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Planes 

Planes are solid sheets of copper in the layer stack-up and can either be connected to a supply voltage or the ground 

connection of the supply. 
 

Power planes 
Using power planes allows components to be connected to the appropriate voltage easily i.e. no surface track 

required just a short connection through a via. As there are likely to be occasions where more than one voltage level 
is required, then several power planes may be necessary or a single plane may be split into different voltage levels. 

Ground planes 
Ground planes provide a return path for current. With high frequency signals the return current will flow (if allowed 

to) directly underneath its associated signal track. 

Current density in ground plane 
under signal track 

 

Vias and slots in planes 
Planes need to be as solid as possible if they are to perform all their functions effectively. However, it is inevitable 

that there will be via and other holes through the plane. Slots and a closely placed row of vias are to be avoided as 
these can seriously impair the effectiveness of the plane. If the return current is forced to take a longer path than 

necessary the (current) loop area is increased which increases EMI issues. If you must have a slot in the plane then 
route the track elsewhere not across the slot. 

 

Gap in ground planes causes return current to diverge from 
signal track 

 

AC coupling 

As there will be capacitors between the power and ground planes, high frequency signals will ‘see’ a short circuit 

between the planes and therefore the signal return currents can travel through either plane. 
Capacitance 

Buried capacitance in the form of a pair of planes in the layer stack-up can be very useful in high-speed circuits. At 
very high frequencies the inductance of the planes is significantly lower than most decoupling capacitors and 

providing the planes are close together then a useful capacitor can be formed. 
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Capacitance of a plane pair is given by: 

 
Where: C is in Farads e0 = 8.85x10-12 F/m (permittivity 
of free space) er = dielectric constant of laminate 

 

Split power planes 
There may be a requirement for more than one regulated power supply on a board; this could result in several 
individual power planes or one plane split into several parts. Each power plane could have its own ground plane or 

they all could share a single plane. If minimising noise is important then each power plane should have its own 

ground plane. 
 

 

This power plane is split into 3 sections all of which share a single 
ground plane. 
  

 

Overlapping planes 
If there are multiple planes in the stack-up then ensure that unrelated planes do not overlap otherwise noise can be 
capacitively coupled between them. During layout try to place all the components over their respective planes; this 

reduces the likelihood of the return currents path being long. 

In this case the digital ground plane overlaps the analogue power 
plane; therefore it’s possible for noise to couple in either direction. 
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To split or not to split (ground planes) 
The rule these days seems to be; don’t split the plane unless you have a reason to do so. 

 
 

 

Analogue signals should be kept in an “analogue 
area” of the board and the digital signals kept in a 
digital area. At DC the return currents will take the 
path of least resistance, however with AC, the 
return currents will take the path of least 
impedance; the higher the frequency the closer 
the coupling will be to the signal trace. 

 

Impedance control 
Where a circuit requires a high-speed signal to have a particular impedance value e.g. 100W, the signal needs to 

reference to a copper plane. The resulting value of impedance is proportional to the distance to the plane. 
Thermal properties 

FR-4, a common dielectric material has a typical thermal conductivity of 0.3 W/mK, so not a good conductor of heat. 
Copper on the other hand has a value of 400 W/mK, therefore adding power and ground planes to the layer stack-up 

greatly improves the effective thermal conductivity of the board. 

 

Some typical thermal conductivity 
values for various layer counts 

 

 
 

 

Some components have a die-attach-pad (DAP) which enables 
good thermal performance to be achieved by connecting the DAP 
to a copper plane with the use of thermal vias. Solder wicking into 
the holes is not particularly good for heat transfer; thick plating in 
the holes is much better (or fill). 
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Copper balance 
When using planes in the layer stack-up it is important to maintain copper balance in the z-axis otherwise the board 
will almost certainly bow. 

In this 10-layer board the power and ground planes are evenly 

spaced about the centre-line of the stack-up. 

 

Cost 
There will be an increase in cost of fabrication when adding planes to the layer stack-up however, the resulting 

increase in performance can be significant and high frequency circuits where transmission lines are essential cannot 
function without the use of planes. 
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