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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 |EC\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/652/CDV 47E/677/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.
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A list of all parts in the IEC 60747 series, published under the general title 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 5-10: Optoelectronic devices — Light emitting diodes —

Test method of the internal quantum efficiency based on
the room-temperature reference point

1 Scope

This part of IEC 60747 speC|f|es the measurmg method of the internal quantum efficiency
(IQE) ------ withett-phospho Ay Ds for

efficighcy of 100 % is found and the radiative efficiency is determined by jthe infinitg¢simal
change of the relative EQE at that point. The IQE as a function of currentis then calcplated
from the relative ratio of the EQEs to the value at the reference point, which is called [room-
tempdrature reference-point method (RTRM).

2 Nprmative references

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

IEC 60747-5-6:2016, Semiconductor devices (% Part 5-6: Optoelectronic devices —| Light
emittipg diodes

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

ISO apd IEC maintainterminological databases for use in standardization at the following
addregses:

o |EL Electropedia: available at http://www.electropedia.org/

e ISP Opline browsing platform: available at http://www.iso.org/obp

3.1.1
internal quantum efficiency

Ule]=
ratio of the number of photons emitted from the active region per unit time to the number of
electrons injected into the LED per unit time

qje,active / hv

MQE =
Ir/q

where

Pe 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
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Note 1 to entry: Itis in general a function of ambient temperature (7,) and forward current (7).

[SOURCE: IEC 60747-5-8:2019, 3.2.4, modified — The note has been added.]

3.1.2
external quantum efficiency

NEQE
ratio of the number of photons emitted into the free space per unit time to the number of

electrons injected into the LED per unit time

D, [hv
MEQE =
7Y
where
D, is the radiant power

Note 1 fo entry: It is in general a function of ambient temperature (7,) and forward current (/7).

[SOURCE: IEC 60747-5-8:2019, 3.2.3, modified — The note has been-added.]

3.1.3
light ¢xtraction efficiency

MLEE
ratio ¢f the number of photons emitted into the free space to the number of photons emitted

from the active region

D

e

Tee

D

e,active
Note 1 fo entry: It is in general independent of forward current (/) at certain ambient temperature (7).

[SOURCE: IEC 60747-5-8:2019, 3.2.5; modified — The note has been added.]

3.1.4
injectjon efficiency

me
ratio gf the number of electrons injected into the active region per unit time to the numper of

electrpns injected into the LED per unit time

{

F,active

The =1 I

where

I active IS the portion of the forward current injected into the active region
[SOURCE: IEC 60747-5-8:2019, 3.2.6]

3.1.5
radiative efficiency

RE
ratio of the number of photons emitted from the active region per unit time to the number of

electrons injected into the active region per unit time

gzje,active /h‘7

"IRE =
I F,active / q

[SOURCE: IEC 60747-5-8:2019, 3.2.7, modified — The note has been removed.]
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3.1.

6

peak EQE point

set

of operating conditions of the forward current and radiant power at which the external

quantum efficiency (EQE) is the maximum for a given temperature

Note 1 to entry: The forward current and radiant power at the peak EQE point are denoted as / and @
respectively.

3.1.

peak peak’

7

normalized variables of X and ¥
converted quantities of current and radiant power, defined as:

X = e (16)/ @ (lpear)

Y =Irflpeak f

3.1.
coefficients of a; and a,
coeffigients of the quadratic equation of Yin X, i.e., ¥ = aq X + ap,X?

8

Note 1 [to entry: a4 and ap change slowly enough according to the forwarg/current as compared to X and Y, but

should pe treated as a function of the forward current in the data analysis.

3.1.
refergnce point
operating point at which a, is the minimum

Note 1 [to entry: a,, X, and Y at the reference point are represented by a, . X,
forward current at the reference point is denoted as 7, ’

3.2

EQE | external quantum efficiency

IQE | internal quantum efficiency,

LED | light emitting diode

RTRM room-temperature reference-point method

4

4.1

4.1
a)

A1 Measuring conditions

9

rep @nd Y, respectively. The

Firef.

Abbreviated terms

Measuring methods

Basic requirements

Temperature
If Not specified, measurements sha € made at an ambient temperatare (/,) of

(25 £ 3) °C in a condition of free air.
Humidity

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

Precaution

In some cases, measurements change because of heat generation in the test LED over
time. In that case, it is necessary to decide on the measurement time; otherwise, the
measurement shall be performed after reaching thermal equilibrium. Thermal equilibrium
can be considered to have been achieved if doubling the time between the application of
power and the measurement causes no change in the indicated result within the precision
of the measurement instruments.
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4.1.2 Measuring instruments and equipment

The measuring instruments and equipment shall be the same as listed in IEC 60747-5-6:2016,
6.1.2.

4.2 Purpose

To measure the internal quantum efficiency (IQE) at an operating temperature of the LED
without any parameter assumptions under established conditions. The method utilizes just the
experimental curve of radiant power (@) as a function of forward current (Ig) measured at an
ambient temperature (7).

4.3 |Measurement
4.3.1 Measurement setup

All of [the tests should be performed under well-certified and defined condijtions to avo|d any
external disturbances. Basic measurement setup schematics are the same as lisied in
IEC 60747-5-6.

The measurement of the forward voltage at a specified forward current is lisfed in
IEC 60747-5-6:2016, 6.2.

The measurement of the radiant power at a specified current is«isted in IEC 60747-5-6:2016, 6.11.

The measurement of the emission spectrum distributions; peak wavelength (/lp), and spectral
half bandwidth of the LED are listed in IEC 60747-5-6;2016, 6.15.

The neasurement of the pulse current is listed in 1\EC 60747-5-6:2016, 6.8.

4.3.2 Measurement principle

First, fhe measurement procedure seeks to find the IQE at the reference point o where the
injectipn efficiency (i g) is supposed to be 100 % and the radiative efficiency (ykg) is
calculpted from the infinitesimal>¢hange of the relative external quantum efficiency (heqg)-
Once [the IQE at the reference\point is exactly found, the IQE at any other point is calcplated
by the relative ratio of- EQE values to the one at the reference |[point,

i.e., mioe(/r) = MeQe(r)uge(F ref)l * MaeF ref)-

The injection efficiency becomes the maximum when a, becomes the minimum. Howevgr, the
uncerfainty of the\vinjection efficiency being exactly 100 % and its criterion shodyld be
established in thefuture.

4.3.3 Measurement sequence

Th I’\l— 4 o Lol | H 4 dlo £all H 4 | 4
e L TTTCTdOUTTITITITIL STTUUTU PTULTTU  dULULUTUITTITY  TU UTT TUTMTUWITTY LTIT STYUTITIUAl ot pS as

shown in Figure 1. A test example is given in Annex A.

e Step 0: Test environmental specifications

All of the tests should be performed under well-certified and defined conditions to avoid
any external disturbances. An example of the test's environmental specifications is listed
in Annex A. The specifications should include such parameters as the humidity, the
current driving condition, and the detector for radiant power measurement.

e Step 1: Acquire N data consisting of radiant power and current

Radiant power is measured as a function of current from 0 to /..., and a set of N data
consisting of the radiant power (&,) and forward current is obtained. The radiant power
does not have to be the absolute value. It is recommended to divide by at least 100 in the
current range from 0 to 7,5, It is also recommended to divide the current range from 7.,
to [ by 100 or more.

max
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e Step 2: Draw a relative external quantum efficiency (EQE) curve

The relative EQE is obtained by dividing the radiant power by the forward current,

i.e

- mae(lp) = Pe(lp)/ Ir.

e Step 3: Find the peak point in the relative EQE curve

Find a set of operating conditions of the forward current (]peak) and radiant power (Cbpeak)

at

e Step 4: Convert the radiant power and current to the normalized variables of Xand Y

which the relative EQE is the maximum.

Find the normalized variables of X and Y from the following definitions of
X([F)z\/(pe(lF)/‘pe(lpeak) and Y(IF):[F/Ipeak'

e St

ep 5: Find the coefficients of a4 and a,

Find a set of {a4 ;} and {a; ;} by solving the following two simultaneous equations with the

tw

e St
w
is
by,

o St
Ug

D nearest experimental data (X, ¥;) and (X, , Y, 4)-

Yi=a;X; + a2,iX'2

, -
Viig=ai X +ap; Xig

pp 6: Find a reference point in a, versus X curve

Ik refs a1 refr 2 refr Xref, @Nd Ygf, respectively.
bp 7: Calculate the internal quantum efficiency {QE) at a reference point
iNg aq e, apref @nd X at the referenceipoint, calculate the IQE from the fol

foqmula:

e St
Dd

2
az ref Kref
>
a ref Xref + az ref Kref

MQE,ref\™=

pp 8: Find the IQE at an arbitrary current (Ig)

inernal quantum efficiency at the reference point as follows:

neqe (IF) .

) Ie)=n 1,
|QE( F) |QE( ref) TEQE (Iref)

bp 9:~Create the test report

Fil

in(the test report given in Annex A.

hen a, is represented by a function of X, an operatingipoint at which a, is the migfimum
selected as a reference point. I, a4, a5, X, and Y at the reference point are repres

ented

owing

termine the IQE at any“current using the EQE curve at an arbitrary current and the
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Measurement conditions Step 0
\ 4

Measure @, at I, Step 1
A 4

Draw external quantum efficiency curve Step 2
A 4

Find Ipeak and NeQE, ref in EQE curve Step 3
A 4

Convert X-Y curve Step.4
A 4

Calculate a, and a, as a fonction of .Y, Step 5
\ J

Find a referencepoint Step 6
{
¥y

find7 ;and MQE, ref Step 7
A 4

Find IQE as a function of 7_ by using hQE, ref Step 8
v

Create test report Step 9

IEC

5 Testreport

The test report should include the items shown in Table A.1.

Figure 1 — Test flow
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e St

1

Annex A
(informative)

Test example

Step 0: Test environmental specifications

sample: a lateral-electrode type InGaN/GaN MQW LED grown on a c-plane sapphire

substrate;

chip size: 740 pm x 600 pm;

Il 1 ) 40 - .1 2.02-1L
MCARN WavtitTliiygtlr. SFIUVTINIT dlU I = £2JO T\,

humidity: 50 % RH;

current driving condition: pulsed current driving condition (pulse period:.'100 us
cycle: 1 %);

detector for radiant power measurement: Si photodiode;

equipment for electrical characteristics measurement: Keithley 1 semicon
parameter analyser;

maximum driving current, /5, = 450 mA;
total number of data points, N = 100.

bp 1: Acquire N data consisting of radiant power and current as shown in Figure A 1.
s A
205 T . - .
g .
3 .
c /a/("
S ;
S04t / ; -
‘“ '
o ! / b
0,3 .
02t L
0,4~ b
O 1 1 1 1 I E »
0 0,1 0,2 0,3 ' 04
]max
Forward current (A)

, duty

Huctor

—

IEC

Figure A.1 — Radiant power as a function of forward current

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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e Step 2: Draw a relative EQE curve as shown in Figure A.2.

< A

11|

A —

(0]

=

S 6ot 00700 .

o
50 | -
40 F 4

i
f <

30 F / -
20+ gp‘P .
10 F -
O PR ETTN a sl aaaasaul A aasaul aaasaal A aasaul PR

10° 10?2 10" 1°
Forward;current (A)
IEC

107 106 10 10

Figure A.2 — Relative EQE as a function of.forward current

e Step 3: Find the peak point in the relative EQE curvesas shown in Figure A.3.

< A
L
8 70 1 1 T 1 ";l 1
(0] ]
"; ceslesccsccccccsccccsseopeWennoonas sﬂﬂ"-o
©
E) 60 |- EQEpeak H 7
50 | ' 4
)
- '
40 ' -
30| ! .
)
)
20k ; |
'
10 ! 4
)
)
ataanal 1o aand 3oa a0 A .-}I PEPRETET BT R T >
107 10" 10 107 102 107 10°
I o Forward current (A)
IEC

Figure A.3 — Determination of peak EQE point in the relative EQE curve
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e Step 4: Convert the radiant power and current to the normalized variables of X and Y as
shown in Figure A.4.

YA
1,0 T T T T
0,8 -
0,6 -
04 .
0,2 -
o
e
0 e m | L 1 L 1 1 >
0 0,2 0,4 0,6 0,8 150" X

IEC

Figure A.4 — Conversion to the normalized yariables of X and Y

e Step 5: Find the coefficients of a4 and a, as shownfn)Figure A.S.

7\ A
0,3 \;@T/ 1,0
o—a,
0,2 | 4 09
0,1F -4 0,8
o—a,
O W 07
0 0,2 0,4 0,6 0,8 1,0 X

IEC

Figure A.5 — Coefficients a4 and 4, as a function of X

e Step 6: Find a reference point in a, versus the X curve as shown in Figure A.6.


https://iecnorm.com/api/?name=81186f79cfc6d8a3f4b13a3bfc588f72

- 14 - IEC 60747-5-10:2019 © |IEC:2019

7\ A %
03 rr T S T 1,0
a . “//f‘pp
i 1
/(E —o—a,
0,2 F 40,9

-]
O At taataal at taaaal aataaaaal Aa d s PR T 0,7 >
106 10°° 10 107 1072 107
Current (A)
IEC

Figure A.6 - Verification of a reference point in"the «, curve

Step 7: Calculate the IQE at a reference point.

_ 2
= as ;X
”(Xk)z_ - — —3 =’7IQE,ref=85%
aq ; Xy +ag ; X

Step 8: Find the IQE at an arbitrary current (Zg) as shown in Figure A.7.

5 A |

100 LELELALLL BRI R AL E N R LLLL B "li"'l MRAALLL BERLELELLLL BN
80 | .

MQE, ref
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Figure A.7 — IQE as a function of forward current

Step 9: Create the test report.


https://iecnorm.com/api/?name=81186f79cfc6d8a3f4b13a3bfc588f72
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