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INTRODUCTION

The optical power measured at the sample plane is a key parameter in microscopy setups, either
to troubleshoot any issue or to perform quantitative microscopy.

Measuring the optical power at regular interval using the same illumination settings allows to
troubleshoot, for example, changes in light sources power, drops in filters transmission, or laser-
to-fiber coupling misalignment.

Measuring the optical power prior and after an imaging campaign ensures that the light source
power has not fluctuated in the meantime, evidencing it has not affected the intensity values in
the images.

Measuring the optical power prior an imaging campaign using the same illumination settings as
for a previous imaging campaign ensures that the same optical power is applied on the sample,
so that the illumination conditions are reproduced.

Measuring the optical power allows to report this value in scientific publications, so that other
researchers can reproduce these illumination conditions, thus contributing to the combat against
the replication crisis.

The pdwer meterdo a n aallowssto perform live optical power , live irradiance , time -lapse and
power vs setting measurements.

ARGOLIGHT 2

- Daybook Analysis i Version 1.8.91 November 2021
A Precision Company

Copyright 2021 by Argolight SA. All rights reserved. No part of this document may be used or reproduced in any form or stored in a database or retrieval system. Making copies of any part of this
document for any purpose other than your own personal use is a violation of European copyright laws.



-2 ' Daybook Analysis Power meter

. OPERATING THE POWER METER

1. INSTALLATION

1 Download the Daybook software here: http://argolight.com/measure-microscopes-
performances-detect-issues-with-daybook/

1 Download the ARGO calibration file of the sensor here: http://argolight.com/knowledge-
center/get-my-calibration-file-for-argo-power/

1 Install Daybook on the computer that will be used to read the optical power measurements.
1 Plug the USB cable to the control unit and to the computer.
1 Open Daybook Analysis. A settings panel will open.
1 In the settings panel, c h 0 0 s e -POWERGVa i A r-BOWERSMoor fi A r-BOWER™Mo
in the Apr o(duigurel).ypeo | i st
1 Inthe settings panel, uploadthe ARGO cal i bration cfFiduel)and cl i
T Click on the APower -lofecoreer (of Fyjwe2).on on t he to
1 After the connection between the device and the computer is established, enter the light

source wavelength and the samplingperiod, and cl i ck on the APower

SETTINGS PANEL

Choose your product type

JS— ___ Selectyour
i product type
Download your Argo-POWER calibration file
Upload libration fi -- Upload the
pload your calibration tie calibration file

[-] Advanced settings

Source folder setting

D:\Users\zeiss/Desktop

Result folder setting

Daybook resuits

Advanced data mode on/off

[l Hide the settings panel on startup

Launch

Figure 1: Settings panel.

3
Daybook Analysis i Version 1.8.91 November 2021

Copyright 2021 by Argolight SA. All rights reserved. No part of this document may be used or reproduced in any form or stored in a database or retrieval system. Making copies of any part of this
document for any purpose other than your own personal use is a violation of European copyright laws.


http://argolight.com/measure-microscopes-performances-detect-issues-with-daybook/
http://argolight.com/measure-microscopes-performances-detect-issues-with-daybook/
http://argolight.com/knowledge-center/get-my-calibration-file-for-argo-power/
http://argolight.com/knowledge-center/get-my-calibration-file-for-argo-power/

-2 ' Daybook Analysis Power meter

E R E EEE LY.

)l

:1' Daybook Analysis

Analysis

Click on the “Power

Power meter
meter” button

Reload results

ID name

Figure 2: Daybook Analysis starting-up window.

2. LIVE MEASUREMENT

Select a microscope objective without immersion (dry objective).

Set up the device in the microscope sample holder.

Plug the cable from the power meter head to the control unit.

llluminate the sensor, starting at relatively low optical power.

Align the light beam to the centerd sensor, using the XY translation stages.

Fill out the AExcitation wavel dchBdgule8). and
Cl i ck ®Bumpotwheer fimeasur encé Ridue@3)button (

Adjust the focus until the highest optical power is measured. This indicates that the sensor
is at the focal plane of the microscope objective (cf. Figure 4).

Start the optical power measurements.
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:L' Power meter Calibration file: SLPM-095_Calibration.argo

Settings name | Acquisition mode (for irradiance)

Reload its v Excitation wavelength (nm) 470 2 jective magnification (x :
Sampling period (s) 1 = Numerical aperture B m B Generate report
Acquisition duration (h.mins) \ Number of laser spots z

ID name

Measured optical power vs acquisition duration

Fill out or modify these two mandatory parameters l

Click on the “Run power measurement” button I

/

.0
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
Irradiance: disabled Time (s)

Measured optical power vs power setting

Power setting (%) . ? 1.0
< add vaiues ] Delote Wil Display ] ¢] Reioad results | T

) o8

| 5 0.6

04

§ 0.2

200

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

Power setting (%)

Figure 3: User interface of the power meter.

L' Power meter Calibration file: SLPM-085_Callbration.argo

Settings name =l on mode (tor raciance) | - |

velength (nm) 470

(8 o | 8 oo

Sampling period (s

Acquisition duration (hmin's

| Run power measurement | Setzero | Pause | stop | /| Progress bar | Measured optical power vs acquisition duration
POWER 00 h:p0 min: 16 5 3

g g
£? | Measured optical power
6 22 o b s
Avarage: i3 %21 | / vs acquisition duration
= s 6 B S S S S S S S 7 S S s S s S
20.2 mW Stability  99.96 % CE
Maximum 20.2 mW B |
Minimum 202 mW g 18

10 1" 12 13 14 15

Irradiance: disabled Time (s)

/,
o
N
w
ES
@«
o
~
©
©

A\
Measured optical power vs power setting

Power setting (%) = f ot .
oo ] cocie o) 3 14)-Giafistios:
) §0£ - Average value

Eo.s - Standard deviation
- Measured optical power 8oa | - Deviation
- Uncertainty value %02 | - Stability

E 00 | - Maximum value

0.4o 0.05 0.1 0 .30 0.35 p.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05
05 Gt SRAAVARIS el

Figure 4: Live optical power measurement.

3. STATISTICS/METRICS
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Statistics/metrics are displayed on the right of the gauge (cf. Figure 4):
1 The average (in pW or mW) for n measurements of power Pi:

50 Qi wgzg 5

1 The standard deviation (in yW or mW) for n measurements of power P;:

R

YO SB 0 00 QI ®wQQ

1 The deviation (in %):

0OQUL Qw o UE & 5001 600
1 The stability (in %):

Yo & & Qi "RITCD

Cq Ca
Cq Ca

The maximum is the maximum power Pmax measured during the acquisition.
The minimum is the minimum power Pmin measured during the acquisition.

= =

4. TIME-LAPSE POWER ACQUISITION

To investigate the fluctuations of a light source over a limited duration (for example 10 minutes,

1 hour, or 1 night), it is possible to monitor the evolution of the optical power versus the acquisition
duration (cf. Figure 5), i.e. to perform time-lapse measurements.

To carry this out, fil]l out the acqui snttd omu tdtu
Once the indicated time is passed, the acquisition is automatically stopped.
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:A' Power meter Calibration file: SLPM-095_Calibration.argo
Settings name -] Acquistion mode ((oriadiance)
Excitation wavelength (nm) 470 :
ooty : — 8 oo [ 8 oot |
L scuston umon )0 1|20 4] ut the acquisition duration |.
nam
=
[ stop | Progress bar Measured optical power vs acquisition duration
POWER Sl £ % S Measured optical power
: Average 241 mW § o [k THTTN I / vs acquisition duration
30 L8840 000000000000000,
sD 122 mw z T
Rl = Deviation 168.54 % £ 20 122 ¢ $44d ¢
g
54 y\W staslity 034% o 10 Yeescssessesesee
£5uW Maximum 40.7 mW "§ .
Minimum 0.1 mW E (0 ffestsosspassosmmiopisssboms Fasssssdnsfrsbobusossisssteussstisosasmstmbsesfosimsssiieinisssionussesisstosicsisss frosssenst frusstssirf st frasio s fussssont BOSSP
= -10

°
@
=)

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Irradiance: disabled Time (s)

Measured optical power vs power setting

Power setting (%) - g

1.0

[ da vaiues |~ Delete [ Dispiay i) Reload resuis| 4
P (%) 08
go.s
S04
£,

0.0
= 770.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

Power setting (%)

Figure 5: Example of evolution of the optical power versus the acquisition duration.

5. IRRADIANCE CALCULATION MODE

In order to reproduce experimental images and data independently from the used imaging
system, it is important to know how much light a biological sample receives on a given surface,
through the calculation of the surface power density, i.e. the irradiance.

In general, the irradiance (in W.cm?, watts per square centimeter) is defined as the ratio of the
optical power (in W, watts) divided by the illuminated surface (in cm?, square centimeter). The
optical power can be measured with a power meter at the focal plane of the objective. The
surface, however, is difficult to measure, but can be evaluated from calculation, depending on the
microscope acquisition mode (wide-field, confocal laser scanning and confocal spinning disk
microscopy).

For wide -field microscopy , the irradiance of the illumination circular area is given by the
following formula:

C LWQ
Where | is the irradiance (W.cm?), Pa the measured average power (mW) at the focal plane of
the objective, FN the objective field number (mm) and Mag the objective magnification (unitless).
Note: Sometimes, the field number FN and the field of view FOV can be mixed-up. They are
related through the following equation: "O0 @ "Oj U ®"Q

For confocal laser scannin g microscopy , the irradiance of the focused laser beam is given by
the following formula:
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“ C =
U0
Where | is the irradiance (W.cm), Pay the measured average power (mW) at the focal plane of

the objective, o the illumination wavelength (nm) and NA the objective numerical aperture
(unitless). The factort & & comes from the fact that the spatial distribution of the laser beam
Is considered as Gaussian.

Notes :
1 The irradiance for confocal laser scanning microscopes can be several orders of
magnitude higher than that for wide-field microscopes.
1 The measured average optical power for confocal laser scanning microscopes is the same
whether the laser illumination spot is raster-scanned or held in a fixed position.

For confocal spinning disk microscopy , the irradiance of each focused laser beam is given by
the following formula:

T T OF¢ 0

O p — &
“ c - 4
VO v

Where | is the irradiance (W.cm), Pay the measured average power (mW) at the focal plane of
the objective, athe illumination wavelength (nm), NA the objective numerical aperture (unitless)
and N the number of laser spots hitting the sensor. This last parameter is somehow related to the
number of illuminated pinholes of the pinhole disk. The factor 1 & & comes from the fact that
the spatial distribution of the laser beam is considered as Gaussian.

Once the type of illumination is chosen, and the associated parameters are filled-out, Daybook
Analysis provides the live irradiance (cf. Figure 6), based on the measured optical power and the
formula described above.

S

8
Daybook Analysis i Version 1.8.91 November 2021

Copyright 2021 by Argolight SA. All rights reserved. No part of this document may be used or reproduced in any form or stored in a database or retrieval system. Making copies of any part of this
document for any purpose other than your own personal use is a violation of European copyright laws.



Daybook Analysis Power meter

:L' Power meter Calibration file: SLPM-095_Calibration.argo
Settings name = Acqusnlmn\ooe(lorlmlante)_:[__' Select the acquisition mode |
470 : ation (x 10.00 D
ID name e :\\:
o
T T e T Measured optica pm
POWER 00 h: 00 mir; 18's £2 " R 3 " 4
= . .| Fill out this information to measure, the irradiance
Average 20.1 mW §2] T
sD 0.0 mwW -
é“ Deviation ﬂ.'ﬁm'/- g 20 * * + * + * * * * * * * * + * l 4
201 mW B Stabllity  99.94 % 5o ‘
£2.0mwW Maximum 20.1 mw 3 ‘
Minimum 20.1 mW g 18 |
=
0 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18
| Irradiance: 410.1 £ 41.0 mW.cm™ |<—| Measured irradiance I Time (s)
Measured optical power vs power setting
Power setting (%) - ? 1.0
| Add values | Delete Ml Display | &) Reload resuts ] 2
P (%) 08,
g 0.6
.0 04
§ 0.2
ﬁ 0.0
o ‘0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05
Power setting (%)

quququ
o

Figure 6: Example of irradiance live measurement for wide-field illumination.

6. MEASURED OPTICAL POWER VERSUS POWER SETTING

In most of the acquisition software of fluorescence microscopes, the adjustment of the light
sourcesooptical power is performed in fractions of the full power (in %) and not in optical power
units (in W).
The measurement of the evolution of the optical power in Watts versus the power setting in %
can be useful to check the linearity of the evolution, the absolute power values, or the compliance
with the light sources power specifications after a system installation or maintenance.
To display values in the fiMeasured optical pow
T Measure the |ive optical pnoevaesru, r ebnye nct | 6i cbkuit nt go
T Enter a fAPower settingo, from O to 100 %, |
microscope acquisition software.
T Click on the AAdd valuesodo button. A new val
optical power appears in the table.
1 Change the setting in your microscope acquisition software, enter this corresponding value
in APower settingo, wait for the measured o
valueso button. An addi t i on aHemeaaured aptical powdrh e |
appears in the table.
T I1'f necessary, to delete erroneous values, vy
T After adding two or more values in the tabl
values in the graph, as well as a linear regression curve.
T Change the AExcitation wavelengtho and repe
values from several light sources.
Figures 7 and 8 show the evolution of the optical power versus the power setting for one and two
light sources, respectively.
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Figure 7: Example of measured optical power versus power setting for one light source.

Figure 8: Example of measured optical power versus power setting for two light sources.

ARGOLIGHT 10

- Daybook Analysis i Version 1.8.91 November 2021
A Precision Company

Copyright 2021 by Argolight SA. All rights reserved. No part of this document may be used or reproduced in any form or stored in a database or retrieval system. Making copies of any part of this
document for any purpose other than your own personal use is a violation of European copyright laws.





















