








Proper Plane
Design

Solid plane design techniques are essential for
proper power distribution, signal and power integrity,
thermal management, and much more. This month,
our experts focus on issues such as ground and

power plane layout, layer stackup, material selection,

and the many trade-offs designers need to consider
when planning their planes.
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Zee Plane! Zee Plane!

by Andy Shaughnessy, I-ConnectO07

We have a lot of fun with our cover images, but of
course, we're really here to talk about power and
ground planes, not the flying kind. These planes
don’t carry human passengers, but they do help your
signals get to their final destination in today’s PCBs.

Planes aren’t magic, but they are big time-sav-
ers. Without planes, designers would have to cre-
ate thousands of traces to accomplish the same
objectives. You can imagine the first time a designer
thought about using a sheet of copper, asking, “Hey,
why am | killing myself laying out all these traces?
Can’t | just use this sheet of copper instead?”

However, planes are more than simple copper
pours. They provide a decisive advantage in that they
have extremely low impedance: Since it's a sheet of
copper, the impedance is almost non-existent.

As a result, power planes provide low impedance
and stable power to every component on the board,
much like a large power bus. Next to a signal layer,
a power plane can shield signals and stop crosstalk
and noise. They make great heat sinks too.

Ground planes stabilize reference voltage, improve
thermal performance, and help preclude EMI issues.
They o er alow-impedance return path, which helps
eliminate jitter and reflections.

Power and ground plane design is often a bat-
tle of tradeo s. Selecting the correct copper thick-
ness of power planes is a good example: Thin cop-
per with high currents can cause IR drop, which
can lead to timing errors. This can be mitigated by
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using thicker copper, but this also a ects your sig-
nal integrity planning, not to mention your fabrica-
tor’'s workload.

Speaking of fabricators, keep your CAM partners in
the “loop area” when you're designing your power
and ground planes. They can help you find the per-
fecttrade-o sbetween performance and cost, avoid-
ing both scrap and overspecifying a costly PCB.

The latest simulation tools can help, but designing
planes is becoming increasingly complicated as we
move further into technologies such as EVs, 5G, and
Al. Incorrect plane design can lead to catastrophic
failures and a variety of manufacturing defects.

This month, our expert contributors, including
Kirk Fabbri of Siemens EDA, John Watson of Palo-
mar College, and Barry Olney of In-Circuit Design,
discuss the best practices for designing power
and ground planes, along with the many electrical
and manufacturing tradeo s that can trip up PCB
designers. We also have columns by Kelly Dack and
Matt Stevenson, and an article by Anaya Vardya.
DESIGNOO7

Andy Shaughnessy was the
managing editor of Design007
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FEATURE ARTICLE

by Kirk Fabbri, Siemens EDA

Power Integrity:

Effective

Decoupling Radius

ower delivery on modern systems is an impor-

tant and challenging problem facing hard-
ware designers. These challenges are even more
apparent as device operating speeds and current
demands increase. Modern FPGAs, processors,
and other devices feature fast switching currents
and demand precise voltage levels.

Engineers often focus on discrete decoupling
capacitors placed near the switching devices in
hopes of providing the required capacitance for
these high current demands. One of the more over-
looked items of the power distribution system is the
capacitance formed by the power plane cavities, and
how it contributes to the power distribution system’s
ability to decouple the switching devices. Through
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a series of simple simulation experiments, this arti-
cle will demonstrate a basic principle regarding the
e ectiveness of the capacitance formed by PCBs.

Basic PDN Model

A basic power delivery network (PDN) includes the
voltage regulator model (VRM), the discrete decou-
pling capacitors, the power plane cavities, and any
on-die capacitance formed on the ICs or devices
themselves.

The edge rate of this switching current is extremely
important when trying to calculate how e ective the
PDN will be in suppressing the ripple voltage. A tra-
ditional method of estimating these currents is to sim-
ulate the 1/0 and look at the driver current spectrum
to better understand the switching activity of these
devices! From this frequency spectrum, one can
gain a better understanding of the load dynamics,
and how to gauge the e ective decoupling radius.

A simple way to represent power plane cavities
is with a distributed RLC network. From Equation 1,
capacitance can be calculated. From this equation,
we see multiple ways to increase the capacitance.

eoxerxA
=—b— O

Where:

C = capacitance in pF

eo = permittivity of free space (0.225 pF/inch)
er = dielectric constant

A = area (in?)

S = spacing between the planes (inches).?
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The e ective decoupling radius® in which capac-
itance can be utilized is calculated by Equation 2.
Looking at this equation, we can conclude that the
radius (r) decreases when either the switching edge
becomes faster (tr decreases), or the dielectric con-
stant of the medium increases.

_12*tr

Ve @

Where:

r = radius in inches

tr = rise/fall time of switching edge (ns)
er = dielectric constant

Experiment 1: PCB Area Larger Than
Required Effective Area

This first experiment will outline a situation where the
available power plane area is larger than the e ec-
tive decoupling radius calculated in Equation 2.

———————————0Smi
————————————— 1oz

ToP 10 mis

050z
3 mils
050z
VCC1_5

10 mils

050z
3 mils
050z
VCC3_3

GND2 10 mils

050z
3 mils
050z
VCCi_8

GND3 10 mils

BOTTOM

Draw proportionally Total thickness: 56.75 mils '

Figure 1: The baseline stackup for Experiment 1.
Power plane pairs are spaced 3 mils apart.

The stackup used for this experiment (Figure 1)
is an eight-layer board with top and bottom layers,
three ground planes, and three planes at di erent
supply voltages (1.5, 1.8, and 3.3 V). The dielectric
thickness between the power and ground planes is
3 mils (0.75 mm), a popular size.

In Figure 2, a simple PCB is created using Hyper-
Lynx with an area of 16 in? (4 in x 4 in), where ULl
represents the VRM and U21 represents the cur-
rent sink. The current sink is set up to draw 250
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A

Figure 2: The example PCB with one current sink
(U2.1) and one VRM (U1.1). The small yellow circles
represent stitchifg vias used to connect thé
different ground layers together.

mA with rise/fall times equal to 250 ps. In this base-
line case, both the current sink and VRM are con-
nected to Layer 2 (VCCL_5) and referenced to all
three GND layers. The small yellow circles repre-
sent stitching vias used to connect all GND layers
together. In Equation 3, the calculation of the e ec-
tive decoupling radius yields an area of 6.60 in?,
which is smaller than the total PCB area (16 in?).

12 ¥ 0.250ns )
r = =145in (3)
V4.3

Using this e ective area, we can calculate the
e ective capacitance as 2.13 nF (Equation 4). In this
example, the capacitance is calculated based on a
single VCC!1_5 and GND plane pair (Layers 2 and 3),
neglecting the holes from the stitching vias.

The results of this baseline simulation are shown
in Figure 3. The peak noise voltage is found to be
91.4 mV located at the current sink.

Q2250Fy 4 3, 660

_ > _inch
¢ 0.003

=213nF (4)

Experiment 2: Further Increasing

PCB Area

The PCB is increased to 64 in2 (8 in x 8 in) with all
other factors remaining the same. The results of the
simulation are shown in Figure 4 with a noise volt-
age equal to 871 mV. It is easy to see that the addi-
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A

Figure 3: The results of the baseline simulation
connecting the VRM and current sink to Layer 2
(VCC1_5). Peak noise voltage is 91.4 mV at the
current sink.
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0.0794392

00717308

0.084122

0.0564634

0.0438048

0.0411462

0.0334876

0.0256291

0.0181705

00105119 T-Plane: "VCC1 5-GND" Time: 5.00 ns Steps: 2777 Max Noise Voltage 87.1 mV
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Figure 4: The results of Experiment 2. The area of
the PCB (64 in2) is now much larger than the cal-
culated effective area (6.60 in2), yet the noise
voltage (87.1 mV) is almost unaffected from the
previous simulation (91.4 mV).

tional capacitance of the plane isn’t significantly
improving the noise voltage, as its contributions are
outside of the calculated e ective area based on
the rise and fall times of the current sink.

Experiment 3: Increasing Dk and
Changing Layer Spacing

Now, let’s increase the dielectric constant of the
material to 20, which is considerably larger. The
simulation resulted in a peak noise voltage of 72.3
mV, which is slightly improved over the previous
experiment (871 mV). Simply looking at Equation 1
for capacitance indicates that we might expect to
see a larger di erence in noise voltage when using
a higher dielectric constant. However, the new
e ective decoupling radius using a dielectric con-
stant of 20 is calculated to be 0.67 in. This radius
results in an e ective area of only 1.41 in?, which by
comparison, is much smaller than 6.60 in? as it was
in the original experiment.

By increasing the dielectric constant, we shrink
the e ective decoupling radius, and thus the plane
area that the current sink can actually use. The
e ective capacitance from the original dielectric
constant (4.3) is approximately 2.13 nF, whereas the
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new capacitance formed by increasing the dielec-
tric constant to 20 is also calculated as 2.13 nF. The
results of the simulation are shown in Figure 5.

00723218

0.0656042

0.0588886

0.0521683

0.0454513

0.0387337

0.032016

0.0252984

0.0135208

0.0118632

000514553 T-Plane: "V¥CC1 5-GND" Time: 5.00 ns Steps: 1287 Max Hoise Voltage 72.3 mV

A

Figure 5: The results of the simulation for Experi-
ment 3. The dielectric constant was increased to
20 for all layers. The noise voltage at the current
sink has only dropped 14.8 mV from the same set-
up with a normal dielectric constant of 4.3.
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Figure 6: The results of the simulation for
Experiment 4. The dielectric constant is 4.3,
with the spacing between Layers 2 and 3
equal to 1 mil. The peak noise voltage is found
to be 31.2 mV, substantially improved over the
871 mV found in Experiment 2.

00331447
035231
00312173
00274038
0 oz
0195762
1018
0117400

00783508

00392136

784519006V T-Plane: "VCC1 5-GND2" Time: 5.00 ns Steps: 3505 Max Noise Voltage 39.1 niV
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Figure 7: The results of Experiment 5. Layer 6 is
now connected to Layer 2 by stitching vias to
increase the effective capacitance connected to
the current sink. Both Layers 2 and 6 are sized so
that they are similar to the calculated effective
area. The peak noise voltage is only 39.1 mV.

It is important to note that more complex interac-
tions are at work here than just the plane’s capac-
itance. Modal resonances, spreading inductance,
and other factors also play a part, and the field
solver accurately captures them.

Experiment 4: Decreasing Spacing
Between Planes
In this experiment, we will decrease the spacing
between the planes to 1 mil, which is quite small.
Additionally, the dielectric constants are set back to
their original values of 4.3, and the board is made
large (64 in?). The capacitance of this setup is cal-
culated as 6.39 nF. The peak noise voltage is 31.2
mV (Figure 6). Notice that the noise voltage is sub-
stantially improved over the previous cases, and
even more so than the high dielectric case. '
Setting the board size back to 16 in? |,
results in a peak noise voltage of &
32.8mV. The additional capacitance
formed by increasing the board
by four times the original size has
made almost no di erence in the
total noise voltage because it is out-
side of the calculated e ective area.

Experiment 5: Increasing the Number of
Power Planes

In the previous experiments, we focused on what
could be done when using a single power plane
pair as the main source of PCB capacitance. What if
we were to use two separate plane pair structures,
both at a physical size that is similar to the size of
the e ective decoupling radius?

The stackup is altered so that Layers 6 and 7 are
also connected to VCCL_5. The dielectric constant is
set back to 4.3, and the spacing between plane pairs
is set to 3 mils. Figure 7 shows the simulation’s results,
with a peak noise voltage of only 39.1 mV at the cur-
rent sink. Further reducing the plane spacing to
1 mil results in a peak noise voltage of only 15.4 mV.

You may ask when a scenario like this is
appropriate. Consider a memory system
such as DDR4. Often, the manufacturer

will specify that byte lanes be routed on

di erent layers for crosstalk, timing, and

other constraints. In a system like this,

you will likely be forced to use multiple
split planes for your PDN to accom-
modate other devices. For a system like
DDR4, it makes sense for all signals to use

Kirk Fabbri
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either GND or a 1.2 V power plane as a reference
(return) plane since this is the nominal power loop
where the current is drawn from.

Experiment 6: Board Area Smaller Than
the Effective Area

For this experiment, the board area will be made
considerably smaller: 2 in? (1.41 x 141 in). The stack-
up has been modified back to 3 mil spacing, with a
dielectric constant of 4.3, and the current sink and
VRM connected to just Layer 2 as previously. Figure
8 shows the results of the simulation. Here we see
the peak noise voltage is worse at the edges of the
board (129.4 mV) vs. at the current sink (106 mV). The
board geometry is also playing a role as there are
modal resonances occurring di erently than with
the larger board.

We can conclude that both decreasing the dielec-
tric spacing between the layers and using additional
planes will decrease our noise voltage by increas-
ing the capacitance of the system.

What about increasing the dielectric constant
to something higher? Recalling the earlier experi-
ment, increasing the dielectric constant negatively
a ected the available capacitance by shrinking the
e ective decoupling radius. However, if the plane

area is smaller than the e ective area, then the
capacitance is not being fully utilized by the current
sink. Decreasing the e ective area by increasing
the dielectric constant will increase the available
capacitance and should lower the noise voltage.

Solving Equation 2 for the dielectric constant
using the appropriate radius yields ~14, which tells
us we can increase the dielectric constant all the
way up to 14. Doing so will fully utilize the plane
area in a way that maximizes the capacitance and
lowers the noise voltage.

The results are shown in Figure 9. We notice right
away that the noise voltage at the current sink has
not changed much (delta of ~12 mV), but the noise
voltage at the plane edges has decreased by 66
mV. In this case, local decoupling of the current sink
should also help suppress the noise voltage.

Final experiments yield a noise voltage of only 22
mV at the plane edges and 33.5 mV at the current
sink when using 1-mil dielectrics, and 39.3 mV at the
current sink and 23 mV at the edges of the PCB
when adding an additional power plane cavity. The
best scenario for this experiment is to change the
power plane spacing to 1 mil as well as add an addi-
tional layer when using the high dielectric material.
In this case, the noise voltage simulates as only 15.5

0.128384

0125476

0.117862

0.113754

0.106939
0.102032
0.0381248

(= -

T-Plane: *VCC1 5-GHD2* Time: 5.00 ns Steps: 6983 Max Noise Voltage 129.4 mV

0.0942172

0.0303098 v

A

Figure 8: The results of Experiment 6. The
total board area is considerably smaller than
the effective area. The peak noise voltage is
129.4 mV, located at the edges, whereas the
voltage at the current sink is approximately
106 mV.

0 001640
Ioos"nsis
STREET
00751638

00631438

00631467

0331255V T-Plane: 'VCC1 5-GND2' Time: 5.00 ns Steps: 3870 Max Noise Voltaue 93.2 miV
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Figure 9: The results of Experiment 6 when
adjusting the dielectric constant to 14. The
peak noise voltage has decreased near the
corners by 66 mV, but only to 93.2 mV at
the current sink.
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Table 1: Results of all experiments with the best solutions in regard to noise voltage shown in light green.

PCB Area Larger than the Effective Decoupling Area

Number of

Effective

6.6 in?

PCB Area Similar to the Effe

6.6 in?

4.3

3 mils

ctive Decoupling Area

*4.26 nF

soaraAven | FowerPiano | Docouping | Decte | Dleectro | Effectue lan | Noto Voltage
16 in? 1 6.6 in? 4.3 3 mils 213 nF 91.4 mV
64 in? 1 6.6 in? 4.3 3 mils 213 nF 871mV
16 in? 1 1.41in? 20 3 mils 213 nF 72.3 mV
64 in? 1 6.6 in? 4.3 1 mil 6.39 nF 321 mV
16 in? 1 6.6 in? 4.3 1 mil 6.39 nF 32.8 mV

391 mV

6.6 in?

6.6 in?

4.3

1 mil

*12.77 nF

15.4 mV

PCB Area Smaller than the Effective Decoupling Area

2in? 1 6.6 in? 4.3 3 mils 645 pF 129.4 mV
2in? 1 2in? 14 3 mils 210 nF 93.2 mV
2in2 1 2in2 14 1 mil 6.30 nF 335 mV
2in2 2 2in2 14 3 mils *4.20 nF 39.3 mV
2in2 2 2in? 14 1 mil *12.6 nF 15.5 mV

(*E ective plane capacitance is calculated as twice the value of one power plane cavity since two cavities were formed to see their e ects.

In reality, it will be slightly less e ective since there exists additional via inductance to stitch cavities together.)

mV at the current sink and 8.5 mV at the PCB edges.

Table 1 shows the results for all experiments, with
the highlighted rows showing the best cases for
each category of experiments. The top-most high-
lighted row (board area = 16 in?) is chosen despite
the noise voltage being slightly higher than the
case above it (board area = 64 in2). This is done
because the additional board area does not dras-
tically improve the noise voltage (32.1 mV), so the
case of 16 in2 is simply a more practical case from a
space and cost perspective.

Important Points to Remember

¢ The dynamic characteristics of the current sink
or load determine the e ective area in which
the capacitance of the PCB can be utilized.

e When the PCB is much larger than the calcu-
lated e ective area, high dielectric materials
have minimal impact on noise voltage sup-
pression. Better performance is achieved by
increasing capacitance, either by minimizing
power plane spacing or by increasing the num-
ber of plane pairs attached to the current sink.

e When the PCB is larger than the calculated
e ective area, further increases in plane area
outside of the e ective decoupling radius and
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area also have minimal impact on performance.
e When the PCB is smaller than the calculated
e ective area, increasing the capacitance by
using higher dielectric constant materials can
improve noise voltage performance. However,
decreasing the spacing or adding additional
plane pairs achieves similar, if not better, results.
e The PCB is only one part of a PDN. The VRM,
discrete decoupling capacitors, chip pack-
age, and on-die capacitance are critical in

achieving the desired performance.

For more on this topic, please read my white paper,
E ective Decoupling Radius®. DESIGN0O07
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ELEMENTARY, MR. WATSON

The Four Horsemen
of Copper Confusion

by John Watson, CID

If there were a PCB Design Dic-
tionary of Confusing Terms, the
cover would feature four words
that have ba ed generations
of engineers: polygons, pours,
planes, and floods—or what | refer
to as the four horsemen of cop-
per confusion. They sound sim-
ple, as if they belong in a geome-
try textbook or a weather report,
but in PCB design, they overlap,
develop, and sound interchange-
able until you realize they aren't.

Ask 10 designers to explain
the di erence and you'll get 10
answers, three sighs, and at least
one person saying, “It depends
on the software” These four
terms have been misused, rede-

16 DESIGNOO7 MAGAZINE

fined, and occasionally blamed
for design errors that weren't their
fault. Poor copper can’'t catch a
break. Welcome to a very confus-
ing concept in PCB design. These
four terms, in fact, describe how
copper is distributed on printed
circuit boards. It's one of those
topics where history, technology,
and habit have become entan-
gled like a poorly routed trace.
To understand why they’re con-
fusing, we need to rewind to the
early days of manual PCB design,
when designers sat at light tables
and hand-drew on transparent
Mylar sheets, adding black adhe-
sive tape to represent copper
traces. Each roll of tape was a

NOVEMBER 2025

specific line width. You built your
circuit one strip at a time, like cop-
per origami, and went home with
bits of black tape all over you and
nicks in your fingers. If you have
never hand-taped a PCB, | rec-
ommend trying it, not just for the
experience, but also to appreci-
ate today’s modern tools.

When manual PCB designers
wanted a large copper area for
ground or power, they didn’t draw
it; they stuck down a solid sheet
of black film. If they wanted a clear-
ance, they carefully sliced away
the film with a razor blade. Those
larger areas of copper appeared to
have been poured or flooded onto
the sheet. The language stuck.






ELEMENTARY, MR. WATSON

When early computer ECAD tools arrived in the
1980s, engineers carried those classic terms into
the digital world. “Let’s flood the ground” meant
“fill that area with copper.” That’'s how our linguistic
confusion began.

Those first PCB CAD programs—Protel, PADS,
OrCAD, and others—were miracles compared to
Mylar and tape, but we still had
to find a way to automate that
same “fill with copper” process.
So, software engineers borrowed
a concept from computer graph-
ics called “flood fill,” which is the
same algorithm behind the “paint
bucket” tool in art programs. Click
inside a shape, and the computer
automatically fills it with color (or
in this case, copper). Thus, the
term “flood” became part of the
PCB vocabulary. Designers would select an area
and run the “flood” command to fill it, but when they
moved a trace or pad, they would have to re-flood
the whole thing. Many late nights were spent watch-
ing copper slowly refill the screen like an incoming
tide. It was tedious but magical when your board
slowly came alive in glowing copper zones, and if
you had your colors set up correctly, it made it look
like Walt Disney had thrown up on your screen.

However, nothing stands still in PCB design,
which was the case with ECAD tools. They replaced
that static “flood” with something more innova-
tive—the polygon pour, which allowed the drawing
of boundaries (as a polygon) and assignment of a
specific net. Then, the software automatically filled
it with copper, adhering to clearance and thermal
rules. If you had to move a component or reroute a
trace, the pour could automatically adjust to accom-
modate the changes. Suddenly, copper was intel-
ligent. This was the di erence between filling a
bucket manually and installing an automatic sprin-
kler system. It was the same water but with more
intelligent control.

However, the old terminology remained. Design-
ers still said “flood” when they meant “pour.” Some
even used both: “Re-flood that polygon pour.” Yes,
it was confusing; however, it was accepted, and
everyone knew what it meant.
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While polygons ruled the outer layers, another
idea was taking shape inside the board: planes—
solid sheets of copper dedicated to a single pur-
pose—either grounding or power. Instead of draw-
ing copper, you define a plane in the layer stack.

Planes act like copper highways. They have low
resistance, low noise, and excel at dissipating heat.
They make circuits more sta-
ble, signals cleaner, and layouts
easier to live with. Why this isn’t
clear depends on who you are
speaking to: The veteran PCB
designer who used old tools still
says “flood” even though they're
using “dynamic pours.” Begin-
ners see large copper areas
and assume they’re planes. The
ECAD documentation doesn’t
help—casually calling a polygon
a “ground plane.” And the ECAD tools blur the line
by having a polygon pour on internal layers or split
planes on signal layers.

| have a method for resolving this issue, espe-
cially for new PCB designers when they encoun-
ter di erent terms being used. The planes are the
ocean—broad, deep, and stable. Polygon pours are
ponds you dig yourself—flexible and local. Flooding
is just filling them with water.

The confusion surrounding these terms is nostal-
gic. It reminds us how far PCB design has come: from
X-ACTO knives and tape to dynamic polygons. Some
may still say “flood the board” because it connects
us to those designers who once literally cut copper
with razor blades. It's a small way of keeping the
craft’s history alive. So, the next time you click “repour
all” and watch the copper shimmer into place, take
a moment to appreciate it. That single click repre-
sents decades of evolution, countless innovations,
and a thousand cups of co ee. DESIGN0O7

John Watson is a professor at

Palomar College, San Marcos,
California. To read past
columns, click here.
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BEYOND DESIGN

Micro-ohm Power Delivery
Network for Al-driven GPUs

by Barry Olney, In-Circuit Design PTY LTD / Australia

o+

g

A NVIDIA hopper HI00 GPU on SXM5 module. (Source: NVIDIA)

The evolution of modern processors, marked by
faster edge transitions, reduced output impedance,
and increasingly complex bus architectures, has
significantly augmented the demands on PCB infra-
structure. These challenges are compounded by
Al-driven graphics processing units (GPUs), which
require exceptionally high-power delivery at ultra-
low operating voltages, placing greater stress on
power integrity and layout design.

NVIDIA's HI00/H200 GPUs, for instance, con-
sume 700-1000 watts per GPU, with entire training
clusters demanding multiple megawatts. To achieve
this level of performance, the AC impedance of
the system must be maintained in the micro-ohm
range. Incorporating robust power-and-ground
plane architecture allows designers to ensure sta-
ble power delivery, preserve controlled impedance,
and enhance electromagnetic interference (EMI)
suppression, all while supporting advanced ther-
mal management strategies. These capabilities are
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critical to achieving the reliability, performance, and

scalability demanded by innovative Al systems.
The power and ground planes in a high-speed,

multilayer PCB perform seven crucial functions:

1. Allow the routing of controlled impedance
transmission lines in both microstrip and
stripline configurations.

2. Provide a reference voltage for the exchange

of digital signals.

Distribute stable power to all logic devices.

Suppress crosstalk between switching signals.

Provide planar capacitance to decouple high

frequencies.

6. Present a shield for electromagnetic radiation
on internal layers.

7. Facilitate thermal dissipation of high-power-
consuming devices.

ok w

For all these reasons, planes are essential in
today’s high-speed multilayer PCBs. Unfortunately,
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the number of power supplies required is increas-
ing dramatically with IC complexity, and account-
ing for them all has become a real challenge. The
high number of supplies leads to higher-layer-count
substrates. While in the past, we had more signal
routing layers than planes, the opposite is now the
case, as the majority of stackup layers are reserved
for power distribution. Although this increases cost,
it may be a godsend because it segregates criti-
cal signals to avoid crosstalk and reduces radiation
because of the close coupling of signal traces to
the reference planes.

Power planes may be segmented into distinct
voltage domains to support various supply rails (as
illustrated in Figure 2). However, because digital cir-
cuits typically share a common ground reference,
there is generally no justification for splitting the
ground plane. Instead, routing boundaries or keep-
out zones should be used to isolate signal paths
and prevent cross-domain interference. Splitting
the ground plane introduces impedance disconti-
nuities, increases crosstalk, and exacerbates EMI
and should therefore be avoided. E ective mixed-

}
|
!
:
‘

A Figure 2: Supplies poured under an IC on multiple layers separated by ground planes.
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signal design relies on disciplined routing practices.
Ground planes should remain continuous but may
be logically partitioned, with carefully placed pass-
through gaps in the signal layer keep-out regions
to allow control signals to enter and exit sensitive
zones without compromising signal integrity.

Designing Al-driven GPU systems is an entirely
di erent challenge. Each HI00 GPU can consume
between 700 and 1,000 watts, necessitating multi-
plane stackups with heavy, wide power planes and
densely packed via arrays. Operating at a core volt-
age of 0.85V, the power distribution network must
maintain micro-ohm-level impedance to ensure sta-
ble performance. The PCB layout must accommo-
date VDD (0.85V), VHBM (1.2V), VDDQ (11V), VDDIO
(1.8V), and auxiliary power rails (1.8V and 3.3V), each
paired with closely coupled ground references for
optimal power integrity. These lower core voltages
contribute to reduced power consumption and ther-
mal output. However, even minor voltage drops can
cause instability.

Signal integrity constraints are equally demand-
ing. Routing for PCle Gen5 and NVLink (GPU-to-
GPU interconnect technol-
ogy) requires controlled
impedance—typically 85Q
di erential—along with
precise delay matching and
isolation from noisy power
domains. These high-
speed di erential pairs
must be tuned carefully
using stripline or microstrip
geometries adjacent to
tightly coupled reference
planes. To minimize stubs
and reflections, designers
should employ back-drilled
vias, via-in-pad structures,
and blind or buried vias
throughout the layout.

The multiplane  HDI
stackup—16 to 20 layers—
typically incorporates fifth-
order HDI structures (five
sequential layers of micro-
via technology), embedded
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capacitance, and multiple tightly coupled ground-
power pairs. Dielectric materials in signal layers
are chosen for their low loss tangent (Df) and low
dielectric constant (Dk) to support high-speed sig-
nal integrity. For power delivery, materials with low
Df and high Dk are paired with tightly spaced power
and ground planes to maximize planar capacitance
and improve decoupling performance.

Also, thermal management demands the integra-
tion of heat spreaders directly within the PCB lay-
out. Copper pours and multiple thermal vias must
be precisely aligned with the GPU die and voltage
regulator module (VRM) regions to facilitate e -
cient heat dissipation. The layout must also accom-
modate liquid cooling interfaces, including provi-
sions for cold plate mounting, mechanical keep-out
zones, and accurate thermal pad placement.

However, the real challenge lies in achieving micro-
ohm AC impedance (<1 mQ) across the power deliv-
ery network, especially when conventional high-
speed designs typically only reach several milli-
ohms at best. This level of performance requires a
combination of advanced techniques, including:

1. Large, solid, uninterrupted copper planes
avoid splits, cutouts, or segmentation, and
ensure full-layer copper coverage for the core
VDD and GND. This maximizes conductivity
and minimizes inductance and resistance.

2. Increase copper thickness uses 2—4 ounces of
copper for power layers. Thicker copper reduces
both DC and AC resistance, and is essential for
high-energy paths in Al GPU boards.

3. With tight power-ground layer pairing, place
power and ground planes adjacent in the
stackup, use multiple planes in parallel to
reduce impedance, and a high Dk dielectric
with thin spacing (e.g., 3 mils) to increase pla-
nar capacitance. This lowers impedance at
high frequencies and improves decoupling.

4. Optimize via arrays, which uses dense stitch-
ing vias between power and ground planes,
employs via-in-pad, back-drilled, and filled
vias to reduce inductive e ects, and helps
maintain low impedance across layers and
improves thermal flow.
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5. To minimize loop area, route high-speed
signals with tight return paths over ground
planes, which reduces loop inductance and
EMI, and is critical for maintaining signal
integrity in high-speed designs.

6. For multi-phase VRMs, divide voltage regu-
lation across multiple channels. This archi-
tecture improves e ciency, thermal perfor-
mance, and power stability.

7. For embedded capacitance materials, such as
ZBC2000, 3M ECM or FaradFlex, o er built-in
decoupling above 1 GHz. This enhances high-
frequency noise suppression without discrete
capacitors and supports micro-ohm impedance
targets in dense multilayer PCBs.

The NVIDIA H100 GPU has substantial high-den-
sity on-die capacitance with low impedance path-
ways, but it is not su cient on its own to meet the
ultra-low impedance demands of the power delivery
network, especially under high-frequency switching
conditions. Achieving micro-ohnm AC impedance,
well below the milli-ohm threshold, requires metic-
ulous optimization across the entire power delivery
network, including copper geometry, layer stackup,
via architecture, low ESL decaps and embedded
planar capacitance.

The key to achieving ultra-low impedance lies in
implementing multiple parallel power-ground planes
and maximizing planar capacitance through tightly
spaced power-ground pairs. An additional plane pair
in parallel reduces the overall impedance by half and
doubles the capacitance available for high-frequency
decoupling. Above 1 GHz, this approach becomes
critical, as discrete decoupling capacitors introduce
lead and loop inductance, limiting their e ectiveness
in reducing impedance. Such high-frequency per-
formance is vital for Al-driven GPUs, which require
exceptionally low impedance to maintain stability
and e ciency under demanding workloads.

Key Points
¢ The AC impedance of the Al-driven GPU systems
must be maintained in the micro-ohm range.
e They necessitate multiplane stackups with
heavy, wide power planes and densely
packed via arrays.
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e The high number of supplies leads to higher-
layer-count substrates.

e Because digital circuits typically share a com-
mon ground reference, there is no justification
for splitting the ground plane.

e Splitting the ground plane introduces imped-
ance discontinuities, increases crosstalk, and
exacerbates EMI.

e To minimize stubs and reflections, designers
should employ back-drilled vias, via-in-pad
structures, and blind or buried vias.

e The multiplane HDI stackup typically incorpo-
rates 5th-order HDI structures, embedded
capacitance, and multiple tightly coupled
ground-power pairs.

e Copper pours and multiple thermal vias must
be precisely aligned with the GPU die and
voltage regulator module (VRM) regions to
facilitate e cient heat dissipation.

e The real challenge lies in achieving micro-ohm
AC impedance across the power delivery
network. DESIGNO07

Resources

e Beyond Design by Barry Olney: “PDN Trends
and Challenges, Plane Crazy Part 2,” “The
Fundamental Rules of High-Speed PCB
Design Part 3

e Tuning and Deploying a Language Model on
NVIDIA H100

e NVIDIA H100 Tensor Core GPU Architecture

e Designing hardware for hosting Al-tailored
GPUs

Barry Olney is managing
director of In-Circuit Design
Pty Ltd (iCD), Australia, a

PCB design service bureau

that specializes in board-

level simulation. The com-
pany developed the iCD
Design Integrity software,
incorporating the iCD Stackup, PDN, and CPW
Planner. You can download the software at
www.icd.com.au. To read past columns, click here.
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BOOK EXCERPT

The Printed Circuit Designer’s Guide to... Designing for Reality

by Matt Stevenson, ASC Sunstone Circuits

Chapter 8: Advice for Designers
Designing for reality doesn’t have to be daunting or a
hassle. It takes time to gain a detailed working knowl-
edge of each production component. If you make a
point of working with patient, reliable, and trustwor-
thy manufacturing partners, you can have great suc-
cess asyou learn.

While you work to grow more familiar
with the various elements of produc-
tion like metallization and imaging, keep
these ideas in mind, especially as your
designs become more complex.

Component Placement Is an Art
and a Science

To the uninitiated, PCB design may
seem like a rigid, by-the-book process.
It's not. We urge you to always be study-
ing the craft of PCB design rather than

DESIGNER'S GUIDE

Designing for Reality

just memorizing and replicating basic skills. We rec-
ognize that PCB design is a world filled with limits, tol-
erances, and parameters, but don't let that stop you
from being ative.

Placement of components is where art and science
converge. Though there is no single right way to per-
form this task, the orientation, place-
ment, and organization of your compo-
nents will influence the manufacturabil-
ity of design.

To consistently create highly function-
al and manufacturable designs, you'll
need to become a true craftsperson. It's
an ongoing process, one that requires
a lot of practice, understanding of how
your CAD tool functions, and manufac-
turing partners that will collaborate with
you and help you improve your designs.

d Continue reading...
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UK Space Agency Goes Global with 23
New Projects »

This is the second round of projects from the suc-
cessful International Bilateral Fund (IBF), represent-
ing a £6.5 million boost for UK companies and uni-
versities collaborating internationally on space inno-
vation with partners in Australia, Canada, France,
Germany, India, Japan, Lithuania, and the USA.

RTX Unveils New APG-82(V)X Radar
Enhanced With Gallium Nitride »

The new radar variant incorporates cutting-edge
gallium nitride (GaN) technology to enhance the
radar’s e ectiveness, delivering increased range,
advanced air-to-air, air-to-ground and electronic
warfare capabilities.

Saab to Lead NATO’s New Underwater
Battlespace Project »

The Saab-led MANGROVE consortium has been
selected by NATO to lead the Allied Underwater
Battlespace Mission Network project (AUWB-MN).
The project formally commenced September 1,
2025 and will deliver interoperability for Maritime
Uncrewed Systems and conventional platforms
across allied nations.

Space Forge Inc. and United
Semiconductors LLC Partner to

Develop the Supply Chain for Space-
grown Semiconductor Materials »

Space Forge Inc has announced the signing of a
strategic Memorandum of Understanding (MoU)
with United Semiconductors LLC. The agreement
formalizes the ongoing collaborative e orts that
started over a year ago, marking a significant step
forward in strengthening the partnership between
the two companies.

INVISIO Earns US Coast Guard 10-year
Contract for Wireless Boat Crew
Communications System »

Under the agreement, INVISIO will provide wire-
less interface and integration systems consisting of
the INVISIO Intercom system in combination with
the new INVISIO Link™ wireless solution, as well as
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headsets, controllers, intelligent cables, training,
and installation materials for all the Coast Guard’s
small boats.

Redwire Awarded Contract to Provide
Roll-out Solar Arrays for Axiom Space’s
First Space Station Module »

Redwire Corporation has been awarded a contract
from Axiom Space to develop and deliver roll-out
solar array (ROSA) wings for Axiom Station’s Payload
Power Thermal Module (AXPPTM)—the first module
for the company’s commercial space station.

RTX’s Advanced Electronic Warfare
Prototype for F/A-18E/F Super Hornet
Passes Critical Review »

Raytheon, an RTX business, has successfully com-
pleted a major review of its new Advanced Electronic
Warfare (ADVEW) prototype for the U.S. Navy’s
F/A-18E/F Super Hornet. This new system is set to
replace current electronic warfare systems on the
aircraft to enhance its defensive capabilities and
survivability.

Honeywell Successfully Demonstrates
Counter Swarm Drone Technology to
Military Operators »

Honeywell successfully showcased its Station-
ary and Mobile UAS Reveal and Intercept sys-
tem and its ability to counter swarm drones in two
recent demonstrations to local military operators
in the United States. The system can be operated
directly from a ground vehicle.

Highlights From the IMAPS Onshoring
Advanced Packaging Workshop in
Washington, D.C. »

IMAPS and the Global Electronics Association co-
hosted the Onshoring Advanced Packaging and
Assembly Workshop in Washington, D.C., in early
September. Government leaders, including those
from the Department of Defense, attended and
were directly involved in organizing the content of
the sessions. Jim Will, director of the U.S. Partner-
ship for Assured Electronics, speaks about his role
in the event.
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May | Take Your Order, Please?

by Kelly Dack, CIT, CID+

Anyone who has ordered a car knows you don't
just stroll onto the lot, casually mention you want
“a red one,” and drive away happy. There’s a pro-
cess: You sit down with the dealer, pick your make
and model, choose your options—engine size, inte-
rior trim, transmission type, sunroof—and agree on
a price. Then the paperwork starts flying.

Now imagine showing up to that dealership and
telling them, “Just give me something green.” You'd
get a polite chuckle, maybe a polite sigh, and then a
conversation that starts with, “Let’s narrow it down.”

That's the same conversation a PCB designer has
when someone walks in and says, “I need a board
layout.” Okay, great. But what kind of board, size,
or parts? What'’s it supposed to do? | can't tell you
how many times PCB designers are asked to “just
get started” as if their time is somehow a ordably
cheap or of lesser value.

Just like a car, a circuit board layout requires a few
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essentials before we can put anything into drive.
Without clear design constraints, everyone is fly-
ing blind, and that’s when costly surprises start pil-
ing up, which often result in do-overs, and time-con-
suming ones at that. Sometimes, these are career-
shortening do-overs.

So, what do we need to get started? It really boils
down to three simple, non-negotiable items.

Parts List

You wouldn’t spec a V8 engine just by saying “fast
motor.” The same goes for components. We need
manufacturer part numbers, not nicknames or
“that little eight-pin job we always use.” We need
real part numbers because part numbers unlock a
treasure trove of design data: datasheets, models,
schematic symbols, footprints, and pin orientation,
which are often verified and ready to drop into the
design. These aren't just helpful. They're essential.
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Not sure if the part exists? A 30-second search
using a supply chain tool like Octopart or Ultra
Librarian, or even Google, will usually get you what
you need. Service providers like Cofactr will show
you availability. Let’s face it: Without part numbers,
we’re left playing the guessing game, and no one
wins that race.

Connectivity is the heart of the
design. A schematic is more than
just lines and symbols; it’s a story.

Connectivity
Connectivity is the heart of the design. A schematic
is more than just lines and symbols; it's a story. It
tells us how each part is supposed to talk to every
other part. Sure, you can sketch something on the
back of a napkin, and yes, we've seen it before. But a
CAD-generated schematic tells us a whole lot more.
A good schematic shows electrical intent, pin
assignments, reference designators, part values,
and often even hints at placement strategy. It's your
best communication tool. Give us a solid schematic,
and we'’re o to the races. Hand us a drawing with
“connect this to that” scribbled in ballpoint? Well,
we're 0 to the bar instead.

Board Outline

The board outline is the parking space where all
your circuitry will live. Without it, we don’t know
where to place components, where to keep out, or
how your board fits into the larger system. Whether
you're designing a smartwatch, an avionics module,
or a toothbrush with Wi-Fi, everything starts with the
mechanical boundary.

A proper outline tells us where to keep in, where
to keep out, and where connectors and mounting
holes go. Think of it as your design’s property line.
Without it, we can’t start building.

Target Condition: Set the Table Before
Serving the Meal
There are thousands of options in PCB design, just
like there are thousands of trim packages for that
Tesla. But no one starts building a car without know-
ing the basics. We need to know what we’re build-
ing before we can even think about how to design it.
Before clicking “send” on that email that asks
your layout team to “just get started,” ask yourself:

e Do | have a complete parts list with part
numbers?

e Do | have a schematic that accurately reflects
what | want built?

e Do | have a mechanical outline that defines
the board’s form factor?

If you've got all three, we'’re in great shape. If
you’re missing one—or all—we’re probably still
at the dealer, arguing about what “green” really
means.

Thank you for your order. We’ll be right with
you. DESIGN007

Kelly Dack, CIT, CID+, provides

™, DFx centered PCB design and man-
Pacific Northwest while also serv-
ing as an IPC design certification

ufacturing liaison expertise for
0 instructor (CID) for EPTAC. To read

a dynamic EMS provider in the
past columns, click here.

Get smarter here.
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CONNECT THE DOTS

The Future of Designing for
Reality: Electroless Copper

by Matt Stevenson, ASC Sunstone Circuits

On a recent episode of [-Connect0O07’'s On the
Line with... podcast, we discussed electroless cop-
per deposition—depositing a thin copper layer into
the through-holes and vias of what will eventually
become a printed circuit board. Specifically, it is a
chemically catalyzed deposition of copper, mainly
to the epoxy inside the holes (as well as on the entire
surface of the board). Electroless di ers from electro-
lytic in that electrolytic deposition relies on electricity.

Without proper electroless copper deposition,
boards can wind up with voided copper holes, usu-
ally identified later in the manufacturing process.
This preparatory step is critical, and it is important
for the manufacturer to get it right. When done cor-
rectly, it creates a very fine layer of copper that
makes the connection from the top to the bottom of
the through-hole. Since this thin layer of copper is
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conductive, it allows a later electrolytic process to
deposit a thicker, more substantial layer of copper.

When designing for manufacturing (DFM) ultra-
high-density interconnect (UHDI) PCBs, the choices
you make regarding electroless copper plating help
ensure mechanical reliability. They also reduce the
risk of issues with electrical and signal integrity.
Designers should consider manufacturability, mate-
rial properties, and their manufacturing partner’s
process controls to maximize yield and ensure the
board performs to specs.

Thermal Stress and Board Defects

The higher density and smaller features of UHDI
boards can amplify the e ects of thermal stress.
Designers should know how thermal stress can
cause interconnect defects, copper cracking, and
poor adhesion.
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CONNECT THE DOTS

Interconnect Defects

Thermal stress during assembly or operation can
cause separations at the interfaces of plated vias,
because PCB materials generally expand more than
copper when heated. The thin electroless copper
layer inside microvias can be vulnerable to stress
from the expansion and contraction of the PCB sub-
strate during thermal cycling. Electroless and inner-
layer copper can pull apart, especially during ther-
mal events like soldering.

With UHDI designs, you must be more careful
when choosing the low-profile laminate materials
used in this type of board. A thermal expansion mis-
match between the electroless copper and the lam-
inate can increase the risk of interconnect defects,
which can create signal distortion, transmission
delays, and short circuits.

Copper Cracking

A thermal expansion mismatch between adjacent
materials or insu cient plating thickness can cause
copper cracking. This can lead to:

e Solder joint fatigue, via failures, and disrupted
traces

e Board warpage leading to mechanical issues
and component failures

e Imperfect plating in microvias causing imped-
ance problems such as signal reflections, incre-
ased insertion loss, and higher bit error rates

e |nsu cient or uneven plating resulting in volt-
age drops, power loss, and localized heating

Designers Can Reduce Risk With
Electroless Copper

As a designer, you can mitigate these risks. Collab-
orate closely with your manufacturing partner to
ensure every measure has been taken to ensure a
quality result before the order is placed and pro-
duction begins. As you work on your design, use
DFM and design for reliability (DFR) tools to ensure
a smooth manufacturing process and that the board
performs as needed for the expected lifetime of the
electronic device it powers. Perform design rule
checks (DRC) to catch potential short circuits and
ensure proper trace thickness. Many simulation
tools can perform thermal stress analysis to iden-
tify potential thermal hotspots in your board design.

36 DESIGNOO7 MAGAZINE |

Take these proactive design steps to reduce the
risk of electroless copper plating issues:

e To prevent copper-related interconnect
defects, use copper balancing to ensure
an even distribution of copper and prevent
problems like warpage.

e Ensure copper is evenly distributed by
adding unattached copper to blank sections
of the board. Known as copper thieving, this
will also reduce the chances of warpage and
minimize electromagnetic interference.

e To prevent copper cracking, select materials
with a similar CTE (coe cient of thermal
expansion), which describes how much a
material expands with temperature change.

e When designing microvias, maintain a low
aspect ratio. This will prevent voids and thin
copper deposits that can lead to fractures
during thermal cycling and reduce the
board’s reliability.

e Work with your manufacturer to specify the
drilling processes that will minimize surface
imperfections.

¢ |n addition to choosing materials with similar
expansion rates, specify laminate materials to
improve microvia reliability.

e Avoid design features that increase plating
complexity and create more challenges for
the manufacturer during the electroless
copper process.

The electroless copper process is a critical
aspect of board production. Know the techniques
for designing e ectively for the process, and you
can build sophisticated, resilient boards designed for
manufacturability. DESIGNOO7

Matt Stevenson is vice president
and general manager of ASC
Sunstone Circuits. To read
past columns, click here.
Download Matt’s book, The
Printed Circuit Designer’s
Guide to... Designing for Reality
and listen to the podcast here.
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UHDI FUNDAMENTALS

he rapid proliferation of 5G/6G communica-

tions, Internet of Things (IoT), high-performance
computing (HPC), Al, and medical electronics has
driven the need for increasingly compact, high-per-
formance circuit packaging. UHDI, defined by fea-
ture sizes well below traditional HDI, addresses
these demands by enabling ultra-fine lines, dense
via interconnects, and embedded passive func-
tionality. Understanding the materials and layering
strategies in UHDI is essential for advancing both
manufacturing and application design.

Substrates and Dielectrics

UHDI technology represents the next evolutionary
step beyond traditional HDI PCBs. Characterized
by sub-15 pym line/space resolution, stacked and
staggered microvias, and ultra-thin dielectric lay-
ers, UHDI enables miniaturization, high-frequency
performance, and integration of advanced function-
alities. This article provides a high-level overview
of the materials and layer structures that under-
pin UHDI, and highlights their properties, advan-
tages, challenges, and ever-increasing applications
across every market sector.

Dielectric Substrates
UHDI requires dielectric layers as thin as 10-15 pm,
enabling short microvia depths and multiple build-
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up cycles (sequential lamination). The thinness sup-
ports high interconnect density while maintaining
mechanical reliability.

Low-Dk/Low-Df Materials:

¢ Dielectric constant (Dk): Lower Dk (=2.7-3.2)
reduces propagation delay

e Dissipation factor (Df): Ultra-low Df (<0.002)
minimizes high-frequency losses

Materials such as Ajinomoto build-up film (ABF), lig-
uid crystal polymer (LCP), and other advanced epoxy
resins dominate UHDI designs due to their signal
integrity advantages.

Copper Foils
Copper foils <5 pm thick enable line/space dimen-
sions below 15 pm, essential for UHDI’s fine-pitch
routing. Surface smoothness is a major factor in
ultra-thin foils, and the key takeaway here is that
the smoother the surface, the faster the signal, but
the tradeo is that copper adhesion is reduced as
smoothness increases. Two common types of cop-
per manufacturing techniques are used based on
the design performance and application: electro-
deposited (ED) and rolled annealed (RA) copper.
ED copper is formed by electrolytic deposition
onto a slowly rotating, polished drum from a copper-
sulfate solution. When an electric field is applied,
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W Figure 1: ED vs. RA copper processes.
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copper is deposited on the drum as it rotates at a
very slow pace; the slower the pace, the thicker
the copper. The side against the drum provides the
smoother finish. ED copper has extremely smooth
profiles (Ra <1pum), which improves high-frequency
performance.

RA copper foils are created by successively pass-
ing an ingot of solid copper through a rolling mill,
and then applying high temperature to anneal the
copper. RA copper is preferred for UHDI flex appli-
cations due to superior ductility. Figure 1 shows a
comparison of the two processes.
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Via Structures and Fill Materials

Typical technologies are iterations of two types of
microvias: blind and buried. Blind vias connect an
outer layer to inner layers (with access to only one
external layer), while buried vias connect inner lay-
ers preferably on the same core or multiple cores
(with no access to external layers). The preference
for producing microvias is laser-drill (<50 pm depth),
but mechanically drilling can be used but is more
limiting. UHDI employs both stacked and staggered
microvia strategies to balance density with reliabil-
ity. Figure 2 shows a microvia comparison.
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Via Filling
Filled vias can improve
routing density (Figure 3)
and board assembly, and
aid with electrical and ther-
mal performance. Via fill
should only be used if abso-
lutely required. The bene-
fits of via-in-pad technology
include increased capture
pad, solder mask clarity/
registration, and elimina-
tion of “pad cratering.”
There are two types of
via fill in common use—
conductive and non-conductive—and care must be
taken to assure the correct fit to the application as
both have pros and cons.

Blind Via |

e Conductive fill: Copper filling ensures electrical
continuity and mechanical strength in stacked
vias. Microvias may be plated shut, filled sepa-
rately, or filled at the same time as the through-
holes (if applicable), which is dependent on
the type of bath and rectifiers utilized.

¢ Non-conductive fill: Epoxy-based via fills
are later overplated and planarized for thick-
ness and flatness control, and for component
mounting. This is not a preferred process
over copper filling from a reliability stand-
point and the epoxy fill of microvias must be
processed in a special vacuum chamber to
prevent air entrapment.

Conclusion
UHDI advances beyond traditional HDI by integrating
ultra-thin dielectrics, low-loss substrates, fine copper

m—)

Converted to
via-in-pad

A Figure 3: Microvia improved routing density.
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Buried Via

Stacked Vias

Through

A Figure 2: Microvia comparison.

foils, stacked microvia structures, and embedded
component technologies. These innovations deliver
exceptional interconnect density, superior high-fre-
guency performance, and highly compact form fac-
tors. As the push for smaller, faster, and more inte-
grated systems continues, progress in UHDI materi-
als and layer architectures will play a pivotal role in
shaping the future of electronic packaging. DESIGN007

Anaya Vardya is president

and CEO of American
Standard Circuits. He is
co-author of The Printed
Circuit Designer’s Guide
to...Fundamentals of RF/

Microwave PCBs and Flex

and Rigid-Flex Fundamentals.
He is the author of Thermal Management: A Fabri-
cator’s Perspective, The Printed Circuit Designer’s
Guide to DFM Essentials, and The Companion Guide
to Flex and Rigid-Flex Fundamentals.
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Check out these highlights from DESIGNOO7.com

UHDI Fundamentals:
UHDI Technology and
Automated Inspection

=% grating ultra high density interconnect
(UHDI) PCB technologies and Quality
5.0, here we will do a deeper dive into
the automated inspection component. UHDI applications
demand extreme precision, with line/space dimensions
below 25 um and microvias below 30 um.

Following up on the last article on inte-

WestDev Announces
Advanced Thermal
Analysis Integration
for Pulsonix PCB
Design Suite

Pulsonix, the industry-leading PCB design software from West-

Dev Ltd., announced a major enhancement to its design
ecosystem: a direct interface between Pulsonix and ADAM

Research’s TRM (Thermal Risk Management) analysis software.

Beyond Thermal Conductivity:
Exploring Polymer-based TIM
Strategies for High-power-density
Electronics

Thermal interface materials (TIMs), particularly TIM2 materi-
als, play a vital role in facilitating e cient heat transfer from
the package lid (integrated heat spreader) to a heatsink,
cold plate, or other cooling components. This article exam-
ines the underlying principles of TIM2 design and perfor-
mance, including heat

III[[[H I‘ | I ”llll transfermechar?isms,
material chemistry, dis-
pensing techniques,
bondline control, and
long-term thermal per-
formance.

TIM 2 e S
Lid, Heat Spreader
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Zuken Announces ZIW
Americas 2026 in Dallas

Zuken USA, Inc., a global leader in elec-
trical and electronic design automation,
announced Zuken Innovation World (ZIW)
Americas 2026, the company’s premier
global conference dedicated to advanc-
ing the future of electrical and electronic
product design. ZIW 2026 will be held
June 9-11in Dallas, Texas.

Quilter Secures $25M
Series B to Eliminate
Manual PCB Design With
Physics-Driven Al

Quilter, the first and only company to
publicly demonstrate fully autonomous
PCB layout through physics-driven Al,
announced $25 million in Series B fund-
ing led by Index Ventures. The invest-
ment comes as Fortune 500 aerospace,
defense, and consumer electronics com-
panies representing a $500 billion market
capitalization rapidly adopt Quilter’s tech-
nology to transform how their engineering
teams design, test, and validate hardware.
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Elementary, Mr. Watson:
Heat—The Hidden Villain
of Power Electronics

If electricity were a group of college
students, then power electronics and
the PCB designers who dive into it
would insist on driving the car on every
road trip because they know the car
inside and out—they’re the students
with jumper cables in the trunk, a tire
pressure gauge in the glove box, and
snacks stashed under the seat.

Designers Notebook:
Power and Ground
Distribution Basics

The principal objectives to be established
during the planning stage are to define
the interrelationship between all compo-
nent elements, confirm that there issu -
cient surface area for placement, ensure
the space needed for e cient circuit
interconnect, and accommodate ade-
quate power and ground distribution.

Fresh PCB Concepts: Resilience
and Renewal in Domestic PCB
Manufacturing

As veterans of PCB manufacturing, we have spent much
of our careers walking factory floors, examining copper cir-
cuits under microscopes, and troubleshooting plating lines
when they go awry at 2 a.m. We can say with confidence
that PCBs are the unsung heroes of modern life. They’re in
e

everything, from tooth-
brushes and thermo-

. stats to satellites and
. defense systems.

ASC Sunstone Circuits Adds
New Options to OneQuote While
Maintaining Real-Time Pricing on
Core PCB Features

ASC Sunstone Circuits, a leading U.S. PCB manufacturer,
announced a significant expansion of its OneQuote online
quoting tool, giving design engineers more control over
complex PCB configurations—making it easier for the quote
team to quickly clarify and verify specifications, reducing
delays from manual quote reviews.

GET A QUOTE

The Latest Issue: Advanced Electronics Packaging Digest to
Explore Critical Minerals, Substrates, and Reliability Standards
Driving Next-Gen Electronics

[-Connect007 is pleased to announce the latest issue

of Advanced Electronics Packaging Digest (AEPD) on
October 13, 2025, featuring expert insights on the technol-
ogies shaping the future of advanced packaging.

ADVANCED ELECTRONICS

PACKAGING

For the latest news and information, visit I-Connect007.com
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CAREER OPPORTUNITIES

AL

Join a Global Leader in Electronics Manufacturing

Technical Sales Manager—PCB Division

Location: Hybrid (Tustin, CA)

PalPilot International Corp. is a global leader in elec-
tronics manufacturing, delivering advanced engineer-
ing and production solutions for over 30 years. Our
divisions include Printed Circuit Boards (PCB), Inter-
connect, Magnetics, and Semiconductor components,
serving world-class OEMs across medical, industrial,
and consumer technology sectors.

We’'re seeking an experienced Technical Sales Man-
ager to grow our PCB Division and strengthen key
customer partnerships. This role will lead new busi-
ness e orts, support customers with technical coor-
dination, and collaborate with global engineering and
operations teams to deliver high-quality manufacturing
solutions.

Key Responsibilities:

« Develop new OEM accounts and manage
existing customers

¢ Provide quotations, technical support, and
project follow-up

« Identify new market opportunities and
shape sales strategy

* Represent PalPilot at meetings and trade events

Qualifications:

¢ 10+ years in PCB, ODM/OEM, Components,
or EMS sales

e Bachelor’s in Electrical or Mechanical
Engineering preferred

¢ Proven success in sales growth and
customer relations

¢ Excellent communication and negotiation skills

To apply, contact Kevin Niu at
kevin.niu@palpilot.com

75 eptac

Instructors—Anywhere in
the US and Canada

EPTAC is hiring experienced electronics manufacturing
professionals to join our team as Instructors. This flex-
ible role (part-time or full-time) is ideal for individuals
with backgrounds in soldering, quality control, PCB
design, or related fields. Current or past IPC certifica-
tion is required.

We’'re seeking hands-on, motivated individuals eager
to grow while sharing their expertise. Responsibilities
include managing logistics for training kits and sup-
plies, supporting new classroom setups across North
America, and driving continuous improvement in
operations. You'll be a key team player—supporting
instructors, tracking performance metrics to ensure
consistent quality, delivering hands-on demonstrations,
maintaining a positive learning environment, and
staying current on industry trends.

Candidates must have:

10+ years in electronics manufacturing

 |PC certification (current or past)

< Bachelor’s degree or equivalent

e Strong communication, teaching, and
organizational skills

e A practical, problem-solving mindset and
commitment to student success

You'll deliver hands-on demonstrations, maintain a
positive learning environment, and stay current on
industry trends.

About EPTAC:

With 24 locations across North America and head-
quartered in Salem, NH, EPTAC is a leading provider
of Electronics Manufacturing Training and Certification.
We o er a strong team culture, modern work envi-
ronment, and benefits including healthcare, PTO,
retirement savings, and professional development.
Join us in shaping the next generation of electronics

professionals!
Apply Now!

NOVEMBER 2025 | DESIGNOO7 MAGAZINE 45



https://www.eptac.com/
mailto:kevin.niu@palpilot.com
mailto:careers%40eptac.com?subject=Jobs%20ad%20seen%20in%20PCB007%20Magazine

CAREER OPPORTUNITIES

atg’

LUTHER &

/MAELZEH@

MYCRONIC

Applications and Service
Engineer (Field)

atg is seeking an Applications Engineer located in the
Chicago area to join their U.S. team to support system
installations, customer demos, and ongoing technical
service. This role provides pre- and post-sales sup-
port, oversees machine setup and calibration, and
troubleshoots on-site and remote issues. You'll work
closely with customers, engineering teams, and product
developers to deliver innovative solutions and influence
future system enhancements.

Key Responsibilities:

» Perform software installs, machine setup, and
calibrations

e Conduct demos, training, and system buyo s

« Develop and optimize customer assembly processes

» Troubleshoot and resolve technical issues

e Document procedures and contribute to manuals

¢ Collaborate cross-functionally to improve products

Qualifications:

¢ Associate’s degree in electrical engineering or
related field

e 2-3years in applications or field service engineering

» Experience in PCB testing or circuit board assem-
bly preferred

e Strong knowledge of electronics, networking, and
documentation

e Excellent communication and customer service skills

 Ability to travel up to 50%, domestic and international

Work is hybrid/home-based with travel. Must have
valid passport.

Contact Klaus Koziol at
Klaus.Koziol@mycronic.com to apply.

TECHNICA, U.S.A.

Various Positions

For 40 years, Technica USA has been
providing products, equipment, and
services to the printed circuit board
fabrication and assembly markets.
Working with our worldwide partners,
we 0 er our customers solutions
through best-in-class product lines.
Technica has o ces in San Jose, Calif,
and Rancho Cucamonga, Calif.

We are expanding and looking for
highly qualified Business Development/
Account Managers for both the PCB and
PCBA markets.

We are adding to our growing
national equipment service coverage
and looking for experienced Equipment
Service Technician/Engineers.

Are you a PCBA equipment
applications expert with experience in
component placement and inspection?
We are looking for Equipment Product
Specialists to work within our San Jose,
Calif., PCBA Equipment Demo center.

Please visit www.technica.com/careers
to learn more about these positions
and submit your resume today!
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O/ ALPHA

CIRCUIT

Various Positions—All levels

Alpha Circuit is a dynamic and
rapidly growing printed circuit board
fabricator with two locations in the
Chicagoland area. And, yes, we are
hiring! Both factories are seeking
talented individuals for:

* Sales

* Manufacturing

» Process Engineering

* Facilities

* Production

* Quality

* Front-end Engineering

Whether you are an industry veteran
looking for a fresh start or just
starting your career and enjoy the
challenges of a fast-paced, high-
tech manufacturing environment,
Alpha has a spot for you.

Contact us at +1.630.394.0320 or
careers@alphacircuit.com to take
the next step toward advancing
your career goals.
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schmoll ' america

Electro-Mechanical Field Service
Engineer — Boston, MA

Schmoll America is seeking a skilled Field Service
Engineer based in the Boston area to support
our North American customer base. You'll install,
maintain, and troubleshoot advanced mechanical
drilling and routing equipment. The role requires
up to 75% travel across North America, with oc-
casional trips to Germany.

Ideal candidates have electro-mechanical
experience or a degree in engineering, excellent
problem-solving skills, and a customer-first mind-
set. You will work independently and as part of a
team to ensure top-tier service.

Responsibilities:

e Install and commission equipment

¢ Perform preventive maintenance

¢ Diagnose and resolve technical issues

¢ Maintain accurate service documentation
Collaborate with customers and internal teams

Requirements:

e 5+ years in machine maintenance or a 4-year
engineering degree

e Strong technical, communication, and
interpersonal skills

 Valid driver’s license and passport

Benefits:

* $36—%$38/hour plus overtime and paid travel time
¢ Bonus potential

e Medical, dental, vision, life insurance

401(k) with matching

e Paid time o and holidays

e Training and growth opportunities

To apply, complete our quick assessment.

Join Schmoll America—where precision meets
performance in field service excellence.

Apply Now!
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ACCURATE —
CIRCUIT
ENGINEERING

Are You Our Next Superstar?!

Quality Assurance Specialist—Bare
Board PCB Manufacturing

Accurate Circuit Engineering seeks an organized, techni-

Insulectro, the largest national
distributor of printed circuit

cally proficient Quality Assurance Specialist dedicated to board materials, is Iooking to
bare board PCB production. You will champion compli-
ance with industry standards, lead internal audits, manage add su perstars to our dynamic
certifications, and drive continuous improvement based .
on product performance data and customer feedback. technical and sales teams. We are
Key Responsibilities: always looking for good talent
¢ Standards Compliance & Certification: Enforce .
IPCA600, IPC6012 (CIS/CIT preferred), and ISO 9001 to enhance our service level

quality standards throughout fabrication

« Internal Process Auditing: Conduct scheduled and to our customers and drive our

ad hoc audits of incoming materials, fabrication purpose to enable our customers

stages, testing protocols (etest, AOI), and documen-

tation traceability to build better boards faster. Our
¢ Employee Training & Development: Create and . . .

deliver training programs for inspectors and produc- nationwide network prowdes

tion sta on IPC standards, quality procedures, and

inspection tools to maintain certification many opportunltles for a rewardlng

« Failure Analysis & Corrective Actions: Investigate career within our com pany.
nonconforming boards—including internal findings ] )
and customer returns/RMAs—analyze root causes, We are looking for talent with
and lead corrective/preventive actions (8D/CAPA) . .

* Procedure Optimization: Analyze quality trends and solid baCkground in the PCB or

RMA data to update processes, inspection checklists,

PE industry and proven sales
and control plans

Qualifications: experience with a drive and

e Associate degree or equivalent experience in attitude that match our company
electronics manufacturing

« 3+years in bare board PCB QA, with IPCA600/ culture. This is a great opportunity
CIS and IPC6012 certification .. . )

e Strong auditing, training, documentation, and to joinan mdustry leader in the
cross-functional collaboration skills PCB and PE world and work with

¢ Proficient in rootcause failure analysis
Join us to ensure rigorous compliance, elevate fabrication a terrific team driven to be vital

quality, and continuously improve manufacturing standards. in the desig n and manufacture of

Contact brandon@ace-pch.com and
James@ace-pch.com to apply.

48 DESIGNOO7 MAGAZINE | NOVEMBER 2025

future circuits.



mailto:brandon%40ace-pcb.com?subject=
mailto:james@ace-pcb.com
https://www.ace-pcb.com/
https://jobs.jobvite.com/insulectro/jobs
mailto:sales%40ace-pcb.com?subject=PCB%20Manufacturing%20Technician%20job%20seen%20in%20Design007%20Magazine
https://jobs.jobvite.com/insulectro/jobs

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 o er ca-
reers that include skills-based compensation. We are al-
ways looking for talented, experienced test engineers,
test technicians, quote technicians, electronics interns,
and fronto ce sta 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 loca-
tions nationwide.

 Proficient working knowledge of Flash/ISP program-
ming, MAC Address and Boundary Scan required.
The candidate would also help support production
testing implementing Engineering Change Orders
and program enhancements, library model genera-
tion, perform testing and failure analysis of assem-
bled boards, and other related tasks. An understand-
ing of stand-alone boundary scan and flying probe
desired.

» Some travel required. Positions are available in the
Hunt Valley, Md., o ce.

Contact us today to learn about the rewarding careers
we are o ering. 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 o ering
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 engineering firm.
We are family owned and operated with solid growth
goals and strategies. We have an established work-
force 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 o er ca-
reers that include skills-based compensation. We are al-
ways looking for talented, experienced test engineers,
test technicians, quote technicians, electronics interns,
and fronto ce sta to further our customer-oriented

mission.

Associate Electronics Technician/
Engineer (ATE-MD)

TTCl is 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 engineering sta , following es-
tablished procedures to accomplish assigned tasks.

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

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

« Advancement opportunities available.

¢ Must be a US citizen or resident.

Apply Now!
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