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Irradiance measurement at the specimen 
plane of an objective (example) 

1 2 3Measure total flux at the 
specimen plane using 
power meter

Capture beam profile at 
specimen plane using an 
image sensor (focus by first 
reducing iris at the field stop)

Scale pixel digital 
intensities using Matlab, 
Excel, etc.

CameraNikon 0.3NA
10x Objective

480 nm

385 nm

635 nm 555 nm

Power 
Meter

4-color LED
Light Engine

This is for the 480 nm illumination 
(surface plot is across 250 x 250 
pixels, each pixel is 2.4 µm square)

Villuminator  
Modules
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(Here, Excel was used)

Irradiance
Error Bar 
≈ ± 0.3%

Thorlabs
S142C



Scaling of pixel digital intensities 
(method 1)

1 2 3Save image file from 
ImageJ into .CSV text 
(power meter measured 
total flux ≈ 34 mW ± 0.3%)

Open text file with 
Excel, scale cell values 
to flux values (total pixel 
shot noise << ± 0.3%)

Divide flux values by 
pixel area to yield flux 
per unit area

Resized raw image into 250 x 250 
pixels (easier to handle in Excel)

Two worksheets: Cells in 
second worksheet multiply a 

factor such that total 
values for all 250 x 250 cells 

equals 34 mW

MS Excel Spreadsheet MS Excel Spreadsheet

Create third worksheet. Cells in third 
worksheet divide cells from second 
worksheet by pixel size in cm^2
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Scaling of pixel digital intensities 
(method 2)

1 2 3Display histogram of 
pixel digital intensities in 
ImageJ, click “List” to 
output histogram data

Column C = Value x 
Count; Sum all, then 
divide flux by sum to 
yield scaling factor

Digital intensity values 
in 3D plot must multiply 
scaling factor, yielding 
irradiance in mW/pixel

MS Excel Spreadsheet ImageJ 3D Plot
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Caveat 1

We assume that the signal to background ratio is “high”

Flux in the FOV

Mean flux from light scatter 
that’s been integrated by 

power meter and image sensor

This is a 
relative term

Field number divided 
by magnification
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Caveat 2

What if you don’t have space to mount a camera at 
the specimen plane? 
In this case, one option is to try this experimental setup

The flat mirror can be any high quality ‘first surface’ mirror. To focus onto the flat mirror, 
close the iris but leave sufficient opening so as to see the iris’s inner rim, then focus until 
the rim appears sharp. Let the camera record the irradiance distribution. Note that the 
irradiance profile at the camera may not necessarily be the same as the irradiance at the 
mirror. In this case, perhaps you can ‘baseline’ your measurement by first mounting a 
Villuminator module as the light source to obtain a top hat irradiance profile with > 95% 
uniformity at the mirror plane. Then, let 𝑉𝑉(𝑥𝑥,𝑦𝑦) be the irradiance at the mirror from the 
Villuminator, and 𝑉𝑉′(𝑥𝑥, 𝑦𝑦) be its image in the camera. If 𝑇𝑇(𝑥𝑥, 𝑦𝑦) is the ‘transmittance 
function’ of the imaging system, then 𝑉𝑉′ 𝑥𝑥, 𝑦𝑦 = 𝑉𝑉 𝑥𝑥,𝑦𝑦 𝑇𝑇(𝑥𝑥,𝑦𝑦). So, if 𝐼𝐼′(𝑥𝑥, 𝑦𝑦) is the 
image of your original irradiance profile and 𝐼𝐼(𝑥𝑥,𝑦𝑦) is your original irradiance at the 
mirror, then 𝐼𝐼′ 𝑥𝑥,𝑦𝑦 = 𝑇𝑇 𝑥𝑥,𝑦𝑦 𝐼𝐼(𝑥𝑥,𝑦𝑦). Thus, your original irradiance at the mirror is 
𝐼𝐼 𝑥𝑥,𝑦𝑦 = [𝑉𝑉′(𝑥𝑥,𝑦𝑦)/𝑉𝑉(𝑥𝑥, 𝑦𝑦)]𝐼𝐼′(𝑥𝑥, 𝑦𝑦). But since 𝑉𝑉(𝑥𝑥, 𝑦𝑦) is a top hat, it is spatially constant 
(within 5% error). Therefore, 𝐼𝐼 𝑥𝑥,𝑦𝑦 ≈ 𝑉𝑉′(𝑥𝑥, 𝑦𝑦)𝐼𝐼′(𝑥𝑥,𝑦𝑦).

SNR* is independent of the 
beamsplitter’s %R/%T split ratio

*SNR ≡ Signal to noise ratio
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The Villuminator  modules produce very 
flat irradiance distributions

So, it is of interest to characterize 
the irradiance profile in terms of 
analytic formulas
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Analytic expressions relating irradiance 
distribution with total flux and ‘width’

𝐸𝐸 𝜌𝜌 =
2𝑃𝑃
𝜋𝜋𝑤𝑤2 exp −2

𝜌𝜌2

𝑤𝑤2 𝐸𝐸 𝜌𝜌 =
𝑛𝑛𝑃𝑃

2𝜋𝜋𝑤𝑤2Γ(2/𝑛𝑛) exp −
𝜌𝜌
𝑤𝑤

𝑛𝑛

Rotationally Symmetric
Gaussian

𝜌𝜌 𝜌𝜌

Rotationally Symmetric
‘Super-Gaussian’

𝑤𝑤

Half-width 
at 1/e2 level

𝑤𝑤

Half-width 
at 1/e level

Gamma function

Approximate 
‘top hat’ profile

In both formulas, 𝑃𝑃 is the total flux in the distribution
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Properties of the ‘super-Gaussian top-hat’

𝐸𝐸 0 =
𝑛𝑛𝑃𝑃

2𝜋𝜋𝑤𝑤2Γ(2/𝑛𝑛)

𝑤𝑤

Peak irradiance

1/𝑒𝑒 × 𝐸𝐸 0

lim
𝑛𝑛→∞

𝐸𝐸 0 =
𝑃𝑃
𝜋𝜋𝑤𝑤2 =

𝑃𝑃
𝜋𝜋𝑅𝑅2

There is no distinction between 𝑅𝑅 and 𝑤𝑤 
when the distribution is an ideal top hat

1/2 × 𝐸𝐸 0𝑅𝑅

=
2𝜋𝜋
𝜋𝜋𝜌𝜌2 �0

𝜌𝜌
𝐸𝐸 𝜌𝜌 𝜌𝜌d𝜌𝜌 =

2
𝜌𝜌2 �0

𝜌𝜌 𝑛𝑛𝑃𝑃
2𝜋𝜋𝑤𝑤2Γ(2/𝑛𝑛) exp −

𝜌𝜌
𝑤𝑤

𝑛𝑛
𝜌𝜌d𝜌𝜌Average irradiance in a circle of area 𝜋𝜋𝜌𝜌2 is

In the limit that 𝑛𝑛 → ∞, the distribution           approaches 

𝜌𝜌
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Why irradiance matters to us
• A source’s ‘brightness’ is proportional to the irradiance* in the image of that source
• Fluorescence emission is proportional to the irradiance from the illumination
• Given a spatial irradiance distribution 𝐸𝐸 𝑥𝑥,𝑦𝑦 , the integral ∬𝐸𝐸 𝑥𝑥,𝑦𝑦 d𝑥𝑥d𝑦𝑦 yields flux in the ‘Area’

• The flux delivered to an area is at least partially absorbed by matter in that area
• If a distribution is ‘top hat’, then the irradiance times any area yields flux in that any area

Area

  
This is what 
we’re after

*R. Siew, Eur. J. Phys. 29, 1105 (2008); R. Siew, Eur. J. Phys. 43, 035304 (2022) 

‘Top Hat’
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I JUST NEED A 
LITTLE SHADE.

A LITTLE ‘SLOPE’ 
ON THE SIDES 

IS OK.
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Producing top hat illumination using the 
Villuminator  module: principle of operation

Villuminator Module
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Example
Experimental Setup Measured Profile
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Fluorescence Microscope Setup
(Nikon 10x Plan Fluorite, 0.3 NA)
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Fluorescence Microscope Setup
(Edmund Optics 10x 120i Plan Apo, 0.28 NA)
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Tunability of the irradiance distribution

By varying the working distance, the irradiance 
profile can be made to change from a dome to 
a top hat and to an inverted-dome.

This means that the FINAL profile at the 
camera can be made flat even if the ‘response’ 
of a fluorescent sample (or the transverse 
transmittance function of the imaging system) 
has either a dome-shaped or inverted-dome 
shaped profile.
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Example of tuning the profile
(Villuminator with Edmund Optics 10x 120i Plan Apo, 0.28 NA)

10/16/2024 Copyright  2024 VBMB Pte Ltd | https://v-bmb.com 18



White Papers at https://v-bmb.com 
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Article in Biophotonics (Jan ‘2023)

Courtesy of Laurin Publishing
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https://www.photonics.com/Articles/Top_Hat_Illumination_Provides_Even_Light/p1/vo220/i1421/a68481
https://www.photonics.com/Articles/Top_Hat_Illumination_Provides_Even_Light/p1/vo220/i1421/a68481


More info at the V-BMB website

RESOURCES MENU
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Munich, Germany
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https://analytica.de/en/munich/


Thank You!

https://v-bmb.com  
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