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)N฀ THE฀ lNAL฀ PART฀ OF฀ THE฀ Stackup Planning 
series, I will look at 10-plus layer counts. The 
methodology I have set out in previous col-
umns can be used to construct higher layer-
count boards. In general, these boards contain 
more planes and therefore the issues associated 
with split power planes can usually be avoided. 
Also, 10-plus layers require very thin dielectrics, 
in order to reduce the total board thickness. 
This naturally provides tight coupling between 
adjacent signal and plane layers reducing cross-
talk and electromagnetic emissions.

In high-speed digital designs, transient 
ground currents are the primary source of both 
unwanted noise voltages and radiated emis-
sions. In order to minimize these emissions, 
the impedance of the ground should be mini-
mized by reducing the inductive loop area. In-
ductance is directly proportional to the length 
of the conductor, so keep the loop area as short 
as possible.

To minimize inductance, two conductors (sig-
nal traces or ground planes) that carry current in 
THE฀SAME฀DIRECTION฀SHOULD฀BE฀SEPARATED�฀(OWEVER�฀
two conductors that carry current in the oppo-
site direction (such as signal and ground 
planes or power and ground planes) 
should be positioned as closely 
as possible. Both these cas-
es also help eliminate 
crosstalk.

(ERE฀ ARE฀ SOME฀ ADDITIONAL฀ RULES฀ FOR฀ HIGH

speed design:

��฀5SE฀MULTIPLE฀GROUND฀PLANES�฀WHERE฀
    possible, rather than power planes, in 
    the stackup to isolate signal layers.
��฀0LACE฀STITCHING฀GROUND฀VIAS฀CLOSE฀TO฀EVERY฀
    signal transition (via) to provide a short 
    current return path.
��฀3PREAD฀NUMEROUS฀GROUND฀STITCHING฀VIAS฀
    around the board to connect the 
    multiple ground planes through a low 
    impedance path.
��฀$ON�T฀USE฀GROUND฀POURS฀ON฀SIGNAL฀LAYERS฀
   as this reduces the impedance of nearby 
    traces. If you must, in order to balance 
    copper, separate the signal and pour by 
฀฀฀฀��฀MILS�
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If power planes are used as reference planes, 
then the return current must transverse stitch-
ing capacitors in order to jump between ground 
and power planes. The current flowing through 
these stitching capacitors will create a voltage 
drop across them. These voltages may radiate 
adding to system noise problems.

Determining the required layer count: 
the number one question!

/VER฀THE฀YEARS�฀A฀NUMBER฀OF฀PEOPLE฀HAVE฀PUT฀
forward equations to determine the route den-
SITY�฀2ENT�S฀2ULE฀IS฀ONE฀SUCH฀MODEL�

where:  n is the number of nets
฀ ฀฀฀฀฀฀฀8฀AND฀9฀ARE฀THE฀BOARD฀WIDTH฀AND฀฀฀฀
               length in inches
฀ ฀฀฀฀฀฀-฀IS฀THE฀NUMBER฀OF฀ROUTING฀LAYERS

'OOD฀ LUCK฀GETTING฀ANY฀SERIOUS฀ RESULTS฀ FROM฀
such equations. There are just too many vari-
ables to take such a basic approach to layer 
count determination. This is my line of attack:

!S฀WITH฀2ENT�S฀2ULE�฀)฀START฀WITH฀THE฀ROUTE฀
pitch. Technology rules are based on the 

MINIMUM฀ PITCH฀ OF฀ THE฀ 3-4฀ COMPONENTS฀
employed and are basically the largest trace, 
clearance and via allowable whilst minimiz-
ING฀0#"฀FABRICATION฀COSTS�฀4ECHNOLOGY฀OF฀���฀
mil (trace/clearance) and vias of 18/8 mil 
(pad/hole) are generally required for com-
PLEX฀HIGH
SPEED฀DESIGNS฀INCORPORATING฀"'!S�฀
(OWEVER�฀ IF฀YOU฀CAN฀USE฀ LESS฀DEMANDING฀DI-
mensions, then this will reduce cost and im-
prove fabrication yield.

/NCE฀ THESE฀ RULES฀ HAVE฀ BEEN฀ ESTABLISHED�฀
calculate the stackup required for the desired 
characteristic impedance (Zo) and the differ-
ential impedance (Zdiff) as per the component 
DATASHEETS�฀'ENERALLY�฀������฀OHM฀:O�:DIFF฀ARE฀
used. Keep in mind that lower impedance will 
increase the dI/dt and dramatically increase the 
CURRENT฀DRAWN฀ �NOT฀ GOOD฀ FOR฀ THE฀0$.	�฀7HILE฀
HIGHER฀IMPEDANCE฀WILL฀EMIT฀MORE฀%-)฀AND฀ALSO฀
make the design more susceptible to outside in-
terference. So, a good range of Zo, for a digital 
DESIGN�฀IS฀��n��฀OHMS�

The total number of layers required for a 
given design is dependent on the complexity of 
THE฀DESIGN�฀&ACTORS฀INCLUDE�฀

s฀4HE฀NUMBER฀OF฀SIGNAL฀NETS฀THAT฀MUST฀
฀฀฀BREAK฀OUT฀FROM฀A฀"'!�฀
s฀4HE฀NUMBER฀OF฀POWER฀SUPPLIES฀REQUIRED฀
฀฀฀BY฀THE฀"'!S�
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��฀���'(Z฀MATERIAL�
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s฀4HE฀COMPONENT฀DENSITY฀AND฀PACKAGE฀TYPES�฀
s฀)F฀THERE฀ARE฀"'!S฀OF฀���฀MM฀OR฀LESS�฀
฀฀฀PLATED
THROUGH
HOLE฀�04(	฀VIAS฀WILL฀
   impede the routing.
s฀!LSO�฀WITH฀HIGH฀LAYER฀COUNT฀BOARDS�฀THE฀VIA฀
   aspect ratio will increase the diameter of 
   the vias. Via length to hole aspect ratio 
   should be less than 8:1 or the reliability 
฀฀฀WILL฀DECLINE฀SIGNIlCANTLY�฀)N฀THIS฀CASE�฀A฀
฀฀฀COMBINATION฀OF฀04(฀AND฀BLIND฀AND฀BURIED฀
   vias may be required.

%XPERIENCED฀0#"฀DESIGNERS฀ GET฀ A฀ FEEL฀ FOR฀ IT฀
after a while, but a good way to check if you 
have enough layers is to autoroute the board. 
With no tweaking, the autorouter needs to com-
PLETE฀AT฀LEAST฀���฀OF฀THE฀ROUTES฀TO฀INDICATE฀THE฀
selected stackup is routable. The performance of 
the autorouter also impacts on the completion 
rate. You may have to re-evaluate the place-
ment a couple of times to get the best results. In 
general, eight layers is a good starting point for 
$$2฀TYPE฀DESIGNS�฀2EMEMBER�฀IT฀IS฀MUCH฀EASIER฀
to increase the number of layers than to reduce 
them, so start with the minimum.

10-Layer Stackup
A 10-layer board is similar to an eight-layer 

with the addition of two more embedded signal 
layers.

These are used to increase routability and 
TO฀ ADD฀ PLANAR฀ CAPACITANCE�฀ )฀ HAVE฀ USED฀ .ELCO฀
.����
��฀ ���'(Z฀ MATERIAL฀ �&IGURE฀ �	�฀ 4HIS฀ IS฀
another common high-speed material. The 
STACKUP฀ ACCOMMODATES฀ ������฀ OHM฀ DIGITAL�฀
�����฀OHM฀$$2�฀AND฀��฀OHM฀53"�฀!LSO�฀)฀HAVE฀
A฀COMBINATION฀OF฀04(฀AND฀BLIND฀AND฀BURIED฀VIAS฀
with appropriate aspect ratios for a total board 
THICKNESS฀ OF฀ �����฀ MILS�฀ )N฀ THIS฀ CASE�฀ INTERNAL฀

beyond design

LAYERS฀��฀��฀�฀AND฀�฀CAN฀BE฀USED฀FOR฀THE฀$$2�฀
routing as three of these layers are referenced 
TO฀'.$฀WHILST฀THE฀OTHER฀�LAYER฀�	฀IS฀REFERENCED฀
TO฀THE฀���6฀$$2�฀0$.฀�OR฀����6฀IN฀THE฀CASE฀OF฀
lower power devices). The layer 7 power plane 
CAN฀HAVE฀A฀���6฀ISLAND฀DIRECTLY฀ABOVE฀THE฀$$2�฀
DEVICES�฀7ITH฀A฀����฀MIL฀DIELECTRIC฀BETWEEN฀THE฀
planes, there is also excellent planar capacitance 
OF฀ABOUT฀���฀P&�IN�. This will reduce the AC im-
PEDANCE฀OF฀THE฀$$2�฀0$.฀AT฀FREQUENCIES฀ABOUT฀
�'(Z฀WHICH฀IS฀REQUIRED฀FOR฀THIS฀TYPE฀OF฀DESIGN�

The outer microstrip layers should not be 
USED฀FOR฀ROUTING�EXCEPT฀FOR฀FANOUT�฀!PART฀FROM฀
the fact that outer layers radiate more than 
internal layers, they also vary considerably 
in impedance. This is due the uneven plating 
THICKNESS฀OF฀ THE฀lNAL฀ ELECTROLYSIS฀PROCESS฀USED฀
to plate the though-hole barrels during fabrica-
tion. Blind vias can be used to fanout from the 
"'!฀AND฀DROP฀DIRECTLY฀TO฀EITHER฀'.$฀OR฀LAYER฀��฀
4HE฀04(฀COULD฀BE฀USED฀TO฀TRANSVERSE฀THE฀SIGNALS฀
to the other layers or alternatively a buried via 
could be used.

&IGURE฀�฀ILLUSTRATES฀AN฀ALTERNATIVE฀OF฀BUILDUP฀
microstrip (outer layers). In this case, layer 1 is 
ONLY฀USED฀FOR฀FANOUT฀TO฀LAYER฀��฀'.$฀OR฀0OWER�฀
"UT฀ LAYER฀ �฀ CAN฀ BE฀ USED฀ FOR฀ HIGH
SPEED฀ ROUT-
ING฀OF฀3%2$%3฀OR฀OTHER฀DIFFERENTIAL฀SIGNALS�฀)T฀IS฀
CLOSELY฀COUPLED฀TO฀THE฀LAYER฀�฀�'.$฀PLANE	฀AND฀
will have constant impedance.

12-Plus Layout Count
I could go on and describe each successive 

layer count in detail, but I’m sure you get the 
DRIFT฀ BY฀ NOW�฀ &IGURE฀ �฀ ILLUSTRATES฀ THE฀ SIGNAL�
PLANE฀CONlGURATION฀FOR฀��n��฀LAYERS�฀4HERE฀ARE฀
of course, many variations that could be em-
PLOYED฀DEPENDING฀ON฀THE฀APPLICATION�฀4HE฀)#$฀
3TACKUP฀0LANNER฀HAS฀DEFAULT฀STACKUPS฀FROM฀�n��฀

STACKUP PLANNING, PART 4

&IGURE฀��฀"UILDUP฀MICROSTRIP฀LAYERS�
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LAYERS฀PRE
DElNED฀TO฀GET฀YOU฀STARTED�฀&IGURE฀��C	�฀
IS฀SIMILAR฀TO฀,EE฀2ITCHEY�S฀FAVORITE฀STACKUP�฀4HIS฀
has all the good attributes that I have described, 
throughout this series, although 18 layers may-
BE฀OVERKILL฀IN฀SOME฀CASES�฀"UT฀THIS฀BASIC฀CONlGU-
RATION฀COULD฀BE฀CUT
DOWN฀TO฀��฀OR฀��฀LAYERS฀BY฀
removing groups of dual stripline layers.

Be creative. You can use more layers for 
planes, single or dual stripline routing layers but 
keep them symmetrical and most importantly, 
watch the return paths. The layer count always 
increments by even numbers. So, follow the ba-
sic rules I have set out in this stackup planning 
SERIES฀AND฀YOU฀CANNOT฀GO฀WRONG�฀2EMEMBER฀THAT฀

beyond design
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&IGURE฀��฀)MAGE฀ILLUSTRATING฀THE฀SIGNAL�PLANE฀CONlGURATION฀FOR฀��n��฀LAYERS�
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the substrate is the most important component 
of the assembly, so let’s get it right!

Points to Remember
s฀4O฀MINIMIZE฀INDUCTANCE�฀TWO฀CONDUCTORS฀

(signal traces or ground planes) that carry 
current in the same direction should be 
separated.

s฀4WO฀CONDUCTORS฀THAT฀CARRY฀CURRENT฀IN฀
the opposite direction (such as signal 
and ground planes or power and ground 
planes) should be positioned as close as 
possible.

s฀)F฀POWER฀PLANES฀ARE฀USED฀AS฀REFERENCE฀
planes, then the return current must 
transverse stitching capacitors in order to 
jump between ground and power planes.

s฀5SE฀MULTIPLE฀GROUND฀PLANES�฀WHERE฀POS-
sible, rather than power planes, in the 
stackup, to isolate signal layers.

s฀0LACE฀STITCHING฀GROUND฀VIAS฀CLOSE฀TO฀EVERY฀
signal transition (via) to provide a short 
current return path.

s฀3PREAD฀NUMEROUS฀GROUND฀STITCHING฀VIAS฀
around the board to connect the multiple 
ground planes.

s฀$ON�T฀USE฀GROUND฀POURS฀ON฀SIGNAL฀LAYERS฀
as this reduces the impedance of nearby 
traces. If you must, in order to balance 
copper, separate the signal and pour by 

฀฀฀��฀MILS�
s฀4O฀DETERMINE฀THE฀LAYER฀COUNT�฀START฀WITH฀

the route pitch. Technology rules are 
BASED฀ON฀THE฀MINIMUM฀PITCH฀OF฀THE฀3-4฀
components employed and are basically 
the largest trace, clearance and via allow-

able. Then calculate the stackup required 
for the desired characteristic and the dif-
ferential impedances.

s฀!฀��
LAYER฀BOARD฀IS฀SIMILAR฀TO฀AN฀EIGHT฀
layer with the addition of two more em-
bedded signal layers. These are used to 
increase routability and to add planar ca-
pacitance.

s฀4HE฀METHODOLOGY฀)฀HAVE฀SET฀OUT�฀IN฀PREVI-
ous columns, can be used to construct 
higher layer count boards.  PCBDESIGN

References
��฀"ARRY฀/LNEY฀"EYOND฀$ESIGN฀COLUMNS�฀-A-

TERIAL฀3ELECTION฀FOR฀3%2$%3฀$ESIGN, -ATERIAL฀3E-
LECTION฀FOR฀$IGITAL฀$ESIGN, The Perfect Stackup 
FOR฀ (IGH
3PEED฀ $ESIGN, and %MBEDDED฀ 3IGNAL฀
2OUTING.

��฀(ENRY฀/TT�฀฀%LECTROMAGNETIC฀#OMPATIBIL-
ITY฀%NGINEERING.

��฀,EE฀2ITCHEY�฀2IGHT฀&IRST฀4IME฀$ESIGN.
��฀(OWARD฀*OHNSON�฀(IGH
3PEED฀$IGITAL฀$E-

sign.
��฀4O฀DOWNLOAD฀THE฀ )#$฀3TACKUP฀AND฀0$.฀

Planner, visit www.icd.com.au.

beyond design

Barry Olney฀IS฀MANAGING฀
DIRECTOR฀OF฀)N
#IRCUIT฀$ESIGN฀
0TY฀,TD฀�)#$	�฀!USTRALIA�฀4HIS฀
0#"฀DESIGN฀SERVICE฀BUREAU฀
SPECIALIZES฀IN฀BOARD
LEVEL฀
SIMULATION�฀AND฀HAS฀DEVELOPED฀

THE฀)#$฀3TACKUP฀0LANNER฀AND฀)#$฀0$.฀
0LANNER฀SOFTWARE�฀4O฀READ฀PAST฀COLUMNS�฀
OR฀TO฀CONTACT฀/LNEY�฀CLICK฀HERE. 

STACKUP PLANNING, PART 4

2ESEARCHERS฀AT฀-)4฀HAVE฀CREATED฀TINY฀PORES฀IN฀
SHEETS฀OF฀GRAPHENE฀THAT฀HAVE฀AN฀ARRAY฀OF฀PREFER

ENCES฀AND฀CHARACTERISTICS฀SIMILAR฀TO฀THOSE฀OF฀ION฀
CHANNELS฀IN฀LIVING฀CELLS�

%ACH฀GRAPHENE฀PORE฀IS฀LESS฀THAN฀�฀NANOMETERS฀
WIDE�฀%ACH฀ IS฀ALSO฀UNIQUELY฀SELECTIVE�฀PREFERRING฀

TO฀TRANSPORT฀CERTAIN฀IONS฀OVER฀OTHERS฀THROUGH฀THE฀
GRAPHENE฀LAYER�

4O฀CREATE฀PORES฀IN฀GRAPHENE�฀THE฀GROUP฀USED฀
CHEMICAL฀ VAPOR฀ DEPOSITION�฀ A฀ PROCESS฀ TYPICALLY฀
USED฀ TO฀ PRODUCE฀ THIN฀ lLMS�฀ )N฀ GRAPHENE�฀ THE฀
PROCESS฀NATURALLY฀CREATES฀TINY฀DEFECTS�฀2ESEARCH

ERS฀MAY฀ONE฀DAY฀BE฀ABLE฀ TO฀ TAILOR฀PORES฀AT฀ THE฀
NANOSCALE฀TO฀CREATE฀ ION
SPECIlC฀MEMBRANES฀FOR฀
APPLICATIONS฀SUCH฀AS฀ENVIRONMENTAL฀SENSING฀AND฀
TRACE฀METAL฀MINING�

Big Range of Behaviors 
for Tiny Graphene Pores


