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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 5-4: Optoelectronic devices —
Semiconductor lasers

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizatien.co

mprising

all ngtional electrotechnical committees (IEC National Committees). The object of IEC is to promote“intefnational

co-operation on all questions concerning standardization in the electrical and electronic fields, .To this
in addition to other activities, IEC publishes International Standards, Technical SpecificationsyTechnical
Publlcly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)’
preppration is entrusted to technical committees; any IEC National Committee interested\in the subject d
may [participate in this preparatory work. International, governmental and non-governmental organization
with [the IEC also participate in this preparation. IEC collaborates closely with thé International Organiz
Standardization (ISO) in accordance with conditions determined by agreement bétween the two organiz

The formal decisions or agreements of IEC on technical matters express, as'nearly as possible, an inte
consensus of opinion on the relevant subjects since each technical committee has representation
interpsted IEC National Committees.

IEC [Publications have the form of recommendations for international use and are accepted by IEC
Compittees in that sense. While all reasonable efforts are made)to 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.

In ofder to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Pub
trangparently to the maximum extent possible in their national and regional publications. Any divergence
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any |EC Publication and the corresponding nationalof regional publication shall be clearly indicated in the latter.

IEC |tself does not provide any attestation of cahformity. Independent certification bodies provide cgnformity

sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblel for any

erts and
mage or
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This second edition cancels and replaces the first edition published in 2006. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

a) References for the terms and definitions related to the lighting area, IEC 60050-845, are
revised based on IEC 60050-845:2020;

b) Emission angle is changed to radiation angle in 3.3.2;

c) Definitions of rise time and fall time in 3.4.1 are revised based on the publication IEC 60050-
521:2002;

d) Spectral linewidth is added to Table 1 in Clause 4;

e)

Conditions for carrier-to-noise ratio of Table 1 in Clause 4 is amended.
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f) Error in the equation for carrier-to-noise ratio in 5.2.2 is corrected;

g) Precaution against the equipment used for carrier-to-noise ratio measurement is added in

52

2;

h) Explanation for the measurement method of the small signal cut-off frequency in 5.3.2 of
the first edition is deleted because it has been defined in the latest version of ISO 11554;

i) Reference document for the lifetime in 5.4 is amended,;

j) Precaution against the measuring arrangement used for the half-intensity width and 1/e2-
intensity is added in 5.5.3;

k) Reference tables in Annex A, Annex B and Annex C are revised by following the latest

ver
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sion of ISO publications.
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pve table.

bcument was drafted in accordance with ISO/IEC Directives, Part 2, and develd
ance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, av
v.iec.ch/members_experts/refdocs. The main-document types developed by IE
ed in greater detail at www.iec.ch/standardsdev/publications.

pf all parts in the IEC 60747 series;\published under the general title Semicor
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INTRODUCTION

The first edition of this part of IEC 60747 was published in 2006 under close collaboration
between IEC TC 47 SC 47E (IEC TC 47 SC 47C at that moment) and ISO TC 172 SC 9. The
scope of IEC/TC47/SC4T7E includes laser diodes as one of the discrete semiconductor devices
while that of ISO/TC172/SC9 includes laser diodes as one of the laser and laser-related
equipment. Consequently, technical contents in this publication extend over IEC and ISO.

In order to harmonize the IEC and ISO laser-related standards in 1997, a joint working group
(JWG) consisted of the experts from both IEC SC 47E and ISO TC 172 SC 9 was established.
As a result of discussion, items based on the electrical and electronic technologies are dealt
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nd definitions, and test and measurement methods for the optical beany‘params
t of IEC 60747-5-4 are referenced to the ISO standards that specify the topics.

nt working group was disbanded in 2017. However, close co-operation and ¢

of the

beam are under the responsibility of subcommittee 9 of ISO technical commitide 172.
as agreed, after long discussion, in 2002 between subcommittee 47E of IE€eghnical
tee 47 and subcommittee 9 of ISO technical committee 172. Based on this-agrepment,

ters in

ontact

betwegn two groups is indispensable in order to avoid any conflicts dnd to keep harmonjization

of IEC

This sfecond edition of IEC 60747-5-4 has been updated)'by following the revisid

amend

and ISO laser standards.

ments in the latest versions of laser standards of ,bath IEC and [SO.

n and
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This pa

well as

2 Ndrmative references

The following documents are referred to in the text in such a way that some,or all of their g

SEMICONDUCTOR DEVICES -

Part 5-4: Optoelectronic devices —
Semiconductor lasers

ope

the measuring methods of semiconductor lasers.

ontent

constitptes requirements of this document. For dated references, onlycthe edition cited applies.

For u
amend

IEC TR

Laser module degradation

ISO 11

divergénce angles and beam propagation ratios<~" Part 1: Stigmatic and simple ast

beams

ISO 11

beam power, energy and temporal characteristics

ISO 12
PolariZ

ISO 17
lasers

3 Te

For the

dated references, the latest edition of the referenced ‘document (includin
ents) applies.

g any

62572-2, Fibre optic active components and devicesy~ Reliability standards — Part 2:

146-1, Lasers and laser-related equipment.< "Test methods for laser beam Wwidths,

554, Optics and photonics — Lasers-and laser-related equipment — Test methods fq

gmatic

rlaser

005, Lasers and laser-related equipment — Test methods for laser beam parameters —

ation

526, Optics and optical instruments — Lasers and laser-related equipment — Lifefime of

rms and{definitions

purpeses of this document, the following terms and definitions apply.

ISO an
addres

d TEC maintain terminological databases for use In standardization at the fo
Ses:

e |EC Electropedia: available at http://www.electropedia.org/

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

lowing
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31 Physical concepts

3.11

electromagnetic radiation, <phenomenon>

phenomenon by which energy in the form of electromagnetic waves or photons emanates from
a source and is transferred through space

Note 1 to entry: The term “electromagnetic radiation” is also used for the electromagnetic waves or photons
produced (see IEV 705-02-01).

Note 2 to entry: The physical concepts of photons and electromagnetic waves are used to describe the same
phenomenon of transmission of radiant energy in different ways, depending on the nature of the interaction of the
energy with the physical world (wave-particle dualism).

[SOURCE: IEC 60050-702:1992/AMD5:2019, 702-02-07]

3.1.2
electromagnetic radiation, <waves or photons>
energy| that emanates from a source in the form of electromagnetic wavés’or photons|and is
transfdrred through space

Note 1 [to entry: The term “electromagnetic radiation” is also used for,the- phenomenon produging the
electronjagnetic waves or photons (see IEV 702-02-07).

Note 2 to entry: The physical concepts of photons and electromagnetic‘waves are used to describe the same
phenomegnon of transmission of radiant energy in different ways, depending on the nature of the interactign of the
energy with the physical world (wave-particle dualism).

[SOURCE: IEC 60050-705:1995/AMD4:2019, 705-02-01]

3.1.3
optical radiation
electromagnetic radiation at wavelengths b&tween the region of transition to X-rays (A5 1 nm)
and th¢ region of transition to radio waves<(A = 1 mm)

Note 1 tp entry: This entry was numbered;845-01-02 in IEC 60050-845:1987.

[SOURCE: IEC 60050-845:2020,~845-21-002]

3.1.4
light, ¥psychophysical>-Aoun
radiatipn that is considered from the point of view of its ability to excite the visual syster

=)

Note 1 tp entry: The'term "light" is sometimes used for optical radiation extending outside the visible range| but this
usage ig not reecommended.

Note 2 tp entry: This entry was numbered 845-01-06 in IEC 60050-845:1987.

[SOURCE: IEC 60050-845:2020, 845-21-012]

3.1.5
light, <photometric> noun
radiation within the spectral range of visible radiation

Note 1 to entry: Sometimes, the term "light" is also used in physics as a synonym of optical radiation, covering the
spectral range from 100 nm to 1 mm and sometimes even covering the X-ray spectral range. This misuse of the term
“light" should be avoided.

[SOURCE: IEC 60050-845:2020, 845-21-013]
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3.1.6
visible radiation
optical radiation (IEV 845-21-002) capable of causing a visual sensation directly

Note 1 to entry: There are no precise limits for the spectral range of visible radiation since they depend upon the
amount of radiant flux reaching the retina and the responsivity of the observer. The lower limit is generally taken

between 360 nm and 400 nm and the upper limit between 760 nm and 830 nm.

Note 2 to entry: This entry was numbered 845-01-03 in IEC 60050-845:1987.

Note 3 to entry: SO 20473:2007 Optics and photonics — Spectral bands defines from 380 nm to 780 nm for the

range of visible radiation.

[SOUR

3.2 ypes of devices

3.21
semicpnductor laser

laser diode

semicqnductor diode that emits coherent optical radiation through stimulated emission r¢
from the recombination of conduction electrons and holes when exéited by an electric
that exiceeds the threshold current of the diode

Note 1 fo entry: The laser diode is mounted on a submount or in a package with or without coupling
(e.g. lenk, fibre pigtail).

[SOURCE: IEC 60050-521:2002, 521-04-37, modified ¥ The term "laser diode" has
replaced by "semiconductor laser".]

3.3 General terms

3.31
beam axis

straighit line connecting the centroids. defined by the first spatial moments of the cross-se
power | (energy) density distribution” function at successive locations in the direc
propagation (z) of the beam in a-homogeneous medium

[SOURCE: ISO 11145:2018, 3.2.1]

3.3.2
optical port

geomefrical configuration, referenced to an external plane or surface of the device, that
to spegify thevoptical radiation emitted from an emitting device

EXAMPIE

sulting
current

means

been

ctional
ion of

s used

Signification of annotations in the Figure 1:

a = acceptance angle or radiation angle
% = optical port with diameter D
Ref. = reference locus for the definition of the optical port
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Package outline Ref.: Package

/ outline

i

A x

IEC

Figure 1 — Example of the device with window but without lens

b entry: The geometrical configuration should be specified by the manufacturer by means of ged
on, e.g:

ion, shape and size of the area of emission;
e of emission or acceptance;
parameters, e.g. numerical aperture of optical fibre;

tation of beam axis.
FTerms related to ratings and characteristics
Switching times

n between the electrical input signatrand the optical output signal is shown in F
e indication of switching times.

%erval between the.instants at which the magnitude of the pulse at the output tey

specified lower and upper limits respectively when the semiconductor device i
d from its nontconducting to its conducting state

b entry: JFhe Tower and upper limits are usually 10 % and 90 % respectively of the final amplitug
Lise.

CE:NEC 60050-521:2002, 521-05-22]

metrical

gure 2

minals
being

e of the

3.4.1.2
fall time

I

time interval between the instants at which the magnitude of the pulse at the output terminals
reaches specified upper and lower limits respectively when a semiconductor device is being
switched from its conducting to its non-conducting state

Note 1 to entry:

output pulse.

[SOURCE: IEC 60050-521:2002, 521-05-24]

The upper and lower limits are usually 90 % and 10 % respectively of the initial amplitude of the
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3.41.3

turn-on delay time

Zd(on)

time interval between the instant the electrical input signal reaches a specified level (10 %
unless otherwise stated) and the instant the optical output signal reaches a specifies level

(10 %

3.41.4

of the steady-state maximum unless otherwise stated)

turn-on time

ton

time interval between the instant the electrical input signal reaches a specified level (10 %

amico-ctatod) and tha inctant tha Antical st oo | h aQon PN

unless
of the

3.41.4

turn-off delay time

1d(off)

time inferval between the instant the electrical input signal downs a-specified level (90 %
otherwjse stated) and the instant the optical output signal downs,a-specifies level (90 %
steadyfstate maximum unless otherwise stated)

3.4.1.6

turn-off time

Loff

time inferval between the instant the electrical input'signal downs a specified level (90 %
otherwjse stated) and the instant the optical output signal downs a specified level (10 %
steadyfstate maximum unless otherwise stated).

athar H 0. ot nalraschaoc acifiad MO
Ot CTvv o otatCUarttrTorrotarrt oo optCaroutputT Sigrar ToatTC oo S pCTmTUTove

bteady-state maximum unless otherwise stated)

fon = td(on) 1

boff = Ld(off) T I

(90 %

unless
of the

unless
of the
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100 %
Upper specified value /

Electrical input
signal waveform

Lower specified value |----

t

100 % /\U/\___
Upper specified value

Optical output
signal waveform

Lower specified value

~Y

“d(on) _ | Ir fdoffy 1 '

-

A
Y

A

on Toff

A
Y
A
y

IEC
Figure 2 - Switching times

NOTE |ower and upper specified values indicate 10 % and 90 %, respectively, unless otherwise stated.
3.4.2 Output and current characteristics

3.4.2.1
outpuf power, <of a semiconductor laser>
P
radian power transferred from the semiconductor laser through the optical port

[SOURCE: ISO 11145:2018, 3.18, modified — The symbol “R(f)*has been replaced by “RIN”". ]

3.4.2.2
radianit flux
radiant_power

gpe
change in radiant energy with time
do,
Dy =—2
¢ dr

where Q. is the radiant energy emitted, transferred or received, and ¢ is time

Note 1 to entry: The corresponding photometric quantity is "luminous flux". The corresponding quantity for photons
is "photon flux".

Note 2 to entry: The term "radiant flux" is the preferred term for most radiometric applications, with the notable
exception of laser radiometry where the term "radiant power" is more commonly used.

Note 3 to entry: The radiant flux is expressed in watt (W).
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Note 4 to entry: This entry was numbered 845-01-24 in IEC 60050-845:1987.

[SOURCE: IEC 60050-845:2020, 845-21-038]

3.4.2.3
differe

nd
output

ntial output power efficiency

power efficiency for small-signal modulation:

Mg = dP/dIF

Note 1 t

Note 2 t

Note 3 t

where

q is thd
v is thq
h is eq

3.4.2.
thres

Ity

forward current derived from one of the following two-methods:

a) de

forwarﬂ current at which the second derivative of the curve showing output power P

forwar

b) ex

entry: Dimension of 1y is W/A.

b entry: The term "small-signal modulation efficacy" is used as a synonym.

b entry:  Differential output power quantum efficiency = ¢/(hv). 4 is also applicable,

electron charge,
optical frequency,

Lial to 6,626 070 15 x 10-34 Js (Planck’s constant).

old current, <of a semiconductor laser>

ivative threshold current Iy p)

current I has its first maximum-{see Figure 3 a)];

rapolated threshold current

forwartf]current at which the extrapolated two straight lines of the stimulated emission g

sponta

eous emission cross each other [see Figure 3 b)].

Vversus

nd the
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ey

a) Derivative threshold current of a laser diode

PA

-
IEC

b) Extrapolated threshold current of a laser diode

Figure 3 — Threshold‘current of a laser diode

3.4.3 Noise characteristics (of a semiconductor laser)

3.4.3.1
relative intensity noise
RIN
R(f)
ratio df the mean square~radiant power fluctuations to the mean square radiant power,
normalized to a frequency band of unit width, for radiant power P(f) as a function of freqyiency f

<AP(f)2> y

" bR

Note 1 to entry: The relative intensity noise as defined above is strictly “relative intensity noise spectral density”,
but usually simplify referred to as RIN.

[SOURCE: ISO 11145:2018, 3.18]

3.4.3.2
carrier-to-noise ratio
CIN

quotient of:

— the mean square radiant power at the specified frequency, to

— the mean square radiant power fluctuations normalized to a frequency band of unit width
centered on the carrier frequency
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3.4.4

small signal cut-off frequency

e

frequency at which the laser power output modulation drops to half the value obtained at low
frequencies when applying small, constant input power modulation and increasing the
frequency

[SOURCE: ISO 11554:2017, 3.2]

3.4.5

half-intensity angle
01/2
in a rafliation diagram, angle within which the radiant intensity is greater than or equalfto half
of the maximum intensity

3.4.6
1/e2-intensity angle
0402

in a rafliation diagram, angle within which the radiant intensity is greater than or equal [to 1/e2
of the maximum intensity

3.4.7
half-intensity width
D1z

full width of a beam, within which the power density<is greater than or equal to half| of the
maximpm power density at a specified position z alohg the beam propagation direction

3.4.8
1/e2-intensity width
Dyje2

full width of a beam, within which the, power density is greater than or equal to 1/e2|of the
maximpm

3.5 Bpatial profiles and spectral characteristics

Reference list of techpical terms and definitions related to spatial profiles and spectral
characteristics are defined in several ISO documents as shown in Annex A (informative].

4 Egsential-rating and characteristics

4.1 Type

Ambient-rated or case-rated semiconductor Tasers shall be stated.

4.2 Semiconductor
4.21 Material

Material such as GaAlAs, InGaAsP, InGaAIP, InGaAIN, GaN, InGaN, etc. shall be provided.

4.2.2 Structure

Structure such as (single or multi) quantum well, quantum dots, surface emitting, etc. shall be
provided.
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4.3 Details of outline drawing and encapsulation

a) IEC and/or national reference number of the outline drawing;

b) method of encapsulation: glass/metal/plastic/other;

c) terminal identification and indication of any electrical connection between a terminal and the

cas

€,

d) characteristics of the optical port: orientation relative to mechanical axes, position relative
to mechanical axes, area, numerical aperture.

NOTE Numerical aperture is essential depending on the application.

4.4 Limiting values (absolute maximum ratings over the operating temperature range,

a) m

b) mi

i

i

c) ma
d) ma

e) adg

f) ong
der

4.5

Output
indicat
measu

Lnless otherwise stated)
imum and maximum storage temperatures (Tstg)

imum and maximum operating temperatures
ambient or case temperature (T, OF Tease);

submount temperature, where appropriate (7).
ximum soldering temperature (soldering time and minimum distance to case) (7
ximum reverse voltage (Vgy)

itional informations

or more of the following at an ambient or case temperature of 25 °C together
ating curve or derating factor with temperature

maximum continuous forward current (/gp):
maximum continuous output power (Py);
maximum pulsed forward current at-Stated frequency and pulse duration (I/gp);

maximum pulsed output power at'stated frequency and pulse duration (Py).

Flectrical and optical characteristics

power shall be specified as continuous or pulsed as appropriate to the devi
es a forward current above the measured threshold current /1 of the device
red. Electrical and-optical characteristics are referenced in following Table 1.

with a

ce. Alp
being
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Table 1 — Electrical and optical characteristics

Conditions at T

oamb Specifications
Characteristics Of Tease = 25°C, Symbol
unless otherwise R ired . a | R . t
stated equire Options equiremen
Forward voltage I or P specified Ve x max.
Threshold current Ity x min. and max.
Output power at threshold Ity Pry x max.
Forward current above P specified Al x max.
threshofd
Forward current above P specified, Al x max
threshold at 7, . max T =T, Max
or T, p|max or 7, Max
Differential output power P or Al specified 4 x min. and max.
efficienpy
Peak emission wavelength Al or P specified A X min. and max.
Central|wavelength Al or P specified Ag X min. and max.
Spectrdl bandwidth Al or P specified AL X min. and max.
or:
RMS spectral bandwidth Al or P specified Alims x min. and max.
or:
Numbef of longitudinal modes | Al or P specified e x min. and max.
within g specified bandwidth )
and mofe spacing in the Bandwidth specified Sm x min. and max.
wavelepgth domain
Spectrdl linewidth Al or P specified A4 x max
Side-mpde suppression ratio | Al or P specified SMSR x mip
Diverggnce angles b, ¢ Al or P specified X X mip
: ifi d
or: Al lor P specified 645 (1) N
Half-intpnsity angle in two teference planes 0. (2)° mgx
£ c o 112 (2) x
specifidgd planes specified
. ifi d
or: Al or P specified 0,62 (1) y
2_inthnai ; maXx
1/e |.n.t.n5|ty angle in two refer.e‘nce p|anes 91/62 (2) e %
specifigd planes € specified
Misalighment-angle Al or P specified AG X max
Half-intpnsity width at the Al or P specified, Dy, (x) ¢ x min. and max.
facet of Taserarode reference axes specified B
Dyjp () ©
or: Al or P specified, D% (X) d x min. and max.
1/e2-intensity width at the reference axes specified | ) x
facet of laser diode e
Astigmatic difference f Al or P specified, d
. A x max.
reference axes specified
Rise time and fall time Bias conditions (A/ or
AP) specified o bl X max.
or: X
Turn-on time and Input pulse current, to ot max.

turn-off time

width and duty specified

on’ “off
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Par
€  Per

f The

Conditions at oTamb Specifications
Characteristics OrITcase t_hzs _C’ Symbol
un es:tgte:rmse Required | Options 2 | Requirement

Small-signal cut-off frequency | Al or P specified Jo x min.

Relative intensity noise P, f,, Afy specified R(f) x max.

Carrier-to-noise ratio P, 1, A, 11y specified, CIN X max.

modulation format
specified

Total capacitance Al or P, or Vg specified Ciot x max.

frequency specified

Total inductance Al or P, or Vg specified Ly x max.

frequency specified

S, parpmeter Al or P specified Si1 X max.

frequency specified

2  Optlons should be specified appropriate to applications.

b Only divergence angle according to ISO 11145 should be used. However/ forthe time being, data shegts may
use|both divergence angle and half-intensity angle. Manufacturers and“users shall determine the pafameter
depending on applications.

¢ Carf should be taken in confusing the divergence angle with the-half-intensity angle, because they are [defined
basgd on the completely different concept.

hllel to the reference plane.
bendicular to the reference plane.

astigmatic difference shall be derived based onISO 11146-1.

4.6

Tempe

information.

5 Measurement methods

5.1

Power

Supplementary information

rature dependence of emission wavelength should be provided as a supplen

Power measurement

measutement shall be performed by using the method defined in ISO 11554.

entary

5.2

Dutput stability

5.2.1

Relative intensity noise

Relative intensity noise measurement shall be performed by using the method defined in

ISO 11

5.2.2

554.

Carrier-to-noise ratio

a) Purpose

To measure the carrier-to-noise ratio (C/N) of semiconductor lasers at a specified output
power level in continuous wave (cw) under specified modulation conditions.

b) Circuit diagram

The measurement circuit diagram for the carrier-to-noise ratio is shown in Figure 4.
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c)

d)

CS A
e [HH = H-
L AMP. ()
G
~ [> w2
AMP. (f,)

Figure 4 — Basic circuit diagram

Cirguit description
CS|= DC current source

D § device being measured
G 3 AC generator

= bias T or passive biasing circuit
L =|focusing lens systems

PD|= photodetector

A 3 current measuring instrument

AMP(f,,) = amplifier suitable for use at frequency f,

W1| = power meter

AMP(f,) = amplifier and filter suitable for use at frequency f,
W2 = power meter

N¢[= impedance matchingland signal dividing network

Prgcautions to be observed

Specifications of eaeh equipment that is used for the measurement should be c4

exgmined in order to ensure the accuracy of the test required.

The associated-"photodetector + ammeter" shall be calibrated corresponding to the

power of D\over the required wavelength range.

The focusing systems shall be designed:

— |tonavoid radiation being reflected back into the laser diode or the laser module;

IEC

refully

output

— to bring to focus the optical port of the device being measured onto the optical port of

the photodetector.

Measurement procedure

The specified supply and drive conditions are applied to the device being measured, D.

The photocurrent (lph) resulting from the illumination (P specified) of the photodetector is

measured first and noted. RF modulation is applied to the device being measured through
the biasing circuit: specified modulation format with carrier frequency f,,. The electrical

power P, at frequency f, is measured on the power meter W1. This electrical power P, is

related to the modulated output power squared as follows:

2
ol =7

C
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where
S is the responsivity of the photodetector PD;
R, is the load resistance of PD [input of AMP(f,,,)].

C

The noise electrical power N,; at frequency f; in the frequency band Afis measured on the
power meter W2 (f, should be as close as technically possible to f,,,). This is the sum of the
pure shot noise associated with the photocurrent Ion and the excess noise due to the
radiation source intensity fluctuations. The pure shot noise shall be measured under the
same illumination conditions (same /,,) using a "radiation source with broad optical

spectrum". The electrical noise power corresponding to the pure shot noise equivalent
output power fluctuations (N.) can be measured with W2:

N lin <A¢e2> _(Ntut_NS)

o

Spécified conditions

2
(g (4¢,) Ao

— lambient, case or submount temperature;

— |measurement bias conditions (P, Ig or Alg);
— [frequency and bandwidth (f,, Af);

— |carrier frequency (f);

— |modulation format.

Output| power stability measurement. shall be performed by using the method defined in

ISO 11554.

5.2.4 Output energy stability

Output| energy stability_measurement shall be performed by using the method defined in

ISO 11554.

5.2.5 Temporal‘pulse shape

Tempdral pulse” shape measurement shall be performed by using the method defined in
ISO 11[554( Evaluation for the temporal pulse shape measurement should coincide with the

description’in 1ISO 11554:2017, 8.6.

5.3

Time domain profile

5.3.1 Switching times

5.3.1.1 Rise time and fall time

Rise time and fall time measurements shall be performed by using the method defined in
ISO 11554. Evaluation for the rise time and fall time measurements should coincide with the
description in ISO 11554:2017, 8.6.
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5.3.1.2 Turn-on delay time and turn-off delay time

a)

b)

c)

d)

Purpose

To measure the turn-on time 7., (turn-on delay time 74y, + rise time ¢) and turn-off time 7.
(turn-off delay time 74y + fall time #) of semiconductor lasers under specified conditions.

Circuit diagram

The measurement circuit diagram for turn-on and turn-off delay times is shown in Figure 5.

}

+ +

{o— S RV I

Figure 5 — Basic circuits diagram

Cirguit description
G, |F current pulse generator, with high impedance

G, = d. c. current bias source
G3[= d. c. voltage bias source
R4 F resistance for matching the impedance with generator

D H device being measured
PD|= photodiode
R F load resistance

M F measuring instrument
Syn. = synchronizatioh-signal
Prgcautions to be(observed

The switching.time of the photodiode, the delay time of the circuit and measuring instrpment,
the|rise ang-fall times of the input current pulse should be short enough not to affgct the
acquracy of-the measurement. For example, the upper cut-off frequency f (6 dB dg¢cay of

the| sensitivity) of the photodiode including the circuit should at least be three times the
recjptocal value of the rise time ¢, and the fall time # of the laser pulse.

/o 23l and also fp 23l
4 t

The lower cut-off frequency should be zero.

The mean output power obtained at the top of the optical pulse (see Figure 6) may not
necessarily be equivalent to the cw output power at a current equal to the sum of the DC
bias and input pulse current.

Only the optical port of the device being measured shall be considered.
Measurement procedure

Apply the specified DC and pulse current to the device being measured.
Measure the switching times with the measuring instrument M.
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The 100 % output power level is the mean output power obtained at the top of the radiant
pulse. The 0 % level is the output power obtained at the DC bias current.

100 % A_ S Input pulse current

90 % yau

Input pulse current

10 %
0% DC bias current

Tt

90 %

Output radiant power

10 % -
0% =t

ld(on)

A
Y

A
A
Y
\

Ton Toff

IEC

Figure 6 — Typical pulse response diagram

f) Specified conditions
— |ambient or case temperature;
— |DC bias current;
— |input pulse current, width and duty cycle;
— |optical port;

— |optical configufation.

5.3.2 Small signal cut-off frequency (f;)

Small signalwcut-off frequency measurement shall be performed by using the method deflined in
ISO 11554 Preparation for the small signal cut-off frequency measurement should cpincide
with the“description in ISO 11554:2017, 6.1.4.

5.4 Lifetime

Lifetime measurement shall be performed by using the method defined in ISO 17526.

However, for the laser modules with fibre pigtail used for telecommunication systems,
IEC 62572-2 and IEC 62757-3 shall be referred.

Reference table of the lifetime measurement method in ISO documents is listed in Annex C
(informative)
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5.5 Optical characteristics of the laser beam
5.5.1 Polarization

Polarization measurement shall be performed by using the method defined in ISO 12005.

5.5.2  Half-intensity angle 6,,, and 1/e2-intensity angle 6,2

a) Purpose

To measure the half-intensity angle and 1/e2-intensity angle of semiconductor lasers under
specified conditions.

NOTE The half intensity angle 6,,, or 1/¢*-intensity angle 6,,.2 of semiconductor lasers is the angle within which

the fadiant intensity is greater than or equal to half or 1/e? of the maximum intensity as indicated)in“figure 8.
Thig angle 6,,, is defined for a specified plane which in turn is defined by ¢. The angle ¢ defines\the orfentation

of the device D in the mechanical reference plane as indicated in Figure 9.

Optical axis ~— f

Mechanical axis (2)

! IEC
Figure 7 — Half-intensity angle

ZA

IEC

Axes x and y define a mechanical reference plane of the device being measured D, e.g. the mounting angle.
The angle ¢ defines the orientation of the device D in that plane.

Figure 8 — Relationship between the specified plane and the mechanical reference plane
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b) Diagram
The basic arrangement and definition of axes are shown in Figure 7.

D
Axis PD
PD

™ Axis z

i

Figure 9 — Basic measurement setup diagram

c) Mepsurement description and requirements
D 4 device being measured
PD|= photodetector
Axis z = defined mechanical axis of the device being measured
Axis PD = axis of photodetector
6 =|inclination angle of axis z to axis PD.

The solid angle, defined by the device being measured{and the aperture of the photadiode,
shquld be small. The solid angle is considered small if the measurement result dges not
chgnge significantly when the solid angle is halved.

The device being measured D shall be mounted-in a fixture which allows:
— |precise, reproducible positioning of the'device D;
— |changes to the angle 6, keeping the centre of the optical port of the device D fixqd;
— |measurement of the angle of inclination &
— [rotation of the device D around its z axis as indicated in Figure 8;
— |measurement of the angle-of rotation¢ about the x axis.

d) Mepsurement procedure

ThI specified currentis applied to the device being measured D.

The¢ mechanical axis of the device D is aligned along the axis of the photodetector, i.e| 6= 0,
and the signal.on the photodetector is measured.

This value is set at Py.

The devide D is inclined as illustrated in Figure 10, and the relative intensity P/PO vTrsus o
is glotted.

The preferred plot should be in polar diagram form. Other formats e.g. cartesian may be
used when defined in the specification.

The half intensity angle 6,,, is the angle between the two points at which P = P,,,/2.

The 1/¢2 intensity angle 64,2 is the angle between the two points at which P = P /e2.
e) Specified conditions

— ambient, case or submount temperature;

— measurement bias conditions (P, or Ig or Alg);

- mechanical reference plane;

— angle ¢.
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5.5.3  Half-intensity width D,,, and 1/e2-intensity width D2

a) Purpose

To measure the half-intensity width and 1/e2-intensity width on the facet (z = 0) of the laser
diode with respect to a defined axis.

b) Measuring arrangement

Measuring arrangement for the half-intensity width and 1/e2-intensity is shown in Figure 10.

LS

A
Y
A
Y

IEC

Figure 10 — Measuring arrangement for D, and D,:

c) Equipment description and requirements
G F current source
D 4 device being measured
L =[lens system
SD|= scanning photodetector with a narrow slit

LS|= light source with filter or LED the emission wavelength of which is close to that|of the
device being measured

BS|= beam splitter
dp 1> dy
d) Prgcautions to be observed

The lens system L-shall be substantially achromatic over the range of wavelengths
engompassed by the light source LS and the device D.

The lens systent L, the device D and the scanning photodetector SD should be on thg same
horfzontal.line.

e) Mepsurenient procedure

The light source LS is turned on and the lens system L adjusted to obtain a focused|image
of the front face of the device D on the photodetector SD. Distances d, and d, are then read.

The specified DC current or the DC current corresponding to the specified radiant power ¢,
is applied to the device being measured D.

The scanning direction of the photodetector SD is aligned with the major and minor axes of
the focused image.

The photodetector SD is scanned along the major and the minor axes. The half-intensity
width and 1/e2-intensity width of the emission source are given by the distance between the
3 dB and 1/¢2 power points respectively along the major and minor axes multiplied by dqlds.
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f) Specified conditions
— ambient, case or submount temperature;
— direct forward current or radiant power;
— reference axes (major and minor axes);

— position z along the beam propagation direction, if required.
NOTE Unless otherwise stated, the specified position z is the position at the facet of the laser diode.
5.5.4 Spectral characteristics and other spatial profile

Reference table of ISO documents for the measurement related to spectral characteristics and
spatial[parameters other than defined in this document is listed in Annex B (informatiyve].
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Annex A
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(informative)

Reference list of technical terms and definitions related to
spatial profile and spectral characteristics

ISO ISO ISO ISO ISO ISO ISO ISO IEC
11145: [11146-1:{11146-2:| 11670: | 12005: | 13694: | 13695: |15367-1:(60747-5-4
2018 2005 2005 2003 2003 2018 2004 2003
Optical port B3.3.2
Beam céntroid 3.1.1
Beam ppsitional 3.1.2 3.6
stability
Beam akis 3.2.1 4.1,4.2
Misaligriment angle 3.2.2
Beam dlameter 3.3.1 3.8 3.1
3.3.2
Beam rddius 3.4.1
3.4.2
Beam width 3.5.1 3.5 3.14
3.5.2
Beam cfoss-sectional 3.6.1
area 3.6.2
Beam ellipticity 3.6.3
Circular|power 3.6.4
density Histribution
Beam whist 3.7.1
Beam whist location 3.7.2 32 3.2
Astigmgtic beam 3.7.3
waist sgparation
Beam whist diameter 374 3.14
3.7.5
Beam whist radius 3.7.6
3.7.7
Beam whis{'width 3.7.8 3.13
3.7.9
Divergence angle 3.8.1 3.15
3.8.2
Rayleigh length 3.9.1 3.3
Far field 3.9.2
Beam parameter 3.10.1
product
Beam propagation 3.10.2 3.16 3.9
ratio
Beam propagation 3.10.3
factor
Beam positional 3.6

stability
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ISO ISO ISO ISO ISO ISO ISO 1ISO IEC
11145: [11146-1:|11146-2:| 11670: | 12005: | 13694: | 13695: |15367-1:|60747-5-4

2018 2005 2005 2003 2003 2018 2004 2003

Angular movement 3.1
Beam angular stability 3.2
Pivot 3.3
Transverse 3.4

displacement

Beam positional 3.5
movement
Relativd beam 3.7

angular|stability

Relativd beam 3.8
positionpl stability

Beam sfability 3.9
paramefer product

Beam ppsitional 3.10
change [from cold

start

Short-tgrm stability 3.1
Mediumfterm stability 3.12
Long-tefm stability 3.13
Coherence 3.111

Temporgl coherence 3.11.2

Spatial goherence 3.11.3
Coherence length 3.11.4
Cohererce time 3.11.5
Polarizdtion 3.121 3.1
Circular|polarization 3.12.2

Elliptical polarization 3.12.3

Linear golarization 3.12.4 3.8
Degree [of linear 3.12:8

polarizafion

Partial golarization 3.12.6

Randonmn| polarizatioh 3.12.7

Averagqg energy- 3.13.1

density

Averagg power 3.13.2

density

Pulse energy 3.13.3 3.1.4
Energy density 3.13.4 3.1.2.1
Continuous wave 3.13.5

power

Power density 3.13.6 3.1.1.1
Pulse power 3.13.7

Average power 3.13.8

Peak power 3.13.9

Pulse duration 3.14.1

FWHM pulse duration | 3.14.2

Pulse repetition rate 3.14.3
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