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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
SEMICONDUCTOR DEVICES –  

 
Part 17: Magnetic and capacitive coupler  

for basic and reinforced insulation 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC 
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees. 

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

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

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications. 

8) Attention is drawn to the normative references cited in this publication. Use of the referenced publications is 
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 subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 60747-17 has been prepared by subcommittee SC 47E: Discrete 
semiconductor devices, of IEC technical committee TC 47: Semiconductor devices. 

This first edition cancels and replaces IEC PAS 60747-17:2011. This edition constitutes a 
technical revision. 

This edition includes the following significant technical changes with respect to 
IEC PAS 60747-17:2011: 

a) introduced lifetime safety factors for improved life time consideration, to comply with 
widely recognized aging mechanisms of silicone dioxide (TDDB) and thin film polymer 
isolation layers; 

b) significantly improved "end of life testing" paragraph and statistical life time consideration 
by adding detailed description on process, safety factors, methods of generating data 
points and respective lifetime interpolations as well as being specific on minimum amount 
of samples required; 
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c) introduced concept of certification by similarity, including Annex A, giving guidance on 
qualification considerations and required certification process; 

d) alternative pulse shape allowed for surge pulse testing, to avoid issues due to surge tester 
availability; 

e) various improvements throughout the standard: definitions, for example type of coupler 
have been improved, introduction of surge impulse VIMP rating, usage of glass transition 
temperature, pre-conditioning have been redefined for improved usability and better 
compatibility with today’s design and functionality of couplers, available mold compounds, 
etc. 

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

FDIS Report on voting 

47E/711/FDIS 47E/715/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 60747 series, published under the general title Semiconductor 
devices, can be found on the IEC website. 

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 

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
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SEMICONDUCTOR DEVICES –  
 

Part 17: Magnetic and capacitive coupler  
for basic and reinforced insulation 

 
 
 

1 Scope 

This part of IEC 60747 specifies the terminology, essential ratings, characteristics, safety test 
and the measuring methods of magnetic coupler and capacitive coupler. 

It specifies the principles and requirements of insulation and isolation characteristics for 
magnetic and capacitive couplers for basic insulation and reinforced insulation. 

2 Normative 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. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

IEC 60068-2-1:2007, Environmental testing – Part 2-1: Tests – Test A: Cold 

IEC 60068-2-2:2007, Environmental testing – Part 2-2: Tests – Test B: Dry heat 

IEC 60068-2-14:2009, Environmental testing – Part 2-14: Tests – Test N: Change of 
temperature 

IEC 60068-2-20:2008, Environmental testing – Part 2-20: Tests – Test T: Test methods for 
solderability and resistance to soldering heat of devices with leads 

IEC 60068-2-30:2005, Environmental testing – Part 2-30: Tests – Test Db: Damp heat, cyclic 
(12 h + 12 h cycle) 

IEC 60068-2-58:2015, Environmental testing – Part 2-58: Tests – Test Td: Test methods for 
solderability, resistance to dissolution of metallization and to soldering heat of surface 
mounting devices (SMD) 

IEC 60068-2-67:1995, Environmental testing – Part 2: Tests – Test Cy: Damp heat, steady 
state, accelerated test primarily intended for components 

IEC 60112:2003, Method for the determination of the proof and the comparative tracking 
indices of solid insulating materials 

IEC 60216-1:2013, Electrical insulating materials – Thermal endurance properties – Part 1: 
Ageing procedures and evaluation of test results 

IEC 60216-2:2005, Electrical insulating materials – Thermal endurance properties – Part 2: 
Determination of thermal endurance properties of electrical insulating materials – Choice of 
test criteria 

IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems – Part 1: 
Principles, requirements and tests  
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IEC 60672-2:1999, Ceramic and glass insulating materials – Part 2: Methods of test  

IEC 60695-11-5:2016, Fire hazard testing – Part 11-5: Test flames – Needle-flame test 
method – Apparatus, confirmatory test arrangement and guidance 

IEC 62539:2007, Guide for the statistical analysis of electrical insulation breakdown data 

3 Terms and definitions 

3.1  
details of outline and encapsulation 
information related method of encapsulation and terminal connections within the coupler's 
isolation system 

3.1.1  
outline drawing 
drawing or sketch restricted to line to describe the shape of objects or circuitry  

3.1.2  
method of encapsulation 
encapsulating materials used forming part of the isolation system 

3.1.3  
terminal identification 
terminal identification and indication of any connection between a terminal and the case 

3.2  
type of coupler 
internal construction and insulation method of coupler to achieve basic or reinforced 
insulation 

3.2.1  
SiO2 isolator 
isolator with an internal insulation construction utilizing silicon dioxide based material 

3.2.2  
thin film polymer isolator 
isolator with an internal insulation construction, utilising a thin film polymer insulation 

3.3  
isolation 
ability to reject electrical and magnetic interference or noise 

3.4  
insulation 
part of an electromechanical product which galvanically separates the conducting parts at 
different electrical potentials 

3.4.1  
reinforced insulation 
insulation of hazardous-live-parts which provides a degree of protection against electric shock 
equivalent to double insulation 

Note 1 to entry: Reinforced insulation may comprise several layers which cannot be tested singly as basic 
insulation or supplementary insulation. 

[SOURCE: IEC 60664-1:2007, 3.17.5] 
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3.4.2  
basic insulation 
insulation providing a basic safeguard against electric shock  

3.5  
isolation side 
all terminals of side 1 which are isolated from all terminals of side 2 by an isolation barrier, 
forming a two-terminal device 

3.6  
isolation capacitance 
CIO 
total capacitance between the terminals on side 1 of the isolation barrier connected together 
and the terminals on side 2 of the isolation barrier connected together forming a two-terminal 
device 

Note 1 to entry: See IEC 60747-5-5:2007, 4.3. 

3.7  
isolation resistance 
RIO 
resistance between the terminals on side 1 of the isolation barrier connected together and all 
the terminals on side 2 of the isolation barrier connected together forming a two-terminal 
device 

3.8  
isolation resistance at safety limiting temperature 
RIO_S 
resistance at safety limiting temperature TS between the terminals on side 1 of the isolation 
barrier connected together and all the terminals on side 2 of the isolation barrier connected 
together forming a two-terminal device which should be larger or equal to 1E9 Ω 

3.9  
isolation voltage 
voltage between any specified terminals connected together on side 1 of the isolation barrier 
and any terminals connected together on side 2 of the isolation barrier 

3.10  
logic state match 
condition in which an output logic state matches the associated input logic state 

3.11  
logic state transition match 
condition in which an output logic state change follows the associated input logic state change 

3.12  
common mode transient immunity 
CMTI 
maximum tolerable rate-of-rise (or fall) of a common-mode voltage 

Note 1 to entry: The common mode transient immunity is given in volts per second. CMTl should include the 
amplitude of the common-mode voltage that can be tolerated. 

3.12.1  
common mode transient immunity at logic high output 
|CMH| 
common mode transient immunity of the coupler with logic at high output 
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3.12.2  
common mode transient immunity at logic low output 
|CML| 
common mode transient immunity of the coupler with logic at low output 

3.12.3  
common mode transient immunity at logic dynamic output 
|CMD| 
maximum slew rate of a common-mode voltage (VCM) at which the coupler transmits the data 
without missing the transition or creating unexpected transitions for all combinations of slew 
rate polarity and data edges 

Note 1 to entry: The data transition shall occur in the specified time frame, and invalid data in terms of delay 
times, transitions or number of transitions, or magnitude (not meeting minimum logic VOH or maximum logic low 
VOL specifications) will be construed as a failure. 

3.12.4  
CMTI performance 
dVCM/dt 
maximum slew rate of a common mode voltage at which the output of the coupler remains at 
the specific logic level and at the specified timing 

3.12.5  
common mode voltage 
VCM 
common mode voltage at which the slew rate is measured 

3.13  
propagation delay 
tpLH , tpHL 
time required for a change in the input state of a digital coupler to propagate to the 
corresponding output 

Note 1 to entry: The propagation delay from LOW to HIGH is expressed by tpLH. 

Note 2 to entry: The propagation delay from HIGH to LOW is expressed by tpHL. 

3.14  
pulse width distortion 
|tpLH – tpHL| 
PWD 
unintentional and generally undesired change in the form of a signal causing the signal input 
pulse width to differ from signal output pulse width 

3.15  
supply voltage 
VDD 
supply voltages supplied on input and output side of coupler 

Note 1 to entry: The supply voltage is also commonly expressed by VCC. 

3.16  
integrated circuit 
IC 
microcircuit in which all or some of the circuit elements are inseparably associated and 
electrically interconnected so that it is considered to be indivisible for the purpose of 
construction and commerce on side 1 and side 2  
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[SOURCE: IEC 60050-521:2002, 521-10-03, modified – The words "on side 1 and side 2" 
have been added.] 

3.17  
input and output terminal 
I/O 
side 1 and side 2 terminals of an integrated circuit providing signal conditioning to the internal 
coupling element 

3.18  
ground potential 
GND 
reference potential for any side of a coupler 

3.19  
input voltage 
VI 
input voltage, either VIL, VIH or analog level 

3.20  
output voltage 
VO 
output voltage, either VOL, VOH or analog level 

3.21  
maximum ambient operating temperature 
Top max 
maximum ambient operating temperature allowed during operation of coupler 

3.22  
reference-point temperature 
TREF 
temperature defined by the manufacturer to refer to a defined point such as junction 
temperature, case temperature, etc. 

3.23  
characteristic lifetime 
t63 
refers to characteristic lifetime (t63 %) when applying Weibull distribution to determine the 
mean lifetime 

Note 1 to entry: In general, lifetime reliability is defined as the mean lifetime (t50 %) at which cumulative failure 
rate reaches 50 %. When Weibull distribution is used, a characteristic lifetime (t63 %) is considered for the mean 
lifetime. This is referred to as t63 in the statistical lifetime consideration. 

3.24  
general safety ratings of couplers for basic and reinforced insulation 
thermal and mechanical operating conditions that exceed the specified ratings (limiting 
values) for normal operation, and to which the specified safety requirements refer 

Note 1 to entry: The couplers may become permanently inoperative when safety ratings are applied. 

3.25  
electrical safety ratings of couplers for basic and reinforced insulation 
electrical requirements that have to be met and maintained after the couplers have been 
subjected to specified safety ratings, to ensure protection against electrical shock 

Note 1 to entry: The couplers may become permanently inoperative when safety ratings are applied. 
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[SOURCE: IEC 60747-5-5:2007, 5.2, modified – In the term, the word "requirements" has 
been replaced with "ratings", and "isolation" with insulation. In the definition, the word 
"photocoupler" has been replaced by "couplers".] 

3.25.1  
partial discharge 
PD 
localized electrical discharge which occurs in the insulation between all terminals of the side 1 
and all terminals of side 2 of the coupler 

3.25.2  
apparent charge 
qpd 
electrical discharge caused by a partial discharge in the coupler 

3.25.3  
threshold apparent charge 
qpd(TH) 
specified value of apparent charge that is as small as technically feasible, which determines 
the partial-discharge extinction voltage 

Note 1 to entry: A threshold apparent charge of 5 pC was found to be a practicable criterion for couplers. 
Otherwise, it should be defined on each individual device design. Smaller threshold values are desirable but not 
required if accurate measurement in a production environment is not practical. This threshold shall not be 
exceeded at any time. 

Note 2 to entry: In actual testing, this criterion applies to the apparent charge pulse with the maximum value. 

Note 3 to entry: The term "specified discharge magnitude" (see 6.1.3.5.4.1 of IEC 60664-1:2007) is synonymous 
with "threshold apparent charge". 

3.26  
test voltage 
Vpd(t) 
voltage applied during the test period of the partial discharge test between all terminals of 
side 1 (connected together) and all terminals of side 2 (connected together) to the coupler 
under test 

3.26.1  
initial test voltage for partial discharge 
Vpd(ini) 
test voltage applied during the initial test time tini 

3.26.2  
initial test voltage for partial discharge, method a 
Vpd(ini),a 
value of the voltage applied at the beginning of the measurement, for a specified time tini, 
which is intended to simulate the occurrence of a transient overvoltage 

Note 1 to entry: Refer to Figure 1, method a. 

3.26.3  
initial test voltage for partial discharge, method b 
Vpd(ini),b 
isolation test voltage applied between all terminals of side 1 (connected together) and all 
terminals of side 2 (connected together) at routine test (method b) which is equal or higher to 
the manufacturer's maximum transient voltage rating 
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3.27  
multiplying factor 
F 
multiplying factor applied for method a and method b 

Note 1 to entry: See Table 5 for more information. 

3.28  
apparent charge measuring voltage 
Vpd(m) 
test voltage at which apparent charge is measured 

Note 1 to entry: Specified values of this voltage may be expressed as multiple of the specified value of the rated 
repetitive peak isolation voltage: Vpd(m) = F × VIORM. Refer to 3.27. 

Note 2 to entry: This is a test voltage where the apparent charge shall be equal or less than the specified value. 

3.29  
partial-discharge inception voltage 
Vpd(I) 
lowest peak value of an AC test voltage at which the apparent charge is greater than the 
specified threshold apparent charge, if the test voltage is increased from a lower value where 
no partial discharge occurs 

3.30  
partial-discharge extinction voltage 
Vpd(e) 
lowest peak value of an AC test voltage at which the apparent charge is smaller than the 
specified threshold apparent charge, if the test voltage is reduced from a higher value where 
such discharge occurs 

Note 1 to entry: The equivalent RMS value of an AC test voltage may also be used. 

3.31  
reference voltage for lifetime determination 
VREF 
maximum predicated voltage which is determined by the end of life (EOL) test according 
5.5.5.8 

3.32  
lifetime safety factor 
lifetime safety factor applied to VREF to reflect safety consideration on coupler lifetime 

3.33  
time intervals  
duration and sequence of test voltages for partial discharge measurements as shown in 
Figure 1 
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Time intervals for method a 

 

Time intervals for method b1 
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Time intervals for method b2 

Key 

t ini initial time method a only 

t ini,b  isolation test time method b 

tst (partial-discharge) stress time 

tst2 (partial-discharge) stress time 

tst1  isolation test stress time (method b only) 

tm (partial-discharge) measuring time 

t1, t2, t3, t4 settling times 

Figure 1 – Time intervals for methods a and b of the test voltage 

3.34  
lifetime 
minimum required time in years to failure based on an insulation grade correlated failure rate 

3.35  
SiO2 time dependent dielectric breakdown 
SiO2 TDDB 
aging effect observed in isolators using internal constructions utilizing SiO2 based materials 

3.36  
thin film polymer space charge degradation 
aging effect observed in isolators using internal insulation constructions utilizing thin film 
polymer dielectric materials 

Note 1 to entry: This constitutes test requirements to establish the maximum safe operating voltage at which 
space charge aging does not impact the safety related values VIORM and VIOTM. 

3.37  
failure rate over lifetime 
FROL 
maximum allowed failure rate due to isolation break down using lifetime prediction 

3.38  
statistical model 
mathematical model that embodies a set of statistical assumptions concerning the generation 
of sample data 
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Note 1 to entry: The type of curve fit shall be based on the material type as defined in 3.2.1 and 3.2.2. 

Note 2 to entry: In cases where the insulation material type is not compatible or defined with models in 3.38.1 and 
3.38.2, such isolators may only be used in case the specific distinctiveness of such insulation material has been 
considered and properly addressed by the regulatory experts and has been added as into the standard. 

3.38.1  
exponential model 
modelling method used for material types defined in 3.2.1 (SiO2 isolators): 

kVL ce=  

where 

L is the time-to-failure at test voltage V; 
V is the test voltage; 
c and k are the coefficients 

Note 1 to entry: For the usage of k × V dependency, an adequate data set with sufficient measurement points 
shall be provided which clearly proves the k × V dependency according to IEC 62539:2007. 

3.38.2  
non linear model 
modelling method used for material types defined in 3.2.2 (thin film polymer isolators): 

 = 
nkVL ce

−

 

where 

L is the time-to-failure at test voltage V; 
V is the test voltage; 
c, n and k are the coefficients 

Note 1 to entry: For the usage of k × V-n dependency, an adequate data set with sufficient measurement points 
shall be provided which clearly proves the k × V-n dependency according to IEC 62539:2007. 

3.38.3  
rated isolation voltages 
3.38.3.1  
DC isolation voltage 
VIO 
value of the constant isolation voltage 

3.38.3.2  
maximum rated isolation working voltage 
VIOWM 
RMS value of isolation voltage VIORM assigned by the manufacturer of the couplers, 
characterizing the specified (long term) withstand capability of its isolation 

3.38.3.3  
maximum rated repetitive peak isolation voltage 
VIORM 
repetitive peak isolation voltage assigned by the manufacturer of the couplers, characterizing 
the specified withstand capability of its isolation against repetitive peak voltages 

Note 1 to entry: This peak isolation voltage includes all repetitive transient voltages, but excludes all non-
repetitive transient voltages. 
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Note 2 to entry: A repetitive transient voltage is usually a function of the circuit. A non-repetitive transient voltage 
is usually due to an external cause and it is assumed that its effect has completely disappeared before the next 
non-repetitive voltage transient arrives. 

Note 3 to entry: Since the degradation of the galvanic isolation depends normally on the peak voltage, VIORM is 
the repetitive peak value of the absolute envelope voltage over time. 

Note 4 to entry: See IEC 60747-5-5:2007, 5.3, from which the description has been modified to define VIORM as 
repetitive peak or equivalent DC value and state it includes all repetitive transient voltages. 

3.38.3.4  
maximum rated transient isolation voltage 
VIOTM 
peak isolation voltage which includes all non-repetitive transient voltages and applies to the 
package clearance as well as internal insulation 

Note 1 to entry: See IEC 60664-1:2007. 

Note 2 to entry: See IEC 60747-5-5:2007, 5.3, from which the description has been modified to emphasize that 
VIOTM includes all non-repetitive transient voltages and applies to package clearance as well as internal insulation. 

3.38.3.5  
withstanding isolation voltage 
VISO 
maximum isolation withstanding AC RMS voltage for one minute 

3.38.3.6  
surge isolation voltage 
VIOSM 
highest instantaneous value of an isolation voltage pulse with short time duration and of 
specified wave form (1,2/50 µs) applied across the internal insulation of the device 

Note 1 to entry: Testing of required VIOSM levels as specified in 5.5.4 may be conducted for example in oil to 
exclude arcing across the surface or in air. 

Note 2 to entry: See IEC 60747-5-5:2007, 5.3, from which description has been modified to provide additional 
information on duration and wave form. 

3.38.3.7  
impulse voltage 
VIMP 
highest peak value of impulse voltage without flashover and solid insulation breakdown 

Note 1 to entry: Wave form and polarity are described in 6.1.2.2.1 of IEC 60664-1:2007. 

3.39  
absolute maximum ratings 
qualifications such as time, frequency, pulse duration, humidity 

Note 1 to entry: Exceeding the maximum ratings can lead to damage of the isolation barrier. 

3.39.1  
minimum and maximum storage temperatures 
Tstg 
temperatures in non-operation condition 

3.39.2  
minimum and maximum ambient temperatures 
Tamb 
temperatures of the air surrounding a component 
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3.39.3  
maximum soldering temperature 
Tsld 
maximum soldering time and minimum distance to case which should be specified 

3.39.4  
maximum continuous input power 
PSI 
maximum continuous input power at ambient or a reference point temperature of 25 °C and 
derating curve or derating factor 

3.39.5  
maximum output power dissipation 
PSO 
maximum output power dissipation of the output stage at ambient or a reference point 
temperature of 25 °C and a derating curve or derating factor 

3.39.6  
maximum total power dissipation of the package 
Ptot 
maximum total power dissipation at ambient or reference-point temperature of 25 °C and 
derating curve or derating factor 

3.39.7  
maximum power transmission 
PTR 
power transferred across isolation barrier during operation 

3.40  
FLT  
working voltage safety factor at applicable lifetime of coupler 

3.41  
maximum ambient safety temperature 
TS 
highest ambient temperature permitted in the event of a fault 

3.42  
maximum output current 
ISO 
current used for power dissipation considerations to determine safety limitation 
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4 Electrical characteristics – Coupler logic and timing definitions 

Clause 4 relates to definitions and logic related coupler operation (see Table 1). 

Table 1 – Overview on characteristics and symbols 

No. Characteristics 
Conditions at  

Tamb or Tcase = 25 °C 
unless otherwise stated 

Symbols Requirements 

4.1.1 Input logic level voltage high 
(logic high input voltage)a 

 

VIH min.  

4.1.2 Input logic level voltage low 
(logic low input voltage)a 

VIL  max. 

4.1.3 Output logic level voltage high 
(logic high output voltage)a 

Defined load 

VOH min.  

4.1.4 Output logic level voltage 
(logic low output voltage)a 

VOL  max. 

4.1.5 
Propagation delay input to output 
at change low to high output 
voltage Load conditions defined 10 % 

to 90 % or 50 % to 50 % 

tpLH  max. 

4.1.6 
Propagation delay input to output 
at change high to low output 
voltage  

tpHL  max. 

4.1.7 Pulse width distortion As defined in 3.14 |tpLH – tpHL|  max. 

4.1.8 Output rise time 10 % to 90 %, load defined tr  max. 

4.1.9 Output fall time 90 % to 10 %, load defined tf  max. 

4.1.10 Working frequency  f  max. 

4.1.11 Isolation resistance between input 
and output 

VIO specified RIO typ  

4.1.12 Isolation capacitance between 
input and output As tested in 6.2 CIO typ  

4.1.13 Side 1 supply current 
f = 0 Hz ICC1 min. max. 

f = fmax ICC1 min. max. 

4.1.14 Side 2 supply current 
f = 0 Hz ICC2 min. max. 

f = fmax, defined load ICC2 min. max. 

4.1.15 

Common mode transient immunity 
at logic high outputb 

VO defined in datasheet at 
common mode conditions 

|CMH| min.  

Common mode transient immunity 
at logic low outputb 

|CML| min.  

Common mode transient immunity 
at logic dynamic outputb 

|CMD| min.  

4.1.16 maximum total power dissipation 
of the package  Ptot  Max. 

a 3 V and/or 5 V TTL compatible logic. 
b Preferably consistent with datasheet specifications: minimum VOH and maximum VOL. 
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5 Coupler for protection against electrical shock 

5.1 General 

All requirements contained in Clause 5 are valid for couplers with a solid insulation in one 
package, whatever the configuration of the input and/or the output is (e.g. IC input, output, 
etc.).  

5.2 Type  

Ambient-rated or case-rated couplers designed to provide protection against electrical shock 
with reinforced insulation or basic insulation. 

It shall be clearly indicated on the datasheet whether the approval is for basic or reinforced 
insulation. 

5.3 Ratings 

5.3.1 General 

The ratings shall be listed in a special section in the manufacturer's datasheet. 

5.3.2 Safety limiting values  
a) Maximum ambient safety temperature, TS. 

b) Maximum input power dissipation, PSI. 

c) Maximum output current or maximum output power dissipation, ISO or PSO. 

NOTE Safety limiting values are determined only by damage to the isolation barrier.  

5.3.3 Functional ratings 

Package related values: temperatures, total power dissipation 

Input and output related values: voltages, currents, power dissipation 

5.3.4 Rated isolation voltages 
a) Maximum working isolation voltage, VIOWM 

b) Maximum repetitive isolation voltage, VIORM 

c) Maximum transient isolation voltage, VIOTM 

d) Maximum withstanding isolation voltage, VISO 

e) Maximum surge isolation voltage, VIOSM 

f) Maximum impulse voltage, VIMP 

5.4 Electrical safety requirements 

The following characteristics as shown in Table 2 shall be mentioned in the manufacturer's 
datasheet, in addition to those listed in 5.3. 
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Table 2 – Datasheet characteristics 

Characteristics Conditions Symbols Requirements 

Apparent charge method a 
6.5 

qpd max 

Apparent charge method b qpd max 

Isolation resistance 
25 °C ≤ Tamb ≤ Tamb,max. 
Test voltage between side 1 and side 2 = 500 V 
DC 

RIO min 

Isolation resistance 
Tamb = TS 

Test voltage between side 1 and side 2 = 500 V 
DC 

RIO_S min 

External clearance See IEC 60664-1:2007 for measuring 
requirements  
Refer to related equipment standards for further 
requirements 

CLR min 

External creepage CRP min 

Comparative tracking index  CTI min 

Over-voltage category    

Climatic category    

Maximum rated transient 
isolation voltage  VIOTM  

Maximum rated repetitive 
peak isolation voltage 

VIORM is based on the conditions in 5.5.5.8.4. 
For variances of VIORM, see Note 1. 

VIORM 
 

Impulse voltage Test according to 5.5.4 in air VIMP max 

Maximum surge isolation 
voltage for reinforced 
insulation 

Test according to 5.5.4 VIOSM  
Test voltage is 
≥ 1,3 × VIMP, 
min. 10 kV 

Maximum surge isolation 
voltage for basic insulation Test according to 5.5.4 VIOSM  Test voltage is 

≥ 1,3 × VIMP 

NOTE 1 For additional VIORM information, derating of the data generated in 5.5.5.8, reflecting different 
conditions such as lifetime or failure rates is acceptable if derating conditions are clearly stated and this 
information is provided in a separate table. 

 

5.5 Electrical, environmental and/or endurance test information 

5.5.1 General 

This information is supplementary information if desired by the manufacturer. See Table 3 and 
Table 4 for reference. 
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Table 3 – Tests and test sequence for coupler providing basic insulation 
and reinforced insulation for protection against electrical shock 

1) Routine test (non-destructive) – see 5.5.2 
 1.1 Isolation test according 6.4 and 6.5 

Apparent charge magnitude at 1,875 × VIORM for reinforced insulation  
and 1,5 × VIORM for basic insulation, method b1 or b2, qpd ≤ 5 pC 

 See 3.30 
 1.2 Parametric test according to manufacturer's specification, (see 5.5.5.2) 
  
2) Sample test (destructive) n = 80, zero failure (see 5.5.3) 
 2.1 Visual inspection according to manufacturer's specification (see 5.5.5.2) 

2.2 Resistance to soldering heat (see 5.5.5.2) 

2.3 Apparent charge magnitude at 1,6 × VIORM for reinforced insulation   
and for basic insulation 1,3 × VIORM , method a, qpd ≤ 5 pC, V ini,a (see 6.5) 

2.4 Parametric test according to manufacturer's specification (see 5.5.5.2) 

2.5 Isolation resistance (see 6.3) 

2.6 External creepage distance and clearance n = 10, zero failure (see 5.5.5.7) 

2.7 lsolation resistance at high temperatures n = 40, zero failure (see 5.5.5.6): 

 a) Tamb,max, min. 100 °C; 

 b) TS. 

 
3) Type test (destructive), n = 552, zero failure (see 5.5.5.8) 
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Table 4 – Test conditions 

Parameter Method a Method b 

Initial time  t ini = 60 s t ini,b = 1 s 

Initial voltage Vini,a = VIOTM Vini,b ≥ 1,2 x VIOTM 

Apparent charge test voltage Vpd(m) = F × VIORM Vpd(m) = F × VIORM 

Apparent charge measuring time  tm = 10 s tm = 1 s 

Specified test time  tst typ. 1,2 s. tst1 typ. 1,2 s, tst2 typ. 1,2 s. 

Rate of rise/fall (Vini)  dV/dt during t1, 
t2 = 100 V/s to 1 000 V/s 

Only for type test: dV/dt during t1, 
t2 = 100 V/s to 1 000 V/s 

Transient recovery time  t3, t4 typ. 1 s Only for type test: t3, t4 typ. 1 s 

Ambient temperature  Tamb = 15 °C to 35 °C  Tamb = 15 °C to 35 °C 

Center frequency  150 kHz ≤ fo ≤ 5 MHz  150 kHz ≤ fo ≤ 5 MHz  

Bandwidth  Δf ≤ 15 kHz Δf ≤ 15 kHz 

Calibration value  qo = 5 pC qo = 5 pC 

Smallest measurable value  qmin = 1 pC qmin = 1 pC 

Apparent charge test limit  qpd = 5 pC qpd = 5 pC 

Coupling capacitor CC ≥ 1 nF CC ≥ 1 nF 

NOTE In accordance with safety multiplying factors specified in Table 5. 

 

5.5.2 Routine test 

At the routine test stage (method b), an isolation test according to 6.4 and 6.5 shall be 
performed. 

5.5.3 Sample test 

Partial discharge test (method a, destructive test) shall be performed on a sample basis once 
per quarter. A minimum sample of 20 devices will be picked from a random production lot for 
each package type. Packages shall be significantly different in terms of package outline 
dimensions. The lead form option will not be construed as a significant difference. All samples 
shall have passed routine test according 5.5.2 and therefore the regular production including 
high voltage partial discharge test. 

A production lot is defined here as the number of devices which have been produced using 
the same production line and production conditions. Examples of different package types are: 
DIP-4, -6, -8, SOIC-8, etc. Thus, if a manufacturer has five different package types, then 
20 samples each would be pulled for this destructive partial discharge test for a total of 
(5 × 20 = 100 coupler) per quarter. Multiple channels do not constitute a package type 
difference. The purpose of this random testing per quarter is to monitor the quality of the 
manufacturing with respect to selected criteria. The minimum sampling size is n = 80, of 
which the failures shall be zero, i.e. there shall be no failures. 

5.5.4 Maximum surge isolation voltage  

Describes the highest surge isolation voltage applied, considering VIOSM and VIMP. 

In case of basic insulation, all DUT shall pass ≥ VIMP × 1,3.  

Full document details: IEC 60747-17-2020

http://www.avadocuments.com/doc/iec-60747-17-2020
http://www.avadocuments.com/doc/iec-60747-17-2020


 – 24 – IEC 60747-17:2020 © IEC 2020 

In the case of reinforced insulation, all DUT shall pass the surge test with rated VIMP × 1,3 but 
with a minimum of 10 kV. VIOSM should be specified in accordance with testing described in 
5.5.5.3.2, subgroup 1. Recommended pulse shape is 1,2/50 µS in accordance with  
IEC 61000-4-5:2014, Figure 2 (see Figure 2).  

Alternative pulse shape is generated in accordance with IEC 62368-1:2018, Clause D.2, 
circuit 3. 

 

Front time: T1 = 1,67 × T = 1,2 µs ± 30 % 
Time to half-value: T2 = 50 µs ± 20 % 

Figure 2 –1,2/50 µs surge pulse according 61000-4-5:2014  
allowed as equivalent impulse for isolation testing 

5.5.5 Type test 

5.5.5.1 General 

Type test shall be performed with the introduction of a new coupler, which differs from already 
tested couplers, in one or more of the following items: 

– package or die materials relevant for insulation mold materials, silicone gels, foils, etc.; 
– if the new lead frame affects the external creepage distance or external clearance, or the 

thermal resistance of the package and thereby PSI or ISO or PSO are affected; 

– package or die construction relevant for isolation. 

Any changes of one or more of those items are considered major changes, which require a 
new type test for an existing product.  

All samples shall have passed routine test according 5.5.2 and therefore the regular 
production including high voltage partial discharge test. 

Type tests shall include at least the following subgroups (5.5.5.2 to 5.5.5.7), with the following 
conditions: 

– zero failure shall be achieved; 
– if one failure occurs out of the 100 devices, a full set of 100 new devices shall be 

subjected to the subgroup (in which the failure occurred), with no more failures. 

NOTE Safety limiting values (PSI, ISO and/or PSO, PTR, TS): for components providing safe electrical isolation, the 
requirements for satisfactory isolation have the first priority. 
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The safety limiting values of signal and power transmission, if applicable, which shall be 
individually defined by the manufacturer for a coupler device, are the input power dissipation 
(PSI), maximum output current (ISO), maximum output power dissipation (PSO), maximum 
power transmission (PTR), or the maximum ambient safety temperature (TS) that can be 
allowed in the event of a fault or a failure without causing the insulation of the device to 
breakdown. 

The safety limiting values determine the maximum range of input or output power dissipations 
allowed over which, although the function of the isolating elements may be destroyed, the 
isolation specification of the device remains intact. The safety limit temperature (TS) is the 
highest ambient temperature permitted in the event of a fault. 

The requirement for isolation remains even when the operation of the coupler is no longer in 
existence due to external electrical or thermal stress, when for example:  

1) the internal circuitry becomes faulty due to excessive current or power; 
2) internal bond wires melt; 
3) operation of the coupler is impeded by an external heat source (e.g. a resistor). 

The safety limiting values are governed by the materials and circuit design parameters 
adopted by the manufacturer, and the user shall ensure that the safety limiting values are not 
exceeded, to ensure that the isolation resistance or insulation of the coupler remains intact.  

The user will ensure the safety limiting values are not exceeded through adequate safety 
arrangements in the circuit design and application conditions of the coupler, for example: 

a) current limitation of the input/output circuit; 
b) voltage limitation of the input/output circuit; 
c) thermal management of the circuit, which ensures absolute maximum junction 

temperatures or absolute maximum operating temperature as specified in the 
manufacturer’s datasheet is not exceeded; 

d) the surrounding circuit is ignition resistant. 
e) in the event of a fault or failure, the external current or voltage, limiting safety 

mechanisms or methods will ensure that the safety limiting values are not exceeded. 

5.5.5.2 Preconditioning 
Visual inspection According to manufacturer’s specification 
Resistance to soldering heat See IEC 60068-2-20:2008, Test Tb, method 1 

(260 ± 5) °C, (5 ± 1) s 
For couplers in SMT packages, see conditions according 
IEC 60068-2-58:2015, Table 1, three cycles 

Apparent charge, method b1  Basic insulation Vpd(m) = 1,5 × VIORM 

Reinforced insulation Vpd(m) = 1,875 × VIORM 

Temperature 15 °C to 35 °C 
Vini,b = VIOTM 

qpd ≤ 5 pC 

Parametric test According to manufacturer's specification 
Temperature 15 °C to 35 °C 

Isolation resistance RIO > 1012 Ω, t = 1 min; VIO = 500 V DC, Tamb = 25 °C 
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5.5.5.3 Subgroup 1: 20 samples  

5.5.5.3.1 Tests 
Preconditioning  See 5.5.5.2 
Rapid change of temperature See IEC 60068-2-14:2009, Test Na 

Tstg,min, Tstg,max, 10 cycles, dwell time 3 h 

Dry heat See IEC 60068-2-2:2007, Test Bb 
V ≥ VlORM (min. 700 V), Tamb = Tamb,max (min. 100 °C) 
Duration: 16 h 

Damp heat, cyclic See IEC 60068-2-30:2005 
Tamb = 55 °C 

Cycles: 1 
Temperature storage (Cold) See IEC 60068-2-1:2007, 2 h at Tstg,min 

Damp heat (steady state) See IEC 60068-2-67:1995, Test Cy 
85 % RH at 85 °C, duration = 21 days 

 

5.5.5.3.2 Final measurements for subgroup 1 

Dry samples for 1 h to 2 h before doing final measurements. Final measurements within the 
next 6 h after drying. 

Apparent charge, method a  Basic insulation Vpd(m) = 1,3 × VIORM 

Reinforced insulation Vpd(m) = 1,6 × VIORM 

Vini,a = VIOTM 
qpd ≤ 5 pC 

Isolation resistance VIO = 500 V DC, Tamb = 25 °C, RIO ≥ 1012 Ω, t = 1 min 

Surge test (type test only) The applied test pulse shall be identified by the manufacturer 
in the datasheet. 

Recommended pulse shape is 1,2/50 µs in accordance with 
IEC 61000-4-5. Alternative pulse shape generated in 
accordance with IEC 62368-1:2018, Clause D.2, circuit 3.  
Number of discharge: 50  
(25 discharges with polarity 1 followed by 25 discharges with 
polarity 2) 
Cycles: maximum 12 discharges/min 
Voltage for basic insulation: ≥ 1,3 × VIMP 

Voltage for reinforced insulation: ≥ 1,3 × VIMP, min 10 kV 

Samples shall be discharged before polarity changes for 
minimum of 1 h up to a maximum of 2 h by a resistor of 
100 Ω. The 1 h minimum discharge time can be ignored upon 
manufacturer request. 

Isolation resistance VIO = 500 V DC, Tamb = 25 °C, RIO ≥ 109 Ω, t = 1 min 
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5.5.5.4 Subgroup 2: 15 samples 

5.5.5.4.1 Tests or examination 
Preconditioning See 5.5.5.2 
Temperature change test One cycle consists of the following temperature changes: 

– dwell time 68 h at Tstg,max or 125 °C (which is higher); 

– dwell time 1 h at 25 °C ± 2 °C; 
– dwell time 2 h at 0 °C ± 2 °C; 
– dwell time 1 h at 25 °C ± 2 °C. 
Voltage: 500 V RMS/50 Hz applied during complete test 
Cycles: 10 

Input safety test 
 

At limiting safety values: samples with power transmission 
shall allow maximum transmission power to be directly 
applied to the isolation barrier 

 Tamb = TS , duration = 72 h 

 

5.5.5.4.2 Final measurements for subgroup 2 
Apparent charge , method a Basic insulation Vpd(m) = 1,2 × VIORM 

Reinforced insulation Vpd(m) = 1,2 × VIORM 

Vini,a = VIOTM 
qpd ≤ 5 pC 

Isolation resistance VIO = 500 V DC, Tamb = 25 °C, RIO ≥ 109 Ω, t = 1 min 

 

5.5.5.5 Subgroup 3: 15 samples  

5.5.5.5.1 Tests or examination 
Preconditioning See 5.5.5.2 
Temperature change test See 5.5.5.4.1 
Output safety test At limiting safety values  

Max. output current or max. output power dissipation 
Tamb = TS, duration = 72 h 

 

5.5.5.5.2 Final measurements for subgroup 3 

See 5.5.5.4.2. 

5.5.5.6 Subgroup 4: 40 sample 

Examinations 

Isolation resistance at  a) Tamb,max (min. 100 °C), VIO = 500 V DC, RIO ≥ 1011 Ω, 
t = 1 min 

b) TS, VIO = 500 V DC, RIO ≥ 109 Ω, t = 1 min 
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5.5.5.7 Subgroup 5: 10 samples 

Examinations 

External clearance 
External creepage distance 
Flammability test 
(type test only) 

See IEC 60664-1:2007 
See IEC 60664-1:2007 
See lEC 60695-11-5:2016 
Time of application of the test flame, t = 10 s, 
after burning time: t ≤ 30 s 

 

5.5.5.8 End of life test  

5.5.5.8.1 General 

Coupler lifetime under voltage stress has several independent degradation mechanisms: 
surface tracking, mold compound thermal degradation and primary insulation wear out. 
5.5.5.8 will determine the maximum working voltage based on primary insulation degradation 
under voltage stress, and use that data to verify the isolation capabilities of the part under 
transient voltage stress at predicted end of life. Lifetime limitations of the packaging and mold 
compound are addressed in 5.5.5.9. In addition, the partial discharge measurements apply. 

Expected lifetime, failure rates and test margins are specified based on the insulation grade 
"basic" or "reinforced". Maximum rated repetitive peak isolation voltage (VIORM) can be 
determined through accelerated life testing to determine the voltage dependent time to failure 
at several test conditions. These data are applied to accepted models of voltage dependent 
degradation to extrapolate to the required lifetime and the required probability of failure.  
Additional margin factors are applied as specified. 

End of lifetime verification shall be done by manufacturers. Supporting data and signed 
documentation shall be provided to test houses to prove these safety requirements are met. 

5.5.5.8.2 Subgroup 6: 432 samples – End of life test/VIORM 

Maximum rated repetitive peak isolation voltage (VIORM) will be determined based on 
identified lifetime and insulation grade. It will be measured with the introduction of a new 
coupler which differs from already tested couplers in one or more criteria given in 5.5.5.8.6. 

5.5.5.8.3 Subgroup 7: 20 samples – End of life test/VIOTM 

Select a test condition from the 1 ppm1 lifetime curve, determined in 5.5.5.8.4, within the 
interpolated span of the data as shown in Figure 4. Apply the selected stress voltage, under 
the same ambient conditions as the lifetime data was gathered, for 80 % of the predicted 
lifetime. 

Example: 

Select Vstress = 1 000 V; Top = 100 °C to determine the predicted lifetime of 1 500 h. 

Apply the same ambient and voltage stress conditions for 1 200 h (1 500 h × 0,8). 
Components in test shall show no failure during preconditioning and subsequent isolation test. 

_____________ 

1 ppm = parts per million 
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Subgroup 7 parts shall not be taken from subgroup 6. 

Transient test: after preconditioning, a 50/60 Hz sine wave with Vpeak = VIOTM is applied for 
10 s. 

Pass criteria   
Isolation resistance VIO = 500 V DC, Tamb = 25 °C, RIO ≥ 109 Ω, t = 1 min 

5.5.5.8.4 Manufacturer data collection for End of life test/VIORM 

NOTE See IEC 62539:2007 and IEC 61649:2008 for right or single censoring. 

Failure criteria: isolation breakdown occurring either at the couplers rated transient voltage 
VIOTM or its maximum rated repetitive peak isolation voltage VIORM applying the defined wear 
out safety factors. Failure point reached when insulation resistance has decreased below 
2 MΩ at 500 V DC for basic insulation, 4 MΩ at 500 V DC for reinforced insulation (see 
IEC 62368-1:2018). 

This procedure tests components to failure per the failure criterion. Time to failure data is 
analyzed per IEC 62539:2007 to determine the time to failure probability line and confidence 
interval for each data set. Multiple data sets are acquired at conditions specified below to 
ensure adequate sample size, span of test voltages and consistent extrapolation interval. 
Degradation models for the two primary insulation materials SiO2 and polymer are specified in 
3.38. Applying the data to the degradation model allows the best possible curve fit and 
reliable extrapolation of the lifetime to determine the reference working voltage (VREF) for the 
insulation grade required. 

The specified failure rate over the rated lifetime is 1 000 ppm for basic insulation, and 1 ppm 
for reinforced insulation. This is in keeping with the concept that reinforced insulation is 
equivalent to 2 instances of basic insulation in series. Two test margin factors are applied on 
top of this requirement. One is a required lifetime margin factor of 1,2 × for basic, and 1,5 × 
for reinforced. The second is a 20 % margin factor applied to the reference working voltage 
(VREF) to reduce the final maximum working voltage.  

Accelerated stress test conditions may exceed above defined test criteria. 

The electric strength is influenced by the frequency of the applied voltage, so test data at 
50Hz/60Hz may not be applicable to use condition. The influence of frequencies greater than 
30 kHz on the electric strength is described in IEC 60664-4:2005, Clause 6. 

Lifetime safety factor Lifetime rated value 20 years  
 For basic insulation: equivalent 24 years (factor 1,2) 
 For reinforced insulation: equivalent 30 years (factor 1,5) 
Working voltage 
safety factor  
at applicable lifetime 

For basic insulation: FLT = 1,2 

 For reinforced insulation: FLT = 1,2 

 Extrapolated lifetime voltage: VIORM = VREF/FLT 

Model See IEC 62539:2007  
 For SiO2 isolators: see 3.38.1 

 For thin film polymer isolators: see 3.38.2 
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Accumulated failure 
rate over rated 
lifetime (20 years) 

For basic insulation: FROL ≤ 1 000 ppm 

 For reinforced insulation: FROL ≤ 1 ppm 
Test voltage 
frequency 

Frequency of applied test 
voltage – sinusoidal with 0 V 
mean voltage shall be used: 

50/60 Hz 

 Maximum operating 
temperature as specified in 
datasheet: 

- 

 

The method of data acquisition and analysis requires the following sample size and applied 
testing time to support statistical interpolation of lifetime. It also determines a consistent 
extrapolation interval for a high confidence prediction of insulation lifetime in the extrapolation 
interval (see Figure 4 and Figure 5). These data points are used to determine VIORM. 

For samples and applied method to calculate life time, the following criteria should be met. 

1) All samples shall be preconditioned per 5.5.5.2. 
2) All samples shall pass routine test according 5.5.2. 
3) For the determination of the VIORM levels including safety factors, a minimum of three 

voltage stress points per specified temperature as stated below shall be taken as basis: 

• maximum operating temperature: minimum of 16 parts per lot, 3 lots total; 

• room temperature: minimum of 32 parts per lot, 3 lots total; 

• in total, 432 samples (288 at room temperature, 144 at high temperature). 
4) The smallest to the largest mean-time-to-failure value at the three chosen voltage stress 

points used for the extrapolation shall span 2 orders of magnitude. 
5) The lowest test voltage shall yield a t63 point > ten million seconds (1E7 s). This is 

demonstrated by testing to 1E7 s and observing failures in < 63 % of devices at that 
voltage. 
Determination of 1 ppm and 1 000 ppm time to failure based on the lowest voltage 
requires failures in the greater of either 10 samples or 30 % of the tested sample size. 
Standard statistical analysis can be performed if sufficient data is gathered. An exception 
for the purposes of this document is when no failure is found after 1E7 s. The test can be 
stopped and the worst-case slope of the higher voltage (shorter duration) data sets, 
Weibull or log normal distribution, shall be applied with an assumed failure probability of 
1/n, where n is the sample size.  
If the t63 point is below ten million seconds (1E7 s), stress shall continue until a minimum 
of 63 % devices have failed.  

6) When extrapolating lifetime, the line of maximum likelihood (best fitting line) of the model 
curve fit shall be used for a working voltage prediction.  

7) The slope of extrapolation can only be referenced to existing data sets of true failures.  
8) Extrapolation over time shall follow the dependencies given for: 

• SiO2 isolators (see 3.38.1); 

• thin film polymer isolators (see 3.38.2). 
9) Censored data point shall be shared with test house. 
10) Any early failures shall be verified to not be insulation material degradation related 

failures. 
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The procedure for data analysis is illustrated in Figure 3, and Figure 4 and Figure 5. This can 
be used as a general procedure to analyze insulation lifetime under different test conditions 
not mentioned in this document. 

 

Key 

Distribution trend  

Confidence interval  

Failure fraction  

Prediction based on fit to appropriate mode; included confidence interval 

Figure 3 – Determination of time to failure (referring to method in 5.5.5.8) 

Cumulative failures at a test voltage are analyzed using the procedures of  
IEC 62539:2007. Several commercial software packages are available to assist with 
generation of probability plots and estimates of confidence interval; however, the user is 
accountable for the accuracy of results. Time to failure at the failure rates required can be 
extracted from this plot.   

Failure rate (ppm) as defined in 5.5.5.8.4, will depend on desired basic or reinforced isolation 
rating. 

Full document details: IEC 60747-17-2020

http://www.avadocuments.com/doc/iec-60747-17-2020
http://www.avadocuments.com/doc/iec-60747-17-2020

