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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draws$ attention to the possibility that the implementation of this document may involve-the
patent(s).[ ISO takes no position concerning the evidence, validity or applicability of any clai
rights in fespect thereof. As of the date of publication of this document, ISO had not xéceived no
patent(s) which may be required to implement this document. However, implemefiters are caut

this may not represent the latest information, which may be obtained from the patent database ay
www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljsuch patent rightg.

Any trad¢ name used in this document is information given for the coenvenience of users and|
constitut¢ an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and e
related tp conformity assessment, as well as information about ISO's adherence to the Wo
Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/forew

les of the

use of (a)
d patent
ice of (a)

ijoned that

ailable at

does not

ford.html.

This docyment was prepared by Technical Committee ISOATC 172, Optics and Photonics, Subcomm
Laser and|electro-optical systems, in collaboration with the European Committee for Standardizat
Technicall Committee CEN/TC 123, Lasers and photenics, in accordance with the Agreement on
cooperatipn between ISO and CEN (Vienna Agreement).

This secopd edition cancels and replaces the-first edition (ISO 14880-3:2006), which has been t
revised.

The main|changes are as follows:

— Introfluction revised;

— Referfence documents and-ntmbering updated.

Alist of all parts in the ISQ-14880 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standard
complete [listing of'these bodies can be found at www.iso.org/members.html.
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ion (CEN)
technical
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s body. A
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Introduction

This document specifies methods of testing optical properties, other than wavefront aberrations, of
microlens arrays. Examples of applications for microlens arrays include three-dimensional displays,
coupling optics associated with arrayed light sources and photo-detectors, enhanced optics for liquid crystal
displays, and optical parallel processor elements[12]1[13][15]{16],

The testing of microlenses is in principle similar to testing any other lens. The same parameters need to
be measured and similar techniques used. However, in many cases the measurement of very small lenses
presents practical problems which make it difficult to use the standard equipment that is available for
testing normal size lenses121[16],
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This docu
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the techn

Character
complete

This docu

et in microlens arrays has generated a need for agreement on basic terminology and test
terminology and clear definitions are needed not only to promote applications|by
e scientists and engineers to exchange ideas and new concepts based on common Gnders

lity and interchangeability of lens arrays from different suppliers and to erthance devel
blogy using microlens arrays.

istic parameters are defined and examples of applications given\in ISO 14880-1. It
1 by a set of three other International Standards, i.e. ISO 14880-2,1SO 14880-3 and ISO 14

ment describes the measurement of 1) focal length, 2) coupling efficiency, 3) imaging qi

4) focal spot positions.

The focal

The meas
the use of}

Measurern
main bod

Coupling

Measurern
techniqug

Wavefro
ISO 1488

length of the microlens is defined more precisely in 14880-1 as effective back (front) foc:

urement of effective back (front) focal length is deseribed in the body of this part of ISO 1
an alternative technique, interferometry, is described in Annex A.

hent of the focal length of an array of microlenses, using a confocal technique, is descril
y and Annex B.

efficiency and imaging quality are:discussed in Annex C.

hent of the focal spot positions of an array of microlenses in parallel, using the Shack-1
,is described in Annex D.

-4 and ISO/TR 14880-5.
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Optics and photonics — Microlens arrays —

Part 3

Test methods for optical properties other than wavefront
aberrations

1 Scop

e

This docyiment specifies methods for testing optical properties, other than wavefront’aberra

microleng
more surf

es in microlens arrays. It is applicable to microlens arrays with very small lenses formed
aces of a common substrate and to graded-index microlenses.

2 Normative references

The folloy
requirem
the latest

ISO 1488
ISO 1011
Surface fo

3 Tern
For the pt
ISO and I}

ying documents are referred to in the text in such a way that some or all of their content ¢
ents of this document. For dated references, only the editighycited applies. For undated r

edition of the referenced document (including any amendments) applies.

-1, Optics and photonics — Microlens arrays — Part 1:Vocabulary

-5, Optics and photonics — Preparation of drawings for optical elements and systems
'm tolerances

ns and definitions

[rposes of this document, the teyms'and definitions given in ISO 14880-1 apply.

C maintain terminology databases for use in standardization at the following addresses

— ISO Online browsing platform: available at https://www.iso.org/obp

— IECE
4 Subs
The optic

and shall

ectropedia: available-at https://www.electropedia.org/

itrate test

h1 quality’ef the substrate contributes to the quality of the focal positions defined by the m
be guantified in accordance with ISO 10110-5.

FHonslt of
on one or

bnstitutes

pferences,

— Part 5:

crolenses

5 Microscope test method

5.1 Principle

The basic principle is to locate, by optical means, the surface of the microlens under test. The effective back
(front) focal length is determined by measuring the axial displacement necessary to locate the focal position.

© IS0 2024 - All rights reserved
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5.2 Measurement arrangement and test equipment

5.2.1 General

The testing of microlenses is similar in principle to testing larger lenses. In many cases however, the
measurement of very small lenses presents practical problems which make it difficult to use standard
equipment. In general, two optical techniques can be used. One is based on microscopy, the other is based on
interferometryl(2l.

The first technique uses a microscope to locate, by focusing, the vertex of the microlens. The effective back
(front) focal length is deduced from a measurement of the displacement necessary to refocus the microscope
on the image of a distant source as shown in Figure 1.

A focusing aid in the microscope such as a split-field focusing graticule enables the featurelessv
microleng to be more readily located when viewing with reflected light. For focal length measure
distant pqint source may be the end face of an illuminated optical fibre or an illuminated testigratig
may be pgrformed with white light or monochromatic illumination.

The secopd technique uses wavefront sensing to locate the test surface or the centre of curvg
location tpst may be carried out with the help of one of the following devices:

These ard more fully described in ISO 14880-2 and 1SO/FR“14999-111[2], One advantage of inter

Fizeal interferometer,
Twyman-Green interferometer,
laterdl shearing interferometer, or

Shack-Hartmann device.

deduced
interfero

is that fO{I strongly aberrated lenses, the variation in\focal length with aperture radius can t

Key

N O U W

distarjt point'source

subst

microscepe objective

eter light source.

ate’and microlens producing focused spot

axial adjustment of microscope to locate lens surface and focus

beam
sourc

imagi

splitter
e for focus location on lens surface
ng array

ertex of a
ments the

ule. Tests

ture. The

erometry
e readily

rom the interference patterns. A disadvantdge is that tests are restricted to the wavelenjgth of the

Figure 1 — Collimated source and microscope used to measure the effective back or front focal

length of a microlens

Clauses 5 to 9 concentrate on the microscope technique while an interferometric technique is described in
Annex A and a Shack-Hartmann technique in Annex D.

© IS0 2024 - All rights reserved
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The confocal measurement of the effective focal lengths of lens arrays is described in Annex B.

5.2.2 Test system

5.2.2.1

General

The test system consists of a microscope fitted with displacement transducers, suitable light source, test
object, microscope video camera, monitor and image analyser (line intensity scan).

5.2.2.2

to be mad
allow the
the test 4

objective

The numé
test lens 4

5.2.2.3

Alight so
shall be u

White light can be provided by a quartz-halogen lamp in combination with a suitable aperture sto

band filte
monochrg

5.2.2.4

The dista
point sou
length to

Alternatiy
frequenci

The deted
The dista

5.2.2.5

If the ima
intensity

Microscope

distant point source or test graticule to be placed below the stage carrylng the testlle
ns should be supported with no additional optical component such as a glass plate bet
the distapt point source or test graticule. The displacement of the test surface relative to the

is measured with a calibrated displacement transducer.

rical aperture (NA) of the microscope objective shall be larger than the ntimerical apert]
t the focal point.

Light source

irce emitting radiation in the band of wavelengths or at a specific wavelength required f
ed. The properties of the light source shall be describediin the test report.

s can be used where a restricted range of waveleigths is required. A laser or LED can b
matic illumination and higher intensities.

Test object (test graticule)

ht point source can be approximatediusing the end face of an illuminated optical fibre. T
ce shall be placed on axis with-the’'lens and at an effectively large distance to enable
be determined.

rely, the object may be a-graticule. This enables the optical properties at particul
es and field angles to be/studied.

tion of the focus spot'may be susceptible to under-sampling by the detector array.

ht point sourceortest graticule used shall be described in the documentation of the test

Image display

1ge generated by the microscope is relayed by a video camera to a video display, an
display can be used to assist in locating the position of best focus. The intensity of the im|

s. Ideally,
een it and
icroscope

ure of the

r the test

b. Narrow
e used for

he distant
the focal

hr spatial

Feport.

blectronic
age at the

d 11 1. PR e 1. £ +1 h - -
etector smrarroe dUjustcl LU IIdIItdIiil 4 IIT4adl TCSPOUIIST IT UL LT UCLTLLUL Sy SLCIILL

5.2.2.6

Standard surfaces

A microlens of known focal length at a defined wavelength shall be used as a calibration artefact to verify
the performance of the measurement system.

A step height artefact, for example two thin glass plates held together in optical contact to provide a step of
known height, shall be used to verify the performance of the displacement measurement system.

© IS0 2024 - All rights reserved
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Preparation

For consistent results the test equipment shall be maintained in a temperature-controlled environment,
preferably at 20 °C and not exposed to vibration.

The optical surfaces to be tested shall be clean. Uncoated glass surfaces may be safely cleaned with alcohol
and cotton wool. The cotton wool should be soaked in a very small amount of solvent before touching the
surface and wiped only once across the optical surface before being discarded. This minimizes the chances
of scratching the surface. Dust may be removed using a clean camel-hair brush or filtered compressed air.

Coated optical surfaces such as antireflection surfaces should be treated with great care and not cleaned
unless absolutely necessary. They may be dusted using filtered compressed air.

Guidance

6 Proc

should be sought on the correct use of solvents and cleaning materials.

edure

6.1 General

Clean the

6.2 Me

Standard
estimated

Verify thd
length of

The micr
graticule

image is

surface of the lens and substrate to be tested.

asurement of effective back or front focal length

instrument calibration procedures shall be carried out periodically and the calibration uy
[41[91[10],

performance of the test system by measuring, as déseribed below, the effective back (ff
the standard spherical surface and comparing the.¥ésult with the known value.

pscope is focused on the surface of the micrélens and then displaced to focus on the i
or a point source placed at infinity. The best’focus position for this image may be locate

camera e}d display with line scan to determine the displacement position at which the peak inten

axial dis

6.3 Me

In genera
focal leng

With cony
distinctly
surface of

f=R

acement is measured using the displacement transducer.

asurement of chromatic abérration

, microlenses are of relatively simple design and are not corrected for chromatic aberr
th will vary with wayelength of illumination[11],

different reffadtive indices. The magnitude of the paraxial focal length for a single
radius R is-given by Formula (1):

[y (A)=n,(A)]

certainty

ont) focal

mage of a
bd using a
5ity in the

reatest. The spatial resolution of the camera system shall be sufficient to resolve the iage. The

htion. The

rentional lensesfayray is deviated by refraction at the interface between two optical media with

spherical

€8

elength A.

where nq

and n, are the refractive indices of the two media before and after the interface ata wav

The chromatic aberration of the lens is determined by the dispersion characteristics of the two media, n{(A)

and n,(A).

The conventional way of characterizing the dispersion of optical materials is by the Abbe number v, the
definition of which includes values for the refractive index of the material at three wavelengths. For example

© IS0 2024 - All rights reserved
4


https://standardsiso.com/api/?name=b26be6bca284ff233d308fcedf28d9ce

I1SO 14880-3:2024(en)
480 nm, 546 nm and 644 nm for the Abbe number v, at the green mercury e-line (546 nm) is given by
Formula (2):
Ve =(n546 —1) /(480 —N6a4) (2)
The Abbe number usually ranges between 20 and 60. Materials with higher Abbe numbers exhibit less
chromatic dispersion than materials with lower Abbe numbers.

The Abbe number of the microlens material may be determined by measuring the focal length of the lens at
the appropriate wavelengths and combining Formulae (1) and (2), namely Formula (3):

1 1
Veff = (1 s JFD‘H‘J 7 /k T = T } (3)
480 644

Various Abbe numbers may be defined depending on the choice of wavelengths. It may be movre practical to
use laser fources and define the Abbe number at those wavelengths.

The focal length of a lens is measured as described in 6.2 using monochromatic illumingtion. The
measurerent is then repeated using monochromatic illumination of different wavelengths to derive the
chromati¢ aberration which is defined as Formula (4):

AS, 45, ()‘1)_52()‘2) (4)
where

S,(A) is the axial focus position;

Ayanfl A, are the illumination wavelengths with 435/ A,.

The values obtained relate to the performance of the lens'in practice and consideration may have tp be given
to the dispersion of the substrate.

This method involves measuring small changes of focal length with wavelength and it is important to
measure the focal length as accurately as possible to reduce the uncertainty in the value for the Abbje number.

6.4 Mepsurement of the uniformity of the focal spot positions

Microlend arrays are often used for-wavefront measurement such as the Shack-Hartmann test. Tihe lateral
shift of the focal spot position frem the optical axis represents the angle of the local tilt of the ywavefront
under tesft. Therefore reliabledata of the uniformity of a microlens array (due to the regular arrpngement
and the doordinates of thejlens aperture centre positions of each individual microlens of the grray) are
essential for an accurateswavefront measurement.

The dispdrity of facal spot position shifts of microlenses of an array determines the uniformity of the array.

The test set-up\is-described in Annex D.

7 Results and uncertainties

The mean value of a set of measured values for focal length should be calculated and recorded. The variance
of the set of measured values shall be analysed statistically and the unbiased estimate of the standard
deviation evaluated. This is to ascertain the Type A contribution to the expanded uncertainty!4l,

Typical sources of uncertainty are included in Table 1.

© IS0 2024 - All rights reserved
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Table 1 — Uncertainty considerations

Origin

Type Uncertainty limit

Focal length measurement

A Calculated from a set of, typically nine, measurements

Calibration

A/B Varies with instrument and method of calibration

Optimum measurement conditions can be selected by monitoring the temperature and relative humidity
values during the measurements, and always giving the apparatus time to reach room temperature. The
Abbe offset error is minimized by arranging for the displacement transducer to measure as close as possible

to the optical axis.

8 Couvti ffici - . it

Microlenges are often used to collimate light from a small source such as a laser diode, to focts|light to a
small apejrture or to couple light into a fibre. In other applications, microlenses are used, to.gene
images of an object. The coupling efficiency and the imaging quality of microlens arrays’are digcussed in

Annex C.

9 Testlreport

The test results shall be recorded and shall include the following information if applicable:

a) General information:

1) testhas been performed according to SO 14880-3:2024;

2) date of calibration, calibration procedure and calibration uncertainty assessment;

3)

o

ate of test;

4) nlame and address of test organization;

5)

o5}

ccreditation (if relevant);

6) nfame of individual performing the test.

b) Information about the lens undertest:

1) lgnstype;
2) anufacturer;
3) :Ianufacturer's model;
4) sprial number.

¢) Envirjonméntal test conditions:

1) temperature;

rate small

2) relative humidity.

d) Information concerning testing and evaluation:

1) test method used;
2) optical system used;
3) lightsource:

i) source type,

© IS0 2024 - All rights reserved
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ii) wavelength;

displacement transducer used.

Test results:

1)
2)
3)
4)
5)

effective back focal length;
effective front focal length;
focal spot position shifts AS, and AS,;

chromatic aberration: AS,;

u|ncertainty table.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Measurements with wavefront measuring systems

A.1 Interferometer measurement principle

A varietmimW&mmﬁw may be
measured using an interferometer to help locate the vertex of the lens surface and to find the*est focus

position dnd using a linear displacement transducer for length measurement. One of the following devices
could be ysed for this purposel2l:

— Fizeap interferometer;

— Twyman-Green interferometerll;
— laterdl shearing interferometer, or
— ShacK-Hartmann device.

Use of a Fizeau interferometer is described here as an example. A'collimated beam from a cohdrent light
source is| partially reflected from a plane reference surface.to generate a reference waveffont. The
transmittled light is focused to a spot by a high quality lens and this spot is used to probe the position of the
lens surfdce and the focal point. Interference patterns are monitored to determine the two locatiofs.

NOTE For strongly aberrated microlenses, the effective focal length as defined in ISO 14880-1 may differ
significanfly from values based on wavefront deviation criteria.
A.2 Measurement arrangement and-test equipment

The Fizeaju interferometer is shown in Figure A.1.

(==

3 L 5 6

Y

Key
coherpnt light'seurce and collimator
beamsplitter

refergnceyplane

high quality microscope objective

microlens under test

A U1 A W N

optical flat
Figure A.1 — Fizeau interferometer

In principle, interferometers available for testing conventional sized lenses, particularly those of the Fizeau
type, may appear to be suitable for measurements with microlenses. In practice, problems may arise from
stray reflections from secondary surfaces in close proximity to the surface under test. The relatively
high magnification involved may lead to difficulties in focusing on the test surfaces of the microlens.

© IS0 2024 - All rights reserved
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Interferometers specially designed for microsurfaces overcome these problemslél. The optical flat is
positioned as close as possible to the microlens under test to minimize aperture diffraction errors and focus

the lens array onto the detector array.

A.3 Measurement of effective back or front focal length

To measure focal length, the microlens under test is positioned on-axis so as to collimate the diverging
beam. A high quality plane mirror or optical flat is used to reflect the light back through the system where
it combines with the reference wavefront to form an interference pattern. It is advisable to first
plane mirror without the microlens and microscope objective in place by tilting the plane mirror
interference pattern is nulled that is the 1nten51ty is umformly dlstrlbuted The mlcroscope obje

align the
until the
ctive and
e pattern

is again ulled Alternatlvely, a small t11t may be 1ntroduced between the two wavefronts topygdenerate a
pattern of interference bands and the setting is made by adjusting the axial position of the thierdlens until

the bandq are straight, parallel and equidistant(2].

The lens ynder test is then moved axially until the probe beam is focused on the lens surface. In thi

b position,

the light is partially reflected in the cat's eye configuration back to the interferometer to form a pattern of

bands. The lens position is adjusted until the bands are either nominally straight'er nulled.

Focal length measurements are deduced from the axial displacementsCof the test lens betjween the
positions|discussed above. Such measurements may be conveniently made*with a laser length measuring

interferometer.

NOTE In practice, totally straight interference bands will rarely be©btdined. The effect of aberrations

in the lens

under test{will be to introduce bending of the interference bands thatiwill vary over the field. Residual abefrations in

the test syjstem can also be apparent especially when using the cat’s_eye configuration which inverts one
with respdct to the other.

wavefront

© IS0 2024 - All rights reserved
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Annex B
(informative)

Confocal measurement of effective back or front focal length of
lens array

B.1 Measurement principle

The effective back (front) focal length of multiple lenses in the array can be measured using th¢ confocal
principle pith light focused by a single lens as shown in Figure B.1114],

A plane njirror surface in Position A shall be located by focusing light to the surface whére it is rdflected in
the cat's gye configuration. Light reflected back through the lens is reflected at a beam-splitter and focused
to a pinhdle. Light transmitted by the pinhole is detected electronically.

When thq mirror surface is positioned at the focal point of the microlens, thelight reflected back through
the pinhdle is at a maximum. If the distance from the lens to the mirror sutface is reduced, a gosition is
found at Hosition B where the intensity of light transmitted by the pinholereaches a secondary makimum. In
this positjon, light is reflected from the lens surface in the cat's eye configuration.

The distahce between the two positions is one half of the effective focal length of the microlens.

By replac|ng the lens with a microlens array the mean effectiye focal length of the array can be measured.

\ W/

NG

\

Key

mirrof surface Position A

mirror surface Position B
microlens

beamsplitter

focusing lens

pinhole

N O U1 W

detector

Figure B.1 — Measurement of the effective focal length of a microlens array

© IS0 2024 - All rights reserved
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B.2 Measurement system for microlens arrays

A confocal optical system and a plane mirror on an adjustable stage equipped with a displacement transducer
is required as shown in Figure B.2. The mirror is positioned close to the focal plane of the lens array and the
axial position adjusted until maximum light is transmitted by the pinhole. The detector array, for example a
CCD, enables the spatial distribution of bundles of rays from each microlens aperture to be monitored. The
axial position of the mirror is scanned and the position that corresponds to maximum intensity at the CCD
for each lens element is recorded.
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1  mirrof positioned at microlens array focal plane
2  microfens array

3 beamsplitter

4  focusing lens

5 pinhoje

6  detecfor array

Fighire B.2 — Measurement of the effective back or front focal length of a microlens array
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