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CODE V® 101

A Brief Introduction to CODE V
Design and Analysis Software for Imaging Systems

OPTICAL RESEARCH ASSOCIATES

3280 East Foothill Boulevard
Pasadena, California 91107 USA
(626) 795-9101 Fax (626) 795-0184
e-mail: service@opticalres.com
World Wide Web: http://www.opticalres.com

CODE V Access for Distance Students

e Send email to sales@opticalres.com,
indicate you need CODE V for your distance
learning class, include your full contact info

« We ship you all installation materials
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Purpose

» The purpose of this presentation is to
provide you with an overview of CODE
V structure, interface, and capabilities
for optical system modeling, analysis,
and optimization

— This will be done both via this
presentation and via CODE V
demonstrations
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Presentation Topics

e Structure of CODE V
e Interface elements

e The Basics
— How to enter a lens
— How to analyze a lens
— How to optimize a lens

 Resources for learning CODE V

e Frequently used analyses for homework
e Useful supplied macros

e CODE V odds-&-ends

e Conclusions
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Interface Elements

Title :Menu Bar
W n-u.-:---—-:—m—-—---u—u e - ) LDM
—— N 3@ we 230 @ |4 WYY 269 2@ 2220 - Spreadsheet
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—— 3D
Visualization
window
Navigati
Toolbar Tear-away
_— Window
Tabbed
Output
Window . Command
Window
—Status Bar

OPTICAL RESEARCH ASSOCIATES

B copevioi, slides

Opening a Lens

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

& |Med % e
New Lens Wizard

B hire 1TF S

& AAAZ

Lenz Data Mana

Swstem Data
Surface Prope "
Caommand Windc
Review Spreads cv_lens beamexien |16.184a o ‘
Llst\ng§ cv_lens:bindoub.len 1 4
=l Analpsis window ov_lenscassiclen 11.6807 0.6 - 'd_h‘
.d..\cc!devﬁ?f ov_lensicookel len 4.8 z0
Dptlmlz.atlon ov_lens:couplerld.len -1.84261 0
Plot Windows cv_lens dbgauss. len Z.00001 14
Ertor Log cv_lens doublet.len 3.00004 3
cv_lens eyepiece.len 5 30 Spherical Ball Lens Fiber Coupler
cv_lens fisheye. len 3.37716 85
cv_lens:grincoupler.len 1.99845 0
cv_lens:lenzarray.len zz EE206 0
ov_lens:maksutay. len 10 1.50
cv_lens microzcp.len 0.714176 484 v
e F N
“ [ v ]J

< Back | Next » | Finish Cancel Help
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Opening a Lens

565861 |oroO0OZ  2.772
62156000003 2.436
763724|or00004  1.782
282956 |0rD0DD5  3.403
200087 |oxo000e 2,793
251871 000007 4.351
753275|0x00008 1240
266883 |0r00003 (1746
255087 |orooo10  3.187
260020| 000011 1.302
ZE0158|or0001z 3138
260159 |0r00013  3.235
260159 |oro00Ld  3.306
ol IR iy

nooooomnooooooo

W Application

2l
I SpectralRange [=

Camera
I” Dbject Distance |Eyepiece

Micioscope
Optproc

I~ Imags Distance
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Telescope

- Cancel

New Lens Wizard X|

e Filter list of
2400 patent
lenses for

v E

v Field of View

I~ Zoom Ratio

¥ Magnification

[~ BFL/EFL

[~ DAL [wiout Imags) # EFL [7 700
T~ DAL [with Image] # EFL

I~ % Distortion

¥ Mumber of Elements

w

T T
J) AT

I~ # of Moving Groups
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Data Entry

D&FE

Lewa Dt
Sybem [x
Surlace
Commnan:
Flaiens &
Listings
= durdpins
dlen
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ZCODE V - cooke_cv101.len
File Gt ISl Display Revew Analps Oplimization Tooks Window Heb

¥k

Sysem Data.,

Ak Privat 2
Zoom Lens..,
Caltulate

Glags Foting...
Emvronmerial C
Surface Grouping|.

o ke

Acthvats Polarizatser Ry Tracig

3 main windows for
entering data

Lens Data Manager
System Data
Surface Properties

L]
boprace g CUEieee | Suctace | o oiius | Thickness | Glass
Hame Type
ecr Sphece Infimity  Infainicy Fefract
EL 151 Asphece 21.0911 Y 2.0000  SHLG_SCEG Refract
EL 1751 Sphere 19474938 Y 7.1228 Y Befract
sphers 21,5171 Y 1.2500 F4 HOTA  Retfract

Pugpd

[———

Frrich\groting

Sysborn Sobens.

St Setirgs

= Advarced

Alocal
Theough Focus
Reeleiencs Alay
Fulasation
Pugal Ajuiekrsbed
Aol Clbyed
Fiedr Lacsten
Telerance Con

= Surface Properties

N

' Rladuus

8

|l

Trickndss & Ipe Sphn El Perametes
Matmisks W e
s Erad 01 D
bt Frogueries ™ Pickup Profle from Sufsce -]
kh;:;;w: S Foncin
Tolerarces
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Data Entry

T Radius | Thicksess

el H

.
e u | et e Some operations (e.g. insert, delete)
' require you to highlight the row first
[‘ 14

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

« Allows copy/paste of cell values or a range

of cells
nfinity 3.7770 F15_SCHOT Refr:
21.4692 ¥ 15.10739 ¥ Refr:
27.0349 ¥ 37770 | CoAy
nfinity 10.8339
34.9867 0.2982 Vary
86.7405 ¥ £.8582 -

» Allows use of expressions in cells

L4692 Y 15,1073 ¥ 469z ¥ 15.1079 ¥
i 17
inity [=(thi s5)/2 | inity 7.5539
W
0349 ¥ 3.7770 F15 SCH 0349 3.7770 F1.
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Data Entry

e 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

Not accepted
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Data Entry — EX. Doublet

< Open a blank lens from New M System Data

Lens Wizard L

Pugd

< From menus open Lens > Vudndy
System Data Symen Eohves

e Set pupil size, Entrance Pupil sl
Diameter = 33.3

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

- Define fields as Object Angle,
0, 2, and 3 degrees

@OFw 2 - @ [%es 1 ins

New Lens Wizard

Pupil

Wavelengths Field Type:

o poen

ke ths pevawanrd b s homi?

Object Angls

Pupl Specfiesen  [Erinorce Pupd Diameten -

System Setting) Vakie Bi}il]

-

FieldsAfignetting
System Salves
System Settings
Advanced

" COOE W Sampdes Liva
" Patert Lena

Paravial Image Height
Obiect Height
# Aing Peal Image Height o

Afocal

Thraugh Focus
Reference Ray Aiming
Polarization
s

T MpFavering
> ¥ bkl

EEEE
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0.0000 0.0000
0. 0000 Z2.0000
0.0000 3.0000

1_0o00
L1.0000
1.0o00
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Data Entry — ExX. Doublet

e 1 2 f

nsert Sur aces Surface # [r— Type ¥ Radius Thickmess
. ) Obiect Sphere Tnfinicy Infinity

Right-click I:[ ap
Image Copy Infinicy 0. 0000

End OF Data
Delete
4]
',_ :?:Wm Sumtscs rambe lo s 8|Sl =|

Humbe: of surfaces loinsss (2
[ =]

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

Surface Surface Refract ¥
Surface K| T Type ¥ Radius Thickness Glass Hode Semi-Aperur
et dphece Infinity Infinity Felvact |
1 Sphere 10,3456  BSHZ4_DNA Refract 16.9651"
2 Aphere 421784 2.3513  SF1_SCHOT Reframct 16,3081
Brop Aphere 316.1388 0., 0000 T f enet 15,7427
Image Sphece Infinity 9.0092 Refcact 15.6601"
End Of Data
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Data Entry — EX. Doublet

Display Review Analysis  Optimization__Tools  Window  Help

e Add a paraxial '@ wes %
image solve stem Datz
and do a quick Furd

Wavelengths

beSt fOCuS Fields/\VVignetting

System Solves
Sypstem Settings

& AAMZ

¥ Paraxial Image Solve

™ Reduction Ratio Solve Ratio:

M | ens Data Manager

Surface Surface Rgfract
Surface # T Radius Thickness
Hame HMode
Chiject =311 Infinity Infinity Reffact
1 Spher: 6l.07z2 10.3456  BSM24_ OHA Refract
| I‘ | ‘ as 2 Sphere —-42.1754 2.3513 SF1_SCHOT Refract
- s
Object Sphere Stop Sphere 3167 92.4515 efract
nght_chck Image Sphere Infinity 0.3668 Refract
| e —— Fnd OF Data
Stop Paste
Image
| meass Insert
—— Delete —
E Riow Height

| R = Set surface 1 to be the stop
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Data Entry — ExX. Doublet

e 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

WAV; BES; RFO; GO

STO S1

B copevio1, slide 15

OPTICAL RESEARCH ASSOCIATES

Data Entry — EX. Reflective

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

Surface # Heme

- Start with a new lens, and enter system and surface

M | ens Data Manager

Surf
Ty

= Insert 4 surfaces, and make surface |, .
1 the stop Stop

Spher:
Aspher
Sphert
Spher:
Spher:
Spher:
Sphert
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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

Chrsrmne: | FhEmaes supfacs ¥ Radius | Thickness Glass Benk

Hame Type HMode Sem
Object Sphere Infinity Infinity Refract
Stop 17779675 ¥ 6.3039 PSKz_SCHO Refract
2 TTETE Infinity 170.5468 Y Refra
3 Sphere -211.8174 VY -96.2602 ¥
1 Sphere -40.957z ¥ _5.85437 P3KZ_SCHO Relfract \ Double-
5 Sphere Infinity -1.7314 % Refract
Twage Sphere Infinity 0.0000 Y Refract Click

End QOf Data

» Access Asphere coefficients in Surface Properties
WINdOW g s, |

. ——" o, Parameter Yalue
R!ght_ Sihe: G ' Radius 17774875 ¥
click Son i Conic Constant (K] 0.0000

na Pickp.. ath Order Coefficiert (5] | 4. 64530008 ¥
| Surface Properties... Eth Order Coefficient [B] -1_Z166e-01Z
dphe " . Bth Order Coefficient (C) 0.0000
Eacigo-Bba) 10th Order Coefficient (D) 0.0000
12th Order Coefficient (E] 0.0000
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Data Entry — EX. Reflective

LEN NEW
= Commands (copy and EPD 750
WL 656.3 587.6 486.1
paste to the command YAN 0.0 5.5
- PIM
Ilne) INS S1..4
STO S1
S1 1777.467 6.304 PSK2_SCHOTT
ASP
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” (www.oraservice.com)

OPTICAL RESEARCH ASSOCIATES
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Homework Analyses

e Display>List Lens Data... TR vovev sratescpumeatn 1o e

o Miewlens 0% % §§ A MTF R_;_:

— List surface data, system 3D Viaury

Wiew Interferogram

data, first order data, | Glrentorawigs
indices, etc.

e Display>=View Lens
— 2D layout

e Display>=3D Viewingi
— Open-GL solid model,
interactive rotation/zoom

IDINED,

OPTICAL RESEARCH ASSOCIATES

¥3D Mode
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Homework Analyses

< Analysis=Diagnostics>Paraxial Ray Trace
— 1st order ray trace

e Analysis>Diagnostics=>Third Order 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)

— Output can be in terms of transverse or wave aberrations
— Output can be in terms of imaging or pupil aberrations

Eifth Order Aberrations

E@ Optimization Tools  Window  Help

" Start Surface:  |Object - End Surface:
i »
Geometrical Real Ray Trace Zoom Position:  |* 1-Cocke Aberation Type:
Diffraction 4 Gaussian Beam Trace
Fabrication Suppart » g .
et s R Third Order Aberrations Conjugate Type:
! Ty? " ) . Fifth Order Aberrations

Conjugate Type: | IR TETTE - |
|mage Aberations
—l Pupil Aberrations
Cancer—7 1

OPTICAL RESEARCH ASSOCIATES
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Homework Analyses

e 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
autoscaling

@ |G || & P e T

2@ | AARZ
® Quick OPD Aberration Plot [
& BEx a8 8 7|0 B ow &
TANGENTIAL 0.00 FELATIVE N TANGENTIAL .00 BELATIVE
0. L1505 e i

5.7 waves Spherical
-0.11585 - -5.75 Aberration

Kl _
LY DN Tex )1/

L | |
DD D Tedpt/
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Homework Analyses

e Analysis=>Geometrical>=Spot Diagram

— Plots ray intercepts at the final surface for
each field

e Analysis=Diffraction>=MTF
— Modulation Transfer Function values and plots
= Analysis=Diffraction>=Wavefront Analysis
— Listing of RMS Wavefront error
IR e

# Quick MTF Plot - 8]
8 B o ®) R 4 ?

‘ e

e = ’ o =
FIELD RS SHIFT STREHL
FRACT LEG [WAVES) (MH.)
% 0.00 0.00 0.000000 vl
¥ 0.00 0.00 0.109992 0.000000 0.62025
% 0.00 0.00 0.000000 T .
¥ 0.60 14.00 0.866632 0.011204 0.00000 hd
< | »
% 0.00 0.00 0.000000 [ F[FIT, Text pdnfo j 1/
| |

\
|
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Homework Analyses

— Intensity plot of the PSF

nnnnnn

4 3
VATATpIME Tet AT h 2 A3 haAERERT hE
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 Analysis = Diagnostics = Pupil Map
— OPD or intensity plot of wavefront at the exit pupil

= Analysis = Diffraction > Point Spread Function

< ER Hx &is
=

< |

[A]M]M], Text p1 A2} 3} Infa

OPTICAL

RESEARCH ASSOCIATES

Homework Analyses

re-run analysis

e Settings button allows you to change options and

(quick options don’t allow this

= Option Set... button allows you to save your
options to apply in the future

MTF

P Ckien | g M
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Thin Lens Module

S
[

]

o by

ikl

g by

OPTICAL

* Leave windows open so you can re-execute with
the same options

RESEARCH ASSOCIATES
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Homework Analyses

» Use tear-away feature to compare before and
after analysis

e Or save the text as a .txt
file to see the name
change in the navigation
tree

I» |

- L-click thetab
- Drag to the left to make a copy
- Re-execute

Field 2, { 0.00, 14.00) o
Tiimm I mmamanr a¥ maneenid from |
1 | |
. Test

OPTICAL RESEARCH ASSOCIATES
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Homework Reports

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

B'Quick Ray Aberration Plot

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

e The LDM Spreadsheet and Review Spreadsheets
can also be printed directly

— Verify the appearance with File = Print Preview

OPTICAL RESEARCH ASSOCIATES
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Demo — Setup Lens

B copev 101, slide 27

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

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

OPTICAL RESEARCH ASSOCIATES

Demo — Run Analysis
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= Analysis > Diffraction > MTF, maximum freq. 68, increment
freq. 17

= Analysis > Geometrical > Spot Diagram, select Aberration
Scaling, Value 0.02

= Analysis > Diagnostics > Ray Aberration Curves, change
Scale to 0.02

OPTICAL RESEARCH ASSOCIATES
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Optimizing a Lens

e 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

e 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

OPTICAL RESEARCH ASSOCIATES
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Optimizing a Lens

e 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
“Vary11

M | ens Data Manager

Surface Surface . . Refract
Furface # ¥ Radius Thickness Glass

Name Tvpe Mode Sel

Chiect Sphere Infinity Infinity Refract
s Sphere 21.4814 = 5 % = =]

2 Sphere l:
Stop Sphere l:

| B Sphere ; {:
5 Sphere 2.250  Freeze 3
e S‘phere -16.7000 435050 4
e Sphere Infinity Surface Properties... [
End Of Data -

OPTICAL RESEARCH ASSOCIATES
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Optimizing a Lens

 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

e Select Optimization > Automatic Designﬁ
e Check General Constraints

Automatic Design

Global Synthesis

-—

Thrwough Foevs Optmesion Conioly MTF Enev Fureton Convoly EEAEFR Comiroly
Evir Furction D ebrataors dred Cirdrct Toon Furtnr S Oudpud ety | E Cers
Spene: Comigiis G Cercharks Uyer Comongines/Fiay Definiors

The follovsng cansianis can be avesdden on peciic Ratices by we ol
Maimum cerferfuckness  Minimum edpe fhickness  Minoum o ecge sepat] [
=] 10000 ]
M condes thackone M ol o 1D
i| {55 a0
M arghe ol incidrcn .

|Elm Susbace| EndSudace] Max Angle |

s /
v /
oo /
/
L1 /
IE kil g 2y s
o

e mngs Ecurclwp lsavmepoirts farkes 15 o, debal Schott, NPKE, NSAE RUTTTTTT]

[Stest Sutace] EndSufore] Mapl | Maw? | Maod Mapd | M | =
T biect  Tasge RS BRELG WLATT re —
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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.
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i .
Ctery Dy ®
Theinagh Fagas Oteiaten (] | Ditacal Dsfiradrs: [TBacion Focal Lang®. -
- i Cel —
Tice Ve 22 =
1 fitecciv =
Erd =l |
Zoewm
|
Py
Wit
kel
Conlficmnt
e £ 0 s Comn
L ] | *
Bt | Insea Use Dwined Constnint | Wnoset Speac Constonnt | ’:
Constraint Mode | = -
Corstraint Taget |7 Lover Bound Exact constraints
< pper Bound . .
Minimize (Weighted] Weighted constraints
Display On Unused constraints
OPTICAL RESEARCH ASSOCIATES
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Optimizing a Lens

e 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.

Somcii; Caraivariy

OPTICAL RESEARCH ASSOCIATES
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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

e 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.

OPTICAL RESEARCH ASSOCIATES

B cope v 101, slide 34



Demo - Optimization

e Commands

in cv_macro:extlen 'or02248'

load patent lens

fno 3.5 ! pupil spec for f/#

WITW W2 2 ! wavelength weight

yan 0 11 19 26.5 ! object field angles in Y
tit 'CODE V Demo' ! set title

vie;go ! 2D plot

in cv_macro:setvig ! set vignetting

vie;go ! 2D layout

fir ! list 1st order data

SCA EFL S1..I-1 6 ! scale lens to EFL of 6
fir ! list 1st order data

mtf; mfr 68; ifr 17; go
spo; ssi .02; go ! run spot diagram, plot scale .02
rim; ssi .02; go run ray aberration curves, plot scale .02

run MTF, max freqg. 68, increment 17

ccy s1..6 0
the s1..5 0

vary curvatures
vary thicknesses

the si

vary glasses

0
gcl s1 0
gcl s3 0

0

gcl s5

OPTICAL RESEARCH ASSOCIATES
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Demo - Optimization

e Commands (cont’d)

aut;dra;efl=6;go optimize, draw the system at each cycle
mtf; mfr 68; ifr 17; go
spo; ssi .02; go
rim; ssi .02; go

rerun analysis as before

aut;dra;efl=6;mnt .5;go ! optimize, set min thickness of .5

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

rerun analysis as before

OPTICAL RESEARCH ASSOCIATES
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Resources for Learning CODE V

e Various CODE V Help Choices (HELP = ...)

e The Customer area of the ORA website:
WWW.oraservice.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

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

OPTICAL RESEARCH ASSOCTATES
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CODE V Help Features

alol =g

What's This
Help ?

poci @ 8 ¥RY A6 B
17 @ Bdr WAL FAA A

! N &4
2l

= 1 - Caske Trighe! 105

aldlzf

Brfract

E 1
Electronic

Document i
Library ©

ﬁ .
Basraze | T
Glmmn I .
a7
= o
*.
e

i CODE V Electronic
Document Library
-Release Notes
-Reference Manual
-User Guides

Reference Manual
Volume I
Volume 1T
Volume 11T
Volume IV
Index

User's Gukdes
Introductory User's Guide
Photonics Modeling Guide

Prompting Gulde
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Test Drive
API Reference Guide

OPTICAL RESEARCH ASSOCIATES

19



CODE V Help

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

& Adobe Acrobat Standard - [Macro-PLUS - Database Reference | L FER|
0 v T Fe B Vew Dooumert Comments Tool Advances Window  Halp =
Gt Do || O L 25 @ @A RSP ’D
r :::.-1..:' - Fadam _ 4 W Searh ¥ | _ride |
H e Tl
4 5 - Depe T —
5 | :
ik TELXZF [2a] = v,....... .
“ i RSR [Za] Fa :lla e
eg. Searchon“database & mwuwm
items’ provideslinksto  § = B
. [} STOFOC [Zs)
syntax for various B

database info (curvatures, TR

thicknesses, pupil size... il = T sy o oy 4

. G e Saape ind Poishoa Dt st B pee Ol aborer w0

any CODE V info) o s e e 1
GLAGLIGLS & 5| T - e g wadh plais (CAT aloy culy = 'u i at

CUXLTY 5k [Za)
EONRDV Sk [Zu]

]
¥
e BMDS% [Z5]
g BUM 9 - R

& AMElmE g

L ]

o fl o 0 L Curvend PUY decumend

P H e
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Useful CODE V Macros

e CODE V has a very powerful and easy-to-learn macro
language

e In addition, many sample macros are supplied with
CODE V

— Many of these will perform analyses that you will want to
use

e These macros are accessible from the Tools > Macro
Manager ... Sample Macros menu choice, or

— g & |
e You can add sample macros that you use frequently to
a menu or to a toolbar

AARA

OPTICAL RESEARCH ASSOCIATES
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Useful CODE V Macros

» A subset of particularly useful macros:
— REFCHECK
— GLASSFIT
— ABERRATIONGENERATOR
— PLASTICPRV
— BFLPLOT
— FL & NODP
— MTFVSFLD
— QUICKVIEW
— RSIVIEW
— LENSTABLE

OPTICAL RESEARCH ASSOCIATES
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UTILITIES: REFCHECK

W C:4CODEY950 macroirefcheck.seq =] 3]

«CODE V uses 5 QF|smR xS
specia| in "C:\CODEVDSU\macrotrafcheck.saq" %

“reference” rays |oew .

L. Ray Rl Traced but blocked by obscuration on S1
for determining ey 1 Teaced
Ray R2 Traced
apertures, and e
verifying the ey 5 Trased but blocked by cbssurasion on 51
Ray RZ Traced
system setup ray 53 Tramed
- £% 4 Traced -
before running oy 25 Teaced Object
R Field 3 point
an analyS|S Ray Rl Traced but blocked b _

Ray RZ Traced
Ray R2 Traced

* REFCHECK.SEQ Ra 54 Tcaced
. g ay race
verifies that
these rays trace’ Summwary of Reference Ray Trf

- A1l reference rays trace
and helps to - One or wore reference ra
diagnose + Ray trace perforued at refernce uavelength of I |
problems [« | T
[ [ Text
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Material Info: GLASSFIT

i
surface , , Refract T Z
surface # Type Y Radius Thickness Glass Mode Sl =gt e
Okbject Sphere Infinity {Infinity Refract e
3top Sphere 50.00000% 5.00000 517000.642000 YRefract 10.00000°
2 Sphere 1165.15476° 96.57196 - \gefract 9,71929 %
Inmage Sphere Infinity 0.o00o000 Y R¥{ract 0.11582 9
End Of Data B
[« |2
N =
i 1.517
B &y Clear Text I FICthGE'ﬁ‘g'&SS
Surface 1 Nd = 1.51700 Vd = £4,2000 j - -
varied during
Fit Catalog Glass Delta Nd Delta Vd Awvail Price DPF Bubl Stain - . -
1 SCHOTT UBKT 0.00020 -0.0895 H 0.00 -4 0 a Optlmlzathn.
z  SCHOTT NEE? 0.00020 0.0326 o 1z.00 -6 0 a
3 HOTA BSCT 0.00020 0.0017 1
4 OHLRL F4PL1 -0.000258  -5.3633 -
5 OHARA SNSLIE -0.00042 11,7691 = After

" optimization,
substitutes real

— glasses that are
e Also under menu Lens > Glass Fitting ... close matches.

EC]

Input task choice: ||
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Utilities: Aberration Generator

e ABERRATIONGENERATOR.SEQ sets up a lens module
with user defined amounts of aberrations

Macro ta demanstiate the effects of sbemations, stop shifts,
and conjugate shifts

— Characteristic curves for Transverse OPD
image plane transverse # Quick Ray Abarration ot~ |0 # Quick OPD Aberration Plot |- 0113
ray aberrations and exit Y
pupil OPD aberrations lwave | | : I
can be viewed. sphere |~ |~ || = |—|—‘
Macro aberrationgenerator.seq f‘z\ . |
|

Stop shift ‘U

Reduction ratio ‘n

Spherical aberration ‘1| @ oy Ex ReEBE 8 AA|Q L Ww EaERS8 8 /A
Coma ‘U 1 wave | :
Astigmatism ‘U coma —— + | = I_
Petzval ‘U ‘

Caneel

Spherical sberation in waves at clear aperture

Distortion [0 ‘
|

e/ .IlJI"vu.-
OPTICAL RESEARCH ASSOCIATES
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Material Info: PLASTICPRV

e To access a database of polymer optical
materials, run the PLASTICPRV.SEQ macro

B C:\ CODEVOTD maur’ plasticpry.seq =10]x]
OF P B % |G aae g

Eey Lo Materials:

Sources:  [1] 0ZA Handbouk of Opuics, Vel. II, p. 34,7, Table 2 Defines plastlcs as
{*room' cemperacure, actunl meAAUTEmeNE TempRrATure unknown) “ . v
[2] Measured Data by Homeywell France., Iit to & Laurent's Pr|Vate Catalog
Diaperaion Equacion, daced JAROATY 1996 ("COOR' TeSRETATUEE, .
ACtuAl mesSuremant temperaturs unknown] materlals

[¥] Dava from Supplier, Ticona U , HI5 deg
{herp:/fwww. viconn. com)

[4] Pata from Jupplier, Hitachi Chemical Co., Ltd., 25 dey C indices Entered in the GlaSS

correseed Ta 20 deg © (1.e., N[20] - N[25] - Se-4)

(attp://vvw. hitachi-chem. €0, 1p/] Column Wlth quotes

[5] DPata from Supplier, Ieon Chemicals ac 10, 25, 40, 60 deg ©
[REtp://f vuw, zecnchemicals. com] 11 7

(6] Date fram Supplicr, Teon Chemioals, Cemperatace ualiows, averags (e.g., “PMMAO”)
walus of cus orchogonnsl weasuremencs chrough che macerial
(hetp:/fvwe. zeonchemicals. com')

Private Name Source  Defined Temperature Specific Coefficient dNfdT 4, F, ©
Cataloy Waveleogth deg. € Fravity Thermal Glass Code
i Region ExmaRaion

[=1=T /C) {nle=6/C)

'P=CARBOD Polycarbonate [ 1014 - J465 nm '£oom" 1.25% 6o =107 505,300

' PEHNAD! Palyeyelohesylmethaceylate [1] A5F - 4RA nm  'room' 1.11 ? 2 S05. 561

'PEIQ" Polyetherimids [ 44 - 300 no ‘room’ 1.27 S60 ? L60.106

' PHHAD' Polymethy lmethace y late (%4} 1014 = 345 nm 'room’ 1.18 600 =108 492,572

IP=STYRO! Polyacyrens [ 14 165 nm 'room! 1.08 £40-E70 140 £91.308 =
L] _'IJ

1|4IP - \Teﬂf
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1st ORDER ANALYSIS: BFLPLOT

e BFLPLOT.SEQ plots the longitudinal focus
shift as a function of wavelength

« Very useful for color aberration studies

e oz
LR T

— |
-
Apochromatic Objective
BACK FOCTS
[ T7-Rug-08
=
i -
= 410
"
£
]
]
g
=
+.F
-
VAVELENGTN (row)
-
L _'fJ
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1st ORDER ANALYSIS: FL & NODP

e FL.SEQ computes and lists the EFL for the
COm ponents in a Ien S BE/C:\CODE¥970", macro'\fl.seq 1Ol x|

in "C:YCODEVO7O0Ymacro\fl.seq™ E]
Double Gauss - U.3. Patent 2,532,751

Elem Surfs Focal Length Diameter

1 1- 2 130.476376 55.9923
2 3- 5 -173.912642 45,3595
3 -9 -926.521622 38.0989
4 10-11 9Z.224052 40.5515

KI
0 0 L

e NODP.SEQ computes and lists the Nodal
Point positions for the designated surface

r ange 8! C:\CODEY9 70\ macro\nodp.seq N =]
CANE AIEREEN - R
in "C:\CODEVE7DYmacrohnodp.seq™ 1 11 a
Fl to § 1 = -68.721626
11 to NPz = -36.562625
K| ﬂJ

T4 A e Text

OPTICAL RESEARCH ASSOCIATES
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DIFFRACTION ANALYSIS: MTFVSFLD

e MTFVSFLD.SEQ creates a plot of the MTF as
a function of field

O CODEVT I macrol mitfvsiidsen.

GF A hE A WHREA G A

Tessat Objective

CRA 17-Aug-06

MTF

o e e o
FIELD ANGLE

&

dJ
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UTILITIES: QUICKVIEW

Macro quickview.seq

e QUICKVIEW.SEQ provides a simple one tab
dialog with access to the most frequently
utilized Display > View Lens ... choices

x| —— .
| [ € C00EY 50, macr’ uick vhen.seq I (- |

<444 QuickView.seg for CODE W 90333

acro for quick single-dialog access to common VIE' lens drawing features. j

QF ChPR B BIGRAE A

Type of drawing IYZ Profile

Scale options IAutomatic

Scale value [if non-auta) ID

Labeling |

Colar scheme/lens color IDefauIt

Flay drawing IFans

Zoom drawing options I

Start surface IDEfauII

End surface IDefauIl

Cancel |

| Choase desired plot labeling

=] - i
U
=]
j e
0.9 m
Caszegrain Ritchey-Chretien Scale: ©.41 GRA  E4-Sep-0d
| i "
il ‘Il b“'ladh'lllr

B cope v 101, slide 49
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UTILITIES: RSIVIEW

e RSIVIEW.SEQ traces a single ray and displays
that ray on a view lens plot

B cope v 101, slide 50

e |
?ﬂUEVMwnzslmm
[ e 51 sl rap and shomr en VIEW diamirg P 1 CODEN S e Fiview. s I (=1 A |
OF|[ihmEx[asaas
Fied 1y rumme ||J:|-|x‘i||ﬂ|ll|'. :J in "CohCoDEVIS)\macrol reavisw seq" "Use pupil fractions" 0 0.5 "FIT "¥Z Profile" ﬂ
* pued hoction [0 51 #3 0 0.50000000
¥ pupd hisctizn, [ 5
Cassegrain Ritchey-Chretien
ER RS - Posirion 1, Wavelemgrh £31.8 1M
Fickuan bypn [ Profie =l X T Ed TANX TANY ARG TNC
BT 0.00000 =0 1058409 0.00000 0.00n0n 0.01047
Corcel I 0 0.00008 3T. 45000 =0.94559 0. nnnnn 0. 09062 2.2BRA5
et | 2 0.0000a 13.58458 -N.23854 0. [oann 0.005T1
Endee F L L A Y AN i 0. 00000 16.BE483 =z 9z 0. 00000 0. 19008
Ti 4 0. 00000 178857 - 3 T58 . noooo 0.12025 070845
HE 0. 00000 18, 71166 0. 00000 0, 00000 0.13025 7.42109
OFD = -0.024 Waves
. WTR _Iﬂ
! Ll | 2
Jalafe [ ret ATF
i
Selinrsaner Fa
OPTICAL RESEARCH ASSOCIATES
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FABRICATION SUPPORT: LENSTABLE

e LENSTABLE.SEQ
creates a compact
list of the
constructional
parameters of the
lens including sag
and edge
thickness
information

B copev 101, slides1
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Interface Customization

Customize

Toolbarsl Commands Macro |Menu | Status Barl Format Ee\ll

- Button:

St atavavaratarta

r— Curent Setting: — Mew Setting
Macro File: Macro File:
I Ispotdel.seu
Macra Taooltip: Macra Taooltip:

I ISpot Diagram w/airy Disk

¥ Prompt for Input

Command Line Arguments: Cornmand Line Arguments:

| |
Apply

I™ | Brompt for nput

e Macros that you like can be added to a Menu

and/or toolbar button (Tools = Customize):
Xl

After clicking Apply, drag the
selected button up to the toolbar

Hovering the mouse over the
button will show the macro tooltip

x

Toalbarsl Eommandsl Macra  Menu IStatus Barl Format Ee\ll

Aidd Macro to Menu

IDisp\a_p j

Menu Entries

Lens Fabrication Table

Macro File:

Iqulckwaw.seq s

Menu Mame:

IQuwck YIEW

¥ Prompt for Input

Remaove | MDveDownl

Add | Move Up |
Mew | Change |

Cammand Line Arguments;

Click Add to add the macro to the
menu. For both tool buttons and
menus, if the macro has an input
dialog, be sure to check Prompt for
Input

B copev 101, slides2

OPTICAL RESEARCH ASSOCIATES

26



Interface Customization

e Customize status bar with EFL, BFL, :

F/#, reduction ratio

WP F | aDerrie wF i y D@

Galact  catagony, than chck & buton 1 ses e dascription, Disg the buson
oy ke
Derrgamn

i

B copev 101, slidess

Common menu commands can
be accessed via these icons.
Just click and drag to the
toolbar just like MS Word.

OPTICAL RESEARCH ASSOCIATES

CODE V ODDS-&-ENDS
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e Apertures and Vignetting

e CODE V errors and warnings

e Commands vs. GUI

e CODE V file types

 Other CODE V strengths

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Apertures and Vignetting

e For accurate results in any optical design
software, it is very important to understand
how apertures are used
— CODE V (and some other programs) also use

the concept of Vignetting factors, whose use
should be understood

» Review the Apertures and Vignetting section
from the Introduction to CODE V training

— WwWw.oraservice.com > Training Course Notes >
Introduction

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Warnings/ZErrors

e During the execution of CODE V, you may
encounter errors, and you will encounter
warnings.

» Errors and warnings appear in:
R i o 7O

— Command window
— Error log window D ——
— Info tab of tabbed output windows

e Errors stop execution, and action must be
taken to solve the problem

e Warnings are informational, and you should
evaluate if they are important for your system

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Warnings/ZErrors (2)

e Use an appendix to
the Reference Manual
to help troubleshoot Troubleshooting -
problems in CODE V i

Pk e el Woemamy g
w

Comaita Dbt i Wissing Ooip

dosraes: Bwegs B md ceep ]
pry TR
Listmng v 2

FEroT Mesalgs Foman
Eoror g £ COOE ' mw sass e 1 vy, by o o i erme e e of vy

Demo:

RES CV_LENS:DBGAUSS
TOW PSF;GO

Search help for “There o it i
are energy levels as
great”

] wgis form iy e morer,
i P e Earvade o % i S B S

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Commands vs. GUI

« All GUI operations echo commands to
command window.

4 Sphere 22,0000
=] Sphere FE5.9000
[3 Sphere -16,7000 5156
Image Sphere Infinity 0.02839 ¥
nd Of Data

Change thickness of
surface 5 in the LDM,
the equivalent
command is printed
in the command

window. ]

i i File cv_l;)s./cmnkel.len has been restored
Typ|ng t-h|s _— ngsq?it ? "Cooke Triplet £/4.57
expression at the
CODE V= prompt <
would do the same @ T ||
action.

e Use commands and macros to save time

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Commands vs. GUI

e To run a macro (also called a sequence file):
— Do some action in the GUI
— At the command window, collapse text to see the commands

that were generated — |

— Open CV editor,

= Command Window

e CODE V > edit test
— Add commands to the text file
— Hit CTRL+S (saves as test.seq)
— Run the macro,

- CODE V > tow in test oo 7 e e
<+ CYEdit - [test.seq]
/ [Vl ot yew Wirdow beb -| & x
Data displayed in a tabbed output window. rUCI:‘JI:IquI LEL
Navigate with the TAB key. aow 2t
for 1 0 -1 -.0L
Keyboard shortcuts: | e
CTRL+L LDM ena zor
CTRL+SPACE Command window
UP ARROW Recall Last command -

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Commands vs. GUI

e Ex. — Run multiple Analyses at once
— Restore cassrc.len
— Run Display > View Lens
— Run Analysis > Geometrical > Spot Diagram

— Run Analysis > Diagnostics > Ray Aberration
Curves

— Run Analysis > Diffraction > MTF
— CODE V > edit plots
— CODE V = tow in plots
— Re-execute as desired to
see system quality
plots.seq

Open 4 plot windows
Set scale to 50%

wnd ope 4
wnd sca pl..4 .5

vie;fan 0 5;go ! 2D layout
rim;go ! Ray aberration curves
fie;lsa;go ! Field curves
mtf;go ! MTF plot
OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Commands vs. GUI

e EX. — lterate a lens parameter
— Restore singlet.len
— Change stop surface to an asphere

— Under Surface Properties, change conic constant
to -0.1

— Run Analysis > Diagnostics = OPD Curves
— CODE V > edit iterate
— CODE V = tow in iterate

— Re-execute and change
increment as needed to

minimize aberration Iterate.seq
“inc == -.1 ! Variable for increment
k s1 (k sl1l)+*inc ! Set conic constant for surface 1 equal to the
! current value + the increment
rim; wfr yes; go ! Run ray aberration curves

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Commands vs. GUI

e ExX. — Loop through a lens parameter
loop.seq
len new ! New lens
epd 20 ! Pupil diameter
sl 0 3 nbk7 ! S1 curvature, thickness, glass
s2 0 0
Pim ! Paraxial image solve
ccy s2 0 ! Vary S2 curvature
for “c .05 -.05 -.005001 ! Loop variable “c from .05 to -.05 in
! -.005001 steps
rdy sl 1/%c ! Set radius of surface 1 to inverse
! curvature
aut;efl=100;go ! Optimize
vie; lab; tit num to_str(“c); go ! 2D plot
rim; wfr yes; ssi 9; go ! OPD aberration curves
end for

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Commands vs. GUI

e Ex. — Use database items to calculate
desired data

. Iy +F
— CODE V > in calc_sf 1 Shape factor X ==
I —h
calc_sf.seq
s == #1 ! Variable for surface #, uses input
parameter

! Store db items for ROC values

*rl == (rdy s’s)

*r2 == (rdy s”s+1)

*sf == ("r1 + “r2)/("r2 - “ri1) ! Egqn. for shape factor
wri 'Shape factor' “sf ! Print results

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Commands vs. GUI

e Ex. — Save data to buffer and plot results
— Restore dbgauss.len

bufplotTRA.seq

out n ! turn off output for faster execution

ver n ! turn off echoing of commands

buf del bl ! delete buffer 1 contents

“count == 0 ! variable to count # of points in loop

! loop variable *“w from 400 to 700, in steps of 10
for “w 400 700 10

“count == “count + 1

wl *w ! define a single wavelength for the system
buf del b0 ! delete the default buffer for recording
buf y ! turn on recording of data into b0

tra;go ! run transmission option

buf n ! turn off recording of data into b0

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Commands vs. GUI

B copev 101, slidess

e EX. — Save data to buffer and plot results

(bufplot.seq cont’d)

buf fnd b0 'Ave Transmittance'

xla 'Wavelength (nm)'
yla 'Avg. Transmittance'

spl pnt
bim bl 1 1 1 2 “count

end

! find location of desired data

x-axis label
y-axis label
dpo 'Tran. data’' ! define data set
spline fit curve and show data points
import data from bl

“tra == (buf.num b0 ic jc+1) ! save data from boO,
col+1l
buf put bl i“count “w “tra ! put data into bil,
end for
out y ! turn on output
ver y ! turn on echoing of commands
buf lis bl ! list contents of bl
! user graphic
ugr
tit 'Transmission Plot' ! plot title

current row and

at row “count

OPTICAL

RESEARCH

ASSOCIATES

Odds & Ends: Commands vs. GUI
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e Common commands

Restore a lens

Run a macro/sequence

Save a lens

Save a lens as a sequence file
Change working directory

Show system specifications
Set pupil

entrance pupil diameter

image f/number

image numerical aperture

object numerical aperture
Set wavelengths
Set field points

object angle

object height

real image height
Paraxial image solve

Enter surface info
Set radius

Set thickness
Define glass

Evaluate an expression
Write multiple data

RES CV_LENS:COOKE1l

IN TEST
SAV TEMP
WRL TEMP
CD

SPC

EPD 20

FNO 2.5

NA .2

NAO .2

WL 656 587 486

YAN 0 3 5
YOB 0 5 7
YRI 0 2 3
PIM

S1 -50 5 NBK7
RDY S1 -50
THI S1 5

GL1 S1 NBK7

EVA 2* (THI S1)

WRI “S1” (RDY S1) (THI

OPTICAL

RESEARCH

Database item

(YAN F1)
(YOB F1)
(YRI F1)

(RDY S1)
(THI S1)
(IND S1)

ASSOCIATES

33



Odds & Ends: Commands vs. GUI

Database item

List buffer contents Buf lis bl
Change separator between columns Buf sep “|”
Delete buffer contents Buf del bl
Turn on/off buffer (b0) recording Buf y|n
Query buffers Buf?
Export buffer to a text file Buf exp bl data.xls
Import text file to a buffer BUF IMP Bl DATA.DAT
Put data into buffer BUF PUT Bl I2 J3 3.14
- use current row/col BUF PUT Bl IC JC 3.14
- relative to current row/col BUF PUT Bl IC+1 JC+4 3.14
Move pointer within a buffer BUF MOV Bl I2 J5
Find data in a buffer BUF FND BO “Ave Transmittance:”
Return number from a buffer (BUF.NUM Bl IC JC+1)
Return string from a buffer (BUF.STR Bl IC JC)
Return all data from a row (BUF.TXT Bl IC)

Phetonics Modeling Guide

Release Notes
= For more commands, see p. 25-1 of the e <
CODE V reference manual (pdf file) Volume 1 °
« A list of all database items is found on L ]
p. 25B-1 Index W

— Also, the prompting guide is a good quick User's Guides
reference for syntax (p. 157) Introductory Usar's Sulde g
[

Prompting Guide

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Files

e CODE V uses several files of the form filename.ext,
where the .ext is descriptive of the type of file:
— .LEN files are binary with all the LDM information

— .ENV files are binary with all the GUI windows associated
with a lens that is saved from the GUI

— .SEQ files are ASCII files that contain CODE V
commands and/or CODE V Macro-Plus

— .INT files are ASCII files that typically contain
interferogram information, but can be used for other
purposes

— .MUL files are ASCII files that contain multi-layer coating
information

— .LIS files are ASCII text output files

— .PLT files are ASCII line plot files (HP plotting format)
— .RAS files are ASCII raster plot files

— .V3D files are ASCII V3D pilot files

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Files

e CODE V supports file versioning, unless there
IS a space in the name

] ] testlens.len (most recent)
— e.g. save a file 5 times ——testlens.4.len
purge.seq testlens.3.len
purge command | 1iP testlens.2.len
can clean up pur *.seq testlens.1.len (oldest)
versioned files | Pur *.len
can

e CODE V supports click and drag to open files

isrn Cmpley Bevew Aiam Coteesan Took W

Ve == s
Dl S0 L@ D © %Ed LiDLwNEFrD |y DeW AA

Left-click on file in oo femomn
Explorer, drag to the !
right in open CODE V
window.

i xLees i)
: E | I

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Strengths

e Other CODE V features to be aware of:
— Global Synthesis®, a power global optimization algorithm

— TOR, an accurate and extremely fast tolerance analysis
method for MTF and RMS wavefront error

e Much faster than Monte Carlo methods

— The Field Map (FMA) option to plot various metrics
across the 2D field (including Zernike wavefront
coefficients)

e Based on Dr. Kevin Thompson’s and Dr. John Rogers’
U of A doctoral work
» lIdeal for designing tilted & decentered systems

e 2007 user group presentation, “Effective Use of the
CODE V Field Map Option (FMA)”
(www.oraservice.com)

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: Strengths

e Other CODE V features to be aware of:
— A COM API supporting CODE V interfaces with
Excel, MATLAB, and other applications
— 2D Image Simulation (IMS), the ability to

simulate the appearance of an input .BMP
object as imaged by the CODE V lens system

3 Lens module —
severe wgnettmg

n=1
III

IIIIIIM

2
3
4
5
6

amii . 1

IMS Simulation

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: IMS Ex. (latcolor)

 Commands

! Use aberration macro to setup lens module with 0.1 wvs spherical
in “c:\CODEV10l\macro\aberrationgenerator.seq" 0 0 0.1 0 0 0 O

WL 656.3 587.6 486.1 ! add WL's
MCO S2 C7 3 ! 3 wvs W2 lateral color

MCO S2 C8 10 ! 10 wvs W3 lateral color

Spo;go ! Spot diagram
! Image simulation

ims;tgr 256; CME RGB; PDP YES; GO

e e Ray
— Aberration
Curves
S (RIM) -

Spot
Dg%lg)m Image Simulation
(IMS)

OPTICAL RESEARCH ASSOCIATES
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Odds & Ends: IMS EX. (fisheye)

Restore Fisheye
Use field angles 0, 77 degrees

Analysis > Diffraction > Point Spread Function
— “Computation”, must use FFT Grid Size > 64

Analysis > Diffraction > 2D Image Simulation
— “Object Definition”, File grid400.bmp

— “PSF Controls”, choose FFT Grid Size

— “Color Controls”, set to RGB if color image

— “Output Controls”, select Display PSF Map

— AR ———
R

\ j

IMS Simulation
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Odds & Ends: IMS Ex. (ripple)

< Restore singlet

= Change field angles to 0, 0.2 degrees
< Change S1 to user defined surface, name is cv_uds_sinusoid
« Conic constant -0.54

= Sinusoid wavelength 0.625

= Sinusoid amplitude 8.5e-5 Prﬁazgﬂﬁéiusooz
g ¥ Point Spread Function
¥ Point Spread Function | , ® B

| strehl Racio = 0.839788

< =

|l strenl Ratio = 0.837508
e
e

2 Wavefront Analysis
e %]

&) = FRACT DEG (TAVES)
FIELD RIS
FRACT  DEG (WAVES) £ 0.00 0.00

B Wavefront Analysis

T 0.00 0.00 0.057578

X 0.o0 0.o0
¥ 0.o0 0.o0 0.062533

X 0.o0 0.oo
¥ 1.00 0.z0 0.064580

X 0.00 0.00
T 1.00 0.z0 0.065014
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Odds & Ends:

IMS EX. (ripple)

e IMS results

Optical Surfaces”

B copev 101, slide 75

- 2007 User Group presentation —
, Dr. J. Rogers, www.oraservice.com

seEOOReY ([P o0 O

L=

a=m

III:P

I HN=¢
nllll=¢
¢ s

nlN=Z
[

IMS Simulation

“Slope Error Tolerances for

OPTICAL

RESEARCH ASSOCIATES

Odds & Ends:

IMS EXx. (ripple)

 Commands

RES CV_LENS:SINGLET

YAN 0 .2

UbS S1

UMR UDS S1 CV_UDS_SINUSOID ;
S1
uco
uco
uco

S1 Cl1 -0.54

S1 C7 0.625

S1 C6 8.5E-005
MTF;GEO NO;NRD 128;PLO FRE Y;GO
PSF
TGR
NRD
COoM
LIS
PLO
DIS
GO

512
128
YES
YES
YES
YES

WAV
BES
NRD
GO

NO; NOM YES;THR NO
128

UMF UDS

IMS

OBJ

C:\CODEV101\IMAGE\USAF1951_ 460KP.BMP
TGR 512

NRD 128

SYM ROT

PDP YES

GO
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Conclusions

e This covers a portion of the CODE V capabilities but
should be enough for most of your classwork

AHMOUNCING THE 2008 WaineRs

e Be sure to submit your best
CODE V project to our annual
Student Design Contest
(www.opticalres.com)

Aot s Competiticn

— $4,000 in prizes awarded
each year

OPTICAL RESEARCH ASSOCIATES
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