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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The expanded market in microlens arrays has generated a need to agree on basic terms and definitions
for microlens arrays and systems and this document aims to satisfy that need.

This document aims to improve the compatibility and interchangeability of lens arrays from different
suppliers and to enhance the development of technology using microlens arrays.

Microoptics and microlens arrays are found in many modern optical devices[1l. They are used as coupling
optics for detector arrays the dlgltal camera belng an example of a mass market appllcatlon They are
usefd [ § i i ght sources

displays. Microlens arrays are used in wavefront sensors for optlcal metrology and astsenomjy, lightfield
senpors for three-dimensional photography and microscopy and in optical parallel processof elements.

Multiple arrays of microlenses can be assembled to form optical systems such-as optical dondensers,
confrolled diffusers and superlenses(2](3]. Furthermore, arrays of microgptical elemenfs such as
midro-prisms and micro-mirrors are usedl4l[5].Examples of some of these applications are dpscribed in
Anrlexes Ato F.

© IS0 2019 - All rights reserved v
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Optics and photonics — Microlens arrays —

Part 1:
Vocabulary

1
Thi

Scope

5 document defines terms for microlens arrays. It applies to arrays of very smallolen

inside or on one or more surfaces of a common substrate. This document also applies to

mic

The

For

ISO

NO1
des

rolens arrays.

Normative references

re are no normative references in this document.

Terms and definitions
the purposes of this document, the following terms and definitions apply.
and IEC maintain terminological databases for usédn standardization at the following ad

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

[EC Electropedia: available at http://www.electropedia.org/

ription of the coordinate system and'its application can be found in Clause 4.

N

bes formed
systems of

dresses:

E1 The coordinate system used for the description of the microlenses can be found in Figure 1. The

Key

1
2

C %&9
o0
OPO -
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TN N N
| S

substrate
microlenses

Figure 1 — Microlens array with Cartesian coordinate system
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NOTE 2  Five common types of microlenses are illustrated in Figure 5, and described in Clause 5.

NOTE 3  For common microlens array applications, see Annexes A to F.

3.1 Symbols and units of measure

Table 1 lists symbols and units which are used in this document.

Table 1 — Symbols and units of measure

Symbol Init Term
Aq mm?2 diffraction-limited optical aperture
Ag mm?2 geometric aperture
ai, az mm lens radius
2a1, 2ap mm lens width
Dyn mm-2 lens density
h mm surface modulation depth
L1, Ly mm edge lengths of substrate
NA none numerical aperture
NAq none diffraction-limited numerical aperture
NAg none geometric numerical aperture
n(x,y, z) none refractive index
ng none refractive index at the centre ofthe lens
Py, Py mm pitch
fEb mm effective back focal lenggh
fEf mm effective front focal léngth
R mm radius of curvature
Sx Sy Sz mm coordinates déffdcal spot position
ASy, ASy, AlS, mm focal spot pesition shift
T mm thickness of substrate
Tc mm physieal thickness
Wy, Wy pm foeal spot size
X,z mm coordinates of lens aperture centre position
0 degre€ acceptance angle
DPrms wsséf:n?gfth wavefront aberration
A nm wavelength
Veff none effective Abbe-number

3.2 Basic definitions of microlens and microlens array

3.2.1

microlens

lens in an array with an aperture of less than a few millimetres including lenses which work by
refraction at the surface, refraction in the bulk of the substrate, diffraction or a combination of these

Note 1 to entry: The microlens can have a variety of aperture shapes: circular, hexagonal or rectangular for
example. The surface of the lens can be flat, convex or concave.

2 © IS0 2019 - All rights reserved
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2
rolens array

regular arrangement of microlenses on/in a single substrate

Note 1 to entry: Irregular or structured arrays are sometimes used, for example, in beam shaping, diffusion, and
homogenization.

3.3
3.3.

effective front focal lpngth

General terms and definitions

1

fef
dist

the|power density distribution when collimated radiation is incident from the back of the su

Notg¢ 1 to entry: The effective front focal length can differ from the paraxial front fokal length inl

abe

Not
meg

3.3
effe

fEb
dist
poil
Not
abe

Not
focq

3.3

radlius of curvature

R¢
dist

Not

3.3
way
P
roo

Not

ance from the vertex of the microlens to the position of the focus given by finding the-m

rated lenses.

e 2 to entry: The effective front focal length is different from the classical effective focal lengt
sured from the lens vertex.

2
ctive back focal length

ance from the back surface of the substrate or the vertexof the microlens to the position
1t, when collimated radiation is incident from the lens side of the substrate

e 1 to entry: The effective back focal length can differ’ from the paraxial back focal length in
rated lenses.

b 2 to entry: In case the microlens or microlenses are formed on both sides of the substrate, “ef]
| length” is defined from the vertex of the migrolens to the position of the focal point.

3

ance from the vertex of thelmicrolens to the centre of curvature of the lens surface
e 1 to entry: The radius.of edurvature is expressed in millimetres.

4
refront aberration

S
[ mean square of deviation of the wavefront from an ideal spherical or other wavefront

e 1 to entry: The wavefront aberration is expressed in parts of the wavelength, A.

aximum of
hstrate

the case of

h since it is

of the focal

the case of

fective back

3.3

54

chr

omatic aberration

change of the focal length with wavelength

Note 1 to entry: Chromatic aberration is characterized by the effective Abbe-number, which is given by:

f(%;)

Vogpg=—"T-—"""—
eff 1 1

f(A) f(As)

where the values of A1, A2 and A3 are specified in order to correspond to current practice in optical lens design.

The

©IS

effective Abbe-number is dimensionless.
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Note 2 to entry: At optical wavelengths the C line (656,3 nm) as A3, d line (587,56 nm) as A2, F line (486,1 nm) as
Al are generally used. However, other wavelengths such as the infrared spectrum can be used where appropriate,
provided that A1 <Ay <A3.

3.3.5.2
achromatic microlens array
microlens array designed to limit the effects of chromatic aberration

Note 1 to entry: Achromatic microlens arrays are generally corrected to bring radiation of two wavelengths into
focus in the same plane, for example, red and blue light or infrared wavelengths where appropriate.

3.3.6.1
aperture shape
shape whidh is specified as square, circular, hexagonal, circular sector or other geometric shape

Note 1 to erjtry: For non-regular shapes, the vertices of the microlens aperture are to be defined by coordinates,
Xajk, Yajk, where j is the microlens number index and k is the vertex number index.

3.3.6.2
geometridaperture
Ag
area in which the optical radiation passing through it is deviated towards the focused image fand
contributes to it

Note 1 to erftry: For graded index microlenses where no obvious boundary exists, the edge is the locus of pdints
at which th¢ change of index is 10 % of the maximum value.

Note 2 to enftry: The geometric aperture is expressed in square millimetres.

3.3.6.3
lens width
2az, 2az
width of the microlens on the substrate defined by-the geometric aperture of the microlens

Note 1 to entry: The widths are determined by.measuring the longest distance (2a;) and the shortest distgince
(2az) between the lens edges as shown in Figuxe)2. If the lens is circular symmetric, then the term diameter|can
be used.

Note 2 to erl:ry: Lens widths are expressed in millimetres.

Note 3 to entry: The geometric aperture of the microlens can be given by a variety of shapes such as circplar,
rectangulay elliptical and so ons

3.3.6.4
diffraction-limited optical aperture
Aq
area withi* whigh'the peak-to-valley wavefront aberrations are less than one quarter of the wavelerjgth

of the radigtion with which it is tested

Note 1 to entry: The diffraction-limited optical aperture 1s expressed in square millimetres.

3.3.6.5
geometrical numerical aperture
sine of half the angle subtended by the aperture of the lens at the focal point

3.3.6.6

diffraction-limited numerical aperture

NAq

sine of half the angle subtended by the diffraction limited optical aperture of the lens at the focal point

4 © IS0 2019 - All rights reserved
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3.3.7
focal ratio

rati

o of the focal length to the lens width of the geometrical aperture

Note 1 to entry: The focal ratio is equivalent to the practical f-number.

3.3.8
imaging quality
quality of the microlens which is determined by Modulation Transfer Function (MTF) according to

[SO 15529 or the Strehl ratio

Not 0 entry: € 1maging quality snhou € measured 1n e conjugates 1 whic € microlens
usedl and preferably for a range of angles of incidence.

3.39

focal spot size

WX’ Wy

half width in the x direction and y direction, respectively, at which power density is decrease

e2 i
way

Not

3.3
len
arr

Not
cyli

3.3
bea
one

3.3

stryuctured microlens array

mic
for

3.3

du
sho

Not

3.3
Galh

cogldenser array

Fradiance levels at the practical focus point when the microlens is irradiated with a uni
refront

e 1 to entry: Focal spot sizes are expressed in micrometres.

10
ficular microlens array
1y of cylindrical microlenses

b 1 to entry: Historically the term lenticular meansdens-shaped, but in practice it is used
hdrical lenses.

11
m homogenizer
or more microlens arrays designed to shape the intensity distribution of an incident way

12

rolens array with regular oc.random geometry designed to shape an incident wavefront,
hpplications with a broad(range of wavelengths

13

array of cylindfical or spherical microlenses designed to illuminate a large field at 4
rt working distahce

e 1 to entfy; For convenience, the dual arrays can be formed either side of a single substrate.

14

es are to be

dtothe 1/
form plane

to describe

refront

often used

W relatively

orsuperlens

opt

cal system 1ormed Irom a pailr or alocal microlens arrays which can have dirferent p

focal lengths

eriods and

Note 1 to entry: The Gabor superlens is able to produce “integral” images which are very different from those
produced by conventional lenses.
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3.4 Terms relating to properties of the microlens array

3.4.1 Geometrical properties

3.4.1.1
structure

of the microlens array

geometrical arrangement of the individual microlenses and feature of the substrate

Note 1 to entry: There are generally two types of arrangements: regular and irregular. Regular can be
rectangular, hexagonal or polar regardless of the overlapping of microlenses on the substrate. The specification

has to comy

letely describe the arrangement for the microlens array. The lens array positions X Y and aper

vertex coor
to be define

3.4.1.2
lens apert

XV,Z
coordinate

linates are used to define this structure. For regular structures, only the spacing and geometny
d.

ure centre position

s of the location of the centre of a given lens in the array

Note 1 to e:]:ry: The index j may be added as needed to identify a particular lens number.

Note2toe

3.4.1.3
focal spot
Sx Sy, Sz
coordinate

ry: The coordinates of the lens aperture centre position are expressed.in millimetres.

position

s of the focal spot geometrical positions

Note 1 to enftry: The index j may be added to specify a particular microlens.

Note2toe
Note3toe

3414

focal spot
ASy, AS), A
offset dist3

ry: The focal spot position need not be specifiedif the array is telecentric and regular.

ry: The coordinates of the focal spot position are expressed in millimetres.

position shift

L

z
nce from the x,y,z coordifiates of the lens position to the focal spot position

Note 1 to elry: ASy = x-Sx, ASy = y-5y)AS; = 7-S,.

Note 2toe

3.4.1.5
pitch

Py, Py
distance b

ry: The focal spot-position shift is expressed in millimetres.

ptweer the centres of adjacent lenses which can vary across and will vary with direction

Note 1 to en

22 o tofined-as-pitch-ofxy-direct howsin Eictred.

Note 2 to entry: The pitch is expressed in millimetres.

3.4.1.6

lens density

Dy

number of lenses per unit area of the array

Note 1 to entry: The lens density is expressed in millimetres to the power minus two.

ure
are

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=5cbb0bb3f6d10c24d1a06315a39dac11

ISO 14880-1:2019(E)

f+\
A o o
x v 1 )
R RIVERN ASSTTR 4N ’ - +
)
—
Xap ¥ N\ {E + +

ajt
+ XajL' YajL + p

282

Figure 2 — Arrangement of the microlens array

3.411.7
fill factor
ratip of the area of the array occupied by the geometrical aperture of lenses to the total area

3.411.8

surfface modulation depth
h
peak-to-valley variation of the surface height

Note 1 to entry: For a purely refractive microlens, this will be the same as the lens sag.
Note 2 to entry: The surface modulation depth'is’expressed in millimetres.

3.4[1.9

physical thickness
Te
maximum local thickness of the array

Note 1 to entry: The physicaljthickness is expressed in millimetres.

3.411.10
sublstrate
pieg¢e of materiallon which or in which the microlens array is made

Notg 1 to entry: The substrate can be homogenous or laminated. The refractive index and the substrafe thickness
of the material should be specified.

341111
decentration
transverse separation between the optical axes of two or more microlens arrays

3.4.2 Optical properties

3.4.21

efficiency

ratio of the optical radiation power that is focused into the useful images to the total optical radiation
incident on the array

Note 1 to entry: The definition of useful image will vary from one application to another and has to be defined
unambiguously.

© IS0 2019 - All rights reserved 7
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3.4.2.2

diffraction limited efficiency

ratio of the incident optical radiation in a plane wave that falls within the area defined by the first
minimum of the theoretical diffraction pattern to the total optical radiation incident on the array

3.4.2.3

stray radiation

ratio of optical radiation passing through the lens array that does not fall within the area of a useful
image to the total radiation incident on the array

3.4.2.4
common fpcal plane
plane defirled by the mean value of the focal points of all the lenses

3.4.2.5

deviation from common focal plane
measure of the deviation of the individual focal lengths from the common focal plane given by|the
standard deviation of the focal lengths

Note 1 to enftry: The deviation from common focal plane is expressed in micrometres.

3.4.2.6
spectral transmission
variation of optical transmission of the microlens array with wavelength

4 Coordinate system

To describé¢ the radiation propagation in a microlens array, aCartesian coordinate system is used where
the z-axis qorresponds to the direction of propagation of‘the optical radiation and the x-axis and y-pxis
are on the[surface of the substrate, as shown in Figlire 1. The fundamental structure of a microlens
array is illfistrated in Figure 3. The microlenses eithe second side can have the same diameter of, as
shown in Higure 4, a different diameter to thosglen the first side.

fE,f Px
5
— N >
\
—
<
fE,b
1] * [ __—
Ny —
A 2
L

Figure 3 — Fundamental structure of microlens arrays
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Figure 4 — Substrate with microlens arrays on both sides

5 [Properties of individual lenses

.

a) Microlens with a graded refractive index

Y.

b) Surface relief refractive microlens
ML I\

c) Fresnel microlens

MM

e) Diffractive binary-optic microlens

Figure 5 — Five different types of microlens
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Microlenses are usually thick lenses in the sense that the thickness of the material is usually a
significant fraction of the focal length. In some circumstances, the terminology (used for thick lenses)
needs to be expanded in order to take account of the special features of microlenses. Five common types
of microlens are illustrated in Figure 5. Microlenses with a graded refractive index, also called GRIN
microlenses, are shown in Figure 5 a), surface relief refractive microlenses are shown in Figure 5 b)
and Fresnel microlenses are shown in Figure 5 c). Another type of microlens, shown in Figure 5 d),
is sometimes called a blazed zone plate or hybrid microlens. This focuses light by a combination of

refraction and diffraction via concentric curved surfaces.

Diffractive binary-optic microlenses, shown in Figure 5 e), focus light by diffraction. They are formed
d edges or multiple phase levels (multilevels) that approximate the ideal shape. Standard

with stepp

semiconduftor processes such as photolithography and reactive ion-etching can be used to producetiem.

In general,
added to t}

the parameters for each microlens can differ from lens to lens. For such cases, af)indey j is

e various parameters defining the microlens.

10
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Microlens array applications (1) — Telecommunications

Optical systems are used extensively in modern telecommunications and micro-optics play a key part.

Micgele are-bsed-te-€o 3 g c
diogles into single mode or multimode fibres.

from laser

Both graded index (GRIN) microlenses and surface profile microlenses are used, often|with aspheric or
anamorphic surfaces, according to Reference [6]. In some instances, the ability to interchange channels
is required. Figure A.1 shows a microlens array being used to couple light front:one array pf fibres to
another, switching channels in the process.

A [
B 1

C 1
| e f— L —]
=
[~~~
C
Key
. fibre-axis

\]/

\[/

\y//

Figure A.1~—TCoupling light from one array of optical fibres to another

S

= =

g: :::::E’::::::::
5
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Annex B
(informative)

Microlens array applications (2) — Image sensor arrays

Microlenses enable the optical efficiency of sensor arrays to be maximised. A common application
is to enhapee—thefil-factorin—senser—arrays— H—digital-€3 As—Eigy . gws—a—aHere{ens
array couplling light into the active areas of a sensor array such as a CCD or CMOS array. Withgdut|the
microlens prray, some of the light would be lost in the non-sensitive areas of the sensor atray. [The
distance bgetween the microlens array and the sensor can vary according to the design. In some cafses,
this distange is less than the focal length of the microlenses.

Key

1 microlgns array

2 incidenft light

3 dead arfeas of the image sensor
4 active dreas of the image sensor

Figure B.1 — Coupling light to a detector array using an array of microlenses
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Annex C
(informative)
Microlens array applications (3) — LCD projection panels

Liquid crystal display (LCD) projection panels are an important application for microlens arrays.

Compact electronic projection devices are made using active matrix technology. The pictuile elements
areldefined by liquid-crystal cells that change the direction of polarization of light passing thiough them
in response to electrical voltages produced by an array of thin-film transistors (TET). The| variations
in transmitted intensity that make up the picture occur when the polarized light encountgrs another
polarizing layer on the face of the display.
Thg matrix structure means the array of conductors and transistors canblock a significant proportion
of the incident light. Microlenses are used to improve the light transmission by focusing the light
through the unobstructed portions of the arrays, according to Refefences [7] and [8]. Figur¢ C.1 shows
an array of microlenses being used to focus light through the gaps’between the black matfix and the
TFT array.
1 2 3 4 5
< -
o \. E o

4 |

/I/ ~

Ay |

/I/ ~

Ay |

/I/ ~

Ay |

/I/ ~

Ay |

N4d T~
8 7 6

Ke
1 microlens substrate 5  TFT substrate
2 low refractive index medium, resin for example 6 LCD
3 cover glass 7  black matrix
4 TFT 8  microlens

Figure C.1 — Cross-section of an LCD projection panel
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Annex D
(informative)

Microlens array applications (4) — Wavefront sensors

D.1 Sha ch-Hartmann wavefront sensor
. 2 a4 WaveHroRt-Sensor

Wavefront

in the Shafk-Hartmann sensor to enable the shape of an incident wavefront to be calculated f
measurements of the positions of the focused spots produced by the array[2l. The sensor can be m

with a high
adjusted ta

Figure D.1

a number pf small areas, each of which is focused to a spot on a detector.aryay. If a plane refere
wavefront fis used at normal incidence, the spots are formed on the axes of the microlenses. If the
wavefront fis non-planar, the spots are formed away from the axes. A detector array such as a cha
coupled dgvice (CCD) is commonly used to capture the images of theymultiple spots. This allows
positions of the centroids of the spots to be determined with precision.
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4  focused
5 spotpo

T TF

sensing is another important application for microlens arrays. Microlens arrayscare y

sed

fom

ade

sensitivity and is commonly used with adaptive optic systems where a defarmable mirror is

optimize the shape of a wavefront[10],

shows a Shack-Hartmann sensor. The microlens array divides the incident wavefront
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Figure D.1 — Array of microlenses is used to sample an incident wavefront

The transverse positions of the spots are related to the local slopes of the wavefront in the regions of the
lens apertures. The form of the wavefront can be calculated from the slope data using a small computer
and dedicated software. In practice, it is usually necessary to expand or contract the dimensions of the
wavefront to match the dimensions of the microlens array and CCD array, as shown in the schematic

layout in Figure D.2.
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lateral resolution of the wavefront is limited by the pitch of the microlenses in the array.
lsurement accuracy is limited by the accuracy witlrwhich the centroids of the focused sj
ermined.

Co
and no moving mechanical parts. Other advantages include the speed of measurement and t
it cdn be used with low coherence wavefionts.

D.2 Other wavefront sensors

Micfolens arrays are also used in another type of wavefront sensing system. Here, the s
incident wavefront is caleuldted from measurements of the axial variation of intensity of
spofs generated in thefocal plane of a microlens array. The relative intensity of the focus
monitored in synchronism with a deformable membrane mirror, alternating in shape betwe
and| convex, which introduces changes to the curvature of the wavefront generating the sp
senfor is used with a high-speed detection system and has been applied to astronomic
Addptive optig'systems are used in telescopes to overcome atmospheric disturbances and si
wayefrontsméasurements are fed to a deformable telescope mirror which is adjusted to o
shape of an incident wavefront[12],

Figure D.2 — Schematic arrangement for wavefront medasurement using Shack-Haijtmann

Wavefront
bots can be

pared with some other wavefront sensors) this system has the advantage of good opticall efficiency

ne fact that
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Figure D.3 — Schematic arrangement for wavefront measurement
Figure D.3|shows a schematic diagram for the wavefront curvature sensor. The incident wavefromt is
focused byla lens to a deformable membrane mirror which:éscillates between concave and convex. [The
wavefront s then reflected by another mirror to the microlens array.
The microlens array divides the incident wavefrontiinto a number of small areas, each of which is
focused tofa spot. The light in the spots is collected-using an array of optical fibres and guided to hjgh-
speed detdction sensors. Movement in the mentbrane mirror enables the spots to scan the collecfion
fibres and|intensity measurements are related to the corresponding positions of the mirror. [The
wavefront calculations are made from data recorded when each sensor gives a maximum output signal.

Sensors with high sensitivity and highyresponse, such as avalanche photo diodes are commonly use

detect the
backtoas

light in the incident spdts. In the astronomy application, the wavefront calculations are
pomented deformablé mirror in the telescope.

d to
fed
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