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Introduction

There are 2 distinct ray-tracing modes in Zemax (OpticStudio)

= Seguential
= Non-sequential

In addition, a hybrid mode exists in which sequential and

non-seguential ray-trace are used in the same system.

In this lecture, we will see some basic applications of Non-squential
ray tracing in Zemax.
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Sequential Mode

It is mainly used for designing imaging and afocal systems.

Surfaces are defined in the Lens Data Editor.

Ray can only intersect each surface once and hastodoitin a
specified -sequential- order (i.e. surface #0 then #1 #2 ...) and hence
the name sequential ray tracing.

Ray can only reflect if the surface material type is MIRROR. Partial
reflections from refractive surfaces (Fresnel reflections) are accounted for to the extent of
calculating the correct refracted energy, including the effects on dielectric or metallic mirrors.

Each surface has its own local coordinate system. The position of
each surface along the optical axis is referenced to the previous
surface. In other words, the “Thickness” column in the Lens Data
Editor refers to the distance from current surface and not from a global
reference point.
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Non-sequential Mode

= Itis primarily used for non-imaging applications
such as illumination systems and/or stray-light analysis.

= Surfaces or volume objects are defined in the
Non-Sequential Component Editor

= Mechanical components may be easily imported from CAD programs,
so that full Opto-Mechanical analysis may be undertaken.

= A ray can intersect the same object more than once and can intersect multiple objects in any order;
hence the name non-sequential.

= Each object is referenced to a global coordinate, unless specified otherwise.

= Imaging-system properties such as stop location, entrance and exit pupil, field, system aperture
etc. that exist in sequential systems may not be meaningful in non-sequential systems.

= The main analysis feature in non-sequential mode is the detector ray-trace, which gives spatial and
angular data on incoherent or coherent rays.

Stray ray example
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Comparison / Application

Sequential Mode Non-Squentail Mode

+ Rays must hit + Rays can hit

- every surface - any object

- one time - an number of times (n=20)
- In the same order - in any order

+ Imaging optics + Solar Cells

+ Afocal systems + Car lamps

+ Monochromator / Spectrometer
+ lllumination Systems
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Ray Tracing in Non-Squentail Mode

In Non-squentail mode Zemax uses Monte Carlo Ray Tracing.

MC Method

1
J/number of rays

use geometrical optics (vector based calculations for reflection, refraction, polarization)

select random rays from any source in the simlation. Error «

| ® 2:NSC Shaded Mode! v -ox|
| @ settings| 2 Ca bl / [0/ = A | A~ [ Al @ B |xv vz 2 ® © @)
n' Sin I’ o n Sin I !i‘ Solid ~ .'!rt - ‘Ea‘ = ®  Line Thickness - @

nr'xXn=nrxn

n’cosl’” — ncosl

M
r"=r-2(n-r)n nr’=nr+(nr’-n-nr-n)n

(n)

1 50 mm
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4
1
2
3

Object Type

Example 1: How to add standart lens

Source Ellipse ~

Standard Lens ~

Detector Rectangle

*** Objectl

Source Ellipse

# of Layout Rays
# of Analysis Rays

X Half Width
Y Half Width
*** Object2
Standart Lens
Z position
Material
Radiusl
Thickness
Clearl = Edgel
Radius?2

Clear2 = Edge2

0
0
0

0  0.000 0.000
0  0.000 0.000
0  0.000 0.000

20
leb
12
12

20
BK7
100

20
-80
20

Comment Ref Object Inside Of X Position Y Position Z Position Tilt About X Tilt AboutY Tilt AboutZ Material X Half Width

0.000 0.000 0.000
20.000 0.000 0.000
120.000 vV 0.000 0.000

*** Object3
Detector

Z position
Material

X Half Width
Y Half Width
# X Pixels

# Y Pixels
Color

Y Half Width # X Pixels 2 Y Pixels
0.000 - 20 1E+05 1.000 0
0.000 BK7 100.000 0.000 20,000 20.000
0.000 20.000 20.000 100 100
Rect
120

Blank (or can be ABSORB or MIRROR)
20

20

200

200

3 (detector displays false color)

Data Type
0

6.000

0

Color
12.000
-80.000
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Example 1: Layout

‘1
1
3
3

Object Type Comment Ref Object Inside Of X Position Y Position Z Position Tilt About X Tilt AboutY Tilt AboutZ Material X Half Width

& 1: NSC 3D Layout

Source Ellipse = 0 0  0.000 0.000 0.000 0.000
Standard Lens ~ 0 0  0.000 0.000 20.000 0.000
Detector Rectangle 0 0 0.000 0.000 120,000 V 0.000

* — 0O X

v)Settings & Ca e S [] =-—A i,|;l@|,:,.g\@ Q |E|,—_@

Line Thickness ~ | @

-

1 a0 mim

30 Layout

10.12.2024

Zeman
Ancys Zemaw Optic5twdio 2023 R1.00

LENS.zos
Configuration 1 of 1

| @ 2:NSC Shaded Model
@ /0 =AM &K

= 0 Line Thickness ~ @

|8/ solia -

20
100.000
20.000

Y Half Width

1E+05
0.000
20.000

# X Pixels #Y Pixels Data Type Color
1.000 0 0 12.000
20.000 20.000 6.000 -80.000
100 100 0 3
v - 0O X 1

‘ ¢:+ Q [@ XY YiZ X2 }‘, ‘6

1 50 mm
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Example 1: Ray Tracing

File Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help
— —
O @ [0 g [\&|[<L < - > i O
NSC 3D NSC Shaded CAD Part Object Geometric Ray ghtning Critical Ray Single Ray Detector |Detector Ray Database  Path
Layout Model Viewer Editor MTF Trace | Trace Tracer Trace Viewer J Tools ~ Viewer Analysis
System Viewers Image Quality Trace Rays Detectors & Analysis Raytrace
EII 3: Detector Viewer * -0 %
Ray Trace Control — ) Settings | & B3 &l F;A 4 D Par W - Sl |E| i EE 3xd- @ Standard + Automatic -
I@I
| Clear Detectors | all o~ 20.0 ;
ncoherent
| Clear & Trace | | Trace | Irradiance
Auto Update # of Cores: 4 - w 18.2
=
______________________________ — 16.4
£ STEE S s 14.6
i L] 12.8
[ ] Split NSC Rays [ ] Scatter NSC Rays E o 10.9
[ ] Save Rays: LENS.ZRD = 9.1
5 7.3
[ | Save Path Data LENS.PAF g 203
> 3.6
ZRD Format: Compressed Full Data 1.8
_ 0.0
Filter:
-20.0
|dle -20.0 0 20.0
X coordinate value
Detector Image: Incoherent Irradiance
Zamax
19,17, 2024 Answs Fenaxw OpticStudia 2073 RL.OO
Detecior 3, WACO Surlace 1:
w00 W X A0 a0l H NPT Timeters, Fiaels Woow X 00 4, Intal Hits = 1000
_ P\c:-ak Irradtance 1, 2I'_—DL 'MBEIE.-"CIT-‘E TENE 208
Terminate Exit |,ﬁ| Iatal Powrr S 1L WAt (_'onﬁgur'at'i oS

.“\ Graph | Text | Beam Info
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Example 1: Optimization
The aim is to put detector at a location where we have minimum rms spot size

Clear detector

e« Merit Function Edito

r

PHRYX A 0[C® G @

~ | Wizards and Operands

{

»

Merit Function: 1.13093396365686

* = 0 X

. Type  Surf
1 NSDD ~ 1

Start ray tracing

Obtain minimum spot size

\4

2 NSTR~ 1
3 NSDD ¥ 1

Det# Pix# Data # Ignored Spatial Frequency

D

0

0
0

0 0.000 0.000
0 0.000 0.000
0 0.000

Target Weight Value %Cantrib.:

0.000 0.000 0.000
0.000 0.000 0.000
1.000 1.131 100.000

Local Optimization

Algaorithm:
Targets:
Variables:

Initial Ment Function:

Auto Update

[E'Drthugunal Descent V

#}af Cores: 4

1
1

1.130933964

Start

Current Merit Functiom: 1.130933864

Stop

Cycles: Automatic ™~
Status: Idle

Execution Time:

Bit | | Save || load || Reset |@
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Example 1: Results
Z Position of detector = 120 mm
Before optimization

& 1: N5C 3D Layout * - 0O X
viSettings & Calalen | /. = A &- Alde @B 2 H= ®
Line Thickness - | (@

1 50 mm

30 Layout

LENS. zos
Configuration 1 of 1

Z Position of detector = 108. 7 mm

After optimization

& 1: NSC 3D Layout

* - O X

viSettings| & Ca el /[0 =AM &- A< a@ & H=®

Line Thickness ~ ﬂ

i

l—o
4 50 mm
30 Layout
19.12 4
emax
LEhS::DS

Configuration 1 of 1
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Example 2: Mirror-Lens-Detector

We will make a non-sequential system with
» a filament source
» a parabolic reflector
» a plano-convex lens
» a rectangular detector
as shown in the layout below:

{111 1: NSC Shaded Model Z = 836.13784, Y = -239.57421 o B[
Update Settings Print Window Text Zoom Spin

T R

Update Settings Print  Window Texdt Zoom

:j:'-:' 2: Detector Viewer EI@

Q. 43E-B@Z

E.4Y7E-B@3

7.GYE-B@Az

& LHE-B@2

5. oaE-B@s

4.7LE-B@z

2. FTE-B@2

Z2.53JE-B@3

1.829E-BPAz

5. 4Y3IE-B@Y

B . @dE+Baa

OETECTOR IMAGE: THCOHEEEMT TREAOTANCE

MED HAY 1B =17

DETECTCRE 4, MECE SUFFACE L:

STIE Z0d.BP0 W X 380,038 H MILLINETERS, FIXELE 150 W X LS@ H, TOTAL HITS =
FEAF. IFRADIFNCE ' 9. 4Y29BE-0d3 WATTS.CHO2

TOTAL FIWER | 4, TEIBE-Id1 BATTS

ZEBEES
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*** Objectl
Standart Surface

Material Mirror

Radius 100

Conic -1 (parabola)

Max Aper 150

Min Aper 20 (center hole in the reflector)

*** Object2
Source Filament

Z position 50 (focus of the parabolic reflector)
# Layout Rays 20

# Analysis Rays 5e6

Length 20

Radius 5

Turns 10

Tilt about Y 90 (deqg)

X position -10 (mm)
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*** Objectd
Standard Lens

Ref Object 3 (before detector)
Z Position 200

Material N-BK7

Radius 1 300

Clear 1 150

Edge 1 150 f%% OB ects

Thickness 70 Detectgic Rect

Clear 2 150 7 position 1000

Edge 2 150 Material Blank (or can be ABSORB or MIRROR)

X Half Width 150
Y Half Width 150

# X Pixels 150
# Y Pixels 150
Color 1 (detector displays inverse greyscale)
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In the analysis you should use Detector Viewer and Ray Trace buttons.

B ORH &9P¢C22

File Setup

2 @

NSC 3D NSC Shaded CAD Part
Layout Maodel e

System Viewers

Analyze

Optimizg

Object
Editer

System Explorer (3)
Update: All Windows =

¥ Wavelengths

b Environment

b Polarization

b Advanced

» Material Catalogs
¥ MNon-Sequential
¥ Mamed Filters
b Title/Motes

» Files

¥ Units

¥ Cost Estimator

i LENS.ZMX - Zemax OpticStudio 19.8  Professional - 1105296
Libraries Part Programming Help
°— — — ]
~ >l |7k El J b ¢ s
Ray L g C Detector [Petector Ray Database  Path Flux vs, Coatings Prescription Universal
Trace race Viewer |Tools ~ Viewer Analysis Wavelength Analysis = Data Plot = g ation Map
race Rays Detectors & Analysis Raytrace Analysis Polarization Reports Universal Plot Applications
« Mon-Sequential Component Editor * — 0O X
Update: Al Windows~ T @ K T @ g liee @ «x- Z-0 C o L= @
v | Object 1 Properties © > Configuration /1~
!
={ 1: Detector Vi ~—-ox
i seior Viswer — S Ray Trace Control =P ———
v Settings 2 Calaldm /[ - A 2 |EE| m = 3x4- @ Standard + Automatic ¥
@ [ Clear Detectors ] [ All ']
I Clear & Trace I [ Trace ]
1.0
[C] Auto Update # of Cores:
[ Use Palarization [T 1gnore Errors
g
0.8
[T] Split NSC Rays [T] Scatter NSC Rays
[T] Save Rays: LENS.ZRD
0.6
I |-d . 't d t / tt- ZRD Format: Compressed Full Data
nvalid input data/settings. o
0.4
Idle
0.2
0
0 0.1 0.2 0.3 0 0.5 0.6 0.7 0.8 0.9 1.0
Zemax
28.06.2020 Zemax Opticstudio 19.8
Invalid 5 t dats =Tt
nvalid input data/ssttings T
Configuration 1 of 1
'\ Graph | Tet [ Beamlnfo
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i ZEMAX-EE - 19052 - C:\Users\Ahmet Bingul\Desktop'\ ZEMAX\MonSequentialinsl ZMX

File Editors  Systemn  Analysis Tools BReports Macros  Extensions  Window  Help
New| Ope | Sav | Sas| " Upd| Upa) Gen|wav| chi Lan| LSn| Obv| | Del| Dwi | Rdb| Gia | 4Bg| Fre |
i Mon-Sequential Component Editor
Edit 5Solves Errors Detectors Database Tools View Help
Ohject Type Tilt About Z Material X Half Width ¥ Half Width # ¥ Pizels # Y Pizels
1| Standard 0.ooa MIRROR 100. 000 -1.000 150.000 20.000
2| Bource Fi.. 0.ooa = 100 soooooon 1.000 0
3| Btandard 0.ooa W-BE7Y 300.000 0.ooa 150.000 150. 000
4| Detector 0.ooa 150. 000 150. 000 150 150
S| Hull Object 0.ooa -
]
£34 1: NSC Shaded Model Sier=] | 4 2 Detector Viewer === |
Update 3Settings Print Window Text Zoom 3pin Update Settings Print Window Text Zoom
o, EIE-B@S
B.53E-BOS
Y. ATE-B@Z
&, TLE-BB2
5.FSE-B@S
Y. 7IE-B@3
2. 23E-BO2
Z.539E-B@S
1. 3Z2E-B@3
9. E3E-BAY
B . BEE +BE
OETECTOR TMAGE: TMCOHERERT TEEAOTANCE
EEE%]E?&%EE SURFFACE L!
EITILTE

TOTAL POWER

SLIE S0d .Bpd W X 38R, @@ H HILLTMETERI, FINELS 15B W X LS@ H, TOTAL HITS =
FEAF. IFRADIFNCE 1 9. 5542E-0@3 WATTSCH™Z
| &, TEARE-@d1 WATTS
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Example 3: Effect of Coating/Scatering on Mirror Surface

« Non-Sequential Component Editor
Update: All Windows ~ @ @ /A

~ | Object 2 Properties < | >

B 1: NSC 3D Layout
Do ® - Z-§
) Settings | & B3 |al =

Line Thickness = 'ZE'

* - 0O X

O/ =AM &-Alcl¢a@ o H= @

Type
B Face 0, All Faces v
Coat/Scatter Profile: | Use definitions below i
Scatter To
Save
Facels: | Reflective i
Coating | 1.05 ¥

Scal

Sca

W,

1 200 mm

30 Layout

16.04.2025

Zemax
Ansys Zemax OpticStudio 2023 R1.00

LENS. zos
Configuration 1 of 1

v - O X

}-‘I 2: Detector Viewer - - 0O X

visettings 2 Calalm /[0 = A 4 H=
.j@.

£ 3x4- @ Standard =~ Automatic ~

Coni

Incoherent
Irradiance

1.25E-004
1.13E-004
1.00E-004
.7BE-005
L S0E-005
L25E-00%
LO0E-005
.75E-005
. S0E-005
1.25E-005
0.00E+000

¥ coordinate value
[a]

-60.0

X coordinate value

Detector Image: Incoherent Irradiance

Zemax
Ansys Zenax OpticStudio 2023 R1.0D

1z
I Wil limeters, Fixels 100 W X 100 0, Tetal 19ts - 10000
ER0EE- I Watts omed

LENS, zos

nce o 1,2508
r T OSLONEIDR D4 Watts
Configuration 1 of 1

Graph L Text LBeam Info

| 4 Object Type
_ | 1 Source Ellipse v
i 2 Standard Surface v
|| 3 Detector Rectangle ~
4 Null Object ~

O EESRCO R

0

0
0
0

0.000
0.000
0.000
0.000

0.000
0.000
200.000
0.000

0.000
200.000
200.000

0.000

0.000
45.000
90.000

0.000

Comment Ref Object Inside Of X Position Y Position Z Position Tilt About X Tilt AboutY Tilt About Z

Material Radius Conic Maximum Ml
0.000 0.000 - 10 1E+04 1.000
0.000 0.000 MIRROR 0.000 100.000
0.000 0.000 60.000 60.000 100
0.000 0.000 -

e AL



& Mon-5Sequential Component Editor -

B 1: NSC 3D Layout v — 0O >
. i - I — - - G 1 - |:._._| .
Update: All Windows - (¥ @ 15 Dol ~ Z-0¢o e = @ viSettings £ Calalem /[, = A &- ARlée Q@ & H=G
# | Object 2 Properties < | » 5

Line Thickness = @

Type Scatter '|
Draw Face 0, All Faces ~ Scatter Model: Lambertian ~ \ ‘l /
[F .
Mumber Of Rays: 1 Scatter Fraction |1
Coat/Scatter Profile: | Use definitions below M :
Scatter To
Face Is: | Reflective M
Coating | 1.50 -1 [ Thin Window Scattering
.
d
[ i 200 mm
30 Layout
d Object Type X Tilt AboutY Tilt AboutZ Material Radius Conic Maximum Ape 15 04 2025 .
1 Source Ellipse ~ 0.000 0.000 - 10 1E+06 1.000 - Ansys Zemax OpticStudio 2023 R1.00
2 Standard Surface ~ 0.000 0.000  MIRROR 0.000 0.000 100.000 Configiramion 1 of 1
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Example 4: Interferometer (See Zemax Sample Folder)

& Mon-Sequential Component Editor * -0 X
Update: Al Windows* @ G 1o D @ g S0 @ - Z-BC® [ | S+ @
+ | Object 7 Properties < | © Configuration 1/1 © = ©
.‘ Object Type | Comment | Ref | Ins | X Position | Y Position | Z Position | Tilt About X | Tilt About Y | Tilt About Z | Material | X Half Width | Y Half Width | # X Pixels # Y Pixels
1 Source Rectangle - 0 0 0.000 0.000 0.000 0.000 0.000 0.000 = 100 3E+05 1.000 0
2 Polygon Object » SPLITTER.POB 0 0 0.000 0.000 20.000 -45.000 0.000 0.000 BK7Y 16.000 1
3 Rectangle = 0 0 0.000 -60.000 20.000 -45.005 0.000 0.000 MIRROR 15.000 15.000
4 Rectangle = 0 0 0.000 0.000 120,000 -45.000 0.000 0.000 MIRROR 15.000 15.000
5 Polygon Object » SPLITTER.POB 0 0 0.000 -60.000 120.000 -225.000 0.000 0.000 BK7Y 16.000 1
6 Detector Rectangle = a a 0.000 -60.000 160.000 0.000 0.000 -90.000 ABSORB 12.000 12.000 100 100
7 Detector Rectangle = a a 0.000 -100.000 120.000 50.000 0.000 -90.000 ABSORB 12.000 12.000 100 100
_/,."'. | 2: Detector Viewer 1 X | | 4: Detector Viewer 3 | =
viSettings © Calalm SO0/ =—A 2 EH & & 2x4- @ Thick-
Automatic = '@'
e.n Coherent
Irradiance
u 0.254
= 0.229
g 0.203
E 0.178
o 0 0.152
= 0.127
En- 0.102
8 0,076
- 0.051
0.025
0.000
-1z2.0
-12.0 a 12.4
X coordinate value
_ _ Detectar Image: Coherent Irradiance
z.c.'iﬁ,'fa.':):"q:":::cc . Asys Zumas OpLicS i 2021 .00
IJ:I'T:.II\:JI"::': dJuguI‘ EI?'I:I‘T lé':::lfflb” sEls G0 W X LUU Hp Twia] Hils - GUIRES I :c::h:;_:L::w]l__lh:um___" _ Sayfa 20
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Example 5: Simple Spectrometer

bW N =

Object Type Comment  Ref Object Inside Of X Position Y Position Z Position Tilt About X Tilt About ¥ Tilt About Z Material Radius 1 Conic 1 Clear 1 Edge 1 Thickness Radius 2 Conic 2 Clear 2
e Tier— ' 0 0 0000 0000 0000 0000 0000 0000 - 10 0o 1000 0o 0o 1000 1000 0.000
Source Ellipse = 0 0 0.000 0.000 0.000 0.000 0.000 0.000 - 10 1E+06 1.000 0 0 1.000 1.000 0.000

Diffraction Grating ~ 0 0 0.000 0.000 20,000 0.000 0.000 0.000 -. 0.000 0.000 10.000 10.000 1,000 0.000 0.000 10.000
Detector Rectangle * 0 0 0.000 90.000 150,000 0.000 0.000 0.000 1.000 40.000 1 128 0 0 0 0
EI 2: Detector Viewer v — 0O X
8 1: NSC 3D Layout * — 0O X

) — ——— IS == ~ ) Settings | & 23 (ol o= | S ] " i xd- andard = Automatic =
v) Settings | 2 Ca fal @ | /[ = A = *\*|é|@|+:+‘:l@ B |E|"-@ & tting 32 R o= .7 A |EE| £ 3x4- @ Standard - Automati

Line Thickness - '@' t

i - 34063, Y - 4,755

5.0
" 4.0
e
o
-
2
&3 '|
—_
g M
g f \
i 2.4
Diffraction Grating 5 | I
= !
3 a f i \
= ’ |
=
L.4d / \
i
)/ \,./I ! // ‘Ill
\L/ e ",
Detector . S~
-40.0  -3z2.0 -24.0 -16.0 -8.4 0 8.0 16.0 24.0 3z.0 40,0
LE Y coordinate value
F 1 100 mm Incoherent Irradiance
30 Layout [ [ Tamax
N A ELY Ansys Zepax OpricStudia 2023 E1.0D
Datectar 4, ¥MALG Surface 1: Colunn Center, ¥ - O DO0DE 0D
27.02.2025 Zeman Rize 2000 W X ROLOGD 1 M llimerers, Fixels 1 W X 178 1, Tatal 1its = 1000400
Ansys Zemax Opticitudic 2023 RL.00 Powk Treadionte ;1 3.0034E+00 Wallsfome s
Toral Fomes s L ORAOr00 WaTTs LEMNS , zZos
LENS.zos Copfiguration 1 af 1
— Configuration 1 of 1
'\ Graph | Text [ Beamlnfo




Comparison of the spectra obtained from a
diffraction grating by diffraction (1), and a prism by
refraction (2). Longer wavelengths (red) are
diffracted more, but refracted less than shorter
wavelengths (violet).
https://en.wikipedia.org/wiki/Diffraction_grating

RedRefractionReduced
(DiffractionDifferent)
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Example 6: Source Point

& Non-Sequential Component Editor

* = 0O X
Update: Al Windows- @ E KL T @ g liee @ - Z-0 § @ s+ =h @
+ | Object 1 Properties > Configuration 1/1
P Object Type Comment  Ref Object Inside Of X Position Y Position Z Position Tilt About X Tilt AboutY Tilt AboutZ Material # Layout Rays # Analysis Rays | Power(Watts) Wavenumber Color # Cone Angle
1 Source Point 0 0  0.000 0.000 0.000 0.000 0.000 0.000 - 20 1E+05 1.000 o [N o000
2 Polygon Object ~ Prism45.POB 0 0 0.000 0.000 20.000 0.000 0.000 0.000 BK7Y 10.000 1
3 Mull Object ~ 0 0  0.000 0.000 0.000 0.000 0.000 0.000 -

& 1: NSC 3D Layout * - 0O X

visettings 2 Galalem /O/ =AM &- Al a@ 2 H=060

Line Thickness = 'Z'E'

Rz

I,

I\

\\\

{ 20 mim

30 Layout

20.12.2024

Zemax
Ansys Zemax OpticStedio 2023 R1.00

LENS.zos

Configuration 1 of 1
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Example 7: Source Gaussian

& Non-5equential Compenent Editor

Update Al Windows- M @ K D D gt @ - Z-0 C o S oech @

* = 0O X

~ | Object 2 Properties < @ ° Configuration 1/1 < = ©
4l Object Type I Comme I Ref Object | Inside D‘fl X Position I Y Position I Z Position I Tilt About X I Tilt About Y I Tilt About Z | Material | X Half Width I Y Half Width I # X Pixels | #Y Pixels
1 Source Gaussian 0 0 0.000 0.000 0.000 0.000 0.000 0.000 = 100 TE+0% 1.000 0
2 Detector Rectangle = 0 0 0.000 0.000 50.000 0.000 0.000 0.000 20.000 20.000 100 100
@ 3: NSC Shaded Model * -0 x

v)Settings| 2 Calalem / []. = A I ﬁgv|1|@|+:+ Q oy viz xiz (= K |§|
(@) solid- M-[#] @ Bl % @ Line Thickness - @

e
1/e2 diameter

1/e? intensity = 13.5%

1 50 mm




Source File

= The Source File is a source whose ray coordinates, cosines, and intensity are defined in a
user supplied file.

= The file extension may be either DAT or SDF and the file must be placed in the
<data>\Objects\Sources\Source Files folder (see “Folders”).

= The file format may be either text or binary, both formats are in Help File.

We will see both formats.
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Example 8. How to use LED (a binary source file)

LED manufacturers (such as Osram Opto Semiconductors ) distribute comprehensive ray-tracing
data files to be used in optical simulations such as

eulumdat file,
ray file and
spectrum file.

= In principle, LED is considered as a point source in eulumdat file which is used for a quick
analysis.

= The ray file represents actual spatial and angular distribution of rays originating from the outer
surface of LED. Therefore, ray files can be used in more realistic simulations.

= The spectral distribution of LED (wavelengths emitted and corresponding weights) are stored
In spectrum files.
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Two types (White and IR) of LED provided by Osram Company will be presented.
[If possible, show ray files and eulumdat files]

Examples:

= LUW H9GP a white LED having color temperature of 6500 K.

= SFH 4718A which is an IR LED whose peak irradiance is at 850 nm

After downloading LED’s simulation files, you should copy and paste files to the related folders:
Put Geometry files (igs or step) in

C:\<ZEMAX>\Objects\CAD Files

Put Spectrum files must be in
C:\<ZEMAX>\Objects\Sources\Spectrum Files

Put Ray files in
C:\<ZEMAX>\Objects\Sources\Source Files
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Example 9: Simple LED Collimator

We will use the LED (SFH4718A) placed at (0,0,0), a collimating plano-convex lens and a
detector. In the lecture, | will show you both rectangular and polar detectors.

Standard Lens

Z pos =4 mm (can be variable)
Clearl=Edgel=Clear2=Edge2 = 6 mm
Thickness = 6 mm

Radius2 = -6 mm

Conic2 = 0 mm

Object Type Comment

Fl
1 CAD Part: STEP/IGES/SAT = SFH_4718A_20220909_geometrySTEP 0 0 0.000
2 Source File = rayfile SFH_4718A_100k_20220909_7Zemax.DAT 0 0 0.000
3 Standard Lens ~ 0 0 0.000
4 Detector Rectangle = 0 0 0000
» Merit Function Editor
PHRYX AP C®S@
+ | Wizards and Operands < Merit Function:

4 Type Surf Det# Pix# Data # Ignored Spatial Frequency

1 N5DD -~ 1 0 0 0 0 0.000
2 N5TR ~ 1 0 0 0 0 1.000
3 N5DD ~ 1 4 -9 0 1 0.000

Detector
Z pos =100 mm

X-Y Half Width = 100 mm

X-Y Pixel # =100

0.000 0.000 0.000
0.000 0.000 0.000
0.000 4.000 0.000
0.000 100.000 0.000
14.3097833683746

0.000
0.000
0.000
0.000

* — 0O X

Target Weight | Value % Contrib

0.000  0.000 O0.000
0.000  0.000 O0.000
0.000  1.000 14.310

0.000
0.000
100.000

0.000
0.000
0.000
0.000

Ref Insi X Position Y Position | Z Position Tilt About X Tilt About Y Tilt About Z Material

PMMA

Radius 1
1.000
50
0.000
100.000

Conic 1 Clear 1
1 5
1E+05 1.000
0.000 6.000
100.000 100

Edge 1

6.000
100
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Without collimating lens

& 1: N5SC 3D Layout -0 X :_EI Z: Detector Viewer =0 X
v Settings | & E3 hﬂ E%.-] 4 D / - A *\'|i|@| o Q g |E| = @ v Settings | & 23 iﬂ Eég 4 D / - A L |E| W = 3xd- @ Standard = Automatic -
Line Thickness - '@' '@

100.0 Incoherent
Irradiance
W 0.0139
=
ﬁ; 0.0125
= 0.0111
i} 0.0097
]
] 0 0.0084
=
;5 0.0070
E 0.0056
o
o 0.0042
-~ 0.0028
0.0014
0. 0000
[ -100.0 = n
¥ ﬂ z -100.0 0] 100.0
X coordinate value
F 1 100 mm
30 Layout Detector Image: Tncoherent Irradiance
famax
&_03.2025 Temman E.?_lfﬁllid waE St N Snsys Fepax OpticStudia 2023 BL.OO
- - B LecLar » MALG surldLe =
Anzys Zemax Opticitudio 2023 R1.00 Size 200,000 W X 200,000 1| Millineters, Dixels 100 W X 100 11, Total lits — 75207
Feak Irradiance | L.J3Z3C-02 Watis/ ootz
LENS . zos latal “rwer DOLRMFE U Watts LEMNS . zos
Configuration 1 of 1 Configuration 1 of 1
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With collimating lens

5 1: N5C 3D Layout -0 X ,l 2: Detector Viewer =0 X

v Settings | & 53 [ &= .;D/'—AH A& - Al o 3 & EE '_-@ v) Settings | & 53 |l oo .’/J’D/‘—A *, EE'_- = 3:{4'@ Standard = Automatic =

Line Thickness - 'Z'E' [ﬁl

H = 157.93434, V = -79.551253 100.0
' Incoherent
Irradiance
H] 0.167
- 0.150
S 0.133
E 0.117
] 0 0.100
=
= 0.083
bl
8 0.067
o 0.050
- 0.033
0,017
0.000
-100.0 '
Vi -100.0 0 100.0
.&.,Z X coordinate value
F 1 100 mm
30 Layout Detector Image: Incoherent Irradiance
famax
& 03,2025 .EL_"'-!.I E;T:.EE?:--* VS S e - Ansvs Femax ODpticStudiao 2073 RL.OO
Anzy= Zemax OpticStedic 2023 R1.00 Size 200.000 W X 200,000 Il Willimeters. Pixels 100 W X 100 1, Tatal Ilits - 70762
Feak Irradiance ! L.EETIC-0L Wartssonts
LENS.zos Iatal 2ower DOFLOFARAE O Watts LEMN% . zos
Configuration 1 of 1 Configuration 1 of 1
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Universal Plot

Setup Optimize Tolerance Libraries Part Designer Programming STAR Help

=

~ el t =~ = = = : o 0y

O @ [0 g [¢ < < — 3 3% B B B ¢ @ = |
MSC 30 NSC Shaded CAD Part Object Geometnc Ray Lightning Critical Ray Single Ray Detector Detector Ray Database  Path Flux vs, MNSC  Ceatings Diffraction Prescription Universal Roadway !
Layout Model Viewer Editor MTF Trace  Trace Tracer Trace Viewer Tools = Viewer Analysis Wavelength Analysis Sag = Efficiency = Data Plot - Lighting Illum
System Viewers | Image Quality | Trace Rays Detectors & Analysis | Raytrace Analysis | Polarization and Surface Physics | Reports |\ 1-D » Mew... i
System Explorer (3) % |2-D ¢ et t

3: Universal Plot 1D * =0 X 3: Universal Plot 1D * =0 X

~| Settings | & 53 ﬂg&g V4 D/"— AlR |E| = 5 3xd- @ Standard ~ Automatic - '@'

v Settings | & 53 ﬂg&g V4 D/"— AlR |E| = 5 3xd- @ Standard ~ Automatic - '@'

Independent Variable X
100,09 —
i NSC Data «! | Z Position = Object: 3: Standard Lens  ~ ]
' 2 00.0
m .
Start Value: 1 Stop Value: 10 =
# Steps: 15 @ r
=
Dependent Variable ¥ 5 70.0
=
Operand: Merit = Line: 3. NSDD = 2
0 n =
e s 0.0
0 0 —
f)
0 0 g ’_‘_’_‘,._c-'
z
:| :| 3@ . 'I:l'
]
Minimum Plot Value |0 Maximum Plot Value |0 E
= ——
Plot Title: Universal Plot B 10.0
| Save As New Universal Plot .1 10.0 1.0 1.9 2.8 3.7 _4:6 5.5 6.4 . 7.3 8.2 9.1 10.0
- Z Position (mm) on object 3
Load From -» MNone "
Universzal Plot
z
I:l Auto AF‘F"}"’ A.pp-'}" OK Cancel Save Load Reset p 2023 R1.00 G.03,.20725 Ansys Fenax DpT1EJ;IIud1a 2073 R1.00
LENS. zos LENS. zos
Configuration 1 of 1 || Configuration 1 of 1
O\ Graph [ Text "\ Graph [ Text




Polar detector

B 1: NSC 3D Layout =0 % 3| 2: Detector Viewer v -0 X
. P T = 1 el o o B3 == ) . Bt O - | Al = .
v Settings | & 53 hﬂ;ga V D/_ A (o | *\ |é||"+" Q = |E| fmi @ N Settings ﬁ 53 mggg V4 D/— A B |EE| i B Jxd- @ Standard ~ Automatic ~
Line Thickness - | (@) (7]
N
1
|
ﬁ
W
i 1 100 mim
30 Layout Detector Image: Radiant Intensity
Larax
6.03.2025 Zemax G.03%.2025 Ansys fenax Opticitudio 2023 R1.00
Ansys Zemax OpticStedio 2023 R1.00 Datactor d, MSCE Surfacs Lt
“Max polar angle: 180.00 deg, Total Hits = 99956
Confi gtE:ii ;ﬁsl of 1 Peak Intensity - 1.3491E4+00 Watte/Steradian ~ LENS.zos
Total Pawer : 9,9986E-01 Watts Configuration 1 of 1
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Example 10: How to use Pre-designed Freeform Lens
In this example, you will see adding a specific lens designed first in Matlab.

Solid model of the lens is then produced via SolidWorks program.

Osram SFH 4718A IR LED used to test.

This was a TUBITAK 1005 Project (118M568).

-
o
T

Detector
A B C 22
a0 F
Detector
18+ b
18] (@) AN (b)
— - [ -
E 14
w 2 AN
=~ {'J'_} gr
——T Pl—a o
E_
P
0 ar
0 R 5t
k— q —3f ok O
X | . . . . . . . . . .
I 4 2 0 2 4 & 8B 10 12 14 18
4 2 0 2 4 6 8 10 12 14 18 DISTANCE {mm)

DISTANCE (mm)
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You can download pmmaLEDcollimator-small.stp the file from the course web page.

The lens file must be placed under:
C:\<ZEMAX>\Objects\CAD Files

L 3

T
Tenax OzticStudic 20,1

sirglalid_ir.THd
W\I:F[.-'l':iirl. af &

Y coordinate value

Incoherent
Irradiance

4.92E-007
4.43E-007
3.94E-007
3.45E-007
2.95E-007
2.46E-007
1.97E-607
1.48E-607
S.85E-008
4.92E-008
©.00E+000

-7.5e3 0 7.5e3 IR LED

X coordinate value

Ray File

Detector Image: Incoherent Irradiance

LN ]

Tempx
Tonan OzticStudic 26,1

ainglalids_tr e
m-'b’F[.-'ltim raf s

@5.84. 2828

Detector 4, NSCG Surface 1: RECTAMNGLE

Size 15@00.900 W X 15000.808 H Millimeters, Pixels 18@ W X 1@@ H, Total Hits = 2278356
Peak Irradiance : 4.%237E-87 Watts/cm™2

Total Power 1 4.5447E-81 Watts

Zemax
Zemax OpticStudio 28.1

singlel18@5_ir.ZMX
Configuration 1 of 1
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Manufacturing the lens
A prototype of a solid free-form lens is manufactured by using PMMA
via plastic injection molding method.
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Optical Performance

RELATIVE INTENSITY

0.8

0.6

0.4

0.2

White LED
— Data
FWHM = 7° = Simulation
20 -10 0 10 20

300

270

240

330

210

ANGLE (deqg)

|
|

180

30
60
05
90
120
150

08r

0.6 [

0.4r

027}

= Data
= Simulation

330
300
270
240
210

ANGLE (deg)

180

10 20
30
60
05 !
90
120
150

ILLUMINATION (lux)

White LED

—#— Data
m— Simulation

10"

102
DISTANCE (m)

2 IRLED
10 I
—+#— Data
1 = Simulation
&
£
Lo
£
2
W
Q10 [
=
1 <
[m]
<
o
o
10° :
10° 102

DISTANCE (m)
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50 m uzunlugundaki karanlik bir koridorun aydinlatiimasi.
Solda gériniir bélge ve sagda sadece kizilbtesi aydinlatma yapilmistir.

Ayrica bkz: http://www1.gantep.edu.tr/~bingul/irwalk.gif




Example 11: Light Pipes
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Example 12: Hybrid Mode in Zemax

4 Surface Type . Commu . Radius . Thickness . Material Coating . Clear Semi-Di . Chip Zone . Mech Sem . Conic

ﬂ. Standard - Infinity 10.000 0.000 0.000 0.000 0.000

1 | Standard - 5.000 BKY 5.000 U 0.000 5.000 -2.306

2. Standard - Infinity 10.000 5.000 U | 0.000 5.000 0.000

3 | Mon-5equential Component = Infinity - 5.000 U - - 0.000

4. Standard - Infinity 1.000 5.000 U | 0.000 5.000 0.000

5. Standard - Infinity 5.000 BKY 5.000 U 0.000 5.000 0.000

E. Standard - -10.000 18.000 5.000 U | 0.000 5.000 0.000

?. Standard - Infinity - 1.817 U 0.000 1.817 0.000
: P Object Type Comment  Ref Object Inside Of X Position Y Position Z Position Tilt About X Tilt About ¥ Tilt About Z Material
1 | Polygon Object = | Pri5m45.POBI []I DI 0.000 l 0.000 | 0.000 l 0.000 | 0.000 | 0.000 | BKY | 4000
2 | Polygon Object = Prism45.POB 0 0 0.000 10.000 &.000 180.000 0.000 0.000 BKY 4000

| [@] 1: Shaded Model v-ox SRR ——

| @ Settings| 2 Ga el @] / [0/ = A | &~ (K@ Q B xr vz 2 B B [@)

Osetings 2 a @ /[0 =AH &A@ ad 2 {0
Line Thickness ~ '@'

b

1 20 mm

30 Layout

120 mm

22.12.2024

Zemax
Anzys Zemax OpticStudio 2023 R1.00

LENS_2.zos
Configuration 1 of 1
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