===  BOARD LEVEL
= .= SIMULATION
SPECIALISTS

|CD Stackup Planner - offers engineers/PCB designers unprecedented simulation
speed, ease of use and accuracy at an affordable price

e 2D (BEM ) field solver precision

» Characteristic impedance, edge-coupled & broadside-coupled differential impedance
» Unique field solver computation of multiple differential technologies per stackup

» Heads-up impedance plots of signal and dielectric layers

* User defined dielectric materials library - over 16,250 materials up to 100GHz

ICD PDN Planner - analyze multiple power supplies to maintain low impedance over
entire frequency range dramatically improving product performance

* Fast AC impedance analysis with plane resonance

* Definition of plane size/shape, dielectric constant & plane separation for each on-board
power supply

» Extraction of plane data from the integrated Stackup Planner
* Definition of voltage regulator, bypass/decoupling capacitors, mounting loop inductance
* Frequency range up to 100GHz

» Extensive Capacitor Library — over 5,250 capacitors derived from SPICE models

iCD -

In-Circuit Design Pty Ltd " www.icd.com.au


http://www.icd.com.au

BEYOND DESIGN

oooooooooooo

Stackup Planning, Part 2

by Barry Olney
IN-CIRCUIT DESIGN PTY LTD

In Part 1 of the Stackup Planner series, I
looked at how the stackup is built, the mate-
rials used in construction and the lamination
process. And I set out some basic rules to fol-
low for high-speed design. It is important keep
return paths, crosstalk and EMI in mind during
the design process. Part 2 follows on from this
with definitions of basic stackups starting with
four and six layers. Of course this methodology
can be used for higher layer count boards—36,
72 layers and beyond.

Four-Layer Stackup

A four-layer board is probably not the
most practical configuration for high-speed
design. Although it does have the advantage,
over double sided boards, of using planes for
the distribution of power and ground and the
planes also act as the return current path for
signals. Microstrip traces tend to radiate emis-
sions and this configuration should be avoid-
ed in preference to embedding the critical sig-
nals using a higher layer count configuration.
On the other hand, if you intend mounting
the four-layer board, completely shielded, in
a metal box then this configuration may be
acceptable.

Since all (most) stackups are symmetrical,
then it is best to just work on just the top half
of the stackup to begin with—this halves the
construction time. Stackups are generally sym-
metrical, with even amounts of copper about
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the center, in order to prevent the board from
warping during fabrication and during the re-
flow process. If one half has more copper, then
it will cool at a slower rate thus warping the
board.

The layer selection process is a follows:

1. With four layers, two planes are placed
in the center of the substrate. One ounce
(1.4 mil) copper is typical for plane layers.

2. Prepreg material separates the signal
layers from the planes and this should
be as thin as possible in order to achieve
close coupling.

3. Solder mask is generally added to the
outer layers. This will reduce the
impedance by a few ohms.

In Figure 1, the virtual materials yield a
54.44 ohm signal ended and 96.82 ohm differ-
ential impedance. This is close enough (to 50
ohms). Now let’s fine-tune this stackup by in-
serting real dielectric materials and then adjust
the variables to get the desired impedance.

The ICD Stackup Planner’s Dielectric Mate-
rials Library contains over 16,700 commonly
used core, prepreg and solder mask materials,
arguably the most comprehensive list of mate-
rial properties ever compiled. Using the exact
materials that are stocked by your fabricator can
increase accuracy by up to 5%. So before you
start this process, it is best to consult your fab

Total Board Thickness: 10.8 mil

Cument  Charoctorisic Edge Coupled  Broaduide Coupled
{Amps) Impedance (Zo) Differental (Zdiff) Differential (Zdbs)

14 12 12 069 5444 5682

14

Figure 1: The top half of the four-layer stackup using virtual materials.
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Figure 2 : Isola FR406 4.2 mil prepreg.
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shop and ask what materials they have in stock.
For this example, I will use Isola FR406 which is
a common low-cost material.

| Trace Width | Trace Thickness | Trace Clearance | Differential Couping |

. . . Impedance vs Trace Width
1. Select an 8 mil prepreg. Since 8 mil is not

available in the Isola FR406 range, I will
select 4.2 mil and add two sheets together.
Multiple prepregs are often combined
to achieve the desired thickness.

2. Edit the solder mask and select a typical
liquid photoimageable material.
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Now that all the virtual materials have been
replaced with the stocked items, you can see
that the single ended impedance is a bit out.
The differential is 103.34 ohms.

O Al SRR | o e [
Trace \Width (mil)

Figure 4: Impedance plots are used to determine

1. Adjust the trace width to get closer to 50
correct trace width for 50 ohms.

ohms, then adjust the trace clearance to get 100
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STACKUP PLANNING, PART 2 continues

Total Board Thickness: 61.4 mil
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ohms differential. In the Figure 4 impedance
plot, you can see that a ~15 mil trace width is
required to achieve ~50 ohms impedance.

2. Since the stackup is symmetrical, this top
section of the stackup can be mirrored to create
the entire stackup of Figure 5. You need to find
a center core of appropriate thickness to beef-up
the total board thickness to about 62 mils. A 39
mil core is selected from the Isola FR406 range
to achieve this.

Now in this case, I was not able to tightly
couple the ground and power planes because the
center core had to be used to beef-up the total
board thickness. However, to improve the EMC
performance of a four-layer board, it is best to
space the signal layers as close as possible to the
planes, and use a large core between the power
and ground plane keeping the overall thickness
of the substrate to ~ 62 mils. For high-speed ap-
plications, you could reduce the trace width to
say 4 mils and prepreg thickness to ~3 mils as
shown in the six-layer stackup of Figure 7. This is
the most cost-effective and most overlooked way
to improve the performance of a four-layer PCB.

There are three advantages to this configura-
tion:

1. The signal loop areas are smaller and
therefore produce less differential mode

Thicknesa Ch (Amps) Impedonce (Zo) Differential (Zdiff) Differentel (2dba)

14 ng2 5226 9982
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radiation. Tight coupling between the
signal and reference planes can amount
to ~10 dB reduction in the trace loop ra-
diation compared a stackup with equally
spaced layers.

2. This also reduces the plane impedance
(inductance) hence reduces the common-
mode radiation from the cables connected
to the board.

3. And, tight coupling will also decrease the
crosstalk between traces.

Six Layer Stackup

Generally a six-layer board is created by add-
ing two more signal layers between the planes
of the standard four layer configuration. This
has a huge advantage, in that embedding high-
speed signals between the planes can reduce
electromagnetic radiation by up to 10 dB. Em-
bedding signals between the planes also reduces
susceptibility to radiation, as well as providing
ESD protection. So, not only do we prevent
noise from being radiated, but we also reduce
the possibility of being atfected by an external
source.

Figure 6, illustrates the dramatic difference
of radiated emissions from high-speed signals
routed on the outer microstrip layers (left) com-
pared to those routed on the embedded inner
stripline layers (right). You can see a notable 10
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Figure 6: Comparison of radiated emissions from outer and inner layer routing.

dB reduction of emissions. This is enough, in
this case, to get the board past the FCC Class B,
electromagnetic compliancy.

There are four constraints to keep in mind:

1. Keep the mark-to-space ratio of the wave-
form equal, as this eliminates all the even
harmonics.

2. Route high-speed signals out from the
center of the board, where possible, as any
radiation will be in the opposite direction
and will tend to cancel.

3. Route high-speed signals between the
planes, fanout out close to the driver (200
mils) dropping to an inner plane and
route back up to the load again with a
short fanout.

4. Use the same reference plane for the re-
turn signals as this reduces the loop area
and hence radiation.

Figure 7 illustrates a six-layer stackup using
Isola 370HR 2GHz material which is a common-
ly used product. This stackup configuration pro-
vides many advantages:

1. 1080 glass style prepreg is used for the
microstrip outer layers. With just 2.8 mil
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thickness, this material provides close
coupling between the outer signal and
ground (GND).

2. The GND plane is used for the common
reference—return path—for layers 1 & 3
and VCC for layers 4 & 6.

3. The signal loop areas are small and there-
fore produce less differential mode radia-
tion.

4. The center is beefed-up by combining
five sheets of 7628 material. This provides
a total of 40 mils separation between the
inner signal layers which reduces any
broadside coupling that may occur. Also,
routing these layers orthogonally will
help reduce coupling.

5. EMI is reduced by routing the high-speed
signal on layers 3 & 4 between the planes.

One minor disadvantage of this (and the pre-
vious four-layer) configuration is that there is
not significant planar capacitance as the planes
are separated by beefing-up the center core/pre-
preg. Therefore, the decoupling must be care-
tully selected to overcome this limitation. This
is where a PDN Planner comes into play—a
prelayout PDN analysis can import the stackup
and evaluate the capacitance of the planes prior
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Figure 7: Six-layer stackup using Isola 370HR 2GHz material.

to fabrication. From this, one can approximate
the required decoupling and adjustments can
then be made to compensate.

In Figure 8, you can see that the lack of
planar capacitance creates high AC impedance
(0.38 ohms) at 275 MHz. In this case, more de-
coupling is required around 400 MHz. It may
just be a matter of exchanging the 10nF capac-
itors for 1nF in order to bring the “V” curve,
created by the capacitors, up in frequency. The
plane area could also be adjusted to move the
curve up or down in frequency in order to posi-
tion the resonant frequency of the planes spot
on the 400 MHz fundamental—this is a trial-
and-error process that should be done before
layout.

Over the years of analyzing customer boards,
I have seen many variations of the four and six
layer configurations in order to try and achieve
the most cost-effective design. But realistically,
adding a couple more layers is not expensive
and provides more real estate for routing which
will in turn yield a high-quality product with
less crosstalk, and better EMC. Next month, I
will look at higher layer-count boards, particu-
larly 8-layer and 10-layer stackups that are pre-
ferred for high-speed applications.

44 The PCB Design Magazine e July 2015

Points to Remember

e A four-layer board has the advantage of
using planes for the distribution of power
and ground (GND) to the ICs on both
sides of the board and the planes also act
as the return current path for signals.

e Four-layer configuration boards should be
avoided (unless completely shielded) as
the microstrip traces tend to radiate.

e Since all stackups are symmetrical, then
it is best to work on just the top half of
the stackup to begin with—this halves the
construction time.

e Six-layer boards have a huge advantage, over
four layers, in that embedding high-speed
signals between the planes can reduce elec-
tromagnetic radiation by up to 10dB.

* One minor disadvantage of four and six
layer configurations is that there is no sig-
nificant planar capacitance as the planes
are separate by beefing up the center core/
prepreg.

¢ A prelayout PDN analysis can import the
stackup and evaluate the capacitance of
the planes prior to fabrication. Adjust-
ments can then be made to the decou-
pling to compensate.
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New Lithium lon Battery is Safer,

Tougher, and More Powerful

South Korean researchers at the Center
for Self-assembly and Complexity, Institute
for Basic Science, have created a new lithion
ion battery from a porous solid which great-
ly improves its performance.
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The new battery is built from pumpkin-
shaped molecules called cucurbit[6]uril
(CB[6]) which are organized in a honey-
comb-like structure.

What makes this new technique exciting
is that it is a new method of preparing a
solid lithium electrolyte which starts as a lig-
uid, but no post-synthetic modification or
chemical treatment is needed.



