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NATIONAL FOREWORD 

This Indian Standard (Part 1) which is identical to ISO 14880-1 : 2019 ‘Optics and photonics — 

Microlens arrays — Part 1:  Vocabulary’ issued by the International Organization for Standardization 

(ISO) was adopted by the Bureau of Indian Standards on the recommendation of the Optics and 

Photonics Sectional Committee and approval of the Production and General Engineering Division 

Council. 

This standard aims to improve the compatibility and interchangibility of lens arrays from different 

suppliers and to enhance the development of technology of microlens arrays. 

This standard has been published in five parts. The other parts in this series are: 

Part 2    Test methods for wave front aberrations  

Part 3    Test methods for optical properties other than wave front aberrations 

Part 4    Test methods for geometrical properties 

Part 5    Guidance on testing  

The text of ISO standard has been approved as suitable for publication as an Indian Standard without 

deviations. Certain conventions are however not identical to those used in Indian Standards. Attention 

is particularly drawn to the following 

a) Wherever the words ‘International Standard’ appear referring to this standard, they should be

read as ‘Indian Standard’; and

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current-practice

is to use a point (.) as the decimal marker.
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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[1]. They are used as coupling optics for 
detector arrays, the digital camera being an example of a mass market application. They are used to enhance 
the optical performance of liquid crystal displays, to couple arrays of light sources and to direct illumination for 
example in 2D and 3D television, mobile phone and portable computer displays. Microlens arrays are used in 
wavefront sensors for optical metrology and astronomy, lightfield sensors for three–dimensional photography 
and microscopy and in optical parallel processor elements.

Multiple arrays of microlenses can be assembled to form optical systems such as optical condensers, controlled 
diffusers and superlenses[2][3]. Furthermore, arrays of microoptical elements such as micro-prisms and 
micro-mirrors are used[4][5].Examples of some of these applications are described in Annexes A to F.
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Figure 1 — Microlens array with Cartesian coordinate system 

1 Scope

This document defines terms for microlens arrays. It applies to arrays of very small lenses formed 
inside or on one or more surfaces of a common substrate. This document also applies to systems of 
microlens arrays.

2 Normative references

There are no normative references in this document.

3	 Terms	and	definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http: //www .electropedia .org/

NOTE 1 The coordinate system used for the description of the microlenses can be found in Figure 1. The 
description of the coordinate system and its application can be found in Clause 4.

Key
1 substrate
2 microlenses
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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 Unit Term
Ad mm2 diffraction-limited optical aperture
Ag mm2 geometric aperture

a1, a2 mm lens radius
2a1, 2a2 mm lens width

Dn mm-2 lens density
h mm surface modulation depth

L1, L2 mm edge lengths of substrate
NA none numerical aperture
NAd none diffraction-limited numerical aperture
NAg none geometric numerical aperture

n(x, y, z) none refractive index
n0 none refractive index at the centre of the lens

Px, Py mm pitch
fE,b mm effective back focal length
fE,f mm effective front focal length
Rc mm radius of curvature

Sx, Sy, Sz mm coordinates of focal spot position
ΔSx, ΔSy, ΔSz mm focal spot position shift

T mm thickness of substrate
Tc mm physical thickness

wx, wy µm focal spot size
x, y, z mm coordinates of lens aperture centre position
Θ degree acceptance angle

Φrms
parts of 

wavelength wavefront aberration

λ 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.
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3.2.2
microlens 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	 General	terms	and	definitions

3.3.1
effective front focal length
fE,f
distance from the vertex of the microlens to the position of the focus given by finding the maximum of 
the power density distribution when collimated radiation is incident from the back of the substrate

Note 1 to entry: The effective front focal length can differ from the paraxial front focal length in the case of 
aberrated lenses.

Note 2 to entry: The effective front focal length is different from the classical effective focal length since it is 
measured from the lens vertex.

3.3.2
effective back focal length
fE,b
distance from the back surface of the substrate or the vertex of the microlens to the position of the focal 
point, when collimated radiation is incident from the lens side of the substrate

Note 1 to entry: The effective back focal length can differ from the paraxial back focal length in the case of 
aberrated lenses.

Note 2 to entry: In case the microlens or microlenses are formed on both sides of the substrate, “effective back 
focal length” is defined from the vertex of the microlens to the position of the focal point.

3.3.3
radius of curvature
Rc
distance from the vertex of the microlens to the centre of curvature of the lens surface

Note 1 to entry: The radius of curvature is expressed in millimetres.

3.3.4
wavefront aberration
Φrms
root mean square of deviation of the wavefront from an ideal spherical or other wavefront

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

3.3.5.1
chromatic 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:

v
f

f f

eff
=

−

( )

( ) ( )

1

1 1

2

1 3

λ

λ λ
where the values of λ1, λ2 and λ3 are specified in order to correspond to current practice in optical lens design. 
The effective Abbe-number is dimensionless.
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Note 2 to entry: At optical wavelengths the C line (656,3 nm) as λ3, d line (587,56 nm) as λ2, F line (486,1 nm) as 
λ1 are generally used. However, other wavelengths such as the infrared spectrum can be used where appropriate, 
provided that λ1 < λ2 < λ3. 

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 which is specified as square, circular, hexagonal, circular sector or other geometric shape

Note 1 to entry: 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
geometric aperture
Ag
area in which the optical radiation passing through it is deviated towards the focused image and 
contributes to it

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

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

3.3.6.3
lens width
2a1, 2a2
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 (2a1) and the shortest distance 
(2a2) between the lens edges as shown in Figure 2. If the lens is circular symmetric, then the term diameter can 
be used.

Note 2 to entry: 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 circular, 
rectangular, elliptical and so on.

3.3.6.4
diffraction-limited optical aperture
Ad
area within which the peak-to-valley wavefront aberrations are less than one quarter of the wavelength 
of the radiation with which it is tested

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

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

3.3.6.6
diffraction-limited numerical aperture
NAd
sine of half the angle subtended by the diffraction limited optical aperture of the lens at the focal point
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3.3.7
focal ratio
ratio 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 
ISO 15529 or the Strehl ratio

Note 1 to entry: The imaging quality should be measured in the conjugates in which the microlenses are to be 
used and preferably for a range of angles of incidence.

3.3.9
focal spot size
wx, wy
half width in the x direction and y direction, respectively, at which power density is decreased to the 1/
e2 irradiance levels at the practical focus point when the microlens is irradiated with a uniform plane 
wavefront

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

3.3.10
lenticular microlens array
array of cylindrical microlenses

Note 1 to entry: Historically the term lenticular means lens-shaped, but in practice it is used to describe 
cylindrical lenses.

3.3.11
beam homogenizer
one or more microlens arrays designed to shape the intensity distribution of an incident wavefront

3.3.12
structured microlens array
microlens array with regular or random geometry designed to shape an incident wavefront, often used 
for applications with a broad range of wavelengths

3.3.13
condenser array
dual array of cylindrical or spherical microlenses designed to illuminate a large field at a relatively 
short working distance

Note 1 to entry: For convenience, the dual arrays can be formed either side of a single substrate.

3.3.14
Gabor superlens
optical system formed from a pair of afocal microlens arrays which can have different periods and 
focal lengths

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 completely describe the arrangement for the microlens array. The lens array positions Xj, Yj and aperture 
vertex coordinates are used to define this structure. For regular structures, only the spacing and geometry are 
to be defined.

3.4.1.2
lens aperture centre position
x,y,z
coordinates of the location of the centre of a given lens in the array

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

Note 2 to entry: The coordinates of the lens aperture centre position are expressed in millimetres.

3.4.1.3
focal spot position
Sx, Sy, Sz
coordinates of the focal spot geometrical positions

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

Note 2 to entry: The focal spot position need not be specified if the array is telecentric and regular.

Note 3 to entry: The coordinates of the focal spot position are expressed in millimetres.

3.4.1.4
focal spot position shift
ΔSx, ΔSy, ΔSz
offset distance from the x,y,z  coordinates of the lens position to the focal spot position

Note 1 to entry: ΔSx = x-Sx, ΔSy = y-Sy, ΔSz = z-Sz.

Note 2 to entry: The focal spot position shift is expressed in millimetres.

3.4.1.5
pitch
Px, Py
distance between the centres of adjacent lenses which can vary across and will vary with direction

Note 1 to entry: Px, Py are defined as pitch of x, y direction as shown in Figure 2. 

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

3.4.1.6
lens density
Dn
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.
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Figure 2 — Arrangement of the microlens array

3.4.1.7
fill	factor
ratio of the area of the array occupied by the geometrical aperture of lenses to the total area

3.4.1.8
surface 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
Tc
maximum local thickness of the array

Note 1 to entry: The physical thickness is expressed in millimetres.

3.4.1.10
substrate
piece of material on which or in which the microlens array is made

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

3.4.1.11
decentration
transverse separation between the optical axes of two or more microlens arrays

3.4.2 Optical properties

3.4.2.1
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.
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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 focal plane
plane defined 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 entry: 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 describe the radiation propagation in a microlens array, a Cartesian coordinate system is used where 
the z-axis corresponds to the direction of propagation of the optical radiation and the x-axis and y-axis 
are on the surface of the substrate, as shown in Figure 1. The fundamental structure of a microlens 
array is illustrated in Figure 3. The microlenses on the second side can have the same diameter or, as 
shown in Figure 4, a different diameter to those on the first side.

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

b) Surface relief refractive microlens

c) Fresnel microlens

d) Hybrid microlens

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 
with stepped edges or multiple phase levels (multilevels) that approximate the ideal shape. Standard 
semiconductor processes such as photolithography and reactive ion-etching can be used to produce them.

In general, the parameters for each microlens can differ from lens to lens. For such cases, an index j is 
added to the various parameters defining the microlens.
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Annex A 
(informative) 

Microlens array applications (1) — Telecommunications

Optical systems are used extensively in modern telecommunications and micro-optics play a key part. 
Microlenses are used to collimate light from optical fibres to optical fibres and to couple light from laser 
diodes into single mode or multimode fibres.

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 from one array of fibres to 
another, switching channels in the process.

Key
fibre-axis

Figure	A.1	—	Coupling	light	from	one	array	of	optical	fibres	to	another
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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 enhance the fill-factor in sensor arrays used in digital cameras. Figure B.1 shows a microlens 
array coupling light into the active areas of a sensor array such as a CCD or CMOS array. Without the 
microlens array, some of the light would be lost in the non-sensitive areas of the sensor array. The 
distance between the microlens array and the sensor can vary according to the design. In some cases, 
this distance is less than the focal length of the microlenses.

Key
1 microlens array
2 incident light
3 dead areas of the image sensor
4 active areas 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. 
Microlenses enable the optical efficiency of compact projection devices to be maximized.

Compact electronic projection devices are made using active matrix technology. The picture elements 
are defined by liquid-crystal cells that change the direction of polarization of light passing through them 
in response to electrical voltages produced by an array of thin-film transistors (TFT). The variations 
in transmitted intensity that make up the picture occur when the polarized light encounters another 
polarizing layer on the face of the display.

The matrix structure means the array of conductors and transistors can block 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 References [7] and [8]. Figure C.1 shows 
an array of microlenses being used to focus light through the gaps between the black matrix and the 
TFT array.

Key
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 Shack-Hartmann wavefront sensor

Wavefront sensing is another important application for microlens arrays. Microlens arrays are used 
in the Shack-Hartmann sensor to enable the shape of an incident wavefront to be calculated from 
measurements of the positions of the focused spots produced by the array[9]. The sensor can be made 
with a high sensitivity and is commonly used with adaptive optic systems where a deformable mirror is 
adjusted to optimize the shape of a wavefront[10].

Figure D.1 shows a Shack-Hartmann sensor. The microlens array divides the incident wavefront into 
a number of small areas, each of which is focused to a spot on a detector array. If a plane reference 
wavefront is used at normal incidence, the spots are formed on the axes of the microlenses. If the test 
wavefront is non-planar, the spots are formed away from the axes. A detector array such as a charge-
coupled device (CCD) is commonly used to capture the images of the multiple spots. This allows the 
positions of the centroids of the spots to be determined with precision.

Key
1 wavefront
2 microlens array
3 image sensor (detector array)
4 focused spots at detector array
5 spot position

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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Key
1 source of wavefront
2 beam expansion or compression optics
3 microlens array
4 detector array

Figure D.2 — Schematic arrangement for wavefront measurement using Shack-Hartmann 
technique

The lateral resolution of the wavefront is limited by the pitch of the microlenses in the array. Wavefront 
measurement accuracy is limited by the accuracy with which the centroids of the focused spots can be 
determined.

Compared with some other wavefront sensors, this system has the advantage of good optical efficiency 
and no moving mechanical parts. Other advantages include the speed of measurement and the fact that 
it can be used with low coherence wavefronts.

D.2 Other wavefront sensors

Microlens arrays are also used in another type of wavefront sensing system. Here, the shape of an 
incident wavefront is calculated from measurements of the axial variation of intensity of an array of 
spots generated in the focal plane of a microlens array. The relative intensity of the focused spots is 
monitored in synchronism with a deformable membrane mirror, alternating in shape between concave 
and convex, which introduces changes to the curvature of the wavefront generating the spots[11]. The 
sensor is used with a high-speed detection system and has been applied to astronomical imaging. 
Adaptive optic systems are used in telescopes to overcome atmospheric disturbances and signals from 
wavefront measurements are fed to a deformable telescope mirror which is adjusted to optimize the 
shape of an incident wavefront[12].
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Key
1 lens
2 deformable mirror
3 mirror
4 microlens array
5 optical fibres
6 sensors

Figure D.3 — Schematic arrangement for wavefront measurement

Figure D.3 shows a schematic diagram for the wavefront curvature sensor. The incident wavefront is 
focused by a lens to a deformable membrane mirror which oscillates between concave and convex. The 
wavefront is then reflected by another mirror to the microlens array.

The microlens array divides the incident wavefront into a number of small areas, each of which is 
focused to a spot. The light in the spots is collected using an array of optical fibres and guided to high-
speed detection sensors. Movement in the membrane mirror enables the spots to scan the collection 
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 high response, such as avalanche photo diodes are commonly used to 
detect the light in the incident spots. In the astronomy application, the wavefront calculations are fed 
back to a segmented deformable mirror in the telescope.
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Annex E 
(informative) 

Microlens array applications (5) — Stereo displays

Lenticular lens arrays or arrays of spherical microlenses are used in 3D television displays and digital 
cameras for 3D photography. They enable stereoscopic and 3D images to be produced from information 
recorded electronically or in photographic film.

One method for displaying stereo images involves overlaying and interlacing two or more images of a 
scene, each image being recorded from a different view point. With an LCD screen, alternate columns of 
pixels are used to make up each of a stereo pair of interlaced stereo images. Figure E.1 shows in cross-
section a lenticular lens array used to sample the interlaced images and steer light from pairs of images 
to the associated left and right eyes of the observer. Each image is viewed by one eye through alternate 
lenses in the lenticular array and the stereoscopic image is formed in the mind of the observer.

In some designs, multiple views of the object are recorded and the viewing pupil is large enough to 
allow the observer to select other stereo pairs and see parallax effects in the image.

Key
1 right eye
2 left eye
3 lenticular lens array defines viewing zones
4 LCD with interlaced images

Figure E.1 — Viewing a stereo display using a lenticular lens array
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Annex F 
(informative) 

Microlens	array	applications	(6)	—	3D	imaging	and	light-field	
cameras

For three-dimensional images that exhibit parallax and depth of focus, arrays of spherical microlenses 
are used to record and reconstruct “integral” images. Lippmann introduced the term “integral” imaging 
in 1908 and the technique was developed using photographic film as the recording medium[13].

Figure F.1 shows an array of small images, of a larger three-dimensional object, formed by an array 
of microlenses and recorded in photographic emulsion. To reconstruct the image, the individual small 
images are replayed by reversing the direction of illumination. The converging beams then overlap and 
integrate to form a three-dimensional image which can be viewed from a range of directions.

a) b)

Key
1 photographic film
2 lenses
3 images
4 object
5 reconstruction

Figure F.1 — Recording and reconstructing an integral three-dimensional image using 
microlenses

More recently, light-field cameras have been developed. The technique of integral photography has been 
extended using electronic sensor arrays and extensive data processing to produce an electronic camera 
that records and reconstructs the wavefront from an object, as shown in Figure F.2. This enables a light 
field to be calculated and a plane of focus for a section of the 3D image to be defined after exposure[14]. 
This type of camera is sometimes known as a plenoptic camera.
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3 microlens array
4 sensor array

Figure	F.2	—	Schematic	concept	of	a	light-field	camera
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