
MIXED SIGNAL

Avoiding preconceived notions is a must if you want to
design efficient mixed-signal boards.  
by SYED RIZVI and IMRAN KHAN

In many cases, engineers have precon-
ceived notions about mixed-signal
designs and how analog and digital
placement, partitioning and associated
design should be performed. However,
the truth of the matter is that every
mixed-signal board design is different
and demands interactive design negoti-
ations between expert mixed-signal
designers and the OEM customer. 

When laying out components for a
mixed-signal PCB, certain considera-
tions are critical to achieving optimum
performance. Mixed-signal is particu-
larly tricky to design since analog
devices possess different characteristics
compared to digital components: dif-
ferent power rating, current, voltage
callouts and heat dissipation require-
ments, to name a few. Consequently, it
is important for design engineers to
recognize certain problematic areas
and then implement them correctly in

their mixed-signal designs. 
Circuitry placement on mixed-sig-

nal PCBs is among the more crucial
design points. First, there’s the wrong
way. As shown in FIGURE 1a, there is a
separation between the analog and dig-
ital ground planes, appearing as an L-
or S-shaped figure, with traces crossing
that separation. This is an example of
poor layout due to the trace disconti-
nuity in the plane separation. 

What’s missing is a respective solid
plane located underneath the trace to
allow for continuous impedance on that
trace. Also, the crossover of the traces
from analog to digital plane prevents a
good return path for these particular
traces. The idea is to maintain a distinct
separation of split planes between the
analog and digital ground planes and to
keep analog traces under the analog split
plane and digital traces under the digital
split plane. Otherwise, noise is created

on the board and signals deteriorate. 
Ideally, the analog section of a board

must be totally isolated in terms of
placement, routing and plane creation.
Analog traces should be run only under-
neath their analog reference power or
ground plane. Conversely, digital traces
should run only under the digital section
with respective power and ground
planes, as seen in FIGURE 1b. Hence,
impedance is kept constant, and there’s a
good return path for signals. 

However, there are worst-case sce-
narios involving mechanical and/or space
constraints. The best approach here is to
run analog and digital traces on separate
layers. If there is no plane separation
between them, the rule of thumb is to run
the analog and digital traces perpendicu-
lar to each other to maintain signal
authenticity. They should never be run
parallel to each other. 

FIGURE 1c shows the best place-
ment method, using an analog-to-digi-
tal converter (ADC) IC as an example.
One side of the IC has analog pins rest-
ing directly atop the analog plane,
while the other side’s digital pins are
squarely on the digital plane. 

When separation isn’t as exact and
ideal as the above ADC IC example,
mixed-signal circuitry separation at the
device level requires careful design tech-
niques. Take, for example, a mixed-sig-
nal device packaged in a BGA. FIGURE 2
shows proper separation between analog
and digital sections. Analog and digital
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FIGURE 1. a) Signal traces cross over a split in the ground plane and it is void of a
return path for the current. b) Analog and digital traces are routed on top of their
respective analog and digital ground planes without crossing over the separation
between the two planes. c) Layout has a single ADC IC and a split ground plane. 

In The Mix: 
Tips For MIXED-SIGNAL DESIGN



circuitry in the device is isolated with
about a .015˝ wide gap so that all analog
signals and traces are are on the analog
side and likewise on the digital side.

Correct separation is critical due to
the different methodologies associated
with analog and digital sections of the
board. The analog section normally
has higher voltage and current require-
ments, which in turn generate more
heat that needs to be properly dissipat-
ed. Always keep in mind that analog
circuitry is high-power and high-cur-
rent, inherently creating more noise
than digital. Consequently, this gener-
ated noise can adversely affect adjoin-
ing low-power and low-current digital
circuitry if proper partitioning between
the two isn’t correctly implemented. 

An example of effective partition-
ing places power supplies, analog inter-
face converters and other analog cir-
cuits on the left side of the PCB. High-
and low-frequency digital devices are
placed on the right side with system
clocking in the middle and connectors
at the bottom edge as shown in FIGURE
3. In this way, analog and digital are
totally separated, and traces can be
easily routed separately underneath the
return path, ground and power planes. 

Also, since digital signals operate
at high frequencies, they are sensitive
to noise. Correct placement and rout-
ing of the digital section thus becomes
important to completely isolate it from
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FIGURE 3.This ideal partitioning of a
mixed-signal board shows analog com-
ponents placed at the left and digital
components on the right.
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FIGURE 2. A close-up view of a BGA
packaged mixed-signal device shows
the required separation between the
analog and digital power supplies. 



noisy analog circuitry. And the clock is
the most critical section in a mixed-sig-
nal PCB design. In this regard, ground
shielding to protect clock traces or crit-
ical digital signals must be performed if
they run through analog circuitry when
those paths can’t be avoided. It’s best
to run a clock net and then have a
ground trace shielding the entire path
of the clock trace. 

FIGURE 4 shows examples of mixed-
signal board layouts, with FIGURE 4a
the more simple of the two. It includes
several digital components, DSP, phase-
locked loop (PLL) programmable logic,
memory, serializer/deserializer (SerDes)
logic and termination resistors. The
only analog component is an ADC IC.
As discussed earlier, it is important to
keep signals and planes separate
between analog and digital, regardless
how small the analog portion. 

An OC48 interface card layout (FIG-
URE 4b) contains a number of digital
devices and appears to be a simple lay-
out like the one mentioned earlier. How-
ever, in this case, the PCB design calls for
a mixed-signal DSP. This device possess-

es analog and digital circuitry, thus prop-
er design techniques must be implement-
ed to provide each section the required
power, allowing them to effectively per-
form their functions. In this case,
depending on package pin assignment,
partitioning the analog and digital cir-
cuit is performed in the middle of the
power plane underneath the DSP chip.

Care in the layout process should
be observed so that the analog and dig-
ital planes do not overlap each other.
For example, it’s important that a digi-
tal power plane does not overlap an
analog power plane. That will produce
capacitance between the overlapping
areas, which is likely to cause RF emis-
sions to pass from one plane to anoth-
er (FIGURE 5).

Since analog circuitry is more
demanding to work with than its digital
counterpart, you must be ready to make
certain design compromises that come
down to cost versus benefits. You must
first recognize that mixed-signal designs
have certain characteristics that must be
identified, and then you must imple-
ment them to have a successful design. 

Correct component placement is of
utmost importance. This is the deter-
mining factor in ensuring how well ana-
log circuitry signals flow through the
PCB, as well as how the planes are split
to keep analog characteristics separate
from the digital section.  PCD&M

IMRAN KHAN (imran_khan@nexlogic.com)
has been a PCB design engineer at
Nexlogic for over four years. SYED
RIZVI (syed@nexlogic.com) has eight
years of experience as a PCB design
engineer, with over four at Nexlogic.

PRINTED CIRCUIT DESIGN & MANUFACTURE FEBRUARY 200526

MIXED SIGNAL

Right
Analog +

Analog +
Wrong

Digital +

Digital +

Analog - Digital -

Analog - Digital -

FIGURE 5. Overlapping analog and digi-
tal planes could cause unwanted capaci-
tance between the two planes. 
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FIGURE 4. a) Even with a simple mixed-signal board layout, the smallest analog por-
tion must be completely separated from digital components. b) A mixed-signal DSP
on a board requires the same separation of analog power and ground planes from
the digital power and ground planes. 


