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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-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
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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

Sayfa 6



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

Sayfa 10



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: Simple Interferometer

& Mon-Sequential Component Editor - -0 X

Update: Al Windows* @ @ 1 " @ g SR o0 @ co- ZT|§|C L B S+ @

« | Object 7 Properties < ° Configuration 1/1 ©  ©

4 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 BK7 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 BK7 16.000 1

6 - Detector Rectangle = 0 0 0.000 -60.000 160.000 0.000 0.000 -90.000  ABSORB 12.000 12.000 100 100
7 Detector Rectangle = 0 0 0000 -100.000 120.000 90.000 0.000 -90.000  ABSORB 12.000 12.000 100 100

1l

S| 2: Detector Viewer 1 X | | 4: Detector Viewer 3 |
p—_

viSettings © Calalm SO0/ =—A 2 EH & & 2x4- @ Thick-
Automatic ~ '@'

o Modify the system
2 p-250 » Elliptic source
g 0.203 . . .
. * using point source. (first
] 0.15%2 . .
s 0-127 collimate point source
N 0.051 using a suitable lens from
0.000 lens catalog)
-12.0

-12.0 a 12.0
X coordinate value

Detectar Image: Coherent Irradiance

SIr@lE TTerTErreTEr Tunax
AL Anzan Zemax fplicSiudio 2021 RLGO

HEOC Surrace 1t

WX U A W ey, Foxels J000OW8 X LUU H lule] Bl = UL
e

Peak Prralian e @ 20000000 A e - e = S 16
" s P . TilarTernrce Comple I- & Siple Iriarlaromer a a
ilal Peswr [ HN ] WAl PR P

450 mm



Example 4: 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




Collimator

Diffraction Grating \ Telescope 4
IS a useful device for analyzing light sources, consists Sii \\ ‘ _\
of a large number of equally spaced parallel slits. A \ \\’ s
transmission grating can be made by cutting parallel % i fl o

lines on a glass plate with a precision ruling machine. v |

Source

Grating equation: dsin(8) = mA
d=1/n

n = number of lines per length (e.g. 1/600 mm) /
m =0, 1, 2, . . . (order) s
A = wavelength

Example: Monochromatic light from a helium-neon laser (632.8 nm) is incident normally on a
diffraction grating containing 600 lines/mm. Find the angles at which the first, second and third-order
maxima are observed.

d =1/600 = 1667 nm sin(6;) = 1/d = 0.380 - 0;=22.1°
sin(6,) = 21/d = 0.759 - 0,=49.4°
sin(f;) = 34/d = 1.139 — 65=90°—29.9°i [not realistic]
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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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Resolving power:

For two nearly equal wavelengths A; and A, between which a diffraction grating can just barely
distinguish, the resolving power R of the grating is defined as: R = A1/AA

where A =(A\; + A,))/2 and AN =\, — A,.

Thus, a grating that has a high resolving power can distinguish small differences in wavelength.
If N lines of the grating are illuminated, it can be shown that the resolving power in the mth-order
diffractionis: R = Nm

Example: When an element is raised to a very high temperature, the atoms emit radiation having
discrete wavelengths. The set of wavelengths for a given element is called its atomic spectrum.
Two strong components in the atomic spectrum of sodium have wavelengths of 589.00 nm and

589.59 nm. (See next page)

(a) What must be the resolving power of a grating if these wavelengths are to be distinguished?
A
R = Ve 999

(b) To resolve these lines in the second-order spectrum, how many lines of the grating must be illuminated?

N = R _ 500 lines
m
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Relative Spectral Power

350

High PresureSodium (HPS) Lamp Spectrum
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