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'The type of static-control flooring material also plays a
part in charge generation. Among the most compelling
documented statistics is the probability of generating

a charge over 500 volts while walking on a static-
control floor wearing ordinary shoes (see Table 1). The
probability of 500 volts occurring on a static dissipative
vinyl floor was calculated at 35%; for a conductive vinyl
floor, the probability dropped to 8%. The probability of
a conductive rubber floor allowing a charge over 500
volts was only .1%.

ESD FLOORING: A PRACTICAL, MONEY-SAVING
CHOICE

Historically data centers have relied upon humidification
to control static. The ESD Association removed

humidification as a requirement in the 2007 version of
ANSI/ESD 2020. We can and should draw from other

standards to address the specific needs of these spaces.

ASHRAE research project RP-1499 shows that the
installation of static control flooring in data centers

and server rooms can control, reduce and prevent
problematic levels of static generation and, as a

result, enable a significant reduction of long-standing
humidification and energy requirements in these spaces.
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Combatting these problems with a one-and-done
infrastructure solution like ESD flooring makes sense,
particularly compared with wasting energy to cool a
highly humidified space. In “The Effect of Humidity
on Static Electricity Induced Reliability Issues of ICT
Equipment in Data Centers” (Endnote #5), authors
Wan, Swenson, Hillstrom, Pomerenke, and Stayer
strongly suggest the use of:

“at least moderately conductive flooring systems in
controlled areas to reduce the overall level of electrostatic
charge accumulation, regardless of footwear or
environmental moisture. Flooring has to be installed
anyway, and the cost associated with a conductive rather
than insulative floor is minor compared to continuing
operational costs to sustain proper moisture levels

(low humidity).”

When evaluating an ESD floor, multiple performance
factors should be investigated, including maximum
and minimum electrical resistance, electrical codes
and industry standards, charge generation at the
lowest operational relative humidity, and performance
with and without ESD footwear. Whether the data
center is under construction or already in operation
will impact and possibly limit ESD flooring options.

* Using ESD-mitigating flooring and footwear, the risk of ESD upset and damage can be reduced to an insignificant level, even if the

humidity is allowed to drop to low values, such as 8%. Unfortunately, controlling the footwear in most data centers is very impractical.
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Some organizations prefer that conductive flooring

not make electrical contact with racks (see Figure 2)
due to the potential impact on system analysis due

to a ground path from the rack to the floor. Another
consideration is whether contact with grounded racks
might alter a floor’s surface-to-ground resistance
properties. Experimental installations can expose these
possibilities prior to specifiers making a final selection.

Combined with static-control chairs and grounding
straps, static-control flooring can provide a highly
effective, single-expense solution for all types of

ICT spaces. @
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Figure 2: Server room covered with interlocking conductive floor. Note the
floor edges are trimmed to avoid contact with the racks
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Dear colleagues, friends, and ESD enthusiasts,

On behalf of EOS/ESD Association, Inc. and the 2022
Symposium Steering Committee, it is my honor

to welcome you to the proceedings of the 44
Annual EOS/ESD Symposium and Exhibits at The
Peppermill Resort & Casino in Reno, Nevada. The
EOS/ESD Symposium represents the world’s leading
forum on Electrostatic Discharge and Overstress.
Although COVID-19 is still impacting our business and
operations significantly, the Steering Committee and
the Technical Program Committee, with all our great
volunteers, spared no effort to ensure that the 44th
Symposium is a great experience for all attendees,
on-site or livestream.

The 44th EOS/ESD Symposium program has six
focus areas dedicated to advanced technologies and
device testing, automotive, communications, mixed
voltage applications, low-power, and EMC. Each
focus area comprises sessions with technical papers,
invited talks, tutorials, seminars, and workshops. In
parallel, the "manufacturing track” offers 3.5 days of
technical sessions, hands-on sessions, workshops,
discussion groups, and technology showcases in
the field of EOS/ESD in manufacturing — control
materials, technologies, and techniques.

The Technical Program Committee has selected
23 technical papers for the Symposium covering
almost all aspects of the ESD world. These papers
are presented by experts from industry and
academia, driving leading-edge research and
development, and have been peer-reviewed by
international experts. Additionally, the RCJ Best
Paper authors have been invited to present their
work at the EOS/ESD Symposium.

In addition to the submitted technical papers,
the Steering Committee invited 17 world-leading
experts to present a broad spectrum of EOQS/
ESD-related topics. In addition, “Topic in Review”
presentations address recent developments in

the areas of advanced
technologies and device
testing (Michael Stockinger,
NXP Semiconductors),

and communications
(Michael Khazhinsky, Silicon
Laboratories). Hands-on
sessions and workshops

in the Manufacturing Track
focus on recent updates of the ESD control program
standards ANSI/ESD S20.20, ESD TR53, and the new
technical report ESD TR19.0-01-22 on high reliability
ESD control programs.

Souvick Mitra
General Chair

The EOS/ESD Symposium is the premier international
event for professionals in industry and academia
working in the field of EOS and ESD to meet and
learn about the latest technical findings and
innovative designs.

| hope that you will find useful information and new
ideas at this year's event!

Sincerely,

Souvick Mitra
2022 EOS/ESD Symposium General Chair

Www.esda.org
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Here are some of the tutorials, workshops, and sessions available during this year’s event.
Visit https://esda.events for the full schedule.

SUNDAY, SEPTEMBER 18, 2022

ESD Basics for the Program Manager

Operator Training

Safe Equipment Handling in Your EPA Explained

ESD Certified Professional Instructor Course

Basics of ESD and Latch-up Device Physics

ESD EDA Verification Tool

Fundamentals of ESD System Level

ESD Program Development and Assessment (ANSI/ESD $20.20 Seminar) - Day 1

MONDAY, SEPTEMBER 19, 2022

EMC

Advanced Technologies & Device Testing

Communication

Manufacturing

ESD Program Development and Assessment (ANSI/ESD S$20.20 Seminar) - Day 2

TUESDAY, SEPTEMBER 20, 2022
Automotive

Advanced Technologies & Device Testing
Manufacturing

WEDNESDAY, SEPTEMBER 21, 2022
Automotive

Communication

Manufacturing

THURSDAY, SEPTEMBER 22, 2022
Advanced Technologies & Device Testing
EMC

Low Power

Manufacturing

FRIDAY, SEPTEMBER 23, 2022
ESD Professional Program Manager Certification Exam

36 | symposium preview


https://esda.events

Reno, Nevada

September 18 - 23, 2022

311 £10 611 EXHIBITS OPEN
Monday ....... 6:00 PM - 9:00 PM
Tuesday 9:00 AM - 5:00 PM
208 209 | 308 309 508 509 | 608 609 | 708
406 407 Wednesday ... 9:00 AM - 1:30 PM
206 207 | 306 307 506 507 | 606 607|706
In Compliance thanks our
204\ 1205304 505/ 604| |605 704 advertisers for their support
303|402 403|502 f blicati
202 203 503 603 | 703 Ot our publication.
Please visit their booths
while at the show.
200 301|400 500 601700
Entrance
map not to scale

ACL Staticide, Inc. . . .................... 400 EstatecLLC............... .. ... . ...... 502
B ESTION Technologies GmbH . ............. 306
ACL Etatll:lﬂE@ Forbo Flooring Systems ................. 603
Barth Electronics, INC. . .. ................ 601  GIBO/KODAMA Chairs................ 507/509
BARTH HANWA Electronic Ind. Co., Ltd. ... ........ 206
oot snal Heebut MaterialsSLLC . .................. 205
Electronics, Inc.
Hi Gain LTD T/APHASIXESD . ............. 204
Bimos Lab Seating (Interstuhl USA, Inc.). . . . . g07 ~ HPPIGMDH ... REREEREREREEERREE 200
BOtron COMpPany, INC. . .« .+« o+ oo oo 503 In Compllance Magazine. ................ 304
Conductive Containers, Inc. .............. 301 Key Resin C_ompany I 706
. Mentor, A Siemens Business. .. ........... 505
Corelnsight,Inc........................ 307 )
) Prostat Corporation .................... 406
Cortec Corporation. .................... 606 . )
) Silicon Frontline Technology, Inc. .......... 510
Dangelmayer Associates, LLC............. 208 )
bb q Simco-lon . ........ ... .. . 407
DayStrong Rubber Products, LLC .......... 703
Y 8 _ Spartech ................ ... ...l 607
Desco Industries, INC. . ... 500 StaticStop, a division of SelecTech, Inc. . . . .. 303
Dou Yee Enterprises . ................... 506 .
Electro-Tech Systems, Inc. ............... 403 S!:atl C Stop
ESDEMC Technology . . .. ..o 202 =
E SD EMC Thermo Fl-sher SC|ent|f|c. ................. 402
EXPERTESD/EMC SOLUTIONS Transforming Technologies. .. ............ 203
Www.esda.org


http://www.esda.org

38 | Feature Article

GETTING THE BEST EMC FROM SHIELDED
CABLES UP TO 2.8 GHZ, PART 1

How to Terminate Multiple Shields in a Cable Bundle




Keith Armstrong is a senior contributor to In Compliance Magazine and the founder and
principal of Cherry Clough Consultants Ltd, a UK-based engineering firm that utilizes field-
tested EMC engineering principles and practices to help companies achieve compliance for
their products and reduce their potential risk. He is a Fellow of the IET and a Senior Member
of the IEEE and holds an Honors Degree in Electrical Engineering from the Imperial College,
London (UK). Armstrong can be reached at keith.armstrong@cherryclough.com.

couple of years ago, I needed to know the

shielding effectiveness (SE) of screened! cables

up to at least 18 GHz, but — apart from coaxial
cables intended for use in EMC? test laboratories — I
could only find information up to 100MHz, such as
Figure 1.

Accordingly, I set out to make my own measurements
with the resources and time made available to me.

In these measurements, I used many different
constructions of cable to try to answer the perennial
debate about how best to terminate the individual
shields of multiple-shielded cables, including single
or double overall braids (overbraids), and individual
shielded cables contained within an overbraid.

These measurements covered a great deal more than
I have described in this brief article,
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need to establish the basic rules for terminating cable

shields, so that you understand why I did what I did.

UNFORTUNATELY, PEOPLE OFTEN DEVIATE
FROM GOOD SHIELDING PRACTICES

Except for conductors designed specifically for use as
antennas, all conductors are often called accidental
antennas [2]. For this reason, achieving a project’s
EMC requirements quickly and cost-effectively often
requires shielded (sometimes called screened) cables.

For these cable’s shields to provide the EMC benefits
needed, they must be correctly terminated at their
ends. Correct termination techniques for RF have
been well-proven for decades (see References [1] and

[3] through [14], which span the period 1976 to 2019).

but I am unable to report the other - i - i iz _— —_—
results for confidentiality and/or 0 RO EATEBIL —] 100
security reasons. E OPTIMIZED
& SINGLE BRAlD:I | SJNGLElﬂRAln
£
But before I can describe the cables and z W 10
results I am permitted to share with : P nEm
. . DOUBLE BR
you (see Part 2 of this article), I first Q
z T 1
g 3 BRAID + 2 2
1. In the context of this article, the words: = Mu METAL j
screened; screen, or screening may be o (SUPERSCREEN) TRIAX BRAm&
replaced by shielded; shield, or shielding T 0.1
respectively, and vice-versa, without any =
; : o
changes n meanings. [ From Defence Standard 59-411
. s e Part 5, Issue 3, 14 June 2019,
2. EMC = Electromagnetic Compatibility, Q 0.01h ke @areile SOLID 0.01
the engineering discipline of ensuring . Part 5 : Code of P;aclice Iflor_Tri; 1 2 BRAID + 1 gg;;gz
that: a) electromagnetic emissions are low = Sevice Desenian clinstaatior) Mu METAL
. . . (SUPERSCREEN)
enough for radio/telecommunications and S0 1 —
other electronic equipment to function as 100 1k 10k 100K M 10M 100M
intended without suffering from unacceptable FREQUENCY IN Hz
electromagnetic interference (EMI); and
that, b) the electromagnetic immunity of v :
N ) . magnet o Figure 69 Typical Surface Transfer Impedance of Cables
equipment is sufficient for it to function as

intended in the electromagnetic environment
expected to be present where it is used.

Figure 1: Effect of varying the length of a shield pigtail termination, from [1]
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Unfortunately, despite all this publicly available
knowledge on well-proven shield termination methods,
they are still neither well-known nor widely used.

WELL-PROVEN GOOD EMC PRACTICE: ALWAYS
TERMINATE SHIELDS 360°, AT BOTH ENDS

People are always quoting Henry Ott’s excellent
book [12] to me, claiming that it proves that low-
frequency analog signals (such as those used in
audio and certain kinds of sensors) must only ever
terminate shields at one end. Similar guidelines for
low-frequency signals and power also exist in [1], [3]

through [11], [13] and [14].

These guidelines were usually acceptable in most
ordinary consumer, commercial, and light industrial
applications up until the 1990s because their
electromagnetic environments were quite benign. But
they were never sufficient for applications with very
tough electromagnetic environments, as covered by [1]
and [3] through [8].

However, when personal/portable computers and
digital cellphones became widespread during the
1990s, their large electromagnetic emissions at
frequencies up to almost 1IGHz meant that IEC and
similar EMC test standards for immunity started to
test with at least 3 Volts/meter up to at least IGHz,
which is roughly equivalent to a cellphone operating
at full power 2 meters away. Such standards were
then adopted as part of claiming

commercial, and light industrial applications now
have to test immunity up to 6GHz or more. 28GHz
will soon be necessary when 5G is extended into that

frequency range as planned, see [15] and [16].

These days, the plain fact of the matter is that all
analog and digital signals, and all power, are now
heavily polluted with conducted RF noises up to at
least 6GHz. These are common mode (CM) noises
that are both picked up from the noisy electromagnetic
environment, and created by the electronics
themselves, even being emitted from analog inputs!

(See [17].)

The result is that all guidelines for shielding low-
frequency signals and power are now insufficient

for EMC compliance, and techniques for shielding
against high-frequency RF noises are always required,
including instances when using RF filtering [18].
Reference [12] and all the other references in this
article describe such techniques, and they all require
terminating cable shields in 360°, and at both ends.

Based on my own experience and that of the many
EMC experts I know worldwide, the good news is
that doing this not only results in good EMC, but
also the quickest and most cost-effective project
designs, and the quickest and most cost-effective
installations (see [19]).

compliance to the European e

Union’s EMC Directive.

Even electronic circuits that s
use low-frequency signals (say, '
below 20kHz) can be expected

to demodulate and intermodulate

RF noises (say, above 150kHz),

—+— Correclly bmanated dBQV |
—8— Pig-tail = Smm dBuV
il Pigetail = 10mm dBUV

Pig-tail = 20mm dBuY
—=—Pig-tail = 50mm dByV
—e— Unscreened cable dBuV

as almost every designer of such
products who took the trouble

to perform these immunity tests
discovered. [3] warned about this
issue in the mid-1990s.

Induced Veltage (dbuV)

Now, in the 2020s, we can look
back on thirty years of ever-
worsening electromagnetic
environments, and the EMC test

Figure 77

Induced Voltage on a 0.6 m Cable from a 1 V/m Electric Field for Varying Lengths of

Frequency (MHz)

Pigtail

standards for ordinary consumer,

Figure 2: Effect of varying the length of a shield pigtail termination, from [1]



There is also some persuasive real-world evidence for
improvements in functional performance where legacy
equipment and its installations have been redesigned
to use shielded cables terminated in 360° at both ends
(see the two examples in [20]).

WHAT IS 360° SHIELD TERMINATION?

'This is EMC-industry jargon, meaning: direct metal-
to-metal connection all the way around.

It is sometimes also referred to as all-around,
circumferential, or peripheral termination.

And shield termination is sometimes called shield
bonding, shield grounding, or shield earthing.
However, I strongly advise against using terms based
on ground or earth for anything other than electrical
safety purposes (see [21]).

As for worries about so-called ground loops, hum
loops, earth loops, etc., when bonding cable shields

at both ends, see my blog [22] and remember that
bonding cable shields at both ends has been a
requirement for military electronics since 1976 (see [3]
through [11]).

We can always deal with such noisy loops by circuit
design, which I learned how to do in the 1980s.
Without such circuit design, the only generic alternative
for poor EMC caused by badly shielded cables is to

use shielded panel-mounted filters and/or better cable
shielding. Of the two, better cable shielding is quicker
and more cost-effective unless we are stuck with legacy
cable systems that can’t be replaced.

Note that fiber-optic converters and their cables may
seem costly but can be more cost-effective overall,
taking everything into account. I expect them to
become more economically favorable year-on-year,
going forward.

WHY NOT USE PIGTAILS?

All the references at the end of this article warn
against using pigtails, sometimes simply called tails.

Figure 2 shows that even a 5Smm pigtail makes shielding
worse than 360° termination by between 10 and 20dB
over the range 1MHz to 1GHz. Note that manual
pigtailing is very difficult indeed if shorter than 20mm,
which Figure 2 shows is up to 30dB worse.
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However, the shielding degradation caused by using
pigtails instead of 360° terminations depends very
much on the test method used. For example, a 1991
study [23] found that using a pigtail in a subminiature
25-way D-type made shielding 20dB worse at 1kHz
(only 1kHz!) and 75dB worse at 100MHz (see

Figure 3).

I have seen test results showing that pigtails can

cause shielded cables to emit more RF noise between
50MHz and 500MHz than an unshielded cable would
have. So Figure 3’s 75dB degradation at 100MHz
could well mean that the cable shield was amplifying
the RF coupling through its shield, instead of
attenuating it as expected.

If, in ten years’ time, you remember only two points
about this article they should be:

1. Never use pigtails for terminating cable shields;
and,

2. Always terminate shields at both ends (dealing
with the inevitable ground loops, hum loops, etc.,

by circuit design, see [22]),

By remembering these two key points, you will
almost certainly have saved yourself a great deal of
work, cost, and project delays by reducing the number
of design iterations required to pass EMC tests. (It

is usually practical to design to quickly and cost-
effectively design to pass EMC tests the first time, see

[19] and [20].)

For a simple method for predicting a cable’s SE from
measurements of Z. (surface transfer impedance, as

used in Figure 3), see [24].

WHY TEST MULTIPLE SHIELD TERMINATIONS
FROM 100MHZ TO 2.8GHZ?

A couple of years ago, I did some work for two
suppliers of high-spec military equipment, involving
projects that used a great deal of electronics that had
to be interconnected with many bulky copper cables
or cable bundles carrying analog and/or digital signals
and/or power.

As their EMC specifications were required by their
customers to be the toughest of all the UK’s Defense
Standards, these cables or cable bundles were all
shielded with two layers of overbraid, directly in
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contact with each other along their

lengths, as recommended by [1].

This figure is derived from: Lothar O. Hoeft & Joseph S. Hofstra, “Electromagnetic Shielding
Provided by Selected DB-25 Subminiature Connectors”, presented at the IEEE 1991
International Symposium on EMC, https://ieeexplore.ieee.org/document/148182

‘Pigtail’ shield terminations are bad |

Many of the cables or cable bundles
contained internal braid-shielded 2

twisted-pair (T'P) or multicore cables, Ohms/metre
with their individual braids insulated oor
from the whole cables’ or cable 10
bundles’ overbraids by their individual

plastic jackets. -

0.1

The customers for these equipment
designs had made several of their own

0.01

Plastic backshell with ‘pigtail’ braid termination

SE at 100MHz approx. 6000 times worse
(-75dB) than 360" braid termination!

correct (360°) braid termination

Diecast metal backshell with

0.001 =

proprietary specifications for EMC

design, assembly, and installation part of

0.0001
the contract for supply. Unfortunately, o

001

0.01 0.1 1 10 MHz 100

their own specifications did not always

means better Shielding Effectiveness (SE) at that frequency

Note: A lower Surface Transfer Impedance (Z;)

agree with each other, or with [1] when

it came to issues of how to deal with the
individual shields and overbraids of the
cables or cable bundles.

Each designer of the suppliers’ equipment cables

or cable bundles seemed to have been differently
confused by their customers’ inconsistent shielding
requirements, with the result that different cable
assembly drawings often differed from each other in
their use of shield termination methods. Some cable
assembly drawings even contained an eclectic mix of
shield-terminating methods because they had been
worked on by different designers at different times.

Enquiring as to why this was the case, I discovered
that no designers at either supplier even knew

about the existence of the official UK guidance on
terminating shields in [1], despite compliance with

[1] also being part of their contract requirements.

'This was even the situation with one supplier whose
designers I had trained in good EMC design/assembly
techniques three years beforehand. They relied

almost entirely on subcontract designers, and in the
intervening three years, these had all been replaced by
new subcontractors who had not attended my course!

As well as the usual issues of which ends of the
shields, or both, to terminate, whether pigtails could
be used, and whether to connect internal cable shields
to the overbraids or not, there was also the issue of
whether to insert a thin insulating tube in between
two overbraids.

Figure 3: Effect of replacing a 360° shield termination with a pigtail, see [23]

Many of the cable bundles were 2 inches or more in
diameter and, when assembled with two overbraids
in direct contact with each other along their lengths,
very stiff, making them difficult to install in military
vehicles. Adding an insulating tube between their
overbraids made them usefully more flexible, but I
knew (from [3], [4], [1], and other reference materials)

that this should reduce their shielding effectiveness
(SE).

Some customers’ specifications required thin
insulating layers between double overbraids without
commenting on the likely impact on EMC. This
might have been because they wanted the mechanical
flexibility and didn’t realize that SE could be
compromised. But it could also have been because they
had seen some of the few references listed below (but
not [1], [3], [4], [9], or [10]) that claim (incorrectly,

in my view) that placing an insulating film between
two overbraids along their length gives a 10 to 30dB
improvement in SE, compared with two overbraids in
direct contact along their length.

Other issues were that all the measurements I have
seen published on cable shielding methods only
covered up to 100MHz, and only for coaxial or
triaxial cables. However, these projects had to pass
the toughest EMC emissions and immunity tests

up to 18GHz and were very far indeed from being
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| wanted to discover for myself, and for the benefit of other
designers on these projects, how best to design and assemble the
shields in their cables or cable bundles.

simple coaxial or triaxial types. The guidance in [1],
especially that shown in Figure 1, implies that, at and
above 1GHz, few shielded cables could be expected to
provide any useful shielding at all!

So, I wanted to discover for myself, and for the benefit
of other designers on these projects, how best to
design and assemble the shields in their cables or cable
bundles, and above what frequency we might need to
have to use filtering or galvanic isolation techniques
(such as fiber-optics) because flexible metal shielding
layers would be no use anymore. @
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EYE DIAGRAM

PART 2: IMPACT OF DRIVER, HDMI CABLE, AND RECEIVER

By Bogdan Adamczyk, Krzysztof Russa, and Nicholas Hare

his is the second of two articles

devoted to the Eye Diagram.
Part 1 presented the fundamental
definitions and concepts [1]. This
article, Part 2, addresses the impact
of driver, HDMI cable, and receiver
on signal quality using data eye, based
on the following criteria: data eye
opening, data mask violation, and
data jitter.

MEASUREMENT SETUP

'The study included three different
HDMI signal sources, four different
HDMI cables, and two different
receivers. The block diagram of the
measurement setup appears in
Figure 1.

'The study focused on the evaluation
of eye diagrams using the following
criteria: eye opening, eye mask
violations, and data jitter. The data
jitter was presented in the form of
a histogram.

IMPACT OF HDMI SOURCES

In this part of the study, we
compared three different HDMI
Sources, while the cable length was
the same (3-ft), and the same HDMI
Receiver was used (Receiver 1).
HDMI Sources used in the study
had significant implementation
differences. Differences consisted

of Driver IC and its configuration,
differential trace routing, and HDMI
connector style. Figure 2 shows the
resulting eye diagrams.

Observations: HDMI Source 1
and HDMI Source 3 passed
the eye diagram test with a
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times the International Mentor PCB Technology Leadership Award. He can
be reached at krzysztof.russa@e3compliance.com.
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Figure 1: Block diagram of the measurement setup

Data jitter

Figure 2: 3-ft cable, same receiver driven by: a) HDMI Source 1, b) HDMI Source 2 ¢)
HDMI Source 3


http://www.gvsu.edu/emccenter
mailto:adamczyb@gvsu.edu
mailto:krzysztof.russa@e3compliance.com
mailto:hare@e3compliance.com

significant margin, while the HDMI Source 2 failed
(eye mask violation with large data jitter). Data jitter
from HDMI Source 1 was smaller than that from
HDMI Source 3.

Next, we evaluated the impact of cable length.

IMPACT OF HDMI CABLE LENGTH

In this part of the study, we evaluated the impact of
the cable length with HDMI Source 1 or 2 while
keeping the HDMI receiver unchanged.
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mask opening; as the data jitter increases, the data eye
opening gets smaller. The impact of the receiver in
our study was less pronounced than the impact of the
driver. The most obvious observation was the shorter
the cable, the better the data quality. @
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Figure 3 shows the eye diagram for HDMI
Source 1 and four different cable lengths.

Observations: HDMI Source 1 passed the test
for cable lengths: 3-ft, 7-ft, and 10-ft, but a
failure was observed for the 30-ft cable. As the
cable length increased, the eye opening became
smaller, and the date jitter increased.

Figure 4 shows the eye diagram for HDMI
Source 2 and four different cable lengths.

Observations: The HDMI Source 2 failed the

test for all four cable lengths. Generally, as the
cable length increased, the eye opening became

smaller, and the data jitter became larger.

IMPACT OF HMDI RECEIVER

In the final stage of the study, we used the same
driver, same cable, and two different receivers.
Figure 5 shows the corresponding eye diagrams.

Observations: Both receivers passed the test with
a similar amount of jitter. The eye opening of the
Receiver 1 was slightly larger than that of the
Receiver 2.

SUMMARY AND CONCLUSIONS

'This article addressed the impact

Figure 4: Impact of cable length driven by HDMI Source 2

of driver, HDMI cable, and
receiver on signal quality using
data eye, based on the following
criteria: data eye opening, data
mask violation, and data jitter.
'The study has shown that all
three system components affect
the eye diagram. Measurement
results have shown a correlation

between data jitter and data eye

Figure 5: Eye diagram: a) HDMI Receiver 1, b) HDMI Receiver 2
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INDUSTRY COUNCIL'S

LATCH-UP SURVEY

By Theo Smedes for EOS/ESD Association, Inc.

n July 2020, the Industry Council on ESD Target
levels, in collaboration with the JEDEC JESD78
working group, launched a survey on latch-up testing.
As described in an earlier article [1] in this magazine,
the survey was conducted to better understand how

the present latch-up standard (JESD78 revision E)
is interpreted and used in the industry. The article
also invited representatives from the industry to
participate in order to collect data and opinions. The
survey is closed, but a pdf version is still available

at https://www.esdindustrycouncil.org/ic/docs/
latchupsurvey2020.pdf.

This article provides a high-level overview of the
Industry Council paper “Survey on Latch-up Testing
Practices and Recommendations for Improvements,”
which describes the full analysis of the collected
responses and lays a path for potential adaptations
needed to accommodate its use in future technologies
and applications. Based on the survey results, we
summarize the key issues documented in the paper
that include problems with the latch-up standard and

Theo Smedes began work in ESD in 2000 and
currently is Fellow for ESD, Latch-up and EOS
within NXP Semiconductors. He published several
papers on ESD and introduced an ESD design
course within NXP. Theo is member of all ESDA
device testing working groups and is chair of

the TLP working group. He has been a member of the Industry
Council on ESD Target Levels since it was founded in 2006.

Founded in 1982, EOS/ESD Association, Inc. is a
not-for-profit, professional organization dedicated
to education and furthering the technology of
Electrostatic Discharge (ESD) control and prevention.
EOS/ESD Association, Inc. sponsors educational
programs, develops ESD control and measurement standards, holds
international technical symposiums, workshops, and tutorials, and fosters
the exchange of technical information among its members and others.

its application. Based on that analysis, the compiled
results suggest improvements for better understanding
and future JESD78 related testing. This article serves
explicitly as an invitation to read the published paper,
which is freely available from the Industry Council
website [2] and will also become available via the

JEDEC website [3].
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Figure 1:

Global distribution of responses. The size of the dots is an indication for the number of responses from a country.
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LATCH-UP SURVEY AND
ANALYSIS PROCESS

The Industry Council received
70 individual responses from

at least 35 companies from
more than 16 countries. The
distribution over the globe is
illustrated in Figure 1. Multiple
responses per company were
encouraged because of the

wide diversity of products,

W JESD78E

M Older JESD78 (please specify
version)

B AEC Q100-004 (please specify
version)

(JEITA)

W IEC 60749-29

M Other (please specify)

W EIAJ ED-4701/300-2 method 306 5,

70
62

60

50

40

20 17
10 7

5 3 5
. L] B e B

customers, and requirements.
‘This makes it likely that
different approaches to latch-up
testing may be used even within one company.

Based on questions with respect to market space,
business type, and applications, we can conclude that
the respondents cover the industry well. Notable
exceptions are OEMs using analog ICs. Although
the survey was oriented at Revision E of the JESD78
standard, it is relevant to know which standards are
actually used. Figure 2 shows that although other test
standards and older JESD78 revisions are also used,
the most prevalent standard in use is JESD78E. 'This
gives good confidence in the relevance of the responses
with respect to the survey’s goals.

'The survey was divided into nine sections, each
addressing sub-topics like Field Returns, Test
Execution, Failure Criteria, etc. More details on the
structure of the survey are provided in Chapter 1 of
the paper. The survey was set up to answer high-level
questions such as:

* How is the test standard interpreted and executed
across the industry?

* Which real-life events does JESD78 intend
to simulate? Do these occur in present-day
applications?

* The prescribed voltage compliance limits prevent
any significant current injection for low voltage pins.
Is that intended and/or desired?

* Do we have evidence that the test method is a good
predictor of robustness against latch-up in the field?

* What changes should be made to the standard to
better suit the reality of present-day and future
technologies and products?

Figure 2: Pareto of Latch-up standards being used as reported by the respondents

Chapter 2 of the paper describes the detailed analysis
of the responses in relation to the questions mentioned
above. An effort was made to address topics in the
same sequence as the questions appeared in the survey.
The analysis is meant to strictly report and summarize
the respondents’ information and find potential
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correlations between different topics. However,
whenever the analysis team felt it was appropriate to
offer a “possible interpretation,” it was indicated using
a special box format with the disclaimer that other
interpretations would be possible.

HYes M No

CONCLUSIONS AND RECOMMENDATIONS

'The conclusions and recommendations are provided
in Chapter 3 of the paper. Some of the key results
are summarized below. To fully understand the

survey results, it is strongly recommended to read the

full report. Figure 3: Pie Chart of [Q41], “Does passing JESD78 testing guarantee latch-

up robustness in the field?"respondents
One of the most relevant questions is if JESD78 latch-
up testing ensures the robustness of products in the

field. Related key findings are:

» JESD78 is considered useful and Component Level Application Level
should not be removed. T | - | \
. . . W JESD78 testing 50
¢ It is evident that passing JESD78 ' 50
testing is insufficient to guarantee ® Inline screening test (e.g. Burn-in) s
latch—up robustness in the ﬁeld’ M Reliability testing other than
as shown in Figure 3, and seems JESDT8 (e.g. HTOL) 3
to be more related to the type of S FUAEHAN SR Atk
stress rather than the levels. B Functional test at probe level "
* Respondents see value in B System level testing (e.g. IEC 2
P

-

= 18 19 20
JESD78 testing for modeling Eon0 %) 15 L]
M Field return
real-world stress events beyond 0 7
the specified test conditions. B Ottier:(pleasespecily) 5 . a
L] -

Another major topic is the

Figure 4: Feedback to [Q12], “Where have you experienced latch-up failures?” in the Case where
assessment of how large the [Q11], “"Have you experienced latch-up failures?” Was Answered “Yes”

latch-up problem is in practice.

Examples of findings related to

this are:

* Figure 4 shows the majority 3“
of latch-up fails are reported HNone
during the JESD78 qualification — 2
test, and many of these fails o
result in a re-spin, but this m>0.1% and 1%

26
18

accounts for a very small fraction
of the total number of re-spins Bl and =3 *
as shown in Figure 5. S — i

10

* More than 50% of all latch-up I
. . [ 3 and =!

failures (field + JESD78 testing) 2
do not require a re-spin, but o >50% "
the failure drives alternative 0 (] . 2 °

mitigations such as board
modifications or software changes

Figure 5: Pareto of [Q21], "What percentage of your company’s product re-spins were due to latch-up
failures in a system application?”
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