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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
national electrotechnical committees (IEC National Committees). The object of |E€ dis to ¢
Fnational co-operation on all questions concerning standardization in the electrical and ‘electronic fie
end and in addition to other activities, IEC publishes International Standards, Technical Specifi

lication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee int
he subject dealt with may participate in this preparatory work. International, governmental ar
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
the International Organization for Standardization (ISO) in accordance“-with conditions determ
bement between the two organizations.

formal decisions or agreements of IEC on technical matters express,\as nearly as possible, an inter
sensus of opinion on the relevant subjects since each technical*committee has representation f
rested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC N
mittees in that sense. While all reasonable efforts are made to ensure that the technical content
lications is accurate, IEC cannot be held responsible:for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC \National Committees undertake to apply IEC Publ
sparently to the maximum extent possible in\their national and regional publications. Any divg
veen any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of conformity. Independent certification bodies provide coff
pssment services and, in some areas; access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

sers should ensure that they-have the latest edition of this publication.

iability shall attach to IEC or its directors, employees, servants or agents including individual exp¢g
hbers of its technical committees and IEC National Committees for any personal injury, property dan
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg
enses arising out’of-the publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn ‘to the Normative references cited in this publication. Use of the referenced publica
spensableforthe correct application of this publication.

ntion_iS;drawn to the possibility that some of the elements of this IEC Publication may be the su
nt rights. IEC shall not be held responsible for identifying any or all such patent rights.
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semiconductor devices, of IEC technical committee 47: Semiconductor devices.

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

CbhV Report on voting
47E/653/CDV 47E/678/RVC

crete

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.


https://iecnorm.com/api/?name=f90a21dc4bbfc5cb087037e573752a79

-4 - IEC 60747-5-11:2019 © |IEC:2019

A list of all parts in the IEC 60747 series, published under the general titte Semiconductor
devices, can be found on the IEC website.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

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 anpended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’' logo on the cover page.of-this publication indi¢ates
that |it contains colours which are considered to, be useful for the cdrrect
understanding of its contents. Users should thereforé)print this document using a
colouy printer.
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SEMICONDUCTOR DEVICES -

Part 5-11: Optoelectronic devices — Light emitting diodes —
Test method of radiative and nonradiative currents
of light emitting diodes

DE e nmedsu 0

of single light emitting diode (LED) chips or packages without phosphor. White }LE
lighting applications are out of the scope of this document. This document utilizes 'the in
quantym efficiency (IQE) as a function of current, whose measurement, method
discugsed in other documents.

2 Nprmative references

The following documents are referred to in the text in such a way that some or all o
content constitutes requirements of this document. For dated references, only the
cited applies. For undated references, the latest edition of the referenced document (inc
any amendments) applies.

IEC 60747-5-6:2016, Semiconductor devices — Part 5-6: Optoelectronic devices —
emittipg diodes

3 Terms, definitions and abbreviatedterms

3.1 Terms and definitions

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

ISO aphd IEC maintain terminological databases for use in standardization at the fol
addregses:

o |EL Electropediaiavailable at http://www.electropedia.org/
e ISP Online brewsing platform: available at http://www.iso.org/obp

3.1.1
internal quantum efficiency

rrents
Ds for
ternal
S are

their
dition
uding

Light

owing

mQe

ratio ef-the-number of photons emitted from-the active region-per-unit-time-to-the num
Ll ~J Ll

electrons injected into the LED per unit time

Qg = cDe,active/h‘7
Ie/q
where
De active IS the radiant power emitted from the active region
hv is the mean photon energy
Ie is the forward current
q is the elementary charge

[SOURCE: IEC 60747-5-8:2019, 3.2.4]

er of
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3.1.2

radiative current
Irad

current that is consumed by the radiative recombination process in the LED

3.1.3
nonradiative current

Inonrad
current that is consumed by the nonradiative processes in the LED

Note 1 to entry: The nonradiative processes in the LED include the nonradiative recombination in the active
region and the carrier Innkngn outside the active rnginn

Note 2 [to entry: The total forward current 7. supplied to the LED can be decomposed into radiative and
nonradijative currents:

Ir = Ijad + Inonrad -

Using the radiative and nonradiative currents, the IQE can be re-expressed as follows:

NQE Irad _ Irad
Ie Itad + Inonrad

Using the above relations, the radiative and nonradiative currents can be éxpressed as follows:
Irag =piQelF

Inonrag = I —Irad = (1-mqe JIF -

Electridal power consumed by the radiative process (P4).n the LED can be expressed as follows:
Fad =|lradF = Qe lF/F

=pqeP

where P is the total electrical power dissipated by the LED: P = I V.

Electridal power consumed by the nonradiative processes (P in the LED can be expressed as follows:

non-rad)

Bronragl = Inonrad?F = (1_71IQE Ve
=(1-nqe )P '

The poyer efficiene€y ) represents how much electrical power dissipated by the LED is converted to the|radiant

power (@)

@e ZIPEP.

Since P = Raq/Mqe and npg = NVE “MILEE *MQE -

1PE IVE “MLEE *MQE
Pe =——hRag=————— —FRad =V " "Leg  Fad
MQE MQE
or
¢e
=1VE " MLEE -
Prad

3.2 Abbreviated terms
LED light emitting diode
IQE  internal quantum efficiency
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4 Measuring methods

4.1

411

Basic requirements

Measuring conditions

a) Temperature

If not specified, measurements shall be made at an ambient temperature (7,) of
(25 £ 3) °C in a condition of free air.

b) Humidity

When the humidity condition is not specified, relative humidity shall be between 45 % RH
and 85 % RH.

c) Pr
In

m
ca

po|
of

4.1.2

bcaution

asurement shall be performed after reaching thermal equilibrium. Thermal equil
be considered to have been achieved if doubling the time betwéen the applica

the measurement instruments.

Measuring instruments and equipment

The measuring instruments and equipment shall be the same“as listed in IEC 60747-5-6

6.1.2.

4.2

4.2.1

Radiative current (/,,4) measurement

Purpose

To mgasure the radiative current of the LED.when a specified forward current is applied,

4.2.2

The nj

Measurement procedure

easurement procedure is. as follows.

some cases, measurements change because of heat generation in theptest LED) over
tir{e. In that case, it is necessary to decide on the measurement time) otherwige the

brium
ion of

wer and the measurement causes no change in the indicated result within the prgcision

2016,

a) Measure the IQE (7,qg) and the forward voltage (V) at a specified forward current (/).

b) C3

Iraq =

NOTE
6.2.

Iculate the radiative current by multiplying the IQE with the forward current, i.e.,

Qe lF

Thesmeasurement of the forward voltage at a specified forward current is listed in IEC 60747-5-

NOTE

The measurement of the IQE at g specified current is listed in IEC 60747-5-9 and |EC 60747-5-10

6:2016,

4.3
4.3.1

Nonradiative current (I,,,,,2q) Measurement

Purpose

To measure the nonradiative current of the LED when a specified forward current is applied.

4.3.2

Measurement procedure

The measurement procedure is as follows.

Calculate the nonradiative current by using the following formula:

Inonrad = IF _]rad .
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4.4 Measurement sequence

Figure 1 summarizes the measurement sequence of the radiative and non-radiative currents
when a specified forward current is applied. A test example is given in Annex A. Background
information on the separated radiative and nonradiative currents are given in Annex B.

IEC 60747-5-9

Measure the internal quantum efficiency IEC 60747-5-10

v
Measure the forward voltage IEC 60747-5-6
v
Calculate the radiative current I.a= Maele
v
Calculate the nonradiative current I =1 -1
nonrad F rad
IEC

Figure 1 — Sequence of the radiative and nonradiative current measurements

5 Testreport

The tgst report should include the items _shown in Table A.1.
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Annex A
(informative)

Test example

e Step 0: Test environmental specifications

sample: a flip-chip InGaN/GaN MQW LED grown on a c-plane sapphire substrate;
chip size: 800 ym x 800 um;
peak wavelength: ~450 nm at 7 = 295 K;

bioatdibe C0 0/ DL

Cu

OOty —J0— 70 I\TT,

current driving condition: pulsed current driving condition (pulse period: 1hms
cycle: 1 %);

detector for radiant power measurement: Si photodiode;

equipment for electrical characteristics measurement: Keithley! semicon
parameter analyser;

maximum driving current, /5, = 300 mA;
total number of data points, N = 65.
bp 1: Acquire N data consisting of the IQE and forwardgltage as a function of fg

Frent as shown in Figure A.1.
w —
o A A >
(0]
1,0 — T\ " ] 45 2
p

0,0 - ) loo—»
0,0 0,1 0,2 0,3
Current (A)

IEC

duty

Huctor

rward

Figure A.1 — IQE and forward voltage as a function of forward current

e Step 2: Calculate the radiative current by multiplying the IQE with the forward current, i.e.,

Irad = mqelF -

The radiative current obtained this way is shown in Figure A.2.

1 Keithley semi-conductor parameter analyser is the trade name of a product supplied by Tektronix. This
information is given for the convenience of users of this document and does not constitute an endorsement by
IEC of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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0,3 —————T T 45

Voltage (V)

Radiative current (A)

0,0 : ' Loo—be
0,0 0,1 0,2 0,3
Cudrrent (A)

IEC

Figure A.2 — Radiative current and forward voltage as a function of forward currgnt

e Step 3: Calculate the nonradiative current by using the following formula (Figure A.3):

In bn-rad :IF _[rad .

< A S
= [
8 03— ;T ] 45 2
3 S
o

2

© 1 4.0
2

@

o

135
130

2,5

Loo—»
0,0 0,1 0,2 0,3
Current (A)

U=

Figure A.3 — Nonradiative current and forward voltage as a function of forward current

The radiative and nonradiative current can also be plotted as a function of voltage as shown
in Figure A.4.
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Total forward current
02r 4
Radiative current]
0 1 F Numa\:ﬁaiivc bullcllt
0,0 . L L >
2,0 3,0 3,5 4,0
Voltage (V)

IEC

Figure A.4 — Total forward current, radiative current, and nonradiative
current plotted as a function of forward voltage

Table A.1 — Summary of test report

Item Unit Value Comment
LED mpker - Specify the name of the compgny
Model hame - Specify the model name
Chip sige [um]*\[um]
Packadge type - Ex. SMD
Peak wavelength [nm]
Maximym applied current (/. ) [mA]
Data ppints N -
Pulse geriod [ms]
Duty [%]
Detect¢r type - Ex. Si photodiode
Operat|ng temperature [K]
Humidity [% RH]
Operat|ngcurrent [mA]
Internalgbantum efficiency at cnerating
current ’ . i 1]
Radiative current at operating current [mA]
Nonradiative current at operating current [mA]
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Annex B
(informative)

Background information

The current-voltage (/-V) characteristics of a pn diode is typically described by the Shockley
equation as shown below:

where] / is the diode current, I is the reverse-saturation current, ¢ is the elementany charge,
v, is |the voltage applied at the junction, n,y., is the ideality factor, & is theBoltzmann
constant, and T is the absolute temperature. The factor n;4., typically represents the different
recombination processes in the diode. In Si pn diodes, nj4e, varies between 1 gnd 2,
depending on whether the dominant recombination process is the diffusion or the Shockley-
Read-Hall (SRH) recombination via defects.

recombination processes. By separating the current consumed’ by the respective procgsses,
one ¢an obtain the radiative and nonradiative currents, “There can be an addjtional
nonragliative current resulting from the leakage flowing outside the active region such g@s the
surfade leakage. Taking all these components into account, the total current can be despribed
arate I-V equations as follows:

qV
Itag = lrago | €XR} ——— |- 1|;
Nigeal RKT

qVy
Inonrad = [nonrad,O {eXp [—J - 1} + ]nonrad,leak

In LEPs, the recombination processes can be categorized as: ,radiative and nonra?ative

Nigeal NRKT

for the radiative current,/,,q and nonradiative current I,,.aq- Here, Izq0 and I.bnrado
repregent the reverse-sdturation current for the respective currents. /,,nrad 1eak FEPreser|ts the
leakage current flowjng-outside the active region. One has to note that the ideality factgrs for
the rgspective recombination currents, n;yeq r @Nd 7405 Nr» are different. For the radiative
recombination eurrent, it is known that the ideality factor is 1. For the nonradiative
recombinationcurrent, the ideality factor can be between 1 and 2, depending gn the
nonrafliative-recombination process involved. By analysing the forward current in teqms of
radiative, and nonradiative currents, one can obtain crucial information on the nonradiative
recompbirtation mechanisms in the device from the I,,,aq4-7 Curve.

By having the information on the radiative and nonradiative currents, one can also obtain such
information as the electrical power consumed by the radiative and nonradiative
recombinations. The electrical power consumed by the radiative recombination is given by

Rad = Irad/F »

where Vg is the forward voltage. On the other hand, the electrical power consumed by the
nonradiative recombination is given by

Bronrad = Inonrad/F »

which is converted to heat.
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