Ultra-Wide Field of View Lens Using DSEARCH

DSEARCH allows for the creation of several starting points for a system if given the initial design
parameters. This can be done for a wide variety of systems and can even be used when designing
systems with very large fields of view. This study will show you how to begin designing such a lens in
SYNOPSYS™. These lenses are very popular with photographers for not only the wide field of view,
but also the large depth of field, reduced camera shake, and ability to dramatically affect the
perspective of objects within the image.

Front-End Design

One limitation of DSEARCH is that it cannot generate new systems whose full FOV exceeds 180°. It
can, however, work on existing system that do. So the simple workaround for this is to make a rough
front-end for the lens, and then allow DSEARCH to work on that. To do this, create a new lens within
SYNOPSYS™ and set up the system for wide-field imaging. In our case, we have a few design
parameters we will be working towards:

o f/4

* Back Focal Distance (BFD) = 5mm
* Total Track Length (TTL) = 35mm
* Full Field of View (FFOV) = 240°

Click on “System Setting > System Declaration” to begin:

K SYMOPSYS for Windows
File Workspace View  System Settings = System Data/Verification  Im)

= | =] | il = | = System Declaration
Wavelengths
i9 Object, Pupil, and Aperture Stop

':WNOP'S“VS Polarization

m Systemn Utilities

Make sure the following settings are the same, and then click the “Open Wavelengths” button at the
bottom of this window.

Systemn Declaration - x

System Units: ¢ Inches ® mm T ecm M ™ Use millimeter (mm) as default (Switch 24)

Number of surfaces in the lens (MXSF) 5

ID |Wide_Angle_Front_End Up to 33 characters of lens identification. For more lines, use the ID command.

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

Wavelengths and Weights:

Use CdF lines

Enter Wavelengths and Spectral Weights:

Color
Number

1 0.656270 1000000
2 0.587560 1.000000
3 0.486130 1000000

WAL WT1
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Primary, Long, and Short wavelengths:
Primary wavelength is used for paraxial raytrace.

—

Primary Color Number:

9

Long Color Number:

17

Short Color Number:

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

Shart and Lang wavelengths are used for 3rd arder chromatic aberration

Spectrum Wizard

Tumination Source
+ Adjust the number of wavelengths |3

£ Adjust the weights of the present wavelengths

Selected:  Uniform

& Uniform
€ Blackbody - Temperature:
5300

(" Blackbody Options ...

Wavelength range from 4861 to | .6563

" Astronomical Sources ...

" Discrete Sources ...

Detector
Selected:  Uniform
& Uniform
 visual
" Photographic Y | | v | Y
 ccp 0.488100 0.528650 0.571200 0613750 0.656300
— Wavelength, UM
< Weights currently n lens
= Wavelengths currently i lens Apply Spectrum Print Bitmap
—  Source spectrum
~— Detector spectrum Source: Unifarm
— Combined spectral weights S ——
== Princple, Long, Short Wavelengths
I Open Object/Pupil/Stop I Open Spreadshest ‘ Close ‘ 2
! |

/

This window allows you to adjust the wavelength range and weights to your specific use case, but
we will just use the default CdF lines. Next, click on the “Open Object/Pupil/Stop” button at the
bottom of this window. Here, set our object to be a wide-angle object (OBD) with an angular extent
of 120°. This is our Half Field of View (HFOV). Make sure our stop location is the last surface and set
the pupil size to be roughly 0.5mm in diameter. Then, click the “Open Spreadsheet” button at the

bottom of this window.

System Object, Pupil, and Aperture Stop
Object
Skewness of Object
' No Skew Rays (1D Object)

" Consider Skew Rays (2D Object)

[ Real Stop (Pupil) Search

-2.094395

@ Standard Stop.

Chief Ray Height at Surface 1 (YP1)
@ Use default Aperture Radius

€ UserDefined Aperture
[l [l (o

[V Activate Vignetting Mode (VIG)

a
r r
o
© Adjustthe Stop Aperture to pass the Paraxial Marginal Ray (CSTOF)
A
" Adjustio pass Real Ray at [ [
Object Specification (* Special Stop: (Stop number will be automatically reset 1o 1
Object Height
@ Basic obj fication (NFFIELD)  pesier = i
% Basic object specification (THO) (1P0)
(=) 2004395
€ Infinite Object (angular) (OBB) 1 0
© Finite Object (inear) (0BA)  [1=+012 [ [o Pupil
& Cireular (CPUPIL) " Elliptical (EPUPIL) " Rectangular (RPUPIL]
© Finite Object (angular) (OBC)  [1e+012 1 0 Pupil Shape: e ) = ) e :
@ User-Defined Pupil (NOFILL)
I @ Wide-Angle (angular) (OBD)  [1e+012 120 0 |
PupilSize: Y (YMP1) [0.25 025
" Fast Object (linear) (OBF) 1e+012 1 B upil Size: ¥ (THET)
(" Adjust PUPIL beam size lo clear the aperture STOP (FILLSTOP)
" Modify object height to fill image aperture (FFIELD)
ol ol (ol
" Adijust parasial pupil for this object NA (OSNA)
32625

| ' Adjust paraxial pupil to yield this FNUM atimage (FNO)

——

Pupil Types:

& Entered pupil size applies to on-axis field only. Measured perpendicular to the optical axis (WAP D)

" Entered pupil size applies to all fields (on-axis and ofi-axis). Measured perpendicular to the chief ray (WAP 1).

" Pupil size varies with fields to fill aperture stop. A user-defined aperture must be assigned to the stop surface (WAP 2)
 Pupil size varies with fields to clear all aperture. User-defined apertures must be assigned to every surfaces (WAP 3).

" Pupil size varies with field angles in accordance to user data (VFIELD).

[— cose | 2
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We want two elements to rough out our front-end design, so set surfaces 1 and 3 to glass models by
right-clicking on the Material cell of each surface, select “Material Options...”, and click on “Glass
Model”. The default values that come up are sufficient.

Surface Type Surface ID
0
1 infinite 1
2 infinite 0 Air
3 infinite 0 Air Mone
4 infinite 0 Air MNene
5 infinite 0 i None
Edit Index Options *
Index Option, Surface 1
Thiz index iz controlled by a solve or a la Edit Lens Data X

I~ PLASTIC [glass model boundaries) Enter glasz model parameters, click OFK.
i Air

7 Wacuum

E=plicit indices -»

Glazs table -

Glass model -+

Pickup indices -»
Interpolation coefficients --»
GRIM [gradient-indesx] -
Birefringent --»

Nd

AWM

ITI Cancel |
PR TR —
_ swetsm gwmsm |

clinone

Set some reasonable thicknesses for the system to get started with, and then we’re ready to begin
roughing out a front-end. 1mm for any elements and 5mm for the spacings between elements is
appropriate for this case.

¥ Semi-Width | X Semi-Width
(Outer/Inner) | (Outer/Inner)

Aperture Type
(Outer/Inner)

Surface Type Surface ID Thickness

infinite Def (Circ)/none
Mone Def (Circ)/none
Mone Def (Circ)/none
Mone Def (Circ)/none

Mone Def (Circ)/none

infinite Air
GLM

Air

infinite

infinite

S w = =

infinite
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Now we can look at the system on the sketch pad:

File

Workspace

= &6

Wiew

ZIE)

Systern Settings

—
e

=

T | &

L

Systern Data/Verification

Al

®|s|e|

Image Analyg

This doesn’t look like much right now, but with some manipulation using the WorkSheet (WS) editor,
we can create a system good enough to allow DSEARCH to generate several starting points for us to

work with.

45 PAD Window3

& || A=]E| ENE [ 2|2 «]s |0 |k |m]w] 2

[ [ [ [l o] <[] s]u Do

TRAN SVERSE ABER. 1.00E-06 REL. FIELD

0.75000

1.00000

[E=NER ===

Click on the WS button to begin editing this system. This will allow the easy manipulation of lens
parameters to begin making a rough version of a front-end to the system we want to end up
designing. This step takes a little bit of time to get used to, so try adjusting some of the options here
and get familiar with the effect that changing each parameter has. For our case | find that a rough
1:2 or 1:3 relationship between the first and second curvatures of each element tends to work well.

The video component of this tutorial demonstrates how to use this feature.

W5 -- WorkSheet Lens-Edit Window
e & H B e @

1 CV
1 GLM

0.0000000000000
1.600000000

= |

TH

H - =

1.00000000
55.000000000

X
i‘ -3 Update H Close

Curvature 0.000000
Fast

‘J Slow

Bending 0.000000

Spacing 1.000000

Slide element  can't do THO

[~ Offset

To SpreadSheet ‘
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Something along these lines is sufficient to begin using DSEARCH to work on. It doesn’t need to be
particularly exact because we will let DSEARCH handle the fine-tuning.

%S PAD Window5 - DSEARCHOD6.RLE

2o ofe| =B EAMIEE[ 2]a]a]s|1]e]>]|m|w| 2

[=] & =)

hs
0y
ey
x|

Tan

2.00000 MM

Sag.

TRANSVERSE ABER. 1.00E-06 REL. FIELD 0.75000 1.00000

Below is a system that can be used as a starting point. You can use these numbers to follow along, or
you can create your own front-end. Keep in mind that creating your own front-end may resultin a
final system that is different from the one demonstrated in this tutorial.

Surface Type Surface 1D Radius Thickness Material Index Coating ?gs:teur;‘enly:)e \{"C]Suetrsrl}“.l::]g;w %;::2#;‘:;3’;
0 | Wide-Angle Object (angular) infinite Te+012 Air 1 Def (Circ)/none 00 0/0
1 Spherical 23.6205582 1 GLM 1.6 Mone Def (Circ)/none 17.0952/0 17.0952/0
2 Spherical 958626504 5 Air 1 Mone Def (Circ)/none 9.29698/0 9.29698/0
3 Spherical 11.4034451 1 GLM 16 Mone Def (Circ)/none 6.92831/0 6.92831/0
4 Spherical 3.43274519 5 Air 1 Mone Def (Circ)/none 3.39279/0 3.39279/0
5 Flat infinite 0 Air 1 Mone Def (Circ)/none 3.62751/0 3.62751/0

From here, we can begin setting up our DSEARCH parameters to get some starting points for this

wide-angle lens.
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DSEARCH Script

To begin, click on “Optimization + Design Search > DSEARCH”

m SYNOPSYS for Windows - SYNOPSYS Command Window 2
File Workspace View System Settings Lens Data and Viewer Image Analysis = Optimization + Design Search = Prototype

D|H|H|@|§| -TE|E| E|W|Q|D|T@|Qg|@l Optimization

Barebone Rayset

i? Pant
By SYNOPSYS Command Window 2 Ready Made Merit Function
2 Custom Rayset

Optimization Monitor

Fix Ray Failure

Kick
I Annealing
T DSEARCH

When the DSEARCH dialog opens, make sure to check the boxes shown below and set the
starting surface number to the last surface in the system (5). Since the front-end we made
was just a rough estimate, we want DSEARCH to optimize these elements as well. You'll
notice the MACro being generated on the right as we adjust settings within this dialog.

Design Search / Saddle-Point Build - x
Step 4: Optional Special Optimization Goals Step 5: Launch Search
n Command Line:
Step 1: Search Method l Step 2: System Declaration Step 3: Goals }
CORE 12
DSEARCH 1QUIET
USE CURRENT 5 ALL
MNumber of Cores (CORE) 12 (1-12) GOALS
ELEMENTS 3
Search Method: FNUM 5
BACK 0 SET
* Design Search (DSEARCH) TOTLOO
STOF MIDDLE
¥ Append search system to current system, starting from the surface number (JFROM) |5 STOP FREE

COLORS 3
FOV0.00.751.00.00.0
FWT50301.0101.0
* Saddle-point build (SPBUILD) ?.}L\?:E 010

IS NPASS 10

ANNMEAL 20020G 10
SNAPSHOT 10

END
SPECIAL PANT
END

Specify Library location to store the best search results (LLIB): |1 (1-10) EEEC'AL AN

GO

[¢ Check this box if you want the current system to be varied during the search (ALL)

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

Make a MACro | Close |
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Step 4: Optional Special Optimization Goals

Step 1: Search Method Step 2: System Declaration

Step 5: Launch Search

Step 3: Goals

Lens 1D ‘U\tra_Wide_Lens Enter the lens identfication.

Wavelengths: |U.5553 0.5876 0.4861 Enter 3 wavelengths: Long, Middle, Short, in um

Define Object:  * Object atinfinity (OBB) Object at this distance (OBA): (THO)

Object Size (Height or Angle): |1 (UPPO or YPPO)

Entering beam size (semi-diameter) from on-axis field point: 1 (YMP1)

System Unitz:  * MM " Inches

Lens ls: * Focal ( AFocal

Enter any special system requirements here, such as WAP selection.

Command Line:

CORE 12

DSEARCH 1 QUIET
USE CURRENT 5 ALL
GOALS

ELEMENTS 3

FNUM 5

BACK 0 SET
TOTLOOD

STOP MIDDLE

STOP FREE

COLORS 3
FOV0.00.751.00.00.0
FWT503.01.0101.0
RTO05

QUICK 1010

NPASS 10

ANMNEAL 20020Q 10
SNAPSHOT 10

END

SPECIAL PANT

END

SPECIAL AANT

END

GO

Make a MACro

Close

Because we are appending the search to the current system, the settings on this page are

overwritten by the parameters we defined when first setting up the system. You’ll notice that none
of these options don’t make their way over to the generated MACro, so there’s no need to worry

here.
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Design Search / Saddle-Point Build —

Step 4: Optional Special Optimization Goals Step 5: Launch Search
= Command Line:
Step 1: Search Method Step 2: System Declaration Step 3: Goals
CORE 12
DSEARCH 1 QUIET
GOALS USE CURRENT 5 ALL
GOALS
Leave blank any fields you do not care about, except number of elements, and FNUM if focal. ELEMENTS 5
FNUM 4 3
ELEMENTS 5] Desired number of elements (Required) BACK 5 SET
TOTL 301
. STOP MIDDLE
Target Value Target Weight STOP FREE
FMNUM |4 3 (Required) COLORS 3
FOV0.00.25050.751
BACK 5 SET (Enter target of zero to bypass BACK) ;‘"_FE g.n 4321
TOTL 30 1 (Enter target of zero to bypass TOTL) ggL%KS 11%10
ANNEAL 20020 Q 10
Specify weightings for fields: SNAPSHOT 10
END
Field: 00 Jozs o5 ois [ SPECIAL PANT
END
Weights: [5.0 |4 3 2 [ SPECIAL AANT
END
GO
" STOPfirst  STOP middle 1 STOP last Iv STOP free to move
~
@« 3-Colors  Majorcoloronly Al Colors
RSTART | | Radii of Curvature
THSTART Thicknesses
ASTART Airspaces
Aperture-dependentweight  |0.5
[~ OPD correct OPDs instead of transverse ray coordinates
Make a MACro Close

Here we set the main parameters of the system we want to find. The ELEMENTS cell near the top is
the number of elements generated after the front-end we’ve already designed. This means our full
system will consist of 7 elements. Changing this number will result in different potential solutions
that could be helpful to look at in some instances. We want the FNUM to be very close to 4, so we
give this value a large weighting to make DSEARCH prioritize this. Our track length must be 35mm,
but the TOTL value is only the distance from the first surface to the last surface of the last element
and does not include the BFD. Because of this, we set TOTL to be 30 to give us a track length of
35mm.
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Design Search / Saddle-Point Build - *

Step 1: Search Method ] Step 2: System Declaration Step 3: Goals ]

Step 4: Optional Special Optimization Goals l Step 5: Launch Search ] Command Line:
CORE 12

DSEARCH 1 QUIET
USE CURRENT 5 ALL
GOALS

ELEMENTS 5

Enter any special variable regiests. in PANT format. FNUM 4 3
BACK 5 SET

TLIMIT 100 0.1 13’?3,3?\2&[]\_5
SLIMIT 10001 STOP FREE
COLORS 3
FOVO002550.751
FWT5043210
RT 0.5

QUICK 1010
SPECIAL AANT NPASS 10

ANMNEAL 20020Q 10
SNAPSHOT 10

END

ACM 0.7 10.07 SPECIAL PANT

AEC 012001 TLIMIT 100 0.1
ACC311 SLIMIT 100 01
ACAB5110 END

SPECIAL AANT

ACM 0.7 10.07

AEC 012001
ACC311
ACAB5110

END

GO

SPECIAL PANT

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

Make a MACro | Close

Here, special variables and constraints can be defined that are not present in the DSEARCH dialog to
fine-tune your search. These extra commands are necessary due to the nature of our system. The
TLIMIT and SLIMIT commands change the limits of the element thickness and airspace thickness
respectively. Because our system must lie within 35mm, some of our elements will get quite thin and
need to get smaller than the default minimum thickness of 1mm.

Each item in the AANT section for this case is defined as:

Item Target Weighting Window

ACM controls the minimum center thickness. We’ve set that to 0.7mm with a weighting of 1, and an
allowed window of £0.07mm

AEC controls edge thickness to be a minimum of 0.1mm

ACC controls the maximum allowed center thickness of each element to be no more than 3mm. This
prevents unreasonably large lenses to be used

ACA prevents solutions being found where rays enter/exit elements at extreme angles to prevent ray
failing. In this case, we want to try to limit the entering/exiting angle to be less than 65 degrees
measured from the surface normal.
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Design Search / Saddle-Point Build

Step 1: Search Method
Step 4: Optional Special Optimization Goals

Step 2: System Declaration
Step 5: Launch Search

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

Select this option only if you want to do a RANDOM search.
[” Random search, cycles  |200

approach.
™ Quick Mode 10 10
r
NPASS |40 MNumber of optimization passes in final MACro
ANNEAL Temperature  |200 Cooling |20 Passes |30 QUIET mode v

o

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

¥ SNAPSHOT Passes

[~ SAMPLE generate a single sample

Step 3: Goals

Default is the BINARY search mode, which is a more systematic search

Command Line:

CORE 12

DSEARCH 1 QUIET
USE CURRENT 5 ALL
GOALS

ELEMENTS 5
FNUM 4 3
BACK 5 SET
TOTL301

STOP MIDDLE
STOP FREE
COLORS 3
FOV0.00.2550.751
FWT 5043210

RT 0.5

NPASS 40

ANNEAL 200 20 Q 30
SNAPSHOT 10

END

SPECIAL PANT
TLIMIT 100 0.1
SLIMIT 100 0.1

END

SPECIAL AANT

ACM 0.7 1007

AEC 012001
ACC311
ACAB5110

END

GO

Make a MACro Close

Here we input the final search parameters. We won’t be using quick mode during this search
because we want SYNOPSYS™ to spend extra time searching/optimizing solutions, and the quick

search is unlikely to help us find better solutions in our case.

NPASS allows for 40 optimization passes made for each case it searches for.

ANNEAL allows DSEARCH to try to jump out of any potential local minima, to further drive the merit
function lower. Higher “temperatures” allow for greater variety in potential solutions, while cooling
affects the run speed. Passes defines the number of passes for this process.

SNAPSHOT defines how often the Sketchpad window updates. Larger numbers here mean faster

runtime, but it can be useful to watch this as solutions are found.

With this done, we’re ready to click on the “Make a MACro” button and begin searching for

solutions!
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A DSEARCH MACro will pop up on the screen with all the options we’ve previously set. We just need

to add one thing and then we’re ready to go. Since we’re dealing with such an extreme lens, it can be
helpful to vary the conic constant in DSEARCH to allow it to search for potentially better cases. Add
this line to the DSEARCH MACro:

TOTL 30 1

STOF MIDDLE

STOF FREE

|ASPHERIC 1 3 5 6 7 8 9 10 11 12 13 14 |

COLORS 3

Then, click the Run icon on the top left and watch as SYNOPSYS™ searches for lenses that fit our

specifications.

o

= || @ [ 8]

S| o [X|#|a@|e|s || HE=] & n|a|(~T] 2]

CORE 12
DSEARCH 1 QUIET

]

\

The solution that has the lowest merit function will be loaded in, but ten of the other best fitting
solutions will also appear in a graphics window. The system loaded in automatically may not actually

be the best, so it can be useful to peruse the other options and see if there’s a form you would
prefer to work with. In my example, the default works fine. Loading in a different result is as simple

as typing in “FETCH DSEARCH___” and filling in the blank with the appropriate number.

Due to the random nature of DSEARCH, you will not see the exact same systems shown in this guide,
but they likely will have a similar form.

DESIGN SEARCH RESULTS

/

(/

TRANSVERSE ABER. 1.00E-06 REL.FIELD

Merit = 0.812986

075000 1.00000

SYNOPSYS

11/19/2020
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As we can see from the ray fans, this lens is a good starting point for this application. It still requires
work to bring to a point worth manufacturing. SYNOPSYS™ has a powerful optimization algorithm
that will allow us to greatly improve the lens. Optimization itself is a huge topic that we will explore
in the following tutorial. There we will discuss good strategies to tackle this issue and demonstrate
the tools that SYNOPSYS™ has to offer. For right now, you should have a better understanding of
how to use DSEARCH to quickly generate starting points for your design and allow the computer to
use its resources to do a lot of the basic work for you. This tool is unique to SYNOPSYS™ and | hope
you can get great use out of it.
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