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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
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hsk of technical committees is to prepare International Standards. Draft Interriational Stand
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Introduction

-3:2006(E)

This part of 14880 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.

Thel testing of microlenses is in principle similar to testing any other lens. The same parameters

need to be

measured and the same 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, availabl
normal size lenses.

Thel market in microlens arrays has generated a need for agreement on basic terminology and te

e for testing

5t methods.

Stamdard terminology and clear definitions are needed not only to promote applications but also tq encourage

scigntists and engineers to exchange ideas and new concepts based on common understanding.
Thig part of 14880 contributes to the purpose of the series of ISO 14880 standards which is to
conlpatibility and interchangeability of lens arrays from different suppliers and to enhance develop
technology using microlens arrays.

Thel measurement of focal length is described in the bodyyof this part of ISO 14880 and thg
altefnative technique, interferometry, is described in Annex A:

Medsurement of the focal length of an array of microlenses, using a confocal technique, is d
Annex B.

Coupling efficiency and imaging quality are diseussed in Annex C.

Megsurement of the focal spot positions-of an array of microlenses in parallel, using the Shac
technique, is described in Annex D.

mprove the
ment of the

use of an

escribed in

k-Hartmann
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Scope
part of ISO 14880 specifies methods for testing optical properties, otherythan wavefront ab

olenses in microlens arrays. It is applicable to microlens arrays with very small lenses forme
e surfaces of a common substrate and to graded index microlenses.

Normative references

following referenced documents are indispensable_ for the application of this document,
rences, only the edition cited applies. For undated” references, the latest edition of the
iment (including any amendments) applies.

14880-1, Optics and photonics — Microlens-arrays — Part 1: Vocabulary

10110-5, Optics and optical instrumehts-— Preparation of drawings for optical elements and
5: Surface form tolerances
Terms and definitions

the purposes of this document, the terms and definitions given in ISO 14880-1 apply.

Substrateitest

optical-quality of the substrate contributes to the quality of the focal positions defined by the
shall'be quantified in accordance with ISO 10110-5.

brrations, of
d on one or

For dated
referenced

systems —

microlenses

5

5.1

Microscope test method

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.
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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 interferometry.

The first technlque uses a mlcroscope to locate, by focusmg, the vertex of the microlens. The effectlve back

(front) focaldength-is deducec 3-meast o displacems
on the imade of a distant source as shown in Flgure 1

A focusing faid in the microscope such as a split-field focusing graticule enables the featureless'vertex
microlens tp be more readily located when viewing with reflected light. For focal length measuréments
distant point source may be the emitting tip of an optical fibre or an illuminated test graticule.) Tests ma
performed with white light or monochromatic illumination.

The second technique uses wavefront sensing to locate the test surface or the (Centre of curvature.
location tesf may be carried out with the help of one of the following devices:

— Fizeaulinterferometer,

— Twymgn-Green interferometer,

— lateral shearing interferometer, or

— Shack{Hartmann device.

These are fnore fully described in ISO 14880-2 and ISOAR 14999-1. One advantage of interferometry is
for stronglylaberrated lenses, the variation in focal length with aperture radius can be readily deduced from

interferencqg patterns. A disadvantage is that tests\are restricted to the wavelength of the interferometer
source.

scope

of a
the
be

The

that
the
ight

Key

distant point source

substrate and microlens producing focussed spot

microscope objective

axial adjustment of microscope to locate lens surface and focus
beamsplitter

source for focus location on lens surface

N O OB~ WN -~

charge-coupled device (CCD) camera

Figure 1 — A collimated source and microscope used to measure the effective back
or front focal length of a microlens
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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.

The confocal measurement of the effective focal lengths of lens arrays is described in Annex B.

5.2.2 Test system

5.221 General

The test system consists of a microscope fitted with displacement transducers, suitable light source, test
objeet,microscope-videocameramonitor-andimage-anatyser-tine-intensity-scam-

5.2p.2 Microscope

A nicroscope fitted with a focusing aid such as a split-image rangefinder is required to€hable fogus settings

to b
allo
test
dist
is m

The)
test

5.2.

A light source emitting radiation in the band of waveléngths or at a specific wavelength required

e made on a featureless surface such as the vertex of the microlens surface. The ' mechanical
v the distant point source or test graticule to be placed below the stage carrying the test lens.
lens should be supported with no additional optical component such as a glass plate betwee
hnt point source or test graticule. The displacement of the test surface relative to the microsco
easured with a calibrated displacement transducer.

numerical aperture (NA) of the microscope objective shall bedarger than the numerical apd
lens at the focal point.

2.3 Light source

Hesign shall
Ideally, the
n it and the
be objective

rture of the

for the test

shal|l be used. The properties of the light source shallibe described in the experimental results repdrt.

White light can be provided by a quartz-halogen lamp in combination with a suitable aperture stop. Narrow
banf filters can be used where a restricted-Tange of wavelengths is required. A laser can le used for
monochromatic illumination and higher intensities.

5.2P.4 Test objects

The| distant point source can be approximated using the emitting tip of an optical fibre. The distant point
soufce shall be placed on-axis with the lens and at an effectively large distance to enable the fogal length to
be determined.

Alternatively, the object may be a graticule. This enables the optical properties at particular spatial frequencies
and|field angles tobe studied.

The)

The)

detection of the focus spot may be susceptible to undersampling by the detector array.

distant point source or test graticule used shall be described in the documentation of the test r

bport.

5.2.2.5

Image display

If the image generated by the microscope is relayed by a video camera to a video display, an electronic
intensity display can be used to assist in locating the position of best focus. The intensity of the image at the
detector shall be adjusted to maintain a linear response from the detector system.

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.

© I1SO 2006 — All rights reserved
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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.

5.3 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 an

wined onlv once across the aontical surface before beina discarded. This minimizes the chanc
Ll J = J

s of

scratching 1

Coated opt
unless absq

Guidance s

6 Proce

6.1

Clean the s

6.2 Measurement of effective back or front focal length

Standard in

estimated [4l.

Verify the g
length of th

The micros
graticule or|
camera, an
in the imag
The axial di

6.3 Measurement of-chromatic aberration

In general,
will vary wit

With conve

General

he surface. Dust may be removed using a clean camel-hair brush or filtered compressed air!

cal surfaces such as antireflection surfaces should be treated with great care and hot cled
lutely necessary. They may be dusted using filtered compressed air.

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

dure

Lrface of the lens and substrate to be tested.

strument calibration procedures should be carried out periodically and the calibration uncertz
]

erformance of the test system by measuring, as described below, the effective back (front) f]
b standard spherical surface and comparing the result with the known value.

cope is focused on the surface of the microlens and then displaced to focus on the image
a point source placed at ipfinity. The best focus position for this image may be located usi
d vidicon display with line"scan to determine the displacement position at which the peak inte
b is greatest. The spatial resolution of the camera system shall be sufficient to resolve the im
Splacement is measgdred using the displacement transducer.

microlenses ‘are relatively simple and are not corrected for chromatic aberration. The focal le
h wavelength of illumination.

htional lenses, a ray is deviated by refraction at the interface between two optical media

ned

inty

pcal

of a

ga
sity
hge.

ngth

with

distinctly di

ferent refractive indices. The magnitude of the paraxial focal length for a single spherical sur

of radius R is given by

f=Rln

1(/1) - ”2(1)]

ace

(1)

where n4 and n, are the refractive indices of the two media before and after the interface at a wavelength A.
The chromatic aberration of the lens is determined by the dispersion characteristics of the two media, n4(A)

and ny(A).
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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
480 nm, 546 nm and 644 nm for the Abbe number v, at the green mercury e-line (546 nm).

Ve = (n546 — 1)/ (nag0 — 1n644) (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 Equations (1) and (2), namely

vefr = (1/f546)/(1/fag0 — 1/f44) (3)

Varjous Abbe numbers may be defined depending on the choice of wavelengths. It may.be more|practical to
use|laser sources and define the Abbe number at those wavelengths.

Thel focal length of a lens is measured as described in 6.2 using monechromatic illumipation. The
megsurement is then repeated using monochromatic illumination of different wavelengths to| derive the
chrgmatic aberration which is defined as

AS, = S(Aq1) = S,(1p) (4)
where
S.(A) is the axial focus position;

Aqand 4,  are the illumination wavelengths with 4, > A,.

Thej values obtained relate to the performance-of the lens in practice and consideration may have|to be given
to the dispersion of the substrate.

Thig 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 Abbe number.

6.4 Measurement of the uniformity of the focal spot positions

Microlens arrays are often used for wavefront measurement such as the Shack-Hartmann test.| The lateral
shiff of the focal spot(pesition from the optical axis represents the angle of the local tilt of the wavefront under
test| Therefore reliable data of the uniformity of a microlens array (due to the regular arrangemgnt and the
coofdinates of the.lens aperture centre positions of each individual lenslet of the array) are essgntial for an
accyrate wavefront measurement.

Thedisparity of focal spot position shifts of lenslets of an array determines the uniformity of the array.

Thetestset-up {5 described M ANNexX -

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 should be analysed statistically and the unbiased estimate of the standard
deviation evaluated. This is to ascertain the Type A contribution to the expanded uncertainty (see
Reference [4]).

Typical sources of uncertainty are included in Table 1.

© I1SO 2006 — All rights reserved 5
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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 minjmized by arranging for the displacement transducer to measure as close as possible to the optical

axis.

8 Coupling efficiency, imaging quality

Microlenseg are often used to collimate light from a small source such as a laser diodeg;(i0 focus light

to a

small apertre or to couple light into a fibre. In other applications, microlenses are used to generate small
images of gn object. Therefore remarks regarding the coupling efficiency and the imaging quality of microlens

arrays are described for information in Annex C.

9 Test report
The test reqults shall be recorded and shall include the following information if applicable:
a) Genergl information:
1) test has been performed according to ISO 14880{3:2006;
2) date of calibration, calibration procedure and.calibration uncertainty assessment;
3) date of test;
4) name and address of test organization;
5) acgreditation (if relevant);
6) name of individual performing the test.
b) Information about thelens under test:

1) lens type;

2) anufacturer;

3) manufacturer's model;
4) serial number.

c) Environmental test conditions:
1) temperature;

2) relative humidity.

© I1SO 2006 — All rights reserved
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d) Information concerning testing and evaluation:

1) test method used,;
2) optical system used;
3) light source:

i) source type,

ii) _wavelength;

ISO 14880-3:2006(E)

4) displacement transducer used.

e) |Test results:

1) effective back focal length;

2) effective front focal length;

3) focal spot position shifts AS, and ASy;
4) chromatic aberration: AS ;

5) uncertainty table.
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Annex A
(informative)

Measurements with wavefront measuring systems

A.1 Interferometer measurement principle

A variety i( methods exist for measuring the focal length of lensesl®l. Back (front) focal length.(may be
measured yising an interferometer to help locate the vertex of the lens surface and to find therbest focus
position anfl using a linear displacement transducer for length measurement. One of the following devices
could be usked for this purpose:

— Fizeaul|interferometer;

— Twymgn-Green interferometer;

— lateral shearing interferometer, or

— Shack{Hartmann device.

Use of a F|zeau interferometer is described here as an example*A’ collimated beam from a coherent |ight
source is partially reflected from a plane reference surface to generate a reference wavefront. The transmjtted
light is focused to a spot by a high quality lens and this spot.is\used to probe the position of the lens surface
and the focal point. Interference patterns are monitored to determine the two locations.

NOTE or strongly aberrated microlenses, the effective-focal length as defined in ISO 14880-1 may differ significantly
from values lased on wavefront deviation criteria.

A.2 Measurement arrangement and test equipment

The Fizeau|interferometer is shown in"Figure A.1.

- A
N
N
—
N
|
-

\i4
Key
1 coherent light source and collimator
2  beamsplitter
3  reference plane
4 high quality microscope objective
5  microlens under test
6  optical flat

Figure A.1 — Fizeau interferometer
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In principle, interferometers available for testing conventional sized lenses, particularly those of

3:2006(E)

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. Interferometers
specially designed for microsurfaces overcome these problems [6l. Position the optical flat 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 dive
A high quality plane mirror or optical flat is used to reflect the light back through the system where
withl the reference wavefront to form an interference pattern. It is advisable to first align the
withlout the microlens and microscope objective in place by tilting the plane mirror until thejinterferg
is rulled, that is the intensity is uniformly distributed. The microscope objective~and microler
insgrted and the axial position of the microlens is adjusted until the interference-pattern is a
Altefnatively, a small tilt may be introduced between the two wavefronts to generate a pattern of

rging beam.
it combines
lane mirror
nce pattern
s are then
jain nulled.
nterference

banfds and the setting is made by adjusting the axial position of the microlens until the bands are straight,

parallel and equidistant.

The)
the
The]

lens under test is then moved axially until the probe beam is focused on the lens surface. In t
ight is partially reflected in the cat's eye configuration back to thelinterferometer to form a patte
lens position is adjusted until the bands are either nominally/straight or nulled.

Foc
disa
inte

bl length measurements are deduced from the axial displacements of the test lens between t
ussed above. Such measurements may be conveniently made with a laser length
ferometer.

NOT
undg
test
resp

E In practice, totally straight interference bands will rarely be obtained. The effect of aberration
br test will be to introduce bending of the interference bands that will vary over the field. Residual aber
system can also be apparent especially whetnusing the cat's eye configuration which inverts one w
ect to the other.

his position,
rn of bands.

e positions
measuring

5 in the lens
rations in the
avefront with
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Annex B
(normative)

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

B.1 Measurement principle

The effectiye back (front) focal length of multiple lenses in the array can be measured using the confpcal
principle with light focused by a single lens as shown in Figure B.1.

A plane mirror surface in Position A should be located by focusing light to the surface where’it is reflectgd in
the cat's ey configuration. Light reflected back through the lens is reflected at a beam:splitter and focusgd to
a pinhole. Lfight transmitted by the pinhole is detected electronically.

When the rirror surface is positioned at the focal point of the microlens, the light reflected back through the
pinhole is gt a maximum. If the distance from the lens to the mirror surface.is‘reduced, a position is found at
Position B where the intensity of light transmitted by the pinhole reaches. a secondary maximum. In|this
position, light is reflected from the lens surface in the cat's eye configuration.

The distande between the two positions is one half of the effective fogal length of the microlens.

By replacing the lens with a microlens array the mean effectivefocal length of the array can be measured.

Key

mirror surface Position A
mirror surface Position B
microlens

beamsplitter

focusing lens

pinhole

N o o b~ ON -~

detector

Figure B.1 — Measurement of the effective focal length of a microlens array
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B.2 Measurement system for microlens array

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.

Key|

mirror positioned at microlens array focal plane
microlens array

beamsplitter

focusing lens

pinhole

D A W N -

detector array

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

© 1SO 2006 — All rights reserved 11


https://standardsiso.com/api/?name=2602221eecfe624ccc238d934f3d76f1

