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BEYOND DESIGN

Split Planes in Multilayer PCBs 
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Creating split planes or isolated islands in 
the copper planes of multilayer PCBs at first 
seems like a good idea. Today’s high-speed pro-
cessors and FPGAs require more than six or sev-
en different high-current power sources. And 
keeping sensitive analog circuitry isolated from 
those nasty, fast, digital switching signals seems 
like a priority in designing a noise-free environ-
ment for your product. Or is it?

Many analog-to-digital converter (ADC) 
manufacturers recommend the use of split 
ground planes. “The analog ground (AGND) 
and digital ground (DGND) pins must be con-
nected together externally to the same low 
impedance ground plane with minimum lead 
length.” This has been the age-old method 
for audio design. However, this approach has 
the potential of creating a number of addi-
tional problems in high-speed digital circuits.  
A much better way to connect AGND and 
DGND together, through a low impedance 
path, is to use only one ground plane to be-
gin with.

When both analog and digital devices are 
used on the same PCB, it is usually necessary to 
partition (not split) the ground plane.  The com-
ponents should be grouped by functionality and 
positioned so that no digital signals will cross 
over the analog ground, and no analog signals 
will cross over the digital ground. Precise parti-
tioning will minimize the trace lengths, improve 
signal quality, minimize the coupling and reduce 
radiated emissions and susceptibility. This is tra-
ditionally done by using keep-out zones whereby 
no trace can cross through the keep-out area. 
But this also creates issues in that control signals 
need to go into and out of these sensitive areas.

Particular care needs to be taken with oscil-
lators and switch mode power supplies that may 
generate high frequency electromagnetic fields. 
If space permits, keep these circuits 10mm from 
any critical signals to avoid parasitic coupling.

Route fences, rather than route keep-outs, 
are useful to control the routing. Controlled 
routing is the key to a successful mixed sig-
nal design. The planes should not be split, but 

rather a pass-through gap is left in 
the plane so that control signals 
can enter and leave that area as 
seen in Figure 1. Route fences are 
also very effective is controlling an 
autorouter. They can be set up for 
each router pass and then moved 
to a different location. This is best 
done with interactive cross-probing 
from schematic to PCB, controlling 
functional sections of the design 
one-by-one, building up the route 
to completion.

At low frequencies, current fol-
lows the path of least resistance. 
But at high frequencies, return cur-
rent follows the path of least induc-
tance—which happens to be direct-
ly under the signal trace on a plane 
(power or ground) that is closest to &IGURE฀��฀2OUTE฀FENCES฀USED฀TO฀CONTROL฀ROUTING฀AND฀ISOLATION�
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the trace. This also provides the smallest loop 
area.

When a trace crosses a gap in the adjacent 
plane, the return current is diverted from un-
derneath the trace in order to go around the 
gap. This causes the current to flow through a 
much larger loop area which changes the char-
acteristic impedance of the trace, increases the 
crosstalk between adjacent traces, and thus in-
creases the radiation from the board. In some 
instances, the return current may have to go all 
the way back to the power supply. A major EMC 
problem occurs when there are discontinuities 
in the current return path. Routing traces via 
the pass-through gap alleviates these problems 
and still allows vital signals to enter and leave 
the sensitive area. The return current will al-
ways follow the signal traces and will not go 
through other areas.

Also, there is the issue of what to do with 
all the different power supplies for the major 
chips without splitting the planes. These days, 
it is typical to have six or more different sup-
plies. In fact, a DDR3 motherboard that I just 

completed had a count of 30 different supplies 
plus an analog and a digital ground. On a com-
plex multilayer board, it is typical to use eight 
or more layers, four of these being planes. 

Figure 2 shows how the ICD Stackup Plan-
ner was used to calculate the impedance of the 
traces and to plan the stackup of the PCB sub-
strate using multiple supplies. This may at first 
look unusual for DDR3 design, but the addi-
tion of copper pours on the dual stripline layers 
changes everything. Power planes are on layers 
5 and 6 and are also placed as pours under the 
chips on the top and bottom layers. However, 
pouring copper over the entire outer layers is 
not recommended. With this particular design, 
ground pours were added to layers 4 and 7 un-
der the DDR3 devices, to drop the impedance 
in these areas to 40/80 ohm single-ended/dif-
ferential. Figure 3 shows layer 4 as GND and 
the impedance has been altered to 40/80 ohms 
with the addition of this plane under the DDR3 
devices. This also provides good planar capaci-
tance and stability for the 1.5V power distribu-
tion network (PDN).

beyond design
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One of the keys to determining the optimal 
PCB stackup is to understand how and where 
the return signals actually flow. The schematic 
only shows the signal path whereas the return 
path is implicit. The ICD Stackup Planner al-
lows the designer to determine any number of 
single-ended and differential impedance tech-
nologies on the same substrate. In Figure 3, I 
have simulated 50/100 (digital), 40/80 (DDR3) 
and 50/90 ohm (USB) on the same substrate.

It is recommended to use as many GND 
planes as possible in the stackup. The de-

coupling capacitor and IC GNDs naturally 
provide stitching vias to connect the GND 
planes in most cases. However, any plane, not 
just ground, can act as the return path of a  
signal. Care must be taken to ensure there is 
a provision for enough decoupling between 
the power and ground planes, in this case.  
But still, even after putting as many supplies  
as possible on the power planes, without  
doubling up, we soon run out of planes. So 
what do we do with the other supplies?

In the above screenshot of Figure 3, 1V8 

beyond design
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(yellow) and 2V5 (orange), supplies are routed 
on the top layer and the core fills (copper pours) 
are placed directly under the processor chip. 
Since there is little room for routing on the top 
(or bottom) layer anyway, this does not affect 
the routability of the design but rather has the 
added advantage of a low inductance power 
supply close to the chip.

In conclusion, split ground planes are a great 
way to create discontinuities of impedance, 
crosstalk and EMI—so, don’t use them! Con-
trolled routing is the key to a successful mixed 
signal design. The ground planes should not be 
split, but rather partitioned and a pass-through 
gap left in the plane so that vital signals can 
enter and leave the sensitive area. 

Points to Remember
s฀4HE฀BEST฀WAY�฀TO฀CONNECT฀!'.$฀AND฀$'.$฀

together through a low impedance path, 
is to use only one ground plane to begin 
with.

s฀7HEN฀BOTH฀ANALOG฀AND฀DIGITAL฀DEVICES฀ARE฀
used on the same PCB, it is usually nec-
essary to partition (not split) the ground 
plane.  

s฀+EEP
OUTS฀CREATE฀ISSUES฀IN฀THAT฀CONTROL฀SIG-
nals need to go into and out of these sensi-
tive areas.

s฀)F฀SPACE฀PERMITS�฀KEEP฀THESE฀CIRCUITS฀��฀MM฀
from any critical signals to avoid parasitic 
coupling.

s฀2OUTE฀FENCES�฀RATHER฀THAN฀ROUTE฀KEEP
OUTS�฀
are useful to control the routing.

s฀4HE฀PLANES฀ARE฀NOT฀SPLIT฀BUT฀RATHER฀A฀PASS

through gap is left in the plane so that 
control signals can enter and leave that 
area. Route fences are also very effective is 
controlling an autorouter.

s฀!T฀LOW฀FREQUENCIES�฀CURRENT฀FOLLOWS฀THE฀PATH฀
of least resistance. But at high frequencies, 
return current flows the path of least in-
ductance—which happens to be directly 
under the signal trace on a plane (power or 
ground) that is closest to the trace. 

s฀7HEN฀A฀TRACE฀CROSSES฀A฀GAP฀IN฀THE฀ADJACENT฀
plane, the return current is diverted from 
underneath the trace in order to go around 
the gap. This causes the current to flow 
through a much larger loop area.

s฀!฀MAJOR฀%-#฀PROBLEM฀OCCURS฀WHEN฀THERE฀
are discontinuities in the current return 
path. Routing traces via the pass-through 
gap alleviates these problems and still al-
lows vital signals to enter and leave the 
sensitive area.

s฀0OURING฀COPPER฀OVER฀THE฀ENTIRE฀OUTER฀LAYERS฀
is not recommended.

s฀/NE฀OF฀ THE฀KEYS฀ TO฀DETERMINING฀ THE฀OPTI-
mal PCB stackup is to understand how 
and where the return signals actually flow. 
The schematic only shows the signal path, 
whereas the return path is implicit.

s฀ 4HE฀ )#$฀ 3TACKUP฀ 0LANNER฀ ALLOWS฀ THE฀ DE-
signer to determine any number of single-
ended and differential impedance technol-
ogies on the same substrate.

s฀5SE฀AS฀MANY฀'.$฀PLANES฀AS฀POSSIBLE฀IN฀THE฀
stackup. The decoupling capacitor and IC 
GNDs naturally provide stitching vias to 
connect the GND planes in most cases.

s฀ 3UPPLIES฀ MAY฀ BE฀ ROUTED฀ ON฀ THE฀ TOP฀ LAYER฀
and the core fills (copper pours) are placed 
directly under the processor chip.

s฀3PLIT฀GROUND฀PLANES฀ARE฀A฀GREAT฀WAY฀TO฀CRE-
ate discontinuities of impedance, crosstalk 
and EMI—so, don’t use them!  PCBDESIGN
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