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American Certification Body National Recognized Testing Laboratory
(NRTL)

313 Park Avenue, Suite 300
Falls Church, VA 22046

Product & Component Testing Services
Product Pre-Compliance Testing

(703) 847-4700 Product Safety Consulting
https://acbcert.com Product Safety Testing
CE Notified Body RoHS Directive Compliance

Codes, Standards & Regulations
Homologation Services
Pre-Assessments

Radio Performance & Functionality

Coilcraft Critical Products &
Services

Testing 1102 Silver Lake Road

Cary, IL 60013
(847) 639-6400
https://cps.coilcraft.com

Telecommunications Testing
Wireless Testing

CertifiGroup Inc.

901 Sheldon Drive
Cary, NC 27513

Electrical Safety Testing

EMC & RFI Filters

EMI/ RFI Inductors
Environmental Simulation Testing

(800) 422-1651 Filter Coils
https://certifigroup.com Power Line Chokes
CE Marking Product Pre-Compliance Testing

Electrical Safety Testing Product Safety Testing

Environmental Testing & Analysis Reactors for Frequency Converters
Services RF Chokes

Medical Device Shock & Vibration

Surface Mount Inductors
Switchmode Inductors
VHF Chokes

EOS/ESD Association
Services, LLC

218 West Court Street

Rome, NY 13440

(315) 339-6937
https://iwww.esda.org/eosesd-
association-services-lic

Associations
Consulting
Education

ESD Consulting
ESD Testing
Pre-Assessments
Product & Component Testing Services
Site Survey Services
Testing Laboratories
Training Courses
Webinars

We asked industry experts to share their best advice to customers preparing for a

successful first visit to their laboratory.

Prodvct compliance is only hauf the
battie. Coveful selection of anc'\llom

equipment, proper setup configuraion,
moniforing, stimwiation, and eVT
operating States are arguaoly more
crifical 10 the success of a compliance
prograum than the VTS, Tauk With
an expert 0 discuss how 10 prepare
for fesfing, and avoid these
common pitfauls. Jeffrey Viel
Chief enginger, EMI/EMC
NT3 Téchnical systems

i Yo find that your curvent st looratory
lacks a comprenensive axvaw of Fair-Rite
engineering Kifs 1o cater 1o wour electromagnetic
inferference needs, we strongly recommend
reaching ovt 1o us by e-mal. BY doing so, we
can ensure that you receive adl the essentiod
components required 1o affwin EMC compliance
cerfification. 'S an invauvaole sfep in ensuring
Wour festing process is as smooth and successtul

as possible. gennett Bruntil
Director of Sales and Marketing
Fair-Rite Prodvcts corporation
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FEATURED RESOURCE

Fair-Rite Products Corporation

Supplying Free Engineering Kits to Test Labs Across the Globe
air-Rite Products Corporation is a full-line
Fferrite component manufacturer. Fair-Rite has a

comprehensive lineup of high-performance ferrite
materials available in a wide variety of core types.
Fair-Rite focuses on material offerings for suppression,
inductive (low flux levels), and both contemporary and
high-frequency power magnetics to meet the demands
of current and new semiconductor technologies, such
as GAN and SiC. Fair-Rite components include round
cable cores, flat cable cores, split round/flat cable
snap-its, connector plates, IEC mated cores, toroidal
cores, surface mount beads, PC board suppressor
cores, rod/bobbin cores, and chip beads.

Fair-Rite Products Corporation | (845) 895-2055

o
ﬁFair—Rite Produ rp.
Your Signal Solution®

Fair-Rite has a primary initiative of supporting and
supplying free engineering kits for EMC compliance
and pre-compliance testing to all test labs. The
Signal Solution Kit, our flagship kit for compliance
labs, contains our most popular Snap-It™ Cores

in our 75 material, 31 material, 43/44 material, and
61 material - along with EMC reference guides.
Fair-Rite’s newest engineering kit, the Greatest Hits
Kit, was designed with EMC consultants in mind.
With its portable box carrying four all-star materials
and 64 parts ranging in size, Fair-Rite’s Greatest
Hits Kit will help you discover Your Signal Solution.

| ferrites@fair-rite.com | https://www.fair-rite.com
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F2 Labs - Damascus, MD Lithium-lon Battery Testing Electrical Safety Testing
EMC Testing

Medical Device

26501 Ridge Road Pre-Assessments Energy Efficiency Testing

Damascus, MD 20872 Product & Component Testing Services Environmental Simulation Testing

(877) 405-1580 Product Pre-Compliance Testing ESD Testing

https://f2labs.com Product Safety Consulting GOST R Certification

EMC Consulting Product Safety Testing National Recognized Testing Laboratory
, RoHS Directive Compliance (NRTL)

EMC Testing Site Survey Services Product Pre-Compliance Testing

ESD Consulting Telecom Product Safety Testing

EU (Europe) Regulatory Consulting Transient Radio Performance & Functionalit
FCC (U.S) Regulatory Consulting ! T(Iasting Unctonalty

Medical Device 1 [oF . - .
E RoHS Directive Compliance
Pre-Assessments Fair-Rite Product Corporation irective Gompli

. . Telecommunications Testing
Product & Component Testing Services One Commercial Row Wireless Testing

Product Safety COﬂSU'ting Wa"kl", NY 12589

; . mk h
Site Survey Services https:/fair-rite.com ek Canaca
Telecommunications Testing 303 River Road

Wireless Testin EMI/ RFI Shielding Materials L
g Ferrite Beads, Rods & Forms Ottawa, Ontario, K1V 1H2

Canada
F2 Labs - Middlefield, OH Rod Antennas (613) 737-9680

. https://www.nemko.com
Middlefield, OH 44062 Acoustical Testing .
(440) 426-6000 IMT FABIDABAD BSMI Compliant Certification Testing
https://f2labs.com IMT. Main Road, Sector 68 . CB Test Report
, Faridabad, Haryana 121004, India CE Marking
CE Mgrkmg . +91 920 5690574 CE Notified Body
E:\jcomgal Salftgty Testing https://www.nemko.com China Compulsory Certification
onsultin . .
ENIC Tesfing g Acoustical Testing Electrical Safety Testing
ESD Consultin BSMI Compliant Certification Testing EMC Testing .
SUling CB Test Report Energy Efficiency Testing
ESD Testing est kepor . ! . .
. CE Markin Environmental Simulation Testing
EU (Europe) Regulatory Consulting King ESD Testing
FCC (U.S) Regulatory Consulting CE Notified Body GOST R Certification

China Compulsory Certification

We asked industry experts to share their greatest value proposition.

one of ovr PYW\M Y objzoﬁves 1S 10

fosfing Kifs 10 fosf looratories at no cosf. With over 60 wears in the ousingss, upy

1) 6NSUrig) That U components are readiiy ¢an count on NTS 43 vur parer 1o

fo Swiftly and efficientiy devise your solvfions o N

LD BT T Vice President, engineering and
Director of Sales and Markefing stvatéc Programs

Fair-rife Prodvets OOYPOYM’W!I NTS Technical S(ﬁsnms
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We asked industry experts to share a

National Recognized Testing Laboratory favorite customer testimonial.
(NRTL)
Product Pre-Compliance Testin . . .
Product Safey Testng NTS Technicad SUsfems is a. state-of-the-art tesfing
RoHS Directive Compliance fi Mmﬂd that leads the indUSW(d in KﬂOW\Zd@Z and ZQV‘PW\ZY\'K

Telecommunications Testing
Wireless Testing

bt has . family feel when you Wak in the door. From the
first infroduction, and throughovt the enfire testing process, to

Wovr PYOdUOT b@iﬂ@ returned vpon compleﬁon IS & festoument

Philip Pedersens vei 11 0 the level of inﬁmowq ond ou’rs’rand'\ng PYO“> essionadism of
O e, orway fihe compauniy, carty Ingram, Marketing
https://www.nemko.com V\MMW' Ga‘rmwﬂ
Acoustical Testing
BSMI Compliant Certification Testing Marine Electronics Testing

B TestR ] i i
gE Mzsﬁ(ingport National Recognized Testing Laboratory TUV Rheinland of North America
CE Notified Body - (Z‘RTLQ Commiance Tesi 295 Foster Street
China Compulsory Certification Pro dUCt Sr?' o;np lance esting Littleton, MA 01460
Electrical Safety Testing Rro ,“CFE fety es“”gF ol (978) 266-9500
EMC Testing agcle(;tinegr ormance & Functionality https:/www.tuv.com/usa/en
Ene.rgy Eff|0|ency Test!ng . Shock & Vibration CB Test Report
Environmental Simulation Testing Tel cations Test CE Marking
ESD Testing elecommunications Testing

Electrical Safety Testing

GOST R Certification NTS Technical Svst EMC Testing
Marine Electronics Testing echnical systems FCC (U.S) Regulatory Consulting

National Recognized Testing Laboratory

NRTL 4603B Compass Point Road GS Mark Certification
( ) ) ) Belcamp, MD 21017 National Recognized Testing Laboratory
Product Pre-Compliance Testing NRTL
. (844) 332-1885 (NRTL)
Product Safety Testing : Product Safety Testin
. I https://nts.com y g
Radio Performance & Functionality RoHS Directive Compliance
Testing Accelerated Stress Testing Wireless Testing
RoHS Directive Compliance CE Marking

Telecommunications Testing EMC Testing
Wireless Testing Environmental Testing & Analysis Washington Laboratories
. Sgrwces , 4840 Winchester Boulevard., Suite #5
Network Equipment Building System ’

. , (301) 216-1500
2210 Faraday Avenue, Suite 150 (NEBS) Testing https://www.wll.com
Carlsbad, CA 92008 Product Safety Testing .
(760) 444-3500 Shock & Vibration Testing EMC Testing .
https://www.nemko.com Telecommunications Testing Environmental Testing & Analysis
Wireless Testing Services

Accelerated Stress Testing Pre-Assessments

Acoustical Testing Product & Com i i

. I . i i i ponent Testing Services
BSMI Compliant Certification Testing gadlome!"cs Midwest Product Pre-Compliance Testing
CB Test Report orporation Product Safety Testing

gg '\Nﬂc?trilaleng Bocy 12 East Devonwood Raglec; tIi:’nerformance & Functionality
China Compulsory Certification Romeoville IL 60446 Trainin %ourses

Electrical Safety Testing (815) 293-0772 . Videosg

EMC Testing https://www.radiomet.com

Energy Efficiency Testing Accelerated Stress Testing

Environmental Simulation Testing EMC Testing

ESD Testing Radio Performance & Functionality

GOST R Certification Testing


https://www.tuv.com/usa/en
https://www.wll.com
https://www.nemko.com
https://nts.com
https://www.radiomet.com
https://www.nemko.com

42 | Feature Article

ESD DESIGNERS' HEADACHE
WITH MULTIPLE AUTOMOTIVE

TEST REQUIREMENTS, PART 2

n Part 1 of this article (see
IIn Compliance Magazine,

May 2023), we showed
that the trend of progressively
migrating both ESD and
EMC immunity from the
system/board level to the
component level is creating
unprecedented challenges for
the component ESD designer.
We reviewed the implications of
EMC-ESD Immunity co-design,
along with several case studies.

With the unavoidable re-
purposing of the system-

level standards to validate
component-level robustness
(IEC 61000-4-2 [1],

ISO 10605 [2]), several gaps

at the standards level place
ESD engineers in the awkward
position of creating their

own standards. Even worse,
the practice of reporting
system-level performance

in components datasheets

is completely dependent

on each ESD engineer’s
interpretation of the standards,
hence making those specs of
questionable value.

Part 2 of this article focuses
on the specific ESD design
challenges stemming from

the fact that all relevant
system-level standards were
created to validate systems and
not components.




By Gianluca Boselli and Hans Kunz

To rigorously assess the impact of the setup differences
detailed in the previously mentioned standards, we
offer the circuit analog shown in Figure 1. Each major
component of the testing setup is included as a circuit
element and the impact of those elements allowed
variation to the entire circuit performance that can
then be assessed. The specific components of the analog
are the ESD generator (or, colloquially, ESD gun), the
impedance coupling between the ESD gun and the
target/DU'T, the target/DUT, and the ground return
path between the ESD gun and the target/DUT.

IEC GUN

The calibration current waveform presented in

IEC 61000-4-2 [1] has become the de facto specification
for system-level ESD (Figure 2). It defines a peak
current, rise-time, and current values at 30 ns and 60 ns.
However, as we will show, it is dangerous to use this as

a design specification. Specifically, much work has been
done showing large variations between ESD guns which
are allowed under the the standard. Even with the same
gun, the actual test setup drives significant variations.
Some of the reasons/practical implementations are:

DECEMBER 2023 [N COMPLIANCE | 43

Dr. Gianluca Boselli is the manager of the corporate ESD
Team at Texas Instruments. Boselli has authored and ==
presented numerous papers about ESD and latch-up. He f o
has also served in multiple leadership positions in EOS/ \!-2’-1
ESD Association, as President in 2018-2019 and currently \x«
as a member of the Association’s Board of Directors. \ /

Boselli can be reached at g-boselli@ti.com.

Hans Kunz is a Senior Member of the Technical Staff

at Texas Instruments and is currently focused on the
development of ESD verification tools and methodologies.
Kunz has been a member of the EOS/ESD Symposium
Technical Program Committee since 2007. He is also the
co-author of multiple publications related to ESD and
received the Best Presentation Award for the 2006
EOS/ESD Symposium. Kunz can be reached at hkunz@ti.com.

* Calibration method/set-up does not allow a
“hand-held” gun; the gun must be mounted
(“tripod or equivalent non-metal low loss
support” [1]). Unfortunately, the gun is made to be
“hand-held” and it is commonly used in this way.

* 'There are numerous reports of operator dependent
variations, which are not included in the standard,
and impact the calibration waveform [3]. We have
experienced first-hand not only significant IEC
level differences between guns from different
manufacturers, but also from different gun models
from the same manufacturer.

* In general, the impact of gun positioning and
operator to gun coupling cannot be ignored.

SERIES ELEMENTS

While system level standards do provide expected
current waveforms (and a calibration method to verify
them), the test-setup for which these waveforms are
produced varies significantly from the test-setup

Gun—Target Coupling
Gun
Zserr‘es
Target

I /

L]

N\

- Ground
Gun- Plane -
Coupling
Gun Tether

40 -
35 71

30 -

Current (AfkV)

05

0.0 - - - - - - - -
0.0 10.0 200 30.0 400 50.0 60.0 700 800 90.0 1000
Time (ns)

Figure 1: Circuit analogue of calibration and actual testing setups

Figure 2: IEC 61000-4-2 calibration current waveform [1]
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in which actual device testing is performed. As
highlighted in Figure 3, the calibration setup consists
of a vertical ground plane which contains a specially
designed target/load. The ESD gun is mounted on
mechanical holder, and the ground return (or tether) is
pulled into a specific shape. When devices are tested,
the special target is replaced by the actual device,
placed over a horizontal ground plane, with a much
more arbitrary ground connection than the vertical
plane presents to the target.

The ESD gun can now be held by a human operator
and the position and shape of the tether is much less
stringently controlled. One should not assume that
the current waveform introduced to a device under
test (DUT) is exactly the same as the waveform
produced in the calibration setup. In fact, significant
deviations in the current waveform can result, leading
to unexpected performance (both pass and fail) and
unrepeatable results.

While the coupling between the ESD gun and the
target/DUT (Z_, in Figure 1) may seem like an
insignificant contributor to the overall performance of
the circuit, remember that an ESD gun in direct contact
with the target/DUT is not the only configuration—

in fact, the coupling between the ESD gun and

the target/DUT can be quite different for some
configurations. Many automotive system-level test
standards [4-7] apply discharge through a variety of
gun-target couplings. In addition to the most common
gun-target coupling (i.e., contact discharge), there are
four other couplings (some used in conjunction), namely:

* Spark: air discharge
* Wiring harness/cable
* Common-mode choke

* Series resistor

Spark: Air Discharge

Air-discharge is already known to produce a

large variation of current waveforms—with no

single waveform being deemed as “correct.” This is
acknowledged in the two primary general system-level
ESD Standards [1, 2]. The IEC standard describes it as:

“The spark is a very complicated physical phenomenon.

1t has been shown that with a moving spark gap the
resulting rise time (or rising slope) of the discharge current
can vary from less than 1 ns and more than 20 ns” [1].

The ISO standard states it as:

“The air discharge method virtually replicates ESD, as
it would occur in the actual environment. In effect, this
means that the impulse current waveforms delivered

to the DUT are allowed (and expected) to vary
significantly from pulse to pulse.” [2].

'The strong relationship between the length of the
air-discharge spark and the severity of the resulting
current waveform means that variations in spark
length translate directly into variations in current
waveform. There are known factors which lead to
variation in spark formation, with humidity and
speed-of-approach being commonly recognized causes.

4=

The setup that

waveform

= Calibration setup >

produces the reference

=

= Actual testing = The
setup that applies the
discharge to the DUT

Tripod (=

Board ground
connection

Buejg UOHEIGIED [EIUBA

= Are the current
waveforms the same
between setups?

Earth
Ground

=L

Figure 3: Comparison of the calibration setup and a typical actual testing setup



However, other factors also play a role, including
the shape of the electrodes between which the spark

forms, and, while the standards do closely control the
shape of the electrode on the ESD gun, there is no
control on the shape of the target electrode.

This becomes an extremely important factor in
J2962-x automotive standards [4, 5], in which air-
discharges are applied directly to the BUS signal
wires in the wiring harness. But current waveforms
are not generally monitored in-sifu during system-

level testing; the person applying the discharge has no

reasonable gauge of the severity of the current pulse
that was actually delivered.

The current waveform shown in the IEC 61000-4-2
standard consists of a fast-rise time to a peak current,
tollowed by a drop in current and a slower rise-time to
a second peak. Figure 4 shows an expectation of two

clearly distinguishable peaks (for a negative discharge)
in the lower left corner. This expected waveform has a
green region (indicating the 1¢ peak region) and a blue
region (indicating the 2™ peak region). To the right of
Figure 4, actual measured current waveforms are shown.

*1stpeak +2" peak

Figure 4: Possible expected waveform shape and actual waveform shapes
from testing
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These waveforms were all generated in the same test
setup, by the same operator, at the same voltage level.
The only variances were the speed and angle at which
the operator approached the target with the ESD gun.

More troubling is that a single waveform in this set
actually damaged the DU, while others did not. If
the exact speed and angle was not reproduced by the
operator, then damaged DUT did not occur, leading
to a high-level of unrepeatability in testing results.
Because there is no accepted air-discharge current
waveform shape, it is unclear what should be expected
during design and, further, what should be allowed
during testing.

Another factor in air-discharge testing is the challenge
of holding the pre-charge voltage on the ESD gun
before spark formation. In cases where the target is a
very sharp geometry (such as a wire) it is quite possible
to lose charge through corona discharge. While the
ESD gun may have been programmed to deliver a 10-
kV discharge, at the time of spark formation perhaps
only a 5-kV equivalent charge remains. In fact,
doubling the discharge voltage in this case may lead to
no increase in discharge current whatsoever.

So what does it mean to apply a 10-kV air-discharge
to a DUT and observe no failure? Is the DUT robust

or was a “soft” current waveform delivered? If a

DUT fails 10-kV, does this mean it will be weak

in a different test environment (or in the actual
application)? Given the lack of fidelity between the
programmed discharge voltage and the actual current-
waveform delivered, no meaningful conclusions can
be reached about the robustness of a DUT by a simple
statement that the DUT passed or failed discharge

voltage-level testing.

Wiring Harness/Cable

Having established the consequences of discharging
through a series spark, other series elements should
also be evaluated. For example, requirements to apply
the discharge through a series wire or cable are not
uncommon. Just as with the spark in air-discharge, the
impedance of a wire or cable is not trivial, especially
when considered across the large frequency spectrum
of the ESD pulse. In fact, these configurations

must be evaluated as transmission-line, which is

not matched on either the stimulus or the load side.
Reflects should be expected, resulting in deviations
from a direct contact waveform.

Figure 5 shows an example of an ESD discharge
applied through 5 meters of RG-58 cable, relative to
the expected waveform without a cable present. If
the significant reflections demonstrated in Figure 5
are not anticipated during the DUT design phase,

unexpected failures can result.

5.00

—Measured At Target (330pF/2000 Ohm)

4.00 — Expected Waveform, without Cable

Common Mode Choke

Common mode chokes (CMCs)
are often required to meet EMC
emission requirements (more on that
in the next paragraph) in differential

3.00

‘B 5 meters RG-58

~

(=]

(=]
1=

.|||.__
| 1]

DuUT

communication busses (LIN,

CAN, ...), with a typical inductance
of 100 pH. The CMC is placed
directly in the ESD discharge path
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and, in principle, one would expect
a beneficial high-frequency damping
of the ESD energy.

Unfortunately, a CMC can display
a strong saturation behavior (due
to the ferrite saturation [10-12]),

480607 which results in a drastic reduction

Figure 5. Example of an ESD discharge through a cable

of the inductance over a certain
threshold current. In addition,



a CMC features an undesirable snapback
characteristic for ESD current densities. This highly
non-linear behavior can force the component-level
ESD protection in and out of snapback multiple
times, depending on the current density. Figure 6
shows the typical non-linear waveform of a CMC
in response to a full IEC event.

The choke allows initial current flow, due to
displacement current of the quasi-differential signal.
This is followed by a “blocking” period, corresponding
to the common mode signal. Eventually, the choke
saturates, causing low impedance, and therefore high
current flow.

'This complex waveform depends on several
parameters, including:

* Discharge level;
* Board parasitics; and

* Unspecified/uncharacterized choke parameters
(i.e., two nominally identical CMCs will yield
completely different IEC results).

Series Resistors

Some automotive system-level ESD standards
require testing through series resistance. When
using large resistance values, the expectation is to
limit the current (Figure 7). Unfortunately, there is
nothing to limit voltage build-up on discharge side
of resistor. Therefore, spark-over of the resistor is
likely, thereby causing a full discharge into DUT
(effectively emulating an air-discharge test.)

RETURN PATH

The testing setup strongly influences the ground
return path. With reference to Figure 8, the
common setup for IEC61000-4-2 features:

* Board to horizontal coupling plane (HCP)
capacitance inserted in the high-frequency path, and

* Added wire impedance in the low-frequency path.

The common setup for IEC62228 [8] features:

* Metal fixture between board and HCP, tether
directly to grounded HCP, and

* Strong low-impedance bond between board

and HCP.
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Saturated Choke

Full IEC current
waveform passed

Figure 6: CMC response to a full IEC event

out

I|]|_|||||l|

Spark across Resistor

Figure 7: spark-over mechanism of contact discharge through a
series resistor

Stand-off

Horizontal Coupling Plane
Wooden Table

(not to scale)

Ground Reference Plane

Figure 8: Common IEC 61000-4-2 implementation
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Figure 9: First peak modulation caused by different material and thickness
of the dielectric between board and HCP

If we look at the two return paths separately, the high-
frequency return path is primarily a capacitive coupling,
from the gun to the coupling plane. Coupling between
board/plane adds series impedance, which can cause

significant degradation of 1% peak (Figure 9).

If we look at the low frequency return path, it is
mainly driven by the gun tether. Inserting a wire

Figure 10: Effect of inserting a wire between the board and ground
reference plane adds impedance in low frequency return path

between the board and the ground reference plane
adds impedance in the low frequency return path

(Figure 10).

As shown, the test-setup with respect to the ground
return path can have significant impact on the shape
and severity of the current waveform delivered to the
DUT. Seemingly subtle changes in the test-setup

Figure 11: Model vs waveform for 2 Ohm load

Figure 12: Model vs waveform for 100 Ohm load




can lead to consequential changes in testing results,
leading to repeatability issues. Similarly, seemingly
subtle differences between different test-setups can

DECEMBER 2023 [N COMPLIANCE | 49

(EOS/ESD), Riverside, CA, USA, 2019, pp. 1-8,
doi: 10.23919/EOS/ESD.2019.8870002.

4. J2962-1, “Communication Transceivers
lead to differing testing results between two test Qualification Requirements—LIN.”
facilities, leading to reproducibility issues.

5. J2962-2, “Communication Transceivers
LOAD Qualification Requirements—CAN.”
The ESD gun is calibrated to a 2 Ohm (high 6. IEC 6%228—1, “Integ.rated circuits - EMC
bandwidth) load. Specifying a single load allows evalu.a"aon of transce‘n/:ers —”Part 1: General
significant deviation/differences between guns— this conditions and definitions,” 2018.
was a “painful” lesson already learned with HBM 7. 1EC 62228-2, “EMC evaluation of transceivers -
test standards. Not only do guns vary significantly, Part 2: LIN transceivers,” 2016.
models used for pre-silicon validation vary. A large 8. IEC 62228-3, “Integrated circuits - EMC
set of guns/simulation models were evaluated in [9]. evaluation of transceivers - Part 3: CAN
From Figure 11, it can be seen that there is a good transceivers,” 2019.
agreement between a specific model and a specific
ESD gun’s waveform for 2 Ohm load. 9. S.Bub, M. Mergens, A. Hardock, S. Holland and

A. Hilbrink, “Automotive High-Speed Interfaces:

However, the agreement is not good for a 100 Ohm guture ‘Challzn%e‘:s forTS.ystegjlfiz/e})H\'f—E§D
load (Figure 12), which begs the question of whether 4;0520011 alnEOkS}/r;:S'D ?16_ '8 t ;2%1/;:82;2]
the gun or the model is more correct. Because the raAnnua Yymposium (. : %
standards do not set an expectation, the question Tucson, AZ, USA, 2021, pp. 1-10, doi: 10.23919/
cannot be answered ’ EOS/ESD52038.2021.9574746.

10. S. Frei, M. Senghaas, R. Jobava, and W. Kalkner,
CONCLUSION “The influence of speed of approach and humidity
This article focuses on the specific ESD design on the intensity O.f ESD,’.’ in Proc. 13th Int. Zurich
challenges, stemming from the fact that all relevant Sy m{) OSE—]ﬁ% Zurich, Switzerland, Feb. 1999,
system-level standards were created to validate systems PP- '
and not components. Applying these standards to 11. M. Ammer, S. Miropolskiy, A. Rupp,

individual components requires interpretation, which

leads to ambiguity in the meaning of the results.

F. z. Nieden, M. Sauter and L. Maurer,
“Characterizing and Modelling Common
Mode Inductors at high Current Levels for

Additionally, there are poorly controlled aspects of the
System ESD Simulations,” 2019 41st Annual

EOS/ESD Symposium (EOS/ESD), Riverside,
CA, USA, 2019, pp. 1-7, doi: 10.23919/EOQS/
make it a virtually unreproducible test and, hence, of ESD.2019.8870005.

questionable usefulness. @ 12. N. K. Kranthi, J. di Sarro, R. Sankaralingam,
G. Boselli and M. Shrivastava, “Insights into
the System-Level IEC ESD Failure in High
Voltage DeNMOS-SCR for Automotive
Applications,” 2020 42nd Annual EOS/ESD
Symposium (EOS/ESD), Reno, NV, USA,
2020, pp. 1-7.

test standards, which can create large variations in the
applied stress. Our examples place particular emphasis
on the air discharge test and the shortcomings that
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IMPLEMENTING EMBEDDED
ESD DETECTION, PART 2

By Jeffrey C. Dunnihoo, on behalf of EOS/ESD Association, Inc.

n Part 1 of this series, we introduced embedded

detection technology, which augments basic
protection against ESD events, and explored the
opportunities for embedded ESD detection solutions.

Protection sets the fundamental thresholds for a
device’s robustness. In contrast, detection broadens
the device’s awareness around these limits, helping
it identify potential issues such as data corruption,
immediate damage, or the cumulative effects of
ESD within these thresholds. Armed with this, the
designer has an opportunity to design in recovery
functionality rather than just accept a mysterious
malfunction.

Here, in Part 2, we shift our focus to the practical
aspects of implementing embedded ESD detection.
We'll provide a step-by-step guide, discuss validation
and testing methodologies, present case studies, and
delve into future trends and innovations in the field.

PREPARING FOR EMBEDDED ESD DETECTION

As technology process nodes advance, the
susceptibility to physical damage from a given

ESD event increases, but on-chip HBM and CDM
protection is also advancing to protect these delicate
nodes. However, these advanced on-chip ESD
protection devices are typically designed to protect the
chip when powered off, during PCBA assembly and
only under factory ESD controls. As these protection
circuits clamp harder and faster, they can even prevent
the off-chip discrete protection from triggering,
making the whole system counter-intuitively less
robust.! Protection circuits that are designed to clamp
VDD to VSS can cause extensive data corruption and
state incoherence inside the running chip. This leaves
device registers, oscillators, and logic in unpredictable
and unknown states at worst and in a sudden and
unexpected Power-on-Reset (POR) vector at best.

Jeffrey Dunnihoo is the founder of Pragma Design in
1997, specializing in interface design architecture and
ESD, EOS, and other transient analysis technologies.

He has presented at IEEE EMC Society, the EOS/ESD
Association, and ISTFA, and has co-authored a new
textbook with other ESD experts on ESD co-design
fundamentals, as well as a children’s book series on technology and
microelectronics. He has also been a contributor to industry groups and
standards bodies, such as USB, IEEE 802.11, VESA/DisplayPort, ESD
Industry Council, and has served on ESDA working groups.

Founded in 1982, EOS/ESD Association, Inc. is a
not for profit, professional organization, dedicated to A
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.

BALANCING ESD PROTECTION WITH ESD
DETECTION

External system-level ESD protection devices are
typically not (yet) super-conducting, and so there is
some residual current sharing with the Device Under

Protection (DUP) ASIC or SoC, etc.

'This residual pulse is not necessarily shaped like the
CDM or HBM standards the chip has been designed
for, and typically, these protections are intended for
activation during assembly when no power is applied.
Complaining to the IC manufacturer that their chip
does odd things when exposed to ESD brings to mind
the old story of a man telling his doctor, “It hurts
when I do this.” To which the doctor replied, “Then
don’t do that.” The reality is there is no standard

for validating chip-level functionality after an ESD
strike, and so the system designer is left to manage it
or, worse, to blame the susceptibilities on firmware.
“Here be dragons,” they say.

1. Soft-Reset: When a system successfully survives
an ESD zap, the HBM or CDM on-chip
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COMMITTED TO A SMARTER,
MORE CONNECTED FUTURE.

With our lives continuously improved by new, innovative products, EMC is increasingly dominating our lives as well. Surpassing the standards of EMC

performance while developing ground-breaking EMC test techniques, ETS-Lindgren is dedicated to measurement and regulatory compliance testing. In short,

ETS-Lindgren is Committed to a Smarter, More Connected Future.

As an international manufacturer of market-leading solutions and products that measure, shield, and control electromagnetic and acoustic energy, ETS-Lindgren
is the driving force allowing industry innovators to develop the latest technological advances and meet compliance standards. The result? We set the stage

to successfully bring the next generation of innovative products to market. From chambers to test cells, absorbers, positioners, antennas, and software,
ETS-Lindgren’s EMC solutions are intelligently designed for reliability, diversity, ingenuity, and precision.

More importantly, our ability to create real-world test scenarios, develop innovative testing solutions, troubleshoot potential failures, perform production
testing, and maximize the chance of passing standards on time and on budget helps our customers bring life-changing products to market — faster. For more
information on our EMC solutions, visit our website at www.ets-lindgren.com/industries/emc-testing.

Connect with us at:

COMMITTED TO A SMARTER,
E o a MORE CONNECTED FUTURE
NETS-LINDGREN

An ESCO Technologies Company

Offices Worldwide | ets-lindgren.com
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