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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
Commissipn (IEC) on all matters of electrotechnical standardization.

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC DirectivespPart 3

Draft Interpational Standards adopted by the technical committees are circulated to the member bodigs for voting.
Publication as an International Standard requires approval by at least 75 % of the member, bodies casting a vote.

Internationjal Standard 1SO 11554 was prepared by Technical Committee ISO/TC 172, Optics| and optical
instruments, Subcommittee SC 9, Electro-optical systems.

Annex ZA|of this International Standard is for information only.
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Optics

and optical instruments — Lasers and laser-related

equipment — Test methods for laser beam power, energy and
temporal characteristics

1 Scope

This Inter
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3 Terms

ational Standard specifies test methods for determining the power and energy_0f continuo
er beams, as well as their temporal characteristics of pulse shape, pulse duration and pu
and evaluation methods are also given for the power stability of cw-lasers;, energy stabi
e duration stability and pulse repetition rate stability.
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htive references
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11994, Optics and optical.instruments — Lasers and laser-related equipment — Vocabulary

pational Vocabulary’of Basic and General Terms in Metrology (BIPM, IEC, 1SO, OIML).
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Ise repetition
ity of pulsed

cterization of

provisions of

ational Standard. For dated references, .subsequent amendments to, or revisions of, any of these
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d below. For
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and symbols.

:1990, Power and epergy measuring detectors — Instruments and equipment for laser radiation.

For the purposes of this International Standard, the terms and definitions given in ISO 11145 and in the International
Vocabulary of Basic and General Terms in Metrology apply.

4 Symbols and units

The symbols and units given in ISO 11145 and in Table 1 are used in this International Standard.
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Table 1 — Symbols and units of measurement

©1SO

Symbol |Unit Term

APy W | Medium-term relative power fluctuation (1 min) to a 95 % confidence level

APgp W | Long-term relative power fluctuation (60 min) to a 95 % confidence level

P1, Pgo | W | Power averaged over 0,01 s for t; and over 1 s for tgg

Fl, % W | Mean power, averaged over 1 min and 60 min, respectively, at the operating conditions specified

by the manufacturer

AQ J [ Relative pulse energy fluctuation to a 95 % confidence level

t 5 | Medium-term interval (1 min)

Iso 5 | Long-term interval (60 min)

S - | Measured standard deviation

Urel k - | Relative uncertainty of calibration factor to a 95 % confidence level

Urel - | Relative uncertainty of measurement to a 95 % confidence level

15 Hz | Upper cutoff frequency

T 5 | Pulse repetition period

[{= 5 | Rise time of laser pulse

Aty - | Relative pulse duration fluctuation with regard te 1y to a 95 % confidence level

ATy - | Relative pulse duration fluctuation with regard to 71 to a 95 % confidence level

m - | Reading

m - | Mean value of readings

U - | Detector signal
5 Measurément principles
The laser beam is directed anto the detector surface to produce a signal with amplitude proportional to the power or
energy of the laser. The ‘amplitude versus time is measured. Beam-forming and/or -attenuation devicgés may be
used.
The evaluation method depends on the parameter to be determined and is described in clause 8.

6 Measurement configuration, test equipment and auxiliary devices

6.1 Preparation

The laser beam and the optical axis of the measuring system shall be coaxial. Select the diameter (cross-section) of
the optical system such that it accommodates the entire cross-section of the laser beam, and so that clipping or
diffraction loss is smaller than 10 % of the intended measurement uncertainty.

Arrange an optical axis in such a way that it is coaxial with the laser beam to be measured. Suitable optical
alignment devices are available for this purpose (e.g. aligning lasers or steering mirrors). Mount the attenuators or
beam-forming optics such that the optical axis runs through the geometrical centers. Care should be exercized to
avoid systematic errors.
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NOTE Reflections, external ambient light, thermal radiation and air currents are all potential sources of errors.

After the initial preparation is completed, make an evaluation to determine if the entire laser beam reaches the
detector surface. Apertures of different diameters can be introduced into the beam path in front of each optical
component. Reduce the aperture size until the output signal has been reduced by 5 %. This aperture should have a
diameter at least 20 % smaller than the aperture of the optical component.

6.2 Control of environmental impacts

Take suitable precautions, such as mechanical and acoustical isolation of the test set-up, shielding from extraneous
radiation, temperature stab|I|zat|on of the Iaboratory, ch0|ce of Iow noise ampllflers to ensure that the contribution to

the total e

irement such
in the laser
tained by an

The provigions of IEC 61040:1990 apply to the radiation detector, clauses 3 and 4 being particulafly important.
Furthermore, the following points shall be noted
a) Calibrjated power/energy meter
O Any wavelength dependency, non-linearity or non-uniformity:'of the detector or the electroniq device shall
minimized or corrected by use of a calibration procedure
b) Time-resolving detector

O Iyshall be confirmed, from manufacturer's data‘or by measurement, that the output quantity of the detector

(¢.9. the voltage) is linearly dependent onxthe input quantity (laser power). Any wavelength [dependency,
on-linearity or non-uniformity of the deteetor or the electronic device shall be minimized or|corrected by
se of a calibration procedure.

O he electrical frequency bandwidth of the detector, including the bandwidth of a succeeding famplifier and
associated electronics, shall reproduce the temporal laser pulse shape correctly. The decidive factor for
this is the steepest slope. This International Standard cannot be applied to measure pulses fgster than the
cppability of the detection)electronics.

The upper] cutoff frequency.f5)(6 dB decay of the sensitivity) of the detector including the amplifier shoyld at least be
three times the reciprocal value of the rise time 1, of the laser pulse.
1
Hh=2B— 1
D TR ( )
The lower lcutoff frnql lency. shall bhe zerg

Care shall be taken to ascertain the damage threshold (for irradiance, radiant exposure, power and e

nergy) of the

detector surface and of all optical elements located between the laser and the detector (e.g. polarizer, attenuator) so

that it is not exceeded by the incident laser beam.

6.4 Beam-forming optics

If the cross-section of the beam is greater than the detector area, a suitable optical system shall be used to image

the area of the cross-section of the laser beam onto the detector surface.

Optics shall be selected appropriate to wavelength. Absorption/reflection loss shall be measured and accounted for
in all measurements. The laser polarization shall be accounted for if polarization-dependent reflections are present.
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6.5 Optical

attenuators

An attenuator is used to reduce the laser power density at the surface of the detector.

©1SO

Optical attenuators shall be used when the laser output-power or power density exceeds the detector's working
(linear) range or the damage threshold. Any wavelength polarization and angular dependency, non-linearity or non-
uniformity of the optical attenuator shall be minimized or corrected by use of a calibration procedure.

7 Measurements

7.1 Generd
Unless other
Before begin
to achieve t
manufacture
7.2 Power
Measure the
7.3 Power
For the detg
1/100 s. The

incoming ele

For the dete
time constan

Record maxi
7.4 Pulse e
Measure the
7.5 Energy

Carry out th
100 pulses W

Record maxi

1
vise stated, carry out the measurements 10 times, with intervening background measuremer
hing the measurements, warm up the laser for at least 1 h (if not otherwise stated’by the mal
hermal equilibrium. Carry out the measurements at the operating conditions. specified by
for the type of laser which is being evaluated.

pf cw lasers

power with a calibrated power meter and, if required, with a calibrated attenuator.

stability of cw lasers

rmination of medium-term stability, the measuremeng period is 1 min. The beam is sam
time constant of the detecting system shall be less.than or equal to 1/300 s. Synchronizatig
ctrical (‘'mains'’) supply shall be avoided.

| of the detecting system shall be less than-or equal to 1/3 s.
mum and minimum readings.

nergy of pulsed lasers

energy of a single pulse with a calibrated energy meter and, if required, with a calibrated atte

stability of pulsed.lasers

e measurement-described in 7.4 for 100 successive — if possible — pulses. If this is no

mum and minimum readings.

ts.

pufacturer)
the laser

bled every
n with the

mination of long-term stability, the measurement period is 1 h. The beam is sampled every 1 s. The

nuator.

[ possible,

hich do net sticceed each other may also be used. State in the test report the procedure employed.

7.6 Tempo

alpulse shape, pulse duration, rise time and peak power

Measure the temporal pulse shape with a detector as described in 6.3. For the determination of peak power,

measure the

pulse energy at the same time in accordance with 7.4.

7.7 Pulse duration stability

Measure the

duration of 100 pulses as described in 7.6.

Record maximum and minimum readings.


https://standardsiso.com/api/?name=a8c3811862c3e4b5de4b4d998d111d0d

©1SO ISO 11554:1998(E)

7.8 Pulse repetition rate

A frequency counter may be used to measure the pulse repetition rate from the detector output signal. Care must
be exercised in the triggering method selected to reduce false or double triggering of the counter. This is of
particular concern when the laser pulse contains more than one peak. An oscilloscope or transient recorder may be
used to view the power versus time waveform output from the detector.

Alternatively, a measurement of the time between two equivalent peaks of successive pulses from the detector
output will yield the pulse repetition period T. The pulse repetition rate fp is evaluated as the reciprocal of the pulse

repetition period T.

=7 (2)

8 Evalugtion
8.1 General

The standgrd deviation s from n readings m; is calculated according to equation (83):

s=\=A—— (3)

with the mean value m

4

3 ‘Li\’P

m =

(4)

The relatiye uncertainty of the calibration factor . is calculated from the relative uncertainty of the calibration
factor of the detector (u)p, the reldtive uncertainty of the calibration factor of the attenuator (u.d;)a and the
relative uncertainty caused by the electronics as follows:

Ureld = z(urel,k)i2 (5)
=1

where

i s D¢ A, electronics

Urgl &€ teterminmedtoa959%confidencetevet:
8.2 Power of cw lasers

Calculate the power P as the mean value of 10 single measurements taken in accordance with 7.2. This is
required to estimate the variability of the measurement.

Calculate the relative uncertainty u,,, of the measurement from the standard deviation s and the relative uncertainty
of the calibration factor v

2
S 1 2
Ure =2 52 + Z(Urel,k) (6)
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8.3 Power stability of cw lasers

Calculate the mean value of the power P and the respective standard deviation s for the medium- and the long-
term periods. According to the specifications in 7.3, the medium-term mean value P; and the standard deviation s;
result from 6 000 readings taken within an interval of 1 min, whereas the long-term mean value Pgy and the
standard deviation sgq are calculated from 3 600 readings taken during a 1 h interval.

Power stability is given as the relative power fluctuation AP in the medium- and long-term periods, calculated from
equations (7) and (8), respectively:

<

AP =+E2 7
1= (7)
and
2s
APgq = 4260 (8)
Pso
8.4 Pulse ¢nergy of pulsed lasers

Calculate thg pulse energy 5 as the mean value of 10 single measurements taken in accordance with 714.

Calculate the
of the calibra|

relative uncertainty u,,, of the measurement from the standard deviation s and the relative ¢incertainty

tion factor v :

2

S 1

2
Ure| =2 ?"'Z( rel,k) 9)
8.5 Energy stability of pulsed lasers
Calculate thg mean value of the pulse energy 5 and the standard deviation s from the readings Q; takenfaccording
to the specififations in 7.5.
Pulse energy stability is given as the-relative pulse energy fluctuation AQ:
aQ=+$ (10)
=+
o
8.6 Temporal pulse shape, pulse duration, rise time and peak power
The following pafameters can be obtained from the time profile of the laser power (see Figure 1):

0

half of the peak power (Ppk/2).

attains 1/10 of the peak power (0,1 Fp).

The pulse duration 1, which Is the maximum time interval between two points in time at which the power attains

The 10 % pulse duration 1, which is the maximum time interval between two points in time at which the power

If the laser pulse consists of a high-power pulse of narrow width at the beginning and a low-power pulse of long
duration at the latter part of the laser pulse (for example the TEA laser, see Figure 2), it is necessary to specify both
times.

O The rise time TR, i.e. the time interval between 10 % (0,1 Ppk) and 90 % of peak power (0,9 Ppk) (see Figure 3).
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O The temporal pulse shape, i.e. the course of the power P(f) as a function of time, represented by the detector

signal U(1).
It is given by
u(t
P(t) = Ho HQ (11)
JU(t)dt
1
where
the limits of integration t; and t, are determined by t;, t, = t; [where U(f) < 0,1 U,,,,] (see Eigurg 1);
the pulse energy Q is measured and evaluated according to the provisions of 7.4 and\8.4.
O  The peak power P, of the pulse is calculated as follows:
Umax @
Aok =1, (12)
jU(t)dt
f
wherg U, ., represents the peak value of the detector signal (1),
8.7 Pulsg duration stability
Calculate the relative pulse duration fluctuation Az, (or.A%;,) from the mean value 7y (or 719) and|the standard
deviation $y (or s;q) of the 100 values determined agcording to 7.7:
2s 2s
Aty 4= or Ar  =+—=10 (13)
T T
H 10
8.8 Pulsg repetition rate
Calculate the pulse repetition rate as the mean value of the readings of measurements taken according to 7.8.
Calculate the relative ungertainty v, of the measurement from the standard deviation s and the relatiie uncertainty

of the calipration faetor (U )1 Of the time base or the frequency counter.

s? 1

Upel F

2
20—+ (Urei )T

(14)

VP i
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0.1A,
LA D~

7T T2 7

Figure 1 — Example of the variation of radiation power of a laser pulse with time

v

0.1Pp

| |
11 fo t

Figyre 2 — Example of the variation of radiation power of the pulse of a TEA-laser with time

0,1Py Dz

Figure 3 — Example of rise time measurement
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