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Rules of Thumb: A Primer

Feature Interview by the I-Connect007 Editorial Team

According to Merriam-Webster, the rst
reported use of the term “rule of thumb” dates
to a sermon given in 1658 in England. It seems
to have begun with tradesmen using their
thumb for measuring, because an adult thumb
is generally about 1 inch wide. If you le your
tape measure in your other tunic, you could get
by with your thumb.

Over the next 366 years, the term has become
ubiquitous, particularly in electronics design.
Spend 10 minutes searching online and you’ll

nd hundreds of PCB design rules posted by
OEMs, design bureaus, design instructors, fab-
ricators, CEMs, and even the occasional uni-
versity.
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Many industry-wide rules of thumb are based
on DFM constraints or formulas, but others are
based on tribal knowledge. | sat down with our
contributors Kris Moyer and Kelly Dack to dis-
cuss the role of rules of thumb, when to employ
them, and when it’s time to do the math.

Andy Shaughnessy: Kris, there are hundreds
of rules of thumb, and a lot of designers have
a love/hate relationship with them. Doug
Brooks once wrote about the “no 90° traces”
rule, joking that the electrons would fly

o if they went around a 90° corner, like
passengers on a roller coaster. Some

readers thought he was being serious.






“Whether we
all realize it,
everything
in electrical
engineering 1S
formulary.”

Kris Moyer: You hit the nail on the head. ese
rules of thumb have existed for decades, but
designers need to understand when to use
them and when not to use them. ese are the
“It depends” cases.

Shaughnessy: Right. Some rules of thumb are
based on formulas, but others are just based
on experience, DFM limitations, etc.

Moyer:  at’s true. Even if designers are not
using formulas directly in their designs, they
may be unknowingly using formulas anyway.
For example, when designers go into Doug
Brooks’so ware tool that tells them what trace
width they need for a given current, tempera-
ture rise, and copper thickness, there are sev-
eral formulas under the hood. ere are things
like the re ectioncoe cientformulafor doing
signal integrity analysis, voltage clearance for-
mulas, and even footprint design. We have
package design consideration formulas.
Whether we all realize it, everything in elec-
trical engineering is formulary. We have an
understanding of what formulas are. Design-
ers don’t necessarily have to understand the
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formula directly, write out the formulas, and
solve math problems by hand or calculator. But
if designers truly understand the mechanics of
the formula, they can understand when their
tool does something that doesn’t seem right.

ere are alot of formulary rules of thumb that
are just wrong.

Shaughnessy: What'’s one of the first rules

of thumb a designer might use in a typical
design?

Kelly Dack: We analyze the incoming data
and do a feasibility study. We must determine
whether we have enough given board area for
the amount of components on the bill of mate-
rials, and whether that will turn into a single-
sided or a double-sided assembly.

Moyer: It’s a density formula. For example,
you have ve square inches of board, but when
you add all your parts together, including foot-
prints, it’s eight square inches of footprint. It
won’tall ton one board.

Dack: We look at land patterns, exit vias, and
density of routing. Do | need to go to HDI? In
terms of work ow, that’s the rst thing. Once
we gure out the outer layer density, then
comes stackup. An experienced designer can
use some rules of thumb and estimation to
come up with an initial solution proposal.

Moyer: It’s a rule of thumb plus formula. I'll
give you an example for an eight-layer stackup:
We have four signal layers and four plane layers.
Do | have enough layers to meet all my char-
acteristics, power distribution, and X, Y, and
Z? Do | need to add more layers? Do | realize,
“Uh oh, I have a weight limitation because I'm
sending this into space. Can | remove a couple
of layers to get my weight down?” You start
with the rule of thumb, and then you analyze.

Marcy LaRont: Are you talking about a rule of
thumb plus formulary analysis on top of that?
Moyer: Exactly. At every step of the process,
rules of thumb can also be thought of as default
conditions. When | rst start a design, my rule






Limitations of Rules of Thumb

LaRont: Where do rules of thumb stop being

e ective?

Dack: | think it’s when you start getting into
space or diving deep into the ocean as | previ-
ously mentioned. As Kris mentioned, there are
other environments as well. We might say that
this is a good rule of thumb for not using rules
of thumb: When human life is at stake or the
end product is mission-critical, Class 3 opera-
tion will be required.

Moyer: Correct. So, then we have manufactur-
ability and documentation.

Dack: Right. Documentation consists of graph-
ics, material, and process notes and dimen-
sions which include tolerances.

Moyer: Also, graphics, data sheets, and le
formats for data output. Are you doing every-
thing on paper or PDF, or are you producing
IPC-2581 les? Another bullet point would be
the manufacturability challenges for the new
packaging technologies. You have di culty in

¢é{\When human
life is at stake
or the end
product is
mission-critical,
Class 3 operation
will be

required.”
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soldering, placement, and rework and repair.
You’re no longer a technician with a soldering
iron desoldering a part. You’re using a hot air
station to carefully desolder the BGA or QFN
apart. Now you have to carefully get your sol-
derinthere; you're no longer optically inspect-
ing, but X-ray inspecting, and that leads us to
test.

Dack: Exactly. Testability is another point.
With test, a common rule of thumb says that
we need one test point per net, plus a bunch of
other extra test point coverage on the power
and ground portions.

Moyer: How do you get to the test point in an
old part? You just take your probe and touch
the pin. It’s coming o the side of the body or
the bottom. If I’'m doing microvias from layer
1 to layer 2 to do my escape routing, unless |
come over and drop another blind via all the
way to the bottom or top side of my board,
where do | get my test point? | don’t have any
convenient features to test with. Access and
density are both problems for testability of
these reduced package sizes.

Dack: We had a customer come in with areally
small IC package, and they wanted testability.
We told them, “Yes, it’s good to have 100% test-
ability.” Well, from all those high-speed con-
tacts, they pulled test points out around the
IC, which made a bunch of stubs and degraded
the performance. It’s a challenge that design-
ers have to understand.

Moyer: I'll give you another one. If you're
doing high-volume production with full ICT
and not just ying probe test, if you put that
many pogo pins in one area, you’'ve got so
much spring force pushing up. If your board’s
not thick enough, you actually have enough
force that you can actually crack and fracture
your board if they don’t have enough down-
ward force pins. But now you’ve got to have
enough open board space so the downward
force pin isn't crushing your resistors and
capacitors and other things.






Learning the Rules

Shaughnessy: Kelly, where do designers
begin learning rules of thumb?

Dack: Typically, you learn a rule of thumb
from other captive designers in your engineer-
ing group. For instance, how many amps can a
trace carry? e rule of thumb used to be that
10 mils can carry 1 amp. You can use that as
an estimate, and then start dialing things in.
It starts becoming critical for you to go into a
calculator that has embedded formulas. Now
our so ware has embedded formulas, and it
will actually tell you what the expected current
carrying capacity of a trace is. We can say it’s 1
amp for a 10-mil trace, but we must consider
another critical factor: How thick is that cop-
per? It’s a function of the cross-section.

LaRont: In general, a rule of thumb is usually
correct 85% of the time. Is that about right

for PCB design?

Dack: Yes, it’s a very conservative estimate. A
rule of thumb gets you started, and new design-

ers need to understand that. ey may hear a
rule of thumb that says, “I must have a 0.040"
diameter test point.” Where does that informa-
tion come from? ey don’t know. We need to
point them to the IEEE spec that de nes all
that so they can start learning about it. en
an experienced designer can show them how
they can go down to 0.035" diameter test
points for a dense board. “How about a 0.035"
square-shaped test point, which increases
the overall area of the test point, which can be
bene cial?”

Shaughnessy: So, even in the best situation,
a rule of thumb is just your starting point.
Moyer: Right. As | mentioned earlier, it’s a
default position.

Dack: enyou start dialing things in.

LaRont: This has been great. Thanks so
much, guys.
Moyer:  ank you. DESIGN007

Merging Atomic Clocks with Quantum Computers
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Physicists like to measure things, and they like those measure-
ments to be as precise as possible. That means working at unfath-
omably small scales, where distances are much smaller than even
the diameters of subatomic particles. Researchers also want to
measure time down to a precision of less than one second per tens
of billions of years. The quest for these ultraprecise measurements
in physics is part of a growing field called quantum metrology.

Now, as reported in the journal Nature, a Caltech team led by
Professor of Physics Manuel Endres has developed a new device
that could lead to some of the most precise time measurements
ever achieved. The method merges state-of-the-art atomic clocks
with quantum computers.

The device that allows these precise time measurements will
help physicists better probe the laws of nature, such as Albert Ein-
stein’s general theory of relativity, and study some of the hardest
problems in physics, such as the nature of dark matter. Detailed
measurements of this sort are also needed to detect gravitational
waves, ripples in space-time.

In the future, the researchers hope to further reduce errors in the
system to bring their clocks even closer to theoretical limits of preci-
sion. (Source: Caltech)






Rules of
Thumb for

PCB Layout

Feature Article by Scott Miller
FREEDOM CAD SERVICES

The dictionary defines a “rule of thumb”
as “a broadly accurate guide or principle,
based on experience or practice rather than
theory.”

Rules of thumb are o en the foundation of a
PCB designer’s thought process when tackling
a layout. Ultimately, a product spec or design
guideline will provide the detailed design guid-
ance, but rules of thumb can help to provide
the general guidance that will help to stream-
line the layout process and avoid design or
manufacturing issues.

Here are some rules of thumb that the design
team at Freedom CAD Services has established
over the years.
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Fabrication

» Aspect ratios should ideally be less than
10:1 for board thickness/smallest plated
holes. isis typically within the standard
capabilities of most PCB fabricators.

« If controlled impedance is required, get
your stackup from your target fabricator
and do this as early as possible.

» Avoid placing copper closer than 10 mils
to board edge. e PCB fabrication rout-
ers have a tolerance of £10 mils from true
position; placing copper inside 10 mils
could result in exposed copper. iscan
cause warpage, creepage, and delamina-
tion over time.
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drilling
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 Avoid using less than 3-mil trace or space
without checking with the PCB fabricator.
Less than 3-mil trace or space iso en con-
sidered an advanced capability for most
fabricators and will a ect yields and costs.

» Do not design silkscreen (legend) text less
than 40 mils in height and 4 mils in width.
It can become illegible and/or di cultto
produce.

e Most 0.8 mm pitch BGAs will not meet
Class 3 via requirements using through-
hole technology. e annular rings are not
wide enough for Class 3, unless laser drill-
ing is used.

 3-mil webbing must always be maintained
between component pads, otherwise use
gang mask.

« Exotic colored solder-masks typically have
di erent properties and higher/greater
manufacturing tolerances (up to £5 mils
vs. the standard +2 mils).

e Always pull the solder mask greater than
10 mils from the board outline.

20 DESIGNOO7 MAGAZINE 1 NOVEMBER 2024

« Solder-mask is typically about 0.7 mils thick.

 Fabricators will typically increase all sol-
der-mask features 2 mils over pad size if
given to them at 1:1 scale.

» PCBs are etched by dielectric core layer
pairs. Try to balance the copper weight on
the stackup between dielectric cores when
possible, to ensure consistent copper etch-
ing. icker copper weight takes longer to
etch, so a mismatch can cause problems if
one side is thinner.

e Try to evenly distribute copper over as
much surface area on all layers of a PCB
as possible. Add GND back Il if possible.

is practice allows the fabricator to only
etch away a smaller percent of copper vol-
ume, resulting in more consistent etch and
nal copper thickness. It also helps main-
tain board rigidity and coplanar lamination
press.

 Quter layers and vias will also plate more
uniformly if copper is evenly distributed
and balanced over the entire surface of the
PCB. If there are areas absent/void of cop-
per, the fabricator will typically add thiev-
ing at their discretion.

Assembly

« Place all through-hole component types
on same side of board.  is minimizes
assembly pro le and cost.

» Keep all heavy/tall components on the
same side of the PCB. is prevents them
from fallingo duringre ow.

e Don’t use via-in-pad for BGA pads, even
if Iling vias with epoxy and planarizing.

ere are still bumps and depressions that
can cause assembly issues.

= Use placement courtyards to keep proper
distance between components for assem-
bly pick-and-place machines. s will
avoid DFM issues.

» Do not place short components in
between two much taller components.

is can prevent proper solder re ow and
hinder rework.






“ “gang voids” or fences in planes and enable
: routing between the vias. Placing vias on a

When pOSSIble, grid helps accomplish this; the larger the
via grid the better. (50 mils, 40 mils, 1 mm,

. T 0.8 mm).
malntaln a  Place metric-pitched BGA parts on a met-
S o o . ric grid, along with all passive components
mlnlmum SpaClng and via-fan-out for consistency.
e Add ground stitching under thermal pads

bEtween Vias to and try to avoid paste in mask apertures if

possible. Tent opposite of vias or use 8—10
‘d : mil via drills to minimize the amount of
a-VO]- Creatlng paste that can wick through the via. Or
better yet, use solder mask dams around

‘gang VOidS’ or the vias under the part to avoid special

processes and increased costs.
- = All BGA balls collapse. Non-collapsing
fences ln planes BGA balls are created by the PCB librarian
by solder mask de ned pads or making the

and enable pad size larger than the ball.
routing between  Signal Integrity

e On controlled impedance circuits, as the
h ” dielectric thickness increases between
the VlaS. the trace and its reference plane, the trace
widths should be increased to compensate
for this increased dielectric to maintain the

e Try to keep all polarized components ori- target impedance.
ented the same way for assembly « Place RF GND stitching vias center-to-
€ ciency. center spacing per frequency require-
» Do not place components closer than ments.
50 mils to edge of board to optimize the « Always place GND stitching vias near hi-
assembly process and minimize handling speed di erential transition vias. If you
ISSUEs. must place ceramic or thin Im compo-
= Donot ood over through-hole power pins nents near an edge, try to keep the long
with copper.  ermal reliefs should be axis of the part parallel to the edge rather
added for assembly. than perpendicular, to reduce the risk of
_ _ cracking the part. For non-lossy RF trans-
General Design Practice mission lines use 14-mil traces or wider to
= Placement of components is typically increase capacitance. isalso helps when
performed in the following order: active the trace enters/exits passive component
components, high-frequency caps, series pads, and this reduces the parasitic capaci-
resistors, pull-ups/pull-downs, and bulk tance.
caps. e When placing split/mixed technology
e When possible, maintain a minimum boards, isolate analog ground vs. digital
spacing between vias to avoid creating ground and keep all circuits that refer-
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ence either ground within speci ¢ ground
domain. Do not cross over ground domain
splits without a plan for return path.

» Add peripheral ground via stitching and
ground via stitching in open areas of board
to minimize EMI.

e Solder-mask cana ect the impedance of
high-speed transmission lines.

e Target 2x trace/trace minimum spacing to
avoid crosstalk. 3x spacing is even better,
and 5x spacing will eliminate any potential
for crosstalk. isis dependent upon the
dielectric materials, frequencies and envi-
ronments.

e A guard trace tied to ground may be desir-
able to shield the edges of high speed (fast
edge rates) signals if they are close to a
board edge.

» High impedance (think input) traces
should avoid high energy traces and planes
(switching nodes, inductors, FETSs, etc.).

= High impedance RF signals may need
voids under pads to maintain uniform
impedance matching.

= Analog/power/digital separation may call
for dedicated return path reference planes
to prevent GND plane mixing of signals.
Add a gang void or fence around these vias
in all planes that the vias go through.

* When possible, maintain a minimum
spacing between vias to avoid creating
gang voids in planes and enable routing
between the vias. Placing vias on a grid
helps accomplish this, the larger the via
grid the better. (50 mils, 40 mils, 1 mm, 0.8
mm)

Power Supplies

« Place highest frequency decoupling bypass
capacitors close to the IC’s power pins and
minimize distance to reduce inductance.

« Never route signal traces under a switching
power supply.

e Try to minimize the inductive loop
between the input/output of a switching
power supply.

Scott Miller

e A ground plane greater than 10 milsto a
power plane on adjacent layers of a PCB
stackup will greatly increase the embedded
capacitance and is always a good practice,
especially where decoupling or current
carrying capacity is a concern.

A standard 10 mil via can produce approxi-
mately 1.5 amps of current carrying capac-
ity.

» Raw input voltages should typically use
some sort of protection coming into the
board (protection diodes, fuses, lters,
etc.).

= Add test points to power rails and GND
nets and label with silkscreen to make
debugging more e cient.

= Use wider/heavier copper when achiev-
able.

= Ground/reference planes should extend
beyond the power planes by 3x the dielec-
tric thickness to reduce “fringing,” as
columnist Barry Olney discusses in this
Design007 column from a few years ago.

Scott Miller is chief customer officer at Freedom
CAD Services and the author of The Printed Circuit
Designer’s Guide to Executing Complex PCBs.
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High-speed
Rules of Thumb

Beyond Design

Feature Column by Barry Olney, IN-CIRCUIT DESIGN PTY LTD / AUSTRALIA

e idiom “rule of thumb” is 0 en used in
electronics design and has its origins in the
practice of measuring roughly with one’s
thumb. Rules of thumb are easy-to-remember,
broadly accurate guides or principles based
on practice rather than theory. ey are used
to help feed our intuition to nd a quick solu-
tion based on experience. We are o en forced
to use rules of thumb in PCB design in the
absence of expensive analysis tools. We also
use them to get quick ballpark gures initially
and then ne-tune the numbers with further
analysis. We can use rules of thumb as a sanity
check to assess whether we are using our tools
correctly. In this month’s column, | will pres-

ent some commonly used and helpful rules for
high-speed PCB design.

e most popular rule of thumb is prob-
ably that “Rules are meant to be broken.” is
implies that there are times when we should
think for ourselves and not obey every rule pre-
sented to us blindly. I nd that with every PCB
design | complete, there is at least one rule that
needs to be broken to accommodate a certain
situation. All board designs are di erent.

e following is a list of rules of thumb
extracted from the various columns and
seminars | have written over the years. If you
require clari cation on any rule, please read
the appropriate Beyond Design column. At the
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Figure 1: Eye diagram is used to evaluate the transmission line.

11. Keep the mark-to-space ratio of the
waveform equal as this eliminates all the

end of each column, you can nd the “points to
remember.” | have grouped these into catego-

ries for easy reference.

Transmission Lines

1. Always use controlled impedance trans-
mission lines for digital circuits.

2. For a perfect transfer of energy, the trace
impedance must equal the source.

3. Series termination is used to match the
source to the trace.

4. Place the series terminator close to the
source (< 200 mil).

5. Terminate both ends of a trace in a multi-
drop (daisy chain) bus.

6. All drivers where length (in inches) is
equal to or greater than the rise and fall
time (in ns) must have provision for
termination.

7. Mismatched impedance causes signals
to re ect back and forth along the lines,
which causes ringing.

8. e propagation speed of a signal is
¢/vDk (=6 in/nsin FR-4).

9. Signal bandwidth is about ve times the
fundamental frequency (5th harmonic).

10. e skin depth of copperis2 umat 1
GHz. isincreases with the square root
of frequency.

26 DESIGNOO7 MAGAZINE | NOVEMBER 2024

even harmonics.

12. Flight times of the critical signals should
be within speci cation. ismaydi er
from matched lengths. Check data to
strobes and address/command signals to
clocks.

13. A transmission line looks very similar
to alow-pass Iter, which attenuates high
frequencies.

14. A square wave is made up of several sinu-
soid waveforms of di erent frequencies.
However, only the lower frequency com-
ponents can transverse the transmission
line.

15. FR-4 has a negligible loss at frequencies
below 1 GHz, but since the dielectric loss
is frequency dependent, at higher frequen-
cies, the dielectric loss of FR-4 increases.

16. e maximum bandwidth of a signal is
not determined by the fundamental fre-
guency but by the rise time of the signal—
5th harmonic.

17. At high frequencies (> 10 GHz), a
non-uniform dielectric in the substrate
can cause skew in di erential signals.

18. e three common transmission line
structures of a multilayer PCB are embed-



ded microstrip, symmetric, and dual
asymmetric stripline con gurations.

19. A transmission line is a series of conduc-
tors that guide electromagnetic energy
from one point to another. It is the move-
ment of an electromagnetic eld or
energy—not voltage or current.

20. It is the electromagnetic energy that
propagates down the transmission line—
not electron ow.

21. As the electromagnetic energy propa-
gates along a transmission line, current is
induced into the conductors. is current

ows along the conductors, charging the

rst section’s parasitic capacitance, and
then ows back on the return conductor
(reference plane) to the source.

22. Current always owsin aloop, but it does
not ow along the transmission line to the
load and then return to the source. e
propagating signal charges up each section
as the rising edge propagates along the
transmission line.

23. A distributed system disperses elements
through the substrate along the entire
length of the transmission line and is
characterized by delay and scattered
re ections.

Stackup

1. edielectric constant of FR-4 is ~4.0.

is decreases as frequency increases.

2. edielectric loss (dissipation factor) of
FR-4is~0.02. isgenerally increases
with frequency.

3. A 50-ohm microstrip will have a dielectric
thickness of approximately half the trace
width.

4. Solder mask covering a microstrip will
decrease the impedance by 1-2 ohms.

5. Choosing the same dielectric materials as
the Fab shop stocks will increase accuracy
by ~5%.

6. A signal travels 13—17% faster in microstrip
compared to stripline con gurations.

7. All signal layers should be adjacent to a ref-

erence plane, creating a clear return path

and eliminating broadside crosstalk.
e signal end and di erential impedance
for several di erent technologies that

must share the sample layers should be

determined.

. Microstrip layers should be closely coupled
to the planes, reducing crosstalk.
10. Avoid broadside coupling by separating
the internal signal layers with bulk core
material.

©
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Figure 2: Six-layer stackup. (Source: iCD Stackup Planner)
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Figure 3: Proximity of return current to signal trace.

Return Current Paths

1. Return current paths follow the path of
least inductance rather than coupling to a
plane further away.

2. For o setstriplines, whichever plane is
closest to the trace has the mostin uence
on impedance. It's advisable to have a
deliberate 0 set to eliminate this possibil-
ity and to be certain which plane will be
used for the return path.

3. eimpedance of broadside coupled
tracesisa ected by the mechanical regis-
tration of layers of the substrate during the
fabrication process and should be avoided.

4. Currentalways owsinaloop. eout-
bound pulse charges the local parasitic
capacitance as it propagates down the
transmission line and returns to the driver.

5. eground plane is not a dumping ground
for unwanted signals.

6. Ina DC circuit, the return current takes
the path of least resistance.

7. At high speed, the return current takes
the path of least inductance, which just
happens to be the reference plane (either
ground or power) directly above or below
the trace.

8. Return current tends to couple to the sig-
nal conductor, falling o in intensity with
the square of increased distance.

9. Because of skin e ect, the high-frequency

elds cannot penetrate the plane.
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Figure 4: Differential signal return current.

10. e current density will be the same
regardless of the frequency.

11. Placing the trace closer to the reference
plane will reduce crosstalk even if the trace
spacing remains the same.

12. Itis important to consider how the return
current propagates in the planes. When
you plan your stackup, be aware of which
plane(s)—either power or ground—will
be the return path for your critical signals,
and make sure there is an unobstructed
return path.

13. Stitching vias should be used to connect
ground planes or decaps between power
and ground planes to provide return cur-
rent paths.

14. If there are multiple ground planes, then
place a stitching via as close as possible to
each layer transition (signal via).

15. If power planes are also used as the
reference plane, then place decoupling
capacitors as close as possible to each
layer transition.

Crosstalk

1. Crosstalk is the unintentional electromag-
netic coupling between traces on a PCB.
But crosstalk can also be induced in the
return path, which o en gets overlooked.

2. Tightly couple traces to reference planes to
reduce crosstalk.

3. In the multilayer digital environment,
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Figure 5: Parallel segment crosstalk.

ground pours do not signi cantly reduce
crosstalk.

4. Ground pours have the disadvantage of
altering the impedance of traces that run
adjacent to a pour area, causing re ections.

5. If you must use copper pours to balance
etching, use a 20-mil clearance from the
pour to any signal trace to avoid crosstalk.

6. Crosstalk is typically picked up on long
parallel trace segments. Traces should be
spaced by three times the trace thickness
where possible.

7. Avoid long parallel segments > 500 mils.

8. Avoid inadvertent broadside coupling on
adjacent dual stripline layers.

9. Route adjacent dual striplines orthogonally
to minimize coupled regions.

10. e lowest crosstalk is obtained using the
narrowest traces with the highest imped-
ance.

11. Use slow rise time signals or use a series
terminator to slow the rise time.

12. Reduce the driver fanout/number of
loads.
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13. Reduce the driver strength. Mid-range
is generally ne but should be checked by
simulation.

14. Route on stripline (inner layers) rather
than microstrip (outer layers). isalso
reduces EMI.

15. Ensure that you don’t exceed the maxi-
mum crosstalk of 150 mV.

16. e propagation delay of a serpentine
trace is less than the delay through an
equivalent-length straight trace because
of forward crosstalk.

17. Forward crosstalk or far-end crosstalk
does not exist in the stripline con gura-
tion.

18. Crosstalk can be coupled trace-to-trace
on the same layer or can be broadside
coupled by traces on adjacent layers. e
coupling is three-dimensional.

19. e higher the aggressor voltage, the
more crosstalk will be induced. It is
therefore best to segregate groups of nets
according to their signal amplitude.

20. e easiest way to reduce crosstalk from
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the spacing between the signals.

21. Reducing the dielectric height will also
dramatically reduce crosstalk without
impacting real estate.

Signal Integrity

1. Impedance is the key factor that controls
the stability of a design. It is the core issue
of the signal integrity methodology.

2. To reduce power consumption, IC 6.
manufacturers have moved to lower core
voltages and higher operating frequen-
cies, which of course mean high current
requirements and faster edge rates. Faster
edge rates mean re ections and signal 7.
quality problems.

3. eimpedance of the trace is extremely
important, as any mismatch along the
transmission path will result in a reduction
in the quality of the signal and possibly 8.
radiation of noise.

is equal to or greater than the rise time (in
ns) must have provision for termination. It
is the rise time rather than the frequency
that is of concern.

. Couple the signal traces closely to the

plane. A 3-mil thickness dielectric material
reduces the crosstalk by approximately a
guarter compared to the 6-mil given the
same trace spacing.

e goal of PDN analysis is to maintain
low AC impedance on the supply
voltage planes—from DC to the
maximum required frequency—including
harmonics.
Clock signals should always have the lon-
gest delay of the group as the data, address,
control, and command signals need to
settle down before the clock arrives at the
chip sampling the bus.
Faster edge rates mean re ections and
signal quality problems.
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Figure 7: Microstrip vs. stripline radiation.

9. e faster edge rate for the same frequency
and same length trace creates ringing in the
unterminated transmission line.  isalso
has a direct impact on radiated emissions.

10. Transmission line e ects become an
important design consideration when the
trace length approaches 1/6 of the wave-
length of the signal being transported.

11. Any mismatch in impedance along the
transmission path will result in a reduction
in the quality of the signal and possibly
radiation of noise.

12. Series terminations are generally required
at fast edge rates to limit ringing.

13. Di erential pair return current owsin
the reference plane below each trace, not
in the opposite signal.

14. An EM carrier wave can transport infor-
mation, or it can supply energy to power
an IC.

15. If the trace is too narrow, then the con-
tained energy will dissipate as heat.

EMC

1. Electromagnetic elds are produced
when a logic driver delivers a high-speed,
fast-rise time pulse into a trace.  eelec-
tromagnetic wave propagates down the
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length of the trace radiating into the sur-
rounding dielectric material and coupling
energy to nearby trace segments.

2. In a multilayer board, each microstrip and
each stripline con guration is isolated
from the layers above or below.

3. Electric elds, which capacitively couple
current into a nearby trace, are somewhat
absorbed by the plane but still tend to radi-
ate noise outward.

4. Magnetic elds refract at dissimilar dielec-
tric boundaries and couple voltage induc-
tively into a nearby trace.

5. A traveling, varying magnetic eld is asso-
ciated with a periodically changing electric

eld that may be conceived in terms of a
displacement current.

6. EM elds do not merge but add vectori-
ally, thereby distorting the signal. DesiGN007
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PCB Layout Rules of Thumb
for Consideration

Feature Article by Patrick Davis
CADENCE DESIGN SYSTEMS

Just because a “rule of thumb” is usually
based on experience instead of precise facts
doesn’t negate its value. For instance, when |
told my kids that a good rule of thumb was not
to back-talk to their mother, they discovered
very quickly how accurate my advice was once
they crossed that line.  ere are a lot of rules
of thumb that we rely on daily, including those
that apply to PCB design.

While many aspects of PCB layout are gov-
erned by procedures, standards, and work-

ows, there is still much that belongs only to
tribal knowledge. Unless this knowledge is
collected, documented, and incorporated into
a design database, it will only exist in the infor-

mation that gets passed from one designer to
the next. Let’s take a look at some of the more
common PCB layout rules of thumb and see
how they apply to the boards we are currently
laying out.

Start with a Plan
Something that you probably won’t ever
nd printed in a company procedure or a PCB
design tutorial is the importance of having a
plan before you start. Many layout designers
have been known to plunge right into a new
design, without rst considering all the rami-
cations of what they are doing. is can lead

to routing frustrations and eventual changes

Figure 1: The first rule of thumb is that a PCB layout should start with a detailed plan to

avoid problems completing the design.
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to the placement to complete the design cor-
rectly. To avoid problems like these, give some
thought to what you are trying to accomplish
before you start placing parts. Here are some
ideas to consider:

- Data: Gather as much information up
front as possible. e more you have to
work with, the less chance there will be
of having to re-do portions of the design.

« Libraries: Make sure your PCB libraries
are ready to go before you start placing
components. A lot of design time gets
wasted by having to re-layout circuitry to
accommodate a modi ed or corrected part.

« Schematic: Make sure that the schematic
is relatively complete, updated, and ready
to go. Itis also very helpful if itis laid
out logically, with components and nets
clearly labeled and de ned.

- Parameters: Set up your design environ-
ment with preferred settings rst so that
you don’t have to go back and make adjust-
ments to text or other details later on.

- Workflow: Before you start, make sure that
everyone on your team understands their
responsibilities. Assign tasks to team mem-
bers, organize the work ow, and arrange
for additional help if needed.

With a plan in place, you can begin your
layout without distractions that cost time and
e ort. Next, we’ll look at some rules of thumb
for placing components on the board.

AClean PCB Layout Begins with Placement

One rule of thumb to keep in mind is that the
placement of components drives the routing of
a board, and not the other way around. PCB
designers typically know this rule instinctively,
but itis still an important point to make. While
parts will always have to be adjusted to help
the routing, it is still essential that designers
understand how important a good part place-
ment is to the overall success of the design.
Here are some additional placement rules that
will help with this.
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“Circuit boards
typically have
different types
of circuitry
that can be
designated as
digital, analog,
and power

supply.”

Floor Planning

Circuit boards typically have di erent types
of circuitry that can be designated as digital,
analog, and power supply. ese can be fur-
ther broken down into sub-groups and may
cause huge signal and power integrity prob-
lems if the groups are mixed together. e best
thing you can do is to oor plan, or partition
the groups of circuitry in the design before you
start placing components on the board. is
will help you avoid problems with crosstalk,
EMI, noise, and other integrity issues that can
ruin an otherwise good-looking design. One
way to do this is to set your design up for cross-
selection between the schematic and the lay-
out, so you can select groups of parts on the
schematic to be grouped in the layout.

Component Placement

With the oor plan of the board ready, you
now have a good plan of attack for your layout
towork with. Now itis time to execute that plan






by placing the components on the board using
some additional PCB layout rules of thumb:

» Keep analog and digital areas of circuitry
separate from each other. Even though
you’ve done this in your oor plan, be
careful when it comes to the actual placing
of the parts. Placement is an iterative pro-
cess with changes constantly being made,
and you could easily slip a part out of its
preferred position.

» Maintain separation between noisy power
supply components and the digital cir-
cuitry they are supplying.

» Work with your mechanical team to place
larger memory and processor components
to help dissipate heat evenly throughout
the board.

« Place analog and RF components accord-
ing to the signal paths designated in the
schematic. A resistor that is inline between
a source and a load should be placed
between those pins as much as possible.

» Analog and power supply circuitry should
have their components placed for the most
optimum routing. e traces used in this
circuitry o en need to be short, direct,
and wider than other traces to help reduce
their inductances, resistance, and noise.

» PCB parts also need to be placed to best
facilitate their assembly to the board.
Design for manufacturability (DFM)
rules are 0 en treated as rules of thumb,
but they are critical to the success of the
design.  ese rules should be con rmed
with the manufacturer before starting PCB
layout to ensure that the board can be built
as designed.

Placement Considerations for Routing

Placement drives routing, but it’s equally
true that routing has an impact on how the
parts should be placed. For this reason, com-
ponents also need to be placed with the follow-
ing routing considerations in mind. Here are
some of those rules of thumb:
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« Give yourself enough room for routing
large data memory buses. Remember to
allow for escape routing as well.

« Place parts so that sensitive digital signals
do not get routed through analog circuitry
or analog signals through digital circuitry.

e Make sure that there is enough room for
sensitive signals such as di erential pairs,
which will need extra spacing to other
routing.

« Do not let your component placement
force you to route traces across voids or
splits in the reference ground plane. is
will ruin the signal return paths and create
noise on the board.

e good news is that many of these place-
ment and routing rules of thumb can be set up
inyour CAD systemaso cial design rules and
constraints. We’ll examine that next.

Converting Rules of Thumb Into Design

Rules and Constraints

While simpler designs can sometimes be
completed without a lot of automation, most
PCB layouts today have too many require-
ments to keep track of them all manually. For-
tunately, the rules of thumb that we discussed
previously for component placement and rout-
ing can usually be set up as design rules and
constraints in your CAD system. One example,
the Allegro X PCB Editor, has a comprehen-
sive design rule and constraint system built
into it for this very purpose.

e constraint manager provides an easy
input tool for designers to legalize their rules
of thumb. Starting with default values, the
spreadsheet-style application allows you to set
one value that will be propagated throughout,
or manually copy and paste entries as desired.

e constraint manager, which is accessible in
both the schematic and the layout, also allows
the creation of classes that groups of nets or
components can be added to. Trace widths and
spaces, along with other constraints, can be
added to individual nets or to the net classes.
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Figure 2: Setting up the PCB design rules and constraints for differential pairs.

ere are also high-speed design rules that can
be set up, along with various fabrication and
assembly rules to monitor part placement, silk-
screen, solder mask, and paste masks.  ese
rules are continuously reviewed by an online
checking system while you design or they can
be batch-checked as desired.

With the help of features like the constraint
manager, PCB layout designers can rely on
their systems instead of remembering multiple
rules of thumb. e key, though, is to fully con-

gure and put these features to work for you.

Leverage the Power of Your Design Tools
We've already seen how tools like a con-
straint manager can help the designer, but that
help is available only if the constraint manager
has been set up with the necessary rules and
constraints.  ankfully, PCB design tools can
help you with this as well, as most of these

tools provide a mechanism for importing and
exporting their design rules.

ere are also many other features in the
tools that can be automated, such as the setup
of the di erent design parameters used for lay-
out. ese and many other parameters can be
set up to help you incorporate your PCB layout
rules of thumb into your PCB CAD environ-
ment, helping you to avoid costly mistakes and
errors. DESIGNOO7

Patrick Davis is the product
management director for
Allegro at Cadence Design
Systems. Listen to his podcast,
PCB 3.0: A New Design
Methodology, here.

This article originally appeared as a blog on the
Cadence website and is reprinted here with
permission.
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UHDI FUNDAMENTALS:

UHDI Bleeding-edge Manufacturing
Applications, Part 2

Article by Anaya Vardya
AMERICAN STANDARD CIRCUITS

Last month, | talked about ultra high de -
nition interconnect (UHDI) in relation to
entertainment applications. iIs month, |
will explain bleeding-edge UHDI applications
in manufacturing, which are revolutionizing
the industry by enabling ultra-precise visual
data transmission, high-speed communication
between devices, and real-time monitoring.

ese UHDI technologies help manufacturers
achieve higher e ciency, better quality con-
trol, and greater automation. Following are
some leading-edge manufacturing applications
of UHDI in manufacturing.

=
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Precision Machine Vision Systems
« 8K and 16K cameras for quality control:

UHDI enables ultra-high-de nition cam-
eras (up to 16K resolution) to be used in
machine vision systems, providing incredi-
bly detailed inspections of products.  ese
cameras can detect microscopic defects in
components and materials, ensuring aw-
less quality control. UHDIs facilitate the
real-time transfer of massive image data to
processors for immediate analysis, reduc-
ing error rates and improving product con-
sistency.







« Real-time defect detection: With UHDI-
enabled cameras, defects in high-speed
production lines can be detected instantly.

e high-de nition imagery allows for
more precise automated visual inspection,
even in complex manufacturing processes
like semiconductor fabrication or pharma-
ceuticals.

Robotics and Automation

- High-resolution vision for robotic
systems: UHDI plays a critical role in
enhancing robotic vision by delivering
high-de nition visual data to robots. is
allows robots to perform highly complex
tasks that require extreme precision, such
as electronic component placement, weld-
ing, or assembling small parts in automo-
tive manufacturing. e higher resolution
from UHDI gives robots the capability to
work with greater accuracy and at higher
speeds.

- Collaborative robots (cobots): UHDI
technologies enhance cobots by providing
them with more detailed visual feedback.

tasks like product assembly or material
handling. UHDI enables real-time visual
monitoring and precise control, ensuring
cobots operate safely and e ciently.

Additive Manufacturing (3D Printing)
« Real-time 3D printing monitoring: UHDI

technology allows for high-de nition
monitoring of 3D printing processes in real
time. By streaming ultra high density video
of the printing process, manufacturers can
detect anomalies, errors, or defects as they
occur, allowing immediate corrections and
reducing waste. UHDI enables high-band-
width connections to transfer large image
and sensor data sets between printers and
monitoring systems.

« Post-print inspection: A er parts are 3D

printed, UHDI-enabled machine vision
systems can provide high-resolution
inspections to detect minute inconsisten-
ciesor aws. isensures that compo-
nents meet tight tolerances and quality
standards.

ese robots work alongside humans in

Augmented Reality (AR) for Maintenance

and Training
« UHDI augmented reality for onsite

“These robots
work alongside
humans in
tasks like
product assembly
or material
handling.”
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assistance: UHDI allows for ultra-high-
resolution AR overlays that assist techni-
cians in performing maintenance, repairs,
or assembly tasks in real time. ese AR
systems provide high-de nition guidance,
such as interactive 3D models or schemat-
ics, directly on the machine, making it eas-
ier to follow complex instructions. UHDI
interconnects ensure smooth data trans-
mission between AR devices and backend
systems, minimizing lag and improving the
experience.

« AR for remote assistance: Technicians

working in remote or dangerous environ-
ments can use UHDI-enabled AR headsets
to communicate with experts who can
guide them through complex procedures






™ Automated Inspection with Al

« Al-driven visual inspections in 8K:
Al-powered inspection systems rely on
ultra high de nition visual data to
detect defects and perform quality
control tasks. UHDI allows real-time
transmission of 8K or higher-resolution
images to Al systems, enabling these
algorithms to identify defects in even
the smallest parts of a product, such as
microchips or precision-engineered
components.

- Integration of Al and UHDI for zero-
defect manufacturing: By combining
UHDI-enabled cameras with Al-based
inspection, manufacturers can achieve
near-zero defect rates. e Al models
analyze ultra-detailed images and
iImmediately ag any discrepancies,
improving the overall quality of products
in sectors like aerospace, electronics,
and automotive manufacturing.

in real time, with high-resolution video
and interactive instructions. is reduces
the need for onsite specialists and mini-
mizes downtime in the production line.

Smart Factories and loT Integration

 Real-time UHD monitoring of factory
floors: UHDI allows manufacturers to
install high-de nition cameras throughout
the factory oor, providing real-time video
streams of production lines, machinery,
and workers.  ese high-resolution feeds
are integrated with loT sensors to moni-
tor equipment status, worker productivity,
and safety. UHDI enables the transmis-
sion of ultra-high-de nition data to con-
trol rooms for decision-making and rapid
response.

- Predictive maintenance: UHDI supports
advanced predictive maintenance systems
that monitor machines for signs of wear or
malfunction. UHDI cameras can capture
detailed imagery of machine parts, while
sensors collect data on temperature, vibra-

Remote-controlled Manufacturing

Systems

« Teleoperation of machinery with UHD
feeds: UHDI enables remote operation of
manufacturing systems and machinery by
providing ultra high-de nition video feeds
and real-time control signals. Workers or
engineers can remotely monitor and con-
trol industrial robots, CNC machines, or
automated systems from distant locations,
with UHD video providing the necessary
precision and detail to operate machines
accurately.

« Remote monitoring and maintenance:
UHDI allows for real-time remote moni-
toring of machinery, giving maintenance
teams access to ultra-high-de nition
views of equipment in operation. With

tion, and pressure.  is data is transmit-
ted via UHDI interconnects to Al-driven
systems that predict maintenance needs
before failures occur, reducing downtime.
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advanced UHD feeds, remote experts can
diagnose problems, suggest repairs, and
even control machines from anywhere in
the world.



High-speed Data Transfer for

Real-time Analytics

 Real-time production data analysis:
UHDIs are crucial for high-speed data
transmission between sensors, cameras,
and data analytics platforms in smart fac-
tories. UHD cameras capture detailed
images of the production line, and this
data is processed in real-time for immedi-
ate decision-making. For example, analyz-
ing high-resolution footage from assembly
lines allows manufacturers to detect inef-

ciencies or potential failures and adjust
processes on the .

« Edge computing for ultra-fast process-
ing: UHDI enables high-bandwidth data
transfer from cameras and sensors to edge
computing systems located on the factory

oor. ese systems process visual and
sensor data in real time without sending it
to a central server, speeding up decision-
making and enabling more e cient pro-
duction lines.

Augmented Reality (AR) in

Product Design

« Collaborative design Using UHD AR
displays: UHDI enables teams of engi-
neers and designers to collaborate on
product development by sharing ultra-
high-de nition 3D models and simulations
in real time using AR displays.  ese dis-
plays show highly detailed images of parts
or systems, allowing teams to make design
adjustments quickly and e ciently. UHDI
ensures that there is no loss of image qual-
ity or resolution during the collaboration.

- Virtual prototyping: Before building
physical prototypes, UHDI allows manu-
facturers to create virtual prototypes of
products. ese UHD simulations can be
viewed in real time, with collaborators
adjustments based on ultra-high-de nition
visual data, reducing the time and cost
associated with physical prototyping.

Robotic-assisted Assembly

« 8K robotic vision systems for preci-
sion assembly: UHDI technology helps
in transmitting high-resolution images
from cameras installed on robotic arms to
control units, allowing robots to assemble
complex components with extreme preci-
sion. In industries like aerospace, electron-
ics, and automotive, UHDI-enabled robots
can work on ultra- ne components, ensur-
ing that each part ts perfectly within tight
tolerances.

- Enhanced visual feedback for human
operators: UHDI allows operators work-
ing alongside robots to monitor the
robotic assembly process in real-time with
high-de nition displays. is provides
immediate feedback if adjustments are
needed, improving overall e ciency and
accuracy.

Bleeding-edge UHDI applications in manu-
facturing enable transformative advances in
precision, e ciency, and automation. From
robotic assembly to quality control and pre-
dictive maintenance, UHDI is becoming a cor-
nerstone of the smart factory revolution. e
ability to transmit ultra-high-de nition data
in real-time allows manufacturers to enhance
productivity, reduce errors, and implement
advanced technologies like Al, AR, and digi-
tal twins. As UHDI technology continues to
advance, it will play an increasingly critical
role in the future of manufacturing. DEesiGN007
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Rules of Thumb: |
A Word to the Wise

Flexible Thinking

Feature Column by Joe Fjelstad, VERDANT ELECTRONICS

In the early days of electronics manufactur-
ing—especially with PCBs—there were no
rules. Engineers, scientists, and technicians
largely felt their way around in the dark, mak-
ing things up as they went along.  ere was a
great deal of innovation, guessing, and testing
to make sure that early guidelines and esti-
mates were correct by testing them. Still, they
frequently made mistakes.

at said, they employed solid mechanical

and electrical engineering practices, much
like they do today. Over time, engineers have
developed the “rules of thumb” in printed
circuit board and ex circuit manufacturing.
ese are simpli ed guidelines based on the
practical experiences of both individuals and
the industry at large, rather than using strict

W
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and detailed calculations, and can help engi-
neers and designers speed up the decision-
making process, especially in complex scenar-
ios. ey are useful, but it’s essential to know
when to apply rules of thumb, which ones to
prioritize, and when to rely on more precise
calculations or formulas.

Where Rules of Thumb Work Best

Early phases of design: Rules of thumb are
best applied in the early phases of the design
and development process where they can help
design and manufacturing engineers make
quick assessments about board dimensions,
component requirements and energy density
limits, layer counts, and board materials. ey
can help the product developer or develop-










Copper retained around parts

Normal practice design Copper bias design

Figure 1: Designing with a bias for copper
improves the circuit’s dimensional stability but
may not be practical for all applications,
such as when weight is a concern’.

ing aspect ratios that are square (1:1) or even
“over square” (1:2) when using thin dielectric
materials.  is translates to a 2-mil hole in a
2-mil dielectricinthe rstcase and a4-mil hole
in the same 2-mil dielectric in the second case.
Such small vias can be helpful, or even crucial,
in meeting routing density requirements, such
as those increasingly needed for the layers of
redistribution wiring required for today’s high
pin count components.

ere have been several rules of thumb and
guidelines devised for ex circuit manufactur-
ing over the years as it matured from art to sci-
ence:

Using copper in design: is has been a
commonly practiced rule among ex circuit
designers (Figure 1) because maintaining the
extra copper helps to enhance the dimensional

Staggered
length layers

; Hathy

Figure 2: Copper foil is maintained by design
around circuits to provide better panel
dimensional stability when manufacturing
flex or rigid-flex multilayers'.

stability of the circuit. Designing with a bias for
copper is a practice particularly well-suited to
single-layer ex circuit designs. Double-sided
application is possible, and it can help in the
manufacture of multilayer circuits by main-
taining dimensional control (Figure 2).

Staggered layer lengths: Rules of thumb
have been applied in ex circuit manufactur-
ing to create staggered layer lengths to ease
the exing multilayer and rigid- ex designs.

e technique is accomplished by slightly add-
ing to the length of each successive ex layer,
moving away from the bend radius. Acommon
and historical rule of thumb is to add length
equal to roughly 1.5 times the individual layer
thickness, but the value can vary based on the
tightness of the bend and the number of layers.
However, the objective is to prevent buckling
of the center of bend layers (Figure 3).

<-

Figure 3: Staggered length designs facilitate the bending of the flex circuit.
However, the circuit can only be bent in one direction by design'.
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A Word to the Wise

Rules of thumb are arguably handy to use in
the early design process, but they need to be
used with some caution:

= Some rules may oversimplify complex
interactions. In PCB design, this can
include thorny challenges such as heat
dissipation or impedance control design
calculations.

* Remember the era in which a rule of
thumb was developed. ose created for
older manufacturing technologies, pro-
cesses, and practices may be irrelevant in
more modern processes or materials.

= Avoid assuming that rules of thumb are
una ected by variations in materials and
processes used. ey need to be carefully
matched to the current design.

summary

Rules of thumb can help guide and speed
designers and engineers through initial deci-
sions in the design process. However, tradi-
tional engineering practices and formulae
remain highly important, even indispensable,
as they provide the precision needed for nal
designs. Rules of thumb can simplify the myr-
iad complex relationships that exist in circuit
design and manufacturing, but tested and
proven formulae derived from years of manu-

facturing practice that tacitly validate rules
should be supported with empirical data when
precision is critical and failure is not an option.

Using rules of thumb in PCB and ex circuit
manufacturing can also enhance e ciency and
decision-making, but they should be employed
judiciously. Balancing these guidelines with
detailed calculations and a clear understand-
ing of the speci ¢ requirements of a project
will lead to better designs and more successful
outcomes. Always challenge assumptions and
seek to validate decisions with data to sepa-
rate myths from reality and ensure the ultimate
reliability of the product. Above all, enjoy the
process. DESIGN007

References
Flexible Circuit Technology, 4th Edition
by Joe Fjelstad.

Joe Fjelstad is founder and
CEO of Verdant Electronics
and an international authority
and innovator in the field of
electronic interconnection and
packaging technologies with
more than 185 patents issued
or pending. To read past columns or contact
Fjelstad, click here. Download your free copy
of Fjelstad’s book Flexible Circuit Technology,
4th Edition, and watch his in-depth workshop
series “Flexible Circuit Technology.”

LOOKING FOR TALENT?

lOOKING FOR A JOB CHANGE?
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Microsatellite Project to Monitor
Objects in Space Over Canada,
South Pole »

Canada’s DND signed a contract option with
Magellan for $900,000 to add a companion
nanosatellite to the Redwing mission. e
nanosatellite, known as Little Innovator in
Space Situational Awareness (LISSA), will be
integrated with the Redwing satellite and will
be deployed from Redwing sometime a er
launch, once the two spacecra have achieved
an orbit at the designated altitude.

Airbus, European Partners Demonstrate
Collaboration Between Helicopters and

Unmanned Systems »

Airbus Helicopters and its partners have con-
ducted a full-scale demonstration of a manned-
unmanned teaming (MUM-T) system devel-
oped as part of a project funded by the Euro-
pean Union and code-named MUSHER. e
demonstration took place in France and lItaly
and involved multiple manned helicopters
and unmanned systems connected to a single
MUM-T network.

AV Unveils P550: Autonomous
Group 2 eVTOL UAS »

Unveiled at the Association of the United States
Army’s (AUSA) Annual Meeting, the P550’s
all-electric powertrain provides ight endur-
ance of over ve hours and a multi-sensor pay-
load capacity of up to 15 pounds. is endur-
ance and payload capability deliver critical
intelligence gathering, precision targeting,
and force protection in dynamic and contested
environments.
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75) MilAero007 Highlights

Vast Announces Haven-2, the Proposed
Space Station Designed to Succeed

the 1SS »
Vast, the US-based space habitation technol-

ogy company, unveiled Haven-2—the pro-
posed successor to the International Space
Station (ISS) and the next step in the com-
pany’s vision to pioneer a path to long-term
living and thriving in space.

Department of Defense Awards
$30 Million to Expand Domestic
PCB, Substrate Production »

e Department of Defense announced a
$30 million award to TTM Technologies Inc.
(TTM) in Santa Ana, California. is award,
facilitated through the Defense Production
Act Purchases (DPAP) o ce,willenable TTM
to acquire and install advanced manufacturing
equipment and develop prototype designs for
printed circuit boards.

Redwire Enabling ESA’s First
Planetary Defense Mission with
Cutting-Edge Onboard Computer
System p

Redwire is providing a critical onboard com-
puter system for the European Space Agency’s
(ESA) Hera mission, Europe’s inaugural ag-
ship planetary defense mission. Hera is the
European-led companion mission to NASA’s
Double Asteroid Redirection Test (DART),
which successfully impacted the binary aster-
oid system Didymos in September 2022 with
Redwire power and navigation technology
onboard.
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Designing for Reality:
Strip-Etch-Strip

Connect the Dots

by Matt Stevenson, ASC SUNSTONE CIRCUITS

In the previous episode of 1-Connect007’s
On the Line with... podcast, we focused on
pattern plating. At this point, we are close to
completing our boards and ready for the strip-
etch-strip (SES) process. By this stage of the
manufacturing process, we have:

1. Laminated all the internal layers together.

2. Drilled the through-holes.

3. Applied the image to the external layers
through photoresist.

4. Plated the copper in those channels to
beef up the copper thickness for traces,
pads, and through-holes.

5. Added a layer of electrolytic tin over the
top of that copper to protect it during
subsequent stages of production.

A er the tin plating, the circuit image on
our panel has a matte silvery color. Areas
without copper are blueish or purple in color,
includingchannelsontheboard. oseblueish-
purple areas mark photoresist areas. e next
step in production begins with removing the
photoresist.

Stripping Away Photoresist

Yes, we are talking about another chemi-
cal process. Photoresist is acidic in nature, so
we submerge/spray solution over the panels
with an alkaline solution to essentially dissolve
it. ereis a bit of risk to the overall nished
product if the stripping process is not com-
pleted correctly. During pattern plating—our
previous step—it was possible to plate over the
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“More copper
increases the
chances of
over-plating
and the dreaded
mushroom
cap.”

top of the resist. If this over-plating happens, it
creates a mushroom on top of the photoresist.

IS can reduce the spacing between conduc-
tors and create a much smaller gap to remove
photoresist from the channels, which could
cause electrical shorts.

Both issues can make it harder to get the
photoresist out from underneath the mush-
room cap, and makes it more likely that some
of the photoresist hangs onto the panel, poten-
tially creating issues with board functionality
down the road.

ough it is mostly on the fabricator to
properly plate the panel and avoid over-plat-
ing, designers have available measures to help
prevent this type of issue. You should consider
whether you are leaving enough space between
the traces, how much copper is required inside
the plated through-holes, and copper thick-
ness on the surface. More copper increases
the chances of over-plating and the dreaded
mushroom cap. Also, as a general rule of man-
ufacturing, traces embedded through a ground
plane are more di culttostripe ectively.
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What if photoresist remains on the board after
the stripping process?

If resist remains on the board, it becomes
more di cult to etch out the copper under-
neath, potentially creating shorts or signal
issues. If we do not remove all the intended
copper, there can be dire impacts to board
performance, so it is important to inspect the
panels a er they exit the solution. If any sig-
ni cant amount of photoresist remains, it will
stand out. e operator can perform the pro-
cess again at an accelerated speed or pressure
wash away the unwanted resist.

Etching: Removing the Exposed Copper

Now it’s time to remove the copper under
the photoresist. is will de ne the outer
layer features we want to keep. Etching is yet
another chemical process and one that uses a
lot of spray pressures and continuous ooding
of chemical solution over the panels. During
this phase, we etch the copper down from the
foil height to the laminate. As we etch down,
we are also etching underneath the tin laterally
toward the traces.

e etching chemical solution is highly reac-
tive to the copper but mostly benign to other
metals on the panel, so we don’t have to worry
about damaging them during the process. Tin
protects the areas where we do not want to
have the copper removed.

Keep Your Traces Protected

Designers can take measures to protect
their most important traces from over-plating,
especially those with impedance or clocking
requirements. Place other copper features
around them to help distribute and deposit
electrolytic copper more evenly. If you run a
critical impedance trace out by itself, essen-
tially in the middle of nowhere on the board,
the thicknessand geometry of the trace become
less predictable and carry more potential for
that mushrooming e ect discussed earlier.

Designers should not rely on design rule
checks (DRC) to call out this potential issue.



Most DRCs do not look for large gaps between
traces, instead focusing on the traces that are
too close together.

Etching has both complex and artistic com-
ponents of the manufacturing process.  ere
are numerous variables that can impact the
process, including how fast the panels move
through the solution, whether pressure
washing is required, the chemical makeup of
the solution, and its temperature. When run-
ning a panel through the process, especially
when there are elements like impedance
traces, the operator must be able to accurately
evaluate what comes out of the process. It
takes experience and know-how to recognize
when the etching process has been properly
completed.

With isolated traces, potential for mush-
rooming, and the subtleties of etching, you can
see how design and etching interact. Designers
do not need to be experts on the etching pro-
cess, but they should understand how it will
respond to a design. It makes sense to design
defensively to help avoid potential pitfalls. |
recommend visiting your fabricator to observe
the SES process and get a sense of how manu-
facturers navigate the inherent variables.

Even though the process can be complex,
SES goes 0 without a hitch most of the time.
But there can be outliers. Sometimes they are
design-related, and sometimes it’s a function
of the manufacturing process. If we complete
the process and it does not produce the desired
outcome, all is not lost. If we’ve under-etched,
we can take measures to correct the issue and
recover the panels. On the other side of the
spectrum, over-etching usually leaves us with
scrap.

The Second Strip in SES

Now it’s time for the second strip of the SES
process: e panels go through another chem-
ical stripping process, this time with a nitric
acid-based solution that aggressively attacks
and dissolves the tin. Copper does react a lit-
tle with nitric acid, but as long as the board is

“Etching has both
complex and
artistic
components
of the
manufacturing
process.”

not le in the solution too long, the copper we
want will be relatively unscathed.

You may wonder why we would want to
remove the tin. A erall, it is a conductor. But
tin has a propensity in electronics to grow tin
whiskers.  ese are dendritic growths of tin
that, over time, can cause failures. So, leaving
tin on the traces can result in a sleeping dragon
that will wake up and create issues with board
function down the line.

At this point, we have a fully functioning
circuit board, one that could move on to pre-
assembly, but also one we have to protect.
Oxygen and copper are not the best of friends,
so there is still more to do—namely the appli-
cation of solder mask and silk screen.

Keep an eye out for my next article on that
subject. Butif you can’t wait, listen to the solder
mask and legend episode of On the Line with...
To hear our in-depth conversation about SES,
please listen to episode 9. DEsIGNOO7

Matt Stevenson is vice president
and general manager of ASC

| Sunstone Circuits. To read past
columns, click here. Read Matt’s

. book, The Printed Circuit Design-

) er’s Guide to ... Designing for Real-
ity or listen to his podcast here.
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Rules of Thumb: Guidelines vs.
Principles for PCB Design

Elementary, Mr. Watson

Feature Column by John Watson, ALTIUM

e infamous “rule of thumb” are simple
guidelines that help you make decisions based
on experience, not exact facts.  ey’re like a
shortcuts we use because they work most of
the time. For example, if you want to know if
spaghetti is done cooking, a common rule of
thumb is to grab a spaghetti strand and throw
it against the wall to see if it sticks. | used to do
that, except that instead of the wall, | used the
ceiling, which drove my mother crazy.

Helpful Tips About Rules of Thumb

Rules of thumb are easy to remember and
theysavetime. eyare helpful, butthey aren’t
always perfect and they come with problems.

e ey o enoversimplify things, so they
don’t work in every situation. For exam-

ple, a rule of thumb might tell you how
wide a trace on a circuit board should be,
but it might not consider unique materi-
als or changing temperatures.  ese rules
are not always accurate; sometimes, they
can be outdated as new technology comes
along.

e eydon’talways work in every context;
what works in one situation might fail
in another. Relying too much on rules
of thumb can also spread wrong ideas
because people may follow them without
questioning whether they are still helpful.

» Rules of thumb don’t always consider sig-
ni cant trade-o s, like balancing cost and
performance. Because of these issues, it’s
essential to use them carefully and think
critically about your actions.
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e It’s better to think of rules of thumb as
guidelines rather than principles.

e It’s a good idea to double-check them with
facts or calculations to ensure they apply to
your problem.

» Stay updated because some old rules might
not work as technology changes.

* Rules of thumb don’t always consider
things like cost or performance, so you
should consider how they a ectdi erent
parts of your project.

« Use buses for complex connections:
When dealing with multiple wires for sig-
nals, use buses to group them and make
the schematic less cluttered. Label each
wire clearly to indicate where it connects.

- Show power distribution clearly: Include
power supply rails in a clear, easy-to-
follow way. If multiple voltage levels are
used (e.g., +12V, +5V, 3.3V), clearly indi-
cate these and label which circuit parts use
each voltage.

« Indicate decoupling and bypass capaci-
tors: Place decoupling capacitors close to
each integrated circuit (IC) or important
component and show these in the sche-
matic, ensuring they are tied to the appro-
priate power and ground rails.

- Add test points and notes: Include test
points where vital measurements might
need to be taken and note any unique
component values near those components,
such as precision resistors or special
capacitors.

The Best Schematic
Rules of Thumb

E - Keep the circuit flow logi-

cal and clear: Arrange the

> schematic so the signal ows
from le to right. Inputs should be on the
le , outputs on the right, and signal ow
should follow a natural le -to-right pro-
gression.

« Use standard component symbols:
Always use the correct standard symbols
for components (like resistors, capaci-
tors, transistors, etc.) so that anyone can
quickly recognize each element.

+ Clearly label components and connec-
tions: Every component should have a
unique label (R1, C2, etc.), and all connec-
tions should be clearly marked, especially
power, ground, and critical signal paths.

« Power and ground placement: Place
power connections (VCC, +5V, etc.) at the
top of the schematic and ground (GND)
at the bottom.  at helps make the power
distribution easy to understand and trace.

Component Placement

Rules

Of course, PCB design has
many more intricate steps.
Here are a few of the essen-
tial rules of thumb for PCB design, focusing on
placement and routing:

- Group components by function: Place
related components (such as resistors and
capacitors for the same IC) close together
to minimize routing complexity.

« Place critical components first: Place key

« Group related components: Keep com-
ponents that work together (like resistors

and capacitorsina Iter or transistors in an

ampli er) close in the schematic to clarify
the relationships.

« Minimize wire crossings: Avoid cross-
ing wires whenever possible by rearrang-
ing components or using labels for signals
instead of connecting wires directly.
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components like microcontrollers, power
supplies, or high-frequency parts. Position
them logically based on signal ow and
power distribution.

« Minimize trace lengths for sensitive

signals: Place sensitive components
(e.g., clocks, analog signals) close to their
associated ICs to reduce noise and signal
degradation.



« Follow manufacturers’ guidelines:
Adhere to the recommended component
spacing and layout guidelines provided in
datasheets or reference designs, especially
for high-power or RF components.

- Separate power and signal sections:
Keep power supply components (e.g.,
regulators, decoupling capacitors) away
from sensitive signal traces to reduce noise
interference.

- Consider thermal management: Place
components that generate heat, such as
power ICs or large resistors, where heat can
dissipate e ciently. Use thermal vias, or
copper pours for better heat management.

2 Routing Rules

« Use short, direct traces:
Keep traces as short and
direct as possible, especially
for high-speed signals, to
reduce resistance, inductance, and signal
integrity problems.

Route power and ground first: Prioritize
power and ground planes or traces. Use
wide traces or copper pours for power
lines to reduce voltage drop and noise.
Minimize via use: Reduce the number of
vias as much as possible to maintain signal
integrity and avoid unnecessary imped-
ance changes. Vias also increase cost and
complexity.

Follow the 90/45-degree rule: Avoid
sharp 90-degree angles in trace routing,
especially for high-frequency signals, as
these can cause impedance discontinuities.
Use 45-degree angles for smoother transi-
tions. Also, a 45-degree angle is easier for
the fabricator to manufacture.

Route differential pairs together: For dif-
ferential signals (e.g., USB, HDMI, Ether-
net), route both traces of the pair together
with consistent spacing and equal lengths
to maintain signal integrity.

» Respect signal integrity and crosstalk:
To prevent crosstalk, maintain adequate

spacing between signal traces, especially
for high-speed or high-frequency signals.
Use ground planes or shielding where
needed to protect sensitive signals.

2 3WRule of Thumb

A common rule of thumb for
b spacing is the 3-width (3W)
rule, which o en has sev-
eral inherent problems. Let’s
see what | mean. Use this as a learning lesson
regarding other rules of thumb you may use.

e 3W rule says that when designing a PCB,
the space between two signal traces should be
three times the width of the traces. e thought
is that doing so reduces or removes crosstalk
between those two signals.

While this rule is easy to remember, it has
some problems. First, it oversimpli es things
because increasing the distance between traces
doesn’t always stop interference, especially for
fast signals. Also, the rule doesn’t consider how
the layers of the PCB are set up; having aground
plane can reduce interference better than just
adding space. Additionally, the 3W rule doesn’t
help when looking at traces on di erent layers
of the PCB. Following this rule can waste space,
especially on crowded boards, because not all
signals need that much space. Finally, it treats
all signals the same, but some signals, like slow
ones, don’t need as much distance. Overall,
while the 3W rule is a good guideline, it’s better
to consider each situation carefully instead of
using one rule for everything.

As you can see, | frequently use rules of
thumb in PCB design. While they should be
used with caution, for the reasons I’ve men-
tioned, just like a cooked piece of spaghetti
thrown against the wall (or ceiling), these rules
stick. DEsiGNoo7

John Watson is a professor at
Palomar College in San Marcos,
California. To read past columns,
click here.
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Feature Q&A with Chris Young

Design engineer Chris Young is known for
his optimized design process. As lead hard-
ware engineer with Moog Space and Defense
Group and owner of Young Engineering Ser-
vices, Chris collects data like it’s going out of
style, and he leaves nothing to chance.

With that in mind, | asked Chris to discuss
his views on rules of thumb—which ones work,
which ones should be avoided, and how rules

t ideally into the PCB design process.

Andy Shaughnessy: | know that you’ve spent
a lot of time and e ort over the years dialing
in your design process. How do you use rules
of thumb in your design cycle?

Chris Young: | use purpose-driven rules of
thumb that produce practices that reduce risk
and drive a desired outcome. | am much less
concerned about using a speci ¢ PCB stack-
up than producing a solution that works and
meets requirements.

62 DESIGNOO7 MAGAZINE | NOVEMBER 2024

If You Can
Define It Right,

You Can
Design It Right

What are some of the rules of thumb that
you use regularly, and why?

Rule No. 1: If you can define it right, you can
design it right.

Spend time up front developing require-
ments that can be used to guide your design to
success. e lack of requirements in a project
lead to technical ambiguity that is too o en
stop-gapped with assumptions.  ese assump-
tions lead to design errors that result in techni-
cal debt or design spins that cost money. e
old adage of “measure twice, cut once” still
applies. I recommend the INCOSE Guide to
Writing Requirements (incose.org) for anyone
interested in learning more about developing
clear actionable requirements.

Rule No. 2: Establish Expectations

Take the time to establish reasonable expec-
tations between you, your customers, and
your team (vendors included). Clearly de ned






|

|
|_TEMPLATES |

|
| EeEGREmT

DEFINE, IN WRITING, WHAT NEEDS TO BE DONE.

SET EXPECTATIONS AROUND THE REQUIREMENTS.

USE TEMPLATES TO OPTIMIZE PURPOSEFUL EFFORTS.

MAINTAIN CHECKLISTS TO TRACK TO COMPLETENESS.

Figure 1: Chris Young’s hierarchy of rules.

expectations are synonymous with clearly
de nedrequirements. e purposeisto explic-
itly de ne objectives and needs to reduce
ambiguity, which in turn reduces risk associ-
ated with executing a project. I recommend
looking at IPC’s design to manufacturing stan-
dards (ipc.org) to gain insight and direction in
how to communicate (fab data/drawings) with
PCB fabricators.

Rule No. 3: Create Templates

Repetitive tasks should be compiled into
templates, providing more time for the due
diligence your project deserves. Templates are
just working smart.

Rule No. 4: Use Checklists

Use checklists to track progress, complete-
ness, and compliance. A checklist serves as a
schedule risk/reward indicator, a technical
review artifact, and demonstrates compliance
to stakeholder requirements. Checklists really
are versatile project multi-tools that help get
the job done right.

Do you use rules of thumb for things like
feasibility studies, material selection, stackup,
manufacturability, and documentation?

I recommend applying the above-mentioned
rules hierarchically to produce work products
that are relevant and traceable.
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In the same vein, what formulas do you use
regularly? Aren’t some rules of thumb simply
shorthand for formulas?

| do not try to memorize speci ¢ equations.
Instead, I tend to use nodal analysis to develop
concise equations that represent a circuit or
network. Teach an engineer to solve an equa-
tion and you have a calculator. Teach an engi-
neer to analyze a circuit and you’ve made a cir-
cuit designer.

I'll have to remember that. Now, some design-
ers have a love/hate relationship with rules of
thumb. When should you use rules of thumb
vs. “doing the science?”

Rules of thumb should be used to help guide
you to the type of science you can apply to
solve a problem. ey should not be used to
shortcut the design process.

What rules of thumb should designers avoid?

Avoid using rules of thumb that are arbitrary
and force a speci caction, like “All decoupling
capacitors must be 0.1 mF,” or “Always use fer-
rite beads to reduce EMI.”

Is there anything you’d like to add?

Anengineer’s jobisto cost-e ectively solve prob-
lems using scienti ¢ principles. Rules of thumb
should be used to make us better at just that.

Thanks for the input, Chris.
ank you, Andy. DESIGN007






From Construction Work to
PCB Design in Under a Year

Interview by Andy Shaughnessy
I-CONNECT007

At the Anaheim Electronics & Manufactur-
ing Show in October, | had the opportunity to
talk with some new PCB designers, including
Jon Smith of Frontgrade Aethercomm.

During the Anaheim show, John Watson, a
PCB design instructor at Palomar College, led
a panel of his past and present students, includ-
ing Jon, who shared his story of switching from
a construction career to PCB design in a mat-
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ter of months, courtesy of Watson’s Palomar
College design curriculum.

A er the panel discussion, | asked Jon to
expand on his personal and professional story.
How many other potential PCB designers are
out there in elds like construction?  anks
to instructors like Watson, the time it takes
to produce a trained PCB designer—from
scratch—is less than you might think.






B a
Jon Smith

Andy Shaughnessy: Jon, you’ve already
graduated from John’s class, and you had
a completely non-electronic job before this.
How did you get into this? What were you
doing before?

Jon Smith: | used to be in construction and | got
tired of being in pain. Something had to change.
I ended up taking classes at Palomar College,
speci callydra ingand design. Itwasn’tuntil I
started John Watson’s class that something just
wento inmy head. | was instantly intrigued. It
was just the craziest thing I've ever seen. Who
knew that this career even existed? When you
think of a PCB designer, you think “electrical
engineer.” But you don’t have to be an engineer
to be a PCB designer. One thing led to another
and it’s been great.

Your wife even called John and said, “Thank
you for helping my husband.” She really
noticed a change in your happiness level.

Yes, she did. Working in construction, and being
in pain, you act di erently. So, once you nd
yourself again, it impresses other people. You
also impress yourself and things get a lot better.

What kind of construction were you in?
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| was in sewer pipe rehabilitation—very nasty,
very heavy stu with very long hours. Working
in the middle of the street was very dangerous.
All around, it was not a fun place to be.

You need the police to put up barricades

SO you can work.

Absolutely, and you’re dodging cars every
minute.

When did you start as a full-time designer?

| started as a full-time designer in July of last
year. I’ve been with Frontgrade Aethercomm
for about a year and a half.

Do you work at home?

It's more or less hybrid. I'm typically in the
0 ce, but if I'm not feeling good, there’s just
slow work ow, or | really need to concentrate,
I’m allowed to work at home.

Where is the o ce located?
It's located in Carlsbad, California.

Well, that’s pretty nice, Jon. Is there anything
else you want to add about your experience
of John’s class?

| want to point out that John’s class is really
what helped me land a job even before get-
ting a degree. | went in for the interview and
they saw the boards that I’d done throughout
hisclass. atwas an instant “in.” isisanin-
depth course that covers a lot of material, so it
really sets you above a lot of people.

John is known for having a pipeline into
companies that are hiring.

Also, | was told that his cover letter really
helped me out.

That's great. | know John will do what he can.

at’s just a testament to the way he teaches;
everything helps boost you up.

Thanks for telling us your story, Jon.
ank you, Andy. DESIGN007
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EMA Presents Webinar on Designing
the Perfect Stackup for Flex

Join the experts at Newgrange Design and EMA for
their upcoming webinar, Flex in Focus— Designing the
Perfect Stackup for Flex, to make sure you set your
next flex project up for success from the beginning.

Optimizing mSAP to Produce Flex Back to School With
for Biofluid Sensor Probes Jonathan Studinka
Improvements in flexible printed circuitry At the Anaheim
technology offer solutions that enable Electronics & Manu-
advancement in other technologies, facturing Show, |

enabling new circuit design and capability spoke with Jonathan
possibilities for customers’ applications. Studinka, a student
in John Watson’s
PCB design class at
Palomar College.

In this interview,
Jonathan shares his .
experience, high— Jonathan Studinka
lighting how John’s class has broadened
his understanding of PCBs and sparked
his interest in mechatronics.

Book Excerpt: The Printed Circuit Designer’s Guide to...

DFM Essentials, Introduction DESINE S GUIDE

DFM Essentials

One of the biggest challenges facing printed circuit board designers is
properly understanding the cost drivers in the PCB manufacturing process,
particularly the manufacturing of advanced technology PCBs.

70 DESIGNOO7 MAGAZINE | NOVEMBER 2024


https://iconnect007.com/article/142781/ema-presents-webinar-on-designing-the-perfect-stackup-for-flex/142778/design
https://iconnect007.com/article/142674/back-to-school-with-jonathan-studinka/142671/design 

https://iconnect007.com/article/142669/book-excerpt-the-printed-circuit-designers-guide-to-dfm-essentials-introduction/142666/design 
https://iconnect007.com/article/142685/optimizing-msap-to-produce-flex-for-biofluid-sensor-probes/142682/design 

Connect the Dots: Designing New Information Now Available
for Reality—Pattern Plating for Popular Podcast Series on
PCB Design

In the previous episode of I-Connect007’s

On the Line with... podcast, we painted Exciting news for listeners of il
the picture of the outer layer imaging pro- On the Line with... PCB 3.0: A

cess. Now we are ready for pattern plat- New Design Methodology, the

ing, where fabrication can get tricky. The popular podcast series hosted

board is now ready to receive the copper by I-ConnectO07. A 10-page

traces, pads, and other elements specified companion guide featuring

in the original CAD design. insights from Cadence’s subject matter experts

is now available for download.

Keysight Collaborates with Siemens Pulsonix Version 13
EDA to Enable the Next Generation Extends MCAD Integration
of Wireless Design with the IDX Collaboration

_ , Interface
The integration between Key-

sight’'s Advanced Design System
(ADS) and the Siemens Xpedi-
tion Enterprise suite of EDA tools

ciently co-design digital systems announces the 2024 release
and radio frequency (RF) circuits by performing lay- of Pulsonix-Version 13.0.

out and manufacturing in Xpedition and RF Circuit
and electromagnetic simulation in Keysight ADS.

Pulsonix, the electronic design
automation (EDA) company
delivering technology-leading

Partial HDI: Designers Notebook: Implementing

A Complete Solution HDI and UHDI Circuit Board Technology
We recently spoke with IPC To accommodate 3 o Lok .-

instructor Kris Moyer about new generations of  F NS -

partial HDI, a process that’s high 1/0O semicon- .

recently been growing in ductor packaging,

popularity. Partial HDI allows circuit board technol-

designers to escape route out ogy has undergone

from tight-pitch BGAs on one significant changes

layer, where a mechanically in both the fabrication process method and the criteria for
drilled plated through-hole is base material selection. The reason behind these changes
not an option, while avoiding is the new high-function semiconductor package families
the complexity and expense of that require more terminals than their predecessors and a
sequential lamination cycles. significantly narrower terminal pitch.

For the latest news and information, visit PCBDesign007.com
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Opportunities

; Celestica

GIobaI PCB
Commodity Expert

We partner with the world’s leading brands
to bring advanced and innovative products to
the market. Our expertise spans every stage of
product development—from design to manu-
facturing and after-market services—and is
powered by over 27,000 employees in more
than 40 locations in Asia, North America, and
Europe. Celestica’s revenue is US$7.96 billion
(2023), and the company trades on the Toronto
and New York Stock Exchanges.

Our business is complex and intellectu-
ally stimulating. It’s based on imagining and
unlocking the potential of the future. And all of
us here think that’s pretty exciting. From finan-
cial rewards to health and wellness benefits
and learning and development opportunities,
we’ll make sure you have what you need to
thrive.

Join our team as a Global PCB Commodity
Expert and lead strategic initiatives! You’ll man-
age global negotiations, support key supplier
relationships, and drive performance improve-
ments. This role involves high-impact deci-
sion-making and complex problem-solving.
Leverage your expertise in PCB manufacturing
processes, auditing capabilities, pricing, and
technology trends to shape our commodity
strategies. If you are familiar with PCB manu-
facturing processes and good at negotiation,
we want to hear from you! Apply today and
make a lasting impact.

apply now
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ACE

ACCURATE
CIRCUIT
ENGINEERING

PCB Manufacturing Technician

Join the Team at
Accurate Circuit Engineering!
Located in Santa Ana, California, Accurate
Circuit Engineering (ACE) delivers high-quality
PCB solutions with a focus on innovation and
precision.

Role: Accurate Circuit Engineering is look-
ing for detail-oriented PCB Manufacturing
Technicians for all areas in PCB manufacturing.
Responsibilities include operating manufactur-
ing equipment, performing quality checks, and
documenting production data.

Qualifications:

« High school diploma or equivalent;
technical training preferred

« Experience in PCB manufacturing or
electronics assembly a plus

. Strong attention to detail and ability to
follow instructions

« Familiarity with PCB manufacturing and
testing tools is advantageous

What ACE Offers:

« Competitive wages and benefits

« Career growth opportunities

« Supportive work environment with
comprehensive training

To apply, send your resume and cover letter
to sales@ace-pcb.com with the subject “PCB
Manufacturing Technician Application.”

Accurate Circuit Engineering is an equal-
opportunity employer and values diversity in
the workplace.

apply now

NOVEMBER 2024 | DESIGNOO7 MAGAZINE 73


https://www.celestica.com
https://careers.celestica.com/job/Remote-Employee-US-PCB-Manufacturing-Commodity-Engineer-NH/1084933301/
https://www.ace-pcb.com
mailto:sales@ace-pcb.com?subject=PCB Manufacturing Technician Application seen in Design007

Career Opportunities

TAIYO schmoll ' america

AMERICA |
Europe Technical Sales Engineer

Taiyo is the world leader in solder mask products
and inkjet technology, offering specialty dielectric
inks and via filling inks for use with microvia and
build-up technologies, as well as thermal-cure and
UV-cure solder masks and inkjet and packaging inks.

Service Engineer:
Chicago

Join the Schmoll America Team as a Service

PRIMARY FUNCTION:

1. To promote, demonstrate, sell, and service
Taiyo’s products

2. Assist colleagues with quotes for new
customers from a technical perspective

3. Serve as primary technical point of contact
to customers providing both pre- and
post-sales advice

4. Interact regularly with other Taiyo team mem-
bers, such as: Product design, development,
production, purchasing, quality, and senior com-
pany managers from Taiyo group of companies

ESSENTIAL DUTIES:

1. Maintain existing business and pursue new
business to meet the sales goals

2. Build strong relationships with existing and
new customers

3. Troubleshoot customer problems

4. Provide consultative sales solutions to
customer’s technical issues

5. Write monthly reports

6. Conduct technical audits

7. Conduct product evaluations

QUALIFICATIONS / SKILLS:

1. College degree preferred, with solid
knowledge of chemistry

2. Five years’ technical sales experience,
preferably in the PCB industry

3. Computer knowledge

4. Sales skills

5. Good interpersonal relationship skills

6. Bilingual (German/English) preferred

To apply, email: BobW@Taiyo-america.com
with a subject line of “Application for
Technical Sales Engineer”.

apply now

Engineer—Where Innovation Meets Customer
Excellence! Are you a technical mastermind with
a passion for solving complex problems and deliv-
ering exceptional customer experiences? Look no
further than Schmoll America!

We’re looking for engineers to work in the
Chicagoland area.

As a Service Engineer, you’ll be the driving
force behind our customers’ success, providing
top-notch technical support and maintenance ser-
vices for our PCB industry-leading equipment.

What you’ll do:

« Install, commission, and maintain Schmoll
equipment at customer sites

- Troubleshoot and repair equipment with ease
and precision

- Provide technical training and tailored
applications solutions to customers

What we offer:

« A dynamic and supportive work environment
where your voice matters

- Opportunities for professional growth and
development in a cutting-edge industry

« A competitive salary and benefits package

- The satisfaction of knowing you’re making a
real difference in our customers’ lives

What we’re looking for:

- Engineering degree preferred

- 3+ years of experience in an engineering role

- Strong technical knowledge of electrical and
mechanical systems

- Excellent problem-solving and analytical skills

- Willingness to travel (up to 75%) to customer
sites and HQ in Germany

If you’re a motivated professional looking for a
challenging and rewarding role, we want to hear
from you! Please submit your resume and cover
letter to HR@SchmollAmerica.com.

apply now

74 DESIGNOO7 MAGAZINE | NOVEMBER 2024



https://taiyo-america.com
mailto:BobW@taiyo-america.com?subject=Europe Technical Sales Engineer ad seen at Design007
https://www.schmollamerica.com
mailto:HR@schmollamerica.com?subject=Service Engineer help wanted ad seen in Design007

Career Opportunities

@ The Test
Connection, Inc.
Sr. Test Engineer (STE-MD)

The Test Connection, Inc. is a test engineering
firm. We are family owned and operated with solid
growth goals and strategies. We have an established
workforce with seasoned professionals who are
committed to meeting the demands of high-quality,
low-cost and fast delivery.

TTCl is an Equal Opportunity Employer. We offer
careers that include skills-based compensation.
We are always looking for talented, experienced
test engineers, test technicians, quote technicians,
electronics interns, and front office staff to further our
customer-oriented mission.

- Candidate would specialize in the development
of in-circuit test (ICT) sets for Keysight 3070
(formerly Agilent & HP), Teradyne/GenRad, and
Flying Probe test systems.

- Strong candidates will have more than five years
of experience with in-circuit test equipment.
Some experience with flying probe test
equipment is preferred. A candidate would
develop, and debug on our test systems and
install in-circuit test sets remotely online or at
customer’s manufacturing locations nationwide.

« Proficient working knowledge of Flash/ISP
programming, MAC Address and Boundary
Scan required. The candidate would also help
support production testing implementing
Engineering Change Orders and program
enhancements, library model generation,
perform testing and failure analysis of
assembled boards, and other related tasks.
An understanding of stand-alone boundary
scan and flying probe desired.

- Some travel required. Positions are available in
the Hunt Valley, Md., office.

Contact us today to learn about the rewarding
careers we are offering. Please email resumes with a
short message describing your relevant experience
and any questions to careers@ttci.com. Please, no

phone calls.
apply now

@ The Test
Connection, Inc.

Rewarding Careers

Take advantage of the opportunities we
are offering for careers with a growing test
engineering firm. We currently have several
openings at every stage of our operation.

The Test Connection, Inc. is a test engi-
neering firm. We are family owned and oper-
ated with solid growth goals and strategies.
We have an established workforce with sea-
soned professionals who are committed to
meeting the demands of high-quality, low-
cost and fast delivery.

TTCl is an Equal Opportunity Employer.
We offer careers that include skills-based
compensation. We are always looking for
talented, experienced test engineers, test
technicians, quote technicians, electronics
interns, and front office staff to further our
customer-oriented mission.

Associate Electronics Technician/
Engineer (ATE-MD)

TTClis adding electronics technician/engineer
to our team for production test support.

- Candidates would operate the test systems
and inspect circuit card assemblies (CCA)
and will work under the direction of engi-
neering staff, following established proce-
dures to accomplish assigned tasks.

« Test, troubleshoot, repair, and modify
developmental and production electronics.

« Working knowledge of theories of
electronics, electrical circuitry, engineering
mathematics, electronic and electrical
testing desired.

« Advancement opportunities available.

« Must be a US citizen or resident.

apply now
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Career Opportunities

. BLACKFOX

Premier Training & Certification

IPC Instructor
Longmont, CO

This position is responsible for delivering effec-
tive electronics manufacturing training, including
IPC certification, to adult students from the electron-
ics manufacturing industry. IPC Instructors primarily
train and certify operators, inspectors, engineers,
and other trainers to one of six IPC certification pro-
grams: IPC-A-600, IPC-A-610, IPC/WHMA-A-620,
IPC J-STD-001, IPC 7711/7721, and IPC-6012.

IPC instructors will primarily conduct training
at our public training center in Longmont, Colo,,
or will travel directly to the customer’s facility. It is
highly preferred that the candidate be willing to
travel 25-50% of the time. Several IPC certifica-
tion courses can be taught remotely and require no
travel or in-person training.

Required: A minimum of 5 years’ experience in
electronics manufacturing and familiarity with IPC
standards. Candidate with current IPC CIS or CIT
Trainer Specialist certifications are highly preferred.

Salary: Starting at $30 per hour depending
on experience

Benefits:

« 401k and 401k matching

« Dental and Vision Insurance

« Employee Assistance Program
- Flexible Spending Account

« Health Insurance

« Health Savings Account

- Life Insurance

« Paid Time Off

Schedule: Monday thru Friday, 8-5

Experience: Electronics Manufacturing:
5+ years (Required)

License/Certification: IPC Certification—
Preferred, Not Required

Willingness to travel: 25% (Required)

apply now

Prototron
N Circuits

Sales Representatives

Prototron Circuits, a market-leading, quick-
turn PCB manufacturer located in Tucson,
AZ, is looking for sales representatives for
the Utah/Colorado, and Northern California
territories. With 35+ years of experience,
our PCB manufacturing capabilities reach
far beyond that of your typical fabricator.

Reasons you should work with Prototron:

- Solid reputation for on-time delivery
(98+% on-time)

» Capacity for growth

» Excellent quality

» Production quality quick-turn services
in as little as 24 hours

- 5-day standard lead time

« RF/microwave and special materials

« AS9100D

« MIL-PRF- 31032

« ITAR

- Global sourcing option (Taiwan)

» Engineering consultation, impedance
modeling

« Completely customer focused team

Interested? Please contact Russ Adams
at (206) 351-0281
or russa@prototron.com.

apply now
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Career Opportunities

/1RLON

ELECTRONIC MATERIALS

Arlon EMD, located in Rancho Cucamonga,
California, is currently interviewing candidates
for open positions in:

- Engineering
« Quality
« Various Manufacturing

All interested candidates should contact
Arlon’s HR department at 909-987-9533 or email
resumes to careers.ranch@arlonemd.com.

Arlon is a major manufacturer of specialty
high-performance laminate and prepreg
materials for use in a wide variety of printed
circuit board applications. Arlon specializes
in thermoset resin technology, including
polyimide, high Tg multifunctional epoxy, and
low loss thermoset laminate and prepreg
systems. These resin systems are available on
a variety of substrates, including woven glass
and non-woven aramid. Typical applications for
these materials include advanced commercial
and military electronics such as avionics,
semiconductor testing, heat sink bonding, High
Density Interconnect (HDI) and microvia PCBs
(i.e. in mobile communication products).

Our facility employs state of the art
production equipment engineered to provide
cost-effective and flexible manufacturing
capacity allowing us to respond quickly to
customer requirements while meeting the most
stringent quality and tolerance demands. Our
manufacturing site is ISO 9001: 2015 registered,
and through rigorous quality control practices
and commitment to continual improvement, we
are dedicated to meeting and exceeding our
customers’ requirements.

For additional information please visit our
website at www.arlonemd.com

apply now

X

Are You Our Next
Superstar?!

Insulectro, the largest national
distributor of printed circuit board
materials, is looking to add super-
stars to our dynamic technical and
sales teams. We are always look-
ing for good talent to enhance our
service level to our customers and
drive our purpose to enable our
customers to build better boards
faster. Our nationwide network
provides many opportunities for
a rewarding career within our
company.

We are looking for talent with
solid background in the PCB or PE
industry and proven sales experi-
ence with a drive and attitude that
match our company culture. This
is a great opportunity to join an
industry leader in the PCB and PE
world and work with a terrific team
driven to be vital in the design and
manufacture of future circuits.

apply now
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Career Opportunities

MivaTek

Global

Field Service Technician

MivaTek Global is focused on providing a
quality customer service experience to our
current and future customers in the printed
circuit board and microelectronic industries.
We are looking for bright and talented people
who share that mindset and are energized by
hard work who are looking to be part of our
continued growth.

Do you enjoy diagnosing machines and
processes to determine how to solve our
customers’ challenges? Your 5 years work-
ing with direct imaging machinery, capital
equipment, or PCBs will be leveraged as you
support our customers in the field and from
your home office. Each day is different, you
may be:

- Installing a direct imaging machine

- Diagnosing customer issues from both
your home office and customer site

- Upgrading a used machine

« Performing preventive maintenance

« Providing virtual and on-site training

« Updating documentation

Do you have 3 years’ experience working
with direct imaging or capital equipment?
Enjoy travel? Want to make a difference to our
customers? Send your resume to N.Hogan@
MivaTek.Global for consideration.

More About Us

MivaTek Global is a distributor of Miva Tech-
nologies’ imaging systems. We currently have
55 installations in the Americas and have
machine installations in China, Singapore,
Korea, and India.

apply now

s

< eptac

Become a Certified IPC
Master Instructor

Opportunities are available in Canada, New Eng-
land, California, and Chicago. If you love teaching
people, choosing the classes and times you want to
work, and basically being your own boss, this may
be the career for you. EPTAC Corporation is the lead-
ing provider of electronics training and IPC certifi-
cation and we are looking for instructors that have
a passion for working with people to develop their
skills and knowledge. If you have a background
in electronics manufacturing and enthusiasm for
education, drop us a line or send us your resume.
We would love to chat with you. Ability to travel
required. IPC-7711/7721 or IPC-A-620 CIT certifica-
tion a big plus.

Qualifications and skills

* Alove of teaching and enthusiasm to help
others learn

* Background in electronics manufacturing

« Soldering and/or electronics/cable assembly
experience

« |PC certification a plus, but will certify the
right candidate

Benefits

* Ability to operate from home. No required
in-office schedule

* Flexible schedule. Control your own schedule

« |RA retirement matching contributions after
one year of service

« Training and certifications provided and
maintained by EPTAC

apply now
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Career Opportunities

ﬁT American Standard Circuits

CAD/CAM Engineer

Summary of Functions

The CAD/CAM engineer is responsible for reviewing cus-
tomer supplied data and drawings, performing design rule
checks and creating manufacturing data, programs, and
tools required for the manufacture of PCB.

Essential Duties and Responsibilities

* Import customer data into various CAM systems.

» Perform design rule checks and edit data to comply
with manufacturing guidelines.

» Create array configurations, route, and test programs,
penalization and output data for production use.

» Work with process engineers to evaluate and provide
strategy for advanced processing as needed.

* |temize and correspond to design issues with customers.

* Other duties as assigned.

Organizational Relationship
Reports to the engineering manager. Coordinates activi-
ties with all departments, especially manufacturing.

Qualifications

* Acollege degree or 5 years’ experience is required.
Good communication skills and the ability to work
well with people is essential.

* Printed circuit board manufacturing knowledge.

* Experience using CAM tooling software, Orbotech
GenFlex®.

Physical Demands

Ability to communicate verbally with management and
coworkers s crucial. Regular use of the telephone and e-mail
for communication is essential. Sitting for extended periods
is common. Hearing and vision within normal ranges is help-
ful for normal conversations, to receive ordinary information
and to prepare documents.

apply now

AVAILABLE

NOW

CRE

For information, please contact:
BARB HOCKADAY
barb@iconnect007.com

+1 916.365.1727 (paciFic)

IConnect()/

GO0OO0OD FOR THE INDUSTRY
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