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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document defines important quantities and methods to assess the quality of incident light
fluorescence illumination for microscopes as well as methods to measure them. Details covered will
enable users to compare different microscopes quantitatively with respect to their fluorescence
illumination prior to a purchase decision and chose an appropriate instrument according to their
application. Data obtained by following these methods also enables users to compare existing
instruments with each other or to track performance variations over time, assuring proper performance.
Additionally, what information is to be provided to the user is covered.

© IS0 2022 - All rights reserved v
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Microscopes — Definition and measurement of
illumination properties —

Part 3:
Incident light fluorescence microscopy with incoherent
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Scope

5 document specifies procedures for the measurement of illumination brightness, tempof
uniformity for incident light fluorescence microscopy. The measurementfor uniformity
mage planes or intermediate image planes only, when these planes~are suitable for d¢
tronic imaging devices.

5 document defines how illumination brightness, temporal stability and uniformity are

how this information is provided to the user.

visual observation by means of eyepieces would requireya different measurement procedursg
It in ambiguities in the description of measurementsprocedures. Nevertheless, this docume
ul estimates for the uniformity with visual observation as in this case an eyepiece is used to
rmediate image plane (which is under the scope of.this document).

Normative references

re are no normative references in‘this document.

Terms and definitions
erms and definitions-arelisted in this document.
and IEC maintain‘terminological databases for use in standardization at the following ad

[SO Online bbowsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/

al stability
r is defined
btection by

measured,

E The scope is intentionally limited to electronic imaging devices and (intermediate) inpjage planes.

b and hence
ht will give
observe an

dresses:

4

Measurands

4.1

General

For obtaining the desired image quality, when using a light microscope, the brightness, temporal
stability and uniformity of the image play an important role. This holds true for different applications
and various types of instruments. The measurement of illumination brightness and uniformity is
mandatory. The temporal stability is an optional measurement because it is only suitable for certain
types of light sources (e.g. arc lamps).

4.2

Illumination brightness

The illumination shall be bright enough to allow the detection of the details of the object under
investigation.
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As this document is based on measurement procedures, the image brightness shall be expressed in
the corresponding SI unit. The radiometric unit irradiance shall be used because it is well suited for
the essentially monochromatic or narrow-band illumination spectral range used in fluorescence
microscopy.

The value is expressed as given by Formula (1):

E== )

E istheirradiance averaged over the area of the diaphragm used in W/mm?;
P isthe radiant flux recorded by the power meter in W;

A isthe area of diaphragm used in mm?2.

4.3 Temlporal stability

4.3.1 Gejneral

The tempofal stability of the radiant flux is an important factor wheri\conducting experiments in a fime
series. If experimental results are to be derived from variations in the image brightness, any variafion
in illuminaftion brightness due to temporal instability shall notcontribute to these results.

—

The tempofal stability shall be expressed for at least one offwo different time scales.

4.3.2 Shprt-term stability of radiant flux

The radianit flux shall be recorded for a time interval of 5 min. During this time interval the detectqr of
the power meter is illuminated continuously.and a power reading is recorded every second. The shiort-
term stability of radiant flux, S ., is expressed as a percentage by Formula (2):

Prax — P
Sshort F100x 1—_max —min (2)
o ( maX+Pm1n)
where

Sehort | is the short térii stability in percent;

is the maximum radiant flux recorded during the time interval of 5 min;

is thesminimum radiant flux recorded during the time interval of 5 min.

Care should be e entl
because some llght sources are only sw1tched on durlng actual 1mage acquisition.

4.3.3 Long term stability of radiant flux

The radiant flux shall be recorded for a time interval of 120 min. During this time interval the detector
of the power meter is illuminated every 30 s for one second. During the one second illumination of the
detector a power reading is recorded. The long term stability of radiant flux, S,,,, is expressed as a

percentage by the Formula (3):

P —P_
51ong=100>< 1—_Mmax —min (3)
Pmax+Pmin
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where
Siong  1s the long term stability in percent;
P..x isthe maximum radiant flux recorded during the time interval of 120 min;
P.in 1s the minimum radiant flux recorded during the time interval of 120 min.
4.4 Uniformity
The-microscopes-optical-system—shall-achieve-a—certain-degree-ofimageuniformityin-order to allow
the|detection of the details of the object under investigation. A severe drop of the image|brightness
towjards the edge of the image field can result in brightness values that are not sufficient’in the above
meitioned condition.
Furthermore, spatial variations of the image brightness over the image field>may not|always be
disfinguished from spatial variations of the properties of the object under investigation.
The uniformity of the brightness, U, in the image field is expressed as a percentage by Formyla (4):
B
U=100x —r-min 4)
IF, max
Where
U is the uniformity of brightness in the image field, in percent;

NO']
itm

5

5.1

Bigmin iS the minimum brightness in image field;
Bipmax 1S the maximum brightness in image field.

E Depending on the size of the image field, the objective magnification and the size of the s¢
ght be necessary to apply a suitable averaging method in the computation of the uniformity.

Measurement procedure

General

In dddition to definifig:the measurement geometry and procedure it is necessary to descrilj

sett
brig

5.2

ings of the microscope in order to eliminate their influence on the measurement of il
htness, temporal stability and uniformity:.

Microscope settings

The

nsor pixels,

e essential
lumination

miicroscope shall be set up in the desired configuration regarding excitation wavelen

bth (band),

dichroic filters and/or emission filters.

If the microscope offers an adjustable field stop, it shall be set to the smallest setting for which the field

of v

iew of the imaging sensor in 5.5 is fully illuminated.

If the microscope offers an adjustable aperture stop, it shall be set to the smallest setting for which the
pupil of the objective lens used is overfilled.

For the measurement of illumination brightness and temporal stability the illumination shall be
warmed-up according to the manufacturer’s specifications. If the manufacturer does not specify a
warm-up time, the illumination shall be warmed-up for at least one hour prior to measurement. The
light output of the illumination shall be set to its maximum value and, if a filter is used for extinction
during measurement, this filter should be specified.
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5.3 Illumination brightness

The measurement is performed with a 10x objective and a calibrated power meter placed so that
the detection area of the power meter is slightly underfilled with light. The detection range of the
power meter shall be in the linear range. The detector of the power meter shall not be saturated. The
integration time of the power meter shall be between 0,2 sand 1 s.

The focal plane of the objective shall include a circular, centred diaphragm of (0,4 + 0,1) mm in diameter.
Figure 1 shows the position of the power meter during the measurement.

]

2

/L

Key
objectiye-locating surface of the nosepiece
10x objective

parfocdlizing distance of the objective
focal plpne

circulaif diaphragm

detecti¢pn area of power meter

N O U W N

marginpl ray

Figure 1 — Peosition of power meter during measurement

NOTE 1 ecause the actual measured value of the area of the diaphragm enters the calculation for illumination
brightness in 4.2 the diameteffieed not have a tight tolerance.

NOTE 2  If no diaphragm is used, the measured value of radiant flux can still be used to compare the spme
instrument pt differerit\points in time.

5.4 Temporal stability

The measurement is performed with a T0x objective and a power meter placed so that the detection
area of the power meter is underfilled with light. The detection range of the power meter shall be in
the linear range. If a 10x objective is not available, the measurement shall be performed without an
objective and the power meter shall be placed at the position of the pupil of the illumination, thus the
objective needs to be removed. The power meter shall be mounted in a fixed position with regard to the
objective or the objective nosepiece respectively. External influences on the measurement, e.g. changes
in room temperature or changes in the ambient lighting conditions, have to be eliminated. Figure 2
shows an alternative position of the power meter when used without objective.

The detector of the power meter shall not be saturated. The integration time of the power meter shall
be between 0,2 sand 1 s.

4 © IS0 2022 - All rights reserved
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Figure 2 — Alternative position of power meterwithout objective

Uniformity

measurement for uniformity shall be performed’by using an electronic image sens

fure the specified image field. This electronic image sensor shall consist of at least 5
mns of individual elements (pixels). Furthermore, the image sensor shall be desig
fance pupil at infinity.

e mechanical design of the microscepe does not allow the image sensor to be placed in 4
image field, no auxiliary optics that-would be part of the measurement setup shall be u
e an uniformity value cannot be méasured according to this document.

5 image sensor does not neéd-to be calibrated in radiometric units as its output can be re
htness measurement desc¢ribed in 4.2. However, gamma correction shall not be applied t

from the image sensor in.order to retain a linear relationship between irradiance and se

(he

Thd
bro
sing

Wh
the

hcey =1).

specimen shall'be a homogeneous fluorescent specimen, e.g. a solution of a fluorescent 1
hdband fluorfescent polymer slide. Solutions of markers are generally preferable over sol
e bleached fluorophores in the object field are replaced by unbleached fluorophores due t

le performing the measurement, it shall be ensured that the complete data recorded origi
hemogeneous fluorescent region of the specimen to avoid misjudgement, which might

r that can
rows and
hed for an

he plane of
ed. In this

ated to the
) the signal
hsor signal

harker or a
d samples,
b diffusion.

nates from
be caused,

b sufficient

e.g.

hvAfield of curvatnre of the optics or a tilted specimen The Qignnl-‘rn—nnicp ratio shall b

to clearly determine the uniformity. The signal-to-noise ratio is considered sufficient if the uniformity
varies less than 5 percentage points when the illumination brightness is increased by a factor of at least

1,5.

Table 1 shows examples for measurements, where signal-to-noise ratio is sufficient for determination

of u

niformity.
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Table 1 — Example of uniformity measurements

lllumination brightness Uniformity signal-to-noise ratio suffi-
arbitrary units, e.g. U cient for determination of
%" or “W/mm?2” % uniformity
10 65 —
15 72 no
22,5 75 yes
33,75 76 yes

5.6 Speg

The illumination brightness and uniformity shall be referred to a specific spectral range.'The spec

range shal
which the
more than
measured
individual

in Annex Al

6 Infor

Ifinformat
and unifor

ftral information

be given as the wavelength of maximum brightness together with the twg Wavelength
brightness is 50 % of the maximum value. If the brightness value of 50.%is achieved

tral
s at
for

two wavelengths, all spectral ranges shall be indicated. This spectrakinformation can be

in the focus plane of the objective or it can be calculated from théoretical values of
components (light source, filters, transmission of optical components). Examples are g

mation provided to the user

the
ven

ion on illumination properties is provided to the useriinformation on illumination brightness

ity are mandatory; information on temporal stability is optional. Information shall be g

ven

I's,
en

tral

are

according to the definitions given in 4.2, 4.3 and 4.4 and shall contain the following additional data:

a) infornjation on the dimensions and shape of the image field;

b) infornjation on the microscope configurationyespecially additional optical elements (like fivl\:lﬁ
objective lens, etc.) that can be exchanged by the user but were part of the light train
measufring the illumination brightness;

c) informjation on the illuminating<light source type used and its relevant parameters (speg
properfties, voltage or current, etc));

d) microgcope setting of the field'and aperture diaphragm;

e) information on the spéetral range that the measured illumination brightness and uniformity
reported in;

The spectrpl range should include at least one of the listed wavelength ranges:

— (385 #25)nm;

— (475 2 nm;

— (550 £ 30) nm;

NOTE The listed wavelength ranges may include more or other wavelength ranges than indicated here.

Examples of information provided to the user are given in Annex A.
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