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*Provide you with an overview of CODE V structure, interface,
and capabilities for optical system:

Modeling Optimization

MTF

00000000

Image
Simulation
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Where do | get CODE V?
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CODE V Access for Distance Students

Please allow 5-10 business days for processing...we receive many requests this time of year

« Send email to osg_educ@synopsys.com, indicate you need CODE V for your distance learning

class, include:
1. Your full contact information (full name, phone number, and university/college address)

2. Answer the following questions:
1. Are you a citizen of Cuba, Iran, North Korea, Sudan, or Syria? If yes, then answer question
2. Are you a permanent documented legal resident or dual citizen in a country other than Cuba, Iran, North

Korea, Sudan, or Syria?

3. Go to: http://optics.synopsys.com/support/support-host-id.html Download and save the GetHostID.exe program
to the desktop of your computer that you will use the software. Right-click on the program and select ‘Run as
Administrator’. An error message will appear “No hardware dongle detected, continue?” select yes. The
GetHostID dialog box will appear, copy the Hardware Host ID (4-XXXXX) and send it to us via email.

— Note: Your license will only work on the computer you provide the Hardware Host ID from and it is not possible to
use the license on another computer.

* Local students: Contact Ms. Ruth Corcoran (rcorcoran@optics.arizona.edu) in the academic

office
CODE v® SYNopPsys:
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Education for CODE V Users

Customer Support Portal, and Training
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Resources for Learning CODE V
* Various CODE V Help Choices (HELP > ...)

* The Customer area of the ORA website: support.opticalres.com

—Introductory & Advanced Training presentations
—CODE V User Group meeting presentations
—CODE V Webinar recordings

—Release notes
—E-news Tips

—Tech Support FAQs

—Macro downloads
—Technical papers

© 2016 Synopsys, Inc. 6

Intro Topics in CODE V Training

Optics 101

Digital Camera
User Interface
Tech Talk
Apertures/Vignetting
Performance Eval.
Optimization
Reflective Systems
Tilts/Decenters
Non-Spherical
Afocal

Zoom

Tolerance Analysis
Macros

CODE Vv®
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The Synopsys Optics Customer Support Portal contains

resource to help you learn and stay up to date

° " CODEV Support

 http://support.opticalres.com/

* The material is exclusive to Synopsys
Optics software users, so requires a
different log in from SolvNet

* Training Videos

 Training Presentations

» User Group Presentations

» Glass catalog updates

© 2016 Synopsys, Inc. 7

CODE /* is the comprehensive program for optical design, analysis, and fabrication support of image forming and photonics based

systems.

Name

Release Notes

User Group Presentations

Training Materials

Training and Demo Videos

CODE V Documentation Library

Tech Support FAQs

Macro and User-Defined Feature Downloads

Enews and Tips

Material Downloads

Technical Papers

+ How to install CODE V or LightTools

+ How do | send a large file to Tech

software and license key

Navigating Solvnet

»

Support?

CODE Vv®
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http://support.opticalres.com/

Training Courses and User Group Meetings

* Introduction to CODE V:
— September 25-29, 2017, in Pasadena, CA (Los Angeles area)

» Advanced Topics in CODE V.
— October 23-25, 2017, in Mt. View, CA (San Jose area)

« CODE V User Group Meetings, typically held in June

— Free, 1-day meetings held in Mountain View, CA (San Jose area), Pasadena, CA (Los Angeles area),
and Rochester, NY

— Topics from 2017
— CODE V 11.0 New Features and Future Plans
— Tools for Wide Angle Systems
— Tips and Tricks
— Color Correction: Fundamentals and Techniques
— Topics in Interferograms
— Beam Synthesis Propagation with Lens Arrays
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CODE V Help

* CODE V reference manual (PDF) has the most info

Contents and Index
What's This? Help

e.g. Search on “database items”
provides links to syntax for various
database info (curvatures,
thicknesses, pupil size... any
CODE V info)

© 2016 Synopsys, Inc.
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& Adobe Acrobat Standard - [Macro-PLUS - Database Reference ]

L File Edit View Document Cormments Tools Advanced Window  Help

_l Model Tree \l Pages\lé Signatures \i Bookmarks ||—

Comments \l\ Aftachments

TELXZF [Zq]

RSR [Zn] Fm
TEM|PRE
DIM

INI

STO[FOC [Zn]

Materials
TRN Sk Wj
SPG Sk [GL1|GL2]
PRC Sk [GL1/GL2]

Surface Shape and Position

THI Sk [Zn]

GLA|GL1/GL? Sk [Zn] [CAT]
GCH|GP1|GP? Sk [Zn] [CAT]
GDP|GD1/GD?2 Sk [Zn] [CAT]

RMDSk [Zn]
CUXICUY Sk [Zn]
RDXRDY Sk [Zn]
DUM Sk

8.50x 11.000n <

"RAD" — Radians
"MR" - Milliradians
"UR" - Microradians
"NR" - Nanoradians
"DEG" — Degrees
"MIN" — Minutes
"SEC" — Seconds
— Returns:
0 - No
nonzero — Yes

— Retumns reference radius

@ Search PDF

Finished searching for:
database items

Finished searching in:
In the index named index.pdx

Documents found:
20

Total instances found:

98

Results:

— Returns 1 character string T|'C’|'M'
— Returns 3 character string

— Returns the surface number

— Returns strip price only

Returns string with glass name (CAT - catalog only)
Returns string with glass name (CAT - catalog only)
Returns string with glass name (CAT - catalog only)
Returns string REFL'|REFR/|TIRO''TIR!

e

|
|

A E

K1 Lens Database Items with User-Define #

k| database items, greatly speeding up t
K1 from database items, e.q., (¥ 5i) or (M
& macro database items RER and BLS an
B of database items to obtain the resulti
k| database items, e.q., (¥ 5i) or (M 54).
B macro database items RER and BLS an
B store database items, greatly speeding
B Constants, database items, predefine:
k| Database Items Database items ar:
k| Database Items” on page 256-3 For th
k1 of database items and their descriptior
Macra-PLUS - Introduction

CODE ¥ Prompting Guide

o

=l

i4

— Returns:
0 surface is not a dummy
+1 surface is a dummy
=65 @ofe| b bl | @ || & HH

Sort by: |Relevance Ranking | »

Collapse file paths

Refine Search Resulks

Done

Find a word in the current PDF document

CODE Vv®
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Robert E Hilbert Student Design Competition

* Be sure to submit your best CODE V
project to our annual Student Design

Contest (optics.synopsys.com)
— $4,000 in prizes awarded each year

© 2016 Synopsys, Inc. 11

ANNOUNCING THE 2008 WINNERS

About the Competition

Optical Research Associates invites you to participate in its Optical
Design Competition, which recognizes excellence in optical design
projects completed by students.

# Students can enter an optical design class assignment or
thesis work that uses CODE \ or LightTools.

Awards totalling $4,000 will be granted.

# Entry deadline is June 15. Winners will be announced in July.

View the competition rules or frequently asked gquestions (FAQs).
Eligibility
To be eligible, you must:

1. Be currently enrolled in a post-secondary degree program in
Morth America, working toward a bachelor's, master's, or
Fh.D.

2. Your work must have been completed using CODE vE ar
thtToo.‘s@ software, and demonstrate knowledge of optics,
optical engineering, and optical design software.

All entries completed and turned in to your professor during the
current school year are eligible.

Download the Entry Form

You can download a PDF version of our entry form that can be
viewed, filled in, and printed using Acrobat Reader. If you don't have
a copy of Acrobat Reader, go to the Adobe Web site, where you can
download it for free.

For More Details

# E-mail us at service@opticalres.com

COMPETITION RULES

FAQs

ENTRY FORM

Applications are invited for

In addition to ORA's student award
program, we'd like you to know
about this schalarship for optical

design students

Click here for more details

model and an;

CODE Vv®
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Now...let’s get started with CODE V
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CODE V is a Sequential Ray Tracer*

© 2016 Synopsys, Inc. 13

Rays trace from surface 1 -> surface 2 -> surface 3 ->...->until the image

= 7

Used for imaging systems

Surface # S.J;:;ZE S'J;f;:e Y Radius Thickness Glass Refizzzt SEIf.i—i-':;_ZEIt'JIE
Object Infinity Infinity [
1 21.4814 2.0000 5Fl6 5CH 7.0000 @
2 -124.1000 5.2600 6.8124 ©
Stop -15.1000 1.2500 F4 HOYR 4,4892 ¥
4 22.0000 4,6900 4,320 ¥
= 328.9000 2.2500 SK16& SCH §.5000 @
& -1&.7000 43,0505 = 6.7462 ©
Inage Infinity o.o0z2g9 v 18.4699 Y

*There is a non-sequential mode...but we won't talk about that today

CODE Vv®

SYNoPSYs



...compared to a non-sequential ray trace program

Rays start from source(s) ->bounce around geometry -> Measure illumination pattern on receiver(s)

Baclights

Used for illumination systems, stray light, etc.
Images from LightTools®

Luminaires

© 2016 Synopsys, Inc. 14 CODE Vv® SV"UPS‘/S®



This presentation covers...

» Refractive system data entry

» Reflective system data entry

* Interacting with analysis options

» Design example: Digital Camera
— Finding a starting system

— Setting up a specifications table
— Optimizing for improved performance

© 2016 Synopsys, Inc. 15 New User Orientation CODE Vv® SV"UPS‘/S



Interface Elements Interactive

LDM

Menu Bar Spreadsheet 30
Visualization

ﬂ 52 CODE V - wideangle sgtler me | WI n d OW

File Edit Lens Display Review Analysis Optimization Tools Window Help

Title Bar

DE%E ol UBB 20 & % B A ;
Z %%Y0 ¢ B¥E-RENDEH A

=i ” A
5 Spechuer find | 2 Lensata anages (= 1] F 30 viewing (S ICE] 9 poin Linction [ =[]
wide L=o ) x|
Lens Data Marager | [ SystemDats.. || SurfaceProperties.. | [F] ) @saas (OB (oee i
Reviw Sorasdehe, EeEEs ] ] N ' EFdds || H -S| X o e 8- w58 x>
Listings 2 Y Radius Thickness Glass Mode Semi-1; N - N N
- ey Wcons Diffraction Intensity Spread Function
MTF - Difocion | [ODj6CT Infinity = Infinity Wide Angle U.S. Patent 2,696,758
o Port Syeadfinc | 1 97.0855 " 5.9643 SFS5 SCHOTT ~ 23.92 100
Plot Windows 2 817.6942" 0.3016" 22.27 100 ]
Erertes 3 99.7747" 1.4911 SK16_SCHOT 20.04 80 80
4 18.9654%  31.7168" 15.34 Z w0
5 38.6103" 4.4732 SK16 SCHOT 7.23 3 40 60
i i 6 -92.0898" 0.1508" 6.39 = 20 01 1
NaV|gat|0n 7 20.6876" 4.3623 SK16 SCHOT 5.93 0 v mm 40
Toolbar 8 56.1479 " 1.3602" 5.01 01905 01 '
Stop Infinity 1.4228" 4.81 0 oo0s 0.1 ) 20
10 -23.8203" 0.6317 F1_SCHOTT 4.64 X, mm
SpecBuilder - wideangle.sgt == =] MTF - Diffraction (o=@ =]
SpecBvaluator | L | B | & + 0 =
0
H_;gvu!.u‘}{'d\"iz A'A':EB‘@‘
Specifications and Goals Table Diffraction MTF
CO mman d Label Name Goal Mode Target  Value - Wide Angle U.S. Patent 2’696’758
W| n d ow N |Spectra\ Range o
Short Wavelength (um): individual values o display only 0.4861 c
3 S
Long Wavelength (um): individual values ov display only 0.6563 B Tab b Ed
= o =
Com mand = Command Window o lr@) == ->000 B / OUtpUt
e =
_ . 2@ booo Window
Window 1 The @
213 0000 ©
214
215 [d}3113 ©
. 216 ~ kv
<
Command Line *fooss ©
C v>—> - Text i Charts 1
J— . oo 0000,0. @ - LD |
CVv:11.0 CD: CACVUSER DIM: Millimeters FFL: 10,8916 CA: User-Defined and Defaults ~ XZF: No  POL: Inactive

Status Bar
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CODE V Interface (GUI Components)

Title Bar Menu Bar Toolbar(s)

o | O

o
+ fus

File d'rt Lens Review Analysis Optimization Tools Window Help
= 0 a :
DB el 210 @ AAA/RAR H $78 BIG BB, SHD
== Q =
Navigation B30 [l | Ermswmanisi-iZ 7, 7 %90 22260 APk LA BLR
Window < - Spac&idu“ﬂndov;;j! MTE - Diffraction [ MTF - Diffraction : 10:15:05 AM
L St Zoie [o2]:0aa L/W £/2.000 RAD
i Cmd?ﬁndw
i DIFFRACTION LIMIT  FOCUS PQEITI
Decentered Sufac.. Formula Actual . (3

&~ Listings L/MM £/2.000 RAD TAN
List Al Lens Data
: MTF - Diffraction - 10
(=) Analysis Windows M

@ MTF - Dffraction .993  .993

S m—— .986  .986
&= Optimization .979 .979
Automatic Design
=~ Plot Windows

P1-RIM

Eror Log J i A2 ape. [ @ |[E ][R |1ten. [@ [ @] 2]
— )p B spe.. [ @ |[& | £ |[Eroi. [& ] o sl rr -..[& 3 ) 5 [T co.. B vie.. (@ @[]
CODEV CWv; 11.0 EFL: QIBB/ RED: 9.3838e-010 THI S0: 1.0000e+010  IMD: 153276 BFL: 15.3596 OAL: 921950 Infinity £/ 2.0000 2 FOV: 209887
Used f/ 2.0000 NA(IZB‘IEDE-UW MNA: 0.2500 D]NtMill'lm*s EPD: 4.6919 EXD: 23.2688 CA; User-Defined and Defaults  POL: Inactive T
TIT: 9MM - 36 MM FHZYT U.5. PAT. 3,464,763 ERES 35.2085 MPP: 4 CD: Chbackup\CVUSER \

Re-execute & | . . Status Bar
: . . Text Window Splitter
Modify Settings Q= H| P
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SpecBuilder

CODE V Interface (SpecBuilder™) Window

g4 00 teang ler - ey =8 x

DB el 9210 © ARZAAR b 2 BIEG B MDD
| R P DA

[ 1- Vide fegle U Paters 269 «| 7, ;71‘; QKZO@ 06 ‘ ibz ﬁ; @ g

SpecEvaluator™

- ang.sgt
BUtton ISpecEvalLahrl.t|@|u|f“
——
Specifications and Goals Table /
] Label Name Goal Mode Target Value Notes
Spectral Range (o MTF (at 25.000 cycles/mm or cycles/afoc... [ = || = || 58 |
|
Short Wavelength (um): individual values over ZA display only 0.4861 0.00000 36.00000 o
Long Wavelength (um): individual values over ZA display only 0663 Mlfrmmmmmm
Table format:
Effective Focal Length (mm): individual values over ZA equal to 28.5000 28.5000 e e
F1; direction - mean of X &Y
FldNum AZI Value
F-number (First Order): individual values over ZAF1;  equal to 4.0000 4.0000 o 1 0 0.728
direction - mean of X & Y 90 0.728
2 a 0.250
F-number (PSA-Based): individual values over ZAF1  display only 3.9757 o 90 0.405
3 a 0.499
Field of View (Semi-FOV, deg): maximum over ZA; display only 36.0000 o 90 0.225
g )
[}
Frunbe S Essed) Spect st | 85.0000 85.0000 Aggregation results:
It 37.5000 37.5000 o
::tgelretget:‘a;g;ttf:l:;ne F-number computed from the projected solid Projected SolidAngIe - me‘,‘ 1.5000 [0.0000, 11786] [i ] AvVE 0.473
MIN 0.328
= |t 60.0000 [64.1159, 100.0000] o MAX 0.728
Insert/Edit — e 72 0
For the F-number, set the requirement en Individual - values It 0.5000 04728 (Default) = 0.472813
S p ec | f| C a-“ on d | a' 0 g For the following — It 03000 [0.3276, 0.7284] L]
choice of zoom and Zoom All -
field 1 T
Field 1 - F-Number =~ \jﬁ Q0 0.7500 0.8218 i
Millimeters  Millimeters o E I t .
. valuation
Set the target for F-number (PSA-based) .
——— 3 3 Information
Target Made  display only - Target Value/Min
e Window
ok | [ Comcel |[ Hep |
COl — — = — — — — 852 OAL: 47.5000 Infinity f/ 4.0000 ¥4 FOV: 36.0000 Used f/ 4.0000 MAQ:1.2519e-011 NA: 01250 DIM: Millimeters EPD:7.1250
EXD:10.5935 CA: User-Defined and Defaults ~ POL:Inactive  TIT: Wide Angle U.S. Patent 2,636,758 ERF: Unavailable 87.1376 MPP: 4 CD: C\backup\CWVUSER
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CODE V Interface (Input)

LDM —]
Spreadsheet

Review
Spreadsheet(s)

Command
Line

© 2016 Synopsys, Inc. 19

System
Data
Window

__ Surface

k4 CODEV - tessarlen =N E =)
File Edit Lens Display Review Analysis Optimization Tools Window Help
S T QIBm@EH/ S0ME
DB 2X! Ll &R S 1 080 /| &M
G0 G0 BB W AE R
-1 Dgt.
19 111 it 1Z 7 | & | T 2 &5 e B B O e MY , ?
=l S — -
SpecBuilder Windows K] Lens Data Manager = e = B System Data
Lens Data Manager
Systam Data [ Stembsm. || SufaceProperties.. | =
Surface Properties —1 Wavelenath: Spedt
Command Window Surface # Surface Surface v Radius Thickness — Refract Y e B g soenats I |
=~ Review Spreadsheets Name Type Mode |Semi-Aperture Systam Solves : Wg;g';ﬂg‘; We‘gh; w -
. Apertures i _ _ - System Seftings H 5875618 1 —
An‘”':s Wi Object Sphere Infinity Infinity Refract 5 Advanced B 4861327 17—
alysis WWindows 0 .
Optimization 1 Crown Singlet Qcon Asp 35.0000 8.0000 NLAFZ2 SCHOTT Refract 14.0000° im'w =
. = rough Focus
gﬂrl’o;" 2 Sphere 458.0000 5.4000 Refract 12.5415° Reference Ray Aming
f' . : Store G
1 Flint Singlet Sphere -100.2000 4.0000 NSF10 SCHOTT Refract 10.4813° e . o
4 Sphere 31.0000 2.0000 Refract 9.6754° |= Astigmatie Object 1Kl i ’ S
py Fiber Locat
Stop Sphere Infinity 6.6000 Refract 9.7015° oo Conrols
6 Doublet Sphere Infinity 3.0000 LF5 SCHOTT Refract 11.8000°
Ref Wavelength Coating Wavelength
7 Sphere 38.5000 6.9000 NLAF2 SCHOTT Refract 13.3921° S ! ety Rovclenghim)
T W - ! - ! -
8 Sphere -57.0000 80.6497° Refract 14.0000°
o Ficttious Glass Model
Image Sphere Infinity -0.1374" Refract 36.0936° el ess TodE ) el
End Of Data 1 Surface Properties ===
J i " Surface 1-Crown Singlet -
P
] Apertures Surface Type -«
Y Radius
Commit X Radius
Thickness @ Type Gcon Asphere - Parameter Value -
r Aperture Materials Y Radius 350000
Surface # P # OR Shape Type Labq Aperture 1 Radius 148600
Diffractive Properies () Pickup Profile from Surface |Canic Constant {5C0 KICT
- = Advanced |4th Order Qcon Coefficient (SCO QC4 1 C4]
1 - Cr .CIR Al r Circular Clear Decenters Sosle Fastor |Gth Order Goon Coefficient (SCO GC61CH]
8 CIR Al r Circular Clear Tolerances ?ahog;;?éigncgm:: ms(ggoogg Eﬁm
* Cement/Coating Label  Cromn Singlet T2th Order Geon Coefficient (500 QC121C3)
Polarization Opere. . T4th Order Goon Coefficiert (SCO QC141C9) 9
|« i Birefringent Mater.. T8th Order Geon Coefficient (SCO QC16 | C10)
Interferogram Ray Intersection Side Defauk (NEG) 18th Order Geon Coefficient (SCO QC181CT1
- ] Gradient Index 20th Order Geon Coefficient (SCO QC20 1 C12)
£ Command Window =l 22t Order Goon Coefficient (500 GC22 €13
Surface terator Standard - Sah Order O Cocfioon (SO OC2E 1014
F} @ er (eon Coefficier
26th Order Goon Cosflicient (SC0 QG265 | C15)
28h Order Goon Cosflicient (SC0 QG258 | C16)
30th Order Qoon Coefficient (SCO QC301C17)
CYCLE NUMBER 2: X Half-width of Bounding Box
Y Half-width of Bounding Box
< Z Half-width of Bounding Box -
J « m »
CODE V> . - 3
« m 13
CODEV CVV: 110 EFL: 100.0047 RED: 1.0000e-012  THISO: 1.0000e+014  IMD: 80.5123 BFL: 80,6497 OAL: 35.9000 Infinity f/ 4.0002 42 FOV: 20,0000 Used /40002 NAO:12500e-013  NA: 01250 DIM: Millimeters EPD: 25.0000
EXD: 239922 CA: User-Defined and Defaults  POL: Inactive  TIT: 100mm /4 Tessar ERF: 65.8648 MPP: 4 CD: C\backup\CVUSER

CODE V® - Digital Camera Design Study
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CODE V Interface (Output)

Plot
Window

i CODEV - movie 107.len = e =]
File Edit Lens Display Review Analysis Optimization Tools Window Help
0 = L= 5 GL o2 o
DE® aE 21 Ll GHEGE L T BYSm@by /s, <mD
5 = "o o T gl 0
N Fromswrennsi) Z &y e 000 208§ 0 ARAPHH¥NLA BOLR
Zlxl e ) ) — g -
SpecBuider Windows By EEr=] Quick Ray Aberrstion Plot: 8:373.. | = || @ ][ 22 | MTF - gifPietion ===l |
Lens Data Manager —
Command W\ndj\' Q= B = LS [CY WY @ ~ A / ™
" St St E . | momican-sxaE)x s ==0/RH
List Frst Order Data [ - == = . .
(= Analysis Windows lefractlon MTF
View Le — -#
30 Viewina == 9MM - 36 MM F/2 ZOOM U.S. PAT. 3,464,763
MTF - Diffraction e - 1.
Pupil Map adeealU A (N O B U R P A
Optimization - = jJ """"""
GePlotWindews M| A e A as TN
Quick Ray Abemztion 0.8  NSLST
ores --—/ . - 5 ..‘:::;-.
: N e = 0.64 iy --F1:Diff. Limit
DISplay > / ) =2 = F1: (IMG) 0.000 mm
. FE?’ T 0.4 —F2:T (IMG) 2.400 mm‘\
V| ew LenS e ... = -=F2: R (IMG) 2.400 mm \\
T == 0.2 2 pupil Map [s= =M
Qe iknas |[@Era s "
B\ 130 View o ) oL —
~ ) — WAVEFRONT ABERRATICN = E
List First Order Data = 0 E Maaq 3 e 0 5 101 MM - 26 I P/2 Z00M LS. EAT. 3,264,763 |
A M Spatial A
- POS 1 POS 2 cky L
. 1<l INFINITE CONJUGATES —
> \T=2 )1 EFL 9.3838 20.3072 \ Tt }, Chans 1 e
Dlsplay BFL 15.35%6 15.3473 4
H FFL 40.6238 92.8330
List Lens / FNO 2.0000 2.0000
IMG DIS 15.3276 15.3733
Data (text one as1es0  as 1ean | i
- 1| Command Window d 4] b
. IEID
WIndOW) @ @ [ ] [a[p[mB2}3hehshedrhahshiof i fizhi3pie}is
0.59 0.00 -0.004428 0.004066 0.611 B Error Log (o= =
0.39 0.00 -0.0031%6 0.002017 0.259
. s . 20:30:25 Command Issued: GO -> Warning: There are energy levels as great as 0.8% at the
o Active zoom positions are : I, 2, 3 PSF grid for field 3, defocus = 0.000000. This may give
inaccurate results. Increase TGR or GRI if possible.
Command I |
O
Output = ey / : . .
CODEV CVV:110 EFL: 03838 RED:0.3838e-010  THIS0:1.0000e-0  IMD:153276 BFL: 15.3506 OAL; 921950 Infinity f/ 2.0000 ¥ FOV: 20.0887 Used 1/ 2.0000 NAC: 2.3460e g NA:0.2500 DIM: Millimeters EPD: 46019
EXD: 23.2688 ERF: Unavailable 35.2085 MPP:4  CD: Ci\backup\CVUSER

Window
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CA: User-Defined and Defaults ~ POL: Inactive  TIT: 9MM - 36 MM F/2 ZOOM U.S. PAT. 3,464,763/

Display > 3D Visualization CODE V® - Digital Camera Design Study
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Error Log
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CODE V Interface (Tabbed Output Window Components):

Beam Synthesis Propagation

ol |

Beam Synthesis Propagaticn [? 22
Input Beam Output Pre-Analysis I Propagation Controls Output Grid Definitions/Time Estimate
Title

Generate 20 charts

fa-®| X a

B-2-N-T-8|8 0 0@ E|

0
m:\
3

/ Beam Synthesis Propagation --

g:g?dﬁy Start Surface | End Surface | Start Zoom | End Zoom Near/Far TeNrr;pnim f / I nte_rISIty Beam Synthesis Propagation : 12:... [= & =]
1 Intensity Image Image = 1-Balllen = 1-Ballen Mear Field Default L Ball Iens fl ber cou pler To¥
2 Fhase 2 2 = 1-Balllen & 1-Balllen Mear Field Defautt
J 1 [0 0.04
0.03 -
Monochromatic
Unnomalized 0.02
l Output Controls .. ‘ Thresholds: Phase = 0.010 and Output {dB) = -50.000 )
Accuracy control: Standard £ 0.01
E o
l Cross-sectional Slice Plots ... ‘ Definedfor: S1; 0 01
l Beamlet Footprint Plots ... ‘ Definedfor: 51; I n p u t '002 -
-0.03-
R Defined for: 50..1; H > 4
l Gaussian Beam Fit Table ... ‘ DI aI 0 g -0.04- P
-0.04 -0.02 0 0.02 0.04 = =
Mo buffer output defined. it Somes e
l Save Data to Buffer .. ‘ o pHEreup et -0.03 -0.01 0.01 0.03 Tt i 57 - 5, )
X, mm Tabbed
Mo beamlet set output defined.
| l Save Beamlet Set... ‘ E | @Y G rap h i Cal s Propagation: 12:46:34.. | o || @ || 22 |
" — & a[@|~ A
K [\Tm,\nfa:hansz hans4,’ Out ut =
Save/Load Settings... l oK ] { Cancel ] l Help ] % p }I — | ==
velpffgth 1550.000 nm) \\ ps
SURF GRID THRESH ¥—-RAD (mm) Y-RAD (mm) X-SHIFT (mm) Y¥—SHIFT (mm) ROTATION PEAE —
NUM LOC ANGLE (deg.) INTENSITY e
1 Near 0.135300 0.286124 0.286124 -0.000000 =N nnnnnn nonnnnnn 7.802700e+000 ::
2 Near 0.135300 0.284417 0.284417 -0.000000 7.963051e+000 .
3 Near 0.135300 0.006c08 0.006c0% -0.000000 TeXt OUtPUt 1.27247¢=+004 e
B e e e e T e
<
21 CODE V® - Digital Camera Design Study CODE V@
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SpecBuilder Features at a Glance

Select All J
and copy &

Specs for 15t Order & other System Parameters, Mechanical Constraints, Nominal & As-Built
Performance, Attributes Specific to the CODE V model, and User-Defined specifications

paste the SpecBuilder - wideang_Nov2016.sgt EI@ .,
table into & =8 User-SpeC|f|ed
another \\ Specifications and Goals Table NOteS’ with
a ||Cat|0 n m Label Name “ Goal Mode Target Value Notes a dou bI e-byte
pp /4 V] 1—H—FE&ES~L Spectral Range ® - YrE/—k Character
b 1‘ Short Wavelength (um): individual values over ZA  display only 04861 Su Ort
S peCS Can be Long Wavelength (um): individual values over ZA display only 0.6563 pp
aCtlve or - 7| 1st Order Effective Focal Length (mm): individual values over ZA F1; directi  equal to 28.5000 28.5000 ®  peritem 1.0.1, SOW dated 10/01/16 .
. t ¥ ¥ 1stOrder F-number (First Order): individual values over ZA F1; direction -  equal to 3.9000 4.0000 i/ S U pportl ng
Inactive ™ i : A : . .
F-number (PSA-Based): individual values over ZA F1 display only Monitor delta between 1st order and PSA f/# Inform atlon
(u se D CheCk 7| 1st Order Field of View (Semi-FOV, deg): maximum over ZA; direction - Y display only 36.0000 Li] access| bI e V| a
bOX for “a” 4 Mechanical Overall Length to Image (mm): individual values over ZA less than or equal to 85.0000 85.0000 i
. v Mechanical Image Clearance (lens units) greater than or equal to 37.5000 37.5000 e the ﬂ
aCtlve/a” v Performance Distortion {(magnitude, percent): individual values over ZA FA; un  less than or equal to 1.5000 [0.0000, 1.1786] L] |C0n and
inactive” 7] UserSpec Chief Ray Distortion (%, in Y) display only [-1.1786, 0.0000] o error/warnin
v Performance Relative Hlumination (percent): individual values over ZA FA greater than or equal to 60.0000 [64.1159,100.0000] @ g
Ly ¥/ Performance MTF (at 25.000 cycles/mm or cycles/afocal units): average over Z greater than or equal to 0.5000 04728 0 > ZMTF |nform atlon
/ 7] Perfromance MTF (at 25.000 cycles/mm or cycles/afocal units): individual valu greater than or equal to 0.3000 [0.3276,0.7284] i L2 A DMTE Vl a the
R d bl Y| As-built Perf. RMS Wavefront Error, As-Built (waves RMS, Mean + 2-sigma pro less than or equal to 0.7500 .
e-or e ra e ¥ LDM CODE W Model Attribute - System Units equal to Millimeters Mi ters (i] a ICO n
rows 7 LDM CODE V Model Attribute - Field
Number of Fields equal to 3 3 =
\

User-Specified labels, with double-byte
character support

© 2016 Synopsys, Inc.

Usﬁpecified Target & the current,
or min/max Values. Highlighted

cells for “Values” out of “spec”
CODE Vv® SYNOPSYS

User-specified “Goal Mode” defines the
comparison of the current spec value against

the spec target
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Opening a Lens

* New Lens Wizard can open a blank lens, CODE V sample lens, or a patent lens

© 2016 Synopsys, Inc.

23

Lens Data Mana
System Data
Surface Prope
Command *indc
Review Spreadsz
Liztings
= Analysizs Windom
d:hcodew3 e[
Optirmization
Flaot Windows
Errar Log

New Lens Wizard

N
pimatt B ==

Spherical Ball Lens Fiber Coupler

Mame F/# Fo
v _lens ballcouple. len
cv_lensbeames.len le. 1544 n
cv_lensbindoub.len 1 4
cv_lens cazsrc.len ll.g807 n.e
cv_lenscookel len 4.5 Z0
cv_lenscouplerld.len -1.84361 0
cv_lensdbgauss.len Z.00001 14
cv_lens:doublet.len Z.00004 ]
cv_lenseyepiece.len E 20
cv_lens:hizheye. len 3.87716 gt
ov_|ens anncoupler.len 1.59845 a
ov_lenslenzarray. len F7_EE306 0
o _lens mak ko len 10 1.E0
ov_lensmicrozcp.len 0.714176 i4.34
i lmeae remn i Lmas - X e Talalal
L |

< Back

| Mext » | Finizh Cancel Help

CODE Vv®
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Opening a Lens

© 2016 Synopsys, Inc.

24

New Lens Wizard

285034

orQ000l

AE5851 [orooonz E_77E 30
262156 | oro000z E.496 z0
263724 oro00o4 1.782 1=
282956 (oro00ns 3.403 Z0
230087 orooooe .7493 zZ
201871 |oro00o? 4. 9E1 40
283278 |oroonns 1.840 25
255983 (oroonos 1.746 1z
258987 [oroo0lo z.187 20
260020(oro00ll 1.902 Z0
260159 |oroonlz 3.198 30
260159 |oro00lz 3. 285 20
2601599 oro00l4 2,206 20
Ac oAl - ccmmm e 1 Aann -
« |

b B R I o R o B [ o R o B o R e B e [ o |

< Back ‘ Mest >

* Filter list of 2,400
patent lenses for
desired criteria

Filter
Min (LR
W Application Al ﬂ v Ectt |2 |4
_D*lEC 1a . ahge rp— [v Field of Yiew |2D |25
[ Object Distance |Eyepiece [~ Zoom Ratio | |
- Digt Microzcope -
1mage LsEnte | Optproc [v Magnification |1 |2
Telezcope
[~ BFL/EFL | |
[~ OAL [wiout Image] / EFL | |
I DAL (with Image] / EFL | |
[ % Distortion | |
[v Mumber of Elements |3 :II |B :II
[ # of Moving Groups | :II | :II
ak | Cancel
CODE Vv®
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Data Entry

File Edit | Lens| Display Review Analysis Optimization Tools Window Help

3 ma dows fo all2al
I n WI n W r b & gl System Data... ; ] @ |D@en
. m Surface Properties... _ - 'Q% 2B B N U W U &
e nte rl n g ata 1 Add Private Catalog Glass » e = el J I LD M I
: [ 1
Lens Dz Zoom Lens... 8.1 FeEDas Ny u ‘-,E»H.E:l N
System| Calculate » System Data... Surface Properties... |
A N
—Lens Data Manager o Gl Fitin. ) -
Commat Su\face |[Surface . St Refract Y
Review| Environmental Change surface # 28 Type Radius |Thickness Glass R Semi-Aperture
- I Listings | Surface Grouping...
(LDM) . rad I US, Analysis Object \ Sphere In&nity Infinity Refract 2
] : S :
. ngmm Activate Polarization Ray Tracing 1 \ Asphere 16.8J83"Y  3.2500 NSK16_S Refract 8.1061°
Error Lo 2 Sphere 247.0M03"Y 4.9841" Refract 7.5486°
’ ’ A
kT4 (ml
circular apertures L ELRES
P ,
. . Pupil
Wavelengths [T ST
and indicators P St e i 3
System Solves
System Settings WYalue: IS,UDUD
—System Data
Afocal [
Thid 5 | Surface Properties
- Refq
—Surface Properties ol e [ -
Pupl - I %
Astig e
Fibe Sutfac Type
Tolg Y ?aglus
s X Radius
B.| Command Window Thickness & Type Asphere L' Parameter Value
Materials Y Radius 16.8783 ¥
B B ClalTent | Bctin : . [ConicConstantiK] 0.0000
CODE V> pth se Diffractive Properties " Pickup Profile from Surface - g:: g:gz Ezzﬁlzl::: g ggggg
i ICI .
CODE V> pth 14 Ad";’::;tm S li 8th Order Coefficient (C, 0,000
CODE V> pth in TSl ! iz ‘ 10th Order Coefficient D] 0.0000
Current direct Cement/Coatif 12th Order Coefficient (E) 0.0000
o gabel Tdth Order Cosfficient (F) 0.0000
EOLE N _emy ape Polarization Opera... | = T6th Order Coefficient (6] 0.0000
=res cookel Birefringent Materi... 18th Order Coefficient (H] 0.0000

© 2016 Synopsys, Inc. 25 CODE Ve SYNOPSYS



Data Entry

Surface
Type

¥ Radius

Thickness

Sphere

 Right-click for context sensitive menus

Sphere

Sphere

Fowe Height

-0.0511 ¥
End Of Data L

Infinity

0.9918 v

.z2000 ¥
o0.ze622 ¥
0.4571 Y
4.8063 %

Hide
Unhide all

Set Stop Surface

Flip. ..

Sphere
Sphere
Sphere
Sphere
Sphere
Sphere

Some operations (e.g. insert, delete)

require you to highlight the row first

Scale...

Surface Properties...

© 2016 Synopsys, Inc. 26

-0.0L

Some fields (e.g. Surface Type,
Refract Mode) you double-click
for a drop down list

Infinity Infinity

[ e ese Tl nanied g4z

Copy
720
“ary
Freeze 4z
ilu/uly (A
Pickup...
Couple,.. A
Solve...

Surface Properties...

Surt Ref &
urtace T Radius Thickness Glass SIras .
Type Mode Semi-
Sphere Infinity Infinity Refract
Sphere Z.z2686 Y 0.9918 ¥ 743972.44 Y Refract

Sphere w 6.0211 Y

Cylinder
Conic
A=zphere
E Toroid
T Toroid

_ |Thermal Gradient

Spline

Anasmmorphic Asphere
Lens Module

User Defined

0.1387 ¥ Refract
727063.258 Y |pafrac w

743972 .44 "

Refract

CODE Vv®

SYNOPSYS



Data Entry

* Allows copy/paste of cell values or a range of cells

nfinity 3.7770 F15 SCHOT Refre:
Z1.4592 ¥ 15,1073 ¥ Refr:
nfinity 15.1079 Y Dafa:
27.0349 ¥ 3.7770 Copy
nfinity 10.8359
34,9567 ¥ 0.z298z2 ° Vary
g6.74058 ¥ £.8552 -
* Allows use of expressions in cells
._4;9; i 15 1.379 g 469z ¥ 15.1079 ¥
inity |=|[thi sh5)f2 |"-f # inity 7.5533 ¥
L0349 ¥ 3.7770 Fi5 SCH .0349 v 5.7770 Fi

© 2016 Synopsys, Inc. 27 CODE Vv® S‘/"[]PS‘/SG



Data Entry

« Be sure that the program accepts data that is entered by one of these methods:

—Clicking on a different cell
—Clicking the “Commit Changes...” button
—Hitting the TAB key
—Hitting the ENTER key

M Surface Properties

4

© 2016 Synopsys, Inc. 28

Surface: 2 -

Surface Type
¥ Radius

Thickness  Type
Materials
Aperture

Diffractive Properties " Pickup Profile from Surface

Advanced
Decenters
Tolerances

Cement/Caating Lol
Polarization Dpera b

Birefringent kater...
Interferagram

Commit Changes

Not accepted

ispherel -

Parameter ‘

¥ Riadius

End Of Data

Scale Factor

4

M Surface Properties

Sufecs [ =]

Surface Type
¥ Radius

Thickness

Materizls

Aperture

Diffractive Properties

Advanced
Decenters
Tolerances
Cement/Coating
Polarization Opera.
Birefringent Malesi
Interferagram

& Type sphere =

" Pickup Profile from Surface

Scale Eactor

Label

=
—

Accepted

End Of Data

Parameter Value

r Radius 4.0000 ¥
Conic Constant [K] 0.0000
4th Order Coefficient (4] 0.0000
Eth Order Coefficient [B] 0.0000
Bth Order Coefficient [C) 0.0000
10th Order Coefficient (D] 0.0000
12th Order Coefficient (E) 0.0000
14th Order Coefficient [F] 0.0000
1Eth Drder Coefficient [G] 0.0000
18th Order Coefficient (H] 0.0000
20th Order Coefficient [J] 0.0000
Intersection Direction Default

CODE Vv®

SYNOPSYS



Demo: Lens Data Entry

Getting to know the Lens Data Manager

© 2016 Synopsys, Inc. 29 New User Orientation CODE V@ SYNOPSYS



Data Entry — Ex. Doublet

Open a blank lens from New Lens Wizard
From menus open Lens > System Data e

Set pupil size, Entrance
Pupil Diameter = 33.3

Use F,d,c wavelengths (can
use a pre-stored spectrum)

Define fields as Object

m System Data

Figldsfignetting Pupil Specification: |Entlance Pupil Diameter ﬂ
System Solves
System Settings Yalue: |B3.SDDD

= Advanced

M System Data

Angle, 0, 2, and 3 degrees

© 2016 Synopsys, Inc.

30

Spectrum

‘Wweight | Plot Color |

1
1
1

Select 5pectrum for Uze

d.F. ] j

F'y

‘»

O =

@ WEd hoaBER

; New Lens Wizard

C
3l
Li
A
og
Pl
En

Wihere do you want to start from?

" CODE ¥ Sample Lens
" Patent Lens
™ My Favorites

# {« Blank Lens

Pupil
’ Wavelengths Wavelengths
Fields ignetting ‘W avelength |
System Salves 1 E5E_ 2725
Systemn Settings 7| 527 5sim
= Advanced (3| 426 1327
Afocal [ |

Through Focus
Reference Rayp Aiming
Palarization

Pupil Apodization
Astigmatic Object

M System Data

e F.C'
LwR [3-12 microng]

Telermmn 1310

Pupil
W avelengths
- Ficids/ \ignetting
System Solves
System Settings
=l Advanced
Afocal
Through Focus
Reference R ay Aiming
Puolarization

Flomil e e ctian

Field T ppe: E [ wide,
Farawial [mage Height
Object Height
% Angly Beal Image Height lor
1| @.o0000 0.0000 l.0000
2_ 0.0000 Z.0000 l.0000
|2 | o.oo00 3_0000 1.ooo0

CODE Vv®
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Data Entry — Ex. Doublet

* Insert 2 surfaces

(Or press “Insert” button twice)

« Enter data for thicknesses and curvatures
Type BSM24 and SF1 for glass material (automatically searches the catalogs)

M | ens Data Manager

Right-click >

M | ens Data Manager

Surface #

Surface
Type

SJurface

Name ¥ Radius

Thickness

Image |

]

Infinity Infinity

Infinity @ 0.0000
Infinity a.0000
End Of Data

Capy ‘

Insert
Insert Surface
Delete
Row Height
Hid J Surface number to insert at Stap -
e

Nurnber of surfaces to insert |2

o]

Cancel |

Surface # Surface Aurtace YT Radius Thickness Glass Refract . ¥

Name Type Hode Semi-Apertur
Chiject IGphere Infinity Infinity Refract ]
1 Sphere 10.3456 ESM24 OHA Refract 15.9651"
2 Sphere -42.1754 Z.3513 5F1 SCHOT Refract 16.3051"
Stop Sphere -316.1385 0.0o0oo0 Refract 15.74z7"
Image IGphere Infinity 0.0ooo Refract 15.6891"

End of Data

© 2016 Synopsys, Inc. 31
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Data Entry — Ex. Doublet

Display Review Analvsis Cptimization Tools  Window  Help

« Add a paraxial image solve oo @ W e a|]s - 29 AANAZ
and do a quick best focus
Pupil
Wwavelengths v Paraxial Image @
Fieldz fignetting
- ystern Solves [ Reduction Ratio Solve Ha;iu:|
Syztem Settings
. Set surf be the stop ||| el
et surface 1 to be the sto m | ers Data Mt ager
Surface ‘ Surface . . Egfract
. Surface # T Radius Thickness zlazz=
| I| | MNamme Type Mode
. . - Sphere Object SpINgE Infinity Infinity reffact
nght_CIICk $Tm 1 Sphere 61.0722 10.3456 E3Mz4 COHAL TRefract
| a 2 Sphere Z.1754 2.3513 3F1 3CHOT FRgfract
?tup Pasts Stop Sphere -316.13 9z .4515 = efract
mage Insert Imace Sphere Infti v 0.3665 Refract
Delete ——— End Of Data

Row Height

Hide /
4 Unhide All

Set Stop Surface

Grayed out cell is not directly editable; value is

computed (by a solve, a pick up, or default

value). Right click change to an editable quantity.

© 2016 Synopsys, Inc. 32
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Data Entry — Ex. Doublet

« Commands (copy and paste to the command line)

LEN NEW

EPD 33.3

WL 656.2725 587.5618 486.1327
YAN 0 2 3

INS S1..2

S1 61.0722 10.3456 BSM24
S2 -42.1754 2.3513 SF1
S3 -316.1385 0

PIM

STO S1

WAV; BES; RFO; GO

Command line

7| Command Window

By EHy Clear Text

~

*+Y¥LM O 2 3
*#IN5 51..2
#51 £1.0722 10.3456 BSM24
#52 -42.1754 22,3513 5F1
#53 -316.1385 0
*PIM

*¥WAV: BES: RFO: GO
#5TO 51

o |

CODE V> |5p,:,;c_ID

© 2016 Synopsys, Inc. 33
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A n a.l y S eS | Display] Review Analysis th_timization Tools  Windc

View Lens v & |l .8 ‘
- Display>List Lens Data... | verpemegen. [0 A

I 1
Element Drawings » 2] Lens Data Ma

—List surface data, system data, first order data, | . . ... ST
Indlces, etC. Ic:;' ’ Surface Data

(o ||+ e pimrre

* Display>View Lens L — TR T
N - BE A BEraas

_2D layout %))+ 5 B ||: j
Kao\ﬁewin_g I
NE | P BRE @ENEsRQ8[(H 9@

T

Few leza fro= Cwealal:cv-avieza.seg Tmales .m0 R ]

| o

_LMLT‘\ Test 41/

* Display>3D Viewing

—Open-GL solid model,
Interactive rotation/zoom

] o Text AV3D Model 1/

© 2016 Synopsys, Inc. 34 CODE Ve SYNOPSYS



Analyses

* Analysis>Diagnostics>Paraxial Ray Trace

—1st order ray trace

* Analysis>Diagnostics>Third Ord

er Aberrations

—List the surface contributions and sum of the transverse third order aberrations for the system

* Analysis>Diagnostics>Fifth Order Aberrations
—List the surface contributions and sum of the third and fifth order aberrations for the system (and

elliptical coma)
—OQutput can be in terms of transverse or

wave aberrations

—OQutput can be in terms of imaging or pupil aberrations

mm Optimization Tools  Window Help

Diagnostics r Paraxial Ray Trace

Geometrical *|  RealRay Trace

Diffraction r Gaussian Bearn Trace

Fabrication Support

Cvto PR \ Third Crder Aberrations
stem

'ryl . . Fifth Order Aberrations

© 2016 Synopsys, Inc. 35

Fifth Order Aberrations

Start Surface:  |Object - End Surface:

Zoom Pozition:; |* 1-Cooke w

Image Aberationz

—I Eancu!jupljl Aberrationg

CODE Vv®
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Analyses

* Analysis>Diagnostics>Ray Aberration Curves or OPD Aberration Curves

—Useful for determining which aberrations are present in the lens
—Quick buttons actually run a macro which does auto-scaling 7=

Q0

~lz %% ||+ |5 o

Quick Ray Aberration Plot

Bx @2 QQ8 (/A o=0:

E ol

V| LB
|Select Annotations!
TANGENTIAL 1.00 RIIATIVE SAGITTAL
FIXLD =xIoET
0.213077 0.213077
-‘\—-. ’
Vo, /j
ﬂ_\_'_ _F_/

© 2016 Synopsys, Inc. 36

-0.213077

0.213077

-0.212077

0.213077

-0.213077

-0.213077

-17.673

-17.673

CODE Vv®

& [ Quick OPD Aberration Plot = R <=
NE| L RE Ex ErQAQ8 (/A e
j
TANGENTIAL 1.00 RELRATIVE AGITTAL
it FIELD HEIGHT e
...... (3.335;//’ 17.673
= A
_.gcsﬁi:‘
7 3
-17.673 -17.673
0.€7 RELATIVE
FIELD HEIGHT
17.673 = 17.673
( 2.0007)
7 - BT

SYNoPSYs



Analyses

» Analysis>Geometrical>Spot Diagram

— Plots ray intercepts at the final surface for each field

« Analysis>Diffraction>MTF
— Modulation Transfer Function values and plots

« Analysis>Diffraction>Wavefront Analysis
— Listing of RMS Wavefront error

F oo A ()

Quick Best Focus

< =
FIELD BEST INDIVIDUAL FOCUS
FRACT DEG SHIFT FOCTS3 EM35 STREHL
(M. ) (MM.) (WAVES)
X 0.00 0.00 0.000000 -0.021514 0.0835 0.758
T 0.00 0.00 0.000000
X 0.00 0.00 0.000000 -0.042885 0.8564 0.000
T 0.639 14.00 -0.013652
X 0.00 0.00 0.000000 -0.194081 0.4817 0.000
T 1.00 20.00 -0.066424

© 2016 Synopsys, Inc. 37

1

=8 B |

POSITION

0.00, 1.00 L
0.000,20.00 DG

[ MTF - Diffraction “il....-'i"'

F=3 Eo8 5
& B
HR-®|Xa|=g
Diffraction MTF
Cooke Triplet f/4.5
0.94 \}
08/ \'
Ay

0.74
5 0.6]
=
S 0.5
3
= 0.44

0.3

0.24 A

0.11 "-\\ e S N

N _‘_\-‘-_\_//’// \\\\\\ :.: . |
0 10 20 30 40 50 60 70 80 90 100
Spatial Frequency (cycles/mm)

ey
[<Tr[¥T Text ) Charts 1

&

5842401

71008 =

71008 =

7 1008 =

OOOOOO

02-Sep-2014 j

0.095294

0.145045

0.035157

o

CODE Vv®
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Demo: Entering a Reflective System

© 2016 Synopsys, Inc. 38 New User Orientation CODE V@ SYNOPSYS



Data Entry — Ex. Reflective

e Start with a new lens, and enter system and surface info same as the
previous doublet example

—Entrance Pupil Diameter (EPD) 75
—Wavelengths d,F,c spectrum (656.3, 587.6, 486.1)
—Fields, Object angles 0 5.5 degrees

—Solves, Paraxial image solve
Surface # Su;:;z Su;j
* Insert 4 surfaces, and make surface 1 the stop Phaect pher

© 2016 Synopsys, Inc. 39 CODE V® S‘/"[]PS‘/SG



Data Entry — Ex. Reflective

* Note negative thicknesses. Rays travel in the opposite direction after each
reflection. The coordinate system doesn’t change

M | ens Data Manager

Surface # Aurtace Aurtace ¥ BRadius Thickness Glass Refract
HName Type Mode Sem
Ohject el aT=h = Infinity Infinity Refract
Stop Lsphere Y 1777.4675 Y 6.3032 PSKZ_SCHO Refract
z T —— Infinity 170.9465 ¥ Pefis
3 Sphere -z11.817¢ Y  -9g.ze0z ¥
q Sphere —40.9572 ¥ -5.9437 PSKZ SCHO ReITect DOUble-C”Ck
5 Sphere Infinity -1.7314 % Refract p

Image Sphere Infinity o.oooo Y Refract
End Of Data
S —

» Access Asphere coefficients in Surface Properties window

R'ght'C“Ck :l|>£3phI Copy R o FParameter Walue

Sphe 170. _

Sphe Ise YHgdlus 1777 4675 ¥

Sphel  pickup oo Conic Eu:unstant.[l.ﬂ] 0._0000
ol 4 dth Order Coefficient [4) -4_04%3e-00% ¥

| sSurface Properties... J-ﬂ—> Bth Order Coefficient [B] -1.2186e-012

Sphe: : : ' Bth Order Cosfficient [C) 0.0000

e 05 P 10th Order Coefficient D] 0. 0000

12th Order Coefficient [E] 0._0000

© 2016 Synopsys, Inc. 40 CODE Vv® S‘/"[]PS‘/SG



Data Entry — Ex. Reflective

LEN NEW

° 75.0
Commands (copy and paste to the B e ueen
command line) EAN 00055
INS S1..4
STO S1
S1 1777.467 6.304 PSK2 SCHOTT
ASP B
K 0.0

A -0.4049e-7
B -0.1216e-11

S2 0.0 170.946

S3 -211.8173 -96.2601 REFL

S4 -40.9571 -5.9437 PSK2 SCHOTT
S5 0.0 -1.7313

* More examples in New Lens Wizard, sample lenses (cassrc.len, maksutov.len,
offnerll, threemir, threemrc)

« For more info see Training Course Notes, Introduction, “Reflective Systems”
(support.opticalres.com)
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Analyses

* Analysis > Diagnostics > Pupil Map

—OPD or intensity plot of wavefront at the exit pupil

« Analysis > Diffraction > Point Spread Function

—Intensity plot of the PSF

[ pupil Map

[E=N/Een

WAVEFRONT ABERRATION

Cooke Triplet f£/4.5

© 2016 Synopsys, Inc. 42

g <~ ?ép 3%9 MTF 0‘ ;’lé b _E_ll

Point Spread Function

¢
[FaFdd: ~||H@-® (2 X a%-8|2-3- 08N |HE|

Diffraction Intensity Spread Function
Cooke Triplet f/4.5

Intensity N

[
(=]

cxby

CODE Vv®
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Analyses

« Settings button allows you to change options and re-run analysis

[ MIE - Diffraction
=
B - .= 15

. ]§ave/Load Settings... button allows you to save your options to apply in the
uture

Linzar Image Mation Setting ..

< Save/Load Settings... ‘ > QK Cancel Help

* Leave windows open so you can re-execute with the same options
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Analyses
« Use tear-away feature to compare before and after analysis

- Or save the text as a .txt file to see
______ [ES the name change in the navigation
""" tree

m
T

- [O]x Iﬂ’-'Quick Spot
B | &

=
Tty
Py

B S|
Leng Diata b anager
Commat d findow
Review Spreadshests
Listings

will

o
=

FIE

LD D RTenpa/f
0.00, 0.00 * 1 316 o ﬁ hnn.m
LI

WAVELENGTH

WEIGHT

sac.1 :
= L'CIICk the ta{ Field 1, ( 0.00, 0.00) d
Displacement of centroid from
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Analyses

« Can have multiple windows of same option
— Each window has its own settings
— Select desired window from System Navigator

- Lens Data Manager MTF - Diffraction LE’__JL_@__J@I

MIF (o [@][x]
gz:ftae:e[;art;emes ‘u Ef ‘ _ _ ‘ /6
Command Window B '-‘-vl.?,d::ﬂz""i‘EE\iA' A':'EQ:W‘ B Gy @ (@ = | A A"=E‘ﬁ@'
Review Spreadsheets r — _' - S A Jl il |
= ::italrl;gsfs Windows / DlﬁraCt|on DiffraCtiOI'l MTF
o | 100mm 4 Tessar 100mm f/4 Tessar
.- Quick OPD Aberatig 1 - 1
[+]--- Spot Diagram .
i Bes £ /w S 0.8-
R g 0.6- '*_g 0.6-
imization >
glztt Wi:tdows -8 04- '§ 04-
Eoelog = 0.2 = 0.2
0 T T T T T T T T 1 0 . l--.'..:')‘_i‘ T
0O 5 10 15 20 25 30 35 40 45 0 50 100150200250300350400450500
Spatial Frequency (cycles/mm) Spatial Frequency (cycles/mm)
by _wév
\ I <] 22\ Text ACharts 1/ __L]_’_U_‘j\ Text i Charts 1 /
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Reports

 To save text or plotted output for your reports, use the File > Save Window As ...
choice

B Quick Ray Aberration Plot

* For plotted output, you can also use Copy & Paste (CTRL-C, CTRL-V)

 The LDM Spreadsheet and Review Spreadsheets can also be printed directly
—Verify the appearance with File > Print Preview
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Use the Presentation/Report Template for clearer figures

Diffraction Intensity Spread Function
Cooke Triplet /4.5

PSF

MTF
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Diffraction Intensity Spread Function
Cooke Triplet fi4.5

Sveni Ratio o028

Diffraction MTF
Cooke Triplet fid.5

ooy

AN E

v ens ook ien

27 Aug 15

Paston ! wisvengin (o
Defocusing 0000 o6 3000
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16,1000

l100
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02 '
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;
0.9
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0.6
++F1: Diff. Limit

05

Modulation
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03

0.2

0.1

~F1 (ANG) 0.000000 deg
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Click “Properties” to open full charting customization

options

Point Spread Function
<

[E=N(ECR ==

(Fa)Fields ~| B Ga-= @B @ 8 (I4- 3 -|E B & BN
. - . . > Chart
Diffraction Intensity Spread Function 4 Title
JAPAN PATENT 50_2807 750129 Display System Default
- 100 Text Diffraction Intensity Spread |
- Font Anial, 12pt, style=Bold
- Calar Il Bizck
0.04 = " > Background
: Annotations
0.03 - + Caler Scheme
- + Bxes
002 - Legend Legend
+ Slices
0.01 -
Y. mm o -
-0.01 -
002 - 40
-0.03 -
-0.04 -
1 I 1 I I I 1 T 1
-004 -003 002001 0 001 002 003 004
X, mm
Title
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Demo: Designing a Digital Camera Lens

Introduction to SpecBuilder and Automatic Design
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Example: Digital Camera Lens

* Image sensor (baseline is Agilent FDCS-2020)

a.
b.
C.
d.

Type CMOS

Resolution 640 x 480 effective pixels

Pixel size 7.4 X 7.4 microns (correspond to maximum spatial frequency of ~68 Ip/mm)
Sensitive area 4.74 x 3.55 mm (full diagonal 6-mm)

« Objective Lens

e. Focal length Fixed, 6.0 mm
f.  finumber Fixed aperture, f/3.5
g. Spectral Band 656, 546, 435 nm (~ C, e, g) with 1,2,1 weighting
h. Semi-Field of View  26.5° (for 3-mm semi-diagonal and 6-mm EFL)
I.  Geometric Distortion < 4%
J. Sharpness Radial & Tangential MTF
Low freq., 17 [p/mm > 50%
High freq., 68 Ip/mm > 25%
j.  Vignetting Corner relative illumination > 60%
k. Transmission Lens alone, > 80%
|.  Number of Elements (1-3) made from common glasses or plastics
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Define the Specifications in SpecBuilder

SpecBuilder - digital_camera.sgt

SpecBvaluator .I.—. =

Specifications and Goals Table

Label Name Goal Mode Target Value Notes
™
System Parameter Effective Focal Length (mm): individual values aover ZA F1; direction - mean of X & ¥ equal to 6.0000
|
System Parameter F-number (First Order); individual values over ZA F1; direction - mean of X & Y equal to 3.5000
|
System Parameter Field of View (Semi-FOV, deq): individual values over ZA; direction - Y equal to 26.5000
— . . R R . . R R bl
"'Ei CODEV - intro_digital_camdra_lens.len Performance Distortion (magnitude, percent): individual values over ZA FA; uncalibrated distortion less than or equal to 4.0000
- . - . - - bl
Edit Lens Display iew Analysis  Optirr MTF (at 17.000 cycles/mm or cycles/afocal units): individual values over ZA FA DA; greater than or equal to 0.5000
Mew Lens... Ctrl+M azimuth - 0 deg
|
New SpecBuilder Performance MTF (at 17.000 cycles/mm or cycles/afocal units): individual values over ZA FA DA; greater than or equal to 0.5000
[% azimuth - 90 deg
Oien Ctrl+O | ~

| MTF (at 68.000 cycles/mm or cycles/afocal units): individual values over ZA FA DA; greater than or equal to 0.2500
Save r azimuth - 0 deg
Performance MTF (at 68.000 cycles/mm or cycles/afocal units): individual values over ZA FA DA; greater than or equal to 0.2500 )
azimuth - 80 deg

Performance Relative lllumination (percent): individual values over ZA FA greater than or equal to 60.0000 )
Performance Transmission (percent): average over ZA FA; polychromatic greater than or equal to 80.0000 h
User Specification Number of Elements less than or equal to 3.0000 )
Model Attribute CODE V Model Attribute - Wavelength )
Wavelength (nm): W1 equal to 656.0000 )
Wavelength (nm): W2 equal to 546.0000 )
Wavelength (nm): W3 equal to 435.0000 N

Wavelength Weight: W1 Z1 equal to 1

Wavelength Weight: W2 Z1 equal to 2

Wavelength Weight W3 Z1 equal to 1

‘ 1
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Demo - Setup Lens

e File > New, click "Next”, choose patent lens, click "Next”, click “Filter...”, select F/# 1-4,
Semi-Field of View 20-33, Number of elements 1-3

e Choose 0r02248, click “Finish”

— This is a wider field, faster f/# than needed.

Lens > System Data, select Pupil, chose Image F/# 3.5

Select Wavelengths, change W2 weight to 2

Select Fields, set type to object angle, define 4 fields: 0 11 19 26.5

Select System Settings, change title to "CODE V Demo”

Display > View Lens, note vignetting,

System Data, select Fields, click “"Set Vignetting...”

Display > View Lens, note vignetting,

Display > List lens data> First order data

Edit > Scale, select Scale Effective Focal Length, surfaces 1 to 6, Scale Value = 6

Re-run first order data, note change in EFL

Re-draw lens
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Demo — Run Analysis

e Analysis > Diffraction > MTF, maximum freq. 68, increment freq. 17
e Analysis > Geometrical > Spot Diagram, select Aberration Scaling, Value 0.02

e Analysis > Diagnostics > Ray Aberration Curves, change Scale to 0.02
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Optimizing a Lens

* One of CODE V’s main strengths is the effectiveness of its optimization
algorithms

—In particular, CODE V'’s ability to control constraints exactly works better than any
other commercial software

« CODE V optimization Is easy to use, with very little input required by you in
many cases

—This is mainly achieved through CODE V'’s use of intelligent defaults

—However, the Automatic Design feature is also flexible and you can control many
details of the optimization if you wish to

© 2016 Synopsys, Inc. 54 CODE Ve SYNOPSYS



Optimizing a Lens

« Add variables to any desired parameter
—Can select multiple cells by left-click and drag, or use CTRL+click
—Right-click on any highlighted cell, choose “Vary”

M | ens Data Manager

Surface # Surface Surface ¥ Radius Thickness zlaz== Refract |
Name Type Mode S

Chiject SGphere Infinity Infinity Refract

1 Sphere 21.4514

2 Sphere -124,1000

Stop Sphere —19.1000

1 Sphere

= Sphere 2.230 Freze

& Jphere —-16.7000 43 .0350

Image Sphere Infinity m

End Of Data

Surface Properties...
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Optimizing a Lens

« Select Optimization > Automatic Design

* Check General Constraints
 Define glass map

General constraints are limits placed
on thicknesses for all surfaces.

The glass map defines the boundary
of glasses when varying the refractive
index (Tools > Macro Manager >
Sample Macros > Materials Info >

vp_plot.seq)
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Automatic Design

- .

otz TR

Tools

e

i)

Global Synthesis

Wi

7

Error Function Setup Dutput/E it Controls< General Canstraints ] ’

The following conztraints can be overidden on specific surfaces by use of sped

Minimum element
edge thickness 0.2000

Element center thickness

Min (0.2000
tax |1.3000

- -
inirum air edge
0.0025 thickness

Glassz map boundary glasses/pointe [enter 3-5 values, default Sg

) 0.1000

/' Winirnurn air cent
thickness

zer Constraintz/Aay Defintions I

Specific Constraints Advanced I

- NFED, NSK1E, MLAFZ, & SF4)

Start Surface| End Surface | Start Zoom | End Zoom Map 1 Map 2 Map 3 rap 4 tap & =
1 Object Image Al Zooms = 1 - JAPAN MFES MSK1E MLAF2 5F4
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Optimizing a Lens

 Define any specific constraints
(EFL, distortion, surface

thicknesses, ray trace data, etc.).

These may override general
constraints.

* Note: exact constraints handled
by linear algebra solutions
(Lagrange multipliers) separate
from error function, weighted
constraints included in error
function.

© 2016 Synopsys, Inc. 57

Autematic Design

Error Function Setup ] Output/E xit Controls ] General Constraints Uger Constraintz/Fay Definiti
| Y8 Edit Constraint - - -
Category
| Optical Definitions j

Surface wiavelength
Start |Objest | Start [w 2583 =]
End [Image | End [w 2-589 |

Zoom [+ 1-JaPaN PATENT 50280 ~|  Constraint Mode l—_|= -
) - Canstraint Target  |g. 0000
Field [F1-Obiectangles 0.y 0 ~|

Calculate Default Target
Ray [1 - Chief Fiay =] ;
‘wheight [1.0000 -
Global Object i
| J Constraint Half-width 1.0000 J_
Cosficient |1 .
Canstraint Exponent 8.0000 B

-

Apply & Close | Apply Close

Constraint Mode

Constraint Target

- -]

» Lower Bound
< Upper Bound

Minimize [weighted) <<
Dizplay Onl

Exact constraints
Weighted constraints
Unused constraints
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Optimizing a Lens

 Set output controls for drawing the lens at each cycle and printing text output.

* If desired, change exiting conditions (max cycles, improvement factor,

Interactive mode).

* Hit “OK” when finished, re-run any analyses.

Automatic Design

Enror Function Setup % Output/Exit Controk:
E st Criteria

[ Execute optimization in Interactive mode

Mirirmum  {0.0000

CPU limit [minutes]  |Default

Fractional
improvemen t 0.0500
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General | Constraints

Uzer Constraints/F ay D efinitions ] # Speciiic Constraints

Output

Lizt Dutput Settings ...

) :

Elgl=
Create Error Function vz, Cycle chart D
Type |T0tal enor function and all componenty

Error function chart imits

I airaum Default

I Generate chart at every cycle
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Demo - Optimization

 Vary curvatures for surfaces 1-6
 Vary thickness for surfaces 1-5 and image. Leave the paraxial image solve on surface 6
 Vary all glasses

« Open Automatic Design window, under Output Controls select Draw system at each cycle,
under Specific Constraints add EFL = 6, click OK
* Rerun analyses and compare before and after results (open new window or use tear-away
feature)
— Analysis > Diffraction > MTF, Maximum freq. 68, Increment freq. 17
— Analysis > Geometrical > Spot Diagram, select Aberration Scaling, Value 0.02
— Analysis > Diagnostics > Ray Aberration Curves, Scale 0.02

* Note that middle lens is too thin. Click settings button in Automatic Design window, under
General Constraints change Minimum Center Thickness to 0.5, click OK

* Note thicker lenses. Rerun analyses and compare results.
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Demo - Optimization

© 2016 Synopsys, Inc

60

« Commands

in cv_macro:extlen 'or02248'
fno 3.5

WIW w2 2

yan 0 11 19 26.5
tit 'CODE V Demo'
vie;go

in cv_macro:setvig
vie;go

fir

SCA EFL S1..I-1 6
fir

mtf; mfr 68; ifr 17; go
spo; ssi .02; go
rim; ssi .02; go

ccy sl1..6 0
thc s1..5 0
thce si O
gcl s1 O
gcl s3 0
gcl s5 0

load patent lens

pupil spec for f/#
wavelength weight
object field angles in Y
set title

2D plot

set vignetting

2D layout

list 1st order data
scale lens to EFL of 6
list 1st order data

run MTF, max freq. 68, increment 17
run spot diagram, plot scale .02

run ray aberration curves, plot scale

vary curvatures
vary thicknesses

vary glasses

.02
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Demo - Optimization

« Commands (cont’'d)

aut;dra;efl=6;go ! optimize, draw the system at each cycle

mtf; mfr 68; ifr 17; go ! rerun analysis as before
spo; ssi .02; go
rim; ssi .02; go

aut;dra;efl=6;mnt .5;go ! optimize, set min thickness of .5
mtf; mfr 68; ifr 17; go ! rerun analysis as before

spo; ssi .02; go
rim; ssi .02; go
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CODE V Help

* CODE V reference manual (PDF) has the most info

Contents and Index
What's This? Help

e.g. Search on “database items”
provides links to syntax for various
database info (curvatures,
thicknesses, pupil size... any
CODE V info)
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& Adobe Acrobat Standard - [Macro-PLUS - Database Reference ]

L File Edit View Document Cormments Tools Advanced Window  Help

_l Model Tree \l Pages\lé Signatures \i Bookmarks ||—

Comments \l\ Aftachments

TELXZF [Zq]

RSR [Zn] Fm
TEM|PRE
DIM

INI

STO[FOC [Zn]

Materials
TRN Sk Wj
SPG Sk [GL1|GL2]
PRC Sk [GL1/GL2]

Surface Shape and Position

THI Sk [Zn]

GLA|GL1/GL? Sk [Zn] [CAT]
GCH|GP1|GP? Sk [Zn] [CAT]
GDP|GD1/GD?2 Sk [Zn] [CAT]

RMDSk [Zn]
CUXICUY Sk [Zn]
RDXRDY Sk [Zn]
DUM Sk

8.50x 11.000n <

"RAD" — Radians
"MR" - Milliradians
"UR" - Microradians
"NR" - Nanoradians
"DEG" — Degrees
"MIN" — Minutes
"SEC" — Seconds
— Returns:
0 - No
nonzero — Yes

— Retumns reference radius

@ Search PDF

Finished searching for:
database items

Finished searching in:
In the index named index.pdx

Documents found:
20

Total instances found:

98

Results:

— Returns 1 character string T|'C’|'M'
— Returns 3 character string

— Returns the surface number

— Returns strip price only

Returns string with glass name (CAT - catalog only)
Returns string with glass name (CAT - catalog only)
Returns string with glass name (CAT - catalog only)
Returns string REFL'|REFR/|TIRO''TIR!

e

|
|

A E

K1 Lens Database Items with User-Define #

k| database items, greatly speeding up t
K1 from database items, e.q., (¥ 5i) or (M
& macro database items RER and BLS an
B of database items to obtain the resulti
k| database items, e.q., (¥ 5i) or (M 54).
B macro database items RER and BLS an
B store database items, greatly speeding
B Constants, database items, predefine:
k| Database Items Database items ar:
k| Database Items” on page 256-3 For th
k1 of database items and their descriptior
Macra-PLUS - Introduction

CODE ¥ Prompting Guide

o

=l

i4

— Returns:
0 surface is not a dummy
+1 surface is a dummy
=65 @ofe| b bl | @ || & HH

Sort by: |Relevance Ranking | »

Collapse file paths

Refine Search Resulks

Done

Find a word in the current PDF document
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Welcome to CODE V!
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