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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 Commission (IEC) on all matters of
electrotechnical standardization.
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Optics and photonics — Lasers and laser-related
equipment — Vocabulary and symbols

1

Scope

This document defines basic terms, symbols, and units of measurement for the field of laser technology

in ornder—to umify tie termminology ammd to arrive at ctear defimitions and Teproducibie t
parameters and laser-oriented product properties.

NOTH The laser hierarchical vocabulary laid down in this document differs from that given in
ISO and IEC have discussed this difference and agree that it reflects the different purposes for w
standards serve. For more details, see informative Annex A.

2

Therk are no normative references in this document.

For the purposes of this document, the following termsand definitions apply.

ISO gnd IEC maintain terminological databases forusé in standardization at the following ¢

NOTHE 1 The spatial distribution of thejpower (energy) density in a cross section of a laser bg
always have circular symmetry. In this,document, all terms related to these spatial distributions
thosd for beam cross sections with:¢ircular distributions and those for beam cross sections with|
distributions. A circular beam is.characterized by its radius, w, or diameter, d. For a non-circular be
widths, dy and d), for two orthogonal directions are given.

NOTE 2  The spatial distpibutions of laser beams do not have sharp edges. Therefore, the po
valugs to which the spatial terms refer are defined. Depending on the application, different cut-off
chosdn (for example,1/e, 1/e2, 1/10 of the peak value).

NOTE 3  Thistdécument uses the subscript u to denote a percentage. For example, the percentag
bean] power{eneérgy) included in the value of a given parameter. When stating quantities marked by

“«. . n

u” is|replaced by the specific number, e.g. Agg for u = 90 %.

Normative references

Terms and definitions

ISO Online browsing platform: available athttp://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

ts of beam

[EC 60825-1.
hich the two

ddresses:

am does not
are split into
non-circular
am, the beam

wer (energy)
values can be

e of the total
ran index “u”,

NOTH 4 The beam width d‘,’,. (QPP 3 51N and the beam diameter d,, (Q(—‘P 33 1) can differ for the salme value of u
(dxu # du).

NOTE 5

In contrast to quantities defined by setting a cut-off value [“encircled power (energy)”], the beam

widths and derived beam properties can also be defined based on the second moments of the power (energy)
density distribution function (see 3.5.2). Only beam propagation ratios (see 3.10.2) that are calculated from
beam widths and divergence angles derived from the second moments of the power (energy) density distribution
function allow calculation of beam propagation. In this document, quantities based on the second moment are

«__n

marked by a subscript “o0”.

NOTE 6  Alistof symbols is given in Annex B.

© ISO 2018 - All rights reserved
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3.1 Beam position

3.1.1
beam centr

x(2),(z)

coordinates

oid

of the first-order moments of a power (energy) distribution of a beam at location z

- =J‘J‘X-E(x,y,z)-dxdy

IjE(x,y,z)-dxdy

Jy-E(X,y,Z)-dxdy

y(2)

where the i
(energy) is d

Note 1 to ent

Note 2 to ent
beam positio

Note 3 to en
propagation

3.1.2

beam posit
Bx(z), By(2]
four times t

where x(z’

centroids in

Note 1 to ent
in ISO 11670:;

¥4

”E(X,y,z)dxdy

ntegration shall be performed over an area such that at least 99 % of thebeam p
aptured

Fy: The power density E is replaced by the energy density H for pulsed lasets.

'y: The terms beam centroid, centre of gravity and beam position are ‘equivalent, formerly the
h was used.

try: These quantities are defined in the beam axis system"x,y;z, in which z is the directi
bf the beam.

jonal stability

ne standard deviation of the measured bean¥positional movement at plane z’

X

N
i=1

[?(z’)i —)?(Z')T

N-1

N
i=1

5, -7

N-1

X

the z' planeJand N is the number of measurements

'y: Theterm "beam angular stability", sometimes referred to as “beam pointing stability”, is dg
2003,

pwer

term

on of

and y(z’),are’the beam centroids in the z’ plane, x(z’) and y(z’) are the mean heam

fined

[SOURCE: IS
been added

0 11670:2003, 5.6, modified — The NOTE has been deleted, the text atter "at plane z™*

and Note 1 to entry has been added.]

3.2 Beam axis

3.2.1
beam axis

has

straight line connecting the centroids defined by the first spatial moments of the cross-sectional power
(energy) density distribution function at successive locations in the direction of propagation (z) of the
beam in a homogeneous medium

© ISO 2018 - All rights reserved
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3.2.2

misalignment angle

A9

deviation angle of the beam axis from the mechanical axis defined by the manufacturer

3.3 Beam diameter

3.3.1
beam diameter
du(2)
<encircled power (energy)> diameter of a circular aperture in a plane perpendicular to the beam axis
that fontains u % of the total beam power (energy)

Note|l to entry: For clarity, the term “beam diameter” is always used in combination with)the symbol and its
appro¢priate subscript: d, or dg.

3.3.2
beam diameter
ds(2)
<secpnd moment of power (energy) density distribution function> diarheter defined by using the second
moment of the power (energy) density distribution function

(s (Z)zz\/ia(z)

-~

whetfe the second moment of the power density distributien function E(x, y, z) of the beam 7 is given by

(x—)?(z))z +(y—_)_/(z))2 ‘E(x,y,2)-dxdy
rz(z):ﬂ( )

”E(x,y,z)‘dxdy

whette the first moments give the coordinates of the beam centroid [)?(z),}_l(z)]

o

Note |l to entry: For clarity, the term {beam diameter” is always used in combination with the symbol and its
appro¢priate subscript: dy or dg.

3.4 | Beam radius

3.4.1
beam radius
wy(Z]
<encjrcled power-(energy)> radius of a circular aperture in a plane perpendicular to the beam axis
which contains’u % of the total beam power (energy)

Note |1 _to.entry: For clarity, the term “beam radius” is always used in combination with the symbol and its
appro¢priate subscript: wy or wg.

Note 2 to entry: The beam radius is half the beam diameter dy(2).

3.4.2

beam radius

we(2)

<second moment of power (energy) density distribution function> radius defined by using the second
moment of the power (energy) density distribution function

Wo (Z):\/EO-(Z)

Note 1 to entry: For a definition of the second moment ¢62(z), see 3.3.2.

© ISO 2018 - All rights reserved 3
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Note 2 to entry: For clarity, the term “beam radius” is always used in combination with the symbol and its
appropriate subscript: wy or wg.

Note 3 to entry: The beam radius is half the beam diameter dy(2).

3.5 Beam width

3.5.1

beam width

dxu(2), dyu(2)
<slit transmitted power (energy)> width of the smallest slit aligned with the x or y transverse axes of

the power (]
alongxory

Note 1 to ent

cnergy) density distribution runction, transmitting u 7o OI the total beam power (en

Fy: For circular Gaussian beams, dy 95 4 and dy,95 4 both equal dgg, 5.

brgy)

Note 2 to enftry: For clarity, the term “beam width” is always used in combination with, the" symbol afpd its

appropriate {

3.5.2

beam width

dox(2), doy(z
<second mo|
moment of |

dsy (Z)

doy (Z)

where the §
given by:

where (x—;

centroid ()?

ubscripts: dgx, dgy or dy,y, dy,y.

he power (energy) density distribution function along x ¢r y

=40y (Z)

4o'y (z)

econd moments of the power density.distribution function E(x, y, z) of the beam at

J.J.<X_)_‘(Z))2 -E(x,y,z)-dxdy
JJE(x.y.2)-dxdy
[[(7-5(2)" B (x3h2)-dudy

”E(x,y,z)dxdy

F(z)) and (y—)_l(z)) are the distances from the current point’s coordinates to the

2),5(2))

Note 1 to e

ry: For clarity, the term “beam width” is always used in combination with the symbol a

ment of power (energy) density distribution function> width defined by using the se

cond

. are

beam

]lld its

appropriate

rjtubccripts- Ao dgpordy,, d.

3.6 Beam cross-sectional area

3.6.1

beam cross-sectional area

Ay(2)

<encircled power (energy)> smallest completely filled area containing u % of the total beam power

(energy)

Note 1 to entry: For clarity, the term “beam cross-sectional area” is always used in combination with the symbol

and its appro

priate subscript: A, or Ag.

© ISO 2018 - All rights re
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3.6.2
beam cross-sectional area

Ag(2)
<second moment of power (energy) density distribution function> area of a beam with circular
cross-section

or elliptical cross-section

o =| o (2) oy (2

Note [l to entry: For clarity, the term “beam cross-sectional area” is always used in combifation with the symbol
and ifs appropriate subscript: A, or Ag.

1N

3.6.3
bearh ellipticity

£(2)

parameter for quantifying the circularity or squareness of a power (ehergy) density distrijution at z

de (Z)
()= 4r @

whete the direction of x is chosen to be along the majorl@xis of the distribution, such that d;, >d,;,

on

Note|l to entry: If € = 0,87, elliptical distributions can bgregarded as circular.
Note |2 to entry: In case of a rectangular distribution; ellipticity is often referred to as “aspect ratio’

Note B to entry: In contrast to the definition given here, in literature the term “ellipticity” is sometirhes related to
dp (7)
1——]

di, (2)
in IS 11146-1 and 1SO 13694.

. The definition given here has.been chosen to be in concordance with the same definitiof of ellipticity

3.6.4
circular power density distribution
pow¢r density distribution having an ellipticity greater than or equal to 0,87

3.7 | Beam waist

3.7.1
beam waist
portion’of a beam where the beam diameter or beam width has a local minimum

3.7.2

beam waist location

Z0x Z0y Z0

location where the beam widths or the beam diameters reach their minimum values along the beam axis

Note 1 to entry: A particular beam can have multiple beam waist locations.

© IS0 2018 - All rights reserved 5
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astigmatic beam waist separation

Az,

axial distance between the beam waist locations in the orthogonal principal planes of a beam possessing

simple astig

matism

Note 1 to entry: Astigmatic beam waist separation is also known as “astigmatic difference”.

[SOURCE: IS

3.7.4
beam wais

0 15367-1:2003, 3.3.4, modified — In the term, "beam" has been added.]

F diameter

dO,u
<encircled g

Note 1 to ent]
its appropria

3.7.5

beam waist
dso

<second md
location of t

Note 1 to ent]
its appropria

3.7.6

beam waist
Wo,u
<encircled
beam waist

Note 1 to ent|
appropriate {

3.7.7
beam waisf

Wg,0
<second mo
of the beam

Note 1 to ent|
appropriate {

3.7.8
beam waist

de,u; dyO,u

ower (energy)> diameter d, of the beam at the location of the beam waist
ry: For clarity, the term “beam waist diameter” is always used in combination with the symbq

fe subscripts: do,;, or dgo.

diameter

he beam waist

ry: For clarity, the term “beam waist diameter” is always used\in combination with the symbq
Le subscripts: do,;, or dgo.

radius

ower (energy)> radius wy, of the beam atthe location of the beam waist, which is ha
diameter do

I'y: For clarity, the term “beam waistrtadius” is always used in combination with the symbol a

ubscripts: wg,y or wgo.

radius

ment of power (energy) density distribution function> radius w, of the beam at the loc
waist, which is lialf the beam waist diameter dgsq

I'y: For clarityythe term “beam waist radius” is always used in combination with the symbol a
ubscripts+wg,; or weo.

width

I and

ment of power (energy) density distribution function> diaméter d, of the beam af the

I and

f the

nd its

htion

nd its

<slit transmitted power (energy)> beam width dy; or d,, at the location of the beam waist in the x or y
direction, respectively

Note 1 to entry: For clarity, the term “beam waist width” is always used in combination with the symbol and its
appropriate subscripts: dxo,u, dy0,u OT dox0, doyo-

3.79

beam waist width

dgx0, dayO

<second moment of power (energy) density distribution function> beam width dgy or dsy, at the location

of the beam

waist in the x or y direction, respectively

Note 1 to entry: For clarity, the term “beam waist width” is always used in combination with the symbol and its
appropriate subscripts: dxo,u, dy0,u OT dox0, doyo-

6
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3.8 Divergence

3.8.1

divergence angle

@Ll! @X,lh 0_)/,11

<encircled, slit transmitted power (energy)> full angle formed by the asymptotic envelope of a diverging
beam that propagates with increasing beam diameter (width)

Note 1 to entry: For circular cross-sections, the divergence angle 0, is determined from the beam diameter d,. For
non-circular cross-sections, the divergence angles 6y, and 6y, are separately determined from the respective
beam widths in the x- and y-directions, dy , and dy,.

Note [2 to entry: When specifying divergence angles, subscripts are used to indicate the relevantbgam diameter
(widgh).

EXANPLE Oy 50 indicates that beam width dy 50 has been used.

Note 3 to entry: The definition of the coordinate systems as described here as well as\the beam width definitions
does pot include the case of general astigmatism.

Note |4 to entry: For clarity, the term “divergence angle” is always used in contbination with the symbol and its
apprgpriate subscripts: 8, Oy, Ogy o1 Oy, Oy y, Oy,y.

3.8.2
divergence angle
@UI @O'X' Qoy

<secpnd moment of power (energy) density distribution function> full angle formed by thg asymptotic
enve|ope of a diverging beam that propagates with incréasing beam diameter (width)

Note|l to entry: For circular cross-sections, the divergence angle 0, is determined from the beam| diameter dg.
For npn-circular cross-sections, the divergence angles'@,x and 0,y are separately determined from the respective
beam widths in the x- and y-directions, dsx and dgy.

Note 2 to entry: The definition of the coordinate systems as described here as well as the beam width definitions
do ndt include the case of general astigmatism.

Note [3 to entry: For clarity, the term\!divergence angle” is always used in combination with the symbol and its
appropriate subscripts: 8, Oy, O\01 Oy, Ox,y, Oy,y.

3.8.3
effegtive f-number
ratio| of focal length ®fan optical component to the beam diameter d, of the centred bgam passing
throyigh that compénent

3.9 | Rayleigh length

3.9.1
Rayleigh length
ZR' ZRXI ZRy

distance from the beam waist in the direction of propagation for which the beam diameter and beam

width are equal to V2 times their respective values at the beam waist

Note 1 to entry: For the Gaussian fundamental mode:

T d0'02
S

Note 2 to entry: Generally, the formula zp =d, /O, is valid.

© ISO 2018 - All rights reserved 7
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3.9.2

far field

radiation field of a laser at a distance z from the beam waist which is much greater than the Rayleigh
length zr

3.9.3

relative astigmatic beam waist separation

Az,

astigmatic beam waist separation divided by the arithmetic mean of the Rayleigh lengths zgry and zgy

M:ﬂ

r
ZPJ( +ZRy

3.10 Beam parameter product

3.10.1
beam parameter product
product of the beam waist diameter and the divergence angle divided by 4

dso O /4

Note 1 to entfy: Beam parameter products for simple astigmatic beams can.be)given separately for the prircipal
axes of the pgwer (energy) density distribution.

3.10.2
beam propagation ratio
M2
measure of how far the beam parameter product is fronrthat of a perfect Gaussian beam

w2 (1) 9009
A 4

Note 1 to entry: This quantity is equal to the ratio‘of the beam parameter product of the actual laser beam to the
beam paramg¢ter product of the fundamentaliGaussian beam (TEMgg), both beams with the same wavelength.

Note 2 to entjry: The beam propagatiod ratio is unity for a theoretically perfect Gaussian beam, and has a [value
greater than pne for any real beam.

3.10.3
beam propagation factor
K
reciprocal of the beam\propagation ratio

K=1/M}

3.11 Coherence

3.111

coherence

characteristic of a beam of electromagnetic radiation where there is a deterministic (not random) phase
relationship between each pair of points in the beam

3.11.2

temporal coherence

characteristic of a beam of electromagnetic radiation to have a degree of phase correlation between
different moments in time at the same spatial point in the beam

8 © ISO 2018 - All rights reserved
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3.11.3

spatial coherence

characteristic of a beam of electromagnetic radiation to have a degree of phase correlation between
different spatial points in the beam at the same moment in time

3.11.4

coherence length

lc

distance along the beam propagation direction within which the radiation emitted by the laser retains
a significant phase correlation

arrglwidth of the

3.11}5
coherence time
Tc
timelinterval within which the radiation emitted by the laser retains significant phase relafionship

Note|l to entry: It is given by 1/Avy, where Avy is the frequency bandwidth of@&heemitted laser light.

3.12 Polarization

3.1211
polarization
restrjiction of electromagnetic field oscillation to certain difections

Note|[l to entry: This is a fundamental phenomenon which-can be explained by the concept that eleptromagnetic
radiation is a transverse wave, i.e. the oscillations are-orthogonal to the direction of propagation. Itfis customary
to copsider these oscillations as being those of the electric field vector.

3.12}2

circular polarization
property of electromagnetic radiation* in which the electric field vector is of constant amplitude
and rotates about the direction of ‘propagation at a frequency equal to the radiation freguency, in a
hom¢geneous optical medium

3.12{3
elliptical polarization
property of electromagnetic radiation in which the electric field vector rotates about the direction
of prjopagation at theradiation frequency and periodically oscillates in amplitude, in a hpmogeneous
optidal medium

Note [l to entry:sThe terminal point of the electric field vector describes an ellipse.

3.12{4
linearpolarization
property of electromagnetic radiation in which the electric field vector oscillates along a fixed direction

Note 1 to entry: The oscillation is confined to a plane containing the direction of propagation of the radiation, in
a homogeneous optical medium.

Note 2 to entry: A laser beam is called “linearly polarized” if the degree of linear polarization is greater than 0,9
and the polarization direction is constant over time.

© ISO 2018 - All rights reserved 9
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3.12.5
degree of linear polarization

ratio of the difference to the sum of beam powers P (energies Q) in two orthogonal directions of
polarization

P, ~P Q-0
:u or p:u
P, +P, Qx +0Q,

Note 1 to entry: The directions x and y are chosen as those for which the beam power (energy) is attenuated
maximally and minimally, respectively, after transmission through a linear polarizer. The direction x is the
polarization glirection.

p

3.12.6
partial polarization
state in whjch a beam of electromagnetic radiation is neither completely polarized nor completely
unpolarized

Note 1 to entry: A partially polarized beam can be regarded as being composed of two cdmponents, one poldrized
and the otheif unpolarized.

Note 2 to ently: A laser beam is called “partially linearly polarized” if the degree oflinear polarization is gileater
than 0,1 and gmaller than 0,9 and the polarization direction is constant over tinte.

3.12.7
random polarization
state in which a beam of electromagnetic radiation is comp@Sed of two linearly polarized beains of
electromagnetic radiation having orthogonal fixed polarization directions and having amplitudeq that
vary randomly over time with respect to each other

3.13 Power and Energy

3.131
average energy density
Hy, Hy
total energy of a beam divided by its ¢ross-sectional area A, or A,

3.13.2
average poer density
Ey, Eg
total power|of a beam divided by its cross-sectional area A, or A4

3.13.3
pulse energy

Q

energy in orjepulse

3.13.4

energy density

H(xp, yp, 2)

portion of the beam energy (time integrated power) at location z which impinges on the area 64 at the
location P (xpyp) divided by the area 64 in the limit 64 — 0

Note 1 to entry: Energy density is physically equivalent to radiance exposure. Both have SI units of joules per
square meter (J/m2). Energy density is generally used to describe the distribution of radiation within a beam,
whereas radiance exposure is generally used to describe the distribution of radiation incident upon a surface.

Note 2 to entry: See I1SO 13694:2018, 3.1.2.1.
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3.13.5

continuous wave power

CwW power

P

power output of a continuous wave laser

3.13.6

power density

E(xp yp, 2)

portion of the beam power at location z which impinges on the area 64 at the location P (xp, yp) divided
by the area 64 in the limit 64 — 0

Note |l to entry: Power density is physically equivalent to irradiance. Both have SI units of wat{s per square
metel (W/m2). Power density is generally used to describe the distribution of radiation withina'b¢am, whereas
irradjance is generally used to describe the distribution of radiation incident upon a surface.

Note 2 to entry: See ISO 13694:2018, 3.1.1.1.

3.13|7
pulsg power
Py
ratio| of the pulse energy Q to the pulse duration ty

3.13{8

averpge power
Pay
product of the average pulse energy Q and the pulse repetition rate f;

3.13/9
peall power
Ppk
maximum of the power as a function of time\for a pulse

3.14 Pulse duration and repetition rate

3.1411
pulsg duration
Tu
timelinterval between the homent of u % peak power on the leading edge of a pulse and thg moment of
u % peak power on thietrailing edge of the pulse

Note|l to entry: t1g’is the time interval between the moments of 10 % peak power on the leading and trailing
edgeg of the pulse

3.14)2
FWHM pulse duration

full width half maximum pulse duration
TH

time interval between the moments of half peak power on the leading and trailing edges of a pulse

3.14.3
pulse repetition rate

number of laser pulses per second of a repetitively pulsed laser
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3.15 Optic
3.15.1

:2018(E)

al resonator

optical resonator
device arranged to direct electromagnetic radiation along a closed path

Note 1 to entry: An optical resonator may be in the form of a linear resonator having a standing wave beam or a
ring resonator having a circulating beam.

3.15.2

stable optical resonator

optical reso
the resonat

3.15.3

unstable optical resonator
hator with two terminating mirrors, the paths of the paraxial rays of which.escape from the

optical reso
resonator af

Note 1 to ent

3.16 Modq

3.16.1

longituding
eigenfunctig
direction of

Note 1 to ent

the wavelenglth A, describes the number of half-wavelengths\n the optical resonator path length.

3.16.2

transverse
eigenfunctig
the power (¢
of the electr

Note 1 to ent]

field distribytion in the x- and y-directions, respectively, perpendicular to the direction of propagation

electromagn

Note 2 to ent
modes provig

Note 3 to enty

r for an infinite number of round trips

ter a finite number of round trips

Fy: One axial ray stays in the optical resonator indefinitely.

11 mode

propagation of the electromagnetic field

y: The longitudinal mode number q = 2n(A) L /A,yvhere n(A) is the refractive index of the medi

mode

n of the electromagnetic field distribution within an optical resonator or eigenfuncti
nergy) density distribution of the laser beam perpendicular to the direction of propag
omagnetic field

ry: For rectangular symmetry, the numbers m and n account for the nodes in the electromag
btic field (Hermite-Gauss modes).

ry: The 01* “deuighnut mode” is a linear combination of equal amounts of the rectangular 10 a
ling a circularsymmetry with a node in the centre.

y: For eireular symmetry, p and l account for the radial and azimuthal nodes (Laguerre-Gauss m

rabbandwidth

3.17 Spect

ator with two terminating mirrors the quhc of the pnrqyiq] rays of which remain within

n of the electromagnetic field distribution within an‘optical resonator of length L along the

lm at

on of
htion

netic
f the

nd 01

des).

3.17
spectral ba
AA, Av

ndwidth

maximum difference between the wavelengths (optical frequencies) for which the spectral power
(energy) density is half of its peak value

12
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3.18 Relative intensity noise

3.18
relative intensity noise
RIN

R(f)
ratio of the mean square radiant power fluctuations to the mean square radiant power, normalized to a
frequency band of unit width, for a radiant power P(f) as a function of frequency f

(AP(f)?y 1
R(f)=(—27
R4V

Note |l to entry: The relative intensity noise R(f) or RIN as defined above is strictly the “relative irjtensity noise
spectiral density”, but usually simply referred to as RIN.

3.19 Laser

3.19{1
laser
devig¢e having an energized amplifying medium within an optical resonator that generates coherent
electromagnetic radiation with wavelengths up to 1 mm by mean$s of amplified stimulated pmission

Note|l to entry: See Figure 1 and Annex A.

Note |2 to entry: The term “laser” is an acronym for “light amplification by stimulated emission |of radiation”,
which is a physical phenomenon for amplifying or generating’coherent radiation (laser radiation).

3.192
contjnuous wave laser

cw lgser

laser] continuously emitting radiation over, periods of time greater than or equal to 0,25 s

Note|l to entry: This definition is consigtent with the definition of “continuous wave” in IEC 60825-1 “Safety of
laser|products - Equipment classification; Tequirements, and user guide”.

3.193
pulsgd laser
laser] which emits radiation in the form of a single pulse or a train of pulses where the duration of a
pulsg is less than 0,25 s

3.194
laser radiation
spatially and¢emporally coherent electromagnetic radiation with wavelengths up to 1 mm, generated
by a laser

3.19/5
laserbeam
spatially directed laser radiation

3.19.6
laser device
apparatus including the laser together with essential additional facilities (e.g. cooling supply, power

supply and gas supply)

Note 1 to entry: See Figure 1 and Annex A.
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3.19.7

:2018(E)

laser assembly
laser device together with specific optical, mechanical and/or electrical components for beam guiding
and beam shaping

Note 1 to entry: See Figure 1 and Annex A.

3.19.8
laser unit

one or more laser assemblies together with handling units, measurement systems and control systems

Note 1 to ent

ry: See Fioure 1 and Annex A

3.19.9
lifetime

interval (time or number of pulses) over which a laser device or a laser assembly, maintaing the

performanc

Note 1 to ent

3.20 Effici

3.20.1
laser effici¢
nL

ratio of the
supplied to {

3.20.2
quantum ef

nQ
ratio of the

e characteristics specified by the manufacturer

eEncy

bncy

he laser

ficiency

population inversion in an optically pumped laser

3.20.3
device effid

nr
ratio of the

iency

beam-guiding device or a beam=shaping device

y: Conditions of use, service and maintenance are specified by the manufacturer.

total power (energy) in the laser beam to the total‘pump power (energy) that is directly

energy of a single laser photon to the eniergy of a single pumping photon which causes the

total power (energy)-n.the transmitted beam to the total power (energy) directed ihto a

14
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1 lpser unit 6  beam-guiding device (mirrors, fibres, lenses]
2 lpser assembly 7  beani-shaping device (telescope, focusing)
3 lpser device 8 measurement systems and control systems
4  lpser 9, handling units (robot, workpiece translationfand location)
5 dupply (power, cooling, gas) 10 workpiece

NOTE1  This example is taken from magefials processing.

NOTHE 2  The safety equipment that is uSually required is not included here.

NOTHE 3 See Annex A.

5
=

$ymbols and units of measurement

¢ 1 listsssymbols and units which are defined in detail in Clause 3.

Table 1 — Symbols and units of measurement

Figure 1 — Illustration of the terms laser, laser device, laser assembly and lase

I unit

Symbol Unit Term
Ay orAg m2 Beam cross-sectional area
dyords m Beam diameter
dy,u O dgx m Beam width in x-direction
dy,y or dgy m Beam width in y-direction
do,u or dgo m Beam waist diameter
ds0°Og/4 m-rad Beam parameter product
EyorEs W/m?2 Average power density
E(xp, yp, z) W/m?2 Power density
o Hz Pulse repetition rate

© ISO 2018 - All rights reserved
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Table 1 (continued)

Symbol Unit Term
Hyor Hy J/m?2 Average energy density
H(xp yp Z) J/m?2 Energy density
K 1 Beam propagation factor
lc m Coherence length
M2 1 Beam propagation ratio
p 1 Degree of linear polarization
£ A S ansacatass
Pav w Average power y\(b
Py w Pulse power (]/Q
Ppk w Peak power b?,) :
Q | Pulse energy N
R(f) Hz-1or dB/Hz |Relative intensity noise, RIN r\'\
Wy OF Wg m Beam radius \G)U
Wo,u OF Wg0 m Beam waist radius r‘\\\
ZR m Rayleigh length AQ -
A9 rad Misalignment angle O\)
AL m Spectral bandwidth&\tgrms of wave-
length AS\
Av Hz Spectral band@&h in terms of optical

frequency .\

Ay(2") m Beam pq@\(‘)nal stability in x-direction
; N P : :
Ay(z) m Beamrpositional stability in y-direction
N : :
Azy m Astigmatic beam waist separation
Az 1 (\&élative astigmatic beam waist separation
£ 1 N beam ellipticity
nL (1\% Laser efficiency
nQ @J Quantum efficiency
nT (.AO 1 Device efficiency
Oy or O4 c’\J rad Divergence angle
Oxu or/@“ rad Divergence angle for x-direction
), A@Q’D(,y rad Divergence angle for y-direction
Q\)A m Wavelength
- TH s FWHM pulse duration
c,) Tu S Pulse duration
Tc S Coherence time

NOTE R(f) expressed in dB/Hz equals 10 log1g R(f) with R(f) given in Hz-1.
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