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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 hastodo itin 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-Seguential 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

Sayfa 5



Example 1: How to add standart lens

P Object Type Comment Ref Object Inside Of X Position Y Position Z Position Tilt About X Tilt AboutY Tilt AboutZ Material X Half Width | Y Half Width # X Pixels #Y Pixels Data Type Color
1 Source Ellipse ~ 0 0 0.000 0.000 0.000 0.000 0.000 0.000 - 20 1E+05 1.000 0 0 12.000
2 Standard Lens ~ 0 0 0.000 0.000 20.000 0.000 0.000 0.000 BK7 100.000 0.000 20.000 20.000 6.000 -80.000
3 Detector Rectangle ~ 0 0 0.000 0.000 120.000 V 0.000 0.000 0.000 20.000 20.000 100 100 0 3

*** Objectl *** Object3

Source Ellipse DetecFoF Rect

¥ of L £ R 20 Z position 120

ot Layout Rays Material Blank (or can be ABSORB or MIRROR)

# of Analysis Rays 1le5 X Half Width 20

X Half Width 12 Y Half Width 20

Y Half Width 12 # X Pixels 200

x%* Object2 # Y Pixels 200 _

Color 3 (detector displays false color)

Standart Lens

Z position 20

Material BK7

Radiusl 100

Thickness 6

Clearl = Edgel 20

Radius2 -80

Clear2 = Edge2 20
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Example 1: Layout

4 Object Type | Comment | Ref Object | Inside Of | 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 | Data Type | Color
1 Source Ellipse » 0 0  0.000 0.000 0.000 0.000 0.000 0.000 - 20 1E+05 1.000 0 0 12.000
2- Standard Lens ~ 0 0  0.000 0.000 20.000 0.000 0.000 0.000 BK7 100.000 0.000 20.000 20.000 6.000 -80.000
3 Detector Rectangle ~ 0 0  0.000 0.000 120.000 V 0.000 0.000 0.000 20.000 20.000 100 100 ] 3
£ 1: NSC 3D Layout ~-D0Xx '@ 2:NSC Shaded Model v-o x|
v Settings | & E3 [l E%a 4 D o B - ;ﬂv|z|@|+:+ QE & |E| = @ v) Settings | & E3 [al mm / D S — A - kv\* ‘0:» Q @ xyvizxiz(@® R 16

Line Thickness ~ | @ ii; Solid ~ ."7'“‘ 8 EEE‘ m @® Line Thickness - @

Lﬂz
E 1 40 mm
30 Layout

Zeman

19.12.2024 : )
Angys Zmmax Opticitwdic 2023 R1.00 1 E

LENS.zos
Configuration 1 of 1

1 50 mm
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Example 1: Ray Tracing

File Setup Analyze Optimize Tolerance Libraries Part Designer Programming Help
= —
O @ [0 g [\s|[<L = - > T
\ w Y
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 ) Tools ~ Viewer Analysis
System Viewers Image Quality Trace Rays Detectors & Analysis Raytrace
EII 3: Detector Viewer * - 0O X
Ra? Trace Control —_ A Settings ; _-;5"] ﬁ Eég fé, D / (E— A I!-._: |E| '_- g Ixd- @ Standard ~ Automatic ~
I@I
| Clear Detectors | allo~ 20.0 .
ncoherent
| Clear & Trace | | Trace | Irradiance
Auto Update # of Cores: 4 v w 18.2
3
______________________________ — 16.4
ssE iR e s 14.6
5 L] 12.8
[ ] Split NSC Rays [ ] Scatter NSC Rays E 0 10.9
[ ] Save Rays: LEMS.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 Femaxw OpticStudia 2003 AL.OO
Detecior 3, WACD Surlace L
SiFe AQ0OD W X 40000 H KITlimeters, Fiaels W0 W % 900 5, Intal Hits = 10000
. _ P%ik Irradtance l- 1, 2=|E-E'J. 'MEEIEJ‘CIT-'E LENS 208
Terminate Exit |,EI Intal Pasrr S 1L OIEIEID WaTrs Conﬁgurat';on Lof1

.“\ Graph | Text | BeamInfo
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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

& Merit Function Edito

r

TEHBPYX Ao/ @O 54«20

~ | 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 %Cnntrih.:

0.000 0.000 0.000
0.000 0.000 0.000
1.000 1.131 100.000

Local Optirnization

Algorithm:
Targets:
Variables:

Initial Ment Function:

Auto Update

[E'Drthugunal Descent V

#}af Cores; 4

1
1

1.130933%64

Start

Current Merit Function:  1.130933964

Stop

Cycles: Automatic ™~
Status: ldle

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

v)Settings 2 Calalen /. =AM &- Lld¢a @ 2 H=@®
Line Thickness - | @

| W

4 50 mim

30 Layout

19.12. 2024 Zes

ma
Ansys Zemax Optic3tedic 2023 R1.00

LENS.zos
Configuration 1 of 1

Z Position of detector = 108. 7 mm

After optimization

& 1: NSC 3D Layout

v - O X

Vsetings 2 @ /0 =AM A- A+ @ ¢ H=0

Line Thickness ~ ﬂ

—l_

| W

1 50 mm

30 Layout

19.12.2024

Zemax
Ansys Zemax OpticStedic 2023 RL1.00

LENS.zos
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:

v

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

-8

Update Settings Print  Window Text Zoom

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

Q. 4IE-B@2

E.49E-B@3

7.GYE-B@Az

& SAE-B@2

S SaE-p@3

Y. 7lE-B@3

2., 77E-B@2

Z2.83JE-B@3

1.89E-BPAz

B, 43IE-B@Y

B, @dE +B@a

OETECTOR TMAGE: TMCOHEEERT TEEADTAMCE

MED HAY 1B =H17

DETECTCE 4, NGCE SUEFGE L

STIE 50 .PR0 W X 3P, @38 H HILLIHETERS, FINELS 15P W X LS@ H, TOTAL HITS =
FEAFK, IREADTANCE ' 9. Y29BE-0d3 WATTSCHT2

TOTAL FIWER | &, TEIBE-PA1 BATTS

SHBEES
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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 Detectgjc 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.

E [ ) @ u N 9 G el i LENS.ZMX - Zemax OpticStudio 19.8  Professional - 1105296
File Setup Analyze Optimizg 2 Libraries Part Programming Help
°— — — ]
=2 o < > |7k El N LF ¢ 2
NSC 3D NSC Shaded CAD Part Ray Lightning C Detector [Petector Ray Database  Path Flux vs, Coatings Prescription Universal
Layout Maodel ewer Trace race Viewer |Tools ~ Viewer Analysis Wavelength Analysis = Data Plot = g at viap Ra
System Viewers race Rays Detectors & Analysis | Raytrace Analysis | Polarzation | Reports | Universal Plot | Applications
System Explorer (3)
Update: All Windows ~
= ineows « Mon-Sequential Component Editor * — 0O X
¥ Wavelengths . -
» Erviromment Update: Al Windows> @ E K D 9D sl e @ - Z- 0 C® [ | S+e= @
¥ Polarization v | Object 1 Properties > Configuration 1/1 = ¢ »
b Advanced - ]
» Material Catalegs 3| L: Detector Viewer Toax rRay Trace Control |
» Mon-Sequential viSettings 2 Calaldh /[ = A Q&= = 3x4- @ Standard - Automatic
b Mamed Filters o
b Title/Notes @ [ Clear Detectors ] [ All ']
* Files | Clear & Trace | [ Trace ]
b Units 1.0
S — [C] Auto Update # of Cores:
[ Use Palarization | Ignore Errors
0.8
[C] Split NSC Rays [C] Scatter NSC Rays
[C] 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 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Zemax
8.06.2020 Zemax Opticstudio 19.8
Invalid input data/setti .
nvalid inpu ata/settings e
Configuration 1 of 1
'\ Graph | Text | Besmlnfo
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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| Dol | Dvi | R Gla | 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 -
4
£34 1: NSC Shaded Model o |[= ] £ r:j:-"l-z;[:uetect.;.rwimer === |
Update 3Settings Print Window Text Zoom 35pin Update Settings  Print  Window Text Zoom
Q. E9E-B@2
E.&3E-B@3
7. &TE-D@3
&, FLE-B@Z
5. FSE-B@3
Y. 7IE-P@3
2. 2dE-B@2
Z.,53E-B@3
1.92E-P@3
Q. E9E-B@Y
B. @EE+BEO@
OETECTOR IHAGE ! THCOHERENT TRRADIANCE
EEE%]EKPEEE SUERTE L}
SSTIET@

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: Simple Interferometer

¥ |

W

Object Type
Source Rectangle =
FPolygon Object =
FPolygon Object =
Rectangle =
Rectangle =
Detector Rectangle

Detector Rectangle

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

splitter.POB
splitter.POB

a o o o a9 a a9

1 I e

c o o o a o o

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
20.000
20.000
0.000
20.000
28.000

0.000
10.000
30.000
10.000
30.000
38.000
30.000

0.000
45,000
45,000
45,000
45,000

0.000
90.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000

BK7
BK7
MIRROR
MIRROR

X Half Width

10
4,000
4,000
4,000
4,000
3.000
3.000

12.8209

11.53868

10.25¢68

8.9747

7.6926

€.4105

n
[
N
w
[

3.8463

2.5€42

[

.2821

Y Half Width

1E+05

1

1

4,000

4,000

3.000

3.000
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Example 4. A Point Source and a Prizm

& Non-Sequential Component Editor

* = 0O X
Update: Al Windows - T @ 1, D @ g il @ - Z-0 ¢ @ > e =h @
v | 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 About Z Material # Layout Rays # Analysis Rays Power(Watts) Wavenumber Color # Cone Angle
1 Source Point v 0 0  0.000 0.000 0.000 0.000 0.000 0.000 - 20 1E+05 1.000 o EN 00
2 Polygon Object ¥ Prism45.POB 0 0 0.000 0.000 20.000 0.000 0.000 0.000 BK7 10.000 1
3 Mull Object ~ 0 0  0.000 0.000 0.000 0.000 0.000 0.000 -

B 1: NSC 3D Layout * — 0O X

visettings 2 Gallem /O0/ =AM &-Al¢a@ 2 H=0

Line Thickness = '3@'

k7

A\

\\\

{ 20 mim

30 Layout

20.12 2024

Zemax
Ansys Zemax OpticStedio 2023 R1.00

LENS.zos

Configuration 1 of 1
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Array of point sources
Consider we have a point source with cone angle 20°.

" Non-SequentiéI Component Ed"rfor

v - 0O X

I3 1: N&C 3D Layout

* — 0O X

Vsetngs 2 alal @ /[0 / =AM &-A@¢a®@ 2 H=0

Line Thickness ~ | (@

12 mm

Update: AlWindows* CC I D @ g lie0 @ - Z-0 ¢ ® S8
~ Object 1Properties > Configuration 1/1 =~
Type Polarization Raytrace Array Color/S
Draw e
T Random Polarization [ ] Reverse Rays Array Type: o
Initial Phase (deg): |0 Pre-Propagation: |0
Number X:
Coherence Length: |0 Bulk Scatter: Many ¥
Number Y:
Sampling Method: | Sobol M i
Spacing X
Spacing Y
4 Object Type Inside Of X Position Y Position  Z Position Tilt About X  Tilt AboutY Tilt About
1 Source Point 'b 0.000 0.000 0.000 0.000 0.000 0.000
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Example 5: Gaussian Beam Source

& Mon-Sequential Compenent Editor

viSettings 2 Ealaldm /[ = A = *'|Z|@|*:+ Q @ xivvizxiz( 6 |§|
|@ solid- M- & = @ Line Thickness - @

ko

* — 0O X
Update: AllWindows - @ @ I D D gl e @ - Z-0C® [ S++=@
~ | Object 2 Properties < Configuration 1/1
( d Object Type Comme Ref Object Inside Of X Position Y Position Z Position Tilt About X Tilt AboutY Tilt About Z Material X Half Width Y Half Width # X Pixels # Y Pixels
1 Source Gaussian 0 0 0.000 0.000 0.000 0.000 0.000 0.000 - 100 1E+05 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: N5C Shaded Model * — O X

1 50 mm




Example 6: How to use LED
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 to be a point source in eulumdat file which is used for a quick
analysis.

= whereas, the ray le 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
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After downloading LED’s simulation files, you should copy and paste files to the
related folders:

Geometry files (IGS or STEP) goes to:
C:\<ZEMAX>\Objects\CAD Files

Spectrum files goes to:
C:\<ZEMAX>\Objects\Sources\Spectrum Files

Ray files goes to
C:\<ZEMAX>\Objects\Sources\Source Files
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Then, add a rectangular or polar detector

i ZEMAX-EE - 19052 - C:\Users\Ahmet Bingulh\Desktoph\ZEMAX\NonSequentialled ZMX
File Editors Systern  Analysis Tools Reports Macros  Extensions Window Help
Mew| Ope | Sav [ Sas | Upd| Upa| Gen|wav| chk Lan | Lsn | Obv Dol | Dvi [ Rab| Ga | 4Ba| Pre |
_'." Meon-5equential Component Editor EIE
Edit Sclves Errors  Detectors Database Tools View Help
Ohject Type Z Position Tilt About X Tilt About ¥ Tilt About Z Material ¥ Half Width Y Half Width # X Pizels
1| Bource File 0.000 0.000 0.000 0.000 = 1000 100000 1.000
2 Imported 0.oaoo 0.0oo0 0.0oo0 0.000 1.000 1 2
3| Detector 500.000 0.000 0.000 0.000 H 500.000 500.000 100
4/ Hull Ohject 0.ooon [l [l 0.0o0 -
v _
{17 1: NSC Shaded Model [= [T® %= || 3 2: Detector Viewer = =]
Update Settings Print Window Text Zoom Spin Update Settings Print  Window Text Zoom
2.7IE-BOY
Z. ISE-BOY
2. 17E-B@Y
1. 9EE-DaY
1.&3E-B@Y
1. 34E-BOY
1. @9E-PaY
B, L1SE-BOS
5. Y4E-BOS
2.7IE-BOE
B . 0EE+BED
OETECTOR IMAGE: INCDHEREMT IRFADIAMCE
%Egﬁééﬂéésxsgsggﬁé:ﬂ HILLIHETERS, PINELS LB@ W X 18D H, TOTAL HLTS = THYS53
R | R e
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The detector
’ _'." 2: Detector Viewer IE“&IM

Update Settings Print Window Text Zoom

2. VEE-BEAY
2 HEE-EiEaY
2. 17E-8a4
1 FBE-@EY
1. &2E-EEaY
1. 36E-EaY
1 BFE-ERY
2. 15E-2Bs
= HHE-BZ
2, T2E-B8s
B PRE+ @R

OETECTOE IMAGE: IWCOHEEEWT TITEERDIRNCE

WED MAY 17 2817
DETECTOR 2. M3CE SURFACE 1
SIZE 1000, 606 L K 1 BRE EEE H MILLIMETEEZ, FIXELS L@@ W X 1@8@ H,|[TOTAL HITS = 7HYET

iy
|TDTHL FOLEE . 7.4YYSDE-BBI WATTS

Sayfa 24



Example 7: Simple LED Collimator

4
1
2
3

Object Type
Source File = rayfile_...
Standard Lens =

Detector Rectangle =

0 0 0.000 0.500 0.000 0.000
0 0 0.000 0.000 5.000 0.000
0 0 0.000 0.000 100.000 0.000

Comme Ref Object Inside Of X Position Y Position Z Position Tilt About X Tilt AboutY Tilt AboutZ Material

0.000 0.000 =
0.000 0.000 PMMA
0.000 0.000

X Half Width Y Half Width
50 1E+05
50,000 vV 8.273E-05 V
100.000 100.000

viSettings & Gafaldm /O = A &- Aldld Q @ &

Line Thickness = 'ZE'

H=0

1 50 mim

30 Layout

20.12.2024

Zemax
Ansys Zemax Optic3twdic 2023 R1.00

LEN5.zos

v Settings ;.,gn—_ﬂf!l .’/’D/_A -

|®’ |

H- 12,36, ¥

100.0

Y coordinate value
[l

-100.0 =
-100.0

. Type Surf Pix# Data # Ignored Spatial Frequency Target Weight | Value % Contrib

1 DMFS -

2 NSDD - 1 0 0 0 0.000 0.000 0.000 0.000 0.000

3 NSTR ~ 1 0 0 0 0.000 0.000  0.000 O0.000 0.000

4 MNSDD - 1 0 0 0 0.000 1.000  1.000 0.701 100.000
& 1: NSC 3D Layout ~ -0 X 3| 2: Detector Viewer

56,78, Valuwe = O

]
X coordinate value

100.0

# X Pixels # Y Pixels
1.000 0
10.000 10.000
100 100
v -0 X

EE i £ Ixd- @ Standard = Automatic -

Incoherent
Irradiance

.D498
L0449
.0D399
.0349
.D299
.0249
.0199
L0150
L0100
L0050
L0000

a
0
a
0
0
a
v
0
0
[\
a

Detector Image: Tncoherent Irradiance

20, 12,2024
Deteclur ¥, WSOE Surfae 1z

STze 00,000 W X 200,000 11 Mi

Feak Irradiance
tatal =“pwer

Configuration 1 of 1

A.5B43C-02 Watts/cnti
DSOIEE O Watts

Ifetars, Maels 100 WX 100 11, Total s - 70084

famax
Ansys Zemax DpticStudio 2003 RL.OO

LEMS . zo5
Configuration 1 of 1

Data Type

0
10.000
0

Color
0
-10.242 v
0

Smoothing
3.257E-03
-1.287E-05 V
0

Graph L Text

l Beam Info
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