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Abstract: This work presents the result of

intercomparison of radiant power from lasers soamt®ng
laboratories, mainly from medical equipment mantuféng
industries. The intercomparison was the round-rdigjye
and used lasers sources in 3 wavelengths 405nmnp6aéd
785nm as traveling standards. The reference vakers
determined by the pilot laboratory, IPT, before aafter
each participant using an electrical calibratedoplgctric
radiometry and the normalized error was used agditgua
criteria. About 30% of the results were out of Hoeeptable
limit, where the most critical results came frone tlaser

405nm (about 16% of the total). Theses
measurements are related to lake of calibratiorordatg
ISO 17025; need of specialized training in opticaliation
measurement
instrumentation limits and behavior

an

Key words: intercomparison, laser, medical equipment
traceability.

1. INTRODUCTION

Intercomparison measurements are a fundamentatcool
quality evaluation and metrological process true#gs. It is
carried out in many levels of metrological chaimonfi
National Metrology Institutes (NMI) key comparisofiH
down to industrial laboratories.

In optical laser field, one BIPM (Bureau Internatid
des Poids at Mesures) supplementary comparisom is
progress [2] and two bilateral laser power interparnsons

intercomparison program for radiant power as a twol
improve and monitor their production. This matter i
highlighted because the Brazilian NMI (INMETRO) paw
meter calibration facility is on development [7]p shat
many companies have to take their equipment abfoad
calibration.

This intercomparison aims the assessment
measurement quality of radiant power done by manufas
and other laboratories when they fabricate or atallaser
medical equipment according ABNT/IEC standardizatio
such as: NBR/IEC 60601-2-22. In addition, the

of

misledntercomparison results should furnish further infation

for Brazilian governmental politics.

and deep knowledge of measuremept EXPERIMENTAL METHOD

The intercomparison was done in the round-robinehod
Three characterized traveling standards laserscesug]
circulated among the participants laboratories.
wavelengths of traveling standard source were ¢chusde
very close to major commercial medical equipmenhgis
for analgesic or dental therapy. Before and aftache
participant measurement the pilot laboratory, IRJgk a
reference value in its measurement setup [8]. pluosedure
allowed the evaluation of drift in the laser radigower,
ensured that the source was working well and douited to
reference values uncertainty estimation. The Tabdows
the sources used in the intercomparison.

The

i Table 1. Lasers used in the intercomparisan

were performed between the Germany NMI, PT Serial Wavelength (nm)
(Physikalisch-Technische Bundesanstalt), and theA US 92614501 405
NMI, NIST (National Institute of Standard and 91888601 638
Technology). One of bilateral intercomparisons wasied 92594201 785

out on near infrared with power value of 1AWV and a
relative error less than 0,1% [3]. The other wasied out
on far infrared with power value in order to 100\Wdaa
relative error less than 0,7% [4]. The IPT has madeffort
to guarantee the trustfulness of its power measimes
intercomparisons, which resulted in a relative efrom 2%
to 2,5% at a power value from 8 mW to 40 mW [5,6].
After IPT’s intercomparisons and the results of IP
perform tests for the medical equipment certifmati
program of Brazilian National Healthy Agency (AN\Aj
it was possible to realize that industrial laborig® mainly
in medical equipment manufactory field need sonml lof

The laboratories had to use their own routine radia
power measurement methods and should follow
measurements protocol. The measurements protocol
specified the power measurement should to be doderu
temperature of (21+3)°C, supplied voltage of (1184@nd
after 1 hour of laser source warm-up. In additite laser

Tbeam should under fill the detector area and benabto

detector surface, except for detectors with higlkcsefar
reflection in which the laser beam should be slight
inclined (not more than 5°) to avoid reflectionointhe
laser’s cavity.



The IPT technicians observed all steps in order tdSO guide to expression of uncertainty in measuregrfiel ].
guarantee the integrity and to collect further infation The reference value and its uncertainty are predein
from the measurement procesthe pilot laboratory was Table 3 and the uncertainty components are predente
also responsible for the dataset analysis compativey Table 4.
measurement result, calculating errors, chartingj giming

the feedback to the participants Table 3. Reference value for radiant power.
The measurements agreement was checked using th
normalized error (| which is a parameter used to evaluate | wavelength (nm) Radiant Power (mW)
the results from the intercomparison [9]. This paeter is
calculated according to equation (1). 405 525+1,4
E = M ~ Mg 1 635 30,47 £0,88
i 1)
VYUY G tURe 785 496 +1,6

Where:
M4 is the participant laboratory’s measurement;

. . , Table 4. Uncertainty’s components of radiant powefrom reference
Mget is the pilot laboratory’s measurement; y P P

value.
U, qp is the participant laboratory’s uncertainty;
Ures is the pilot laboratory’s reference uncertainty. Power's uncertainty (mw)
L .. .. Source of
The criteria for participant measurement evaluatising uncertainty 205 m 535 m =85 nm
the normalized error are the following: Type | Type | Type | Type | Type | Type
A B A B A B
. . Standard Deviation| 0,05 0,06 0,14
| E: | <1 the result is satisfactory; andard Deviaton) ©. : :
) Difference betweer
| E, | > 1 the result is doubtful. maximum and 0.14 0.17 0.43
o L ) . minimum
The participants’ invitation was done using the oad Calibration  with 01575 0.0914 0.148
equipment manufactures list from ABIMO which is a [electrical standards 7
manufacture association and from the list of mactufes Egé’éﬁgﬁ]’t‘; 0.3150 0.1828 0297
which had used IPT evaluation service according NBR -
L Equipment 0.0039 0.0023 0.003
60601-2-22 standard. All together 14 participantsrev resolution : ' 7
invited which are divided in 11 medical manufacture [Varation —  of 0.057
. d 3 independent laboratories reflectance in the 0.6062 0.3518] o4
companies an p ' detector’s surface
Uncertainty 0.79
3 RESULTS combined o o
Extended 143 0.88 1.58
The participants of this radiant power intercompami Uncertainty (kJ2) ' '

are listed in Table 2.

3.2. Intercomparison Results
Table 2. List of participants laboratories. ) . .
The result's diagrams presented in the Figures B to

identify the laboratories by theirs codes and twirtbe

Company Name information below:

- the laboratories meanis the mean of the individuals

results of the laboratory and is represented byeupty

CLEAN LINE circle with the uncertainty bar. It is associatethvieft side

diagram scale;

- the reference values the pilot laboratory mean value and

IBRAMED IND. BRASILEIRA DE EQUIPAMENTOS MEDICOS LT is represented by the band composed by the estiatae

in dashed line, superior and inferior limits in idoline,

considering the uncertainty (k=2). It is associatéth left

OPTO ELETRONICA S/A side diagram scale;

- the normalized error is described by Equation (1) and is

represented in the diagram by a filled circle. T line

indicated En = 1. It is associated with right siflagram
The pilot laboratory measurement for each travelingcale.

standard was determined using a electrical caédrat  The number of laboratories codes is bigger than the

pyroelectric radiometer (ECPR) [8,10] before angraéach number of participants because of each participankd use

participant laboratory. The final reference valuaswthe one or more measurement equipment.

mean of the values measured during the intercosmmari

The reference’s value uncertainty was determinedraing

CARCI INDUSTRIA E COMERCIO LTDA

ESCOLA POLITECNICA DA USP (DEC-LEB/EPUSP)

INSTITUTO DE FISICA USP

3.1. Pilot Laboratory Measurement
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Fig 1. Intercomparison results for 405 nm laser sage.
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Fig 2. Intercomparison results for 638 nm laser sage.



LASER 785 nm
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Fig 3. Intercomparison results for 785 nm laser sage.

4 DISCUSSIONS

About 30% of the measurements had unacceptab

results for the radiant power measures, being mb#tem
(around 16% of total) for the laser of 405 nm. Tollowing
points discussed gives allowance to explain theselts.
Considering the equipment issues it was noted nibat
all users pay attention to detector or filter réidia over

approximately 60% in the 405 nm laser source. Megeo

some participants’ uncertainties reach more thahdfidhe
BR/IEC 60601-2-22 which is the case for the LSO8BN
ith uncertainty of 12%.

5 CONCLUSIONS

An intercomparison of radiant power was establisimed
3 wavelengths and its results showed that abod 20 the

exposure; allow a warm-up period for the measurémemeasurements are out of acceptable criteria. Miostibof

equipment; take care of environmental conditionsthe
detector and its accessories. In addition, it waseoved that
participants do not have internal
procedures and, in some cases, very simple rag@wer
measurement equipment. The effect of ultraviolev)U
radiation exposure in silicon detector was evahlliaby
Werne [12] and it could be a reason to explain high
percentage unacceptable results for the laser B @@
which is near the UV spectrum. The final major peot
linked to the equipment is the calibration. Althbuall the
participants have some kind of calibration, nonéhein has
a calibration according 1SO 17025 or done in Natlon
Institute of Metrology.

A second issue point is the participants’ measuréme

procedure. A lake of a well defined measurementguiare,

the knowledge of power measurement equipment a
radiation measureime

specialized training in optical
contributed in the deviation of participants’ rasuBesides,
only one third of laboratories technicians had rehd
intercomparison measurement protocol.

limit measurements, 16%, occurred in the 405 nnerlas
sources. A possible reason for this behavior coloéd

measurement cheathanges in responsivity of detector cause by radiat

exposure.
Other factors that contributed for this misled
measurements are lake of measurement equipment

calibration according ISO 17025; specialized tragniin
optical radiation measurement and deep knowledge of
measurement instrumentation limits.
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