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plane of an objective (example)

4-color LED This is for the 420 w illwmination
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Scale pixel digital

intensities using Matlab,
Excel, etc.

(Here, Excel was used)

specimen plane using
power meter

1 Measure total flux at the 2 Capture beam profile at 3

specimen plane using an
image sensor (focus by first
reducing iris at the field stop)
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Scaling of pixel digital intensities V-BMB
(method 1)

Resized raw image into 250 x 250 WS Excel® Spreadsheet MS Excel® Spreadsheet
pixels (easier +o havdle in Excel) e o . 1 R BREpy \o B eI et ot ) [ cd e i N
e — = v i Insert Page Layout Formulas Data Review View Developer Help @ Tellme file  Home Insert Pagelayaut Formulas Data Review View Developer Help Q Tellme
250x250 pixels: RGB; 244K e e ’ . SUMW%O’ lllllllllllllll - £ ) ' L = D:'mwpe’EpiXEE'!Am:'oooomjm ) | , i
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Two worksheets: Cells in - Iradiance Distribution in mW/cm"2 —
second worksheet multiply a o - -
factor such that total - i
values for all 250 x 250 cells si o L o o
eduals 34 mw o AttagnppeWens L 0 ¢
ARRERRRERRRRR AR ERERRRERERRRRRRRE ] u | Create third worksheet. Cells in third | -
RN e R — ~  worksheet divide cells from second -
worksheet by pixel size in cem2
Save image file from Open text file with Divide flux values by
1 Imaged into .CSV text 2 Excel, scale cell values pixel area to yield flux
(power meter measured to flux values (total pixel per unit area
total flux = 34 mW + 0.3%) shot noise << + 0.3%)
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Scaling of pixel digital intensities

(method 2)
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Imaged 3D Plot

1

Display histogram of
pixel digital intensities in
Imaged, click “List” to
output histogram data

2

Column C = Value x
Count; Sum all, then
divide flux by sum to
yield scaling factor
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Caveat 1 V-BMB

Field number divided
by magnification
/ This is a
Flux in the FOV relative term

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

\ J
|

WMean flux from light scatter
that's been integrated by
power meter and image sensor
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Caveat 2

V-BMB

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 |I_

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 V(x, y) be the irradiance at the mirror from the
Villuminator, and V'(x, y) be its image in the camera. If T(x,y) is the ‘transmittance
function’ of the imaging system, then V'(x,y) = V(x,y)T(x,y). So, if I'(x,y) is the
image of your original irradiance profile and I(x,y) is your original irradiance at the
mirror, then I'(x,y) = T(x,y)I(x,y). Thus, your original irradiance at the mirror is
I1(x,y) =[V'(x,v)/V(x,y)]I'(x,y). But since V(x, y) is a top hat, it is spatially constant
(within 5% error). Therefore, I(x,y) = V'(x, y)I'(x,y).

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

10/16/2024 Copyright © 2024 VBMB Pte Ltd | https://v-bmb.com
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The Villuminator™ modules produce very ¥ BMB
flat irradiance distributions

Irradiance Distribution in mW/cm”2
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Analytic expressions relating irradiance V-BMB
distribution with total flux and ‘width’

Rotationally Symmetric Rotationally Symmetric

Gaussian . ‘Super-Gaussian’
Approximate

ofile Half-width

HE-wid+ “top hat' pr
;‘_ﬁf@?lw vv;l X, at1/e level

p
p p2 B nP p\"
FP) = iz exp [_2 <ﬁ)] 50 = g |~ () ]

Gamma function

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

Peak irradiavnce

__ s
EO) = 2tw?I'(2/n)
5/ a 1/2 XE(O)
i 1/e x E(0)

2 (P 2 (P nP P\
eraoe |\ iance n a circle of area mp? i =—f E dp = j —(—) d
» Average irradiance in a circle of area mp* is ), (p)pdp o7 | Zmwira/my exp[ =) |pdp

» TIu the limit that n - oo, the distribution S . approaches [ |

» im £(0) = - = £ Thereiswo distinction between R and w
n-co w2 wR% whew the distributiov is an ideal +op hat
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Why irradiance matters to us V-BMB

« Asource’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 E (x, y), the integral [[ E(x, y)dxdy yields flux in the ‘Area’

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 v

This 1s what
Globally non-uniformirradiance profile Globally uniformirradiance profile ’
(but locally uniform) (but locally non-uniform) we're after
" B Hot " Globally AND locally
Spots uniform profile
o ® ZS ®
c = 2 ) )
S S © Top Hat
=) © \ / °
© Dark Dark ® Cold e
= = Spots Dark =
> > V-
Transverse Space Transverse Space Transverse Space

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

I JUST NEED A
LITTLE SHADE.

A LITTLE 'SLOPE’
ON THE SIDES
IS OK.
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Producing top hat illumination using the V-BMB
Villuminator™ module: principle of operation

Villuminator Module

A
I 1

Optical System o
(patent pending) Projection Lens

LED / T

________

s
Ao

R
—————————

Projected top hat

illumination profile lumination
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Example

Experimevtal Setup
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Fluorescence Microscope Setup
(Nikon 10x Plan Fluorite, 0.3 NA)

5472 pixels

(13.1 mm)
o Camera * 8 T
© _ (Sony IMX183, 20 MP sensor) = ks >
i o0 0o
5 3T
. - g 1 EX
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B o o 3 Q%%
""" Tube | ?99_/%
Lens | %
Diagonal Profile

Biosample
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Pixels

V-BMB
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Fluorescence Microscope Setup
(Edmund Optics 10x 120i Plan Apo, 0.28 NA)

Camera ) 1
(Sony IMX541) , ' :
X

Vertical Plot

V-BMB

Edmund Coupler
Optics tube lens
lens
Edmund Edmund
Optics filter Optics Lol
cube 10x 1201 ~ Villuminator
| Plan Apo . module _
Blank objective Horizontal Plot
fluorescent
slide
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Tunability of the irradiance distribution V-BMB

> Decreased workivg

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

> Normal working

... = This means that the FINAL profile at the
distance

camera can be made flat even if the ‘response’
P of a fluorescent sample (or the transverse

transmittance function of the imaging system)
has either a dome-shaped or inverted-dome

+—, Twucreased working SrEmEd [pelE

7 distance

10/16/2024 Copyright © 2024 VBMB Pte Ltd | https://v-bmb.com 17



Example of tuning the profile V-BMB

(Villuminator with Edmund Optics 10x 120i Plan Apo, 0.28 NA)

Workivg Distance = 1% min Working Distance = 26 mm

Vertical Plot
Vertical Plot

Horizontal Plot Horizontal Plot

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



e Precision Control Solutions
Made Simpie

White Papers at https://v-bmb.com

WHITE PAPER

Introduction to Using Villuminator™
Modules for Producing Uniform
“Top Hat” lllumination

\

1. INTRODUCTION

In the Jan/Feb 2023 issue of Biophotonics, Advanced
Products Corporation (APC) described how biotech-
nology applications are benefiting from using special
devices called Villuminator™ modules, which are com-
pact optical systems that produce output beams with

Figure 1. Compact standard Villuminator modules

uniform light di [1). Soon after,

the Venture Biotech Modules Business (V-BMB) was
formed, offering a variety of precision control solu-
tions, and expanding the Villuminator module product
line, providing analytical instrument developers and re-
with unparalleled uniform ill

Villuminator modules have been offered in a variety
of sizes and designs. For example, the three modules
shown at the top right of this page have diameters be-
tween 50 and 60 mm, and length of roughly 130 mm
(inclusive of a heat sink for the source). Their output

introduction to Using Villuminator
©2023 V-BMB | hitps:Jiv-bmb.com

Modules for Producing Unfform “Top Hat” Bumination

beams are in the red, green, and blue. Other designs
are smaller, such as the four modules shown in figure
1. These compact standard designs have dimensions
of 40 mm (diameter) x 78 mm (length). The four mod-
ules in figure 1 produce output beam colors in green,
blue, red, and white. Other colors (wavelengths) are
also available, ranging from the near ultraviolet
through the visible (including white) and near infrared.

2. PRIMARY COMPONENTS OF A
VILLUMINATOR MODULE

Figure 2 shows the components of a Villuminator
module. A module consists of a LED, heatsink, power
cord, and a patent-pending optical system that pro-
jects a non-divergent beam out of the module.

Optical System
(patewt pending)
LED ?

Heat Sk
Power
Cord

Figure 2. Components of a Villuminator module.

A Precision Control Solutions
Made Simple

Selecting Commercial Off-The-Shelf
Coupler Lenses for Villuminator™

Modules Used in
Fluorescence and
Bright-Field
Microscopy

E

1. INTRODUCTION

Villuminator™ modules are compact optical systems
that produce output beams with exceptionally uniform
light distributions [1-4]. When applied to fluorescence
and/or bright-field microscopy, a coupler lens must be
used 1o focus the output from a Villuminator module
into the objective lens, as illustrated in figure 1

Villian

wodide

Projecred image
of LED

Figure 1. Use of a coupler lens to focus light from
a Villuminator module into an objective lens

Generally, for standard Villuminator modules [S], any

I-off-the-shelf (COTS) AR d achro-
matic doublet lens having an effective focal length
(EFL) of 150 mm (and diameter in the range between
40 to 50 mm) can be used as a coupler lens (e.g., the
lens with part number 49-285 from Edmund Optics, or
part number AC508-150-A from Thorlabs, can be used
as a coupler lens). However, there may be instances
where a coupler lens with a different EFL is desirable.
In the next section, we provide basic rules for selecting
coupler lenses.

2. HOW TO SELECT A COUPLER LENS

2.1 Condition of using objectives from different
manufacturers

Figure 2 illustrates the basic rule for coupler lens se-
lection in situations where you may be using objec-
tives from different manufacturers (note that a fluo-

rescence filter cube has not been included in the figure,

as it would be a redundant component for the current
discussion). The idea is that, at any specified

Selectng £ -The-Shelf Coupler Lenses for Viluminator Modules Used in Fluorescence and Bright-Field Microscopy

Commercial Off-
©2024 V-BMB | hitps:/iv-bmb.com
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Top Hat lllumination Provides Even Light
Distribution Across Samples

LEDs and geamemmI aptics pnncrpfes combine to provide effective lighting profiles for

Y ROMIAN SEW AND UKAQ TAN,
ADVANCED #ODUCTS CORF. PTE. (D

illumination patterns are of great
impartance when applied to biomedi-
el imaging becausethey prevent

lication of these eve
in their commercial products

goal inmind, any bright or dark

of a specimen on 2 microscope slide must

able for a variety of biophotonics applica-
tions. A new lighting method that uses
lenses with LEDs to produce flat, top hat
illumination hes emerged, yielding even
distribution of illumination across any
plane of interest. This approach greatly
‘benefits life scientists who examine dy-
namic 2nd intricate samples.

Classical

chain reaction, and other forms of analysis

And yet, globally uniform iradiznce pro-
mesm still bave hat and cold spots —
gions of the illumination profils

mag:
structural properties of the source, such
2 he coll of ungsten Hlaments,ox
from wires 2

uances of haw
‘manifest

e accurately for purposes of
xamination, whether by the human eye
r by capturing the specimen's image viz
2 camera sensor contained within a digital
‘microscope. Clarity is particularly impar-
tant when analyzing conditions in cells,
tissues, emtryos, or other specimens for
research or clinics] diagnostics

‘Tvee commeon illumination techaiques
wsed in microscopy are known as critical
illumination and Kéhler ilkumination, and
sach has advantazes and disadvantsges.

Tighting techniques are also avail-

across LI Ds\mices
Figure 2 illustrates the basic optical

ko classical tsch-

this context. In optical systs r]Eslg'\ the
technical term used for describing illumi-
ntion eofiles s theirediance cistib-
tion, which refers to the flux per unit area
across the plane of llumination.

A dome-shaped irradiance distribution
may be considered globelly nonuniform
across the sample, but it may be locally
uniform in specific areas of the sample

iques of illumi For comparison,

ch system is depicted to project squal
flux across equal illmination areas t 2
screen. Typically, the technique of criti-
cal illumination enables projecting a flat
irradiance distribution, provided that the
source is locally uniform. But sources
often do not possess such uniformity.

For instance, if the source is 2 tungsten
filament, then the image of the filament is
projected ont the plans of illumination.

PMOTOMCSJETIA  imasscouises st Advanced Produsts Gomporstin Ph. sd.  BioPhotonics » January/February 2023

Courtesy of Laurin Publishing

I¢ an LED is used, then
electrical and mechznical structures that
Fun across the emitter’s surface are pro-
jected to the illumination plans. Examples
of images displaying these obstructions

several technical white pap
In critical illumination, somet

s sufficient to homogenize ¢
nonumiformities, but this depends on the
spatial dimensions and gaps between
Iocalized structures of the souree.
illumination — which is the most com-
mon echmigoe wsed n brightfeld anc
fluorescence microscopy —

such ocalized nonuniformitis. But if
the source is small, such as an LED with

wignetting s not present.
microscapy, ofher sot
pillEr\s in KnHEy illumination ean zlso
i

cmlmtmmmmnm typically doss
not provide globally uniform irrediance
distributions, due to the cosine fourth law
as it applies to alambertian LED source
— tnatis,

ek at an output ey
angl of 60 aermet e 1205 e
“This principle indicates that when such
an LED is Iocated at the back focal plane
lens, the irradiance across a distant
screen in front of the lens can take on 2
globally nonuniform profile. Butif the
LED is sufficiently large and locally

that the plArE of illumination is
fartheraway.
“This is known s the “searchlight”
condition.
Finally, the last two techaiques shawn
reduce uniform irredi-
ance ﬂlsmtlmmsonapurs butat the

o et lengths or add to design
complexity and cost.
rarmmz Terou Ichimure and

cal explored the use

Olobally Nonuniform
Profile, but Locally Uniform

—

V-BMB

Globalty Uniform Profil
but Nonunifom

Hlumination Plane

Blumination Plane

Figurs 1. Globil o locs ity of an ilmination profil aeros
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Figure 2. Fiv walkknown casiicol nchaigoas of iluminafion

By distilling the effects of system
length into 2 mathematical formula, it
can'be shown that a purely geometricz]

first-onder equation governs the condition

of equal flux projected onto equal areas
of illumination for the
illumination techniques:

projection lens (shown in the second
system from the top in Figure 2

the size of the proj

lnmination such that
the total flux and size of the illuminztion
area are the seme in both the critical and
Kahler techaiques.

Since the proj s s conjugate
o the souret — at , i sreochon
lens's plane is the location of
of the source, which is farmed by the fu
eollector — the formula zlso dictates the

and the flux callectar. Finally, since the
flux collector is conjugate

eye lenses to produce
tion at the spacimen plane of 2 so-called
tr

and H 15 the radial height of the fllumina-
tiom profile 2d from the optic axis.

scope pessessng s large el ofview. But
their system layout appea:

For a specified

es aad s o the hwmin

BioPhotonics » January/February 2023

system length
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