuming the vertex radius of
curvature is an acceptable approximation to the surface power over the entire aperture of the
surface. Certain unusual surface types do not have a paraxial analog, so the real ray tracing
calculations are made at these surfaces, even for a paraxial ray.

Zemax computes many paraxial entities, such as focal length, F/#, focal position, entrance pupil
diameter, and others. These values should be used with caution when the optical system has
components which violate the assumption that the vertex curvature is an acceptable approximation
to the surface power over the entire aperture of the surface.

For many analysis features, paraxial data is required, typically as a reference against which real rays
are measured. To ensure these features work properly, even for optical systems that do not meet
the paraxial assumption above, Zemax traces “parabasal” rays which are real (real means using
Snell's law explicitly) that make small angles with respect to a reference ray, which is usually an axis
or chief ray. The parabasal rays are used to compute the limiting properties of the system as the
stop size is decreased, which provides a good estimate of the paraxial properties.

The reason Zemax uses parabasal rays rather than paraxial formulas is because many optical
systems include non-paraxial components. Non-paraxial means these components are not well
described by conventional axial first-order theory. This includes tilted or decentered systems,
systems using holograms, diffractive optics, general aspheres, and gradient index lenses.

In summary, paraxial ray data is computed using first order approximations to the surface power for
tracing rays, while parabasal rays are real, exact ray traces close to a chief or reference ray. Most
paraxial data, such as EFL, F/#, and magnification, use paraxial rays and the data is invalid if the
optical system is not well described by the vertex power of every surface. Most analysis features in
Zemax use parabasal rays, to allow these features to work with a greater range of optical systems,
including those with optical surfaces not well described solely by their vertex surface power.
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Paraxial image height

The paraxial radial size of the image in lens units of the full field image at the paraxial image surface.

Paraxial magnification

The radial magnification, being the ratio of paraxial image height to object height. The paraxial
magnification is measured at the paraxial image surface. The value is always zero for infinite
conjugate systems.

Paraxial working F/#

The paraxial working F/# is defined as
1

2ntan®’

o=

where 0 is the paraxial marginal ray angle in image space and n is the index of refraction of image
space. The paraxial marginal ray is traced at the specified conjugates. For non-axial systems, this
parameter is referenced to the axis ray and is averaged over the pupil. The paraxial working F/# is
the effective F/# ignoring aberrations. See also the definition for "working F/#".

Primary wavelength

The primary wavelength in micrometers is displayed. This value is used for calculating most other
paraxial or system values, such as pupil positions.

Radii
The radius of curvature of each surface is measured in lens units. The convention is that a radius is
positive if the center of curvature is to the right (a positive distance along the local z axis) from the

surface vertex, and negative if the center of curvature is to the left (a negative distance along the
local z axis) from the surface vertex. This is true independent of the number of mirrors in the system.

Real propagation

A real propagation means the rays are propagated in the direction energy would actually flow. See
also the definitions for "Virtual propagation” and "Thicknesses".

Sagittal and Tangential

The term "tangential" refers to data computed in the tangential plane, which is the plane defined by
a line and one point: the line is the axis of symmetry, and the point is the field point in object space.
The sagittal plane is the plane orthogonal to the tangential plane, which also intersects the axis of
symmetry at the entrance pupil position.
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For typical rotationally symmetric systems with field points lying along the Y axis, the tangential
plane is the YZ plane and the sagittal plane is the plane orthogonal to the YZ plane which intersects
the center of the entrance pupil.

The problem with this definition is that it is not readily extended to non-rotationally symmetric
systems. For this reason, Zemax instead defines the tangential plane to be the YZ plane regardless
of where the field point is, and tangential data is always computed along the local y axis in object
space. The sagittal plane is the orthogonal to the YZ plane, and intersects the center of the entrance
pupil in the usual way, and sagittal data is always computed along the x axis in object space.

The philosophy behind this convention is as follows. If the system is rotationally symmetric, then
field points along the Y axis alone define the system imaging properties, and these points should be
used. In this case, the two different definitions of the reference planes are redundant and identical. If
the system is not rotationally symmetric, then there is no axis of symmetry, and the choice of
reference plane is arbitrary.

One feature, the computation of Fast Semi-Diameters (see the Advanced section of the System
Explorer), does use the “true” tangential plane, which Zemax defines as the plane that contains the
actual field point and the z axis in object space.

Semi-diameters

The size of each surface is described by the semi-diameter setting. The default setting is the radial
distance to the aperture required to pass all real rays without clipping any of the rays. Typing a
value for the semi-diameter column results in the character “U” being displayed next to the value.
The "U” indicates that the semi-diameter is user defined. When a user-defined semi-diameter is
placed on a surface with refractive power (which is done by typing in a value in the appropriate
column), and no surface aperture has been defined, Zemax automatically applies a “floating”
aperture to the surface. A floating aperture is a circular aperture whose radial maximum coordinate
is always equal to the semi-diameter of the surface. For more information on surface aperture types,
see the Aperture section of the Surface Properties (in the Lens Data Editor).

Semi-diameters on any surface for axial symmetric systems are computed very accurately, as long as
the surface does not lie within the caustic of the ray bundle (note this usually occurs at or near the
image surface). Zemax estimates semi-diameters for axial systems by tracing a few marginal pupil
rays. For non-axial systems, Zemax estimates the required semi-diameters using either a fixed
number of rays or by an iterative technique, which is slower but more accurate. See the explanation
of "Fast Semi-Diameters” in the Advanced section of the System Explorer for details. It is important
to note that the "automatic” semi-diameter computed by Zemax is an estimate, although it is
generally a very good one.

Some surfaces may become so large in aperture that the surface z coordinate becomes multiple
valued; for example, a very deep ellipse may have more than one z coordinate for the same x and y
coordinates on the surface. For the case of spherical surfaces, this condition is called
"hyperhemispheric” and Zemax uses this term even if the surface is not a sphere. Hyperhemispheric
surfaces are denoted by an asterisk "*" in the semi-diameter column. The indicated semi-diameter is
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of the outer edge of the surface, which will have a smaller radial aperture than the maximum radial
aperture.

Sequential ray tracing

Sequential ray tracing means rays are traced from surface to surface in a predefined sequence.
Zemax numbers surfaces sequentially, starting with zero for the object surface. The first surface after
the object surface is 1, then 2, then 3, and so on, until the image surface is reached. Tracing rays
sequentially means a ray will start at surface 0, then be traced to surface 1, then to surface 2, etc. No
ray will trace from surface 5 to 3; even if the physical locations of these surfaces would make this the
correct path.

See also the “Non-sequential ray tracing” definition.

Special characters

There are many places in Zemax where user defined file, material, glass, or other names may be
provided. Generally, Zemax allows any characters to be used in these names, except for a few
reserved “special characters” The special characters are space, semi-colon, single quote, and tab.

Strehl ratio

The Strehl ratio is one commonly used measure of optical image quality for very high quality
imaging systems. The Strehl ratio is defined as the peak intensity of the diffraction point spread
function (PSF) divided by the peak intensity of the diffraction point spread function (PSF) in the
absence of aberrations. Zemax computes the Strehl ratio by computing the PSF with and without
considering aberrations, and taking the ratio of the peak intensity. The Strehl ratio is not useful
when the aberrations are large enough to make the peak of the PSF ambiguous, or for Strehl ratios
smaller than about 0.1.

Surface apertures

Surface apertures include circular, rectangular, elliptical, and spider shaped apertures which can
vignette rays. There are also user defined shapes for surface apertures and obscurations; and a
“floating” aperture that is based upon the current semi-diameter value. Surface apertures do not
affect ray launching or tracing, except for the termination of a ray if it does not pass the surface
aperture. Surface apertures have no effect on the system aperture. For more information, see the
Aperture section of the Surface Properties

System aperture

The system aperture is the overall system F/#, Entrance Pupil Diameter, Numerical Aperture, or Stop
Size. Any of these 4 quantities is sufficient to define the other 3 for a particular optical system. The
system aperture is used to define the object space entrance pupil diameter, which in turn is used to
launch all rays. The system aperture is always circular. Rays may be vignetted after being launched
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by various surface apertures. There is only one system aperture, although there may be many
surface apertures.

Thicknesses

Thicknesses are the relative distance to the next surface vertex in lens units. Thicknesses are not
cumulative, each one is only the offset from the previous vertex along the local z axis. The
orientation of the local z axis can change using coordinate breaks (see the Coordinate Break surface
in the Lens Data Editor section of the Help Files) or surface tilts and decenters (see the Tilt/Decenter
section of the Surface Properties).

Thicknesses corresponding to real propagation (see “"Real propagation”) always change sign after a
mirror. After an even number of mirrors (including zero mirrors), thickness are positive for real
propagations and negative for virtual propagations (see “Virtual propagation”). After an odd
number of mirrors, thicknesses are negative for real propagations and positive for virtual
propagations. This sign convention is independent of the number of mirrors, or the presence of
coordinate breaks. This fundamental convention cannot be circumvented through the use of
coordinate rotations of 180 degrees.

Total internal reflection (TIR)

TIR refers to the condition where a ray makes too large an angle with respect to the normal of a
surface to meet the refraction condition as specified by Snell's Law. This usually occurs when a ray
with a large angle of incidence is refracting from a high index media to a lower index media, such as
from glass to air. When doing sequential ray tracing, rays which TIR are considered errors, and are
terminated. Physically, the ray would reflect rather than refract from the boundary, but Zemax does
not consider this effect when doing sequential ray tracing. For non-sequential ray tracing, rays
which TIR are properly reflected.

Total track

Total track is the length of the optical system as measured by the vertex separations between the
“left most” and “right most” surfaces. The computation begins at surface 1. The thickness of each
surface between surface 1 and the image surface is considered, ignoring any coordinate rotations.
The surface which lies at the greatest z coordinate defines the “right most” surface, while the surface
with the minimum z coordinate defines the “left most” surface. Total track has little or no value in
non-axial systems.

Vignetting factors

Vignetting factors are coefficients which describe the apparent entrance pupil size and location for
different field positions. Zemax uses five vignetting factors: VDX, VDY, VCX, VCY, and VAN. These
factors represent decenter x, decenter y, compression x, compression y, and angle, respectively. The
default values of all five factors are zero, which indicates no vignetting.

Zemax, LLC Getting Started With OpticStudio 15 Conventions and Definitions e 217



Both the field of view and the entrance pupil of an optical system can be thought of as unit circles.
The normalized field and pupil coordinates, defined in “Normalized field coordinates”, are the
coordinates on these two unit circles. For example, the pupil coordinates (px = 0, py = 1) refer to the
ray which is traced from some point in the field to the top of the entrance pupil. If there is no
vignetting in the system, Zemax will trace rays to fill the entire entrance pupil during most
computations.

Many optical systems employ deliberate vignetting. This means a portion of the rays are
intentionally "clipped” by apertures other than the stop surface. There are two common reasons for
introducing vignetting in an optical system. First, vignetting decreases the size of the lenses,
particularly in wide angle lenses. Second, vignetting may remove a portion of the beam which would
be excessively aberrated. Vignetting usually increases the F/# as a function field angle (which
darkens the image), but the image quality may improve if the most severely aberrated rays are
clipped.

Vignetting factors redefine the entrance pupil for a specific field position. The normalized pupil
coordinates are modified using two successive transformations. First, the coordinates are scaled and
shifted:

P',= VDX + P.(1-VCX), and

P', = VDY + P,(1—VCY),.

The scaled and shifted coordinates are then rotated by the vignetting angle:
P",=P'ycos®— P’,sin6, and

P",= P'ysin0+P’',cosb,

where 0 is the vignetting angle VAN. The VDX term can shift the apparent pupil left and right, while
VCX makes the pupil larger or smaller in the x direction. Similar results hold for the VDY and VCY
values. Note that if the vignetting factors are all zero, the pupil coordinates are left unmodified.
Vignetting factors provide a convenient way of designing optics which employ vignetting. However,
there are restrictions to using vignetting factors that must be understood.

Some Zemax features are capable of tracing rays from arbitrary field positions where no vignetting
factors have been assigned. These features may not provide completely accurate results for data
computed at field positions other than the defined fields. Some features will remove the vignetting
factors for these computations by placing a clear aperture on each surface that vignettes the rays an
equivalent amount. Features that automatically remove the vignetting factors are described in the
Analysis chapter.

Some features in Zemax do not automatically remove vignetting factors for intermediate field
positions, such as ray operands in the merit function (operands like REAX that can launch a single
ray, for example) or ZPL macros. If the vignetting factors are not removed, Zemax will attempt to
interpolate the vignetting factors. For rotationally symmetric systems, or systems with field points
entirely along the y axis, Zemax interpolates between adjacent field points to estimate the
vignetting factors to use at intermediate field points. For more general optical systems with X field
values, Zemax uses the closest defined field point for determining the vignetting factors for an
arbitrary field point.
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Once a vignetting factor is defined, it is up to the designer to ensure that rays beyond the apparent
pupil are in fact vignetted! If the vignetting factor is used to shrink the size of the lenses, then the
lenses should be made no larger than is required to pass the rays which are at the edge of the
apparent pupil. If rays from beyond the vignetted aperture are allowed to pass in the real optical
system, then the lens performance will not correlate with the computer model.

Identical or nearly identical field coordinates may not be defined with different vignetting factors.
Field coordinates must be different by roughly 1E-06 times the maximum field coordinate if two
neighboring fields use different vignetting factors. This is required because Zemax must determine
vignetting factors for any field coordinates, not just those at defined field positions; and identical
field coordinates with different vignetting factors have no physical interpretation. The proper way to
set up this sort of system is to use multiple configurations, and change the vignetting factors via the
multi-configuration editor.

The vignetting factors work with and without ray aiming turned on. If ray aiming is off, then the
paraxial entrance pupil is remapped according to the equations given earlier. If ray aiming is turned
on, then the remapping is done at the stop surface.

One possible application of vignetting factors is to account for pupil aberration without using the
ray aiming feature. This is an advanced trick which can be used to speed up ray tracing in wide
angle systems.

Vignetting factors may be defined on the “Field Data” dialog box. See the Fields section of the
System Explorer for more information. Vignetting factors may also be zoomable parameters; see the
Chapter "Multi-Configurations”. For more information on the use of vignetting as a design tool, see
any of the good books referenced in the first chapter.

Virtual propagation

A virtual propagation means the rays are propagated in a direction opposite to the direction energy
would actually flow. Virtual propagations are often useful for placing virtual sources or pupils. See
also the definitions for "Real propagation” and “Thicknesses".

Wavelength data

Wavelength data are always measured in micrometers referenced to “air” at the current system
temperature and pressure. The default system temperature is 20 degrees Celsius, and the default air
pressure is 1.0 atmospheres. If the system temperature and/or pressure is modified, or under the
control of multi-configuration operands, care must be taken to adjust the wavelengths to the new
air temperature and pressure.

Wavelength data is entered in the Wavelengths section of the System Explorer.

Wavelength data are always measured in micrometers referenced to “air” at the system temperature
and pressure.
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Working F/#

Working F/# is defined as

1
21sin@’

W=

where 8 is the real marginal ray angle in image space and n is the index of refraction of image
space. The marginal ray is traced at the specified conjugates. Working F/# ignores surface apertures
but considers vignetting factors.

For off axis field points or non-axial systems, working F/# is determined by the average of the
square of the numerical aperture between the axis ray and four marginal rays, at the top, bottom,
left, and right side of the vignetted pupil. The average of the square of the numerical aperture of the
four rays is converted back to equivalent F/#.

Working F/# is generally much more useful than image space F/# because it is based upon real ray
data at the actual conjugates of the lens. See also the definition for “Paraxial working F/#".

If the marginal rays cannot be traced (due to ray errors) then a smaller pupil is temporarily used to
estimate the working F/#. In this case, Zemax scales the data to estimate the working F/# at the full
pupil size, even though rays are not be traceable at the full aperture.

If the marginal rays are nearly parallel to the chief ray, the resulting F/# may become so large as to
be inaccurate. Zemax will automatically “cap” the F/# at 10,000 if the calculated F/# becomes larger
than 10,000. This result simply means the F/# cannot be calculated accurately using rays. Such a
large F/# means the output beam is nearly collimated, and many assumptions Zemax makes are not
valid in this case. The two solutions are to bring the nearly collimated beam to a focus using a
paraxial lens, or to use the exit pupil size and position to estimate the F/#. For more information, see
the explanation of "Method To Compute F/#" in the Advanced section of the System Explorer.

For a generalized definition of F/# useful for evaluating image brightness, see the discussion of
"Effective F/#" in the discussion about the Relative Illumination analysis.
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