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Abstract

Monitoring the validity result is the critical requirement of the international standard ISO/IEC 17025:2017 for test and
calibration laboratories to provide objective evidence of their technical competence. Applying the interlaboratory comparison,
using alternative instrumentation that has been calibrated, functional checks of measuring and testing equipment, and other
methods for monitoring the validity of results is not enough to have confidence in the quality of test results. Modern standards
in the field of quality for test and calibration laboratories require applying other forms for assessing the characteristics of
the used test method. Particularly, it concerns the participation in interlaboratory comparisons.

One of the tools that could be used for monitoring the validity result is comparing laboratory test results with the
results that are obtained by other laboratories, e.g. proficiency testing. This paper presents the result of a proficiency testing
program for laser performance measurements that was organized by the International provider IFM Quality Services PTY
Ltd. in 2021. The purpose of the paper is to demonstrate the results of the participation of the SE “Ukrmetrteststandard”
in proficiency testing of measuring laser performance, to reveal the correlation of the results comparing with the previous
years and different tasks and to assess the possible causes of outliers. Twenty-two laboratories that had been accredited by
the ISO/IEC 17025 standard participated in the proficiency testing. The results were evaluated using the Z-score as the

performance criterion.

Potential risks of proficiency testing with a small number of participants and possible causes of results outliers were

assessed.
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1. Introduction

Laser emission has many advantages that are
necessary not only for scientific research, but also for
everyday life: the emission propagates in a rather nar-
row direction creating in such a way a point image on
the object to which it is directed at.

This narrow beam allows collecting high intensity
in a small amount thus transmitting a large amount
of energy with a single beam. In addition, due to
the progress in the development of semiconductors,
scientists have been able to create a semiconductor
laser that is less expensive and can be very small
comparing with the models designed using other
technologies. Lasers are popular in many areas: cos-
metology (hair removal), surgery (vision correction),
measurement (laser rangefinders), construction (laser
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level), multimedia (laser disk reader), production
(laser CNC), and art (laser shows). This list can be
further continued but it is obvious that laser emitters
can be found everywhere nowadays.

During laser application to the human body, the
above-mentioned benefits are a source of potential
hazard due to improper use and possible non-
conformities at the development and manufacturer
stages because laser application can lead to irreversible
reactions in human bodies, such as burns, blindness,
and serious injuries. Safety requirements for lasers
were published by the International Electrotechnical
Commission (IEC) and can be found some interna-
tional standards and technical recommendations such
as IEC 60601-2-22:2019 [1], IEC 60825-1:2014 [2],
and TEC 60825-8:2006 [3]. These normative documents
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are the global approach for ensuring laser safety and
providing informative guidance for manufacturers,
professional clinicians, and administrators of laser
facilities. Laser emission can pose photochemical,
retinal, and thermal hazards to humans [2, 4]. As
reported by Smalley (2011) [5], laser users should
have operating knowledge of the technical material,
including exposure limits, nominal ocular hazard area,
optical density levels, maximum permissible exposure,
classifications, etc. Taking into account the quality
metrics of test laboratories that verify the compliance
of laser devices with international standards becomes
a critical stage for human safety insurance.

Proficiency testing (PT) is an important com-
ponent to assess the work of laboratories using
pre-established criteria by means of interlaboratory
comparisons in accordance with ISO/IEC 17025 [6].
Nowadays several programs are conducted in dif-
ferent countries to demonstrate the conformity of the
laboratory infrastructure, for example, the IFM Quality
Services PTY Ltd. (IFMQS) programs for Test and
Calibration Laboratories.

A satisfactory result in proficiency testing de-
monstrates that a laboratory is able to bear reliable
results, which evidences its competency, owing to
its methods, equipment, traceability, infrastructure,
and personnel [7]. Moreover, unsatisfactory results
permit laboratories to identify non-conformities and
implement appropriate corrective actions to improve
their quality. Even though proficiency testing is an
important component to demonstrate competence,
especially in legal metrology, it is not available for
a range of measuring instruments, once they also
include visual and safety aspects regarding consumer
protection and fair competition, besides metrological
aspects.

Ukrainian Scientific and Technical Institute
for Certification and Tests of Electrical Equipment
UKITEST of the SE “Ukrmetrteststandard” took part
in a single-phase PT on lasers by the IFMQS in 2021.

Materials and methods
The PT for laser power measurements is based on
IEC 60825-1 Ed. 3.0 (2014-05) [2] and IEC 60825-1

Ed. 2.0 (2007) [4]. To ensure compliance with the
requirements of ISO/IEC 17043 [8] the provider set up
the requirements regarding environmental conditions
for measuring the laser power; the temperature has to
be maintained in the range of 20 °C — 25 °C with
relative humidity < 80% RH. The specified electrical
input for a test sample is a direct current of 3.2 V.
The sample is submitted personally by the IFMQS to
each laboratory participating in the PT. Homogenous
tests samples are submitted to the participants by the
PT provider. The test sample represents a laser module
with an extended laser beam source.

The PT provider assigned the participants to the
following:

+ Task 1: Measurement/confirmation of the peak
emitted wavelength.

1.1. Measured Peak Wavelength (nanometer);

1.2. Measured Laser Module Body Temperature
(Celsius degrees);

1.3. Reporting the observed current with the
specified electrical input (mA).

e Task 2: Measurement of a maximum optical
power according to IEC 60825-1 Ed. 2.0 Table 11
Condition 1 and IEC 60825-1 Ed. 3.0 Table 10
Condition 1: aperture stop with the diameter of 50 mm
at the distance of 2000 mm.

2.1. Measured Power (W);

2.2. Measured Laser Module Body Temperature
(Celsius degrees).

+ Task 3: Measurement of a maximum optical
power according to IEC 60825-1 Ed. 2.0 Table 11
Condition 2: aperture stop with the diameter of 7 mm
at the distance of 70 mm.

3.1. Measured Power (W);

3.2. Measured Laser Module Body Temperature
(Celsius degrees).

* Task 4: Measurement of a maximum optical
power according to IEC 60825-1 Ed. 2.0 Table 11
Condition 3 and IEC 60825-1 Ed. 3.0 Table 10
Condition 3: aperture stop with the diameter of 7 mm
at the distance of 100 mm.

4.1. Measured Power (W);

4.2. Measured Laser Module Body Temperature
(Celsius degrees).

Power Supply
3.2VDC

Temperature data
collection system PC
and electrical input

Measuring
instrument of
air condition

Sample

Laser power
meter

Spectrometer

Fig. 1. The test set-up of the IFM test. Adapted from IEC 60825-1
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« Task 5: Recording ambient temperature and
relative humidity.

5.1. Ambient Temperature (Celsius degrees);

5.2. Ambient Relative Humidity (%).

To provide the required measurements the follo-
wing test set-up was prepared, which is shown in Fig. 1.

The provider provided a semiconductor laser
module as a sample. The Hygrometer Testo 608-H1
was used to control the ambient conditions under
which the measurements are carried out. To provide
the required electrical input according to the task, the
KEYSIGHT 3631A power supply was used, which
supplied 3.2 V of a direct current to the sample. The
KEYSIGHT 34972A data acquisition system was used
to control the electrical input during the test and to
measure the observed current. It was also used to
measure the sample body temperature using a separate
module with thermocouples. For this, the temperature
distribution on the laser module body was previously
evaluated using the festo 925. The results that were
provided to the IFMQS were measured at the point of
maximum heating of the sample body. The OceanView
HR4000CG-UV-NIR spectrometer was used to mea-
sure the peak wavelength of the laser module. To
measure the maximum power of the laser emission in
accordance with Tasks 2—4, the Ophir StarBright laser
power and energy meter was used together with laser

photodiode power sensors. In addition, aperture stops
were used, the diameter of which was controlled using
a caliper. The distance between the sample and the
aperture stop was controlled using a measuring tape.
Data from the data acquisition system, spectrometer,
laser power, and energy meter were collected on a per-
sonal computer.

Results and Discussion

The circulation of the samples among the
laboratories started in January and ended in April
2021. In general, the participants performed all tasks
correctly.

There was a correlation between the results of laser
power measurements reported for Tasks 3 and 4. This
correlation was also noted in previous PT in 2020 and
2019. Both tasks had the same aperture stop with the
diameter of 7 mm while distances varied by 30 mm,
which is shown in Fig. 2. Therefore, they are likely to
correlate due to the similar conditions.

The laser power measurement distance for Task 2
was 2000 mm, which was much larger than 70 mm
(Task 3) and 100 mm (Task 4). Task 2 also required
a larger aperture stop with the diameter of 50 mm
comparing to 7 mm. No statistical correlation was
found between Tasks 2 and 3, and Tasks 2 and 4,
which is shown in Fig. 3.
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Fig. 2. Comparison of laser power for Tasks 3 and 4
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Fig. 3. Comparison of laser power for Tasks 2 and 3 and Tasks 2 and 4
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Laser body temperature vs measured power
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Fig. 4. Comparison of the laser body temperature and measured laser powers for Tasks 2, 3 and 4

Fig. 4 demonstrates the relation between the
laser body temperature and measured laser power for
Task 2, Task 3, and Task 4. The reported laser body
temperature and laser powers were evaluated and no
significant variations were observed.

The result of the measurements according to
Tasks 2, 3, 4 is shown in Fig. 5—7.

96% of the participants reported acceptable
results for peak wavelength. Approximately 83% of the
participants reported acceptable results for Task 2 and

Task 3. 90% of the participants reported acceptable
results for Task 4.

As a result, 318 individual test results were
obtained. Of these results, 116 were scored. Out of
the total, 14 results were assessed as outliers.

Conclusions

The method, which is used for evaluating results
and discussed in this paper, can lead to a false-positive
result. This is possible because the provider does not

20e21 Laser
T2.1 Power

Frequency
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Fig. 5. Measured laser power according to Task 2
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20e21 Laser
T2.1 Power
(Watts)
Number of Results Received 29
Number of Results Analysed 29
Quartile 1 1.03E-05
Quartile 3 1.61E-05
mExcluded IQR 5.79E-06
NIQR 4.29E-06
Wincluded Median 1.48E-05
Acceptable High:
Median + (3*NIQR) 2.76E-05
Acceptable Low:
Median - (3*NIQR) 1.87E-06
isti Range 2.58E-05
20e21 Laser
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Number of Results Analysed 29
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NIQR 5.08E-06
Hincluded Median 5.90E-05
Acceptable High:
Median + (3*NIQR) 7.42E-05
Acceptable Low:
Median - (3*NIQR) 4.38E-05
Statistically Acceptable Range 3.05E-05

7.27E-05

Fig. 6. Measured laser power according to Task 3
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Quartile 1 4.10E-05
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NIQR 2.30E-06
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Median + (3*NIQR)
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Fig. 7. Measured laser power according to Task 4

provide the results from the reference laboratory. In this
regard, with a limited number of program participants,
there is a nonzero probability of accepting a false result
as a correct one, and the scattering will be estimated
from the wrong result. This is possible when measuring
the low powers of laser emission at the edge of the
resolution of receivers.

It is suggested that the results of participants’
outliers may be caused due to incorrect placement of

measuring instruments during power measurements.
The axis of the energy propagation of the laser beam
must be exactly parallel to the axis of the receiver of
the laser power meter. It can be achieved by different
methods, which must be applied in accordance with
the laboratory test procedure under ISO/IEC 17025.

Therefore, the participation of a reference labo-
ratory can be considered the best result in assessing
the competence of the laboratory.

KoHTpo1b p00OTH BHIIPOOYBAJIBbHOI JIA0OpATOPIl NLISXOM
yyacTi B mporpami nepeBipku KBajidikamii B rajysi
BUMIPIOBAHb XAPAKTEPUCTHK Jia3epa

B.I". Kono6pogos', B.M. Cokon'?, O.0. MNonikapnos?, b.B. Cokon?

! HauioHanbHutli mexHiyHull yHisepcumem Ykpaitu “Kuiscbkul nonimexHiyHull iHecmumym imeni leopsi Cikopcbkoeo”,

npocn. lNepemoeu, 37, 03056, Kuis, YkpaiHa

thermo@ukr.net; vnalbandova@gmail.com

2 [lepxasHe niornpuemcmeo “BceykpaiHcbKkull OepxasHull HayKogo-eupobHu4uli ueHmp cmaHOapmu3ayii, mempornoeil, cepmudbikauii
ma 3axucmy npas cnoxusadig” (Al “Ykpmempmecmcemandapm”), syn. MemponoaiyHa, 4, 03143, Kuis, YkpaiHa
a-polikarpov@ukrcsm.kiev.ua; sokolbohdan@ukr.net

AHoTauis

MOHITOPUHT pe3ybTaTy BaJliIHOCTI € BaXKJIMBOIO BMMOTOI0 MixkHapomHoro ctanmapty ISO/IEC 17025:2017 mono
HaJaHHS O0’€KTUBHUX JOKAa3iB TEXHIYHOI KOMIETEHTHOCTI [Jid BUIPOOYBaJbHUX Ta KaJliOpyBaJlbHUX J1abopaTopiid.
3acTocyBaHHS BHYTPIIlTHbOJIA0OPATOPHOTO TOPiBHSIHHS, BUKOPUCTAHHS aJbTePHATUBHMX BigKaJaiOpoBaHMX TIPUJIAMdiB,
(byHKIIIOHAJIBHUX TIePEBIPOK BUMIipIOBAJILHOIO OOJIAAHAHHS Ta iHIIMX METOMIB, SIKi BUKOPUCTOBYIOTHCS UJISi MOHITOPUHTY
JIOCTOBIPHOCTI pe3yJIbTaTiB, HEAOCTATHbO IJII TapaHTil SKOCTI pe3y/abTaTiB BUIPOOYBaHb.

OaHUM 3 iHCTPYMEHTIB, SIKi MOXHa BUKOPMUCTOBYBATH IS MOHITOPUHIY PE3YJbTaTy BaJliIHOCTi, € IMOPiBHSHHS
pe3yJbTaTiB J1abopaTOPHOTO BUMPOOYBaHHS i3 pe3yJbTaTaMM, OTPUMMAHUMM IHIIMMM JabopaTopissiMu — IepeBipKa
kBajidikailii. Meroto yuyacti B mepeBipili kBasidikailii € MiaATBEpIKEeHHSI KOMIIETEHTHOCTI BUIIPOOYBaJIbHOI J1abopatopii Ta
OLIIHKA MPaBUJILHOCTI BUKOPUCTOBYBaHUX JabopaTopieio MeTodiB. HamaHo pe3ynbTaTy mporpaMu IepeBipky KBajidikaiii mist
BUMIpIOBaHHSI XapaKTepUCTUK Jia3epa, 110 Oysa opraHizoBaHa MixHapoaHuM nposaitnepom IFM Quality Services PTY Ltd.
y 2021 poui. Merta craTTi — npoaeMoHcTpyBath pesyabTratu ydacti JIT “Ykpmerprecrcranmapt” y nepeBipiii kKBamidikailii
B rajy3i BUMipIOBaHb XapaKTEPUCTUK Jia3epa, 3HAUTU CHiBBIIHOLIEHHS PE3YJbTATiB Y MOPIBHSAHHI 3 MOMEPEAHIMU POKaMU
i pi3HUMU 3aBAAHHSAMU Ta OLIHUTU MOXKJIMBI MPUYUHU BiaxujaeHb. [IBaausTh IBi JabopaTopii, aKpeAMTOBaHi 3a CTaHIAPTOM
ISO/IEC 17025, 6panu ydacth y mepeBipii KBamidikauii. OmiHKy pe3yabTaTiB MTPOBOIUIN 3 BUKOPUCTAHHSIM Z-OLIIHKU K
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KpuTepiro eeKTUBHOCTI ydyacHUKIB. [IpoBereHO aHalli3 pe3yabTaTiB BUMipIOBaHb TOTYXKHOCTI Jlazepa ycixX Jlabopartopiii 3a
MeTomaMy MixHapomaHux ctanmaptiB cepii IEC 60825-1, ki O6panu ydacTh y TepeBipui kBamidikauii y 2021 pori.

Byno oniHeHO MOTEHIITHI PU3MKKU TIepeBipKM KBajidikallii 3 HEBEIMKOIO KiIbKICTIO YYACHUKIB i MOXIMBI MPUIMHUA
BiIXWUJIEHb PE3YJIbTaTiB.

KimouoBi cioBa: jasepHa Oeslieka; eHeprig jasepa; nepesipka ksamidikarii; ISO/IEC 17025; IEC 60825-1.
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AHHOTaIMS

MOHUTOPUHT pe3ysibTaTa BAIMAHOCTHU SIBJISIETCS] BAXKHBIM TpeboBaHMEM MexnyHaponHoro cranaapta ISO/IEC 17025:2017
O TIPEeNOCTaBICHUN OOBEKTUBHBIX MOKA3aTENbCTB TEXHUYECKON KOMIETEHTHOCTU WCIBITATENbHBIX M KAaTMOPOBOUYHBIX Jia-
OopaTopuid.

OnHUM U3 UHCTPYMEHTOB, KOTOPBI MOXHO MCIIOJIb30BaTh AJIsi KOHTPOJISI BAIUAHOCTH, SIBISIETCSI CPABHEHUE PE3yIbTaToOB
JIabOpaTOPHBIX UCIBITAHWI C pe3yIbTaTaMy, TIOJYYeHHBIMU B JIPYTUX JIAO0OpaTOPUSIX — IpoBepKa KBanudbukanuu. B cratbe
MpeNCTaBIeHbl Pe3yIbTaThl MPOrpaMMbl TPOBEPKU KBAIM(PUKALIMY O U3MEPEHUIO XapaKTEPUCTUK Jla3epa, OPraHM30BaHHOM
MexayHapoaHbiM mpoBaiinepom IFM Quality Services PTY Ltd. B 2021 romy. Lleap ctaTbu — NpoaeMOHCTPUPOBATH
pe3yJibTaThl yyacTusi B MPOBepKe KBaaudUKalKnu, MPOBECTU COOTHOLIEHUE PE3yJbTaTOB MO CPaBHEHUIO C MPEIbIAYyIIUMU
rofamMy U pa3HBIMU 3aJadyaMM, OLEHUTh BO3MOXKHBIE MPUYMHBI OTKIOHeHWi. OlleHKa pe3yabTaToB IMPOBOIWIACH C HC-
MOJIb30BAaHUEM Z-OLUEHKU B KAauyecTBE KPUTEPHUsl Pe3yJIbTaTUBHOCTU YYaCTHUKOB. BbIIM OLIEHEHBI MOTEHUMATIbHBIE PUCKU
TPOBEPKU KBATU(UKAINUA C HEOOIBIINM KOJUYECTBOM YYaCTHUKOB M BO3MOXKHBIE TIPUYUHBI OTKJIOHEHUS PE3YJIbTaTOB.

Kirouesbie ciioBa: a3epHasi 0€30IMaCHOCTh; HEpPrus Jasepa; nposBepka kpaaudukauun; ISO/IEC 17025; IEC 60825-1.
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