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2D Field Solver-An Essential Tool
for High-speed PCB Design

Beyond Design

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

A field solver is the engine behind signal and
power integrity analysis. You never see it, but
it performs all the magic of simulation. In its
elementary form, the field solver can employ
Maxwell’s equations to calculate the parasitic
elements of a solution space. This method
is referred to as 2D extraction and is used to
analyze and synthesize a stackup to achieve
a target single-ended or differential imped-
ance. The velocity of propagation can also be
extracted to perform signal integrity analysis.
A field solver can be used as a stand-alone tool
or as part of a simulation environment. In this
month’s column, I will look at 2D field solvers.

An electromagnetic (EM) field is produced
when a logic driver delivers a high-speed, fast
rise-time pulse into a transmission line. The
EM wave propagates along the length of the
trace radiating into the surrounding dielectric
material and coupling energy to nearby trace
segments. These EM fields are not restricted
to the multilayer substrate and if proper care
is not taken may emit radiation causing elec-
tromagnetic interference. If the impedance of
the driver and load do not match the transmis-
sion line, then reflections occur, and radiation
is created. Hence, the need for impedance
control.
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Figure 1: A 2D boundary element method field solver. (Source: iCD Stackup Planner)
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In a uniform cross-section transmission line,
a propagating signal sees the same instanta-
neous impedance all the way down the line.
There is one value of the instantaneous imped-
ance (characteristic impedance) that distin-
guishes the transmission line. It depends only
on the cross-section of the transmission line
and the surrounding material properties. 3D
field solvers are not more accurate than 2D
field solvers in stackup design. When intercon-
nects are uniform transmission lines, a 2D field
solver can be more accurate, faster, and much
easier to use.

When interconnects are
uniform transmission lines,
a 2D field solver can be
more accurate, faster, and
much easier to use.

Electromagnetic behavior is governed by
Maxwell’s equations, and all parasitic extrac-
tion requires solving some form of these equa-
tions. There are numerous types of field solv-
ers but for 2D field solvers, the appropriate
form of Maxwell’s equations is typically solved
by one of two classes of methods.

The first uses a differential form of the gov-
erning equations and requires the meshing of
the entire domain in which the electromag-
netic fields reside. Two of the most common
approaches in this first class are the finite dif-
ference (FD) and finite element (FEM) meth-
ods. The resultant linear matrix that must be
solved is large but sparse.

The second class of methods is integral
equation methods which instead require an
evaluation of only the sources of the electro-
magnetic field. Those sources can be physical
quantities, such as the surface charge density
or mathematical abstractions resulting from
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the application of Green’s theorem. When the
sources exist only on two dimensional surfaces
for three dimensional problems, the method
is often called method of moments (MoM),
or boundary element method (BEM), as illus-
trated in Figure 1. For open boundary condi-
tions, the sources of the field exist in a much
smaller domain than the fields themselves, and
thus the size of the matrix generated by the
integral equations methods is much smaller
than FEM. Since the BEM results in a smaller
solution space, it is considered faster than
other 2D solvers.

The most effective planning tool for optimiz-
ing the stackup of a PCB is a 2D field solver.
This tool can be used to predict the character-
istic impedance and differential impedance for
all topologies, including microstrip, stripline,
and dual stripline. The other advantage of a
2D field solver is its ability to include second-
order effects such as trace thickness, the influ-
ence of solder mask, and mixed prepreg dielec-
trics. These solvers are limited to the numeri-
cal accuracy of solving Maxwell’s equations,
which generally are accurate to better than 1%.
Therefore a 2D field solver should be used as
your design tool of choice.

Accuracy isimportant because of yield. Any
inaccuracy in the predicted impedance will
shift the center position of the distribution of
the PCB fabricators’ target impedance. Cus-
tomers usually request +10% tolerance so,
with an accuracy of 1%, the field solver is the
least of the fabricators’ worries. The absolute
accuracy of the manufactured product can be
evaluated by comparison to measurements
on well-characterized test vehicles as well as
on production boards. There are many steps
to get the fabrication process right, and the
field solver is one of the most reliable links in
the chain. For instance, typical results of bet-
ter than 3% tolerance (including fabrication
variables) are achieved by iCD customers
(Figure 2).

The field solver is very accurate but if one
incorrectly models the structures or incor-



egity | Fred Sobver Technokgy

| Testd of 3 - 50 Ohm Sige 31 30.000000 Otvrs

Fle Edt | Bxpont | Impon  Toock Setup  Help
3 HE  Copytelipbosd dieleBlZEELR
Snchp Paed OV
““!”4 EDA Tranalstors |1“-.11“-.|.'".. lDLn-DCﬂl:I_‘__
unismn |8 Bed Sl =
Test & TicanSenipn - [Sampie Tacan Fie2ds] - 1 = =
Layer \-_' Irnatris TOR [ B“I-- ,;. Aitoes r.'ﬂs--_ Uit Haip
- M3 00
1 8l 4 4 [8lson Tep Hame IV Twgad | Type
| Prepieg 1000hm . 1 w000 Diterental
2 | Prane GND Nohms. I wm Sngle fn
Care M ohms 2 0 Lanegle [
3 Sagnal e 3
Pregeeg ETED ) Sngle In
4 Fgral Sigral
Core
5 Plane PR
Prepieg
6 Prane anD
Come
? Sagrad irsnar 7
Froprog
1 Soral e §
Core
]  Plane awo ||
| Prepieg f
Sagral Botom |
Saidenmank
L Min I
20 Ohm 5. Fe @os 3 2 1012 154197 6706 n 1n
5 Ober 5. | Pam [T, 13 [1aveenzisaidr [sess (s )
M Ohen 5. Pam nss 3 4 100012151 Bl ns 006
100 Ohen . Pass were 4 1 100012 154016 19782 W6 040
0oMnE. Fan 6140 ] H HARA2 1000 1443 e on
W0 Ohmi. e @ar ] : WM 1546 6753 % w9 1
] 3 IO 14016 3038
& i 0O 15418 A

Figure 2: The iCD Stackup Planner coupled with the ZMetrix TDR and ZScan software.

rectly enters the dielectric constant or other
properties, then the field solver is hardly
to blame when you get erroneous results.
Using the exact materials that are stocked by
your preferred fabricator can increase accu-
racy by up to 5%. That is why the availabil-
ity of a comprehensive dielectric materials
library and dielectric material selection is so
important.

Years ago, when clock frequencies were low
and signal rise times were slow, selecting a
dielectric material for your PCB was not dif-
ficult—we all just used FR-4. We didn’t really
care about the properties of the materials.
However, with today’s multi-gigabit designs,
with extremely fast rise times and tight mar-
gins, precise material selection is crucial to the
performance of the product. Materials used for
the fabrication of the multilayer PCB absorb
high frequencies and reduce edge rates. That
loss in the transmission lines is a major cause
of signal integrity issues. But we are not all
designing cutting-edge boards and sometimes

we tend to over-specify requirements that can
lead to inflated production costs.

Over the years, a huge range of materials has
been developed for multilayer PCB fabrica-
tion. In fact, to give you an idea, iCD now has
a choice of over 700 series of dielectric materi-
als from over 60 different manufacturers, in its
dielectric materials library. When each mate-
rial is used for the right target application, the
resultant PCB will have the lowest possible
cost while still satisfying the design and perfor-
mance goals of the project. Selecting the best
material for an application is often a daunting
task. One needs to quickly sort through the
vast array of choices to make an informed deci-
sion.

Figure 3 plots the loss properties of dielec-
tric materials from a fabricator. One can eas-
ily see which materials are best for high-speed
applications and can choose a few materials
from this that are in stock. Cost-to-perfor-
mance evaluations must still be done to ensure
the lowest cost material that will do the job is

JULY 2022 1 DESIGNOO7 MAGAZINE 43



= (B
Dissipation Factor | Dielectric Constant
Utra Low Loss  Low Loss Mid Loss Standard Loss Basic FR4 Shenzhen Circuts |
Compare Dielectric Materials
0.040 Maximum: Ffeq| 4.0{ (GHz) El<| 43| Df[ 0.02|
Selectby: () Manufacturer  (® Dielectric Material
ON  Manufacturer | Materal A
|-l Hon Tai Matenial HT-E3502
0.032 T
|- Hon Tai Material HT-E3505
- {/l Hon Tai Material HT-E3503
o || KingBoard KB-5160
s . [ W KingBoard KB-5165
E : /| KingBoard | KB-5150
. KingBoard, KB-5168 || KingBoard KB-1150
E L KingBoard KB-5150
2 KingBoard KB-6164
— 0.016 T
i [ ingBoard |Ke-6160
o | =
a |/ KingBoard KB-5150
> B KB-5168
1
. HcE ] Kqucand .KE-G 60
/_, (]  KingBoard KB-1150
= KingBoard KB-1150
Nan Ya NP-170
Nan Y. M-1-57
0.000 T T il :CE s
0.000 2.5 5.0 7.5 10.0 12.5 Nan Ya NP-170 | v
Frequency (GHz) Check Al Uncheck Al Add Matenial
Select a matenial that is to the nght of the set frequency and below the set Df or Dk value - lower nght quadrant Open Save As Save Close

Figure 3: Example of a fabricator’s dielectric materials loss profile. (Source: iCD Materials Planner)

selected. Keep in mind that material costs vary
with quantity.

Matching material performance numbers of
the dielectric constant (Dk) is also important.
A small difference in this value between mate-
rials can impact impedance, line widths/clear-
ances, and thus losses significantly. Also, the
dielectric constant of a material determines the
propagation speed of the signal in the medium.
So, if Dk values vary on different layers of the
substrate, then bus timing may also be an issue.
One should consider construction options
that allow a drop-in material that matches
the impedance for each mirrored layer of the
stackup.

As signal speeds get up into the gigahertz
range, the 2D field solver is an essential tool
that every PCB designer must employ to main-
tain design integrity and performance. Imped-
ance is the foundation of the system perfor-
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mance and reliability, so using a 2D field solver
to get it right is not an option.

Key Points

« Field solvers employ Maxwell’s equations
to calculate the parasitic elements of a
solution space.

o EM fields are not restricted to the mul-
tilayer substrate and if proper care is not
taken may emit radiation causing electro-
magnetic interference.

e In a uniform cross-section transmission
line, a propagating signal sees the same
instantaneous impedance all the way
down the line.

« Since the 2D BEM solver results in a
smaller solution space it is considered
faster than other 2D solvers.

o Filed solvers are limited to the numerical
accuracy of solving Maxwell’s equations,



which generally are accurate to better
than 1%.

o There are many steps to get the fabrication
process right, and the field solver is one
of the most reliable links in the chain.

» Using the exact materials that are stocked
by your preferred fabricator can increase
accuracy by up to 5%.

o Materials, used for the fabrication of the
multilayer PCB, absorb high frequencies,
and reduce edge rates; that loss in the
transmission lines is a major cause of
signal integrity issues.

» When each material is used for the right
target application, the resultant PCB will
have the lowest possible cost while still
satisfying the design and performance
goals of the project.

o If dielectric constant values vary on differ-
ent layers of the substrate then bus timing
may also be an issue. DESIGN0O
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IPC Issues Call for Participation in IPC E-Textiles 2023

IPC is now accepting abstracts for IPC E-Textiles
2023, the international conference for the e-textiles
industry, to be held live and in-person on Monday,
January 23, 2023, in San Diego, California, in conjunc-
tion with IPC APEX EXPO 2023, the industry’s premier
conference and exhibition for the electronics industry.

IPC E-Textiles 2023 provides an excellent oppor-
tunity for the e-textiles industry to learn, network,
and collaborate on this vastly expanding technology
space. By aligning IPC E-Textiles 2023 with IPC APEX
EXPO, speakers and attendees will also have the
opportunity to participate in IPC E-Textiles Committee
standards meetings and take advantage of all events
offered during IPC APEX EXPO.

IPC invites innovators and technologists from the
e-textiles supply chain and academia to submit an
abstract for a technical presentation during the con-
ference. The IPC E-Textiles 2023 Program Committee
seeks abstracts in the following topic areas:

« E-Textiles Success Stories

« Reliability and Standards

« Economic and Business Aspects
« Futuristic Thinking

A 250-word techni-
cal conference abstract
should describe signifi-
cant results from exper-
iments and case stud-
ies, emphasize new
techniques, discuss
trends of interest, and
contain appropriate technical test results.

Technical conference paper abstracts are due
August 1, 2022. To submit an abstract or course pro-
posal, visit IPC’s website.

IPC also announces the IPC E-Textiles 2023 Pro-
gram Committee, which will shape the technical
deliverables and format for this exciting and educa-
tional event:

« Vladan Koncar, Ph.D., University of Lille,
Ecole Nationale Supérieure des Arts et
Industries Textiles (ENSAIT)

« Pratyush Rai, Ph.D., Nanowear, Inc.

« Sahar Rostami, Myant

« Yolita Wildman Nugent, Betazip, LLC

(Source: IPC)
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