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SOUTH KOREA KS C 9814-1:2022 
STANDARD
Comparison Between KS C 9814-1:2020 and KS C 9814-1:2022
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Grace Lin is a Regulatory Compliance Engineer at HYTORC. Prior 
to HYTORC, she was an EMC Staff Engineer and a TCB Reviewer 

at Intertek. Lin can be reached at glin@hytorc.com. 

By Grace Lin

Equipment used only in an industrial environment is 
excluded from the scope of this standard.

NORMATIVE REFERENCES

Referenced standards are now dated, as shown in 
Table 1.

TERMS, DEFINITIONS, AND ABBREVIATED 
TERMS

The following terms and definitions are added to the 
standard: 
•	 System under test
•	 Ancillary equipment
•	 Associated equipment
•	 Representative load
•	 Representative source
•	 DC powered equipment

On May 31, 2022, South Korea’s National Radio 
Research Agency issued Announcement No. 
2022-40 stipulating that KS C 9814‑1:2022, 

Electromagnetic compatibility (EMC) — Requirements 
for household appliances, electric tools and similar 
apparatus — Part 1: Emission, is the latest edition 
of South Korean emission product standard for 
household appliances, electric tools, and similar 
apparatus. KS C 9814‑1:2022 is a modified version 
of CISPR 14‑1:2020 Edition 7.0. Significant changes 
have been made with respect to the previous edition, 
KS C 9814-1:2020 (CISPR 14‑1:2016). This article 
addresses emission requirements specified in the KS C 
9814-1:2022 standard, focusing on the latest changes 
and deviations from the CISPR 14‑1:2020 standard. 

SCOPE

The following equipment is explicitly included in the 
scope of the standard:
•	 Air conditioning
•	 Personal care and beauty 

care appliances
•	 Electric fence energizers
•	 Equipment incorporating 

radio transmit/receive 
functions

•	 Equipment under the 
scope of this document 
making use of inductive 
power transfer (IPT)

Equipment making use 
of IPT technology is 
introduced in this edition. 
Many devices, such as 
electric toothbrushes, use 
IPT technology to recharge 
batteries.

KS C 9814-1:2020 KS C 9814-1:2022 Referenced International Standard

CISPR 16-1-1:2015 KS C 9816-1-1:2020 CISPR 16-1-1:2015

KS C 9816-1-2 KS C 9816-1-2:2021 CISPR 16-1-2:2017

CISPR 16-1-3:2004 KS C 9816-1-3:2021 CISPR 16-1-3:2004/AMD2:2020

KS C 9816-2-1 KS C 9816-2-1:2020 CISPR 16-2-1:2014/AMD1:2017

KS C 9816-2-1 KS C 9816-2-1:2020 CISPR 16-2-2:2010

KS C 9832 KS C 9832:2019 CISPR 32:2015

KS C IEC 60050-161 KS C IEC 60050-161:1990 IEC 60050-161:1990

KS C 9816-1-4 CISPR 16-1-4:2019 CISPR 16-1-4:2019

KS C 9816-2-3 CISPR 16-2-3:2016 CISPR 16-2-3:2016/AMD1:2019

IEC 60335-2-76:2002 (deleted) -

KS C IEC 61000-4-20 IEC 61000-4-20:2010 IEC 61000-4-20:2010

IEC 61000-4-22 IEC 61000-4-22:2010 IEC 61000-4-22:2010

Table 1: Normative references and equivalent international standards

mailto:glin@hytorc.com
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Class B equipment, except for the average limits in the 
frequency range of 0.15 to 0.5 MHz (which is 59 dBµV 
to 46 dBµV). 

For the discontinuous disturbances on the mains port, 
with click rate (N) less than 30, the click limit, in the 
frequency range of 150 kHz to 30 MHz, is calculated 
by increasing the relevant quasi-peak limit for the 
continuous disturbances by 44 dB (for N < 0.2) or 20 lg 
(30/N) dB (for 0.2 ≤ N < 30). 

RADIATED DISTURBANCES

Frequency spectrum of radiated disturbances measurement 
is investigated from 30 MHz to 1 GHz, 2 GHz, 5 GHz, 
or 6 GHz, depending on the highest clock frequency 
contained in the equipment under test (EUT).

KS C 9814-1 does not specify the fully anechoic room 
(FAR) testing method for the radiated disturbances 
measurement. For the frequency range of 30 MHz to 
1 GHz, radiated disturbances limits are specified at both 
10 m and 3 m measurement distances for both open area 
test site (OATS) and semi-anechoic chamber (SAC) 
testing methods. The 3 m measurement distance applies 
only to the small size equipment. 

Radiated disturbances measurement for the frequency 
range of 1 GHz to 6 GHz is introduced in this edition. 
Limits are specified at a 3 m measurement distance using 
the free space open area test site (FSOATS) testing 
method. An FSOATS is a SAC or an OATS with RF 
absorbers on the reference ground plane (GRP).

Radiated disturbances limits are identical to the 
CISPR 32:2019 limits for Class B equipment.

TEST CONDITIONS

Test conditions for the following equipment are revised 
or added:
•	 Clothes irons
•	 Personal care appliances
•	 Battery chargers
•	 Robotic equipment
•	 Equipment making use of IPT
•	 Remote controls and timers

FIGURES

Table 2 shows the changes made to the figures.

•	 Inductive power transfer (IPT)
•	 IPT source (IPTS)
•	 Inductive powering equipment
•	 Inductive cooking appliance
•	 IPT client (IPTC)
•	 IPT equipment (IPTE)
•	 Radio transmitter
•	 Radio receiver

Terms other than those stipulated in the standard 
are in accordance with the provisions of the Radio 
Wave Act, the Enforcement Decree of the Radio 
Act, the electromagnetic compatibility standards, and 
the international and national standards related to 
electromagnetic compatibility.

The following abbreviations are added to the standard:
•	 AE—associated equipment
•	 AuxEq—auxiliary equipment
•	 EMI—electromagnetic interference
•	 EUT—equipment under text
•	 FSOATS—free space open area test site
•	 IPT—inductive power transfer
•	 IPTS—inductive power transfer source
•	 IPTC—inductive power transfer client
•	 IPTE—inductive power transfer equipment
•	 RBW—resolution bandwidth
•	 VBW—video bandwidth

LIMITS

Limits are specified based on the following types 
of equipment: tools, equipment using IPT, electric 
fence energizers, toys, and others. All toys are in one 
category, versus five categories in the previous edition.

CONDUCTED DISTURBANCES

Frequency spectrum of conducted emissions 
measurement is investigated from 9 kHz to 30 MHz. 
The frequency range of 9 kHz to 150 kHz applies only 
to equipment with active IPT functions. 

Frequency range of 150 kHz to 30 MHz applies 
to all equipment. The general limits for the mains 
ports are identical to the CISPR 32:2019 limits for 
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Figure Number

DescriptionCISPR 14-1:2020
KS C 9814-1:2022

CISPR 14-1:2016
KS C 9814-1:2020

1 - IPT terms

- 1 Possible issue due to a high standard deviation when using method 
7.3.3

2 - Examples of test configuration

3 2 Examples of discontinuous disturbances whose duration and 
separation meet the definition of clicks (see 3.3.3)

4 3 Examples of discontinuous disturbances whose duration and 
separation meet the definition of clicks (see 3.3.3)

5 4 Flow chart for emission measurements of mains operated 
equipment in the frequency range from 30 MHz to 1,000 MHz

6 5 Flow chart for emission testing of battery-operated equipment in the 
frequency range from 30 MHz to 1,000 MHz

7 - Flow chart for emission measurements in the frequency range from 1 
GHz to 6 GHz

- 6 Flow diagram for measurements of discontinuous disturbance

8 - Flow diagram for the evaluation of discontinuous disturbance, based on 
measuring the clicks

9 - Flow diagram for the evaluation of discontinuous disturbance, based 
on counting the switching operations

10 7 Artificial hand – RC element

11 8 Application of the artificial hand – Portable electric drill

12 9 Application of the artificial hand – Portable electric saw

13 10 Cable bundling

14 11 Voltage probe measurement for mains-powered EUT

15 12 Radiated emission – Location of the EUT on the turntable and 
measuring distance

16 13 Radiated emission – Example of test set-up for table-top EUT

17 14 Radiated emission – Example of test set-up for table-top EUT

18 15 Radiated emission – Example of test set-up for table-top EUT (top view)

19 16 Radiated emission – Example of test set-up for floor-standing EUT

20 17 Radiated emission – Example of the test set-up for an EUT made of 
multiple table-top parts

21 18 Radiated emission – Example of the test set-up for an EUT in SAC or 
OATS, made of a combination of table-top and floor standing parts

22 19 Radiated emission – Height of the EUT in the FAR

23 - Example of test setup for disturbance voltage measurements on table-
top EUT (horizontal RGP)

24 - Example of alternative test setup (vertical RGP) for measurements 
on table-top EUT (disturbance voltage on mains port and disturbance 
current on auxiliary port)

25 - Example of disturbance voltage measurement arrangement for floor 
standing EUT(s)

Table 2: Figure number comparison
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REFERENCES

•	 KS C 9814-1:2022, Electromagnetic compatibility 
(EMC) - Requirements for household appliances, electric 
tools, and similar apparatus - Part 1: Emission 
(MOD CISPR 14-1:2020). 
https://e-ks.kr/streamdocs/view/sd;streamdocs
Id=72059240219206861

TABLES

Table 3 shows the changes made to the tables.

CONCLUSION

Keeping up with standard changes shortens product 
design cycle, speeds up product launch, and leads to 
success of business. This article lists key changes made 
to the standard to save much of research time. 

Table Number

DescriptionCISPR 14-1:2020
KS C 9814-1:2022

CISPR 14-1:2016
KS C 9814-1:2020

1 1 Application of limits

2 - Disturbance voltage limits for the AC mains port of equipment with active IPT 
functions

- 2 Disturbance voltage limits for induction cooking appliances

3 3 Magnetic field strength limits

4 4 Limit for the magnetic field-induced current

5 5 General limits

6 - Limits for the mains port of motor-operated tools

- 6 Limits for mains port of tools

7 7 Disturbance power limits – 30 MHz to 300 MHz

8 8 Reduction application to Table 7 limits

9 9 Radiated disturbance limits and testing methods – 30 MHz to 1,000 MHz

10 - Required highest frequency for radiated electric field strength measurements

11 - Radiated electric field disturbance limits and test methods – 1 GHz to 6 GHz

A.1 - Types of EUT, operating modes and test setup

B.1 B.1 Application of factor f for the determination of the click rate of special 
equipment

C.1 - Discontinuous disturbances recorded during the first run at 500 kHz

C.2 - Discontinuous disturbances recorded during the second run at 500 kHz

C.3 - Discontinuous disturbances recorded during the first run at 1.4 MHz

C.4 - Discontinuous disturbances recorded during the second run at 1.4 MHz

C.5 - Examples of minimum observation time

D.1 11 Values of the coefficient KE as a function the sample size

D.2 10 General margin to the limit for statistical evaluation

D.3 12 Factor k for the application of the non-central t-distribution

D.4 13 Application of the binomial distribution

Table 3: Table number comparison

https://e-ks.kr/streamdocs/view/sd;streamdocsId=72059240219206861
https://e-ks.kr/streamdocs/view/sd;streamdocsId=72059240219206861
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•	 KS C 9814-1:2020, Electromagnetic compatibility 
(EMC) - Requirements for household appliances, electric 
tools and similar apparatus - Part 1: Emission 
(MOD CISPR 14-1:2016). 
https://e-ks.kr/streamdocs/view/sd;streamdocs
Id=72059202823552187

•	 KS C 9832:2019, Electromagnetic compatibility of 
multimedia equipment — Emission requirements 
(MOD CISPR 32:2015). 
https://e-ks.kr/streamdocs/view/sd;streamdocs
Id=72059198987155269

•	 CISPR 14-1 2020-09 Edition 7.0, Electromagnetic 
compatibility – Requirements for household appliances, 
electric tools, and similar apparatus – Part 1: Emission.

•	 CISPR 14-1 2016-08 Edition 6.0, Electromagnetic 
compatibility – Requirements for household appliances, 
electric tools, and similar apparatus – Part 1: Emission.
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HEALTH MONITORING AND PREDICTION 
OF CELLS IN A BATTERY MODULE OR 
PACK UNDER OPERATING CONDITION
A Nondestructive and Cost-Effective Approach
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Benjamin Chen is an independent engineering consultant and can 
be reached at benjamin.s.chen.tw@outlook.com.

By Benjamin Chen

1.	 Regenerative braking;
2.	 Road driving, accelerating and deacceleration, and 

at different period; and
3.	 Mode switching from discharge rich at high state 

of charge (SOC) to charge rich at low SOC.

Testing profile simulating real life operation are 
created accordingly as can be shown in Figure 1 and 
Figure 2 from IEC and ISO standards.

Editor’s Note: The paper on which this article is based 
was originally presented at the 2021 IEEE International 
Symposium on Product Compliance Engineering – Asia 
(ISPCE-ASIA), held in Taipei, Taiwan in November/
December 2021. It is reprinted here with the gracious 
permission of the IEEE. Copyright 2021, IEEE.

INTRODUCTION

Following the growth in the fire incidents of electric 
vehicles (EVs) and energy storage systems (ESSs) after 
years of operation, the health monitoring system 
of EVs and ESSs are still a concerned topic. While 
it is relatively easy to measure health condition of 
a cell under static condition, the health condition 
measurement over cell packed into a system and 
under operating condition is rather difficult or time 
consuming with static measurement methodologies.

However, the deterioration of one cell in a series 
block will reduce the performance of the whole block, 
and the deterioration will lead to economic concerns 
like life span depreciation or mileage cost, so it is 
very important to develop a health monitoring system 
without the interruption of actual operation and 
disassembly of battery pack into modules and cells.

DYNAMIC BEHAVIOR DESCRIPTION OF CELL 
PERFORMANCE IN LAB ENVIRONMENT

Considering the importance of cell condition under 
heavy duty and long-life demand in EV application, 
IEC/ISO has published performance standard IEC 
62660-1:2018 for the cell and ISO 12405-4:2018 for 
the pack. Both standards emphasize the performance 
of cell under dynamic charge and discharge 
behaviors, not only in battery electric vehicles (BEVs) 
but also hybrid electric vehicles (HEVs).

Those dynamic profiles have taken conditions into 
consideration, such as:

Figure 1: The dynamic discharge profile A for BEV cycle test in  
IEC 62660-1 [1]

Figure 2: The dynamic discharge profile B for BEV cycle test in  
IEC 62660-1 [2]

mailto:benjamin.s.chen.tw@outlook.com
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BATTERY HEALTH CONDITION BY ELECTRO-
IMPEDANCE SPECTROSCOPY

As most research study referenced, EIS was considered 
as a comprehensive description of battery structures 
as shown in Figure 3. Typical EIS was conducted 
by measurement of applying an AC potential to an 
electrochemical cell and then measuring the current 
through the cell under various frequency, usually from 
frequencies as low as 1mHz to as high as 1MHz.

The responsive frequency can be considered as a 
description of cell electrochemical structure, as there 
are many layers of materials between electrodes, and 
the external potential is like a tuning fork set with in 
different vibration frequencies. Each layer material 
has different characteristic natural frequency and 
will be in resonance when the voltage frequency 
is the same. The amplitude of the characteristic 
frequency peak can be analogous to the thickness 
or the mass of the material. When the material is 
thicker, the response is stronger.

However, a single spectrum at one time for a 
cell does not constitute any meaning, but when 
comparing spectrums across cell when the layer 
thicknesses changed under different operating 
conditions, the response changes between extremes 
condition, e.g., SOC 0% to SOC 100%, will 
help users to estimate the condition under the 
measurement to the original unused condition.

PERFORMANCE MEASUREMENT UNDER 
OPERATING CONDITIONS

Establishment of Cell Data by Leveraging BMS

As a voltage of single lithium-ion battery or cell is 
only 3 volts, creating an output at 12 volts, 48 volts, 
96 volts or even above for large powers more than 
5 KWs without DC/DC voltage transformation 
technologies will need to combine cells into 
series blocks. However, as electrochemical cells 
do have internal resistance differences, and the 
voltage difference is greater in the end of blocks. 
To avoid overvoltage of cells in the block, based 
on the module safety standard requirement like 
IEC 62133, UL 2594, or UL 2580, each cell in 
the same series is required to integrate overvoltage 
prevention mechanisms or monitoring systems, as 
shown in Figure 4.

Accordingly, most of manufacturers install voltage 
sensor onto each cell or cell block of the same series 
and collect the voltage data into the BMS system 
within the module or pack or send out to downstream 
storage or analyzing devices like programmable logic 
controllers (PLC), industrial personal computer 
(IPC), or cloud computing or storage services by wired 
communication interface like controller area network 
(CAN) bus, Modbus, Ethernet, or wireless like WIFI, 
Bluetooth, or 4G.

Through the data retrieved from BMS system plotted 
with time, the slope of charge/discharge response or 
the shape of voltage recovery, can then be applied to 
the cell EIS database for further analysis.

Figure 3: Concepts of EIS and its relationships to the electrochemical structure 
of a cell [3]

Figure 4: Typical cell monitoring wiring schemes to BMS in a battery module [4]
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Though not perfectly controlled like laboratory 
environment with standardized power supply and 
electrical loads, the voltage sensor, current sensor, and 
temperature sensor with power controlling system 
(PCS), battery charger/discharger, and the motor or 
actually load, and BMS do constitute a similar testing 
system also providing continuous and meaningful data.

Establishment State of Health Profiles by EIS-Like 
Database

As can be imagined, EIS is typically conducted on 
single cell at laboratory conditions, and a complete 
scan from 1 mHz to 1MHz will take several hours to 
complete. It is not economically feasible to conduct 
EIS over each cell in a pack, and impossible without 
disassembly and also under operation.

However, each charge and discharge under different 
potential and time in real operation is like a pulse of 
EIS scan, and then we can reconstruct an EIS like 
spectrum after voltage normalization though may not 
be continuous in frequencies.

By accumulation of spectrum across different cells 
and time against real behavior or performance, user 
or manufacturer can define a database of cell health 
condition, similar to study as shown in Figure 5.

Data Processing and Report Preparation

When the database of SOH for the interested cell or 
electrochemical structure was established, the voltage, 
current, SOC, and time information can be retrieved 
by BMS then send to edge devices like computers or 
mobile phones, or directly to cloud for comparison. An 
overall distribution of SOH for cells in the pack can be 
drawn as visualized in 3D or 2D objects, similarly to 
the diagrams shown in Figure 6.

CONCLUSION

The SOC information of a cell is important as the 
baseline information, but EIS or dynamic behavior 
information is more comprehensive and important for 
the description of SOH. Through the data processing 
retrieved from BMS under real time operation and 
comparing with the database established with existing 
SOH profile, the SOH distribution for the cells in 
the pack can be described and demonstrated without 
disassemble the battery pack back to cells under 
dynamic and operating conditions.

The similar approach can be applied to ESS as well 
as long as BMS data are available by communication 
interfaces and regardless of battery chemistries. 
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Figure 5: The database of SOH profiles for various brands and 
electrochemical structures [5]

Figure 6: The prediction of cell SOH under different operating conditions [6]
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SHUNT INDUCTIVE DISCONTINUITY ALONG THE 
TRANSMISSION LINE AND TRANSMISSION LINES 
IN PARALLEL

By Bogdan Adamczyk

Our initial goal is to determine the reflected 
voltage vr (t) at the location z = d, i.e., vr (d, t). The 
ultimate goal is to determine the total voltage at the 
discontinuity, vL (d, t). 

This article discusses the impact of a shunt 
inductive discontinuity along the line as well 

as the effect of feeding two transmission lines in 
parallel. The analytical results are verified through the 
HyperLynx simulations and laboratory measurements.

1.1  REFLECTIONS AT THE SHUNT INDUCTIVE 
DISCONTINUITY - ANALYSIS

Consider the circuit shown in Figure 1.1, where the 
transmission line of length l has a shunt inductive 
discontinuity in the middle of the line at a location  
z = d.

Note that the transmission line is matched at the 
source and at the load; it is also assumed that the 
initial current through the inductor is zero, iL (0- = 0).

When the switch closes at t = 0, a wave originates at 
z = 0, [1], with

	 (1.1a)

	 (1.1b)

and travels towards the discontinuity. When this wave 
arrives at the discontinuity (at the time t = T), the 
reflected waves, vr and ir are created. The transmission 
line immediately to the right of the discontinuity looks 
to the circuit on the left of the discontinuity like a 
shunt resistance equal to the characteristic impedance 
of the right line [2]. Figure 1.2 illustrates this.

The reflected current wave is related to the reflected 
voltage wave by

	 (1.1c)

KVL and KCL at the discontinuity produce

	 (1.2a)

	 (1.2b)

Dr. Bogdan Adamczyk is professor and director 
of the EMC Center at Grand Valley State 

University (http://www.gvsu.edu/emccenter) 
where he regularly teaches EMC certificate 

courses for industry. He is an iNARTE certified 
EMC Master Design Engineer. Prof. Adamczyk 

is the author of the textbook “Foundations of 
Electromagnetic Compatibility with Practical Applications” 

(Wiley, 2017) and the upcoming textbook “Principles of 
Electromagnetic Compatibility with Laboratory Exercises” 
(Wiley 2022). He can be reached at adamczyb@gvsu.edu.

Figure 1.1: Shunt inductive discontinuity along a transmission line

Figure 1.2: Incident and reflected waves at the inductive discontinuity

http://www.gvsu.edu/emccenter
mailto:adamczyb@gvsu.edu
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Utilizing Equations (1.9) and (1.11) in Eq. (1.12), 
we obtain

	 (1.13)

The total voltage across the discontinuity is

	 (1.14a)

or

	 (1.14b)

Equation (1.14b) predicts that at t = T, the voltage 
at the load rises from zero to VG/2 and then decays 
exponentially to z. Let’s verify these observations 
through simulations and measurements.

1.2  REFLECTIONS AT THE INDUCTIVE 
DISCONTINUITY - SIMULATION

Figure 1.3 shows the HyperLynx schematic of the 
transmission line with an inductive discontinuity.

The simulation results are shown in Figure 1.4.

Note that the simulation results verify the analytical results.

The current iR (t) can be expressed as

	 (1.3)

From Eq. (1.2b), we obtain the inductor current as

	 (1.4)

Utilizing Equations (1.1b), (1.1c), and (1.3) in (1.4) 
we get

	 (1.5)

The differential v-i relationship for the inductor is

	 (1.6)

Using Equations (1.1a), (1.2a), and (1.5) in Eq. (1.6) 
we obtain

	 (1.7)
or

	 (1.8)

This differential equation needs to be solved for vr (t), 
for t > T, subject to the initial condition vr (t = T). 
Let’s determine this initial condition. 
Initially, the current through an inductor 
iL (T-) is zero. Thus, the inductor acts as 
an open circuit, and the incident wave 
sees the discontinuity as a matched load. 
Therefore, there is no reflection and

	 (1.9)

Eq. (1.8) can be written as

	 (1.10)

where

	 (1.11)

The solution of Eq. (1.10) was derived in 
[2] as

	 (1.12)

Figure 1.3: Inductive discontinuity - HyperLynx schematic 

Figure 1.4: Inductive discontinuity - Voltages at the source (z = 0 ) and the load (z = d )
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simulations and measurements easier to follow since 
there are no reflections at the loads. 

When the switch closes at t = 0, a wave originates 
at z = 0 and travels towards the discontinuity. The 
transmission lines immediately to the right of the 
discontinuity look to the circuit on the left of the 
discontinuity like two resistances in parallel. Their 
values are equal to the corresponding values of their 
characteristic impedances. When the incident wave 
arrives at the discontinuity (at the time t = T), the 
reflected wave, vr and ir, is created, and we have a 
situation depicted in Figure 2.2.

This part of the circuit is identical to the one discussed 
in [3] where the transmission line had a shunt resistive 
discontinuity. Thus, the total voltage across at the 
discontinuity is

1.3  REFLECTIONS AT THE INDUCTIVE 
DISCONTINUITY - MEASUREMENTS

The measurement setup is shown in Figure 1.5.

The measurement results are shown in Figure 1.6. 

Note that the measurement results verify the 
simulation and analytical results.

2.1  FEEDING TRANSMISSION LINES IN 
PARALLEL - ANALYSIS

Consider the circuit shown in Figure 2.1, where the 
transmission line of length d is connected to the two 
other transmission lines.

Note that load resistors are matched to the 
transmission lines, and all transmission lines have 
the same characteristic impedances. This makes the 

Figure 1.5: Inductive discontinuity – Measurement setup

Figure 1.6: Inductive discontinuity – Measurement results

Figure 2.1: Transmission lines in parallel

Figure 2.2: Incident and reflected waves at the discontinuity
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	 (2.1)

and the total voltage at the source (after t = 2T) is

	 (2.2)

2.2  FEEDING TRANSMISSION 
LINES IN PARALLEL - 
SIMULATIONS

Figure 2.3 shows the HyperLynx 
schematic of the transmission line in 
parallel.

The simulation results are shown in 
Figure 2.4.

2.3  FEEDING TRANSMISSION 
LINES IN PARALLEL - 
MEASUREMENTS

The measurement setup is shown in 
Figure 2.5.

The measurement results are shown in 
Figure 2.6. 

Note that the measurement results 
verify the simulation and analytical 
results. 
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Figure 2.3: Transmission lines in parallel - HyperLynx schematic 

Figure 2.4: Transmission lines in parallel - Voltages at the source (z = 0 ) and the discontinuity 
(z = d )

Figure 2.5: Transmission lines in parallel – Measurement setup Figure 2.6: Transmission lines in parallel – Measurement results
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COMMERCIAL VERSUS AUTOMOTIVE 
ESD INTEGRATED CIRCUIT QUALIFICATION
PART 2

By Robert Ashton for EOS/ESD Association, Inc.

Founded in 1982, EOS/ESD Association, Inc. is a 
not for profit, professional organization, dedicated to 
education and furthering the technology Electrostatic 

Discharge (ESD) control and prevention. EOS/ESD 
Association, Inc. sponsors educational programs, 

develops ESD control and measurement standards, holds  international 
technical symposiums, workshops, tutorials, and foster the exchange of 

technical information among its members and others.

Robert Ashton is the Chief Scientist at Minotaur 
Labs, a provider of ESD and latch-up testing located 
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ESDA working groups for device testing standards 

and the JEDEC latch-up working group. He has 
been a regular member of the EOS/ESD Symposium 

technical program committee. He is currently serving as co-chair of 
the human metal model (HMM) working group.

Test Fixture Board Qualification  
(Q100-002 Section 2)

Requires the test fixture board to meet waveform 
requirements at all test voltages, not limited voltages. 
Also specifies requalification if the board is repaired.

Device Stressing (Q100-002 Section 3)

Requires that device stressing be done at 500 V, 
1000 V and 2000 V. Levels may not be skipped. 
JS-001 allows testing at a single level to establish the 
immunity level. Q100-002 also specifies that if the 
device fails 500 V, it requires testing at 250 V, and if 
that fails testing at 125 V if the tester can meet the 
waveforms. 

Devices with 6 pins or less (Q100-002 Section 4.1)

Devices with 6 pins or less must be tested with all 
pin pair combinations. (One pin on Terminal A and 
one pin on Terminal B.) JS-001 requires that discrete 
devices be tested with all pin combinations and allows 
devices with 10 or less pins to be tested with all pin 
pair combinations. 

INTRODUCTION

This is Part 2 of an article describing the difference 
between the electrostatic discharge (ESD) 
qualification requirements for automotive and standard 
commercial integrated circuits. Part 1 of the article, 
in last month’s issue of In Compliance, described why 
it is reasonable for automotive products to have higher 
qualification requirements, describes the documents 
that specify the requirements for commercial and 
automotive integrated circuit qualification and the 
high-level differences between ESD qualification for 
automotive and commercial integrated circuits. Part 2 
describes the additional requirements for automotive 
ESD testing for human body model (HBM) and 
charged device model (CDM).

(This article had its origin in a series of blog posts on  
ESD testing available at http://www.srftechnologies.com/ 
ESD-RESOURCES.html.)

Note: This article will summarize the differences 
between automotive and commercial ESD testing of 
integrated circuits but should not be used as a substitute 
for a thorough reading of the actual test methods.

HBM

HBM testing is specified by ANSI/JEDEC/ESD JS-
001 [1] with additional requirements specified in AEC–
Q100-002 REV-E [2]. This section summarizes the 
additional requirements for automotive HBM testing.

Waveform Requirements (Q100-002 Section 1.1)

The tester must meet the waveform requirements at 
all test levels. (Legacy wording in JS-001 could be 
interpreted that the tester didn’t need to meet all 
waveform requirement at all voltages, but this was 
never the intention.)

http://www.srftechnologies.com/ESD-RESOURCES.html
http://www.srftechnologies.com/ESD-RESOURCES.html
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stress pin combinations, and any exceptions for the 
tests performed.

CDM

CDM testing is specified by ANSI/JEDEC/ESD 
JS-002 [3] with additional requirements specified in 
AEC-Q100-011 Rev-D [4]. This section summarizes 
the additional requirements for automotive 
CDM testing.

Stress Levels Tested (Q100-011 Sections 2.3 
and 2.5)

250 V is a required test level, and if higher withstand 
levels are to be reported testing must be done in 250 
V increments up to the highest passing level. It is not 
permissible to skip stress levels. If a device fails at 250 
V testing is to be done at 125 V and if failure occurs 
at that level lower levels such as 100 V and 50 V are to 
be used. JS-002 allows testing at a single voltage and 
if all requirements are met that level can be used as the 
devices CDM withstand level.

Discharge Requirements (Q100-011 Section 2.5)

One of the most significant differences between JS-
002 and Q100-011 is the number of zaps to each pin 
per voltage and polarity. Q100-011 requires 3 stresses 
on each pin for each voltage and polarity, while JS-002 
requires “at least 1 discharge” per voltage and polarity. 
The wording of “at least 1 discharge” was added to 
JS-002 so that a single set of testing could cover both 
JS-002 and AEC Q100-11 testing.

Corner Pin Classification (Q100-11 Sections 1.3.1 
and 2.6)

A unique feature of the AEC CDM is the corner pin 
requirement. As discussed in Section 2 the standard 
qualification level for CDM is 500 V, with corner pins 
at 750 V. Section 1.3.1 of AEC Q100-11 describes the 
definition of a corner pin, while Section 2.6 describes 

Pin Combination Table (Q100-002 Section 4.2)

JS-001 includes two options for pin combinations. 
Table 2B is the traditional pin combinations from the 
original version of JS-001 and is the same set of pin 
combinations as in the now obsolete HBM standards 
from JEDEC and ESDA. Table 2A is a new table 
which reduces the number of stresses on an integrated 
circuit but requires more understanding of the device 
under test. The purpose of Table 2A is to reduce test 
time and, possibly more important, to reduce failures 
due to wear out. Q100-002 requires all testing to start 
using Table 2B. Q100-002 does give three situations 
in which Table 2A may be used.
•	 A low parasitic tester is being used
•	 If a failure using Table 2B is deemed to be a false 

failure
•	 If the use of Table 2B leads to failures from wear out 

due to cumulative stress

Low Parasitic Tester (Q100-002 Section 4.3)

Q100-002 has special instructions if using a low 
parasitic tester such as a two-pin tester.
•	 Connectivity must be verified for each stress
•	 Non-supply to non-supply stress may be done using 

Table 2A
•	 All adjacent non-supply pins must be stressed versus 

each other
•	 The options in JS-001 Section 6.6 for low parasitic 

HBM testers may be used.

Reporting (Q100-002 Section 5.0)

Q100-002 has a section on reporting, which is 
lacking in JS-001. In addition to reporting the basic 
test results the reporting section requires information 
on the type of tester used, details on the samples 
and test details such as pin groupings, stress voltage 
levels, any partitioning of stress over multiple devices, 

One of the most significant differences between JS-002 and Q100-011 is the number 

of zaps to each pin per voltage and polarity. Q100-011 requires 3 stresses on each pin 

for each voltage and polarity, while JS-002 requires “at least 1 discharge” per voltage 

and polarity. 
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two methods to determine the 750 V 
corner pin classification.

Small Package Considerations 
(Q100-11 Section 2.7)

This section of Q100-11 discusses 
the difficulties of CDM testing of 
small package, and notes that in 
some cases the testing may need to 
be skipped, but this must be noted 
and done in agreement with the user. 
AEC-Q100-011 Rev-D was published 
before JS-002-2018 added provisions 
to eliminate further CDM testing 
of small devices within a technology 
family with a known CDM history of robustness.

Wafer or Bare Die Considerations (Q100-11 
Section 2.8)

This section discusses CDM testing of products 
shipped at wafer level or as bare die. The document 
allows bare die product to be tested in a surrogate 
package if the package used is documented.

Failure Criteria (Q100-11 Section 2.9)

This section defines failure as not meeting all device 
specifications. The section also notes that after 
CDM testing device parameters can drift from out 
of specification back into specification. This section 
encourages post stress testing to be done soon after 
stress but does not give a time limit.

Acceptance Criteria (Q100-11 Section 2.10)

This section requires that devices classified at a 
particular level not only has to pass that level of stress 
but also must pass all lower stress levels.

There are also some slight differences in the 
classification levels between JS-002 and Q100-11. To 
account for the 750 V corner pin requirement, AEC 
has inserted an extra level into their classification 

scheme, creating some confusion. The new Q100‑11 
level of C2 has the same definition as the JS-002 
definition as JS-002 level C2a. To obtain the C2a 
level in Q100-11 requires corner pins passing 750 V 
or higher.

SUMMARY

In summary, the ESD requirements for commercial 
versus automotive qualification are very similar. Both 
require HBM and CDM testing based on the same 
two test standards, JS-001 for HBM and JS-002 
for CDM. Automotive qualification has additional 
requirements, including specified qualification 
target levels, 3 versus 1 zap for CDM, and several 
additional requirements. The good news is that if a 
product has met the requirements of AEC Q100 for 
ESD qualification, the product will more than met 
the requirements for JEDEC/ESDA qualification 
for ESD. 
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JS-002 Q100-11

Classification Description Classification Description

C0a <125 C0a < 125

C0b 125 to <250 C0b 125 to <250

C1 250 to <500 C1 250 to <500

C2a 500 to <750 C2 500 to < 750

C2a 500 to <750
(with corner pins ≥ 750)

C2b 750 to <1000 C2b 750 to < 1000

C3 ≥1000 C3 1000

Table 1: Comparisons of JS-002 and Q100-11 qualification levels

The ESD requirements for commercial versus automotive qualification are very similar. 

Both require HBM and CDM testing based on the same two test standards, JS-001 for 

HBM and JS-002 for CDM. 
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