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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
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Introduction

Lenses are used in the field of laser beam forming, typically for collimation of divergent radiation or
for focusing collimated radiation to obtain very small spots. A distinction is made between rotational
symmetric lenses on one hand and cylindrical lenses, which provide optical power only in one direction,
on the other hand.

Two crucial quality characteristics can be defined for such lenses: the trivial demand that the lenses
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Thiis definition is in close relationship te JSO 11146-1, which is important in the field of 13
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ould not clip the laser beam duri

ng propagation and the more sophisticated requirement
Q o i > orci O

quirement. The desired form of the surfaces depends on the intended use gf\the len
velength of the laser radiation.

fabrication and application of such lenses the following problems may arjse, €ven in combi

in fabrication of the lens the optimum surface form has not been reproduced;

n-well designed or non-well produced lenses or lenses applied to beams with wavelength
lens has not been designed may still be useful as long as\the involved divergence angles|
bugh.

account for this, an effective numerical aperture is defined here as the sine of half of the
ergence angle a laser beam may have before theé{ens, when it collimates the beam, or aftg
en it focuses the beam, to ensure that the abertations introduced by the lens to the beam a
velength is acceptable.

racterization. It provides the decisive parameter in the field of laser beam forming. Fur
s related to a fairly simple verification procedure, which can be applied by manufacture
ses as well as users with acceptable effort.

the lens is applied to a laser beam with a different wavelength than the design wavelengt
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Optics and photonics — Effective numerical aperture of
laser lenses — Definition and verification procedure
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er lenses to collimate divergent laser beams and to focus collimated laser to small spot

g ability of

sizes. The

h of this document is to give users reliable information on the applicability of laser leises in the field

beam forming.

Normative references
following documents are referred to in the text in such a way that'some or all of the

Hated references, the latest edition of the referenced document (including any amendment
11146-1, Lasers and laser-related equipment — Test methods for’laser beam widths, diverge

1 beam propagation ratios — Part 1: Stigmatic and simple astigmatic beams
Terms and definitions

" the purposes of this document, the following téems and definitions apply.

and IEC maintain terminological databases“or use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

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

TE Within this document, the terms power density and energy density are used in units of ared
ording to the common understanding in the fields of optics, photonics and laser technology, the t

ir content

titutes requirements of this document. For dated references, only)the edition cited applies. For

5) applies.

nce angles

lresses:

I densities.
erm power

denpsity is generally perceived ifrunit of areal density. In this document, the term energy density also follows this

sp4

3.1
be
du
<e
tha

cification. In text booksythis power density is also denoted as irradiance and this energy density a|

am diameter
2)
ncircled pewer (energy)> diameter of a circular aperture in a plane perpendicular to the
It contains u % of the total beam power (energy)

No

apjropriate thcr‘rlpf- rlu or riu

fe~1 to entry: For clarity, the term “beam diameter” is always used in combination with the sym

s fluence.

beam axis

bol and its

[SOURCE: 1SO 11145:2018, 3.3.1]

3.2

beam diameter
d,(2)

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

dy (z)=220(z)

© IS0 2022 - All rights reserved


https://www.iso.org/obp
https://www.electropedia.org/
https://standardsiso.com/api/?name=e0f29a363f6d6a8aa6179cef3da1ea9e

ISO/TS 2

2247:2022(E)

where the second moment of the power density distribution function E(x, y, z) of the beam z is given by

c%(z)=

”((X_)?(Z))z +(y_y(z))2)'E(X,y,z)-dxdy
”E(X,y,z)dxdy

where the first moments give the coordinates of the beam centroid [x(z),y(z)]

Note 1 to entry: For clarity, the term “beam diameter” is always used in combination with the symbol and its

appropriat

e subscript: d, or d,;

[SOURCE:

3.3

beam wig
dy,(2),d,
<slit trang
the powet
along x or

Noteltoe

Note 2 to
appropriat

[SOURCE:

3.4
beam wid

d,(2), day
<second 1
moment o

dgy (2
dc,y (4

where the
given by:

DU 11145:24U010, 5.5.4]

|ths

4(2)

mitted power (energy)> width of the smallest slit aligned with the x or y transverse axes
(energy) density distribution function, transmitting u % of the total beam power (ener

y

htry: For circular Gaussian beams, d, g5 4 and d),g5 4 both equal dgg .

e subscripts: d_,, d ., or d

ox’ Yoy pary

dy,
[SO 11145:2018, 3.5.1]

[ths
(2)

homent of power (energy) density distribution function> width defined by using the secd
f the power (energy) density distribution fiinction along x or y

)=40, (2)

)=40,(z)

second moments of thé power density distribution function E(x, y, z) of the beam at z
”(x—i(z))z “E(x,y,z)-dxdy

IIE(X'Y'Z)'dxdy
[T E(xy.) dxy

entry: For clarity, the term “beam width” is always used in combination with the symbol and|i

of
7y)

nd

pre

- ”E(x,y,z)-dxdy

where (x—Xx(z)) and (y—Yy(z)) are the distances from the current point’s coordinates to the beam
centroid (x(z),y(z))

Note 1 to entry: For clarity, the term “beam width” is always used in combination with the symbol and its

appropriat
[SOURCE:
3.5

e subscripts: d,, d,, ord, , d, .

ISO 11145:2018, 3.5.2]

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

[SOURCE:

[SO 11145:2018, 3.7.1]
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3.6
beam waist diameter

d

O,u
<encircled power (energy)> diameter d, of the beam at the location of the beam waist

[SOURCE: I1SO 11145:2018, 3.7.4, modified — Note 1 to entry was deleted.]

3.7
beam waist width

d

<S

d 0,u

x0,w Yy

ittransmitted nower feneroy)> beam widths d.and d. atthe locations ofthe beam wai
) g T 57 ) X yu

:2022(E)

tsin the x

an
[S(

3.8
be
Zo

log
ax

[S(

3.9
as
Az
ax
sin

[S(

3.1
diy
Ql,l
<e
for

[Sq
3.1
diy
@0'
<s

cone of the erivelope formed by the increasing beam diameter (width)

[SC

1 y directions, respectively
URCE: ISO 11145:2018, 3.7.8, modified — Note 1 to entry was deleted.]

]
am waist location

Zoy 20 . . o
ation where the beam widths or the beam diameters reach their minigrdm values along
s

URCE: ISO 11145:2018, 3.7.2, modified — Note 1 to entry was deleted.]

[ligmatic beam waist separation

il
al distance between the beam waistlocations in the 6ithogonal principal planes of a beam

\ple astigmatism
URCE: ISO 11145:2018, 3.7.3, modified — Note*1 to entry was deleted.]

0

rergence angle
Ox,u' Qy,u
hcircled, slit transmitted power((energy)> full angle formed by the asymptotic cone of the

med by the increasing beam diameter (width)
URCE: ISO 11145:2018, 3(8.1, modified — Notes 1 to 4 to entry and the example were dele

1

rergence angle

@ox' Qoy

bcond moment of power (energy) density distribution function> full angle formed by the a

URCERISO 11145:2018, 3.8.2, modified — Notes 1 to 3 to entry were deleted.]

3.1

the beam

ossessing

envelope

red.]

Ssymptotic

2

R
Zp,

feigirtength
ZRy ZRy

distance from the beam waist in the direction of propagation for which the diameter and beam width
are equal to 2 times their respective values at the beam waist

[SOURCE: I1SO 11145:2018, 3.9.1, modified — Notes 1 and 2 to entry were deleted.]
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3.13
beam propagation ratio
M2

measure of how close the beam parameter product is to the diffraction limit of a perfect Gaussian beam

Note 1 to entry: In contrast to [SO 11145:2018, 3.10.2, in this document the beam propagation ratio is not defined
by the second order moments based definitions of beam diameter, beam width, and divergence angles, but
instead by the power content based counterparts given in 3.2, 3.4, and 3.11 of this document and 1SO 11145:2018,
3.7.5 and 3.7.9.

3.14
residual dlivergence angle

angle of djvergence 6,, 0, 0, 0,, 0, 0, of a divergent laser beam after collimation by a laserlexns
3.15

effective humerical aperture

NAegs

sine of half of the maximum divergence angle, which a nearly diffraction limited beam’can have befpre
it is trundated by the finite geometry of the lens or its beam propagation ratig‘aleng the collimatjng
direction pf the lenses is increased by more than 0,5 due to aberrations

Note 1 to eptry: The effective numerical aperture is always less or equal to the géometrical aperture of the lens.

4 Coordinate systems
The coordinate system is defined according to ISO 11146-1.

The laser pbeam propagates along the z-axis. In case of simple astigmatic laser beams the x- and y-afis
are aligneld parallel to the principal axes of the beam.

5 Shornt description of the verificationprocedure

For the vqrification procedure a divergent-probe laser beam source with known divergence angle gnd
beam propagation ratio is required. Simple-astigmatic laser beams with equal divergence angled in
both prinfipal directions shall have atheam propagation ratio M? of less than 1,5 along at least qne
principal flirection. Simple-astigmaticiaser beams with non-equal divergence angles shall have a beam
propagatipn ratio M2 below 1,5 along the principal axis having the larger divergence angle.

The divergent laser beam is collimated by the laser lens under investigation. If a cylindrical laser l¢ns
is under investigation, the-Jaser beam shall be orientated such, that the higher divergent principal
direction |s parallel to the'working direction of the lens.

In the following the probe laser beam before collimation by the laser lens under investigation will|be
called thelinitialbeam. Its divergence will be called the initial divergence and its beam parameters the
initial beam parameters.

> vismv, V€ ohproceautretntotanmpropas 61 6—+4-1o €6 ve ed

In the prefe v A £3 3 :
beam in the principal direction with higher initial divergence or in working direction of the collimating
lens will be measured according to ISO 11146-1. If the initial beam propagation ratio has been increased
due to the collimation by the laser lens under investigation by less than absolute 0,5, then the sine of
half the divergence angle of the divergent laser beam is considered a proven lower limit of the effective
numerical aperture of the lens at the wavelength of the laser beam.

In another version of the verification procedure only the residual divergence after collimation in the
principal direction with higher initial divergence or in working direction of the collimating laser
lens will be measured and compared to a theoretical residual divergence, calculated from the initial
divergence angle and the initial beam propagation factor before collimation and the focal length of the
laser lens under investigation. If the measured residual divergence angle differs from the theoretical
one less than a limit, which again depends on the initial divergence angle and the focal length of the

4 © IS0 2022 - All rights reserved
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laser lens, then the sine of half the divergence angle of the initial laser beam is considered to be a proven
lower limit of the effective numerical aperture of the laser lens at the wavelength of the laser beam.

6 Permitted beam sources

For the verification procedure high-divergent, nearly diffraction limited probe laser beams are
required. These laser beams shall be stigmatic or simple-astigmatic, according to the definitions of
ISO 11146-1. Pseudo-stigmatic, pseudo-simple-astigmatic or general-astigmatic beams are not allowed.

For stigmatic laser beams a beam propagation ratio M2 of less than 1.5 shall be proven.

Fo
hig

- simple-astigmatic laser beams a beam propagation ratio M2 of less than 1,5 shall be protfen for the

her divergent principal direction.

Th

an
pr
Hij
all

e divergence angle of the laser beam (in case of simple-astigmatic laser beams;:-thelarger d
ble) determines the maximum effective numerical aperture that can be proven by the v
cedure.

rh-divergent laser beams of this kind might be emitted by diode lasers or single-mode f
bwed to increase the divergence of the initial laser beam by means@feptical components t

requirements of the effective numerical aperture to be proven, as long as the final laser bear

the

7
(b

Th
pe
thg
dia
giv

requirements given in this clause.

ivergence
brification

bers. It is
b meet the
n satisfies

Measurement of the beam propagation ratio‘of the initial probe laser beam

fefore collimation)

e determination of the beam propagation ratio. of the initial, high-divergent probe beaf
"formed according to the specifications of [SO:11146-1. In contrast to ISO 11146-1 in this

meter, beam width, and divergence angles, but instead by the power content based coy
en in 3.1, 3.3, 3.6, 3.7, and 3.10 of this"document. For beam diameters and beam width|

content of 86,5 % and 95 %, respectivély, shall be used.

Sin
be
to

8
c

T
me
be

NO

ce the beam propagation ratjo‘of high-divergent laser beams may not be directly obtainab]
necessary to collimate the beam to be able to perform the measurement. In this case it is

Measurement of the divergence angle of the initial laser beam (before

otlimation)
he determination of the divergence angle of the laser beam should be done by a gd

asurement. In case of simple-astigmatic beams, the divergence angles in both principal a3
measured.

TE It is necessary to measure the divergence angle with the goniometric method due to the

lise an optical system with-proven high numerical aperture, e.g. a suitable microscope lens.

n shall be
document

beam propagation ratio shall not be definedby the second order moments based definitions of beam

nterparts
5 a power

e, it might
mportant

niometric
is have to

xpectedly

high divergence angles of the initial laser beam. These prevent the (indirect) measurement of the divergence
angle by measuring the beam diameter in the focal plane of an auxiliary lens as proposed in ISO 11146-1.

For the goniometric measurement a power (energy) detector has to be moved along a semicircle which
has to be centered with the waist (virtual source point) of the laser beam. The radius of the semicircle
shall be larger than ten times the (estimated) Rayleigh length of the laser beam (for simple-astigmatic
beams: the larger of the two Rayleigh lengths along both principal axes) and shall be larger than twenty
times the size of the sensitive area of the detector.

The sensitive area of the detector shall be kept orthogonal to the connecting line from the center of the
semicircle to the detector.

The plane of the semicircle shall contain the optical axis of the laser beam (beam axis).

© IS0 2022 - All rights reserved
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By moving the detector along the semicircle the power (energy) shall be measured as a function of the
angle between the optical axis and the connection line from the center of the semicircle to the detector.
The angle range containing 95 % of the complete power (the remaining 5 % equally distributed to both

sides of th

e range) is considered as the full divergence angle in the plane of the semicircle.

For simple-astigmatic beams this measurement has to be performed for both principal axes.

2

0

Key
1
2
a

laser
detect]

angle |

9 Verif
lenses b

If a simpl
shall be n

along both principal directions.

The laser

DI
petween the optical axis and the connection line from the center ofithe semicircle to the detector

Figure 1 — Principle of a goniometric'measurement

ased on the beam propagation ratio

p-astigmatic laser beam is used for this measurement, its astigmatic beam waist separat
boligible, i.e. it shall be at least tentimes smaller than the smaller of the two Rayleigh leng

lens under investigation/issinserted into the divergent probe laser beam having the ri

orientati

optical axis shall be approximately coaxial. By moving the laser lens along the optical axis a coa
collimatign is done. By moying the laser lens transversal to the optical axis the beam axis of

collimate

An auxilig
this lens
placed in
requiremg

(front side, back side)(a¢cording to the manufacturers instructions. The beam axis and

beam is adjustéd)coaxial to the optical axis of the system.

ry lens with'along focal length is inserted in the collimated beam, such that beam axis af]
s still ceaxial to the optical axis. Then a spatially resolving detector (e.g. CCD camera]
the focabplane of this lens as shown in Figure 2. For the auxiliary lens and the detector
ents0f SO 11146-1 apply.

ication of the effective numerical aperture of rotational symmetric laser

on
ths

rht
he
'se
he

ter
is
he
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Ke

NO
Sp4
auj
be
ch4d
rer

y
laser
test specimen (laser lens)
auxiliary lens

4  detector
f focal length of auxiliary lens

Figure 2 — Schematic drawing of the'setup

TE A plane-parallel glass substrate can be used as an auxiliary tool to find to the correct pos|
tially resolving detector. This substrate can be temporarily‘inserted in the collimated beam in firont of the

ciliary lens. By rotating the substrate around an axis orthogonal to the beam axis the collimated

transversally shifted without changing its direction (see*Figure 3). The correct position of the

racterized by a non-moving beam profile when rotating the substrate. After this test the substr

hoved.

ition of the

beam will
detector is
ate will be
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X
3 I
2 y 5
—e<]] e L . :
= A
f

Key
1 laser 4  auxiliary lens
2 testspecimen (laser lens) 5 detector
3 plane parallel plate f  focal length of auxiliary lens

Figure 3 — Proposéd/method to determine the correct detector position

The extenision of the beam’profile in the focal plane of the auxiliary lens is proportional to the residpal
divergenck behind the léns under investigation.

Having the detector{correctly placed in the focal plane fine adjustment of the laser lens under
investigation is «dohe by moving it along all three spatial directions and by rotating it around two
axes, both orthogonal to the beam axis (shown in Figure 4) trying to minimize the residual divergemce
and thus the-extension of the beam profile measured by the spatially resolving detector. In case df a
stigmatic eamrtheextensionisdefined lu_y thebeamdiametet d86,5' treaseof=a Diulp}c-abtisluqtiL beam
the beam widths d,q5 and d g5 are used and the beam width along the direction of the principal axis of
the larger initial divergence is minimized.

8 © IS0 2022 - All rights reserved
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Fi

Aff

pure 4 — Degrees of freedom for fine adjustment of the laser lens: three positional d
freedom and two rotational degrees of freedom

er this fine adjustment of the laser lens under investigation the beam¢propagation r

me

contrast to ISO 11146-1 the beam diameters and beam widths defined by.the second order

arg
3.1

If 2
pri

-y

Ift

pr
fon
las

1(
le

 replaced by the power content based counterparts dgg 5, dygs, and-dygs given in 3.1, 3.3, 3;
0.

simple-astigmatic laser beam is used only the beam propagation ratio M? along the direc
ncipal axis with the larger divergence is measured.

egrees of

htio M2 is

asured by moving the detector along the optical axis according to 1SOZ11146-1 (see Figure 5). In

moments
6, 3.7, and

tion of the

—f—F A —F==—frq84

M?Z according to ISO 11146-1

he measured beampropagation ration M2 has been increased (compared to the initial high
bbe beam) by less.than 0,5, then the sine of half of the initial divergence angle is a proven |
the effective numerical aperture of the laser lens under investigation at the wavelength of]
er beam.

Verification of the effective numerical aperture of rotational symmetrig

nses based on the residual divergence

igure 5 — Acquisition of a beam caustic for the determination of the beam propagation ratio

divergent
bwer limit
the probe

c laser

In this shorter variant of the procedure the measurement of the beam propagation ratio is dispensed.
Instead, it relies solely on the residual divergence of the beam collimated by the laser lens under
investigation.

It is performed in the same way as the full procedure given in Clause 9 and including the step of fine
adjusting the laser lens under investigation. The minimum reachable residual divergence is then used
as the criterion for the verification of the effective numerical aperture.

© IS0 2022 - All rights reserved
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Assuming collimation of the initial high divergent probe beam without any aberrations will result in
the following theoretical limit of the residual divergence angle after collimation:

1,421
= ML=
res,theo fcoll T 0

where

MZ2 is the beam propagation ratio of the initial probe beam;

A igthewavetengtirof the bear;

0 b the divergence angle of the initial probe beam (0gg 5, respectively 6,95 or 6,,95);

—n

feon 19 the effective focal length of the laser lens under investigation at the wavelength-of the begm.
NOTE It can be necessary to experimentally determine the effective focal length of the llaser lens unfler
investigatipn at the wavelength of the beam. If the focal length of the auxiliary lens is known with sufficient
precision, the focal length of the laser lens under investigation can be determined by transversely shifting the
beam sourfe or the laser lens under investigation and measuring the resulting shift of\the beam profile in the
focal planelof the auxiliary lens (see Figure 6).

A

fcou = f%

where

f ip the focal length of the auxiliary lens;
A ip the transverse displacement of the source ot of the laser lens under investigation;

A, ik the resulting displacement of the beami profile in the focal plane of the auxiliary lens.

= __1[__

==ty |

|
7t
|
|
|
|
|

Figure 6 — Setup to determine focal length of laser lens under investigation
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The actual residual divergence angle is obtained by the ratio of the beam width d
of the auxiliary lens to its focal length f:

meas iN the focal plane

d

0 _ “meas
res,meas — f

where d

meas 1S 8iven by dgg respectively d, g5 or d,gs.

The sine of half of the initial divergence angle is a proven lower limit for the effective numerical aperture
of the lens at the wavelength of the laser beam if the actual residual divercence angle doesn’t exceed the

th 43 11 N £l o £ Tl o £.11 5 pa R Laolll 4
urcuitdar ITiirme Uy ITIUT T UIIdIl d LTT UdIll AITIUUIIL. T 1ICT ITUITUVV llls CUIITUILIVUIT SITdIT UT I1ITL,.

costh 11
T fcoll 0

0 0

res,meas ~ ’res,theo

11 Verification of the effective numerical aperture of cylindricallaser lenses

The verification procedure is basically the same as for rotationally symmetric lens given in the previous

If 3 simple-astigmatic laser beam is used, it shall be orientated in-such a way that the direction of the
higher divergent principal axis is parallel to the working direction of the laser lens under invéstigation.
along this

lens under
5 shown in
red.

\

Figure 7 — Optical setup for the verification of the effective numerical aperture of cylindrical
lenses

When testing cylindrical laser lenses an additional complication may occur: the divergence of the probe
beam along the non-working direction of the laser lens under investigtion may increase the residual
divergence of the collimated beam along the working direction of the laser lens, even if its surface
shape is perfect. This is caused by skew radiation portions and cannot by blamed to the laser lens
under investigation. This effect starts at divergence angles of approximately 2° for focal lengths around
10 mm and approximately 6° at focal length around 1 mm (see Figure 8).
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NOTE FAC (fast axis collimation) lens with NA.= 0;8.

Figure 8 |— Simulation the increase of the beam parameter product caused by the divergence|in
the nonjworking direction of the collimating cylindrical lens, given for different focal lengths
To distinguish the effect of real,aberrations (due to non-perfect surfaces) from the effect caused|by
skew radiption portions, it is@ecessary to use beam sources with divergence angles less than 1,5° algng
the non-working directiorCef'the laser lens or, if this is not possible, to remove the disturbing radiatjon

portions By an additional aperture in the optical setup.

The finite|size (along'the non-working direction) of the spatial resolving detector itself may act as such
an apertufe. If thessize of the detector (e.g. the CCD chip) is smaller than 0,05 times the focal length of
the auxiliarydeus, portions of the initial beam propagating with an angle larger than 1,5° (in the npn-
working direetion of the laser lens) do not contribute to the beam profile acquired by the detector in the
setup showmrim Figure 7.

Another possibility is to insert a slit diaphragm in the beam as shown in Figure 9.

12
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Ke

To

didphragm to the beam waist of the divergemnt’beam shall be larger than the five times thg
lerjgth (along the non-working directionCof the lens). To sufficiently cut off the higher
contributions the width of the slit shallbe smaller than 0,05 times the distance of the slit to
wdist.

12 Long cylindrical laserlenses

12.1 General

Fo
no

eq

The effective numerical aperture of such a long cylindrical laser lens is proven, if it is prov

po

ISO/TS 22247

:2022(E)

y
distance between beam waist and slit diaphragm
The arrow indicates the working direction of the lens.

Figure 9 — A slit diaphragm might be used to cut of undesirable radiation contribu

cut off higher divergent and only higher divergent radiation contributions the distance D

" long cylindricallaser lenses the effective numerical aperture may depend on the position
h-working direction of the lens. Hence, the verification procedure has to be performed a
hidistant positions. This can be done sequentially or parallel.

sitign¥ The number and pitch of the test positions shall be stated in the test report.

tions

of the slit
e Rayleigh
divergent
the beam

along the
- multiple,

bn at each

12.2 Sequential procedure

In the sequential procedure all measurement positions are examined consecutively, typically by shifting
the long cylindrical laser lens as shown in Figure 10. At each measurement position the fine adjustment

of

collimation shall be repeated.
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Figure 10 — Sequential procedure to verify the effective numerical aperture at/different
measurement positions on the same lens

12.3 Parpllel procedure

In the pafallel procedure the laser lens under investigation is simultaneously exposed at multiple
positions by an array of laser beams. Each member of such an arrayishall fulfill the requirementg of
Clause 6 ¢n permitted beam sources. The divergence angles of the.individual members of the bepm
array (aloTng the working direction of the laser lens) shall not differ more than 10 % from each other.
The beam|propagation ratios shall differ less than 20 %.

Beam soufces with such properties could be laser diode bats.

The indivljdual members of the beam array shall not @verlap on the spatially resolving detector simce
evaluation of beam widths (along the working direetion of the lens) shall be done separately for egch
beam.

A possibleg optical system to achieve this by inserting an additional long-focal-length cylindrical l¢ns
is shown In Figure 11. The working directien of the lens is orthogonal to the working direction of the
laser lens|under investigation. The axial position is chosen in order to approximately collimate all the
individual members of the beam array:
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