
Sayfa 1

Lectures Notes on Optical Design using Zemax OpticStudio

Ahmet Bingül

Gaziantep University

Department of Optical 

Engineering

Apr 2024

Optimization



Sayfa 2
Tasnif Dışı 2/21

What is Optimization?

▪ Optimization is an operation to find minimum 

or maximum value of a function, F(x). 

Here, F(x) is called the merit function.

▪ F’(x) = 0 where F(x) is optimum.

If F’’(x) > 0 then F(x) min.

If F’’(x) < 0 then F(x) is max.

▪ Function can have multivariable

F = F(x1, x2, …)

To find optimum location of 

function we may use iterative tehniques

such as Newtonian Method:
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Optimization in Zemax

▪ In Zemax merit function (MF) is partially constructed by user. 

▪ To determine new targets operands are used. The job of Zemax is to reach target values for

each operand using numerical methods. So, the main goal is to minimize the MF.

▪ MF definition definition:

N = Number of operands

Wi = Weight of the operand

Vi = Current value of operand

Ti = Target value of operand

𝑀𝐹2 =
σ𝑖=1
𝑁 𝑊𝑖(𝑉𝑖 − 𝑇𝑖)

2

σ𝑖=1
𝑁 𝑊𝑖
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Merit Function Editor (MFE)

▪ To setup MF, Merit Function Editor is used.

▪ Optimize -> Merit Function Editor (MFE). 

▪ The usage is similar to LDE. 
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List of Operands

▪ Operands are strings made up of 4 letters.

▪ Using Help Menu, you can list all of the operands used in optimization:
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Frequently used Operands
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Merit Function Wizard

▪ Easiest way to setup MF is to use Optimization Wizard

▪ It will be activated when you click on Apply or OK buttons.
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Pupil Sampling

Pupil sampling defines the number and the distribution of the rays traced through the 

pupil and is critical for optimization.

Common pupil sampling methods:

Gaussian quadrature (GQ) sampling uses a very small number of skew rays at very specific pupil coordinates 

and weightings. GQ sampling returns a mathematically exact integral of the pupil with fewer rays and provides 

higher sampling near the edge. GQ is the fastest sampling for the majority of cases.
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Local Optimization

▪ This is the the simple optimization technique. 

The algorithm usually falls to a local minimum and stops quickly.

▪ To start Local Optimization, click on Optimize button

under Optimization tab.

Local optimization uses gradient search to find the

nearest merit function minimum and moves “downhill.”

Global optimization attempts to find the global

minimum by allowing both uphill and downhill 

movement in the merit function.

However, global optimization can require extensive

computation time.
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Hammer Optimization

▪ Hammer Current uses better algorithm to minimize MF. 

▪ It allows you to change the glass type as well.

▪ It is useful for the complex optical system design.
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Global Search

▪ Global Search, is an advanced search method to get global minimum of 

MF. See help.
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Variable Solves

▪ To minimize MF, optimization tool has to change value of radius or

thickness. To do that, we need to define variables in Zemax.

▪ After you double click on any radius or thickness value, you can assign

variable to this parameter. If a cell is assigned as variable you will see

letter ‘V’ on the right. 

▪ Keyboard short cut to set a cell as variable is CTRL + Z
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Glass Selection

▪ The material (glass) can also be variable. To to that, materal on has to

be assigned as Substitute. Glass is directly taken from Material Catolog.

▪ This option only works for Hammer Optimization.
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Basic Optimization Examples
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Example 1: Single Lens Design (via f/#)

We will design and optimize an F/4 singlet lens made of N-BK7 glass. 

The final design solution shall meet the following specifications and constraints:
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Click on second surface of the lens and select F Number. 
Since f = 100 mm, Diameter (ENPD) is automatically computed as 

D = f/(f/#) = 100/4 = 25 mm.
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Set Radius of first surface, center thickness and distance between image
plane and last surface of the lens are variables.
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• In MFE, setup the following confiurations and click on Apply button.

• Then, press Start button to start local optimization. 
(Variables will be calculated automatically)
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Example 2: Single Lens Design

Using Zemax, design the following singlet:

• EFFL 90 mm (for d-line)

• F/# 4

• FOV 2o (±1o)

• WAVE F, d, C Visible

• GLAS SF2

• DIAMETER 26 mm

• ct [4 mm, 8 mm]

• MASS Max 12 g

Find the radius of curvatures of the lens such that it is optimized for smallest RMS spot 

size averaged over the field of view at the given wavelength.
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Optimized Lens:
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Example 3: Simple Concave Mirror Design

Using Zemax design the following mirror:

• Aperture D = 100 mm

• f = 150 mm

(a) Determine the Radius of Curvature [Ans:for mirrors: R = 2f = 300 mm]

(b) Find distance between mirror and the image plane where we have the smallest spot

size.
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Quick Focus

Open the Quick Focus dialog by selecting Adjust...Quick Focus. 

The targeted "best focus" will depend on the criterion selected. 

The smallest spot (best focus) is obtained at 148.579 mm from the mirror. 

(Not 150 mm). Please compare standart spot diagrams.
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Parabolic Mirror
Spherical mirrors results in spherical aberrations. Only parabolic surfaces can focus

parallel rays to single point. We can change the surface of a spherical mirror to a 

parabolic one by putting -1 for conic constant. (We will see the meaning of -1 later).

In this case, we observe

a perfect focus.
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Figure below shows a plano-hyperbolic collimator made from N-BK7 glass. It is used to collimate a 

laser diode whose beam divergence is 150 mrad and wavelength is  633 nm.

(a) Determine the proper diameter of the collimating lens.

(b) Find the radius of curvature and the conic constant of the aspherical surface to collimate the light

properly. (Hint: the system is afocal)

Example 4: Plano-Hyperbolic Collimator


