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JAPANESE INDUSTRIAL STANDARD JIS
Measuring methods for C 6180-1991
laser output power
1. Scope

This Japanese Industrial Standard specifies measuring methods for
laser output power radiated from laser equipment to the free space.

This Standard is also applicable to optical output emitted from optical
fibers (hereafter referred to as the "optical fiber output light").

Remarks: The following Standards are cited in this Standard.

JIS C 6182 Test Methods of Optical Power Meters for
Laser Beam

JIS C 6802 Radiation Safety Standards for Laser Products

JIS C 6822 Test Methods for Structural Parameters of
Multimode Optical Fibers

JIS C 6825 Test Methods for Structural Parameters of
Single-Mode Optical Fibers
2. Definitions

For the purpose of this Standard the following principal definitions
apply:

(1) optical power meter An equipment which can quantitatively measure
the optical power of continuous light and/or pulsed light in the laser
output. It is composed of a detector and an indicator.

(2) optical energy meter An equipment which can quantitatively measure
the optical energy of pulsed light in the laser output. It is
composed of a detector and an indicator.

(3) detector A device which transduces optical power and/or optical
energy in the laser output, into electrical output.

(4) size of effective light receiving area (sensitive area) The size of
sensitive area effective for detection of laser output. It is not the
size of mechanical aperture stop.

(5) auxiliary optical element An optical element other than the light
source to be measured and the optical power meter (or optical energy
meter) directly necessary for the measurement of laser output. The
shutter, aperture, optical attenuator, diffuser, beam splitter,
optical filter, lens system, reflected ray termination, etc. are
included in this category.
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(6) beam diameter The largest distance between two points, in the
cross section of a beam, at which the optical power density becomes
¢ ? (=0.1353) of the maximum value in the beam cross section.

(7) angle of divergence Twice the angle made by the optical axis and
the light passing through an outermost point, in the diversing light
(diversing bundle of rays), where the optical power density becomes
¢? (=0.1353) of the maximum value in the beam cross section [see
Annex 2 Fig. 2 (a)].

(8) angle of convergence Twice the angle made by the optical axis and
the light passing through an outermost point, in the conversing light
(conversing bundle of rays), where the optical power density becomes
¢7? (=0.1353) of the maximum value in the beam cross section [see
Annex 2 Fig. 2 (b)].

Remarks: When this Standard is applied to the laser products
conforming to JIS C 6802, "¢ (=0.1353)" in the above
(6) to (8) should be replaced by "e! (=0.3679)".

(9) background light The light which is other than the light intended
to be measured and reaches to the detector through a normal path.
Sunlight, illumination light, exciting light, discharge light,
fluorescent light, etc. are in this category.

(10) stray light The light which reaches to the detector through an
irregular path. The light which comes through the clearance of
detector, the reflected light, scattered light and fluorescent light
produced inside of measuring instrument, surface and inside of
optical component, support of optical component, etc. are included
in this category.

3. Light to be measured and measuring items

The light to be measured is continuous light or pulsed light radiated
from single-wavelength laser or multi-wavelength laser. The input into the
detector is introduced through free space or an optical fiber system, and
the measuring items shall be as specified in Table 1. In this Standard,
measurements of optical power of continuous light are specified as the
basis, and in measurements of pulsed light, "optical power" should be
read as "optical energy".

Table 1. Light to be measured and measuring items

Light to be measured Measuring item

Continuous light Optical power (W)

Mean optical power (W), Peak optical power (W),

Pulsed light Optical energy (J)
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4. Selection of measuring equipment

4.1 Measuring environment The measuring equipment (including
auxiliary optical components) shall be appropriate to such environmental
conditions as the temperature, humidity, external light and wind velocity.

4.2 Measuring level range

4.2.1 General matters A detector which has maximum measuring
optical power, minimum measuring optical power, maximum measuring optical
power density, etc. needed to correspond to the level of measurements shall
be selected. The light emitted from optical fiber has the properties given
below, therefore care shall be taken for selection of the detector.

(a) The divergence angle of the emitted beam is large.

(b) The optical power density distribution in the beam cross section
is complicated.

(c) It has polarizing characteristic.

4.2.2 Maximum measuring optical power The maximum measuring optical
power of the detector shall be larger than the optical power of the light to
be measured. If the optical power of the light to be measured is larger than
that of the detector, the measurement level range shall be expanded in
accordance with the method given in Annex 1.

4.2.3 Minimum measuring optical power The minimum measuring optical
power of the detector shall be smaller than the optical power of the light to
be measured.

4.2,4 Maximum measuring optical power density The maximum measur-
ing optical density of the detector shall be larger than the optical power
density of the light to be measured on the light receiving plane. If the
optical power density of the light to be measured is larger than that of
the detector, the measurement level range shall be expanded in accordance
with the method given in Annex 1.

4.3 Wavelength range

4.3.1 Measurement of single-wavelength laser output The calibrated
wavelength range (') of the optical power meter used for the measurements
of single-wavelength laser output shall include the oscillation wavelength of
the light to be measured.

Note (!) The calibrated wavelength range means the wavelength
range where the sensitivity to wavelength is corrected or
the correction values of sensitivity to wavelength are given,
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4.3.2 Measurement of multi-wavelength laser output The detector
used for the measurements of total output of multi-wavelength laser shall
have sufficiently small wavelength dependence of responsivity adequate to
the necessary measurement accuracy covering the oscillation wavelength
range of the light to be measured. However, if the output at each
wavelength is measured, and the values so measured are added, such a
case is an exception.

4.4 Response time In the measurement of mean optical power of
repetitive pulsed Ilight, the response time of the optical power meter shall
be sufficiently long as compared with the period of repetition of the pulse
to be measured.

If a waveform observing device is also used in the measurement of
peak optical power, the response time of the waveform observing device
shall be sufficiently small as compared with the rise time and fall time
of the pulse waveform to be measured.

4.5 Beam profile and necessary size of effective sensitive area in
detector The size of effective sensitive area in the detector shall be
sulTiciently large as compared with the beam size on the sensitive area.
The relationship between the beam size and the necessary size of effective
sensitive area differs according to the beam profile and the tolerance on
this parameter and the details shall be as stated in Annex 2.

However, if a detector for optical fiber is used (2), this sub-clause is
not necessarily taken into account,

Note (2) This means such a case that the output end of optical fiber
can mechanically remain in prescribed position by means of
a fitting mechanism such as optical connector or adapter,
and the specified optical fiber is used for the detector.

4.6 NA of detector The NA (numerical aperture) of the detector shall
be larger than the angle of divergence and angle of convergence of the
light to be measured. When a measuring device equipped with a detector
for optical fiber is used, it shall be confirmed, as for the size of the
sensitive area, that the NA and core diameter of the measuring optical fiber
comply with the conditions specified in the detector.

4.7 Accuracy of measuring equipment The accuracy of measuring
equipment shall be such that the necessary precision of measurement is
ensured.

Informative reference: The accuracy of measuring equipment is
determined by the limits of error at calibra-
tion and the limits of partial error obtained
from the individual error test.

The following parameters are the factors of
individual error (see JIS C 6182):

(a) Deviation of sensitivity of sensitive area
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(b) Dependence of responsivity on the angle of incidence

(c) Linearity

(d) Wavelength dependence

(e) Polarization dependence

(f) Zero drift

(g) Temperature dependence

(h) Stability at irradiation

In addition to the above, there are the errors in counting

number of pulses at the measurement of optical energy of pulsed
light, and the error in the waveform measurement at the peak
optical power measurement., In the measurement of optical fiber
output light, there are the errors due to multiple reflection

between optical fiber end surface and detector, the error due to
cladding mode, the error due to returning light, etc.

5. Preparation for measurement

5.1 Verification of safety It is necessary to employ adequate means to
ensure safety, since the measurement of laser output sometimes accompanies
hazards. Principal precaution items are given below [see 5.2 (safety
precautions) of JIS C 6802].

(1) Treatment of reflected light and scattered light

(2) End treatment of laser light

(3) Confirmation of operation of interlock switches

(4) Wearing of protectors by measuring personnel

In the measurement of output of laser radiated to the free space,
especially at measurement of high optical power, safety shall be confirmed
on the arrangement of the measuring system and then the work shall be

started.

It is recommended to arrange the measuring system by using a test
irradiation system by means of a low power visible light.

In the measurement of invisible light, enough attention shall be paid

to the reflected light from the auxiliary optical elements other than the main
beam.
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