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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 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
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Introduction

The centre of a laser beam is defined as the centroid or first-order spatial moment of the power density
distribution. The current propagation axis of a beam is then the straight line connecting two centroids measured
at two different planes simultaneously in a uniform, homogeneous medium. Beam axis instability may be

characterized by transverse displacements and angular movements that are either monotonic, periodic or
stochastic-in-time

The movement of a laser beam may be randomly distributed and uniform in amplitude inyall Hirections. In
generfal, the beam may move a greater amount in one direction. If one direction predominates, thge procedures
specified in this International Standard can be used to identify that dominant direction (the)beam a-axis) and its
azimiithal location relative to the axes of the laboratory system.

This International Standard provides general principles for the measurement,of these quantitied. In addition,
definjtions of terminology and symbols to be used in referring to beam positioh,ate provided.

© 1SO 2003 - All rights reserved \Y
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INTERNATIONAL STANDARD

ISO 11670:2003(E)

Lasers and laser-related equipment — Test methods for laser
beam parameters — Beam positional stability

1 Scope

This |nternational Standard specifies methods for determining laser beam positional as well as.angular stability.
The [test methods given in this International Standard are intended to be used far~the|testing and
chargcterization of lasers.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latést edition of the referenced document
(inclyding any amendments) applies.

ISO 11145:2001, Optics and optical instruments — Lasers and laser-related equipment — Vogabulary and
symiols

ISO 11146:1999, Lasers and laser-related equipment -<\Test methods for laser beam parameters — Beam
widthis, divergence angle and beam propagation factor

IEC §1040:1990, Power and energy measuring detectors, instruments and equipment for laser radliation

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61040, ISO 11145 and ISO 11146
and the following apply.

3.1

angular movement

Qs Qy

angular movementof'the laser beam in the x-z and y-z planes, respectively

NOTH These quantities are defined in the beam axis system x,y, 2. If the ratio of the quantity in the x directign to that in the
y dirgction does not exceed 1,15:1, the quantity is regarded as rotationally symmetric and only one number|may be given.
The symbQl & without index is used in that case.

3.2

beam angular stability

daz, Oary

twice the standard deviation of the measured angular movement

NOTE These quantities are defined in the beam axis system x,y, 2. If the ratio of the quantity in the x direction to that in the
y direction does not exceed 1,15:1, the quantity is regarded as rotationally symmetric and only one number may be given.
The symbol dcx without index is used in that case.

3.3
pivot
point

of intersection of all momentary beam axes with the z-axis

NOTE The measurement of the pivot is not a subject of this International Standard, because it does not necessarily exist.

© IS0
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3.4

transverse displacement

Qg, Ay

distance of transverse displacement of the laser beam in the x- and y-directions, respectively

NOTE 1 These quantities are defined in the beam axis system x,y, 2. If the ratio of the quantity in the x direction to that in
the y direction does not exceed 1,15:1, the quantity is regarded as rotationally symmetric and only one number may be
given. The symbol a without index is used in that case.

NOTE 2 The measurement of the transverse displacement is not a subject of this International Standard.

35
beam positipnal movement
positional mgvement of the centroid of the laser beam in the plane 2’

NOTE The ppsitional movement at plane 2’ results from the superposition of transverse displacement and/or apgular
movement of the laser beam.

3.6
beam positipnal stability
Ay (2), Ay( )
four times th¢ standard deviation of the measured beam positional movement at(plane 2z’

N

NOTE These|quantities are defined in the beam axis system x,y, 2. If the ratio of the\quantity in the x direction to thatlin the
y direction dogs not exceed 1,15:1, the quantity is regarded as rotationally symmetric and only one number may be given.
The symbol Al(z") without index is used in that case.

3.7
relative beam angular stability

6O‘rel,aca 6Oérel, ) 66Vrel,

beam angulqr stability divided by the divergence angle

NOTE For ellptical beams, an effective divergence angle’ fer =+ / % (0; + 022,) should be used, since the principa) axes
of the beam pésitional stability in general will not coineide with the principal axes of the laser beam propagation.

3.8
relative beam positional stability

Arel,:n (Z/), Airel,y (Zl)a Arel, (Zl)
beam positiophal stability at plane‘Z” divided by the beam diameter at plane z’

NOTE For elljptical beams, afi effective beam diameter desr =+ / % (di + dz) should be used, since the principal ajes of
the beam posifional stability in general will not coincide with the principal axes of the laser beam propagation.

3.9
beam stabil|ty parameter product
Sz Sy, S

The product of the minimum beam positional stability along the propagation and the beam angular stability

NOTE In a way similar to the beam diameter, the beam positional stability, as defined in sub-clause 3.6, obeys a hyperbolic
propagation law. Thus, the propagation of the absolute beam stability can be completely characterized by three parameters:
the position zo of the minimum value of the beam positional stability, the minimum value of the beam positional stability A
and the beam angular stability . The position zo of the minimum value of the beam positional stability in general does not
coincide with the waist position of the laser beam. See Annex A for further details.

3.10

beam positional change from cold start

difference in beam position from the position noted immediately upon turning on a turned-off, ambient-
temperature-equilibrated laser and the position noted after that laser has operated for longer than the warm-up
time
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short-term stability

stabil
3.12

medi
stabil

3.13

ity within a time interval of 1 s

um-term stability
ity within a time interval of 1 min

long-term stability

stabil

ity within a time interval of 1 h
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4.1

The ¢
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4.2

4.2.1

All cg

oordinate systems and beam axis

Beam axis distribution

istribution of the beam axes (as defined in ISO 11145) is obtained from & significant numbef
asurements of the beam axis direction.

movement of the beam axis can be described by means of the standard deviation of th
pution. This standard deviation can vary in different directions.<This means that the amplitude

ment can be greater in one dominant direction than in another, and that the distribution
ments is not necessarily radially symmetric.

Coordinate systems

General

ordinate systems are defined as right-handed.

y A

(n > 1 000)

s beam axis
of the beam
bf beam axis

Key
1
2
3
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average direction of the beam propagation axes
beam axis (for one measurement)
two times the standard deviation of the beam axis distribution

Figure 1 — Coordinate systems z’,y',z’ and z,y,z
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4.2.2 Laboratory system

The 2/, ¥’ and 2’ axes define the orthogonal space directions in the laboratory system. The origin of the 2’-axis
is in a reference (x’-y’)-plane defined by the laser manufacturer (e.g. the front of the laser enclosure), so that

the beam propagates approximately (less than 10° deviation) along the z’-axis.

4.2.3 Beam axis system

A second orthogonal coordinate system, the beam axis system, is defined in the following way:

— the z-axis is the average direction of the beam propagation axis (first-order spatial moment of the beam axis

distributign), which shall be determined after the Taser has reached a steady stafe;

— the x-axip is the direction of maximum amplitude of movement of the asymmetric beam axis disttibutjon in

the far-figld;

NOTE The agymmetric beam axis distribution is not to be confused with the asymmetric beam power(@istribution furjction.

— the origin of the beam axis system coincides with the origin of the laboratory system.

4.2.4 Azimyth angle

The azimuth|angle, v, is the angle by which the beam x-axis is rotated withyrespect to the laboratory system

x’-axis.

4.2.5 Transformation of coordinates

The transforation of the n measured coordinates of the laboratory system (z,y’,2’) into the bean] axis
system (x,1,2) shall be performed using the following~equations for the translational and rotafional

transformatigns (see Figure 1, where subscript M indicates the coordinates in the measuring plane):

a) First steq (calculation of xy, and y;,)

2.

/ 7

Ty I 1
' 1)
>y
/ 1
= 2
Ywm n (2
where ¢ + 1 to n.
b) Second gtep (translationh):
T=F"—af (3)
¥ =V Y 4)
¢) Third step (rotation around the z axis):
T\ cosy  siny 5)
y) \ —sim) cosy
where
1 28;’?;2
= — arctan 6
(0 > 2 o2 (6)
z Yy
> (= ap,)°
2 1
s~ = 7
. — )
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> (W — )

i
n—1

> (]

_ (@ — ay) (¥i — ym)
2: 7

S~
ry n—1

where ¢ = 1ton.

5 Test principles

8)

©)

5.1 |[Beam positional stability

The heam positional stability is measured directly or in the image plane of an imaging€lement. The movement

of the
bean
syste
posit
apprd

centroid of the beam is determined using a position-sensitive detector. The position of the ¢

(as measured by the first-order spatial moment of the power density distribution function
m) indicates the instantaneous position of the beam axis in the laboratory x’,3’,2z’ syster
onal stability can be calculated from the standard deviation of the variation of the centroid pos
priate short, medium or long time scale.

5.2 |[Beam angular stability

The peam angular stability is measured in the focal plane of afocusing element. The movement o
of th¢ beam is determined using a position-sensitive deteetor. The position of the centroid of t
meagqured by the first-order spatial moment of the power” density distribution function in the z
indicates the instantaneous direction of the beam axis:in the laboratory x’,3’,2’ system. The b
stability is calculated from the standard deviation ofthe variation of the centroid position over th

shortf medium or long time scale.

6 Measurement arrangement, test equipment and auxiliary devices
6.1 [Preparation

The laser beam and the optical axis of the measuring system shall be coaxial.

The qperture of the optical system shall be such that it accommodates the entire cross-sectior
beam. Clipping or diffraction loss shall contribute an increase of less than 1 % to the anticipated er
meagqurements. The optical elements (beam splitter, attenuator, imaging element, etc.) shall be

bntroid of the
in the x,y,2
n. The beam
ition over the

f the centroid
he beam (as
.Y,z system)
eam angular
b appropriate

of the laser
or of the final
ounted such
matic errors.
ntial sources

that the optical axis runs through the geometrical centres. Care should be taken to avoid systg
Reflections, ‘external ambient and thermal radiation, air turbulence or thermal blooming are all pote
of error.

The laserstattwarnm up according to the manufacturer' s Specification 1T Order 10 achieve term

before measurements are started. The test equipment shall be in thermal equilibrium as well.

I equilibrium

After the initial preparation is complete, an evaluation to determine if the entire laser beam reaches the detector

surface shall be made. For testing this, apertures of different diameters can be introduced into the

beam path in

front of each optical component. The aperture which reduces the output signal by 5 % shall have a diameter

less than 0,8 times the aperture of the optical component.

6.2 Control of environment

The optical bench or support system for the laser and measurement system should have an optomechanical
stability that exceeds that of the laser under test by at least an order of magnitude. Measures should be taken

to ensure that extraneous or systematic influences do not increase the anticipated probable

© 1SO 2003 - All rights reserved
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measurements by more than 10 %. These measures should include mechanical and acoustic isolation of the
test facility, temperature stabilization of the laboratory and the laser cooling system (as specified by the
manufacturer), shielding from extraneous electrical and optical noise and use of low-noise electronic
equipment.

6.3 Detection system

For measurement of the beam positional stability, the first-order spatial moment of the power density distribution
function shall be measured in accordance with ISO 11146. In particular, the provisions for the detector system
apply for this International Standard. If the power density distribution function does not change from

measuremenito measurement simpler detector systems may be used (e g lateral diodes _quadrant detector).

The accuracy of the measurement is directly related to the spatial resolution of the detector systemnand its

signal-to-noige ratio.

The radiatio detector system shall be in accordance with IEC 61040:1990, Clauses 3 and,'4)of which are

particularly |mportant. It shall be taken into account that only relative measurements are necesgsary.

Furthermore| the following points should be noted.

— It shall be confirmed from the manufacturer's data or by measurement, that the output quantity aof the
detector pystem (e.g. voltage) is linearly dependent on the input quantity (laser-power). Any wavelgngth
dependepcy, non-linearity or non-uniformity of the detector or the electronic-device shall be minimized or
corrected by use of a calibration procedure.

— Care shdll be taken to ascertain that the damage threshold (for irradiance, radiant exposure, powef and
energy) qf the detector surface is not exceeded by the laser beam.

6.4 Beamiforming optics, optical attenuators, beam splitters, focusing elements

In the case where the cross-section of the laser beam is.greater than the detector area, a suitable optical

system shall[be used to image the cross-sectional area of the laser beam onto the detector surface.

Optics shall pe selected appropriate to wavelength:

ctor's
non-
ation
all be

Optical attenjuators shall be used when the laser output power or the power density exceeds the dete
working (linejar) range or the damage threshold. Any wavelength, polarization and angular dependency,
linearity or non-uniformity of the optical attenuator shall be minimized or corrected by use of a calib
procedure. Hor use with high-power lasers, any high-power-induced deterioration of the laser beam sh
avoided.

The focusing system shall be.irn’ accordance with the requirements relating to the optics described aboye. In
addition, the [following requirements shall be met:

e.

the focusjng systemrshall be aberration-free, i.e. the influence on the quantities to be measured shall b¢ less

on of
the laser beam and clipping or diffraction loss is smaller than 1 % of the anticipated probable error of the
measurement.

None of the optical elements used shall significantly influence the relative power density distribution. When
imaging the laser beam onto the detector surface, the change in magnification shall be taken into account
during the evaluation procedure.

6.5 Calibration

A calibration procedure shall be performed before starting the measurement of the beam positional stability.
This can be accomplished by simply making provision for displacing the position-sensitive detector by a known
distance using an orthogonal pair of micrometer-driven linear slides.
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7 Test procedures

7.1 General

Measurements shall be carried out at the operating conditions which are specified by the laser manufacturer for
the type of laser being evaluated.

The beam shall be sampled at least 1 000 times during the measuring interval. The electrical frequency
bandwidth of the detector, including the bandwidth of any succeeding amplifier and associated electronics, shall
be three times higher than the inverse of the time difference between two measurements.

NOTH If camera-based systems are used for the measurement, the temporal bandwidth is limited by the erme repetition
rate.

7.2 |Beam positional stability

In orgler to measure the beam positional stability at the position 2/, the detection system shall be installed at
location 2z’ or location z’ shall be imaged with magnification -y onto the detector surface. The moyement of the
beam axis shall be recorded within measuring times of 1s (see 3.11);y1 min (see 3.12) or 1 h (see 3.13),
respectively.

7.3 |Beam angular stability

In or@ler to measure the beam angular stability, the detector surface shall be placed in the focpl plane of a
focuging element. The movement of the beam axis shall be recorded within measuring times of 1{s (see 3.11),
1 min (see 3.12) or 1 h (see 3.13), respectively.

8 Hvaluation

8.1 [Beam positional stability

Evaldation of beam positional stability shall be performed in the following way.
a) The centroid at locatibrz” shall be determined by
1) reading out.a lateral-sensitive detector (see 6.3);

or by

N

caleulating the first-order spatial moments of the power density distribution function

. [ [zE (z,y)dxdy
" [ [E(zy)dzdy

) = [ [yE (z,y) dzdy
' [ JE(x,y)dzdy

When using an imaging system, the imaging magnification shall be taken into account.

(10)

(11)

b) The coordinates ), and y,, of the intersection of the beam axis with the plane of measurement in the
laboratory system (2’ = z,) are given by

Ty = — (12)

© 1SO 2003 — All rights reserved 7
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Sy,
! 1
Yw =

13)
n

where ¢ = 1to n (n = 1 000).

c) The :v; and yg coordinates may be transformed into the beam axis system (x,y,2z) according to 4.2.5
(translational and rotational transformation). The azimuth angle, ¢, shall be calculated and recorded.

1 28;'?;2
= — arctan | ————= 14
v =2 P (14)
2
> (@i — zy)
2 3
~ 15
5> — (15)
2
> (Wi — vw)
2 3
i 16
S5 — (16)
> (@i — ay) (Wi — yw)
s~ l= 2 (17)
s n—1

where 7 + 1 to n.

NOTE This angle i does not define the x-axis of the beam axis systefin general, because the measurement|is not
performed in the far-field.

d) From thege values (z;,y;) the standard deviations s, s, and"s can be calculated according to

> > (@) — @) cosyp + (y}-=j,) sin]’
e\ o)
> Y > [ (@] — @) singy + (y; — yyy) cosy]”
(3 1
>
o= rZ— 1 (20)
where
ri? = il it
ri? 2l — ) — )

e) The beam positional stability can be determined using the equations

Ay (2) =25, (21)
Ay (z) =2s, (22)
A(z) =V2s (23)

8.2 Beam angular stability

The displacement in the focal plane (., Cy, C is correlated to the angular movement o/, oy, « in the
following way:

8 © 1SO 2003 — All rights reserved
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Qg = Curlf (24)
Oéy/ = Cy’/f (25)
a=_C_lf (26)

The evaluation of the beam angular stability shall be performed in the following way.
a) The centroid in the focal plane shall be determined by

1) reading out a lateral-sensitive detector (see 6.3);

of by

N

calculating the first-order spatial moments of the power density distribution function

[ [zE (x,y) dzdy
ot = [ [ E(z,y)dzdy (1)

[ JyE (z,y) dzdy

Gy = (28)
i [ [E(z,y)dzdy
b) The coordinates Cfﬂ(a and Cyl(ﬂ are given by
2 G,
Cofy = — (29)
n
2 Gy,
Gy, = — (30)
n

here ¢ = 1ton (n = 1 000).

C) e Qz; and leg coordinates may be transformed into the beam axis system (x,y,z) according to 4.2.5

(translational and rotational transforimation). The azimuth angle 1)’ shall be calculated and regorded.
W =2 arct eTs (31)
= — arctan | ———=5
2 [ o2
2 5> Sy
2
522 == M — (32)
2
Z (Cyg - Cy&)
A= - — (33)
Z <<I§ - C%) (Cyi - Cy{ﬂ)
s = — (34)

where 7 = 1to n.

NOTE This angle 1/)' defines the z-axis of the beam axis system.

d) From these values ((z,, C,,) the standard deviations s¢,, Sy and s¢ can be calculated according to

5 [ — Gy ) cosw’ + (¢ —¢yy) sinw]”
=l 2 — (35)

© 1SO 2003 — All rights reserved 9
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L
N
I

doug
dary

do o

where f

2003(E)

| (6o = o) s+ (G = ) cosu||

= 36
" (36)
(37)
” > / N2 / N2
C:Bi + Cyi = ka: - Ca:,(ﬂ) + kCyZ’ - Cyh’,l)
e) The bearh angular stability can be determined using the equations
2s¢
= — (38)
f
28<y
L oy (39)
f
\/ESC
(40)
f
s the focal length of the focusing element used.
Dort

9 Testre

The following
a) General
1) testh
2) date
3) namg
4) namg
b) Informati
1) laser
2) manu
3) many
4) serial

c) Test cong

information shall be included in the test repoit:
nformation:

as been performed according to 1ISO 11670:2003;
Df test;

and address of test organization;

of individual performing thetest.

bn concerning the tested'laser:

type;

facturer;

facturer's model designation;

number.

ifions:

1) laser

wavelength tested at;

2) operating mode (continuous wave or pulsed);

3) laser

parameter settings

— output power or energy;

— current or energy input;

— pulse energy;

— pulse duration;

— pulse repetition rate;

4) mode structure;

10
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5) polarization;
6) environmental conditions.
d) Information concerning testing and evaluation:
1) test method used;
2) detector and sampling system:
— response time of the detector system;
— trigger delay of sampling (for pulsed lasers only);

— measuring time interval (for pulsed lasers only);

3L beam forming optics and attenuating method:

— type of attenuator;

— type of beam splitter;

— type of focusing element;

other optical components and devices used for the test (polarizer, monochromator, etc.);

other relevant parameters or characteristics of the test which have™o be chosen (apefture setting,
reference plane, reference axis, laboratory system).

e) Test results:

1) Beam positional stability (according to 7.2)

|Locaion,z

s Short Medium Ldng

—

ghility conditions (optional) i ) )
Test value | Uncertainty |Testvalue| Uncertainty |Test value| [Uncertainty

Bean) positional stability, A

Beanlu positional stability, Az

Beanf positional stability, Ay
Azimlith, 1)

2) Beam angular stability (according to 7.3)

s Short Medium Ldng

~

gbility conditions~(Optional) ) ) )
Test value | Uncertainty |Testvalue| Uncertainty |Test value| [Uncertainty

Beanp angular stahility, dc

Beanlu angular ‘stability, dav,

Bean) angular stability, dary
Azimpith;2)’

© 1SO 2003 — All rights reserved 11
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