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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DISPLAY LIGHTING UNIT —
Part 2-4: Electro-optical measuring methods of laser module

FOREWORD

1) The
all
inter
this
TecHh
Publ
in tH

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizationceomprising
ational electrotechnical committees (IEC National Committees). The object of IEC is(to-[promote
hational co-operation on all questions concerning standardization in the electrical and electronic fields. To
end and in addition to other activities, IEC publishes International Standards, Technical| Specifjcations,
nical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to ps “IEC
cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
e subject dealt with may participate in this preparatory work. International, fgovernmental ahd non-

govgrnmental organizations liaising with the IEC also participate in this preparation.\JEC collaborateg
with [the International Organization for Standardization (ISO) in accordance withiconditions detern
agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as(nearly as possible, an inte
consfensus of opinion on the relevant subjects since each technical cammittee has representation
interpsted IEC National Committees.

3) IEC |Publications have the form of recommendations for internationaluse and are accepted by IEC
Compittees in that sense. While all reasonable efforts are made{o ensure that the technical conten|
Publ|cations is accurate, IEC cannot be held responsible for\the way in which they are used or
misipterpretation by any end user.

4) In oyder to promote international uniformity, IEC NationalyCommittees undertake to apply IEC Pub
trangparently to the maximum extent possible in their ‘national and regional publications. Any di
betwleen any IEC Publication and the corresponding.national or regional publication shall be clearly ind
the Iatter.

5) IEC jtself does not provide any attestation of gonformity. Independent certification bodies provide cq
assessment services and, in some areas, acgess to IEC marks of conformity. IEC is not responsible
services carried out by independent certification bodies.

6) All ugers should ensure that they have the“latest edition of this publication.

bility shall attach to IEC or its.directors, employees, servants or agents including individual exp
mempbers of its technical committees and IEC National Committees for any personal injury, property da
othe[ damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fqg
expenses arising out of thepublication, use of, or reliance upon, this IEC Publication or any of
Publ|cations.

8) Attention is drawn to the) Normative references cited in this publication. Use of the referenced public
indispensable for the'correct application of this publication.

9) Attention is drawn~to the possibility that some of the elements of this IEC Publication may be the s
patept rights. IEC shall not be held responsible for identifying any or all such patent rights.
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Interngtional’ Standard |IEC 62595-2-4 has been prepared by IEC technical committele 110:

Electrgnic-displays.

The text of this International Standard is based on the following documents:

FDIS Report on voting
110/1224/FDIS 110/1246/RVD

Full information on the voting for the approval of this International Standard can be found in

the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62595 series, published under the general title Display lighting

unit, can be found on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPOkTANT — The 'colour inside' logo on the cover page of this publication indicates
that |it contains colours which are considered to be useful for the cgrrect
understanding of its contents. Users should therefore print this document usjng a
coloyr printer.



https://iecnorm.com/api/?name=aa8cce5ba5302fcff2dad30d0471f9ad

-8 - IEC 62595-2-4:2020 © |IEC 2020

INTRODUCTION

Laser modules, in general, have been used widely for various applications such as, optical
communications, laser beam machining, bar-code reading, optical disc drives and so on. The
laser module in this document is limited to display applications. It is a key light source for
laser displays, laser backlight/front light units for liquid crystal displays (LCDs), holographic
displays and so on. A typical laser module for display applications comprises multiple laser
devices, electrical inputs and an optical output combining the outputs of the laser diodes
(LDs). The laser device used in the laser module here is an edge-emitting laser diode (LD), a
vertical cavity surface-emitting laser diode (VCSEL), or a photon up-conversion laser
including second-harmonic generation (SHG).

The optical output is usually provided out of an optical component such as a pigtail dibre, a
fibre wjth a connector, a waveguide, a light guide, or a lens unit for the convenience, of yisers.

In advanced display applications, not only visible laser diodes but also near-infrared (near IR)
laser diodes are included in the module for sensor applications such as-the LIiDAR $ystem
(light detection and ranging, or laser image detection and ranging).

Therefpre, the wavelength range for display applications covers-all'the visible wavelengths
from 3B0 nm to 780 nm, including the laser diodes for pumping ‘phosphors. That is, g violet
laser diode emitting at 405 nm is included. Photometric and colorimetric measurements are
the primary focus of this document. The near IR LD for @ LiDAR system included|in the
modulg¢ can be measured as a monochromatic light outpat using the light measuring |[device
(LMD) [covering the IR wavelength region. However, thenmeasurements of IR lasers arg out of
the scgpe of this document.

It is important for the designing of the above.display systems and devices to standardjse the
electroroptical measuring methods of the“laser modules. Photometric and colorimetric
measufements are particularly important-for display applications because each LD has
different electrical and optical performanges, such as threshold currents, efficiency, spgctrum,
far fie]d pattern (FFP) of the output laser beam, speckle-related behaviours ang their
tempenature dependence.

Particdlarly for the colour speckle of the output laser beam, the measured speckle data are
very ugeful to predict theyvisual quality of laser displays and to design speckle reducing
devices.
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DISPLAY LIGHTING UNIT -

Part 2-4: Electro-optical measuring methods of laser module

1 Scope

This part of IEC 62595 specifies the electro-optical measuring methods of laser modules with
multiple_laser devices and an optical outp 0 ario displa and display lighting
applicgtions which require photometric and colorimetric measurements, covering the
wavelgngth range of 380 nm to 780 nm. The module has multiple laser devices suchag edge-
emitting laser diodes (LDs), vertical cavity surface-emitting laser diodes (VCSELS); or photon
up-conyversion laser devices including second-harmonic generation (SHG). Themodule has an
optical| output such as an optical fibre, waveguide, light guide, lens unit,) or other |optics,
emitting a laser beam combining the output of the multiple laser devices,

NOTE PBee 3.1.1 for a definition of a laser device inside the laser module.
2 Normative references

The following documents are referred to in the text in_Such a way that some or all ¢f their
content constitutes requirements of this document. Koy dated references, only the [dition
cited applies. For undated references, the latest edition of the referenced document (in¢luding
any anmpjendments) applies.

IEC 60825-1, Safety of laser products — Part "> Equipment classification and requiremepts

IEC 62906-5-2, Laser display devices.:> Part 5-2: Optical measuring methods of gpeckle
contrast

IEC 62906-5-4, Laser display-"devices — Part 5-4: Optical measuring methods of |colour
specklg

3 T¢rms, definitions, abbreviated terms, and letter symbols

3.1 erms and-definitions

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

ISO and C—rartatr—termineleogical—database oF—4Sse—hA ardardizatien—at—thefellowing
addresses:
e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
3.11
laser device

<of display lighting unit> semiconductor-based or compactly assembled solid-state up-
conversion laser

EXAMPLE Edge-emitting laser diode, vertical cavity surface-emitting laser diode, or photon up-conversion laser
including second-harmonic generation (SHG), or third-harmonic generation (THG).

Note 1 to entry: See Annex A.


http://www.iso.org/obp
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laser module
<of display lighting unit> display light source with an optical output combining the emitted
lights of multiple laser devices

3.1.3

monochromatic laser module
<of display lighting unit> display light source with an optical output combining the emitted
lights of multiple laser devices within the wavelength range of 10 nm

Note 1 to entry: See Figure B.1 in Annex B.

3.1.4

multi-¢
<of disg
lights ¢

3.1.5

tolour laser module
play lighting unit> display light source with an optical output combining)'the ¢
f multiple laser devices emitting at different monochromatic wavelength$

RGB laser module

<of disg
lights ¢

Note 1t

3.1.6
laser ¢
display

Note 1 t
display"

3.1.7

play lighting unit> display light source with an optical output.combining the ¢
f red, green, blue monochromatic laser devices

b entry: See Figure B.2 and Figure B.3 in Annex B.

isplay
using a laser or lasers, based on stimulatedsemission

b entry: This term is specified as "laser display de€vice (LDD)" in IEC 62906-1-2. However, the ter
covers more widely and appropriately than "laserdisplay device".

fibre qutput power

bmitted

bmitted

m "laser

wer of

<of lager module> optical output power of the optical fibre facet equipped with the¢ laser
modulg

3.1.8

wall-plug efficiency

WPE

<of laser module> power efficiency of the optical output power by the electrical input pq

the laser module

3.1.9

threst;lgld current

<of la

r.module> current input level of a laser module at which an optical output of th

e laser

module, combining the emitted lights of multiple laser devices, starts [aser oscillation

3.1.10
near fi
NFP

<of las

3.1.11

eld pattern

er module> output power distribution on the output aperture of the laser module

far field pattern

FFP

monochromatic FFP
<of laser module> output power distribution measured on the plane at a distance which is
significantly greater than W2 / A, where 1 is the wavelength and ¥ is the largest dimension in
the output aperture
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3.1.12

colorimetric far field pattern
colorimetric FFP

colour FFP

<of laser module> output chromaticity distribution measured on the plane at a distance which
is significantly greater than W2 / ), where /1 is the wavelength and W is the largest dimension
in the output aperture

3.1.13

XYZ filters, pl.

set of optical filters which will produce an optical measuring device that approximately has the
spectral responsivity of colour matching functions ¥ 3 = in the CIE 1931 standard
colorimetric system when used together with the intended lens, sensors, and| other
compohents

3.1.14

laser multi-meter

light measuring device for measuring centroid wavelengths and radiometrie’ quantities qf laser
light spurces with very narrow spectral linewidths using non-spectrometric methods, also
deriving colorimetric and photometric quantities using the colour-matching functions

Note 1 tp entry: See [1]1.

3.2 Abbreviated terms and letter symbols

3.21 Abbreviated terms

ACC automatic current control

APC automatic power control

BW bandwidth

cw continuous wave

DBR distributed Bragg reflector

DUT device under test

FFP far field pattern

FWHM  full width at half. maximum

IR infrared

LCD liquid crystal display

LD laser-diode

LiDAR light'detection and ranging (or laser image detection and ranging)

LMD light-measuring device

MMF multi-mode fibre

MTF modulation transfer function

NA numerical aperture

ND neutral density

NFP near field pattern

NRZ non-return-to-zero

PCB printed circuit board

PD photodiode

1 Numbers in square brackets refer to the Bibliography.
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PPG pulse pattern generator

PRBS pseudo-random binary (or bit) sequence
PWM pulse width modulation

QPM quasi-phase-matching

RGB red, green, blue

RMS root mean square

RT room temperature

SHG second harmonic generation
SLM spatial light modulator

SMF single-mode fibre

SHG second-harmonic generation
TE transverse electric

TEC Thermo-electric cooler

THG third harmonic generation
™ transverse magnetic

VCSEL vertical cavity surface-emitting laser diode

WPE wall-plug efficiency
3.2.2 Letter symbols

The lefter symbols for a laser module are shown in Jable 1.

Table 1 — Letter symbols (quantity symbols/unit symbols)

Definition symbol | Unit
Electrical
Current 1 A
Threshdld current Ly, A
Voltage vV V
Input el¢ctrical power 1V, P, w
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Definition Symbol Unit

Optical output
Optical output power Py W
Output of red power Pr W
Output of green power Pg w
Output of blue power Py W
Wall-plug efficiency PIP )
optical output (W) / electrical input (W)
Slope efficiency s W/
Size of putput aperture w nm
Wavelength A nmn
Centroi¢ wavelength Ag nm
Peak wavelength % nm
Spectra| power density SI2) W/nm
CIE 1931 chromaticity X,y -
CIE 1976 chromaticity u', v -
Rise/fal| time of output waveform t, 1 s
Delay time of output waveform 4 s
Period ¢f output waveform T s
Direct measurement setup
Distance¢ from DUT output to measurement plane along= L m
Azimuth angle degrge
Zenith gngle 4 degrge
Screen measurement setup (speckle measurement)
Distance¢ from DUT output to screen centre L m
Distance¢ from LMD to screen centre Dy m
Angle between LMD and DUT [ZA degrge
Speckle

Specklg contrast C -
Speckle| contrastfor red colour Cor -
Speckle| contrast for green colour Cog -
Speckle contrast for blue colour Ceg -
Photometric speckle contrast Cps -
u’-variance of CIE 1976 chromaticity distribution of colour speckle o, -
v’-variance of CIE 1976 chromaticity distribution of colour speckle o, -

Covariance of CIE 1976 chromaticity distribution of colour speckle



https://iecnorm.com/api/?name=aa8cce5ba5302fcff2dad30d0471f9ad

- 14 - IEC 62595-2-4:2020 © |EC 2020

Definition Symbol Unit
Temperature/Thermal
Atmospheric temperature T, °C
Case temperature T, °C
Junction temperature (LD) T °C
Characteristic temperature of 7, (LD) T, °C
Characteristic temperature of 7, (LD) T °C
Thermal resistance (LD) Ry, KIW
Series resistance (LD) R Q
Others

Critical pngle (fibre) o, degrge
Maximum incident angle to fibre 0 nax degrge
Wavelength accuracy of LMD +5 nn
Reference wavelength A nm
Spectra| bandwidth of LMD A4 nmn
CIE 1931 chromaticity differences Ax, Ay -
CIE 1976 chromaticity differences Au’, Av’ -

4 Stpndard measuring conditions

4.1 Standard measuring environmental conditions

Measufements shall be carried out under the following standard environmental conditiofs:

— temperature: 25°Ct3°C
— relative humidity: 25 %/to 85 %
— pressure: 86 kPa to 106 kPa

When different environmental conditions are used, they shall be reported.

4.2 Standard.measuring dark-room conditions

The bgckground illuminance of the standard dark-room shall be less than 0,01 Ix excepft when
the DUT<and the LMD are covered under the same dark-room conditions or when both are
fibre-connested-

4.3 Safety requirements

The DUT and the measurement conditions shall be strictly in accordance with the safety
requirements of IEC 60825-1.

Laser modules are mostly intermediate (B2B) products. Some of the high-power laser
modules are categorized as class 4. The measurements shall be carried out carefully in the
laser- controlled area, by putting on laser protection glasses, so that the maximum
permissible exposure levels in IEC 60825-1 are not exceeded by persons in the area. That is,
the laser safety class label on the DUT shall be confirmed, and the measurement of
environmental conditions shall be kept as specified in IEC 60825-1, depending on the DUT
laser class.
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4.4 Standard DUT conditions

The position for measuring the case temperature 7, shall be determined depending on the

laser module type and its structure. It should be determined usually at the surface closest to
the heatsink of the internal LD assembly.

The accuracy of standard case temperature T, shall be +0,5 °C.

The measurements shall be started after the DUT and the LMD have achieved stability.
Regarding the DUT, the stability shall be achieved when the output power of the DUT varies
within +3 % over the entire measurement timeframe.

Most ILser modules for display applications are usually operated in ACC (automatic

control
measu

The D
rating,
explairn
modulg

If the |
therma

4.5

The LN

When
report.
a) am
1)
2)
b) vol
1)
2)
c) opt
1)

). The current level (CW) or the time-averaged current level (PWM) f
rements shall be noted in the report.

T shall be operated under the current conditions less than the/ absolute ma
both for CW and PWM (pulse peak) operations. The PWM~operation for

, it should be used.

-control capability in the specifications shall be noted'in the report.

Standard LMD requirements

1D performance for CW operation shall be_ as follows.

an LMD with a different performance, is used, its specifications shall be noted

bere meter

current range: zero to the @absolute maximum rating
accuracy: +2 %

meter

voltage range:czero to the absolute maximum rating
accuracy: +2\%

cal power‘meter/laser power meter

powerrange: from zero to the absolute maximum rating. A calibrated ND filter 1
used-if the power meter cannot cover the maximum rating

current
or the

Ximum
| Ds is

ed in detail in 5.2.3. If the laser module manufacturer provides the driver circdiitry or

aser module includes a thermo-control function, e.g., TEC (thermo-electric coolgr), the

in the

nay be

0L

2)
3)

4
atturaly. L5,9 70

spectral range: covering at least the wavelengths of the laser module

4) launch condition: underfilled launch for total optical power measurement, overfilled

launch for optical power density measurement

d) spectral irradiance meter

1)

irradiance range: from zero to the absolute maximum rating. A calibrated ND filter may

be used if the power meter cannot cover the maximum rating
wavelength accuracy: £0,3 nm

spectral range: covering at least the wavelengths of the laser module

spectral bandwidth: = 5 nm

e) luminance meter/illuminance meter (using a v(1) filter)

1)

shall be calibrated by the spectral radiance / Irradiance meter
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f) colorimeter (using XYZ filters)
1) shall be calibrated by spectrometric LMD
g) wavelength meter
1) spectral range: covering at least the wavelengths of the laser module

2) power range: zero to the absolute maximum rating. A calibrated ND filter may be used
if the power meter does not cover the maximum rating

3) wavelength accuracy: +0,3 nm
h) spectrum analyser

1) wavelength range: covering at least the wavelengths of the laser module

2) |[power range: zero to the absolute maximum rating. A calibrated ND filter maybe used
if the power meter does not cover the maximum rating

3) |wavelength accuracy: +0,3 nm
4) |spectral bandwidth: = 1 nm
i) laser multi-meter
1) |wavelength range: covering the wavelengths of the laser module
2) |power range: zero to the absolute maximum rating
3) |wavelength accuracy: +0,3 nm
j) spgckle measurement equipment
1) |[wavelength range: covering at least the wavelengths of the laser module
2) |the MTF of the optics shall be equivalent to that'of the human eye

NOTE PBee [1], IEC 62906-5-2 and IEC 62906-5-4 regarding the MTF of optics (consisting of iris, lens,|imaging
devices fand so on) inside the speckle measurement equipment.

For me¢asuring laser modules operated in~PWM, the RMS voltmeter and the time-avgraged
power |meter shall be used. To keep the“accuracy of the measurements, the measufement
time (iptegrating time) shall be sufficiently longer than the period of the PWM as explajned in
5.2.3.

The lager modules use laser devices as light sources. Their emission spectra are very rnarrow,
and their chromaticity coordinates are plotted almost on the wavelength locus [|of the
chromaticity diagram. Fherefore, the chromaticity accuracy is very sensitive to wavglength
becauge the curvaturg of the wavelength locus at the LD wavelength affects the chromaticity
accuragy.

The wavelength accuracy of £0,3 nm specified in d), g), h), and i) above, is a practical value
mostly| common to the conventional display measurements. Precise spectrometric methods
should|béthe reference of the wavelength measurements.

If it is necessary to guarantee a specific value of chromaticity accuracy at a specific
wavelength, the wavelength accuracy shall be evaluated. Examples of the wavelength
accuracy curves with respect to visible wavelengths are shown in Annex D.

When multi-colour laser modules are measured, the LMDs shall not be wavelength-dependent,
or shall be calibrated for their spectral responsivity for all the laser wavelengths for spectral
radiant flux measurements.

The edge-emitting LDs operate in the TE-polarized (linearly polarized) mode explained in
Annex A. The linearly polarized laser light incident to the isotropic optical fibres is converted
into a circularly polarized light. That is, the output beam of the laser modules which is
combined with multiple laser beams can include various polarization states depending on the
output optics. The LMDs for direct measurements shall detect the optical power of a
polarization state as is.


https://iecnorm.com/api/?name=aa8cce5ba5302fcff2dad30d0471f9ad

IEC 62595-2-4:2020 © IEC 2020 -17 -

Therefore, the optics inside the LMD shall be polarization-independent. It is much easier for
laser beams with a very narrow divergence to design polarization-independent optics because
the beam incident normal to a multi-layered coated surface or total reflection surface is
polarization-independent. For the case of relatively large beam divergence, the detector
angular dependence regarding polarization should be described. A simple LMD structure with
a photodiode only is much better than the complicated LMD with diffusers for laser beams
with a very narrow beam divergence.

4.6 Standard measurement setup and coordinate system

The standard measurement setup is schematically illustrated in Figure 1. A spherical
coordinate system in Figure 1 shall be used for direct beam evaluation. The optical output of
the DUT is set at the origin of the coordinate system (0, O, 0).

The spherical coordinate system has been widely used for measuring the FFP of'LDs b¢cause
their FFP is wider in the vertical direction (see Annex A). The FFP measurement units are
usually equipped with an automated scan mechanism for the user’s convegnience. Various
types of fixtures for LD chip carriers, LD packages, fibres, fibre ferrules, fibre connectots, and
other duided structures are optionally available. They are designed to e 'mechanically aligned
with the axis of the auto-scan system. Therefore, the direction of the guided structureg of the
opticall output of the laser modules can be easily aligned mechanically with the optical axis.
The optical misalignment inside the module or the guided structure can be evaluated|by the
mechahical alignment.

A Cartesian coordinate system shown in Figure 2 shall also be used for direct| beam
evalualion if the divergence of the output laser beam from the laser modules is narrow g¢nough.
For example, the NA (numerical aperture) of a typical silica MMF is usually around 0,22,
which [mplies that the maximum divergence angle (half width) is around 12°. It shquld be
noted that the measurement errors for larger-optical misalignment inside the module|or the
guided|structure can be larger when using the\Cartesian coordinate system.

NOTE PBee Annex E for NA.

The viftual flat screen at (x, y, L)in the Cartesian coordinate system in Figure 2 is egsier to
set up| The formulae for converting the Cartesian coordinate system into the spherical $ystem
are shpwn in Annex F. For theyabove MMF, the position on the virtual screen at thd beam
edge of G,ax = 12° is only 2,2.% (1/cosé,,,,) larger than the spherical coordinate system.

As explained in 5.5,(the speckle measurement of the output laser beam shall remagve the
effects| of FFP. Therefore, it is very convenient to measure the speckle and the FFP ysing a
comman standafd-diffusive screen (Cartesian coordinate system). An example of conyersion
betwegn the two/coordinate systems is also shown in 5.4.3.

An exgmiple of a high-power monochromatic laser module is given in Figure B.1, which|shows
the instde parts: At-themimemonochromatictbs—are aclica-pala“ci connectedfot cillg: input.
The blue laser modules or violet (emitting around 405 nm) modules are used for pumping
phosphors.

An example of a high-power RGB laser module is shown in Figure B.2. The RGB laser module
has the R, G, B branches of three series-connected LDs emitting at the same wavelength.
Each branch is driven independently by an electrical signal channel corresponding to the R, G,
B colours. In this structure, the laser beams emitted out of the nine LDs (three LDs for each
colour) are combined and collimated via the optics and coupled into a multi-mode fibre (MMF).
The colour of the single output beam combining the output of the R, G, B LDs is tuneable by
controlling the RGB power ratio.

The RGB laser module for lower power applications uses discrete or integrated RGB LDs and
a single-mode fibre (SMF) for optical output (Figure B.3).


https://iecnorm.com/api/?name=aa8cce5ba5302fcff2dad30d0471f9ad

Ampere meter

Ground

Voltmeter

- 18 — IEC 62595-2-4:2020 © |EC 2020

Ay

DUT (laser module)

)
Figure 1 — Measurement sg@&and coordinate system (spherical)
4\
xO

Fibre ferrule

IEC



https://iecnorm.com/api/?name=aa8cce5ba5302fcff2dad30d0471f9ad

IEC 62595-2-4:2020 © IEC 2020 -19 -

R
° &
' 0 Ampere meter
Ground 0

Voltmeter
X
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Optical
fibre
L (0,0 0) \
DUT (laser module)

/ Na Z
Fc

Figure 2 — Measurement setup and coordinate system (Cartesian)

The cqordinate system shown in Figure 3 shall be used for speckle-related measur¢ments
using & diffusive screen-(see IEC 62906-5-2, and IEC 62906-5-4). The measuring methods of
speckles are shown i 575. The speckle is observed on the FFP. If speckle can be removed
from the FFP, the ‘isualized FFP can be measured two-dimensionally without mechanical
scannipg of the LMD as in Figure 1 and Figure 2. The value of speckle contrast and|colour
speckle distribution can also be obtained easily by removing the FFP. That is, the speckle-
free FFP and- the speckle/colour speckle of the output laser beam can be mepsured
simultgneously by this setup using the screen.
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Standard diffusive screen

RN

Fibre ferrule

Fixture

Optical
fibre

DUT (laser module)

Figure 3 — Measurement setup and coordinates
for speckle-related optical performance

5 Measuring methods

5.1

Clause
various
form-fa
class

General

5 descrih@és-fundamental measurement items and their measuring methods. Th

IEC

re are

types_ of)laser displays such as a raster-scanning retina direct projection (very| small-

ctor with very low-power RGB laser module), raster-scan mobile projectors,

projectors“(using ultra-high-power RGB laser modules), and so on. The laser-driving

projectors using high-power blue lasers for pumping phosphors,

iddle-
inema
ethod

is different depending on the display types. Therefore, some of the measurement items are
not necessary for certain applications. For example, speckle measurements are not necessary
for the retina direct projection displays because speckle does not occur without external
screen scattering. Speckle contrast is a metric of speckle strength. It is important for many of
the laser displays to design a speckle reducer. It is necessary for accurately measuring
speckle contrast to use a uniformly projected window area with statistically enough data
points. However, the output beam from the laser module cannot be projected onto the screen

uniformly due to the FFP. The speckle patterns and the FFP shall be separated.
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5.2 Current-light output characteristics

5.2.1

General

The laser modules applied for a light source of the display light engine with a spatial light
modulator (SLM) are usually operated in automatic current control (ACC). In this case, the
light output power P, at the operating current is of primary interest. However, it is necessary
to measure the current-light output (/-P,) characteristics for each colour channel, for feedback
control of automatic power control (APC), white chromaticity control of the multi-colour laser
modules, and direct modulation of scanning laser displays.

5.2.2

The I-1
optical
curren
indepe
control

Measu
Figure
axis (0
receivi
diverg
attenu

Wall-p
power

WPE shall be calculated by the above formula using the data of the I-P, characteristics

It shou
thresh
compe
multipl

An exd
is defir

_ 1Pl P.cl -

o Characteristics shall be obtained by measuring the output optical power, £g,ug

power meter, a laser power meter or a laser multi-meter, changing -the op
1. For multi-colour laser modules, the /-P, characteristics shallvbe me

dently for each colour input channel because the colour output-of the mo
led by the power balance (power ratio) of the colours.

fement of the /-P, characteristics shall be carried out using the coordinate syst

1 or Figure 2. The LMD shall be placed in the proximity,of the output plane on
, 0, L = 0). The positioning of the LMD is common in¢thoth Figure 1 and Figure
ng area of the power meter shall be larger than the laser beam size. Since thg
nce is very narrow, it is easy to receive all the<output power. A calibrated
tor should be used if the power meter cannot eover the maximum ratings.

ug efficiency (WPE) is the power conversion efficiency defined as the light
P,) by the electrical input power (P; = 1}A)

WPE=P, /R=P/IV

Id be noted that WRE: is negligible below the threshold current. Even just abg
pld, WPE is still-atsmall levels. As the current increases, WPE increases a

-driver channels shall be measured channel by channel.

mple of\the I-P, and I- P, / P; characteristics is shown in Figure 4. Slope efficien
ed asyAP, / Al

ing an
erating
asured
jule is
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Figure 4 — Example of I-P  and I- P, | P; characteristics

5.2.3 CW and PWM operations

The LIDs in the laser modules for display applications are usually CW or PWM-operdted as
descrijed in 4.4. The current pulse repetition waveforms at 2,4 kHz of PWM with respect to
the dufy cycle are also shown in.Eigure 5. The pulse peak level is usually set at the mgximum
rating pf currents, I, corresponding to the maximum rating of the CW output power, Py_nax:

in Figure 4. Therefore, thesPWM peak optical power never exceeds the CW maximum [optical
power.| The PWM waveferm at duty cycle of 1,0 completely agrees with the flat CW Igvel at
Py = Pl_max- The width of the pulse is adjusted to increase the average optical output power.

The WPE can be_kept constant for PWM operation because the pulse peak is set|at the
highesf WPE level,>which is a great advantage of PWM operation. The modulation af a few
kilohertz is not fast enough to generate an overshooting pulse rise of relaxation osciflation.
Therefpre, .an—almost rectangular pulse shape is realized if the pulse driver or the pulse
pattern géenerator is appropriately designed without any surge or overshooting curren{s. The
pulse §hape should be checked just in case if necessary.

The RMS voltmeter, and the time-averaged power meter shall be used for laser modules
operated in PWM. To keep the accuracy of the measurements, the measurement time shall be
sufficiently longer than the period of PWM. For example, the error of the average power of
240 pulses for a power measurement time (integrating time) of 0,1 s is less than 0,5 % even if
the integrating time is not an integer multiple of the period. In other word, the integrating time
shall be an integer multiple of the period if the integrating time is much shorter.
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Figure 5 — Pulse-repetition waveforms of PWM drive with respect to duty cycle
5.2.4 | Threshold currents (1)
The lager module normally uses more than two LDs with different threshold currents. As total
currenishinCrease, the LD with the lowest threshold current starts the oscillation. Then the LDs

with higher threshold currents start the oscillation until the highest threshold current finally
starts the oscillation. The transient current levels between the current when the lowest
threshold LD starts the oscillation and the current when all the LDs finally oscillate is unstable.
Unlike a single LD, it is not easy to exactly determine the threshold current from the I-P

characteristics due to this unstable transient region. That is, the lasing of the last LD is buried
with the laser outputs of the rest which have started lasing already. An example of a high-
power blue LD module with nine blue LDs connected in a 3 x 3 parallel-serial configuration
(Figure B.1) is shown in Figure 6.

The threshold current of the laser module with single-channel driving should be defined
approximately as the intersection point of the 7 axis with the extended line plotted through two
points at the relatively linear and stable region of the I-P, characteristics (see Figure 6).


https://iecnorm.com/api/?name=aa8cce5ba5302fcff2dad30d0471f9ad

- 24 — IEC 62595-2-4:2020 © |EC 2020

The threshold current of a laser module with multiple-driver channels shall be measured
channel by channel. For example, the RGB or multi-colour laser module is designed to drive
each colour channel independently. To control output colour, the threshold of each colour
channel is important.

If a single LD is used for each channel, the conventional measuring method for LD packages
shall be applied.

A

Output power, P| (arbitrary)

Non-lasing
region

Transient
region

s >
Currents, I

Iy
IEC

Figure 6 — Iy, and I-P, characteristics

Stable lasing region

\i

5.2.5 Measurement procedures
The me¢asurement procedures of current-light output characteristics shall be as follows:

a) Copfirm-whether or not the DUT includes the temperature control unit.

b Me nnnnnn tha anviroanmantal taman et e
o UT et e CTTv IT O e tar teTTptTatures

c) Measure the case temperature (if necessary).
d) Confirm whether or not the DUT has the current control functions.
e) Confirm whether the DUT is current-driven in CW or PWM.

f) Prepare an appropriate current variable source (CW or PWM) if the DUT does not have
the current control functions.

g) Prepare the LMDs for the optical power, current, and voltage (if necessary) appropriate for
CW or PWM.

h) Set the LMD for optical output power in the proximity of the output plane on (0, 0, L = 0) as
shown in the setup in Figure 1 or Figure 2.

i) Confirm all the optical output power is detected by the LMD.
j) Select the colour channel of the DUT (if it is a multi-colour laser module).
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k) Select the input current level of the DUT.

[) Wait until the DUT and the LMDs gain stability.

m) Measure the optical output power.

n) Calculate WPE (P, / P;) using Formula (1) (if necessary).

0) Repeat the procedures k) to n), changing the input current level until the necessary data

are obtained.

p) Repeat the procedures k) to n), changing the colour channel (if it is a multi-colou
module).

q) Plot the I-P, characteristics.

r laser

r) Plot the I- P, / P; characteristics (if necessary).

s) Report the LMD specifications, the DUT specifications/conditions, the measu
setpp/conditions and the measured results.

NOTE PBee 4.5 and 5.2.3 for the PWM measurements.
5.3 pectra (wavelength) and chromaticity measurements
5.3.1 General

The spectral structure emitted from a single output of the dasér modules including n
LDs usually consists of combined spectra. For example, (the spectra of multiple L
superplosed in the range of a couple of nanometres for<a high-power monochromati
module (Figure B.1). The spectra of R, G, B LDs are)superposed for high-power RGE
modulgs (Figure B.2). The typical RGB laser modules for lower power applications ug
one LD for each colour (Figure B.3). Chromaticity measurements/calculations usin
narrow] and complicated spectra shall be carried out carefully to keep the accuracy
obtained chromaticity coordinates.

Examples of the measurement accuracy.'of chromaticity for such narrow spectra are sh
Annex|C and Annex D.

5.3.2 Measurement procedures

The me¢asurement procedures of spectra and chromaticity shall be as follows.

rement

hultiple
Ds are
C laser
B laser
e only
j such
of the

own in

a)
b)
c)
d)
e)
f)

Copfirm whether or'net the DUT includes the temperature control unit.
Mepsure the environmental temperature.

Mepsure the-case temperature (if necessary).

D

Confirm-whether or not the DUT has current control functions for each colour channgl.
Confitm whether the DUT is current-driven in CW or PWM.

Prepare appropriate current variable sources (CW or PWM) it the DUT does not have the
current control functions.

g) Prepare the LMDs for the current and optical power (if necessary) appropriate for CW or
PWM.

h) Prepare the LMDs for spectrometric, wavelength or colorimetric measurement.

i) Set the LMD for spectrometric, wavelength or colorimetric measurement equipment in the

proximity of the output plane on (0, 0, L ~ 0) as shown in the setup in Figure 1 or Figure 2.
Select the input current levels of the DUT (for each colour).

Wait until the DUT and the LMDs gain stability.

Measure the spectra, wavelength, or colorimetric values.

Measure the optical output power for each colour if the spectral power cannot be
measured accurately by the LMD.
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Calculate the chromaticity using the measured optical power for each colour if the spectral
power cannot be measured accurately by the LMD.

Repeat the procedures j) to n), changing the input current level (if necessary).

Report the LMD details, the DUT specifications/conditions, the measurement
setup/conditions and the measured results.

NOTE See 4.5 and 5.2.3 for the PWM measurements.

5.4

FFP

5.4.1 General

The FHP of the fibre, Tight guide, or other optical output'is important for designing the-optics of
laser displays or laser display lighting units. Particularly for scanning type laser displays, the

FFP data provide us with the beam quality.

The FHP shall be measured at a distance along the z-direction significantly greater than w2/ J,
where 1 is the wavelength and W is the largest dimension in the output-a@perture. The|above

conditipns guarantee that the FFP is measured in the Fraunhofer diffraction region.

The difect measurement of the FFP without using projected screens is not affected by gpeckle.
Howevjer, the spherical surface move (scan) of the LMD is time-consuming. The distance L
should[be much longer, or the aperture of the LMD should bé . smaller to obtain higher |spatial

resolufiions.

For lager modules operated in PWM, the RMS voltmeter and the time-averaged power meter
shall be used. To keep the accuracy of the measuréments, the measurement time (integrating

scan
accura

5.4.2 Monochromatic FFP

ystems, the scan speed shall be slow ‘enough to keep the integrating time tp keep
y.

time) %hall be sufficiently longer than the period-of*‘PWM as explained in 5.2.3. For aut¢mated

The mpnochromatic FFP of laser-diodes has usually been radiometrically measured Using a

power meter at the point on the sphere surface centred at the output point.

The fuphdamental measurement setup with the spherical coordinate system in Figure I shall
be used. The transverse/longitudinal mode behaviours of LDs vary depending on their{output
levels.|Therefore, the"FFP would also vary with the mode variations. The FFP measurements

at othdr output levels'should be carried out if necessary.

The fupdamental measurement procedures of a monochromatic FFP shall be as follows

a)
b)
c)
d)
e)
f)

g)

h)

Copfirm whether or not the DUT includes the temperature control unit.

Measure the environmental temperature.

Measure the case temperature (if necessary).

Confirm whether or not the DUT has the current control functions.
Confirm whether the DUT is current-driven in CW or PWM.

Prepare appropriate current variable sources (CW or PWM) if the DUT does not have the
current control functions.

Prepare the LMDs for the optical power, current, and voltage (if necessary) appropriate for
CW or PWM.

Set the LMD for optical output power measurement on the initial point of the spherical
surface (¢, 6, L) as shown in the setup in Figure 1.

Select the colour channel of the DUT (if it is a multi-colour laser module).
Select the input current level of the DUT.
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0)
p)

Wait until the DUT and the LMDs gain stability.

Obtain the monochromatic FFP data by moving the LMD at the same speed on the
spherical surface (¢, 6, L) in Figure 1.

Repeat the procedures j) to |), changing the input current level (if necessary).

Repeat the procedures i) to m), changing the colour channel (if it is a multi-colour laser
module).

Plot the monochromatic FFP data.

Report the LMD details, the DUT specifications/conditions, the measurement
setup/conditions and the measured 2D data.

In ano’lher version of the sefup, the LMD is fixed and the oufput head (the Taser diode) fotates
t

horizo

ally and vertically, as the relative move gives the same results.

The Cprtesian coordinate system shown in Figure 2 shall be also used if the divefgence
betwegn the output laser beam and the laser modules is narrow enough, as)explained|in 4.6.
The viftual flat screen at (x, y, L) in the Cartesian coordinate system is _gasier to realige. The
LMD dan automatically move (scan) on the virtual flat screen. Thé-Conversion frgm the

spheri¢al system to the Cartesian coordinate system is shown in AnpexF.

An altgrnative measurement method with the Cartesian coordifaie system is shown in 5.5.2,
as a pprt of the speckle measurement methods. The speckle-free FFP shall be obtaiped by
elimingting the effects of speckle. For example, post-proeessing (local averaging) |of the
measufed speckled 2D FFP data, or the iris-opening of the speckle measurement equjpment

are very useful for measuring both the speckle and FFEP simultaneously.

When [these alternative versions of setup or methods are used, they shall be specified in

detail ip the report.

5.4.3 Colorimetric FFP

The cdlorimetric FFP is a new metric-specific to display/lighting applications, which shall be
measufed using a colorimeter/illuminance meter including a laser multi-meter at the ppint on
the sphere surface centred at\the output point. The fundamental measurement setyp and

spherig¢al coordinate system .in-Figure 1 shall be used unless otherwise specified.

The trgnsverse/longitudinal mode behaviours of LDs vary depending on their output [levels.
Therefpre, the FFP_would vary with the mode variations. The FFP measurements a} other
output|levels should*be carried out if necessary. Particularly for colorimetric FFP, the I-P,

characteristicsy,~threshold current I;,,, and the transverse/longitudinal mode behavioyrs are
different colour by colour. The photometric/colorimetric behaviours of the colorimetric FFP are

greatly| affected by the driving current levels of the LDs emitting each colour.

As shown in Annex E, the core-clad refractive index difference becomes slightly larger for
shorter-wavelength colour for silica fibre. Hence, NA for B is the largest, and NA for R is the
smallest. Therefore, the periphery of FFP becomes more bluish than the centre.

The fundamental measurement procedures of the colorimetric FFP shall be as follows.

a)
b)
c)
d)
e)
f)

Confirm whether or not the DUT includes the temperature control unit.
Measure the environmental temperature.

Measure the case temperature (if necessary).

Confirm whether or not the DUT has the current control functions.
Confirm whether the DUT is current-driven in CW or PWM.

Prepare the appropriate current variable sources (CW or PWM) if the DUT does not have
the current control functions.
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g) Prepare the LMDs for colorimetric measurements, and the LMDs for current and voltage (if

necessary) measurements appropriate for CW or PWM.

h) Set the LMD for colorimetric measurements on the initial point of the spherical surface (0,

0, L) as the setup in Figure 1.
i) Determine the target chromaticity.
j) Select the DUT input current levels for each colour to obtain the target chromaticity.
k) Wait until the DUT and the LMDs gain stability.

I) Confirm the target chromaticity and repeat j) to k) until the target chromaticity is obtained.

m) Obtain the colorimetric FFP data by moving the LMD at the same speed on the sp

herical

surface~g—&-L)-inFigure—-

n) Plot the colorimetric FFP data.

0) Repeat the procedures i) to n) (if necessary).

p) Report the LMD details, the DUT specifications/conditions, the,” measu
setup/conditions and the measured 2D data.

In another version of the setup, the LMD is fixed and the output head-rotates horizonta
vertically, as the relative move gives the same results.

The mleasurement setup with the Cartesian coordinate system” is shown in Figure
virtual [flat screen at (x, y, L) in the Cartesian coordinate system is easier to realise. Th
can adtomatically move (scan) on the virtual flat screen,The conversion from the sp
systen] to the Cartesian coordinate system is shown in<Annex F.

The alfernative measurement method with the Cartesian coordinate system is shown i

rement

Ily and

P. The
e LMD
herical

h 5.5.2

and 5/5.3, as part of the speckle measurement methods. The speckle-free FFP shall be

obtaingd by eliminating the effects of specklei:For example, post-processing (local ave
of the[measured speckled 2D FFP dataer the iris-opening of the speckle measu
equipnment are very useful for measuring-both the speckle and FFP simultaneously.

When these alternative versions.of setup or methods are used, they shall be spec
detail in the report.

An exgmple of measured results of colorimetric FFP is shown in Figure 7. The MMF ol
r module with RGB LDs is projected on a standard diffusive screen (Ca

along the diagonal-direction in the 2D data in Figure 7. This value agrees with that cal
from tHe NA value of 0,22.

raging)
rement

fied in

tput of
rtesian
of the
e zero
tulated

data in

A viewpraph of 2D colorimetric FFP data is shown on top, which is the same as the W-
Figurett: i = TS

zrence.

The 2D-FF.P data is measured by the alternative method for obtaining speckle-free FFP using

the iris-opening technique shown in 5.5.2 and 5.5.3.

The illuminance normalised by the maximum value, CIE 1931 chromaticity, x and y are

plotted

along the central horizontal line, converted into spherical coordinates in Figure 1. The
formulae in Annex F are used for the conversion. They are also shown below the viewgraph of

the coloured 2D data in Figure 7.
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Figure 7 — Example of measured colorimetric FFP
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5.5 Monochromatic speckle and colour speckle
5.5.1 General

Speckle and colour speckle greatly affect the visual quality of laser displays. Many laser
displays are equipped with various kinds of speckle reducers, depending on the strength of
the speckle (measured as speckle contrast) of the laser light sources. Therefore, it is
important when designing a speckle reducer to measure the speckle contrast and colour
speckle of the laser module.

NOTE Some laser displays are equipped with very effective speckle reducing technologies. For example, the
phosphor wheel is capable of effectively reducing the speckle of low-luminosity blue laser lights.

Speckle and colour speckle measurements shall be carried out based on IEC 62906=5-2 and
IEC 62906-5-4, respectively. Measurement setup for speckle-related optical performance is
shown|in Figure 3. However, for the speckle measuring methods of the laser)beam, it is
necesgary to add some procedures to eliminate the field effects as described Iater.

The stgndard diffuse reflectance surface screen shall be used as a screen. The screep shall
have Uambertian diffusive reflectance values of more than 95 % atthe RGB wavelg¢ngths.
Otherwise, the screen specifications related to screen gain suchvas the viewing| angle
characteristics, peak gain, half-gain angle, and so on, shall be reported. The screen should be
held rigidly as the measurement results might be affected by,long exposure time,| or by
uninteptional moves.

For menochromatic speckle measurements, speckle contrast Cg shall be measured [as the
metric| For colour speckle measurements, the photometric speckle contrast Cps, the variance

and covariance of the colour speckle distribution in the chromaticity diagram shall be
measufed as the metrics. Speckle is created on‘the retina as an interference pattern of lights
scattered on the screen. A standard diffusivé.reflectance screen shall be used for prgjecting
the oufput of the DUT unless otherwise spetified.

For lader modules operated in PWM,(the RMS voltmeter and the time-averaged powell meter
shall bge used. To keep the accuragy of the measurements, the measurement time (integrating
time) shall be sufficiently longerthan the period of PWM as explained in 5.2.3.

5.5.2 Monochromatic speckle measurement affected by FFP

Speckle contrast in (mohochromatic speckle measurement shall be carried out wjthin a
uniformly projectedtregion. Speckle contrast is defined to be statistically calculated |as the
standard deviatign_divided by the average of the data. However, speckle of the projectef laser
beam from the(laser modules is inevitably observed on the non-uniform FFP. Speckle cpntrast
cannof| be .acceurately calculated for such data on a non-uniform pattern. ThereforE it is

necesgary, for accurate measurement of speckle contrast to eliminate the effect of the FFP.
The measured 2D speckle data shall be normalized by dividing pixel by pixel through the
corresponding speckle-free FFP data in order to remove the FFP effect. The speckle-free FFP
data shall be obtained by the measuring method shown in 5.4.2. The FFP data should be also
approximately obtained using speckle measurement equipment. One of the approximated
methods is the post-process of the measured speckle data. The 2D speckle data in a small
local area are averaged. Then this local-area averaging process is repeated pixel by pixel to
obtain a smoothed profile of the speckle-free FFP [5]. The local-area size shall be optimized
depending on the shape of the FFP. Abrupt variation in the FFP and higher speckle contrast
will increase the errors.

The other approximated method is related to a measurement technique. The optics of speckle
measurement equipment are designed to reproduce the speckle grain size on the human
retina. By properly detuning the optics, the speckle effects can be minimized and averaged.
As a result, the FFP profile becomes observable [6].
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An example of conversion of the measured speckle data on the FFP into data on a uniform
pattern is shown in Figure 8. The speckle data (512 x 512 = 262 144) of the red-colour output
(636,9 nm) from a low-power RGB laser module with SLM were obtained. The graphs in
Figure 8 are the data plots along the vertical centre line in the inserted 2D data.

The FFP data were approximately obtained by opening the iris of the speckle measurement
equipment. The value of the speckle contrast was finally obtained as C4_g = 0,229.

The method for obtaining the approximated FFP data using the speckle measurement
equipment shall be noted in detail in the report.

llluminance (arbitrary)

llluminance (arbitrary)

-

A

Speckle illumipance data on FFP

Calibrated normalised speckle
illuminance data on a uniform pattern

Wl

N etk Al AHA‘M.I\.A
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-
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f
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Figure 8 — Example of conversion of the measured speckle data
on the FFP into data on a uniform pattern

The flﬂndamental measurement procedures of monochromatic speckle contrast shall| be as

follows-:

a)
b)
c)
d)
e)
f)

g)

h)

Confirm whether or not the DUT includes the temperature control unit.
Measure the environmental temperature.

Measure the case temperature (if necessary).

Confirm whether or not the DUT has the current control functions.
Confirm whether the DUT is current-driven in CW or PWM.

Prepare the appropriate current variable sources (CW or PWM) if the DUT does not have
the current control functions.

Prepare the LMDs for the optical power, current, voltage (if necessary) appropriate for CW
or PWM.

Set the LMD for speckle measurement as shown in the setup in Figure 3.

Select the colour channel of the DUT (if it is a multi-colour laser module).
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j) Choose the appropriate colour filter of the LMD to measure the laser output
selected colour.

k) Select the input current level of the DUT.
[) Wait until the DUT and the LMDs gain stability.
m) Obtain the monochromatic speckle data.

n) Repeat the procedure m) until statistically enough data are obtained (if data size
small).

0) Repeat the procedures k) to n), changing the input current level (if necessary).

p) Repeat the procedures j) to 0), changing the colour channel (if it is a multi-colou

of the

is too

r laser

mo"lllln)

q) Mepsure the monochromatic FFP (see 5.4.2). If the FFP is obtained by the approx
method using the speckle measurement equipment, note the method in detail-in_the

r) Convert the monochromatic speckle data on the FFP measured in m) into. those
uniform pattern, using the FFP data measured in q).

s) Calculate speckle contrast for each colour (e.g. C4.r, Cs.g» Cs.g)ousing the cor
spdckle data in r).

t) Report the LMD details, the DUT specifications/conditions, the measu
setup/conditions and the measurement results.

5.5.3 Colour speckle measurement affected by FFP

Colour| speckle shall be calculated by colour additiopoef’ the monochromatic speckle
each cplour. The monochromatic speckle data of each colour shall be converted into d
a unifdgrm pattern, eliminating the FFP effects. Tche ratio of the laser output powers d
colour jshall be measured for the colour speckle calculation.

An exgmple of conversion of the measured*colour speckle data (normalized illuminan
the FHP into data on a uniform patterf is shown in Figure 9. The colour speckl
(512 x[512 = 262 144) for the target white colour (> = 0,211 2, v’ = 0,475 2) by additiorn
red-colour (636,9 nm), green-colour (520,3 nm) and blue-colour output (456,7 nm) from
power |RGB laser module with.SMF output were obtained. The graphs in Figure 9 {
normalized illuminance data plots along the vertical centre line in the inserted 2D data.

The speckle-free FFP data were approximately obtained by opening the iris of the S
measufement equipment. The value of the speckle contrast was finally obtained as

0,173.

An exgmple of\conversion of the measured colour speckle data (chromaticity distribut
the FFP into data on a uniform pattern is shown in Figure 10. Half data (512 x 256 = 13

mated
report.

on the

verted

rement

jata of
ata on
f each

ce) on
e data
of the
a low-
re the

peckle

Cps =

on) on
1072:
L4) are

) (512 x 512 = 262 14

the colour variation due to the R, G, B colour variation in beam spreading, or the tran

lited to
sverse

mode behaviour. The colour variation in the beam spreading is dominant in this example of
the low-power RGB laser module with SMF output. Therefore, the periphery of FFP becomes

more bluish and reddish in the centre.

The measured results for the example above are summarised in Table 2.


https://iecnorm.com/api/?name=aa8cce5ba5302fcff2dad30d0471f9ad

IEC 62595-2-4:2020 © IEC 2020

— 33 -

=y Normalised colour speckle illuminance data
I on colorimetric FFP
§
s
Q
o
[ =
(]
£
g 9 Calibrated normalised colour speckle
= S T iluminance data on a uniform pattern
=t
E
2
- 2
(0]
> 2
0 500 T
£ | 1 - A
O
pd WMMP H N Mﬂ”“ ”l M ’M\P,
- AN\D
z A Normalised illuminance data
= of colorimetric FFP
2 0 -
8 0 o]
Q
o
[ =
(]
£
IS
=

-
-

0 500

~ A Colour speckle chromaticity data
on colorimetric FFP

Chromaticity data

Figure 9 — Example of conversion ofimeasured normalised illuminance
data of colour speckle on the FEP into data on a uniform pattern
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Table 2 — Summarised results of the colour speckle measurements (example)

w R G B
Wavelength (nm) - 636,9 520,3 455,7
w=0,2112
W-chromaticity - - -
v’ =0,4752
RGB power ratio - 0,462 0,278 0,260
Cos Cs 0,173 0,229 0,224 0,247
) o, =6,85x 1074
Variance R v 404 - - -
- ;
Cqvariance uyy =-1,42 % 1074 - . )
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a)
b)
c)
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i)
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k)
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eckled FFP measured using the speckle measurement equipment and the FFH
me equipment with the opening iris are shown in Figure  Hy* and Figur
tively. The filtered-out R, G, B projected patterns and the white ‘pattern are incld
igures. The DUT (the low-power RGB laser module with SMFE) and the measu
bns are the same as in the above example.

eckled FFP and the FFP of a middle-power RGB laser module with MMF output are

FFPs (transverse modes) are observed for the Brand G colours. Due to this com
colours in the FFP of the MMF output can be seen.

ndamental measurement procedures of célour speckle shall be as follows:

hfirm whether or not the DUT includesithe temperature control unit.
hsure the environmental temperafure.

bsure the case temperature (ifinecessary).

hfirm whether or not the DUT has the current control functions.
nfirm whether the DUT is“current-driven in CW or PWM.

pare the appropriate*current variable sources (CW or PWM) if the DUT does ng
current controlfunctions.

pare the LNMDs for speckle measurement equipment, wavelength, optical
rent, and yoltage (if necessary) appropriate for CW or PWM.

ermine\the target chromaticity.

Select the DUT input current levels for each colour to obtain the target chromaticity.
WaE until the DUT and the L MDs Cnin Qfahilify

C ring-
blexity,

t have

power,

Confirm the target chromaticity and repeat i) and j) until the target chromaticity is obtained.

Set the LMD for wavelength and output power for each colour (spectrum) in front of the
DUT output.

Measure the wavelength (spectrum) and illuminance (output power for each colour).

Set the LMD for speckle measurement as shown in the setup in Figure 3.

Obtain the monochromatic speckle data for each colour, changing the colour filter of the
LMD as in 5.5.2.

Measure the monochromatic FFP (see 5.4.2). If the FFP is obtained by the approximated
method using the speckle measurement equipment, note the method in detail in the report.

Convert the monochromatic speckle data on the FFP measured in m) into those on a
uniform pattern, using the FFP data measured.
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r) Calculate speckle contrast for each colour (e.g. Cs.r, Cs.g, Cs.g) Using the converted
speckle data.

s) Calculate the colour speckle metrics (C,, chromaticity distribution).

ps’

t) Repeat the procedures h) to s) (if necessary).

u) Report the LMD details, the DUT specifications/conditions, the measurement
setup/conditions and the measurement results.

5.6 Temperature dependence

5.6.1 General

For eagh LD product, the manufacturers usually provide typical temperature dependenge data.
Therefpre, the module manufacturers can estimate the temperature performance |of the
module based on the provided data. Some of the modules are equipped withan’aufomatic
power |control (APC) system using monitoring PDs for each colour. Howeveér,-the jliinction
temperature 7, of each LD depends on the thermal design of the assembly) 6f multiple LDs.

The tgmperature dependence of a single LD is explained in Annex-lyJas a fundamental
behavipur.

Particdlarly for RGB laser modules which utilise LDs based on the different material sylstems,
the the¢rmal behaviour of the R LD based on the AllnGaP/GaAs material system ig much
poorer|than that of the B LD based on InGaN/GaN material system. The thermal interference
among| the RGB LDs also makes the thermal behaviour, of the module more complicated.
Therefpre, the chromaticity of the RGB laser module is §ensitive to temperature variation.

It is ngcessary for designing the control system ¢o0ymeasure the temperature dependgnce of
the module.

The megthods here can also be applicable tortemperature-accelerating reliability tests.

5.6.2 High-power LD module

A typiqal measurement setup of the temperature dependence of a high-power LD mofule is
schematically shown in Figure 1)t.

For lafge-size high-power:’LD modules with high thermal capacity, a thermostatic chamber
shall be used to conirol their temperature. However, the electro-optical measur¢ments
specified in this dogument can be measured easily using the optical fibre output by setting
LMDs putside theychamber. It is much easier than the LED assembly which needs to set the
LMD inside thé chamber. It is necessary to wait for an appropriate time after changing the
tempefaturesuntil the system reaches the steady state. The waiting time depends pn the
thermdl resistance and the thermal capacity of the module. The chamber can contfol the
atmospheric temperature 7,. The case temperature 7, shall be measured uging a

thermocouple or other methods at the case position (not shown in Figure 11), if necessary.
The junction temperature TJ of the LDs can be calculated using thermal resistance from the

case to the junction, or from the atmosphere to the junction.

The details of the measurement such as the controlled temperature (7, or 7;), the T position
(if T, is used), and the waiting time shall be reported.


https://iecnorm.com/api/?name=aa8cce5ba5302fcff2dad30d0471f9ad

- 36 — IEC 62595-2-4:2020 © |EC 2020

Thermostatic chamber

B input

Optical fibre

5.6.3

For sm
electrid
temper
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Figure 11 — Temperature dependencé measurement
setup for high-power lasermodules

Low-power RGB LD module
all-form-factor, low-power RGB LD modules, a thermostatic chamber, a TEC (t

cooler, Peltier cooler), or a heating/cooling plate shall be used to contrg
ature.

ient. The case temperatute 7, can be monitored using a thermometer at th
n. A typical measurement setup of the temperature dependence of low-pow

ature T of the LDsUis higher than the case temperature 7, due to thermal res
e case to the Dychips (junctions).

| D modules simultaneously.

hermo-
| their

late is
P case

er LD

s is schematically shown in Figure 12. However, it should be noted that the jéinction

stance

ermostatic«Chamber for the high-power LD module is also useful to measure manfy low-

osition

tails’of the measurement such as the controlled temperature (7, or 7), the T, p

(if T, is used), and waiting time shall be reported.

The theoretical model of I-P, characteristics and their temperature dependence of a single LD

are shown for information in Annex |I. The measured results of the temperature dependence of
R, G, B output powers, R, G, B wavelengths, and the 2D white speckled FFP data for an RGB
laser module are also shown in Annex I.
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High-speed pulse modulation properties
General

beed pulse modulation properties are necessary when applied for scanning
s. The images are created as virtual pixels high-speed modulation of the R, G,
he rise/fall time and delay time of the"R, G, and B LDs are not synchronisg

laser
and B
bd, the

transielnt colours and illuminance of the image signals being unstable [7]. To design high-

speed

be me
XGA (1

5.7.2
An ex3
scan

extern
temper

For h

RGB driver circuits, the optical gutput pulse waveform and rise/fall times, ¢, #

bsured. For example, the modulation frequency of LDs is calculated to be 94 M
024 x 768) at a frame rate of*60 Hz with a blanking rate of 0,5.

Optical output pulse waveform measurement

mple of the meastirement setup for the output waveform is shown in Figure 13

GB mobile projectors do not have a temperature control unit inside. In such a ca
| temperattre control unit, for example a TEC, shall be used for stabilizi
ature ofrthe DUTSs.

RGB L{ser module. Ip-'general, the small-form-factor RGB laser modules applied for

gh<speed measurements up to 100 MHz or more, special care for mic

should
Hz for

for an
raster-
se, an
ng the

owave

freque

ncies shall be taken, such as usage of bias tee (bias T), coaxial cables, etc. An

optical

signal detection system covering the high frequencies shall be used.

An example of an electrical input pulse pattern and optical output pulse pattern is shown in
Figure 14. High and low reference levels for defining the rise/fall times, ¢, #, shall be 90 %

and 10

%, respectively.

The delay time of the LD, ¢4, shall be defined as a time for building up laser oscillation by
reaching the threshold current, /y,.
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b)
c)
d)
e)
)
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Figure 13 — Measurement setup for output pulse waveform
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Figure 14 — Example of input/output pulse waveforms

Confirm whether or not the DUT includes the temperature control unit.

Use an external temperature control unit for stabilizing the DUT temperature.
Measure the environmental temperature.

Measure the case temperature (if necessary).

Apply a pulse repetition signal to the RGB laser module colour by colour.
Measure the output pulse waveform and the input signal.

Determine the rise/fall times ¢, #; and ¢4 of the output waveform.

Report the LMD details, the DUT specifications/conditions, the measurement
setup/conditions and the measured results ¢, #; and #4.
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The measurements related to the eye diagram should be optionally added for evaluating high-
speed pulse modulation properties in more detail. Examples of the measured eye diagrams

are shown in Annex J.
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Annex A
(informative)

Laser devices

A.1 Edge-emitting laser diode

Most widely-used semiconductor lasers (for example, laser diodes (LDs) or diode lasers) are
categorized as edge-emitting types. Lasing (stimulated emission) occurs in a stripe region of
the active layer between the front and rear edges (cleaved mirror facets). This structure is
called ['opticattavity“foropticat feedback—T e currenteffectivety fftows—imtothe—stripejregion
only, bllocked by the insulating dielectric layer. That is, the optical cavity is formed~algng the
horizomtal direction. When applying currents to the active layer stripe, spontanegus“emission
occurs| If optical gain exceeds unity at the threshold current (I;;,), lasing starts:-and the laser

beams| with narrow divergence angles are emitted out of the stripe edgeshe rear facet is
usually high-reflectivity (HR) coated to pick up most of the optical output ‘power eff|ciently
from the front edge.

Figure|A.1 is a schematic structure of a narrow stripe edge-emitting LD. The stripe strugture is
a so-cplled ridge-waveguide. The stripe width is approximately 1 um, and the activ¢ layer
thickngss is approximately 0,1 um, dimensions of the same order as the wavelength. PDue to
this waveguide structure which is much wider horizontally) the edge-emitting LDs usually
operate in transverse electric (TE) polarized modes, ,suppressing the transverse magnetic
(TM) pplarized modes.

Insulating layer

p-el€ctrode
p-cladding layer

n-cladding layer/substrate
n-electrode

FFP

IEC
Figure A.1 — Schematic structure of narrow-stripe edge-emitting laser diode

Figure A.2 is a schematic structure of a wide stripe edge-emitting LD. The stripe width is
approximately a few tens of micrometres, much wider than the above-mentioned narrow-stripe
laser diode. The wide-stripe laser diode is used for watt-class high power applications.
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Figure A.2 — Schematic structure of wide-stripeledge-emitting laser diode

A.2 |Single- and multi-transverse modes

The transverse mode of the laser waveguide is expressed as a spatial optical |power
distribytion on the plane perpendicular toithe guided direction. A single-transversel mode
pattern realised by the narrow stripe width’ of the same order as the wavelength, and g multi-
transve¢rse mode pattern of a much wider stripe are shown, respectively, in the left gnd the
right dfawings in Figure A.3. The _transverse mode pattern at the output (front) edge facet is
known|as NFP. The single-transverse mode pattern is single peaked, whereas thel multi-
transve¢rse mode pattern is muyltiple peaked along the stripe-width direction.

The FEP is expressed as:the Fourier transform of the NFP at a distance far enough|in the
region|where FraunhoferAdiffraction approximation holds. However, it should be noted that the
shape |of the FFP is\different from the original NFP. For example, as in the FFP in Figdre A.1
and Figure A.2, the*beam divergence in the vertical direction is much wider than that in the
horizontal direction, which is affected by diffraction of the smaller NFP in the vertical direction.
This is|becausethe active layer thickness is around 0,1 ym, much smaller than the waveguide
stripe width. Therefore, the FFP in the vertical direction is usually more than 40° (FWHN).

The horizontal array of obvious bright spots in the NFP for the multi-transverse mode lasers
becomes unclear in the FFP, as in Figure A.2. However, it is more difficult for the multi-
transverse mode to focus the beam via optics. The NFP of single-transverse mode LDs is
around 1 ym in the horizontal direction, whereas that of multi-transverse mode LDs is usually
10 ym to 30 um. The FFP is narrower than 20° (FWHM) in the horizontal direction.
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Single-transverse mode pattern Multi-transverse mode pattern
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a) Single-transverse mode b) Multi-transverse mode

Figure A.3 — Single- and multi-transverse mode patterns

A.3 |Single- and multi-longitudinal modes

The lopgitudinal mode (for example, cavity mode) is observed as lasing-spectral behaJiour. It
is closely related to the phase and gain condition of running and_€eunter-running [optical
waves|along the cavity. A schematic view of the spectrum for a;single longitudinal mode
operatfon is shown in the left of Figure A.4. A very sharp single line spectrum is obfained.
Tempdral coherence is higher than the multi-longitudinal modelopeération (speckle confrast is
also lafger).

A spedtral view of the multi-longitudinal mode is showfjn the right of Figure A.4. Mapy line
spectra are allowed to oscillate. The envelope of thetspectra is strongly affected by the gain
spectryim. Therefore, temporal coherence becomes\worse, but speckle contrast is relatively
small. |In case of a Fabry-Perot etalon (optical cavity between the two mirrors), the mode
interval, 64, depends on the cavity length L, wavelength 4, and refractive index n. Ignorjng the
wavelgngth dependence of the refractive index; 4 is approximately given by

oA =A%/2nL (A1)

Multi-longitudinal mode

I ——

IEC EC

Single-longitudinal mode

»l
{

~ Y

a) sSingle-Tongitudinal mode b)_ MuTlti- Tongitudinal mode

Figure A.4 — Single- and multi-longitudinal mode patterns

Just above the threshold current, it is easier to realise the single longitudinal mode operation
because optical feedback concentrates on only the one longitudinal mode closest to the gain
spectral peak. However, it becomes a little difficult to keep the single mode operation stable
as currents increase. This is because of mode-competition with the adjacent modes. A sudden
mode jump, or mode hopping, is likely to occur and jeopardizes the dynamic stability of the
single-mode LD with a narrow stripe. It is necessary to avoid inhomogeneity of the current
injection or to eliminate the deficiency of the active layer. However, for the LDs with a much
wider stripe, unavoidable interactive mode-competition of so many longitudinal modes
paradoxically realises statistically the dynamic stability of the multi-longitudinal mode
operation. The mode-competition between a few modes makes a big impact on the LD
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characteristics, whereas multiple-mode interactions average the total competing effects and

minimize the obvious effects.

The features of single- and multi-mode LDs are summarized in Table A.1.

Table A.1 — Features of single- and multi-mode LDs

Single/Multiple

Transverse mode

Longitudinal mode

Low-power LD

Single-peaked NFP

Single, narrow line spectrum

High temporal coherence

L araer-sbeckle-contrast)
Y 7

Single

rd Y

————aP

High-power LD Multiple, narroW-line spectra

Multiple-peaked NFP Low temperal.coherence

(Smaller speckle contrast

)

(along horizontal direction)

Itiple

A4
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Vertical cavity surface-emitting laser diode (VCSEL)

| cavity surface-emitting laser diodes (VCSELs) are another unique type of laser
vity direction is 90°, different from the widely used edge-emitting LDs. An examg
htic structure of MCSELs is illustrated in Figure A.5. The optical cavity is r
n the lower and upper distributed Bragg reflectors (DBRs), instead of the ¢
hcet mirrors inthe edge emitting type. The DBR is a layer stack fabricated
bl crystal grewth process as well as the active layer and other indispensable
As a resilt; the cavity is very small with extremely short length. It is easier to g
w threshold currents. However, it is difficult for such a small volume cavity to g
pwer-aperation. On the other hand, it is much easier to monolithically integrats
s{M Ts not necessary for VICSELs to use the cleavage process for obtaining th

diode.
le of a
palised
leaved
in the
crystal
perate
chieve
many
b edge

mirror
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High-power operation can be achieved by such a monolithically integrated VCSEL array as
shown in Figure A.6. However, it is difficult to achieve optical density as high as the edge-
emitters.

The TE/TM suppression ratio is small for the VCSEL because the circular-transversal shape
of the vertical cavity of VCSELs is isotropic.
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Figure A.6 — VCSEL array
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A.5 Photon up-conversion laser device

Photon up-conversion is a technology converting lower energy photons to higher energy
photons using non-linear optical materials. Two inputs of photons with energies of 2v; and i v,
create a single output photon with an energy of the sum of those two input photons, i.e., hv; =
hvy + hvy. The symbols vy, v, and v3 are the photon frequencies, and % is the Planck
constant. In the degenerate case of v, = v, = v, the output photon energy is expressed as 2hyv,

which is called second harmonic generation (SHG). Third harmonic generation (THG) is also
available. In terms of wavelength, photon up-conversion can be rephrased as wavelength
conversion from longer wavelength to shorter wavelength. The conceptual image is shown in
Figure A7

) hv, = hv, + hv,
7V} ———y] Photon up-converter V3T M T
hv, o (nonlinear optical crystal)

hv SHG 2hy
(nonlinear optical crystal)

IEC
Figure A.7 — Conceptual image of photon:up-conversion

The aVailability of practical deep green LDs emitting at.wavelengths longer than 530 nm has
not bgen good enough. The InGaN/GaN material<system is used for LDs emitfing at
blue/grneen wavelengths. For longer wavelengths, it\becomes more difficult to keep the [quality
of the |InGaN active layer due to larger strain caused by increasing lattice-mismatch|to the
GaN spbstrate. Therefore, the green SHG laser devices have been employed instead| of the
green [[nGaN/GaN LDs. Figure A.8 illustrates” an example of the SHG laser devices|for an
output|at a wavelength of 532 nm. The input (pump) LD is a high-power, high-efficient IR LD
emitting at 1 064 nm. For efficient conversion, the up-converter often has a waveguide|with a
periodic polarization inverse structure-designed to optimise the quasi-phase-matching [(QPM)
conditipn.

The cfystal growth technique” for an InGaN/GaN LD is improving and overcomipng the
mismajch problem. Therefore, the SHG devices are replaced by the improved InGaN/GaN
green |Ds.

IR LD Photon up-converter
(2 =1064 nm) (nonlinear optical crystal)

/ |
/

IEC

Figure A.8 — Example of SHG laser device emitting at 532 nm
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Annex B
(informative)

Structure of laser module

Monochromatic laser module

A monochromatic laser module for high-power applications basically comprises multiple laser
diodes (LDs) emitting within a wavelength range of a couple of nanometres, an electrical input
and an optical output of combined powers of the multiple LDs. The optical output component

is usu

optics for convenience for display applications.

Figure

watt-clpss B (450 nm)-emitting InGaN/GaN LDs (CAN package). Three PCB’branche
Ds connected in series that are connected in parallel. The electricalkB-signal is applied

three U

as a single channel input. The nine B laser beams are coupled into a multi-mode fibre

with an
laser pj

The w3
The tr
along

The hi
laser d
monoc
nm)-en

’ ) 9

B.1 is a schematic structure of a typical monochromatic laser module. It includg

gles within the fibre numerical aperture (NA) via the combiningoptics. The comb
ower is emitted as a single output beam from the other fibre end.

nsverse modes of the LD are converted into the fibré transverse modes as tr
he fibre.

jh-power monochromatic B laser module can.be applied for phosphor-conversid
isplays or it can be applied for RGB laser displays together with high-power R

nitting InGaN/GaN LDs for application, of pumping phosphors.

' B-signal

Combiner optics

Fibre head

Fibre

pecific
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5 have

(MMF)
ined B

tt-class LDs usually operate in multi-transverse modes. and in multi-longitudinal modes.

hveling

n type
and G

hromatic laser modules. The blue LDs/¢an be replaced by the watt-class violgt (405

IEC

Figure B.1 — High-power monochromatic laser module
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B.2 RGB laser module

An RGB laser module for high-power applications comprises multiple R, G, B LDs, electrical
input channels for each R, G, B signal and an optical output of combined RGB optical powers.
The optical output component is usually provided as a pigtail fibre, a fibre with a connector, a
light guide, or other specific optics for convenience for display applications.

Figure B.2 is a schematic structure of a typical RGB laser module. It includes watt-class B-
emitting InGaN/GaN LDs, watt-class G-emitting InGaN/GaN LDs, and watt-class R-emitting
AllnGaP/GaAs LDs which are connected in series on each B, G, R branch of the PCB. The
electrical R, G, B signals are applied to each branch independently as multi-channel input for
output —eontrel—-he—R—G—B-taserbeams—are—ecoupledinto—anMMEwith—anrgles within
the fibfe NA via the combining optics. The combined R, G, B laser power is emitiefd as a
single putput beam from the other fibre end.

Combiner optics

Fibre head

Fibre

IEC
Eigure B.2 — High-power RGB laser module

An RGB laser module-for low-power applications comprises a single monochromatic [LD for
each R, G, B coldur, electrical input channels for each R, G, B signal and an optical|output
emitting the combined RGB optical powers. The optical output component is usually provided
as a pigtail fibre; or a fibre with a connector for convenience for display applications.

Figure|B.3”is a schematic structure of a typical low-power RGB laser module. It includes a
low-power B-emitting InGaN/GaN LD, a low-power G-emitting InGaN/GaN LD, and a low-
power R-emitting AllnGaP/GaAs LD. The electrical R, G, B signals are applied to each R, G,
B LD independently as multi-channel input for output colour control. The R, G, B laser beams
are coupled into a single-mode fibre (SMF) via the combining optics. The combined R, G, B
laser power is emitted as a single output beam from the other fibre end. The RGB LDs are
compactly assembled or integrated to downsize the module.

The low-power LDs usually operate in a single-transverse mode and a single-longitudinal
mode. The transverse mode of the LD is converted into the fibre transverse mode when the
fibre-coupled light beam is traveling through the fibre.
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Annex C
(informative)

Narrow-linewidth emission spectra of laser modules

Spectra of monochromatic high-power LD modules

High-power LDs usually operate in a multi-longitudinal mode. Each LD has a different line-
spectral structure if it is measured exactly with less than a sub-nanometre wavelength
resolution. The spectrum of an LD operating in a multi- Iongltudmal mode has a fine comb

refract
high-p
Theref

Figure
which

necess
high-re

The a

re, the

r, the superposed spectrum of such mode structures does not have anrequal spacing.

erval of the longitudinal mode is a function of the laser cavity length, the ef
ve index of the waveguide structure, and the wavelength (see Fofmula (A.1)).

bwer density regions and low-power density regions appear in the'superposed sp
bre, the spectral envelope does not express an exact spectral.power distribution.

C.1 shows an example of the multi-mode comb structuré with a resolution of 0,

ary for observing such a fine longitudinal mode behaviour of multiple LDs to
solution spectrum analyser or a spectroradiometer,

bove high-resolution spectrometric measurements are the reference of the 1

linewidth spectral analysis. However, the spectrum of CW-operated high-power LDs

such f
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ned due to carrier density fluctuations at higher current levels (mode-competitio
nd rapid carrier density variation-in- PWM-operation broadens the modal ling
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Figure C.1 — Superposition of multi-mode structures of three LDs

Spectral measurement with the lower resolution of 0,1 nm should be accurate. Figure C.2
shows the spectral power density S(4) with the resolution of 0,1 nm. The CIE 1931
chromaticity coordinates (x, y) are calculated as (0,161 66, 0,013 30) which are very close to
those calculated from Figure C.1.
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From a practical viewpoint, chromaticity coordinates are also calculated using the spectrum
with a resolution of 1 nm in Figure C.3. The CIE 1931 chromaticity coordinates (x, y) are
calculated as (0,161 54, 0,013 41), giving a good approximation.
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Figure C.2 — Spectral power density S(1) with a resolution of 0,1 nm
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Figure C.3 — Spectral power density S(1) with a resolution of 1 nm

The cqgntroid wavelength is convenient for representing such a narrow but irregular spectral
power isfribution at a qinglp wavplpngfh value The centroid wavplpng’rh Zb which impl es the

weighted mean of the wavelength is given in IEC 61280-1-3 [9]. The approximated
chromaticity coordinates calculated using A., are much more accurate than those using peak

wavelength [1]. The results from [1] are summarized in Annex G.

The centroid wavelength of the spectrum in Figure C.3 is 444,4 nm. The CIE 1931
chromaticity coordinates (x, y) are calculated as (0,161 55, 0,013 40) using the single
wavelength value of 444,4 nm. This value almost agrees with the result calculated from
Figure C.3.

The CIE 1931 chromaticity coordinates calculated for resolutions of 0,01 nm (Figure C.1),
0,1 nm (Figure C.2), and 1 nm (Figure C.3), and for the centroid wavelength, are summarised
in Table C.1. The chromaticity difference (A4x, Ay) among them are within 1,2 x 1074,
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Table C.1 — CIE 1931 chromaticity calculated from the higher

to the lower resolution spectra

CIE 1931 chromaticity coordinates

x y
Spectrum with a resolution of 0,01 nm 0,161 62 0,013 34
Spectrum with a resolution of 0,1 nm 0,161 66 0,013 30
Centroid wavelength of the above spectrum 0,161 55 0,013 40
Spectrum with a resolution of 1 nm 0,161 54 0,013 41

C.2 ([Spectra of multi-colour, single-longitudinal mode LD modules

Scanning laser displays use a laser module with single-transverse/longitudinal-mode R
LDs. Tlhe output spectrum of each LD has a very narrow linewidth of/ess than 1 1
example of the R, G, B spectral set is shown in Figure C.4. The spectraishould be me
using a@ spectroradiometer, a spectrum analyzer, a laser multi-meter;\or a wavelength
The whavelength accuracy of the LMDs to keep the chromaticity ‘accuracy depends
waveleangth itself, as described in Annex D.

The REGB peak intensity ratio does not always agree with an(accurate power ratio becad
spectral linewidth of each colour LD is different. The pawer of R, G, B spectra shog
measufed accurately colour by colour using the optical power measuring method
becauge the RGB power ratio is important for chromaticity calculation and/or calibration
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Figure C.4 — Example of RGB single-longitudinal mode spectra

C.3 Spectra of multi-colour, multi-longitudinal mode LD modules

High-power multi-colour laser modules including high-power multi-colour LDs which combine
their outputs into an output fibre, or an output light guide, have a spectrum as in Figure C.1
for each colour wavelength. Therefore, the contents in Clause C.1 should be applied.
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C.4 Chromaticity measurements using a colorimeter

The output optical power of the superposed spectrum in Figure C.1 is limited to the
wavelength range of 443 nm to 446 nm. The fibre-coupled LD spectra are truncated without
spectral tailing because the spontaneous emission below the threshold with much wider
divergence angles hardly couples into the fibre.

It is difficult for such a narrow spectrum to obtain accurate values of chromaticity when
measured using a colorimeter with XYZ filters. The available XYZ filters are not exactly the
same as the ideal colour matching functions, as defined in 3.1.13. Most of the colorimeters
are calibrated for much broader spectra such as LEDs [1], [4]. To obtain accurate chromaticity

j Re-ce ay—to—-Gat+a GOToHREete a—e+e+eHce p-e-GtFoHete+—u Reg-harrow
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Annex D
(informative)

Chromaticity accuracy when measuring narrow spectral linewidth

D.1 General

Most of the spectrometric LMDs for the conventional displays are, in general, optimised for
measuring spectra with a relatively wide wavelength range. However, the spectra of the laser
modules, laser backlight units, and laser displays have very narrow linewidths. Therefore, it is

impornnrm—ummnvtmmmmﬁm—MWMmra with
colorimetric accuracy.

Spectrpl measurement accuracy required for LMDs depends on the target.”colorimetric
accuracy and the wavelength of the laser devices. The target colorimetric/accuracies are
assumgd to be less than 0,001 or of chromaticity accuracy < 0,005 both for/CIE 1931 and CIE
1976 dhromaticity diagrams. The colour matching functions with an interval of 0,01 nmm are
preliminarily calculated by interpolation for this purpose.

D.2 |Wavelength accuracy to keep chromaticity accuracy < 0,001 or < 0,005

The wavelength accuracy to keep the chromaticity accurfacy < 0,001 or < 0,005 is calgulated
to evaluate the validity of the wavelength accuracy of\£0,3 nm for the spectrometric| LMDs
listed In 4.5. The wavelength accuracy 1o is defined “as the wavelength difference from the
refererjce wavelength 1.. The wavelength differences, 6 =|1 — 4,| with an interval of 0,5 hm are

tabulard in the range of 450m = A, =650p with an interval of 0,5 nm. The CIE 1931
coordimpates, x, y, are calculated and also tabulated corresponding to &.

In Figyre D.1, the two lines of ¢-values satisfying the chromaticity accuracies of |Ak|, |Ay|
= 0,00] are plotted with respect to ‘the reference wavelength A,. The regions below the two

criterig lines meet |Ax|, |Ay| < 0,001. The peaks around 506 nm and 522 nm correspond to the
non-sensitive locus positions where the locus curves are tangential for x and y, respettively.
For the blue colour around .460 nm, a wavelength accuracy of +0,65 nm is allowed. An
accuracy of £1,1 nm is_allowed for the red colour around 640 nm. However, a very tight
accuragy of £0,2 nm is-required for the green colour around 530 nm.

The two lines of )Ax|, |Ay| = 0,005 are also plotted in Figure D.2. The wavelength acgcuracy
becomes much more relaxed than the case of |Ax|, |Ay| < 0,001. For the blue colour around
460 nm andsthe red colour around 640 nm, a wavelength accuracy of more than 2| nm is
allowedl. An_accuracy of +1,1 nm (for the y-coordinate) is allowed even for the green|colour
around 530 nm. Only around 500 nm, +0,2 nm is required (particularly for the y-coordingte).

As in the above, the wavelength accuracy of the LMD should be considered depending on the
colour (wavelength) and the target criteria of the chromaticity accuracy.

Similar wavelength accuracy plots are carried out for the CIE 1976 chromaticity diagram. The
two lines of |Au’|, |Av’| = 0,001 are plotted in Figure D.3, and those of |Au’|, |Av’| = 0,005 are
plotted in Figure D.4, respectively. In Figure D.3, the wavelength accuracy of +0,25 nm is
required for the blue colour around 460 nm. An accuracy of +0,35 nm for |Au’| < 0, 001 is
required for the green colour around 530 nm, and 0,55 nm for |Au’| < 0,001 is required for
the red colour around 640 nm. In Figure D.4, a wavelength accuracy of £1,2 nm is allowed for
the blue colour around 460 nm. An accuracy of £1,8 nm for |Au’| < 0,005 is allowed for the
green colour around 530 nm, and more than 2,0 nm is allowed for the red colour around 640
nm. However, in both cases, the accuracy with respect to the coordinate v’ is much more
relaxed in the wavelength range longer than 515 nm because of the wider wavelength locus
region which is less sensitive to v.
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It should be noted that the wavelength accuracy depends on what kind of chromaticity
diagram is used, involving the curvature of their wavelength locus.

A wavelength accuracy of +0,3 nm for spectrometric LMDs listed in 4.5 is reasonable mostly
for the wide range of visible wavelengths if the chromaticity accuracy < 0,005 is assumed. A
wavelength accuracy of 0,1 nm is required if the chromaticity accuracy < 0,001 is assumed
depending on the wavelength and the kind of chromaticity diagram.
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Figure D.1 — Calculated wavelength accuracy to keep |Ax|, |Ay| < 0,001
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Figure D.2 — Calculated wavelength accuracy to keep |Ax|, |Ay| < 0,005
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Figure D.3 — Calculated wavelength accuracy to keep |Au’|, JAv’| < 0,001

Wavelength accuracy ¢ (nm)

[}

N

A
o

N

0,5

Au’ < 0,005

Av’ 0,085

450

500

550 600 650
Reference wavelength ir (nm)
IEC

Figure D.4 — Calculated wavelength accuracy to keep |Au’|, |Av’]| < 0,005

Spectral bandwidth to keep chromaticity accuracy < 0,001

ectral bandwidth (BW) to keep the chromaticity accuracy < 0,001 is calculated
fe the validity of the spectral bandwidth of 5 nm of the LMD listed in 4.5. (The sp
er{dfor'-measuring a much finer spectral bandwidth of less than 1 nm is excluded

spectr

for to
ectrum
). The

d. The

CIE 1931 and CIE 1976 chromaticity coordinates are calculated by increasing the bandwidth
of the isosceles triangular slit function as in Figure D.5. The bandwidth required for the LMD
is defined as the chromaticity difference from that of the ideal line spectrum at the reference

wavelength A,. The target chromaticity accuracy of +0,001

is assumed as the above

chromaticity difference of 0,001. This procedure is repeated from the reference wavelengths
of 450 nm to 650 nm with an interval of 2 nm. The results are shown in Figure D.6 for CIE
1931 chromaticity diagram, and Figure D.7 for CIE 1976 chromaticity diagram, respectively.
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For CIE 1931 chromaticity diagram in Figure D.6, the bandwidth tolerance is larger than 5 nm
at the blue and red wavelengths. The spectral bandwidth tolerance is tightest as 3 nm at the
green wavelength range of 510 nm to 520 nm. The green wavelength at 532 nm for B.T.2020
satisfies the bandwidth tolerance larger than 5 nm. The bandwidth tolerance is larger than
5 nm in the whole wavelength range of 450 nm to 650 nm for the CIE 1976 chromaticity
diagram in Figure D.7. The spectral bandwidth requirement of 5 nm for spectrometric LMDs
listed in 4.5 is reasonable mostly for the wide range of visible wavelengths even if the
chromaticity accuracy < 0,001 is assumed.

Y
Y

A A

r r
<
B

Bandwidth

IEC

Figure D.5 — Assumption for calculating the spectral bandwidth accuracy
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Rigure,D.6 — Calculated spectral bandwidth accuracy to keep |Ax|, |Ay| < 0,001
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Annex E
(informative)

Numerical aperture (NA) of fibre

E.1 Fibre NA and maximum divergence angle

Numerical aperture (NA) of the fibre is the sine of the maximum angle, 6., of an
incident/outgoing ray with respect to the fibre axis. Only incident light within 6, can be
guided i i - i = i i shown

in Figuyre E.1. (A representation with simple ray optics is used for conceptual understanding.
ly, wave optics are used.)

Cladding (n,)

IEQ
Figure E.1 - Fibre cross-section of MMF (step-index)

NA is determined by the refractive index difference between core (n4) and cladding (n,)
NA =sing, _ =.n’ —n (E.1)
For silica fibre, 6,5 is usually lessithan 12°.

E.2 |Colour-dependence of fibre NA

For sillca fibre, the core-clad refractive index difference becomes slightly larger for shorter-
waveldngth colours.\Therefore, the NA values are: NA for B > NA for G > NA for R.
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Annex F
(informative)

Conversion of the spherical and Cartesian coordinate systems

Cartesian coordinates (x, y, z) on the spherical surface in Figure 1 are expressed as:

x = Lcosgsing,
y=Lsingsing, (F.1)
z = 1CoSd

whereds the Cartesian coordinates (x, y, z) on the x-y plane in Figure 2 are expressed a

U7

x = Lcosgsind/cosé,
y =Lsingsind/cosé, (F.2)
z=1L

The conversion factor is just cosé.

The aljove formulation is consistent with equatorial gnemonic projection. The origin is| set at
the centre of the sphere in Figure 1 whereas it is set at the equatorial tangential poin{ in the
equatdrial gnomonic projection.
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Annex G
(informative)

Centroid wavelength

Figure G.1 shows an example of a multi-longitudinal mode spectrum of high-power LDs. The
peak wavelength ﬂp is the maximum peak of the spectrum and the centroid wavelength 4. is
convenient for representing such a narrow and irregular spectral distribution with a single
wavelength value.

The c_,ntrcid ‘.A.'a‘.'e!e_ngth imphing—the—weighted mean—of the—wavelengthis—given by the
followihg formula as in IEC 61280-1-3 [9].
[as(2)da
A =——"T— (G.1)
[s(4)da
where
S(A) i the spectral power density.
= A
s
51
L
2
‘»
5
£08 | 1
0,6
0,4 R
02
U >

530

Wavelength (nm)
IEC

515

Figure G.1 — Example of laser spectrum (peak and centroid wavelengths)

The true value of chromaticity can be calculated precisely by integrating with 0,1 nm intervals
and then multiplied by the interpolated colour matching functions (see Figure 8). Calculating
the chromaticity values of various examples of LDs operating in multi-longitudinal modes
using the peak wavelength of each spectrum, the CIE 1931 chromaticity errors from the true
value are plotted in Figure G.2. The errors spread widely in the range of Ax, Ay = £0,015. The
errors in the case of using the centroid wavelength spread within a much smaller range of Ax,
Ay = +0,002. Therefore, the centroid wavelength is verified to represent the wavelength of the
multi-longitudinal LD spectra [1].
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