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BROADCOM OPTOCOUPLERS

Take the Risk Out of
High Voltage Failure!

Only Optocouplers Meet or Exceed International Safety
Standards for Insulation and Isolation.

Stringent evaluation tests show Broadcom optocouplers deliver outstanding safety
performance and exceptional high voltage protection. Alternative galvanic isolation
technologies such as capacitive and magnetic isolators do not perform anywhere near
the levels of insulation and isolation provided by Broadcom optocouplers.

[GO with OPTO! | .
BROADCOM® OPTOCOUPLERS -J.

IEC 60747-5-5 Certified

To learn more visit ®
broadcom.com/optocouplers 9 B R OA D C o M
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PCBs & Test Measuren

Printed Circuit Board W
Terminal Blocks with ... g \

Unique ergonomic design for quick and easy mounting
3.50, 3.81, 5.00 and 5.08mm pin spacing

Screw flange version for additional stability

Imprinting and coding available

PCB Fixed Terminal Blocks
PCB Plug-In Connectors

All pin spacings
Proven screw clamp design
Compatible headers '

<
Well Established
TEST & MEASUREMENT
/ Alligator Clips Test & Measurement Sets
e Various clamping ranges e (.64, 2mm or 4mm System
e Stainless steel versions e 4mm Retractable Sleeve System
e Soldering connections for “do it yourself” connections e 4mm Safety System

Plunger Style Test Clips Measuring Leads . i _i

e Measuring “difficult to access” testing points * Wide variety of colors, length and connections q e }
e Various designs for different applications e Double insulation ! ] ;
e Handle with multiple connection points  Highly flexible also at low temperatures y \ ‘ % /

A AW
Test Probes Test Plugs l (— \ I'}' )
e Slim and compact body for easy access e Large color spectrum 1 ,' 3./ e '7.. i
e Stainless steel tips e Various connection types N 1 / i |
e Spring-loaded tips e Different cross sections \\‘.i%;; — — l
Oscilloscope Test Probes Test Jacks 5 / % s/
e 10:1 probe ratio e Large variety in colors ' v /’ gy /
e Exchangeable spring tip ¢ Tin/ nickel/ gold plating - 5
e Low Input Capacitance e Screw-in and press-in versions : 7

Hltﬂd‘ corp.® info@altechcorp.com ¢ 908.806.9400

Your Source for Automation & Control Components www.altechcorp.com


mailto:info@altechcorp.com
http://www.altechcorp.com
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ensorEdgei
The Increasing Demands of
Autonomy

With autonomous-driving capabilities advancing at a
lightning-quick pace, what are the latest trends pushing the
electronics and sensor technologies that enable full self-driving
functionality?

https://www.electronicdesign.com/markets/automotive/
article/21134972/life-at-the-sensor-edge-the-increasing-demands-
of-autonomy
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Why Bulletproofing the
Li-lon Supply Chain Could
Be a Lifesaver

Lithium-ion batteries are critical to today’s power
infrastructure, from mobile devices to cars, and concerns
continue to escalate about their supply line.

https://www.electronicdesign.com/power-management/
whitepaper/21135518/why-bulletproofing-the-liion-supply-chain-
could-be-a-lifesaver
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Emerging Memory Market
is Finding its Direction
Emerging memories have been relegated to niches for decades,
but that scenario has taken an abrupt turn. Recent market

dynamic changes are suddenly opening the door to their
widespread use.

https://www.electronicdesign.com/industrial-automation/
article/21135237/emerging-memory-market-is-finding-its-
direction

A False Foudation

Asimov’s Foundation, which centers around Hari Seldon and
his science of psychohistory, is coming to Apple TV, but will it
touch on conspiracy and artificial intelligence?
https://www.electronicdesign.com/altembedded/article/21137005/

a-false-foundation

FOLLOW US ON FACEBOOK AND TWITTER
ﬂ (ElectronicDesign) u (@ElectronicDesgn)
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Transient Imnmunity Testers from AvTECH 30, 50 and 100 Volt Lab Pulsers

The Avtech AVRQ series Unstable éPWCWP'er
of high-voltage, high-speed DUT logic output!
pulse generators is ideal 5 Vidiv || ﬂ.«‘rb [
for testing the common-

mode transient immunity :

(CMTI) of next-generation 500 Vidiv,| .71 .Sdk\ll P’\J\‘/JII:Qe ;r%m
optocouplers, isolated gate | 40 nsidiv oce =35,

dri d oth with < 10 ns fall time. T -
rivers, and other . A L S
semiconductors. Avtgch offers an extensive 5

series of user-friendly 30, TR: 6.9 ns
+ Kilovolt amplitudes (1, #1.5, -2 kV) 50 & 100 Volt general- TR
+ Transition times down to 10 ns, dV/dt rates up to 120 kV/us purpose lab pulsers. We 100ns/DIV
+ Switchable daughterboards to handle a variety of DUT package styles can provide an alternative AV-1010-B
+ GPIB, RS-232 ports standard for the discontinued Agilent |} { —
+ Ethernet/ VXI optional 8114A or HP214! : d

Model AV-1015-B: 50 Volts, 10 MHz

Model AV-1010-B: 100 Volts, 1 MHz, 25 ns to 10 ms,
10 ns rise time

Model AV-1011B1-B: 100 Volts, 2 ns rise time

Model AV-1011B3-B: 30 Volts, 0.5 ns rise time

Variable baseline and burst mode options and output
currents to 8 Amps with accessory transformers.

Nanosecond Electronics Nanosecond Electronics
Since 1975 Since 1975
Pricing, manuals, datasheets and test results at: Pricing, manuals, datasheets and test results at:
http://www.avtechpulse.com/semiconductor http://www.avtechpulse.com/general

Nanosecond Laser Diode Drivers

With Butterfly Diode Sockets ) L) i (S Pl

To Pulse
Driver

Output module with

a socket-mounted
butterfly-packaged
diode installed.

Avtech has pioneered the _—
To TEC ggzi%n of user-friendly 2 to 2Al;DIV
Controller mp constant current 4usiDIV
pulsers. We offer over 35 TR:8ns
models in five series for laser f
diode, air bag, squib, fuse and Model
Each of the 19 models in the other applications. The basic L  AV-107C-B ——u]
Avtech AVO-9 series of specifications are as follows: f
pulsed laser diode drivers
includes a replaceable output
module with an ultra-high- R
& ! speed socket suitable fgor use Series LV PW TR
| with sub-nanosecond rise AV-107 2-20A,60V 0.2-200us 10-30ns
_) time pulses. Models with AV-106 | 5-100A,100V 0.5us-1ms 50ns-1us
T f e T;:';”r:”;vc;{;eb?fw?:holﬁ o AV-108 12.5-200A,100V 2us-1ms 5-15us
C widths from 400 pe to 1 us, AV-109  10-100A,5V  10us-1s  10us
Model AVO-9A-B GPIB, RS-232. and Ethernet AV-156 2-30A,30V Tus-100ms 0.2-50us
40 mA/DIV contr(;l availab,le.
1 ns/DIV Avtech has a long history of producing one-of-a-kind custom units.
o o
AVTECH[*= AVTECH[*=
Nanosecond Electronics Nanosecond Electronics
Since 1975 Since 1975
Pricing, manuals, datasheets and test results at: Pricing, manuals, datasheets and test results at:

http://www.avtechpulse.com/laser http://www.avtechpulse.com/current




PICO

DC-3 Series =

DC-1 Series
DC-2 Serie§

HiQP Series

DC-DC
CONVERTERS

NEW!
HIGH INPUT
VOLTAGES UP
TO 1200 VDC

DC-1 Series

+ 120-370 VDC input voltage range
+ 5-300 VDC regulated isolated outputs
+ Up to 300 watts output power
+4,5” X 2.5” X 0.50” encapsulated package

DC-2A/2B

+ 350-1200 VDC input voltage range
+ 5-300 VDC regulated isolated outputs
+ Up to 300 watts output power
+4,5” X 2.5” X 0.50” encapsulated package

DC-3 Series
+ 300-900 VDC input voltage range
+ 3.3 -300 VDC regulated isolated outputs
+ Up to 50 watts, single and dual outputs
* Thru hole and terminal strip models

HiQP Series

+ 125-475 VDC input voltage range
+ 24-200 VDC regulated isolated outputs
+ Up to 50 watts output power
» 2.50” X 1.55” X 0.50” encapsulated package

OPTIONS OFFERED FOR EXPANDED
OPERATING TEMPERATURES and
SELECTED MILITARY SCREENING.

CUSTOM DESIGNS AVAILABLE.

For full characteristics of these and the entire PICO
products, see PICO’s Full line catalog on our
NEW Website with Search Wizard

www.picoelectronics.com

800-431-1064
PICO ELECTRONICS, Inc.

143 Sparks Ave., Pelham, New York 10803
Call Toll Free 800-431-1064 « FAX 914-738-8225
E Mail: info@picoelectronics.com
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OVID-19 has really done

a number on the economy,

leading to reevaluation

of the need and worth of
just.about everything. The pandemic
has forced the cancellation of almost
every tradeshow, and large gathering,
especially those not employing masks
and social distancing, have caused major
spikes in infections and deaths.

Cancellation of large events and clos-
ing of things like schools has forced
many to turn to teleconferencing and
video conferencing. Virtual conferences
are now the name of the game, along
with webinars. The number of webi-
nars that we here at Endeavor Business
Media are hosting has increased as com-
panies scramble to get their message out
to those with dollars still left to spend.

Distance learning has changed from
the exception to the rule, while other
areas that were doing some remote
interaction like telemedicine are seeing
massive growth in only a few months.
Tools such as Zoom and Microsoft
Teams have becoming ubiquitous rather
than a growing niche.

Unfortunately, going from an in-
person interaction to a virtual one isn’t
always easy. I was able to help change
the Mercer Science and Engineering
Fair I work with into a virtual event
within a couple weeks. I knew the tools
and reconstructed the infrastructure to
handle judging via video conferencing.
It not only required getting judges and
students together on a Zoom confer-
ence, but also having students upload
photos and other materials for the judg-
es to examine. The effort would not have
succeeded without those involved tack-
ling new procedures and dealing with
cantankerous computers, cameras, and
content.

Editorial
WILLIAM WONG | Senior Content Director

Evaluating Technical Worth

DURING A PANDEMIC

Distance learning is neither cheap nor
easy, and the results aren’t always great
if the sufficient effort and proper meth-
ods aren’t employed. Likewise, those
using and supporting these solutions
need to keep in mind that the differ-
ent approaches may be better or worse
compared to the alternatives. Often, it’s
easier for attendees to watch recorded
sessions at their leisure rather than try to
match the schedule at in-person events.
In theory, someone utilizing recorded
sessions could see more sessions because
they no longer must include travel time
and scheduling is obviously easier.

The question is: How valuable are
remote interactions versus in-person
meetings? Obviously, remote meetings
are the norm these days because of the
pandemic. Do the advantages of remote
meetings offset disadvantages compared
to in-person meetings, and should the
cost of using remote access be higher
or lower?

Many encounter the “free” versions
of these tools or the cost is absorbed by
the provider. A related issue is that some
revamped in-person conferences that
charged for attendance were now “free”
as they went virtual. Switching back to a

paid conference and still remain virtual
could be a challenge. Likewise, telemed-
icine is having issues with some insur-
ance companies wanting to pay less for
remote sessions, even though they may
actually take more time for both parties.

These cost issues aren’t unique to one
environment. Users may not be aware
of other possible costs. For example,
telemedicine security requirements and
associated software will likely be higher
than hosting a webinar that’s open for
registration to anyone. There are even
opportunities such as the ability to more
easily track attendees and/or provide
incremental pricing—for instance, mak-
ing keynotes free, having a fixed set of
sessions for a fee, and maybe additional
fees for specific training sessions.

One certainty is that the focus on
remote-access solutions has skyrock-
eted and innovation is coming in this
area. It means examining new options
for marketing and learning, as well as in
areas such as development, service and
support. Determining the worth of the
remote-access technology and presen-
tation of content in a remote fashion is
something we will all have to do as we
move toward a new norm. &l

The 2020 Mercer Science and Engineering Fair judging was conducted using video conferencing.
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UMR Collection & PMT Series

Cost effective, analog controls and monitors, and the best performance...
...for what you need now

SPS Series

Fully digital, extremely customizable, with serial communications...
...for making the future now

Outputs up to 6kV @ 30W

Available as biasing or capacitor charging modules

Contact DTl today to discuss m—
your high voltage design. TE cm{L\c!}!

+1.972.248.7691 |l www.deantechnology.com


http://www.deantechnology.com

ANALOG DEVICES TO BUY

Maxim Integrated in More Than
$20 Billion Deal

nalog Devices has agreed to

buy rival Maxim Integrated for
more than $20 billion in stock to expand
its scale and broaden its product portfo-
lio in the market for analog semiconduc-
tors. The all-stock deal would value the
combined company at more than $68
billion, creating an analog semiconduc-
tor giant that will better compete with
market leader Texas Instruments. Ana-
log Devices said the deal would scale up
its footprint in fast-growing segments
such as industrial, automotive, data cen-
ters, and healthcare.

Under the terms of the proposed
agreement, Maxim shareholders would
receive 0.63 of Analog Devices stock
for each share they own. Once the deal
closes next year, shareholders in Ana-
log Devices would own about 69% of
the resulting company, with Maxim’s
stockholders owning the other 31% of
the firm.

Both Analog Devices and Maxim are
major players in the market for analog
semiconductors that are key compo-
nents of nearly all electronic devices,
from smartphones and thermostats—
to cars and the factory equipment that
manufactures them. These types of
chips handle the fundamental chore of
translating electrical signals—including
temperature, pressure, sound, and other
signals relayed from the sensors slapped
on a device—into digital data.

According to IC Insights, sales of ana-
log chips accounted for around 13%, or
$55.2 billion, of the global chip market

10

in 2019. Overall sales of semiconductors
slipped 12% to $412 billion.

The chips are also used in other
areas, including power management for
smartphones and other consumer elec-
tronics to boost the energy efficiency
of the device and protect the battery
from malfunctioning, overheating, and
bursting into flames. Analog Devices
also offers radio-frequency, millimeter-
wave, and other analog chips for clarify-
ing and conditioning radio signals used
by cellular networks, including 5G.

Analog Devices and Maxim also
compete with Texas Instruments in
microcontrollers and embedded com-
ponents that serve as the brains of mil-
lions of devices on factory floors, in cars,
and household devices, ranging from
thermostats to televisions to washing
machines. Other chips Maxim sells are
designed to protect devices, like con-
nected door locks, from attackers trying
to steal secret keys, passwords, or other
data on the devices.

ADI said the deal would combine
Maxim’s strength in automotive and
data-center segments with its footprint
in the industrial and communications
markets. Once the transaction closes,
the combined company will sell more
than 50,000 products, allowing it to offer
more complete solutions. The company
said it will serve over 125,000 customers
and be positioned to capture a bigger
portion of the overall analog market.

“We see lots of opportunity in both
the short term to be able to take the

existing portfolio of Maxim products
to more and more customers,” Vincent
Roche, chief executive officer of Analog
Devices, said on an analyst conference
call to discuss the deal. “And over the
longer term, to be able to produce more
complete suites of product offerings for
our customers by combining the com-
plementary portfolios,” he added.

Analog Devices said the deal would
strengthen its lineup of analog chips,
which generally sell for less than $1 each
and often less than 50 cents. But these
types of chips are also some of the most
profitable in the industry because they
can be manufactured on cheaper pro-
cesses. Analog Devices’ gross margin—
the percentage of sales remaining after
the cost of goods is subtracted—came
to 70% last year. Maxim’s gross margin
was 65%.

Analog Devices would also swoop
up thousands of Maxim’s analog engi-
neers in the deal. Between them, the
companies employed more than 10,000
engineers and invested $1.5 billion in
research and development in 2019.
Competition for analog engineering tal-
ent has been escalating in recent years,
the company said. Once the deal closes,
Analog Devices believes that it will be in
a better position to lure the chip indus-
try’s top analog engineers.

Overall, the deals have transformed
it into the No.2 player behind Texas
Instruments in the market for analog
ICs, which is projected to grow from $55
billion in 2019 to $60 billion by 2023. B
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Advanced Magnetics
tor ADAS

AEC

Q200 +125°C

From high-current, high-etficiency power inductors to

filter components for a variety of communications buses, Coilcraft has
the magnetics for all of your Advanced Driver Assistance Systems

Coilcraft offers a wide range of
AEC-Q200 qualified products engineered
for the latest advanced driver assistance
systems, including high-temperature, high
power density power inductors for radar,
camera and LiDAR applications.

low-profile WAS8351-AL
transformer

Our compact,

ultrasonic  sensor offers

excellent temperature stability up to 125°C

/,

and high performance for time-of-flight
(TOF) sensing.

Also choose from our broad selection of
common mode chokes and filter elements
for a variety of communications buses.

To learn more about our advanced
ADAS and  other
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Cover Story
WILLAM G. WONG | Senior Content Director

COVID-19 may reduce the number of races, but not the amount of new technology for
competitions like IndyCar and Formula E.

oday, fans in the stands for

races from NASCAR to For-

mula E varies from none to

a fraction of the crowds that
are usually drawn to see cars and drivers
trying to best the competition. As for the
races themselves, though there are less
of them, they should be just as fast and
exciting as before.

Changes in these competitions are
incremental, but they highlight safety
and performance improvements. Here,
we'll take a look at IndyCar, since we're
a sponsor of DragonSpeed team and
were able to get an inside look, as well
as peek into Formula E courtesy of Envi-
sion Virgin Racing. The cars look simi-
lar with many common safety features.
However, the underlying motive tech-
nology is radically different.

COMMON PLATFORMS TIGHTEN
THE COMPETITION

Most of the racing events specify a
good bit of commonality to keep the
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competition tight. The chassis, tires,
and engine of an IndyCar are standard;
teams are only allowed to make limited
modifications to specific parts of the
systems. Often the components come
from third parties, which supply all of
the teams with essentially identical com-
ponents.

For example, teams lease engines from
Chevrolet and Honda. The 2022 config-
uration is a 2.4-liter, twin-turbocharged
V-6 engine that’s projected to generate
over 900 horsepower or more than a 10%
improvement compared to the current
2.2-liter platform. The engines run at a
maximum of 12,000 RPM. The suppliers

1. IndyCars are now equipped with Red Bull Advanced Technologies’ Aeroscreen to protect

drivers from flying debris.
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provide an engineer that oversees each
engine, keeping track of its operation to
the point of removing the engine control
unit (ECU), which means the engine can
only be run when the engineer is present.
An engine will be replaced if it doesn’t
meet the specifications.

For Formula E, there’s a similar con-
sistency. However, a standard battery
system is used as well as a specification
on how much power can be expended
during the race. More on that later. For-
mula E teams do have more leeway on
the motor that they supply, although
there are regulations here as well. At one
point, a team utilized a pair of motors,
which is no longer allowed.

Most race cars have a host of sensors
available to the driver. These days, the
information is provided wirelessly to
the pit crew, which may not be physi-
cally located in the pit area. The num-
ber and placement of sensors is often
arbitrary during testing, but there are
typically limitations during practice and
the race. For example, the rotation speed
of the tires in Formula E isn’t allowed,
although it’s possible to estimate this by
the speed of the engine. Obtaining tire
speed using markings on the tire plus an
external camera isn’t allowed either.

A digital twin for a car has moved
from the crew chief’s head into a shared
model for the pit crew and team to ana-
lyze and provide the driver with insight
into the car’s capability and perfor-
mance. Most people viewing a race will
never see most of the team other than
the pit crew changing tires, but the team
makes a big difference in how well a
driver and car will perform.

All of these regulations are designed
to make the skill of the drivers and
crew more important to winning versus
building a faster car.

SAFETY AND OPTIMIZING AN
INDYCAR

IndyCars already have already been
equipped with a Suspension Wheel/
Wing Energy Management System
(SWEMS). It consists of multiple cables
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connected to keep objects attached to
the frame should an accident occur. In
addition, multiple interlocks incorpo-
rated on the fueling systems help pre-
vent accidental spills.

One standard piece of equipment
recently added to IndyCars is a wind-
shield and titanium frame that protects

the driver in case of an accident. Driver
Justin Wilson died in 2015 when he was
struck by a piece of equipment from a
wreck that occurred in front of him.
The cockpit is now almost completely
enclosed with Red Bull Advanced Tech-
nologies’ Aeroscreen to protect from
debris (Fig. I).
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Racing Tech

One place where teams can customize
their car is the suspension system. These
mechanical tweaks are usually refined
during pre-race practice and time trials.
Vent changes can also be made regular-
ly, based on temperature info provided
wirelessly to the pit crew. Changes can
be made during the race, but these tend
to be as minimal as possible for obvious
reasons.

IndyCar races have pit stops for
changing tires and adding ethanol to the
tank. The aforementioned tweaks can
be done, too, but normally a stop is as
fast as possible. The pit crew may even
peel off a layer of the windshield that’s
covered by multiple plastic layers should
the top layer become pitted.

ELECTRIC RACING

Formula E races run for 45 minutes
using a battery pack with a fixed amount
of energy (Fig. 2). The Gen2 Formula E
cars will have a 54-kWh battery that’s
contained in a carbon fiber case. It’s
crash tested and has a safety check that
provides a red/green status indication.
A red error condition indicates that the
driver needs to hop out of the vehicle
without touching the car and ground at
the same time. An overheated battery is
one type of error condition.

The battery capacity is insufficient to
run the engines at full race power for the
duration of the race, something drivers
must keep in mind even with regenera-
tive braking. More than one car has been
unable to complete a race due to insuf-
ficient power. Regenerative braking is
performed using paddles on the steering
wheel. Such braking is done via the rear
wheels driven by the motor.

The front brakes are conventional
hydraulics and thus don’t provide regen-
erative braking. There are hydraulic
brakes for the rear wheels; the regenera-
tive braking is power-limited. Drivers
also need to keep in mind that the bat-
tery is fully charged at the start of the
race; thus, regenerative braking provides
essentially no advantage at that time.

Drivers typically try to exit corners as
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2. Formula E cars use the same battery

pack. Battery-management and regenera-
tive-braking support can be key to a team’s

success.

quickly as possible. The driver will get a
beep in their headset from the car to indi-
cate that they should lift off the throttle.

Teams provide their own motor and
inverters. The battery-management sys-
tem is part of the battery pack, so teams
can’t modify it. They can tweak the sus-
pension like IndyCars.

The Formula E Genl race was done
using a pair of cars with a single pit stop
to switch cars. The latest version Gen2
has no pit stops; however, there could
be one in the future if fast charging
becomes an option. Tires have less of an
effect on the race results compared to
other races, due to the length and speed
of the races.

Teams get a minimal amount of
practice time on a new track to limit
the amount of analysis and simulation

ACTIVATION ZONE

that teams can perform. Of course, that
results in lots of late nights to analyze
and incorporate sensor information
from practice runs.

WATCHING THE RACES

If you haven’t watched a race, then
you may not know about the differences
that go beyond what the cars look like.
For instance, take street courses versus
speedways. The former contains many
tight turns and narrow roads. Passing is
difficult and overall speeds are typically
lower than other races. Speedways usu-
ally involve oval tracks that are wider
and often banked, allowing for overall
higher speeds.

How races are won is yet another mat-
ter. Races can be a fixed number of laps
and the winner crosses the finish line
first after completing the set number of
laps. There are other ways to run a race,
though. Endurance races like “24 Hours
of Le Mans” or “12 Hours of Sebring”
have teams trying to rack up the most
laps in a set time. The alternative

ormula E’s
attack mode
provides a 35-kW boost;
however, it’s enabled
by driving through a
specific area (Fig. 3).

3. Formula E attack mode requires the car to move through a designated area that normally

forces the driver to slow down or cover more ground to offset the later advantage.

JULY/AUGUST 2020 ELECTRONIC DESIGN



“24 Hours of LeMons” takes this
approach as well, but the price of the
cars can't exceed US$500. Longer races
usually employ multiple drivers that
trade off during pit stops.

Formula E uses a variation of the
fixed time limit. The next-to-last lap
starts when the leader crosses the finish
line after time expires. Hopefully, teams
have reserved enough battery energy to
finish quickly.

Competitions have tried to make
things more interesting by essentially
providing a turbo or high-performance
mode that the drivers can exploit. This
is normally a limited option that can be
implemented in numerous ways. For-
mula 1 adds an overtake button, while
IndyCar calls theirs “push-to-pass.” This
provides a power boost for a fixed time
period, which is essentially an extra 40
horsepower for 10 seconds. Information
about when a driver uses the feature is
made available at the timing stand, but
teams must use their pit-to-car radio to
notify the driver.

Formula E’s attack mode provides
a 35-kW boost; however, it’s enabled
by driving through a specific area (Fig.
3). The area is marked, making it easy
for drivers and spectators to identify
it. Driving through the area also takes
longer to offset the advantage. The addi-
tional energy is available for four min-
utes from the time the car exits the area.

Using the high-performance mode
makes for interesting tradeoffs—it can
be initiated to stay ahead of someone
else who has activated the mode or to
pass those who haven’t activated it. The
high-performance mode usually has
limitations like the duration or number
of uses. The teams are often required to
use this feature, although the advantage
is one that they would typically want to
use more.

The different race types, limitations,
requirements, and winning methodolo-
gies impact how the car is driven and
how the teams work together with their
driver. Power utilization, tire wear, and
other factors come into play as teams
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push the envelope. The details are often
lost to casual observers. For example,
Formula E cars have a limited amount of
energy for the entire race and the engine
efficiency changes based on speed. Run
too fast and you run out of energy before
the race is completed.

All of these differences are why driv-

ers tend not to move between difference
race platforms. There’s a commonality
between the cars due to physics, but the
subtleties can make a big difference in
how well a driver may perform. It takes
time to learn a new environment and
gain the muscle memory to quickly
adapt to the changing race conditions. &8l
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Sensors
CHARLES PAO | Senior Marketing Specidlist, Sensor Fusion Business Unit, CEVA
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Magnetic Interference

Handling magnetic interference in sensors involves understanding your environment
and developing algorithms to detect interference.

while ago, I covered a

glossary of terms you
would need to know
related to sensors,

ing

equirements, calibra-
tion, output vectors, and more. I'd like
to take it a step further and discuss the
most common question I get about sen-
sors and how to work around it: Usually
it’s something like, “I want to use the
magnetometer, but I'm not sure how to
deal with magnetic interference”

SENSOR REFRESH: THE BASICS

For the purposes of this discussion,
let’s assume we're working with a 9-axis
inertial measurement unit (IMU) com-
prised of a 3-axis accelerometer, gyro-
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scope, and magnetometer.

It’s important to understand that
each sensor represents a part of the ori-
entation puzzle, so let’s have a quick
review. The accelerometer can mea-
sure the direction of gravity relative to
the sensor, and thereby estimate the
tilt (pitch and roll). The gyroscope
determines the change in angular posi-
tion by measuring the angular veloc-
ity. The magnetometer measures the
strength and direction of the magnetic
field, which can sometimes measure
the direction of North and thereby esti-
mate the heading (yaw).

The following suggestions are based
around some general principles when
using an IMU:

o You can trust the gyroscope for
relative orientation changes over
short periods of time.

 You can trust the magnetometer in
stable magnetic environments.

o You can trust the accel when it’s
being used in an application with-
out constant acceleration.

And by “trust” these sensors, I mean

you can use their output with a reason-
able level of confidence.

HOW TO HANDLE MAGNETIC
INTERFERENCE

One of the most common questions
I receive from customers is how to deal
with magnetic interference. The answer
to this, as you might expect, depends
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System-Level Solution for
High Density, Isolated Analog
Output Module for Process
Control Applications

Albert O’'Grady, System Applications Manager

Introduction

When designing channel-to-channel isolated analog output
modules for process control applications, such as program-
mable logic controller (PLC) or distributed control system (DCS)
modules, the main trade-off is usually between power dissipa-
tion and channel density. As module sizes shrink and channel
densities increase, the power dissipation per channel must
decrease to accommodate the max power dissipation budget
for the module. Higher channel density also means that there
is less PCB real estate available for each channel.

System-Level Solution

Figure 1 shows the AD5758 and ADP1031 system solution that
solves both the power dissipation and space challenges, allow-
ing a high level of integration. This design note shows how an
8-channel module with less than 2 W of power dissipation for
all channels can be produced in compact form factor, as shown
in figure 2.

The ADP1031 solves the isolation and size challenges, providing
300 V basic isolation for power and data, while the AD5758
provides a low power dissipation, precision, configurable current,

or voltage output channel. The AD5758 implements a technique
called dynamic power control (DPC) to minimize power dissipation
in the module under worst-case operating conditions when the
part is configured for current output. It does this by continuously
tracking the output voltage and reducing the power supply to the

output driver to the minimum required to maintain the output load
current—implemented via an integrated, programmable, high

efficiency buck converter. When DPC is enabled for current output
modes, the AD5758 automatically adjusts the DPC voltage to
minimize power dissipation under all load conditions.

The ADP1031's design is optimized to provide efficient isolated
power for the AD5758 under worst-case load conditions so
that the total channel power dissipation is minimized. The
high speed SPI channel integrated into the ADP1031 is also
designed to reduce power dissipation when active and enters a
low power state when inactive.

Solution Size and Power Dissipation

The high level of integration allows each isolated channel to
fit in an area of less than 400 mm? on a two-sided PCB. This
includes all associated passive components and isolation
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Figure 1. System-level approach enables the design of precision, high density, isolated analog output module for process control.
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Figure 2. AD5758 and ADP1031 8-channel board with module power dissipation vs. supply voltage and load.

spacing. This solution achieves best-in-industry power dis-  Conclusion
sipation of less than 2 W for all eight channels operating

under worst-case power dissipation conditions. The AD5758 and ADP1031 system-level solution enables a
robust, compact, 8-channel, channel-to-channel isolated ana-
EMC Robustness Performance log output module, which achieves best-in-industry power

dissipation of less than 2 W for all eight channels operating

The AD5758 incorporates line protectors on all pins that may under worst-case power dissipation conditions

potentially be connected to screw terminals (Vlgyr, +Vsense,
and -Vguse). The line protectors protect these pins from posi-
tive and negative voltages up to 38 V by limiting the voltage About the Author
internally to the Vype+ and AV rails. If a voltage outside of
these limits is detected on the Vlgy; pin, an error flag is set,
which can be read back over the SPI port.

Albert O'Grady is system applications manager
with the Industrial Automation Technology Group at
Analog Devices in Limerick, Ireland. His main focus is on
Extensive EMC testing has been completed on the AD5758 industrial automation and process control applications.
and ADP1031 system. See Table 1 and Table 2 for a summary He can be reached at albert.ogrady@analog.com.

of the test results.

Table 1. Emissions Performance Summary

. Frequency .. Measured Minimum

Radiated 30 dBV/m 30 MHz to
ssi CISPR11,ClassB 30101000 230 MHz 37 dBuV/m 230 MHz 9.25 Pass
emissions
01000 MHz

Table 2. Immunity Performance Summary

Basic Standard Test Levels Performance Criterion

Conducted
Immunity IEC 61000-4-6 10 V/m Pass
fadiated IEC 61000-4-3 10V/m A Pass
mmunity
ESD IEC 61000-4-2 +6 kV contact B Pass
ESD IEC 61000-4-2 +12 kV air B Pass
ESD IEC 61000-4-2 +30 kV coupling B Pass
EFT IEC 61000-4-4 4 kV B Pass
Surge |EC 61000-4-5 +4 kV B Pass
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on the situation. So, let’s go over a few
scenarios:

Outdoor Use in a Rural Setting

If you're using the magnetometer in
a rural setting, the changes and inter-
ference in the magnetic field should be
few and far between, and you should be
able to use its output to acquire long-
term orientation information. Fusing
this with information from the acceler-
ometer and gyroscope produces a full
picture. A key thing to keep track of is
sudden changes in the magnetic reading
and potentially rejecting them as inter-
ference.

Outdoor Use in a City

An outdoor urban setting has lots of
potential magnetic interferences, from
metal pipes to large motor vehicles. In
short, it’s harder to get consistent output
from the magnetometer due to the num-
ber of potential interferences compared
to rural settings.

Developing a robust magnetic-inter-
ference rejection algorithm is crucial,
and ensuring that the magnetometer is
trusted more when in stable environ-
ments is key. In those times when a
magnetic environment isn't stable, you
can rely on the short-term orientation
accuracy of the gyroscope and correct
its orientation over time when there’s a
more stable magnetic environment.

Indoor Use

Indoor applications have just as many
possibilities for magnetic interference
as an urban environment. Variations
exist, however, between large buildings
reinforced with concrete and steel com-
pared to smaller buildings with more
wood-based construction. The former
will often contend with largely unstable
magnetic fields, and even when rea-
sonably stable, it can be dramatically
warped to point in a different direction
from the Earth’s magnetic field.

Understanding the setting you’re in
and adjusting to it is important. For
instance, in an indoor application with a
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warped magnetic field, it may be better
to judge orientation based on relative
differences over absolute direction.
This solution revolves around one
of the principles we discussed above.
In a less-warped environment, it also
holds. Trust the mag when the magnetic
environment is stable. Create a mag-
netic-interference rejection algorithm
for improved consistency. Lean on data
from the accelerometer and gyroscope
at times when your magnetic environ-
ment is less stable. Is this sounding
similar? It should! Because the key prin-
ciples are the same.
To summarize:
o Trust the magnetometer in stable
magnetic environments
o When not in stable magnetic envi-
ronments, lean on the gyroscope
and accel for orientation informa-
tion
« Develop a magnetic-interference
rejection algorithm to help detect
and ignore sudden and potentially
erroneous magnetic information

ADDITIONAL MAGNETIC
CONSIDERATIONS (HARD- AND
SOFT-IRON EFFECTS)

A small note about mounting magne-
tometers on devices with nearby hard-

iron effects: Hard-iron effects provide
an offset to the magnetometer readings,
but they don’t change the scale/sensitiv-
ity. This takes the sphere of magnetom-
eter readings in all directions and shifts
the origin.

The biggest issue with large hard-iron
offsets is that you might saturate the
supported range of the magnetometer
with this offset. Soft-iron effects change
the scale/sensitivity and skew. As a
result, this can stretch, shrink, or turn
the sphere into an ellipsoid (see figure).

If you're new to sensor fusion or
IMUs in general, a company such as
CEVA can help. It offers a sensor fusion
suite that enables companies and tin-
kerers alike to shortcut their design by
using a number of convenient tools and
sensor outputs.

CEVA has developed products with
algorithms behind them to get the most
out of sensors (including those tricky
magnetometer situations). Calibrated
sensor output, sensor fusion using vari-
ous sensor combinations (AG, AM,
AGM), and magnetic interference rejec-
tion help users navigate the IMU world.
Additional features include dynamic
calibration (adjusting sensor output
over temperature and age), gesture rec-
ognition, and activity classifiers. &€

%

Iron Effects on an Ideal Magnetometer?

(Effects shown in 2D for illustrative purposes, but extend to 30)

N2
Hard-iron effect? only

2 The hard-iron effect e illustrates the

Soft-iron effect only

* Each point on the circle represents a magnetometer reading when the device is in a single orientation, and the circles are the
combination of magnetometer readings after moving to all orientations (assuming a stable magnetic field)
erat its

Both Soft- and
Hard-iron Effects?

detection

A magnetometer with limited range will saturate if the effects are strong enough, as seen in the combination of effects.

Iron effects differ on an ideal magnetometer.
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11 Myths About Signal Integrity
iINn High-Density Backplanes

With more connections being packed into backplanes, signal integrity becomes a
concern. However, misconceptions have arisen around solving this problem. Elma
Electronic’s Ovidiu Mesesan sets the record straight.

s a signal travels across a network, it focuses

only on what it sees in its path. And increases

in data rates over the past few decades have

made this path a bit more clouded. System
infrastructure needs to accommodate such increases through
better bandwidth management, better system interoperability,
and higher data throughput. This is no short order.

Many of these challenges are being handled in the back-
plane, which manages much of the interconnect between
various circuit boards or cards across a system. By cramming
more electrical connections into the same footprint, high-
density backplanes seem to invite signal-integrity (SI) issues,
making some embedded designers skeptical about how to
best move this influx of data within their applications. Here,
we explore what can be accomplished using a high-density
backplane, while preserving signal integrity across the net-
work.

1. Signal-integrity analysis considerations are different in
nature, depending on the backplane architecture/topology/
technology.

Signal integrity typically looks at the same parameters of
the backplane channels—insertion loss, return loss, operating
margin, crosstalk, etc.—irrespective of the building blocks of
the channel, how the system is architected, or the intended
data rates. The acceptable limits of these parameters are what
vary, depending on the protocol/data rate.

Although SI is not a function of form factor, considerations
do exist that may be somewhat affected by topology. Solu-
tions to optimize signal integrity require versatility in their
approach in order to properly measure different backplane
parameters (topology, lengths, geometry), especially with
increasing system density.

2. Data provided by the connector and PCB manufacturers
have no bearing on the results of pre- and post-layout signal-
integrity analysis of channels.

It’s essential that the data provided by both connector man-
ufacturers and PCB manufacturers first be vetted for, and then
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incorporated into, the analysis performed. For instance, this
data is critical to the optimization and analysis of the PCB
stackup, trace geometry parameters, as well as physical and
electrical models for the connectors (see figure).

step=062613_eima_expansionplane_wc_pcie.s16pX1
obw062613_elma_expansionplane_wc_pcie.s16pX1_8.006_3
Ul=125.0ps adapt FOM=area TxBw=8.0GHz Vpkpk=0.8V RXBw=8,0GHzZ
txc=[-0.032,0.958,0] rxc=[16] DCw-6.0dB fp=2.00GHz
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Channel performance depends on minimizing crosstalk across the
connector.

3. Links in a backplane-based system are independent of one
another, and therefore don’t affect overall performance.

Each link in these types of systems will contribute to system
performance and potentially affect the performance of other-
wise good links, causing bottlenecks in bandwidth across the
entire system via excessive crosstalk. Provisions to simulate
and measure all problematic (worst case) links within a design
need to be incorporated into a system-level signal-integrity
analysis.

4. The behavior of a complete channel is the sum of the behav-
iors of its individual sub-sections.

At higher data rates, the behavior of a complete channel isn’t
always accurately represented by just a concatenation of indi-
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vidually simulated/measured blocks. Or in the words of Aris-
totle, “The totality is not, as it were, a mere heap, but the whole
is something besides the parts” Cascading the models of indi-
vidual blocks is warranted, only if the points at which the
cascading is done are those with very low reflections, which in
most cases (like connector interfaces) is patently false.

That’s why co-design, or cooperation at the layout stage, is
an important aspect of an embedded system. Developing a
system in parallel can reduce signal-integrity issues, yielding
better return loss and, more importantly, much better inser-
tion loss.

5. The type of weave used on the layers that carry high-speed
signals has no bearing on signal integrity and, therefore, isn’t
a critical consideration.

The weave does impact signal integrity as the data rate
increases. With the advent of protocols that require lower
intra- and inter-pair skew, fiber-weave-induced skew may
make or break the performance of some of the longer links in
a system. Careful consideration must be given to the compro-
mise between a spread weave choice and the resin content for a
given laminate material.

The long-held assumption that the dielectric material sur-
rounding the traces in the backplane or daughtercard PCBs is
almost homogenous and isotropic in all directions is not only
demonstrably false, but dangerous to make for high-data-rate
transmission channels.

6. You can expect simulations to be close to measurements,
even without validating your models.

Simulation at the pre- and post-layout stage is a necessary
step. However, without using validated models, your simula-
tions will only be as good as the assumptions built into those
models. Vetting S-parameter models for passivity and causal-
ity, and verifying the validity of a particular laminate material’s
properties, are just two examples.

7. The values of copper foil roughness and resistivity given by
PCB laminate manufacturers, and even those in empirical
formulas, are pretty close to reality.

Apart from the values given in manufacturers’ datasheets,
typical models used in SI simulations for copper surface
roughness include the Huray snowball model and Hammer-
stad. However, these datasheet values and theoretical models
must be correlated with actual measurements of the copper
foil as processed by the PCB manufacturer. Different PCB fab
houses employ different methods and equipment for rough-
ening the copper foil’s surface for better adherence to the
substrate. How well the theoretical models used in simulations
reflect reality is something worth investigating, because it
affects the simulation’s accuracy (see Myth 6).
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8. Developing design rules to test signal integrity should be
conducted up to the limit of the application.

To truly test for signal integrity, it’s important to go beyond
the scope of the application and account for worst-case scenar-
ios to ensure your system, and your signals, will hold up under
all circumstances. This “margin” allows for spikes in data
transfer, higher than normal system loads, and less optimal
designs of other components in the system (plug-in modules,
mezzanine cards, power supplies, etc.).

9. The mated interface to the backplane isn’t important when
considering the performance of a backplane PCB.

To properly model the signal path, the mated connector
interface absolutely must be considered. The signal budget
is affected by the plug-in cards that mate to the backplane,
the backplane itself, and the connectors used as interfaces
between the plug-in cards and backplane. Moreover, it’s not
only the electromechanical properties of these mated con-
nector interfaces that affect the signal budget, it’s also the
footprint used for these connectors both on the plug-in cards
and on the backplane (things like pad and anti-pad size,
trace routing geometry in the area where it connects to the
footprints, etc.)

10. Any simulation software and any de-embedding approach
would do a decent job at analyzing SI data and making accu-
rate predictions (i.e., “all SI tools are created equal and it
only depends on the user’s ability of how accurately they
make predictions about interconnect performance”).

While one would be tempted to consider simpler and often-
times cheaper solutions for SI, one must be aware that—as is
the case with everything else in life—you get what you pay
for. “Half-baked” solutions may get it right sometimes (even
a broken clock is right twice a day), but investing diligently
in proven simulation tools, test equipment, calibration, and
de-embedding techniques goes a long way to achieving good
correlation between simulations and measurements, which is
key to a successful approach to SI.

11. At the end of the day, if my backplane meets the signal
budget allocated to it, even within the slightest margin,
everything will run smoothly.

As was mentioned in previous myths, one must approach
even individual sub-component design with a holistic
methodology. A poor (or marginally good) launch from a
plug-in module into a backplane will only get worse. With
the backplane being a passive element of an end-to-end
channel, it can’t improve the signal quality because it will
add loss (different kinds of loss, too). Similarly, a backplane
design with poor margins may actually result in a system
failing. &8
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KYLAN ALLISON | Process Engineer, Rohinni

Micro and Mini LEDs
Lead o Design Freedom

Mini and micro LED technology is poised to take over as the next generation of
lighting technology in a multitude of commercial applications.

esign freedom is the ability to create prod-

ucts without restriction, or the ability to bring

future products to reality. Revolutionary

products including lifelike displays, extremely
thin consumer electronic devices, new lighting in automotive
applications, and the presence of light in novel locations are
made possible with the introduction of mini and micro LED
technology.

Due to significant process advances regarding placement of
mini and micro LEDs, product applications ranging from dis-
play backlights, computer keyboards, direct emission displays,
automotive lighting, and consumer electronics can utilize light
in new ways. Mini and micro LEDs eliminate countless design
challenges and pave the way for unconstrained product design.

Thanks to the microscopic size of mini and micro LEDs,
the lights can be placed virtually anywhere to fulfill design
requirements. In terms of size, mini LEDs and micro LEDs are
significantly smaller and thinner than their traditional LED
counterparts. Mini LED components are between 50 and 300
pm, while micro LEDs are components smaller than 50 pm.
In comparison, the smallest traditional, packaged LED is 650
x 350 um.

With these shrunken, unpackaged versions of the tradi-
tional LED, it’s now possible to create considerably thinner,
downsized, and arrayed mini LED lighting technology. Any
application that uses traditional packaged LEDs can utilize
the smaller micro and mini LEDs, and novel applications are
made possible due to the smaller components. Because mini
and micro LEDs are a fraction of the size of traditional LEDs
and involve less material, they’re a fraction of the cost of the
larger components and can be utilized in new ways.

SUBSTRATES

Design freedom is incorporated in many aspects of the
construction of micro and mini LED applications, including
the selection of a preferred substrate. Micro and mini LEDs
can be placed on flexible, glass, and rigid circuits among other
industry-available substrates.

Figure 1 illustrates the circuit flexibility for an application
using mini LEDs. As a result, they bring flexibility to mechani-
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cal design as well as optical designs—LEDs can be placed
exactly where intended while minimizing or eliminating light
guides and other optics. This allows micro LEDs to be placed
in areas where traditional LEDs are problematic.

1. Pictured is a
1-inch circuit with
1,300 mini LEDs
placed on PET

silver epoxy.

PLACEMENT

While many companies have created their own product
demos using mini LED technology, most products have failed
to enter mass production and are far from reaching the aver-
age consumer. For engineers to truly achieve design freedom
with the new lighting technology, the primary technological
roadblock that needs to be addressed is the accurate and fast
placement of mini and micro LEDs. The placement solution
that meets industry post-process yields and industry-demand-
ed speeds allows for the mass production and broad adoption
of micro and mini LED technology.

Today, packaged LEDs are placed using standard surface-
mount technology (SMT) equipment, which takes much lon-
ger than an alternative solution to place mini and micro LEDs.
A simpler solution that places mini and micro LEDs faster and
accurately would be more cost-efficient due to the less time it
takes to place the components.

Placement of mini and micro LEDs presents a major advan-
tage for product designers because the components can be
put virtually anywhere. In a product application, wherever
the light is desired, the microscopic die can be placed and
illuminated. For example, in a keyboard backlight, with mini
or micro LEDs, a light guide plate is eliminated because the die
can be placed directly behind each key.

Thinner products and more uniform light distribution are
possible because of minimal diffusion or a light guide stack.
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Mini and micro LEDs simplify the optical design require-
ments as the die are placed exactly where the light should go.

Mini and micro LED technology also offers several advan-
tages in the process of manufacturing displays with the ability
to place the mini or micro LEDs at the desired pitch, select
LED components of the preferred size, and the ability to bin
the components at specified wavelengths. Binning the small-
scale LEDs at a fixed wavelength leads to optimal product
performance in the matter of luminosity, uniformity, and
color temperature. A variety of LED die size configurations is
a key contributor to achieving the desired product design and
performance.

DISPLAY ADVANTAGES

Display applications of all sizes boast of significant advan-
tages when using micro or mini LED technology. Mini and
micro LED backlights have individual die control. Even with
the thousands of die in a backlight, each individual die can
be controlled, offering greater resolution lighting and bright-
ness control that directly leads to greater screen resolution for
product applications.

Local dimming is a feature of LED displays that dims the
backlight in different regions. Controlling each region individ-
ually improves display performance by enhancing the contrast
ratio and making dark elements of an image appear darker.

Since mini and micro LED displays have a massive num-
ber of smaller-sized components involved in comparison
to conventional LED displays, the technology brings a huge
advantage to the fields of contrast, brightness, and black lev-
els. Zones of the screen can now appear completely black, or
“true black” Merging mini and micro LED technology with
quantum dot abilities will enhance the brightness and color,
leading to an overall better picture quality, thus surpassing the
standards set by OLED technology.

For enhanced image quality, and to completely utilize the
full capabilities of high dynamic range (HDR), local dimming
is necessary. Televisions will be capable of dimming the mini
and micro LEDs behind dark areas of an image to generate
a contrast ratio of higher quality between darker and lighter
regions of a picture. The advancement of mini and micro
LED technology allows for a massive amount of controllable
dimming zones; for example, a mini LED television may have
approximately one thousand zones or more.

Micro LEDs enable higher image quality in direct emission
displays because of the small components. Each pixel on a
direct emission display is constructed of three subpixels—each
composed of a red, green, and blue micro LED.

The narrow-pixel-pitch LED direct emission displays offer
high luminous efficiency, reliability, brightness, contrast, and
an especially fast response time. Coupled with other micro
components, micro LED technology opens the door to greater
design freedom in display applications.
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In between each pixel on a direct emission display is a light
dome to separate the pixels from bleeding into the adjacent
pixel. That dome occupies space that can also be used to place
an integrated circuit (IC) or other micro components like sen-
sors. This option enables a simpler design package and a thin-
ner product because components can be distributed to make a
thinner stackup.

Soon, consumers will see indoor signage or electronic bill-
boards as one of the first products to adopt the use of sensors
coupled with micro LED technology. A sensor can detect
when someone is standing near the display and is able to
adjust the brightness or image. The overall design freedom
enabled by coupling micro components with micro LED tech-
nology is creating smarter products, which can save power,
create thinner products, and give designers more control.

Not only do display applications benefit from microscopic
LEDs, but due to these characteristics, mini and micro LED
technology also gives designers and engineers a license to
create products as they imagine in other product categories.
Other applications for this technology include input devic-
es, computer keyboard backlights, display backlights, and
automotive applications. Figure 2 illustrates “LightThread,”
a Rohinni design that showcases the microscopic size of the
LEDs. LightThread is less than 1 mm wide and can be used in
applications ranging from clothing to general lighting.

2. Rohinni’s LightThread
showcases the micro-
scopic size and extreme

flexibility of applications

using mini LEDs.

POWER EFFICIENCY

Due to the sheer number of mini or micro LED die in the
same area covered by traditional LEDs in an application, pow-
er driven to the components is more distributed. And the dis-
tributed drive architecture leads to more efficient lights.

Multiple micro or mini LED die in place of a single pack-
aged LED die has better thermal characteristics because the
LEDs aren’t being driven as hard. Mini and micro LEDs can
be driven at their maximum efficiency curve, instead of their
maximum drive capability like traditional LED applications.
In addition, the simplified optical stack helps minimize light
loss since the light needn’t be redirected or diffused—the
light is going where it was intended and takes less power to
do so. &
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What'’s the Difference?

DEBENDRA DAS SHARMA | PCISIG Board Member and Infel Fellow, Intel Corp.

What's the Difference Going
from PCle 3.0 to PCle 6.0?

To meet rising demands for improved speed, cost, and power interconnectivity, the
PCI-SIG continues to evolve the venerable PCle architecture, which is looking at 64

GT/s for its next release.

he Peripheral Component

Interconnect (PCI) archi-

tecture has provided I/O

connectivity for computing,
communication, and storage platforms
for more than three decades. From its
inception as a local bus interface for all
types of I/O devices in the PC industry,
it has evolved as a point-to-point link-
based interface (PCI Express) to satisfy
the I/O requirements across the cloud,
enterprise, artificial intelligence, PC,
embedded, IoT, automotive, and mobile
market segments.

This is made possible due to the abil-
ity of PCI Express (PCle) architecture to
seamlessly deliver cost-effective, HVM
(high-volume manufacturing) friendly,
power-efficient, high-bandwidth, and
low-latency solutions through six gener-
ations of technology evolution, doubling
the data rate in every generation (Fig. 1)
while maintaining full backwards com-
patibility with all prior generations to
protect customer investments.

One salient and unique feature of
the PCle specification is that while it
supports multiple data rates and mul-
tiple widths to back the different perfor-
mance needs of different devices across
a wide range of usage models, they inter-
operate with each other. This enables
both silicon and platform developers to
design and validate to one specification.
Even though a multitude of form fac-
tors (e.g., M.2,U.2, CEM, various flavors
of SFF) have evolved to meet the needs
of diverse systems across the compute
continuum, they all use the same silicon
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ingredients based on a common PCle
base specification.

The success of PCI technology as a
ubiquitous I/O interconnect is due to it
being an open industry standard, backed
by a robust compliance program to
ensure seamless interoperability between
devices from different companies. PCI-
SIG, a consortium of more than 800
member companies, spread across the
globe, owns and manages PCI specifica-
tions and runs the compliance program.
PCI-SIG expects PCle technology to con-
tinue to evolve to meet the diverse I/O
needs across the entire compute con-
tinuum for many more years to come.

This article delves into the details of
PCle technology covering its evolution
from the fourth through the sixth gener-
ation, as a follow-up to our prior article
in Electronic Design covering the first
three generations.

THE FIRST THREE PCle
GENERATIONS AT 2.5, 5.0, AND 8.0
GT/s

PCle technology started off in 2003 at
a 2.5-GT/s data rate, supporting widths
of x1, x2, x4, x8, and x16 for different
bandwidth levels. The supported widths
haven’t changed through the six genera-
tions of evolution of PCle architecture.
PCle 2.0 specification doubled the data
rate to 5.0 GT/s in 2006. The first two
generations of PCle technology used
8b/10b encoding, incurring a 25%
encoding overhead. This was needed
to establish dc balance and for the addi-
tional encodings required for physical-
layer packetization (e.g., to indicate start
and end of different types of packets)
and training handshake.

In terms of the PCle 3.0 specifica-
tion, a strategic decision was made to
increase the data rate to 8.0 GT/s instead
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PClIe Evolution

0f10.0 GT/s. This was augmented with a
new 128b/130b encoding mechanism to
double the bandwidth per pin over PCle
2.0 (1.6 due to data-rate increase x 1.23
with the encoding overhead reduction).
The new encoding mechanism ensured
high reliability by adopting a fault model
of three random bit flip detections and
had several innovative approaches to
perform physical-layer framing of pack-
ets while preserving the packet format
delivered from the upper layers (Link
and Transaction).

The decision not to double the data
rate (to 10.0 GT/s) was made with data
from extensive analysis to ensure that
PCle 3.0 can work on existing channels
with the projected silicon and platform
ingredient capabilities of the time of the
specification’s introduction (2010) and
still meet projected power and cost con-
straints. Backchannel equalization was
introduced in PCle 3.0 specification to
mitigate the effects of channel loss on
the platform by silicon ingredients. The
encoding and equalization mechanisms
of PCle 3.0 architecture was robust
enough to sustain subsequent genera-
tions of speed increases.

In addition to greater speed, PCle’s
evolution during this time supported
features such as I/O virtualization and
device sharing to accommodate the
emerging trend of supporting multiple
independent virtual machines and con-
tainers in a single platform. To support
the performance needs of accelerators,
it added features such as caching hints,
atomics, and lower-latency accesses
through enhanced transaction bypass
semantics.

To help with the evolution of hand-
held segments such as smartphones
and tablets, we enhanced our low-
power states with deeper low-power
states. This enabled devices to maintain
their states for a quicker resumption
of traffic while consuming power in
the single digits of microwatts. This
mechanism for lower power consump-
tion during idle state along with the
industry-leading power efficiency dur-
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ing active state (around 5 pJ/bit), plus a
fast transition time between the two (1
to 100 ps), results in PCle architecture
being the interconnect of choice across
low-power as well as high-performance
segments.

OCTOBER 2017: PCIe 4.0
SPECIFICATION AT 16.0 GT/s

The journey to double the data rate
from 8.0 GT/s to 16.0 GT/s took lon-
ger to ensure that platform and silicon
ingredients could evolve in a cost-effec-
tive and power-efficient manner for a
seamless technology transition. The
channel loss budget was increased to 28
dB. The routing material continued to
get better with newer and economically
feasible materials such as Megtron-2
(4, and 6) with improved loss charac-
teristics, along with improvements in
packaging technology, making it feasible
within the cost and power constraints of
platforms with hundreds of lanes.

Even then, though, it wasn't enough
to cover longer channel lengths such as

20 in. with two connectors. With board
materials used in systems and available
packaging technology, we can support
about 15 in. of board trace with one con-
nector and an add-in card. Retimers
had to be formally specified as channel-
extension devices. Retimers have the full
physical layer and double the channel
loss. Up to two retimers are allowed in
a link, enabling longer-reach channels
with PCle architecture (Fig. 2).

PCle 4.0 technology allowed more
outstanding transactions to sustain the
ever-increasing bandwidth capabili-
ties through scaled flow-control credit
mechanisms and extended tags. It also
enhanced the reliability, availability, and
serviceability (RAS) features to enable
migration to direct-connected PCle
storage devices through downstream
port containment. Furthermore, sys-
tems can run non-destructive lane-mar-
gining capabilities without interrupting
the system operation. As always, these
enhancements will sustain a few genera-
tions of bandwidth increases.

Upstream Component
Tx(a) DownstreamPort g, )

l f

Rx(B) Tx(B)
T,I:) Retimer 1 R(C)
Rx(D) Tx(D)
TX(E) Retimer 2 RX(E)
Rx(F
A )Downslream Component 2
Upstream Port

(a: Up to two Retimers in a Link)

(b: Retimer has just the Physical Layers)

(c: Example platforms: longer channel needs Retimer)

| Software l

Transaction

Configuration Registers

2. Retimers are used to extend the channel reach.
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A question naturally arises, though:
How did the systems deal with the I/O
bandwidth needs when the technology
transition from PCle 3.0 to PCle 4.0
specification took longer than usual due
to the inflection points that had to be
addressed? The answer is nuanced.

Platforms that debuted with PCle 3.0
architecture had about 40 lanes of PCle
technology coming out of every CPU
socket. Just prior to the transition to
PCle 4.0 specification, the lane count
per CPU socket increased dramati-
cally, reaching up to 128 lanes per CPU
socket in some platforms. Thus, while
the per-slot (e.g., x16) bandwidth didn't
increase, the aggregate I/O bandwidth
increased 3X in platforms, both in terms
of the number of lanes as well as mea-
sured I/O bandwidth.

Storage tends to be an aggregate band-
width driver, with each storage device
connected to the system using a narrow
link (e.g., x2 or x4). Thus, increasing
storage needs were met with lane count
increase. Networking is a single-slot
usage; during this time, it transitioned
from 10 Gb/s to 100 Gb/s and dual 100-
Gb/s network interface cards (NICs).
This bandwidth was accommodated
by NICs moving from x4 to x16 (and 2
x16 for dual 100-Gb/s NICs) width—a
great tradeoff from a power/cost/per-
formance perspective. Accelerators and
GPGPUs also evolved to make efficient
data moves through proper transaction
sizing and protocol hints.

Overall, the slowdown in speed evolu-
tion from PCle 3.0 to PClIe 4.0 architec-
ture was mitigated by a width increase,
thanks to the flexibility offered by PCle
specification. The ecosystem evolved
naturally, so the speed transition was
accomplished in a cost-effective and
power-efficient manner.

MAY 2019: PCIe 5.0 SPECIFICATION
AT 32.0 GT/s
The past few years have seen a signifi-

ligence, machine learning, and analytics
have led the demand for faster process-
ing and movement of data. As the com-
pute and memory capability increases at
an exponential pace, we need to sustain
I/0 bandwidth doubling at an acceler-
ated cadence to keep up with the perfor-
mance of emerging applications.

For example, 400 Gb (or dual 200 Gb)
networking needs a x16 PCle at 32.0
GT/s to sustain the bandwidth. This
required the release of a fully backwards
compatible PCle 5.0 in less than two
years after PCle 4.0 architecture—a sig-
nificant achievement for a standard.

The evolution from PCle 4.0 to PCle
5.0 specification was primarily a speed
upgrade. The 128b/130b encoding,
which was the protocol support to scale
bandwidth to higher data rates, was
already built in with PCle 3.0 and PCle
4.0 specification. The channel loss was
extended to 36 dB along with enhance-
ments to the connector to minimize the

loss with the increased frequency range.
With the improvement in board mate-
rial and packaging technologies, the
channel reach is like PCle 4.0 technol-
ogy, using retimers to extend the chan-
nel reach.

One of the enhancements made with
PCle 5.0 architecture is the built-in sup-
port for alternate protocols. As PCle
technology has evolved to be the high-
est bandwidth, most power-efficient,
and most widely deployed interface,
some usages require additional proto-
cols, such as coherency and memory to
run on the same pins as PCle architec-
ture. For example, certain accelerators
and smart NICs may cache the system
memory and map their memory to sys-
tem memory space for efficient data
exchange and atomics in addition to
PCle protocols. Similarly, system mem-
ory is migrating to PCle PHY due to the
power-efficient high bandwidth and low
latency solution it offers.

IDEALLY
SUITED
FORTESTING

5

Elektro-Automatik

ALL-IN-ONE DC POWER SUPPLY &
ELECTRONIC LOAD IN 3U-15KW /
4U-30KW CHASSIS

New Bidirectional, Regenerative DC Supply series EA-PSB 10000:
Industry Leading Power Density of 30kW in a 4U, 19" Rack-Mount Chassis

and up to 2,000Vdc

m Bidirectional, Regenerative and

Autoranging output with up to 95%

B 5" TFT Touch Screen Display

B SiC High Bandwidth amplifiers
drive <1msec

B Embedded Battery, Photo-Voltaic, Fuel
Cell simulation & function generator

cant change in the computing landscape efficient in Source and Sink modes

as cloud computing, edge computing, ® Digitally controlled and regulated

and applications such as artificial intel- (V, 1, P,R)

Tel. +49 (0) 21 62 / 37 85 - 0 - ea1974@elektroautomatik.com
www.elektroautomatik.com/ed

GO TO ELECTRONICDESIGN.COM


http://electronicdesign.com
http://www.elektroautomatik.com/ed
mailto:ea1974@elektroautomatik.com

PClIe Evolution

Other protocols are employed, too,
such as symmetric cache coherency
between components using PCle PHY.
Support for alternate protocols on PCle
PHY is provided to meet these user
requirements, preventing the fragmen-
tation of the ecosystem with different
PHY for different usages.

TARGETED FOR 2021 RELEASE: PCIe
6.0 SPECIFICATION AT 64 GT/s

We continue the accelerated journey
to double the bandwidth again in two
years in a backwards-compatible man-
ner. Applications such as AI, machine
learning, gaming, visual computing,
storage, and networking continue to
demand bandwidth increases as we find
ourselves in a virtuous cycle of more
throughput driving new applications
with greater capabilities.

Devices such as GPUs, accelera-
tors, high-end networking (800 Gb/s),
coherent interconnects, and memory
expanders continue to demand more
bandwidth at an accelerated pace. Con-
stricted form-factor applications that
can’t boost width also demand increased
frequency to deliver performance.

There are significant challenges to
doubling the data rate beyond 32.0
GT/s using the NRZ (non-return-to-
zero; i.e., the binary signaling where a 0
or a 1 is transmitted in every unit inter-
val, or UI) method due to the channel
loss. Thus, PCle 6.0 will adopt PAM4
(pulse amplitude modulation, 4-level)

3. Eye diagram with PAM4 encoding: The

three eyes in the same Ul represent the four
possible voltage levels, representing 2 bits.
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signaling (Fig. 3), which has been widely
adopted by networking standards when
they moved to data rates of 56 Gb/s and
beyond. Using this method, two bits are
encoded using four levels in the same
UI, allowing PCle 6.0 UT (and Nyquist
frequency) to be identical to PClIe 5.0
architecture.

While PAM4 alleviates the channel
loss due to running at half the frequency
with two bits per U], it's more suscepti-
ble to errors due to various noise sources
caused by reduced voltage (and tim-
ing) ranges. This manifests as a higher
bit error rate (BER), several orders of
magnitude higher than the 10"12 BER
for PCle 1.0 through PCle 5.0 specifica-
tions.

Another side effect is the correlation
of errors due to correlated error sourc-
es such as power-supply noise as well
as error propagation in the same lane
due to the decision feedback equalizer
(DFE). These effects are mitigated by
deploying a forward-error-correction
(FEC) mechanism, which has the draw-
back of reduced link efficiency caused
by the FEC bits as well as the latency add
for the encoding/decoding mechanisms.
The stronger the FEC, the worse the per-
formance characteristics. However, the
effective bit error rate improves due to
correction.

For example, some of the existing
standards have a 11% bandwidth loss
and a FEC latency of greater than 100

ns, which don’t meet the bandwidth and
latency demands of a load-store inter-
connect like PCle technology. PCle 6.0
specification development is following
the guardrails in terms of key metrics
delineated in the table. While these
are challenging goals and haven’t been
solved before, we must meet these met-
rics to ensure that PCle continues to be a
high-performance interconnect.

With FEC, we need a fixed FLIT (flow
control unit) size to apply the correction.
With a fixed FLIT size, it's advantageous
to have the error-detection mechanism
(cyclic redundancy check, or CRC)
operate on the FLIT. Since PCle defines
the data-link-layer packet (DLLP) and
transaction-layer packet (TLP) of vari-
able sizes, we define the payload to align
to FLITs. Thus, a FLIT can have multiple
DLLPs and TLPs, and a TLP/DLLP may
span across multiple FLITs.

In this new mode, since the FLIT
includes the CRC, the DLLP and TLP
will not carry their individual CRC bytes
as they did in prior generations. Further-
more, since FLITs are fixed size, there’s
no need to have a PHY layer framing
token (4 bytes) for every TLP or DLLP.
These savings help improve efficiency to
overcome the FEC overhead.

The packet efficiency with PCle 6.0
architecture exceeds that of prior gener-
ations for payloads up to 512 bytes. For
example, a 4DW (Double Word, each
double word is 4 bytes) request TLP will

METRICS FOR PCle 6.0 DEVELOPMENT

Metrics

Requirements

Data rate

64 GT/s, PAM4 (double the bandwidth per pin every generation)

Latency

<10 ns adder for transmitter + receiver over 32.0 GT/s (including FEC)

Bandwidth inefficiency

<2 % adder over PCle 5.0 across all payload sizes

Reliability
in 107 hours)

0 <FIT << 1 for a x16 (FIT = failure in time, number of failures

Channel reach

Similar to PCle 5.0 under similar setup for retimer(s) (maximum 2)

Power efficiency

Better than PCle 5.0

Low power Similar entry/exit latency for L1 low-power state
Addition of a new power state (LOp) fo support scalable power
consumption with bandwidth usage without interrupting traffic
Plug and play Fully backwards compatible with PCle 1.x through PCle 5.0
Others HVM-ready, cost-effective, scalable to hundreds of lanes in a platform
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have a TLP efficiency of 0.92 with FLIT-
based encoding versus 0.62 in prior
generations (with 128b/130b encoding
and a 5% DLLP overhead). This results
in an ~3X improvement in effective
throughput (2X from data rate increase
and ~1.5X improvement in TLP effi-
ciency). As the TLP size increases, effi-
ciency drops; for the 4-kB data payload
size, it reduces to 0.98, in line with the
bandwidth inefficiency provided in the
metrics provided in the table. An exam-
ple FLIT layout is shown in Figure 4.

Figure 5 demonstrates the tradeoffs
associated with the raw burst error rate
on a wire (error propagation to multiple
bits is considered as one error) and the
effectiveness of different FEC to handle
that error. A single symbol error-cor-
recting code (ECC) corrects one error
burst, whereas a double symbol ECC
corrects up to two error bursts.

While the length of the burst follows
a certain probability distribution func-
tion, the ECC code is defined such that
the probability of a burst exceeding the
ECC capability is negligible. Simula-
tions and silicon data have been used
to make the tradeoff between the error
rate, the nature of the burst, the chan-
nel constraints, and the silicon capabil-
ity. PCle 6.0 is targeting a burst error
probability of 107, which will result
in a retry probability of the FLIT of
around 10°°.

Since PCle has a low-latency link-
level retry mechanism, we don’t need
to deploy a strong FEC, which will
increase the latency and bandwidth
overhead. A retry probability of 107
(or even 107) is a reasonable tradeoff,
resulting in the FEC latency adder of
1-2 ns in each direction. In the case of a
retry (a 10 probability event), the FLIT

Table 6-1 Flit Layout in a x16 Link

Description

0 1

128
ul

2/3 4 5 6 7 8 9 10 11 12

Lane

13 14 15

4. FLIT layout in a x16 Link: The first 236 bytes (0..235) are for TLP(s), the next 6 bytes are for
data-link-layer payload (dIp0..5), the next 8 bytes for CRC (crc0..7) and the last 6 bytes are for
ECC (ecc 0..1). The FEC is a 3-way interleaved ECC, each capable of correcting a single byte,

with the interleaving shown in three colors.
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Modem Modules

Radicom Research has been
building standard and custom
OEM modem modules for
the past 20 years. We offer
fast turn-around times at a
very competitive price.

WIFI Modules

WiFi 802.11b/g/n :
USB & Serial mterfaces

-40°Ci to +85°C operating temp.
Available AP, Router & Device

BLUETOOTH® Modules

Classic & V4.0 BLE

Serial TTL interface

SPP, HID, HCI, A2DF, USB, 12S
-40°C to +85°C operating temp.

PSTN Modems

USB, Serial, RS232, ISA, PC104
Leased-line & Dial-up

Medial, Contact ID applications
-40°C to +85°C operating temp.

Ethernet Adapters

Serial-to-Ethernet
USB-to-Ethernet
Available IEC60601-1 certified model

Y Radicom

Affordable Modem Technology

www.radi.com

modems@radi.com
408-383-9006 x112
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PClIe Evolution

is delayed by ~100 ns due to the round-

trip retry mechanism. This is a reason- Metrics vs raw burst error probability

able tradeoff versus adding 100+ ns to

every FLIT with a strong FEC and pay- LEXR 45

ing a high bandwidth penalty. Details of « 1E-03 160

the PCle 6.0 specification are available @ 1E-06 i

to members from the PCI-SIG website. E an
S 1EO09 100 ®
= a

CONCLUSION 8 =R il

With a rich and successful history of S 1E15 -

navigating several technology transi- e 1E-18 ggg

tions in a backwards-compatible man- : ?

ner spanning three decades, PCI-SIG is i i e

well-positioned to continue leading the s = =R 1E_-7_ e s

changing computing landscape going Brst Erabanbity

forward. The power and promise of this

open standards organization, backed 5. Tradeoffs s====Retry Prob/ flit (Single Symbol Correct)

by the combined innovation capabil- between vari- === Retry Prob/ flit (Double Symbol Correct)

ity of 800+ member companies, makes ous metrics e Effective BER (Single Symbol Correct)

our technology nimble, scalable, cost- against FEC )

. _ . . = Effective BER (Double Symbol Correct)

effective, power-efficient, leading-edge, capability and

and multi-generational, with relevance raw burst error ===F[T (Single Symbol Correct)

across all market segments and usage probability. —FIT (Double Symbol Correct)

models for the foreseeable future. &l
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Validate Assertions in

Packet-Based Protocol Designs
Using UVM Callbacks

UVM callbacks help save time when multiple assertions must be validated in PCle
and other packet-based protocol designs.

ssertions bring imme-

diate benefits to the

entire design and veri-

fication cycle. To use
assertions|effectively in the verifica-
tion cycle, they need to be exercised for
checkinglegal design behavior and must
fire when illegal behavior is encountered
in the design.

When a large number of assertions
need to be validated for firing under ille-
gal circumstances, a callback mecha-
nism is particularly effective for creat-
ing these scenarios. That’s because they
require minimal updates to the test-
bench environment and minimize the
effort to create complex scenarios for
validating the assertions.

By definition, a callback mechanism,
or function, is a “call-after” function
that alters the intent of the original
function call. Callbacks are a common
mechanism used in functional verifi-
cation to modify the original content
of a sequence item to induce a desired
scenario. This enables more dynamic
and fine-grained control in selecting
which particular sequence item gets cor-
rupted and, in a test, how many such
corruptions occur in order to stress test
the design. Since callbacks allow for the
easy creation of nuanced and complex
stimulus creation, they’re instrumental
to assertion verification.

This article describes how callbacks
implemented in verification IP can be
used for assertion validation in designs

GO TO ELECTRONICDESIGN.COM

Execute sequence;

QVIP agent

D | User callback

class

2. Modify sequence item attribute(s)

1. The basic sequence of events that take place when callbacks are enabled in an agent.

using PCle and other packet-based pro-
tocols.

Assertion verification is usually
an integral part of the verification IP
development cycle (Fig. 1). The first
step involves coding the assertions. The
second step validates the assertions by
creating scenarios that fully exercise the
assertions to ensure they don’t fire under
intended design behavior and do fire
under erroneous scenarios.

Callbacks can be very beneficial
in the scenario-generation step since
the verification engineer doesn’t have
to write additional tests. Instead, they
enable callbacks to modify the original
stimulus to create interesting scenarios.
This is achieved by simply extending
the callback class to override the virtual
method:

do_callback({...)
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Assertion Validation

that gets called when a sequence item is
executed by the bus functional model
(BEM). This is particularly useful in
packet-based protocols, such as PCle,
where packet fields need to be corrupted
and callbacks provide fine-grained con-
trol to do so.

The validation engineer’s job is to
make sure that the assertions are vali-
dated in every relevant scenario. Call-
backs can be of extreme importance
when assertion validation is carried out
by manipulating the fields of a sequence
item or by initiating a sequence item in
a state in which it’s not allowed. Call-
backs speed up assertion validation by
providing the entire structure for such
manipulation in a UVM testbench, with
minimal updates and no interaction
with the existing sequences responsible
for generating the sequence items.

For a layered protocol like PCle,
where communication between the
transmitter and receiver elements takes
place via structures known as packets,
the use of callbacks for assertion vali-
dation significantly improves efficacy.
Using verification IP, the packet infor-
mation can be modified via callbacks
and all packet-based assertions can be
easily verified by making use of this
mechanism. Now let’s look at a scenario
from each of the transaction, data link,
and physical-layer packets.

CASE 1: TRANSACTION-LAYER-
BASED CALLBACKS

The high-level transactions occurring
at the device core are known as transac-
tion layer packets (TLPs). Verification IP,
such as Questa Verification IP, allows all
fields of a TLP (both request and com-
pletion TLPs) to be altered. If users want
to validate an assertion related to the
fields of a TLP, they can simply do so by
corrupting the TLP fields via a callback.

For example, the PCle protocol states
that for a request of “length = 1 DW,” the
value of the Last Byte Enable field should
be zero; where Last Byte Enable is the
Byte Enable value for the last DWORD
of the request. In simulation, if users

30

want to inject this error to every Memory
Write packet of length 1 DW, then they
may do so as illustrated in Figure 2.

CASE 2: DATA-LINK-LAYER-BASED
CALLBACKS

Data link layer packets (DLLPs) are
used for a variety of purposes, such as
ensuring the integrity of TLPs, flow con-
trol, and power management. Just as for
TLPs, callbacks can be used to inject
errors in DLLPs. For instance, lcrc is used
to check the data integrity of TLPs and
DLLPs. lcrc is appended in the TLP at the
data link layer (DLL). If the value of the
lcre attached with a packet isn't the same
as the calculated value, then it’s a proto-
col violation. This incorrect behavior, or
assertion firing, can be verified (Fig. 3).

CASE 3: PHYSICAL-LAYER-BASED
CALLBACKS

Perhaps the most efficient use of call-
backs comes from modifying ordered

set fields. In the cases of DLLPs and
TLPs, a packet can still be executed via
a sequence once linkup is achieved.
But using a sequence to inject an error
into an ordered set before linkup can be
more convoluted and more susceptible
to errors because the ordered set rules
change with each LTSSM (link training
and status state machine) state.

Callbacks, on the other hand, allow
the user to inject an error in a much more
controlled way. For instance, if a control
SKP ordered set is to be sent in place of
a TS2 OS, one can easily use callbacks.
Hence, this invalid protocol scenario can
be easily validated via callbacks (Fig. 4).

As can be seen, when a large number
of assertions are to be validated, call-
backs save time by making sure the engi-
neer doesn’t have to code a new sequence
for each scenario. Callbacks allow for the
creation of nuanced and complex stimu-
lus with ease and, thus, are instrumental
for assertion verification. &2l

function void tll_ldwe_err_cb::do_callback(tlp_t tlp);

req_ch_s req_st;
pcie_transfer_type_e tlp_type;

//Changing TL packet array into structure to locate LDWE field +in TLP.
req_arr_to_st(tlp.tlp_packet);

req_st =
tlp_type = req_st.transfer;

if((tlp_type == PCIE_MWR_3DW) &% (req_st.length = ¢hl) )begin

req_st.ldwe = 4’b1111;

//Converting TL structure to packet array after changing Last Byte Enable

//field

tlp.tlp_packet = req_st_to_arr(req_st);

end
endfunction : do_callback

2. Populating the do_callback method. “tip” is the instance of the TLP sequence item.

function void tl_ep_seq_num_err_cbh::do_callback(tl_to_dll_t t1_to_d11);
t1l_to_dll.lerc = t1_to_dll.lcrc + l’h2;

endfunction : do_callback

3. Populating the do_callback method. “tl_to_dIl” is an instance of the TLP sequence item at

the DLL.

function void pl_os_cb::do_callback(os_plp_t os_plp);
pl_state_e main_ltssm_state;
pl_substate_e main_ltssm_substate;
ps_pllp_types_e os_type = os_plp.os_type;
assert($cast(this.cfg,config_base));

if (cfg.m_bfm.current_substate[8] == PCIE_RECOVERY_RCVR_CFG_SUB && cfg.m_bfm. g current_speed operation[8] == PCIE_GEN3 )

begin
if(os_type == PCIE_T52_05 &k err == 1'bo)
begin
os_plp.os_type = PCIE_CTRL_SKIP_0S;

en
endfunetion: do_callback

4. The do_callback method is populated to replace TS2 OS with CTRL_SKP in Recovery Rcvr-

Cfg state at Gen3 speed.
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GAME OF DRONES RETURNS:
Welcome to HoverGames 2

This year’s HoverGames adds the i. MX8M-based NavQ mini vision system to the

competition.

XP’s HoverGames is now in its second itera-

tion. The developer kit in the competition

centers around the RDDRONE-FMUK-

44FMU flight management unit (FMU)
that contains a Kinetis K66 SoC based on a Cortex-M4F. It’s
designed to run the open-source PX4 flight management
software (FMS). This system has a good bit of head room, but
a bit more horsepower is needed to apply machine learning
(ML) to sensors like cameras or 3D image sensors. Quite a few
of the entries in the initial competition paired the FMU with
platforms like a Raspberry Pi.

HoverGames 2 takes the competition to the next level by
standardizing on the NavQ stack (Fig. 1). The stack includes
three boards, starting with the . MX 8M Mini system-on-
module (SOM). The middle board adds an SD Card, Ethernet
networking, a MIPI-CSI camera interface, and a MIPI-DSI
display interface. The last board provides interfaces for drones
or rovers that follow the PX4 standard like the NXP FMU.

1. The NavQ platform comes
with a camera that’s handled
by the i.MX 8M Mini system-on-
module (SOM).

The i.MX 8M Mini includes a quad Cortex-A53 and Cor-
tex-M4. The SOM adds 2 GB of LPDDR4 DRAM, 16 GB of
eMMC flash memory, and a 32-MB QSPI flash. There’s a PCle
M.2 interface as well. The SOM also supports Wi-Fi 802.11ac
and Bluetooth 4.1.

The SOM takes the platform to the next level with ML sup-
port and the ability to run operating systems like Linux. ML
models from frameworks like TensorFlow, Caffe, and PyTorch
can take advantage of hardware acceleration, enabling real-
time processing of sensor data as well as supporting other

GO TO ELECTRONICDESIGN.COM

robotic chores like mapping and situational awareness.

In theory, the NavQ could run the PX4 FMS, but the FMU
also has all of the sensors built in. The only sensor directly
connected to the NavQ is the camera.

The winner of HoverGames 1 was Dobrea Dan Marius’s
Autonomous Human Detector Drone. It added a Raspberry Pi
3 Model B+ to the mix along with a camera. OpenCV was used
to identify people by processing the video stream from the on-
board camera in real time (Fig. 2). The system was designed
as a flying warning and risk-assessment tool. It could be used
for search and rescue as well as assist in locating and tracking
people in areas where there were fires. A secondary part of the
project was to develop and test an ultrasonic obstacle avoid-
ance system.

2. The winner of HoverGames 1 was Dobrea Dan Marius with the
Autonomous Human Detector Drone that took advantage of image

recognition. (Courtesy of Dobrea Dan Marius)

There were quite a few entries for the first HoverGames;
you can find those online. Most, like the Human Detector
Drone, have open-source code and schematics so that you can
build on and extend the work done by the participants. I was
impressed by the various tips and tricks that highlight design
and implementation issues to help others, especially those par-
ticipating in HoverGames 2.

The output from science and engineering competitions
continues to amaze me. The combination of new hardware
and sensors combined with machine-learning software is
changing what’s possible. &=l
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