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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 
THESAMEDIRECTIONSHOULDBESEPARATED�(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:

��5SEMULTIPLEGROUNDPLANES�WHERE
    possible, rather than power planes, in 
    the stackup to isolate signal layers.
��0LACESTITCHINGGROUNDVIASCLOSETOEVERY
    signal transition (via) to provide a short 
    current return path.
��3PREADNUMEROUSGROUNDSTITCHINGVIAS
    around the board to connect the 
    multiple ground planes through a low 
    impedance path.
��$ON�TUSEGROUNDPOURSONSIGNALLAYERS
   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!

/VERTHEYEARS�ANUMBEROFPEOPLEHAVEPUT
forward equations to determine the route den-
SITY�2ENT�S2ULEISONESUCHMODEL�

where:  n is the number of nets
 8AND9ARETHEBOARDWIDTHAND
               length in inches
 -ISTHENUMBEROFROUTINGLAYERS

'OOD LUCKGETTINGANYSERIOUS 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:

!SWITH2ENT�S2ULE�)STARTWITHTHEROUTE
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-
ING0#"FABRICATIONCOSTS�4ECHNOLOGYOF���
mil (trace/clearance) and vias of 18/8 mil 
(pad/hole) are generally required for com-
PLEXHIGHSPEEDDESIGNSINCORPORATING"'!S�
(OWEVER� IFYOUCANUSE LESSDEMANDINGDI-
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�:DIFFARE
used. Keep in mind that lower impedance will 
increase the dI/dt and dramatically increase the 
CURRENTDRAWN �NOT GOOD FOR THE0$.	�7HILE
HIGHERIMPEDANCEWILLEMITMORE%-)ANDALSO
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 
THEDESIGN�&ACTORSINCLUDE�

s4HENUMBEROFSIGNALNETSTHATMUST
BREAKOUTFROMA"'!�
s4HENUMBEROFPOWERSUPPLIESREQUIRED
BYTHE"'!S�
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s4HECOMPONENTDENSITYANDPACKAGETYPES�
s)FTHEREARE"'!SOF���MMORLESS�
PLATEDTHROUGHHOLE�04(	VIASWILL
   impede the routing.
s!LSO�WITHHIGHLAYERCOUNTBOARDS�THEVIA
   aspect ratio will increase the diameter of 
   the vias. Via length to hole aspect ratio 
   should be less than 8:1 or the reliability 
WILLDECLINESIGNIlCANTLY�)NTHISCASE�A
COMBINATIONOF04(ANDBLINDANDBURIED
   vias may be required.

%XPERIENCED0#"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-
PLETEATLEAST���OFTHEROUTESTOINDICATETHE
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 
$$2TYPEDESIGNS�2EMEMBER�ITISMUCHEASIER
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$$2�AND��OHM53"�!LSO�)HAVE
ACOMBINATIONOF04(ANDBLINDANDBURIEDVIAS
with appropriate aspect ratios for a total board 
THICKNESS OF ����� MILS� )N THIS CASE� INTERNAL
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LAYERS�����AND�CANBEUSEDFORTHE$$2�
routing as three of these layers are referenced 
TO'.$WHILSTTHEOTHER�LAYER�	ISREFERENCED
TOTHE���6$$2�0$.�OR����6INTHECASEOF
lower power devices). The layer 7 power plane 
CANHAVEA���6ISLANDDIRECTLYABOVETHE$$2�
DEVICES�7ITHA����MILDIELECTRICBETWEENTHE
planes, there is also excellent planar capacitance 
OFABOUT���P&�IN�. This will reduce the AC im-
PEDANCEOFTHE$$2�0$.ATFREQUENCIESABOUT
�'(ZWHICHISREQUIREDFORTHISTYPEOFDESIGN�

The outer microstrip layers should not be 
USEDFORROUTING�EXCEPTFORFANOUT�!PARTFROM
the fact that outer layers radiate more than 
internal layers, they also vary considerably 
in impedance. This is due the uneven plating 
THICKNESSOF THElNAL ELECTROLYSISPROCESSUSED
to plate the though-hole barrels during fabrica-
tion. Blind vias can be used to fanout from the 
"'!ANDDROPDIRECTLYTOEITHER'.$ORLAYER��
4HE04(COULDBEUSEDTOTRANSVERSETHESIGNALS
to the other layers or alternatively a buried via 
could be used.

&IGURE�ILLUSTRATESANALTERNATIVEOFBUILDUP
microstrip (outer layers). In this case, layer 1 is 
ONLYUSEDFORFANOUTTOLAYER��'.$OR0OWER�
"UT LAYER � CAN BE USED FOR HIGHSPEED ROUT-
INGOF3%2$%3OROTHERDIFFERENTIALSIGNALS�)TIS
CLOSELYCOUPLEDTOTHELAYER��'.$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�
PLANECONlGURATIONFOR��n��LAYERS�4HEREARE
of course, many variations that could be em-
PLOYEDDEPENDINGONTHEAPPLICATION�4HE)#$
3TACKUP0LANNERHASDEFAULTSTACKUPSFROM�n��
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LAYERSPREDElNEDTOGETYOUSTARTED�&IGURE��C	�
ISSIMILARTO,EE2ITCHEY�SFAVORITESTACKUP�4HIS
has all the good attributes that I have described, 
throughout this series, although 18 layers may-
BEOVERKILLINSOMECASES�"UTTHISBASICCONlGU-
RATIONCOULDBECUTDOWNTO��OR��LAYERSBY
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 
SERIESANDYOUCANNOTGOWRONG�2EMEMBERTHAT
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the substrate is the most important component 
of the assembly, so let’s get it right!

Points to Remember
s4OMINIMIZEINDUCTANCE�TWOCONDUCTORS

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

s4WOCONDUCTORSTHATCARRYCURRENTIN
the opposite direction (such as signal 
and ground planes or power and ground 
planes) should be positioned as close as 
possible.

s)FPOWERPLANESAREUSEDASREFERENCE
planes, then the return current must 
transverse stitching capacitors in order to 
jump between ground and power planes.

s5SEMULTIPLEGROUNDPLANES�WHEREPOS-
sible, rather than power planes, in the 
stackup, to isolate signal layers.

s0LACESTITCHINGGROUNDVIASCLOSETOEVERY
signal transition (via) to provide a short 
current return path.

s3PREADNUMEROUSGROUNDSTITCHINGVIAS
around the board to connect the multiple 
ground planes.

s$ON�TUSEGROUNDPOURSONSIGNALLAYERS
as this reduces the impedance of nearby 
traces. If you must, in order to balance 
copper, separate the signal and pour by 

��MILS�
s4ODETERMINETHELAYERCOUNT�STARTWITH

the route pitch. Technology rules are 
BASEDONTHEMINIMUMPITCHOFTHE3-4
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!��LAYERBOARDISSIMILARTOANEIGHT
layer with the addition of two more em-
bedded signal layers. These are used to 
increase routability and to add planar ca-
pacitance.

s4HEMETHODOLOGY)HAVESETOUT�INPREVI-
ous columns, can be used to construct 
higher layer count boards.  PCBDESIGN

References
��"ARRY/LNEY"EYOND$ESIGNCOLUMNS�-A-

TERIAL3ELECTIONFOR3%2$%3$ESIGN, -ATERIAL3E-
LECTIONFOR$IGITAL$ESIGN, The Perfect Stackup 
FOR (IGH3PEED $ESIGN, and %MBEDDED 3IGNAL
2OUTING.

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

��,EE2ITCHEY�2IGHT&IRST4IME$ESIGN.
��(OWARD*OHNSON�(IGH3PEED$IGITAL$E-

sign.
��4ODOWNLOADTHE )#$3TACKUPAND0$.

Planner, visit www.icd.com.au.

beyond design

Barry OlneyISMANAGING
DIRECTOROF)N#IRCUIT$ESIGN
0TY,TD�)#$	�!USTRALIA�4HIS
0#"DESIGNSERVICEBUREAU
SPECIALIZESINBOARDLEVEL
SIMULATION�ANDHASDEVELOPED

THE)#$3TACKUP0LANNERAND)#$0$.
0LANNERSOFTWARE�4OREADPASTCOLUMNS�
ORTOCONTACT/LNEY�CLICKHERE. 

STACKUP PLANNING, PART 4

2ESEARCHERSAT-)4HAVECREATEDTINYPORESIN
SHEETSOFGRAPHENETHATHAVEANARRAYOFPREFER
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