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A
ntennas are sensitive to their surroundings. 
Thus, when there’s an antenna on the PCB, the 
layout for the design should take the require-
ments of the antenna into account, as this can 

make a huge difference in the wireless performance of the 
device. Care should be taken when integrating an antenna into 
a new design. Even the material, layer count, and layer thick-
nesses of the PCB can affect an antenna’s performance. This 
article discusses some basic design concepts that will help a 
designer derive great performance from an antenna.   

Positioning an Antenna for Performance 
Antennas operate in different modes, and depending on the 

way an individual antenna radiates, it may need to be placed 
in a certain position—along the short side of the PCB, the 
long side, or in a corner. 

The corner of the PCB is generally the best place to position 
an antenna. That’s because a corner position allows the an-
tenna to have clearance in five spatial directions, and the feed 
to the antenna lies in the sixth direction (Fig. 1).

Antenna manufacturers offer a choice of antenna designs 
that will be suited to different positions, so product designers 

can select the antenna that fits best into 
their layout. Often, the manufacturer’s 
datasheet will show a reference design 
which, if followed, will deliver optimal 
performance.

Product designs for 4G and LTE usu-
ally employ more than one antenna to 
build a MIMO system. In such designs, 
where multiple antennas are used si-
multaneously, the antennas are typically 
placed on separate corners of a PCB (Fig. 
2).

The Keep-Out Area 
It’s important not to place any com-

ponents in the near field immediately 
around the antenna, as they may inter-
fere with its performance. Accordingly, 
the antenna specification will state the 
size of the keep-out area—this is an area 
near and around the antenna that must 
remain clear of metallic objects. This will 

Design Tips for Positioning 
an Embedded Antenna 
on a PCB
When integrating an antenna onto a PCB, following the supplier’s requirements will get 
the best performance from the antenna. This article outlines the first steps to designing 
a PCB that includes an antenna.

Captions:

1. This image shows how the antenna can radiate in up to six directions (omnidirectional). 
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apply to every layer in the PCB. In addition, no components, 
or even mounting screws, should be placed within this area on 
any of the layers of the board.

An antenna radiates against a ground plane, and the ground 
plane is related to the frequency at which the antenna oper-

ates. Thus, allowing the correct size and space for the chosen 
antenna’s ground plane is a top priority. 

Ground Planes
The ground-plane size should also consider any wires used 

for communication to the device and the 
batteries or power cable that power the 
device. If the ground plane is properly 
sized, it will ensure that the cables and 
batteries connected to the device have 
less influence on the antenna (Fig. 3).

Some antennas are ground-plane-de-
pendent, which means that the PCB itself 
becomes the ground portion of the an-
tenna to operate against in order to bal-
ance the antenna currents, and the lower 
layers of the PCB may affect the antenna’s 
performance. In these cases, it’s impor-
tant not to place a battery or an LCD near 
the antenna.

The manufacturer’s datasheet should 
always specify whether the antenna 
needs a ground plane to radiate, and, if 
so, the size of ground plane required. This 
may mean that a clearance area should 
surround the antenna.

Proximity to Other PCB Compo-
nents

It’s vital to keep the antenna well away 
from other components that might inter-
fere with the way the antenna radiates. 
Items to be wary of are batteries; LCDs; 
metal components such as USB, HDMI, 
and Ethernet connectors; and noisy or 
high-speed switching components relat-
ed to switching power supplies.

The ideal distance between the antenna and another com-
ponent varies according to the height of that component. As a 
rule, if a line is drawn at an angle of 8 degrees from the base of 
the antenna, the component will be at a safe distance from the 
antenna if it’s positioned below this line. Figure 4 shows how 
this looks with a USB connector.

If other antennas are nearby operating on similar frequen-
cies, the effect may be to detune the two antennas as they af-
fect each other’s radiation. We recommend mitigating this by 
isolating the antennas by at least −10 dB up to 1 GHz and −20 
dB for 20 GHz. This can be done by allowing more distance 
between the antennas or rotating them so that they are placed 
at 90 degrees or 180 degrees apart from each other.

Designing the Transmission Line

3. The keep-out area is simply defined as the same size as the anten-

na, with 1 to 3 mm of additional clearance below the antenna to the 

ground.

2. These are examples of two antennas placed for a diversity solution.
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The transmission line is the RF trace that carries the RF en-
ergy to and from the antenna to deliver the signal to the radio. 
The design for the transmission line needs to be 50 Ω, or it’s 
possible that it may reflect signals back to the radio and cause 
a degraded signal-to-noise ratio (SNR), which could possibly 
desense the radio receiver. The reflections are measured as 
voltage standing-wave ratio (VSWR). A good PCB design will 
exhibit a suitable VSWR measurement, which can be mea-
sured when the antenna is tested.

We recommend designing the transmission line with care. 
First, the transmission line should be straight, because if it has 
corners or bends, these can contribute to losses. It’s possible to 
minimize the noise and signal losses that can affect antenna 
performance by placing vias evenly along both sides of the 
trace, as these help to increase performance by isolating noise 
traveling along nearby traces or ground layers (Fig. 5).

Thinner transmission lines can be more lossy. RF matching 
components and the width of the transmission lines should be 
used to tune the antenna to operate at a characteristic imped-
ance of 50 Ω.  The dimensions of the transmission line can af-
fect performance, and the transmission line should be as short 
as possible to allow the antenna to perform well. 

A free tool to calculate grounded-coplanar-waveguide 
(GCPW) transmission lines can be found here: https://blog.

antenova.com/rf-transmission-line-calculator

How to Achieve Better Performance?
If you allowed for the correct ground plane and placed the 

antenna in the optimal position, you’ve made a good start, but 
more can be done to improve antenna performance. You can 
use a matching network to tune the antenna—this will com-
pensate somewhat for any factors that might be affecting the 
antenna’s performance.

The key RF components are the antenna, its matching net-
work, and its RF output. A configuration that places these 
elements in proximity will minimize signal losses. Similarly, 
if your design includes a matching network, the antenna will 
perform best if the trace length from the antenna matches that 
specified in the manufacturer’s product specification.

The exterior casing around the PCB may also make a dif-
ference. Antenna signals can’t travel through metal, so placing 
the antenna inside a metal case or a case with metallic proper-
ties will not be successful.

Likewise, be cautious about placing an antenna close to 
plastic surfaces, as this can be very detrimental to antenna 
performance. Some plastics such as glass-filled nylon are lossy 
and dampen the RF signal to the antenna. Plastic has a higher 
dielectric constant than air, which can affect signals severely. 
It means the antenna will register a higher dielectric constant, 
thus increasing the electrical length of the antenna and reduc-
ing the frequency at which the antenna radiates.  

We suggest using high-quality FR4 circuit boards—they 
will be less likely to create any issues with RF performance.

Geoff Schulteis is an RF Antenna Application Specialist at 
Antenova Ltd. Geoff leads technical support for Antenova’s 
North American customer designs. He’s an antenna engineering 
professional with more than 20 years of experience designing, 
integrating, and testing antenna systems for consumer products 
from R&D through manufacturing and commercial deploy-
ment. Geoff is uniquely familiar with the wireless product de-
velopment landscape and has designed antennas for various IoT 
applications utilizing protocols ranging from 2G through 5G, 
earning him multiple patents for these efforts.

4. A line at an angle of 8 degrees from the antenna shows the safe 

distance between the antenna and another component. 

5. In the transmission line, the dimension H, T, A, and B can be used to 

estimate the impedance of the antenna trace.

☞LEARN MORE @ electronicdesign.com | 3

https://blog.antenova.com/rf-transmission-line-calculator
https://blog.antenova.com/rf-transmission-line-calculator
http://?Code=UM_EDPDF
http://www.electronicdesign.com?code=UM_EDPDF


☞LEARN MORE @ electronicdesign.com | 4

http://?Code=UM_EDPDF
http://www.electronicdesign.com?code=UM_EDPDF

