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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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| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft Interriational Stand
the technical committees are circulated to the member bodies for voting, ‘Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 172, Opticsfand photonics, Subcommittee S
cal systems.

consists of the following parts, under the general title Optics and photonics — Microlens arrays
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Introduction

This part of ISO 14880 specifies methods for testing geometrical properties 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.

The

Stapdard terminology and clear definitions are needed not only to promote applications but-also tg

Sci€
This
the
the

The)

styllis instrument and non-contact optical probe system. Physical Ahickness can be measy

micl

ntists and engineers to exchange ideas and new concepts based on common understanding.
part of ISO 14880 contributes to the purpose of the series of ISO 14880 standards, which is

compatibility and interchangeability of lens arrays from different suppliers and\te’enhance dev
echnology using microlens arrays.

ometer. The measurement processes are described in the body<of this part of ISO 14880.

market in microlens arrays has generated a need for agreement on basic terminology and.test methods.

encourage

to improve

elopment of

measurement of physical characteristics of pitch and surface modulation depth can be made using a

red with a
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Optics and photonics — Microlens arrays —

Part 4:
Test methods for geometrical properties

1 |Scope

Thig part of ISO 14880 specifies methods for testing geometrical properties of microlenses in micrglens arrays.
It is| applicable to microlens arrays with very small lenses formed on one or more surfaces offa common
subgtrate and to graded index microlenses.

2 [Normative references

The| following referenced documents are indispensable forhe application of this document| For dated
references, only the edition cited applies. For undated ‘references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[14880-1, Optics and photonics — Microlens arrdys — Part 1. Vocabulary

3 |Terms, definitions and symbols

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

NOTE 1 The symbols adopted forthis part of ISO 14880 are chosen for clarity in this application to micfolens arrays
but $gome may not be those commaonly used for surface texture measurement.

NOTE 2  The parameters:P,, P, and /& are used in this part of ISO 14880 to describe geometrica| parameters
encguntered in the measurement o?surface texture. P,, Py are spacing parameters and are defined as the ajverage value
of the length of the mean-line section containing a profile peak and adjacent valley. An amplitude parameter/ 4, is defined
as the average difféerence between peak of the lens profile and the rim. Figure 1 illustrates the geometrical [properties of
micrplens arrays Which are to be measured.

31

pitgh

P.X’ L - - - - - -

distance between the centres of adjacent lenses which may vary across and will vary with direction

See Figure 1.

NOTE 1 The pitch is expressed in millimetres.

[ISO 14880-1:2001, term 6.2.1.5]

NOTE 2

roug

hness profile, RS, (see 3.2.2 and 4.3.1 in ISO 4287:1997).

© I1SO 2006 — All rights reserved
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3.2

surface modulation depth

h

peak-to-valley variation of the surface height

See Figure 1.

NOTE 1 For a purely refractive microlens, this will be the same as the lens sag.
NOTE 2  The surface modulation depth is expressed in millimetres.

[ISO 14880r+2064term6-2-4-8}

NOTE 3  For stylus instruments this will generally equate to Rz (see 4.1.3 in ISO 4287:1997).
3.3

physical thickness

Te

maximum Igcal thickness of the array

See Figure (1.

NOTE The physical thickness is expressed in millimetres.

[ISO 14880t1:2001; term 6.2.1.9]

3.4

radius of curvature

R

dicstance fro
See Figure
NOTE 1 )
[ISO 14880

NOTE2 R

m the vertex of the microlens to the centre of curvature of the lens surface

—_

'he radius of curvature is expressed in millimetres.
£1:2001; term 6.1.4]

or rotationally invariant microlénses or cylindrical microlenses.
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Key
1 substrate
T, physical thickness
R, radius of curvature
Py, 1 y pitch
h surface modulation depth (lens sag)
Figure 1 — Geometrical parameters of microlens arrays
4 [Coordinate system

To measure the geometrical properties of a microlens\array, a Cartesian coordinate system is use

in F
the

gure 2. In a right-handed Cartesian set, the x- @nd y-axis lie in the substrate plane and the x-a
direction of trace. The z-axis is the outward direction from the material to the surrounding medi

1

RYASARA)

1, as shown
Kis provides
im.

Key
1

2
3

substrate
microlens
light pass

Figure 2 — Microlens array with a Cartesian coordinate system
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5 Test methods

5.1
511 Use

5.1.11

Pitch and surface modulation depth measurement

of stylus instrument

Principle

The basic principle using a stylus instrument is to obtain a profile of the surface of the array. Care shall be

taken to en

sure that the profile passes through the centre of each lens and that the stylus remains in contact

with the sur
be determir

9q

5112 S
The measy
measuremsg
physically d
Other com
gearbox, w
signal from
that automg

The part o
manufactur
and will giv
significant i
array. Too |

The stylus

face throughout the measurement process. This enables the pitch and surface modulation dep
ed.

et-up and preparation

rement of the geometrical characteristics of a microlens array is similar “in~principle to
nt of any surface using a stylus instrument. A typical stylus instrument consists of a stylus
ontacts the surface and a transducer to convert its vertical movement into an electrical sig
ponents can be seen in Figure 3 and include the following: a pick-Gp, driven by a motor
hich draws the stylus over the surface at a constant speed; an eléctronic amplifier to boost
the stylus transducer to a useful level; a device for recording the ‘amplified signal or a comp
tes the data collection.

f the stylus in contact with the surface of the array isiusually a diamond tip with a care
bd profile. Owing to their finite shape, some styli on some arrays may not penetrate into val
e a distorted or filtered measurement of the surface{cThe effect of the stylus forces can ha
hfluence on the measurement results. Too high a*force can cause damage to the surface of
bw a force and the stylus will not stay reliably in.contact with the surface.

nstrument shall be used in an environment that is as free as possible from dust, vibration

direct sunlight in a location where the ambient temperature is maintained in the range 20 °C £ 5 °C (wi

condensatid
of the instrd
suitable sol

Due consid

n-free humidity below 70 % relative:lumidity). Remove any gross contamination from the suri
ment preferably by blowing the surface with filtered air. Any oil or grease may be removed usi
vent.

pration shall be given for testing under more adverse conditions.

h to

the
that
nal.
and
the
uter

fully
eys
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the

and
th a
face
g a
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fixture

microlens under test
stylus

probe (pick-up)
measurement loop
column

drive unit

Figure 3 — Elements of a typical stylus instrument

electrical unit-on)the stylus instrument shall be switched on at least one hour before any me

place. This,will allow time for the instrument to stabilize (the manufacturer’s instructions v
Cify @ minimum stabilization time for a given instrument). Calibration of the instrument is esse
surement.’Before calibration of the instrument takes place the stylus should be checked for si
amage. A damaged stylus tip can lead to serious errors.

asurements
ill normally
htial prior to
gns of wear

Aft

T Tegsurernent of the catibratiomartefact themdicated vatue shat-becompared withthevatue

attached to

the test object. If the measured value differs from the value that is shown on the calibration certificate then re-
calibration is required.
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5.1.1.3  Stylus size and shape

It is important that the dimension and shape of the stylus are chosen appropriately as this can affect the
accuracy of the traced profile in a number of ways. On arrays with deep, narrow valleys the stylus may not be
able to penetrate fully to the bottom because either the tip radius or the flank angle of the stylus is too large. In
such cases, the value of the surface modulation depth will be smaller than the true value. The ideal stylus
shape is a cone with a spherical tip. This usually has a cone angle of either 60° or 90° with a typical tip radius
of 1 ym, 2 ym, 5 ym or 10 pym.

5.1.2 Use

of confocal microscope

51.21 K

The confoc
moving the
confocal pi

signal is reduced when the object point is displaced from the focus. The principle has begn established in

scanning cq
point.

51.2.2 §

The princip
object using
points. The
shown in Fi

rinciple
surface of the object through focus and measuring the reflected intensity using.a‘detector
nhole. When the object point lies at the focus, the maximum intensity is detected whereas

nfocal microscope. By scanning an imaged light spot over the object an area.is measured poir

et-up and preparation

e of the confocal microscope has been developed by genefating an array of light spots on
a multiple pinhole mask (Nipkow disc) which allows for parallel data acquisition of multiple ok
Nipkow disc can be replaced by a microlens array in. order to improve the light efficiency
gure 4.

al principle can be used for the measurement of surface topography. Depth is discriminated by

and
the
the
t by

the
ject
, as
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o N O g b~ WON -

;
V]

light source

beam splitter

rotating microlens disc (analogue to a Nipkow disc)
objective

sample

imaging lens

pinhole

detector

Figure 4 — Confocal microscope measurement System A
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Figure 5 shows another configuration of the confocal microscope using a microlens array and a pinhole array.
It will enhance the optical radiation collection efficiency and improve the scanning speed, which depends on
the pinhole array with parallel scanning. An example of a measurement is shown in Figure 6.

Key

light soyrce
rotating|microlens disc
beam splitter

pinhole jarray (Nipkow disc)
objectiv|

14

sample
imaging lens

0 N O g B~ WON -

charge-foupled device (CCD) camera

Figure 5 — Confocal microscope measurement System B
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Dimensions in micrometres

o
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‘ 300 .’\\"“\}‘ ) / ol 1 OO s '

Figure 6 — Example of the microlensrarray surface structure
using a confocal microscop& measurement system

5.2| Physical thickness

5.2l Principle

The| two anvils of the micrometer contact the top and bottom surfaces of the array to measure the physical
thickness of the array at a given point.“Fhe anvils of the micrometer may be parallel or spherical.

5.2.2 Set-up and preparation

The| micrometer shall be (calibrated using a gauge block or a similar procedure prior to the mgasurement.
Thoroughly wipe the spindle and the measuring faces of the micrometer using clean lint free pa{er or cloth.

Leaje the instrumentand the microlens array long enough to adjust to room temperature (at least 1 h). Care
shall be taken torensure that the micrometer is not subject to sudden temperature changes, dir¢ct sunlight,
radignt heat or &ir-currents that may cause significant temperature variations.

5.3| Radius of curvature

5.3.1_P|i||bipie

The basic principle is to locate, by optical means as shown in Figure 7, the vertex of the microlens under test.
The displacement necessary to locate the focal position or the centre of curvature of the surface is then
measured. This enables the radius of curvature R to be determined respectively. Care shall be taken to avoid
incorrect settings b) and c¢) as shown in Figure 7.

NOTE It is only possible to locate the centre of curvature of the test surface using this method if the lens surface is
spherical. Otherwise light is not retroreflected to form a confocal image. If it is suspected that the test surface is not
spherical, the shape can be estimated from a zonal analysis using interferometry.

© I1SO 2006 — All rights reserved 9
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a) Example of correct setting

/

A

Y

b) Example'of incorrect setting

A
/

substrate surface
optical probe
radius of curvature

c) Example of incorrect setting

Figure 7 — Location of the centre of curvature and the spherical lens surface with an optical probe
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5.3.2 Measurement arrangement and test equipment

5.3.2.1

General

-4:2006(E)

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.

a)

Clalises 5 to 8 concentrate on the microscope technique while an interferometric technique is g

Ann

The first technique uses a microscope fitted with a displacement transducer, suitable light s

object microscape videa camera maonitor and image analyser (line intensity scan) This mj

ource, test
roscope is

used to locate, by focusing, the vertex of the microlens. The radius of curvature is dedu
measurement of the displacement necessary to reposition the microscope and locateoth
curvature of the surface as in Figure 8.

A focusing aid in the microscope such as a split-field focusing graticule enables.the featurele
a microlens to be more readily located when viewing with reflected light. The,position of th
curvature may be located when the microscope is focused close to the centre‘because a con
is formed by retroreflection of the rays at near-normal incidence on the lens surface. Te
performed in white light or monochromatic illumination.

The second technique uses interferometry to generate interferencée patterns that indicate the
the test surface or the centre of curvature. The test interferameter may be one of severs
example a Fizeau, a lateral shearing or Twyman-Green. These are more fully described in |
and ISO/TR 14999-1. One advantage of interferometry is.that for strongly aberrated lenses, {
in radius of curvature with aperture radius can be ‘“eadily deduced from the interfereng
Interferometry is sensitive to small variations in optical path lengths and it is usually necessg
the interferometer on an anti-vibration table and to*minimize air-borne disturbances.

ex A.

ced from a
e centre of

5s vertex of
e centre of
focal image
sts may be

location of
| types, for
50 14880-2
he variation
e patterns.
ry to mount

escribed in

Key

N o ok 0N -~

source to illuminate lens surface

microscope objective

microlens under test

beam splitter

CCD-camera

lateral (x, y) adjustment to centre microlens

axial (z) adjustment of microscope to locate lens vertex and centre of curvature

Figure 8 — Microscope used to measure the radius of curvature of the microlens surface
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5.3.2.2

5.3.2.21

Test system

Microscope

A microscope fitted with a focusing aid such as a split-image rangefinder is used to enable focus settings to be
made on featureless surfaces and to enable the centre of curvature to be located by confocal imaging. The
displacement of the test surface relative to the microscope objective is measured with a calibrated
displacement transducer.

Note that the area of the lens surface sampled for the radius measurement is limited by the NA (numerical

aperture) o

the micrascope aobjective

5.3.2.2.2

A light sour
a specific W

5.3.2.2.3
If the imagsg

display can
be sufficien

5.3.2.24

A spherica
performanc
Al2 root me

5.3.23 H

For consisfent results the test equipment shall’be maintained in a temperature-controlled environm

preferably 2

5.4 Surface preparation of microlens array for measurement

For consisfent results the test equipment shall be maintained in a temperature-controlled environm

preferably 3

The optical
and cotton
surface andg
scratching {

Coated opt

Light source

avelength is suitable for this test.

Image display

be used to assist in locating the position of best focus. The resolution of the imaging system s
to enable the best focus image to be identified.

Standard spherical surface

surface of known radius of curvature shall be used as a reference artefact to verify
b of the measurement system. A typical value for the departure from sphericity shall be less
AN square deviation. The radius of the artefact should be similar to the radius of the test object.

reparation

0 °C, and not exposed to vibration.

t 20 °C and not exposed to vibration.

surfaces to be tested shall be clean. Uncoated glass surfaces may be safely cleaned with alc
wool. The eotton wool should be soaked in a very small amount of solvent before touching
wiped only,once across the optical surface before being discarded. This minimizes the chance
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 not cled

ce emitting radiation either in a large band of wavelengths, such as an incandescent'source, ¢r at

generated by the microscope is relayed by a video camera to a TV display, an electronic intensity

hall

the
han

ent,

ent,

bhol
the
s of

ned

unless abs

Laial Tk b, <l +oal + £i14 <l <l +
TUITTy TICLT oodl'y. TTITY TTTdy VT UUOSLITU UoITTy THCTTUW LUTTTPTTCooTU air.

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

6.1 Measurement of pitch and surface modulation depth (lens sag)

6.1.1 Preliminary measurements

Standard instrument calibration procedures shall be carried out [71[8]. An axis of the lens array shall be aligned
to the lateral (x, y) scan direction of the measuring stylus and within the vertical working range of the
instrument. A preliminary measurement should be made on the array in order to assess the surface profile.
Adjustments in position and level of the array shall be made to ensure that the stylus scans across the centre

of
can
nu

corl

Th

dep
filte
be
less

6.1.

A
(avq
takd
the

dire

6.2

The
the

cen
dist

6.3

Ver
arte

The
the

mic
ther
cen

ot be made if the level of the array is not within the instrument range. It may be necessary
ber of measurements across the surface of the array and make fine adjustments to its-positio
ct alignment of the array.

appropriate measurement parameters (machine speed, frequency, etc.) have to-be selected
nd on the instrument and reference should be made to the appropriate operating manual. A
should not be used. The sampling distance, the distance travelled by the'stylus across the

e same as the evaluation length and should be chosen to ensure that & significant number o
than 10, form the profile.

P Making measurements and interpreting the results

gnificant number of profile traces shall be made evenly\distributed across the surface ¢
iding any defects) along both the x- and y-axis near the lens vertices. After the measurements
n a possible tilt shall be corrected by a linear fit. This_should be done via the instrument softy
Calculation of any parameters. The P,, Py (pitch) and~/i-(surface modulation depth) parameters
Ctions across the array shall be calculated according-to the appropriate 1ISO standards.

Measurement of physical thickness

micrometer shall be calibrated prior to\the measurement using a gauge block or a similar artg
micrometer that best fits the application. Care shall be taken to ensure the measurements are
re of a lens and that parallax errers are minimized. At least 10 measurements shall be m
ibuted over the microlens array:

Measurement of radius of curvature

fy the performance ©f the test system by measuring the radius of curvature of a sphericg
fact. The radius.ofthe calibration artefact should be similar to the radius of the microlens to be

psurements
to make a
n to ensure

These will
roughness
surface, will
f peaks, not

f the array
have been
are prior to
in x- and y-

fact. Select
made at the
ade evenly

| reference
measured.

measurement is carried out by focusing the microscope on the test surface vertex and then r
centre ofi{curvature of the surface as shown in Figure 8. At the second position, the confocal

oscopéobjective illuminates the surface at normal incidence and the rays are reflecte
nselves. The confocal image of a graticule or split-image focusing device in the microscope

re-of curvature to be located.

!

focusing at
osition, the
d back on
enables the

The test surface is laterally aligned with the optical axis of the microscope by successive adjustments until the
confocal image is centred.

The

7

radius of curvature is the axial displacement between the two test positions.

Results and uncertainties

The mean value of a set of measured values for radius of curvature shall 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 (see
Reference [9]).

© IS0 2006 — Al rights reserved 13
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Typical sources of uncertainty are included in Table 1.

Table 1 — Uncertainty considerations

Origin Type Uncertainty limit

Radius of curvature measurement A | Calculated from a set of, typically nine, measurements

Calibration A/B |Varies with instruments and method of calibration
A calibratiopn_factar will carrect for the cosine error and Abbe error and is determined thrnngh the calibration
procedure. [The uncertainty estimation may be either Type A or Type B [®l. Optimum measurement conditjons
can be selgcted by monitoring the temperature and relative humidity during the measurements, and.always
giving the gpparatus time to reach room temperature. The Abbe offset error is minimized by arranging for the
displacemeht transducer to measure as close to the optical axis as possible.
The mean Yalue of the sets of measured values, together with the standard errors of the mean (SEOM), shall
be calculated and recorded.
The combiped standard uncertainty shall be calculated by adding the standard-erfor of the mean of| the
repeated measurements across the surface of the array in quadrature with the standard uncertainty due td the
instrument.
8 Test report

The test res

ults shall be recorded and shall include the following information if applicable:

a) General information:
1) tegt has been performed in accordance with ISO 14880-4:2006;
2) date of calibration, calibration procedure@nd calibration uncertainty assessment;
3) dage of test;
4) name and address of test organization;
5) acgreditation (if relevant);
6) name of individual performing the test.
b) Information about the)lens under test:
1) lens type;
2) manufacturer;
3) manufactorersmocdet;
4) serial number.
c) Test conditions:
1) test method used;
2) test equipment:
i)  stylus instrument; manufacturer and model,
i) micrometer; manufacturer and model;
14 © 1SO 2006 — All rights reserved
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3) measurement parameters:

i) stylus radius,

ii) instrument speed,
iii) sampling frequency,
iv) sampling length;

4) ambient conditions at time of measurement:

ISO 14880-4:2006(E)

[y temperature,

d) [Test results:

1) pitch;

5) uncertainty table.

ii) relative humidity.

2) surface modulation depth;
3) physical thickness;

4) radius of curvature;

© I1SO 2006 — All rights reserved
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Annex A
(normative)

Measurement with a Fizeau interferometer system

A.1 Measurement arrangement and test equipment

Radius of @
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generate a
is used to
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In principle
may appea
reflections

magpnificatiq
specially de

urvature may be measured using an interferometer to help locate the vertex of the lens(sur
the confocal position, using a linear displacement transducer for length measurement.One of
vices could be used for this purpose:

interferometer;

n-Green interferometer;
hearing interferometer; or
Hartmann device.

veau interferometer as shown in Figure A.1, is described here as an example. A collimated b
ially and temporally coherent light source is partially reflécted from a plane reference surfac
reference wavefront. The transmitted light is focused 0 a spot by a high quality lens and this
probe the position of the lens surface and the ‘eentre of curvature. Interference patterns
b determine the exact locations.

interferometers designed for testing maero-sized lenses, a Fizeau interferometer for exan
- suitable for measurements of microlenses. In practice, however, problems may arise from g
from secondary surfaces in close. (roximity to the surface under test. The relatively
n needed may lead to difficulties in focusing on the exit pupil of the focusing lens. Interferomg
signed for microlenses overcome these problems.

face
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Figure A.1 — Fizeau interferometer

A

© I1SO 2006 — All rights reserved

17


https://standardsiso.com/api/?name=8dafb07d9156b5a71654c236af888c2c

ISO 14880-4:2006(E)

A.2 Measurement of radius of curvature

The test lens is first moved to a position at which the centre of curvature of the microlens coincides with the
focus of the interferometer beam. The illumination is then at normal incidence to the surface and is partially
retro-reflected back through the system to form an interference pattern. The position of the lens is then
adjusted to produce interference bands that are nominally either straight, parallel and equidistant or the
pattern is nulled.

Then the microlens is moved along the z-axis (optical axis) until the beam focus is coincident with the
microlens surface. In this position, the light is partially reflected in the cat's-eye configuration back to the

interferome

is adjusted
uniform.

The radius

ter to_ combine with a reference beam and form a pattern of interference bands. The lens position

The displacgement measurements may be conveniently made with a laser length-measuring interferometer

NOTE

test will be tq introduce a degree of curvature that will vary over the field. Residual aberration.in the test system may

be apparent

18

pspecially when using the cat’s eye configuration, which inverts one wavefront with_respect to the other.

such that the bands are either nominally straight parallel and equidistant or the intensity becomes

pf curvature is the axial displacement of the test lens between the two positions destribed abpve.

h practice, totally straight interference bands will rarely be obtained. The effect of aberration in the lens under

also
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