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Good Electromagnetic (EM) Engineering...
— allows cost-effective Si, Pl, EMC in design & manufacture

= Our course’s guidelines are well-proven in real-life
to save time & money overall in design and development,
and help increase profits & reduce financial risks,

for everything, of any size, in all applications...
see 1.15 and 1.16 in Module 1

—and can be used in initial design checklists to

DE-RISK a project’s S|, Pl and EMC

(any relevant guidelines not fully applied are a project risk!)
see 1.16 in Module 1

m Guidelines based on A and/or fy,,x are for compliance
with IEC 61000-6-1 and -3...

—to adapt them to different EMC standards, see section
1.18 in Module 1: ‘The Physics of EMC’ also in Webinar 1d
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Contents

This Module 10A is a continuation of Module 6A, and should not be used without it
1 When should we use advanced PCB techniques?
2 Future trends and their implications

3 Guidelines, approximations, simulations,
and virtual design for Sl, Pl and EMC

4 Advanced EM Zoning techniques

5 Advanced interface filtering and suppression, inc.
BLS (board-level shielding) and Metamaterials to 60+ GHz

6 Advanced RF-bonding PCB Reference Planes
at EMZ boundaries

7 Advanced PCB planes, and co-locating wireless antennas
8 The totally shielded board assembly

For safety design, see: www.emcstandards.co.uk/the-safe-design-of-electrical-equipment-lvd-com
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Contents continued...

This Module 10A is a continuation of Module 6A, and should not be used without it

9 Damping the resonances in parallel metal structures, including
Metamaterial methods e.g. Virtual Ground Fence; EBG (Electromagnetic
Band Gap); HIS (High Impedance Surface), Split-Ring Resonators, etc.

10 Advanced PCB power supply decoupling
11 Buried components, especially buried capacitance decoupling

13 Advanced transmission lines, up to at least 32Gb/s

14  Microvia (HDI) board manufacturing techniques

15 3-D Moulded PCBs, Additive Manufacturing, ‘Chiplets’, etc.
16  Advanced crosstalk

17  Some final tips and tricks

18 Some useful contacts, sources, and references
For safety design, see: www.emcstandards.co.uk/the-safe-design-of-electrical-equipment-lvd-com
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The textbook that this [ oy e
course is based upon , Circuit Boards
o Basic and Advanced design and layout techniques

\ By EurIng Kelth Armstrong C Eng MIEE WIEEE, Chorry Clough Consulfants

Info and contents list:
www.cherryclough.com

Printed-to-Order from:
www.emcstandards.co.uk/books4

Not available new from Amazon or

any other resellers (who might
incorrectly state that it is out of print)

This book was published in 2005 e
so is not as up-to-date 1 St st el

. | | 2 Segregation and interface suppression
as this course... | 2 mectass o
il 4 Reference planes for 0V and power
but it does provide a lot more detail i
on the many techniques that 7 Rouling andbyer acin.
8 A number of miscellaneous issues (i it esting. etc.

haven’t significantly changed
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When should we use
advanced PCB techniques?
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Advanced PCB techniques help to...
—Reduce cost by eliminating enclosure shielding
(or at least reducing its specification and cost)...

—Reduce interference with co-located wireless datacoms
(e.g. increase receiver range for GSM, GPRS, 3G, 4G, 5G,
Bluetooth, Zigbee, LoRa, etc., etc.)...

— Allow co-located GPS to see many more satellites...

—Use RF power devices (including isolating DC/DC)...

—Make high-speed processors / DSP function correctly
(achieve good signal integrity, Sl, and power integrity, Pl)...

—Use the latest IC technologies (e.g. 5nm or smaller silicon
processes), BGAs and ‘chip scale’ packages...

—Reduce time to market and compliance costs

10A.1.2 Cherry Clough Consultants confidential training material 7 of 343

emc13b v2.6 All safety requirements must be applied — not necessarily covered in these slides R (B

When do we need advanced techniques?

Actual transition time Highest frequency
in nanoseconds (z, or 7)) of concern in MHz
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Future trends and their
implications
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IC trends

m IC trends are driven by:

—increasing processing power...
—increasing complexity (more transistors per square mm)...
—improving wafer yield...
—reducing cost

= All these are achieved by shrinking the feature
sizes on the silicon wafers...

—now (2022) at 5nm, with even smaller processes still
being developed (see next)...

—an unstoppable trend towards smaller feature sizes
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The ITRS 2007 roadmap www.itrs2.net

(copied from “Power Integrity and EMC Design for High-speed Circuits Packages”,
by Prof. Tzong-Lin Wu, Ph.D., National Taiwan University, EMC DL 2009 (IEEE EMC Distinguished
Lecture, Netherland/Belgium/Luxembourg Chapter, June 18, 2009)

Year Feature Vad Chip Freq. Power
2007 68nm 1.1V 4.70GHz 189W
2010 45nm 1.0V 5.88GHz 198W
2013 32nm 0.9V 7.34GHz 198W
2016 22nm 0.8V 9.18GHz 198W
2019 l6nm 0.7V 11.48GHz 198W
And from the ITRS 2013 Roadmap:
2021 12nm 0.74V 7.53GHz =

TSMC looks to 2nm in 2024 Business news: ApriI 18, 2022 www.eenewseurope.com/en/tsmc-looks-to-2nm-in-2024
With 3nm volume production starting later this year, TSMC is turning its attention to the 2nm generation.
Both are being driven by demand for chips for high performance computing, says CC Wei, CEO of TSMC in
its latest quarterly results, Advanced technologies below 7nm account for half the company’s revenue...
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EMC effects of shrinking the feature |
size of transistors in ICs

= ICs become more susceptible to over-voltage
damage...

— because their insulation is thinner/narrower

m Data ‘bits’ are more vulnerable to data corruption...
—due to the wider bandwidth and lower capacitance

» Increasing emissions

—smaller feature sizes means less capacitance
— means faster switching edges
— means more energy in richer harmonic spectra
— even if the clock frequency doesn’t increase
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Effects of switching edge speed
on the harmonics of a 100MHz clock
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Simulating clock spectra, 10MHz — 100GHz
(courtesy of Allan Diamond)
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Shrinking feature size affects all ICs

m All ICs (not just new ones) migrate to the new silicon
fabrication processes with smaller feature sizes...

—to improve the yield from each silicon wafer, to make
more money for the semiconductor manufacturer

= Buying the same old devices in the same old

packages doesn’t protect from these ‘mask-shrunk’
(‘die shrunk’) devices...

—a new batch of ICs can make a product non-compliant
for EMC emissions and/or immunity...

- which has cost several companies millions of dollars,
and made one (that | know of) with 1,000 employees be
recommended for bankruptcy
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IC packaging trends

= The trend to smaller IC packages can also create
EMC problems...

—smaller packages have lower inductances in their bond
wires and lead frames....

—allowing faster digital signal edges, and more ‘core-
logic noise’, to appear at the IC’s PCB connections

= Smaller IC packages can help improve EMC...

— but only when appropriate advanced PCB EMC
techniques and technologies (e.g. HDI, microvia)
are fully applied in the design
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The trend to lower supply voltages

m For higher speeds (and lower power dissipation) ICs
and datacoms are using increasingly lower power
rail voltages...

—which require lower logic threshold voltages

= So a PCB that used to work, can fail when lower-
voltage ICs are fitted, even though the circuit and clock
speed is unchanged...
—simply because the existing noise levels now exceed
the new (lower) logic thresholds...
« but the new ICs probably have higher noise levels too
see “The Project from Hell” on the next slide....

Cherry Clough Consultants confidential training material 20 of 343

CHERRY
CLOUGH

CONSULTANTS LTD

STANDARDS



