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Stackup Planning, Part 3

by Barry Olney
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Following on from the ®rst Stackup Plan-
ning columns, this month's Part 3 will look at
higher layer-count stackups. The four- and six-
layer con®gurations are not the best choice for
high-speed design. In particular, each signal lay-
er should be adjacent to, and closely coupled to,
an uninterrupted reference plane, which creates
a clear return path and eliminates broadside
crosstalk. As the layer count increases, these
rules become easier to implement but decisions
regarding return current paths become more
challenging.

Given the luxury of more layers:

Figure 1 illustrates the spreading of return
current density across the plane above and be-
low the signal path. At high frequencies, the re-
turn current takes the path of least inductance.
As the frequency approaches a couple of hun-
dred MHz, the skin effect forces the return cur-
rent to the surface (closest to the signal trace).

| previously mentioned that it is important
to have a clearly de®ned current return path.
But it is also important to know exactly where
the return current will ow. This is particular-
ly critical with asymmetric stripline con®gu-
rations where one signal layer is sandwiched
between two planes as in Figure 2. Now obvi-

s %LECTROMAGNETIC COMPLIANUGI if the dist@heeNto the closest plane (hl)

be improved or more routing layers can
be added.

is the same distance as the far plane (h2) then
the return current distribution will be equal on

s OOWER AND GROUND PLANES €adhidlaBegiedn@hg Eame inductance for each

coupled to add planar capacitance, which
is essential for GHz plus design.

path). However, in order to force the current
onto the ground (GND) plane of an unbalanced

s 4HE POWER DISTRIBUTION N EstrvliieRé&n®gutetiors h2 needs to be at least

can be improved by substituting
embedded capacitance material (ECM)
for the planes.

twice hl, and three times is better.

s -ULTIPLE POWER PLANES POURS CAN BE

de®ned to accommodate the high
number of supplies required by today's
processors and FPGAs.

s -ULTIPLE GROUND PLANES CAN BE

reduce the plane impedance and
loop area.

Although power planes can be used as refer-
ence planes, ground is more effective because
local stitching vias can be used for the return
current transitions, rather than stitching de -
coupling capacitors which add inductance.
This keeps the loop area small and reduces ra -
diation. As the stackup layer count increases,
so does the number of possible combinations
of the structure. But, if one sticks to the basic
rules, then the best performing con®gurations
are obvious.
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STACKUP PLANNING, PART 3 continues

&IGURE #LOSE PLANE IS H MILS FAR PLANE IS H

electric thicknesses to the far plane representing
the h2 value.

%QUATION
Eight-Layer Stackup

An eight-layer board with six routing layers
is not recommended. If six routing layers are
required, then a 10-layer board should be used.

% Q UATIORQr that reason, an eight-layer board can be
thought of as a six-layer board with optimum
EMC performance and should not be utilized to
improve routability. Although there are many

Equations 1 and 2 de®ne the relationship
between the ratio of the thicknesses of the di-
electrics to the close and far planes and the re-
sultant return current distribution. Table 1 sim-
pli®es the calculations presenting the percent-
age of return current, in each plane, for differ-
ent ratios of h2:h1. If the con®guration is dual
asymmetric stripline (two signal layers between
the planes), then these ratios still apply and can

possible con®gurations of eight layers, | will
only focus on the two that | consider to possess
superior performance. Having said that, there
are a total of four signal layers and four plane
layers to consider in the each con®guration.

1. The stackup of Figure 3 is the standard
eight-layer con®guration. This stackup has

be calculated by adding the two (or more) di- many good attributes including:

s 'LL SIGNAL LAYERS ARE ABPJACE
ly coupled to, an uninterrupted reference
GND plane, which creates a clear return
path and eliminates broadside crosstalk.

s 3STRIPLINE RETURN CURRENT IS
the GND planes.

s 4HERE IS GOOD PLANAR CAPACI
VDD to GND spacing) to reduce AC im-
pedance at high frequencies.

s %#- COULD ALSO BE SUBSTITUT
center planes, further improving the PDN
performance.

s #ROSSTALK IS MINIMIZED BY CL
the signal to plane layers.

s %-) IS MINIMIZED BY ROUTING C
nals between the planes.

E SUBSTRATE CAN ACCOMMO

H
4ABLE OERCENTAGE OF RETURN CBf%u‘ﬁé?éNtﬁeé%oBﬁ\é% [Aiyef
AND FAR PLANES OF ASYMMETRIC SE&itﬁbLoth%@.talandgoohmUSB
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Probably the only negative, for this con®gu-
ration, is that it will not accommodate multiple
power supplies on the lone power plane. Today's
high-speed processors and FPGAs require more
than six or seven different high current power
sources. So if you are pushing the envelope then
this con®guration is probably not right for you.
A recent complex layout that | completed had
a total of 13 individual power supplies. As this
is becoming the norm, additional power planes
need to be exploited and these need to be split
to accommodate all 13 supplies plus GND.

STACKUP PLANNING, PART 3 continues

2. The alternate con®guration of Figure 5
alleviates the multiple power supply issue but
does this by sacri®cing planar capacitance. So
in order to compensate, for this shortcoming,
the PDNs need to have multiple decoupling ca-
pacitors with self-resonances close to the funda-
mental clock frequency. Also, lower mounting
inductance can be achieved by placing these
decaps on the top layer so that the fanout vias
connect to planes 2 and 5 rather than trans-
verse the total layer span. This also helps lower
the high-frequency AC impedance.

TUGUST s 4HE O0#" $ESIGA9
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STACKUP PLANNING, PART 3 continues

&IGURE

| have mentioned in previous columns that
planes should not be split. This mainly refers
to having one continuous GND plane for all
supplies including analog. But since, in this
case, the return current path has been forced
into the GND planes then the path is not in
terrupted. Looking at the asymmetric stripling
con®guration between layers 2 and 4 of Fig
ure 4, we have a ratio of 14.8:4. This means
that at least 79% of this current will ow in
the GND plane. However, if you also take into
account the increased inductance, of the alter
nate return path, this almost totally eliminates
the power plane. It is important to place GND
stitching vias close to each signal layer transi
tion to ensure there is a low inductance path
between GND planes.

Figure 5 incorporates ITEC IT-180A 2GH
materials. This material is very common in Asia
and is suitable for low-cost, high-speed applica-
tions. It has a low dielectric constant and low
dielectric loss of just 0.015 with a glass transi-
tion temperature of 180C. Since the 2real® val-
ues are quite different to the 2virtual® values, |
have used to initially construct the stackup, the
variables must be adjusted to provide the cor-
rect impedances for the design.

The impedance plots of Figure 5, project
the correct values of trace width (4 mils), trace
thickness (2 mils), trace clearance (12 mils) and
dielectric thickness (2.8 mils) given the dielec-
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tric constant (3.9) for the ITEC IT-180A 2GHz
material to achieve the target single ended and
differential impedance. This also provides the
differential coupling point whereby increasing
the trace spacing has little effect as the imped-
ance rolls off. In this case, 12 mils is ideal for
100 ohms differential impedance.

Next month, Part 4 of the Stackup Planning
series will continue detailing the construction
of 10+ stackup layer con®gurations. Once the
basics are de®ned, the pattern for higher layer-
count structures becomes evident.

Points to Remember

s %WACH SIGNAL LAYER SHOULD Bl

and closely coupled to, an uninterrupted
reference plane, which creates a clear re-
turn path and eliminates broadside cross-
talk.

s ILTHOUGH POWER PLANES-CAN

erence planes, ground is more effective.

s IT HIGH FREQUENCIES THE RET

takes the path of least inductance.

s )N ORDER TO FORCE THE CURR

ground (GND) plane of an unbalanced
stripline con®guration, h2 needs to be at
least twice hl; three times is even better.

s IN EIGHT LAYER BOARD CAN BE

as a six-layer board with optimum EMC
performance and should not be utilized to
improve routability.
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STACKUP PLANNING, PART 3 continues

s 'DDITIONAL POWER PLANES NEEDHamy BtE Electromagnetic Compatibil-

exploited and these need to be split to
accommaodate all supplies plus GND.

ity Engineering .
3. To download the ICD Stackup and PDN

s 4HE IMPEDANCE PLOTS PROJPEMANeT & C@RJIR.EcCTau .

values of all variables for the chosen
material to achieve the target
impedance. PCBDESIGN
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Protective Shells May B

Silicon Lithium-ion Batte

TROLYTE PRODUCES A PROTECTIVE
SOLID ELECTROLYTE INTERPHASE
n4HE IDEAL SOLID ELECTROLYTE |
HALT THE REACTION BETWEEN THE
ELECTROLYTE WHILE ALLOWING TH

JMAGINE A CELL PHONE THAT CHARGESH N BRSPS )INANBHKROB A CHE
AN HOUR AND LASTS FOR THREECA BCUERN OCAY ANORVREBINEERING $I
ELECTRIC CAR THAT RUNS FOR HUNDREDMME QONTLES RESOREEEDS TO

NEEDING TO BE PLUGGED IN

TRACT WITH THE ELECTRODE OR ELS

2ESEARCHERS AT THE 5 3 S$EPARITMERTY QO NEWO R IS

IRGONNE .ATIONAL ,ABORATORY AREF7TWEORKING PR MAKETIVE LAYER C|
THIS DREAM A REALITY BY DEVEL®ROVLE LETURIMAC EORBAITS AND CONS
TERIES CONTAINING SILICON BASERTRATBRKR.SB $AEDMA@PT THE ELECT
COMMONLY USED COMMERCIAL LITENEW WE® BATEE RIHEES BATTERY WON
ARE GRAPHITE BASED BUT SCIENTINTSTABEYBECONARAIMN:E BASED LITH
CREASINGLY INTERESTED IN SILIGOY BEABSEJTRODESEQORENDS ABO

ROUGHLY

TIMES MORE LITHIUM ENHAWGHRBRKMNIGEE THAT CRACKS

IN T

4HERE S JUST ONE PROBLEM AQUIRSRENT BATTERIES
BASED ON SILICON MATERIALS DON"OUTLASE IO¥Y¥E@TRODE IN A SILICON

4HE PROBLEM LIES IN THE BATTERTYTE OHEMPRANDYS WHETO

ELECTROLYTE
IONS BACK AND FORTH
BETWEEN POSITIVE AND
NEGATIVE ELECTRODES AS
THE BATTERY CHARGES
AND DISCHARGES

,JTHIUM IONS REACT
WITH THE NEGATIVE ELEC
TRODE TO FORM A NEW
COMPOUND CAUSING
THE ELECTRODE TO EX
PAND WHILE THE ELEC
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4HESE

INSIDE THE BATTERYIAFRAREPORISCIROILUYME IN ORDE

TIC SHELL

4HE RESEARCH/
FOUND THAT WHEN
RINE IS ADDED TO
YLENE CARBONATE
RESULTING ELECT
FORMS A COATING
CAN STRETCH AND
COMMODATE THE \
UME CHANGES IN
ELECTRODE
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