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Topics Overview
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• Defining Your Antenna Requirements

– What real-world performance should you expect to get from your antenna? 

• Deciphering Antenna Datasheets

– Antenna manufacturers use a variety of tactics to present their antennas in the 
best light.  How do I decipher this info to apply it to my application?

• A Typical Antenna Design and Evaluation Process

– Why is it essential to simulate, prototype and test your antenna? How are the 
steps of this process performed? 



Laird Confidential

Defining Your 
Antenna Requirements
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Defining Your Antenna Requirements
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Over 5,500 Antennas 
available through major 

distributors

Finding the right choice 
is a daunting task!

Take the time to 
understand your 

Product 
Requirements, 
then select an 
Antenna that 
meets them.

“The antenna looked good 
on paper”

“It had the best ‘marketing 
terminology’ “

“I wasn’t sure, so I just selected 
lowest cost version”

Dilemma Buyers’ Remorse The Right Approach



Laird ConfidentialLaird Confidential6

• The Wireless Protocol selected will typically dictate 
which frequencies must be supported by the antenna 

• From an antenna perspective the protocol defines: 

– Frequency & Bandwidth requirements

– Physical Size of the antenna

Example:  Bluetooth Low Energy (BLE)
- 2400 to 2483.5MHz

- Requirement needs to define the antenna’s 
performance across the entire bandwidth and not 
just a single channel or peak performance.

Defining Your Antenna Requirements
What frequency and bandwidths must be supported?
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Defining Your Antenna Requirements
Why is Efficiency the single most important requirement in many cases?

Defined as the ratio of power radiated from 
the antenna relative to the power delivered
to the antenna. 

In dB, 50% efficiency can be represented as:

Recommended requirement is a minimum of 
50% efficiency. 

If an antenna is optimized and you gain an 
additional efficiency of 5%, the improvement 
is ambiguous. 
An increase from 1% to 6% is HUGE (~7.5 dB) 
whereas an increase from 85% to 90% is minimal 
(~0.25 dB). 

What is it?

How is it Calculated? The Relativity of Efficiency

How Much Do I need?

Antenna
Efficiency

−3 𝑑𝐵 = 10 ∙ 𝑙𝑜𝑔 (
50%

100
)
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• Return Loss is the measure of energy 
reflected from the antenna and is 
typically not radiated. 

• Return Loss is due to an impedance 
mismatch between the antenna and 
the radio. 

• A guideline for Return Loss is -10 dB 
for the entire band. This means 90% 
of the energy is transferred to the 
antenna, representing only a 0.5 dB 
reflection or mismatch loss. 

Defining Your Antenna Requirements
How much Return Loss is acceptable for your application?
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• Antennas are passive components; 
Antennas can only direct and focus the 
energy.

• Higher gain in one direction means that 
there is less energy in another direction.

• Most applications could benefit from 
either a uniform radiation pattern or a 
low gain antenna.

• Recommended requirement is to have a 
Peak Gain below 5 dBi. 

• 5 dBi  = 5 dB of gain in a single direction 
relative to an isotropic (perfectly 
uniform) antenna.

Defining Your Antenna Requirements
When is antenna gain important?



Laird ConfidentialLaird Confidential

• Buying an antenna can save on NRE.
• Custom-designed antennas can reduce BOM costs.

• Typically, the antenna’s efficiency is proportional to its volume. 
The more space, the better!

• Like in real estate, remember “Location, location, location!”
• Maximize the height of the antenna off of the ground and distance 

from metal/batteries/other components. 
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Defining Your Antenna Requirements
Don’t forget to consider Location, Size, and (of course) Cost

Location

Size

Cost
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Defining Your Antenna Requirements
A custom antenna design can be a strong option for your product

Strike a better balance

Can help your product reach best 
possible balance of cost, 
performance, and industrial/
mechanical design goals.

Variety of technologies

PCB, FPC, formed wire, stamped/ 
formed metal, printed conductive ink, 
laser direct structure etc. 

Potential for BOM savings

The bill-of-material savings can be 
substantial, especially as sales 
volumes increase

Build to Specifications

Through simulation, the antenna 
performance can be maximized for 
your product requirements.
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Defining Your Antenna Requirements
A few helpful points to keep in mind

Efficiency |   Greater than 50% (-3 dB) 

Return Loss  |   -10 dB (0.5 dB mismatch 

loss)

Peak Gain     |   < 5 dBi

Electrical Requirements Mechanical Requirements

Size:    As large as the space will allow. 

Location:   As far as possible from the ground, 

human body, metal, obstructions, etc.  
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Deciphering Antenna Datasheets
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• Not all component datasheets 
are created equal! 

• There can be incomplete or ambiguous 
information in the datasheet to 
watch out for.

Deciphering Antenna Datasheets
A few helpful points to keep in mind
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• Manufacturers use their evaluation board to measure the information reported in their datasheet. 

• Board size can strongly influence radiated efficiency.

• If the size of the evaluation board is substantially larger than your design’s PCB, the datasheet 
values likely won’t convey realistic values for your application.

Antenna Eval Board Size 120 x 60 mm

Efficiency 58%

-10dB Return Loss/Bandwidth 2300 – 2600 MHz

Deciphering Antenna Datasheets
Keeping a close eye on the evaluation board size

Key Info to Find on 
a Datasheet

BLE example
values
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1. Look for clear information about the size of the 
antenna evaluation board in the datasheet.

2. An ideal datasheet would include information 
about the antenna on a variety of board sizes 
ranging from electrically large to electrically small. 

3. Rule-of-thumb: We recommend a minimum board 
dimension of a quarter wavelength. 

Deciphering Antenna Datasheets
Tips to account for the Evaluation Board size

Antenna Eval Board Size 120 x 60 mm

Efficiency 58%

-10dB Return Loss/Bandwidth 2300 – 2600 MHz

Key Info to Find on 
a Datasheet

BLE example
values
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• Five similar 2.4 GHz chip antennas were selected and their evaluation board 
dimensions were determined. 

Eval Board Dimensions of Five 2.4 GHz Chip Antennas

Length (mm) Width (mm) Length (λ) Width (λ)

Minimum Eval Board Size 30.00 18.00 0.24 0.15

Average of 5 Eval Boards 72.76 35.59 0.59 0.29

Maximum Eval Board Size 120.00 65.00 0.98 0.53

Deciphering Antenna Datasheets
Example:  Evaluation Board size for 5 different BLE antennas

The largest evaluation board is 14.44x larger 
than the smallest!
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• CAUTION:  Many datasheets show the 
maximum efficiency and not the efficiency vs. 
frequency.

• How does your product’s board dimensions 
compare with the evaluation board?  

– Efficiency may suffer as the board dimensions 
decrease. 

– Make sure the evaluation board dimensions are 
similar to your end use case. 

Deciphering Antenna Datasheets
Tips for evaluating Efficiency values

Antenna Eval Board Size 120 x 60 mm

Efficiency 58%

-10dB Return Loss/Bandwidth 2300 – 2600 MHz

Key Info to Find on 
a Datasheet

BLE example
values
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• A graph of return loss vs. frequency 
provides an intuitive understanding of the 
useable bandwidth of the antenna.

• Look for the -10dB markers or the return 
loss at the band edges. 

• A return loss below -10dB generally 
indicates that the antenna will work well 
between those frequencies. 

• Note: A good return loss does not 
guarantee that an antenna will radiate 
well. 
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Deciphering Antenna Datasheets
Tips for evaluating return loss plots

Antenna Eval Board Size 120 x 60 mm

Efficiency 58%

-10dB Return Loss/Bandwidth 2300 – 2600 MHz

Key Info to Find on 
a Datasheet

BLE example
values
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Typical Antenna Design & 
Evaluation Process
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Typical Antenna Design & Evaluation Process
Thorough evaluation is complex and requires expensive equipment

For a variety of reasons, many engineers do not verify their antenna’s performance 
beyond the datasheet values 

Thorough evaluation requires specialized, and expensive, test equipment, RF 
expertise, and test chambers to perform antenna characterization measurements. 

LSR often partners with engineers to evaluate, and ultimately fix or improve, 
their antenna’s performance

“I hope 
it’s good 
enough”

“We have the 
best possible 

solution”
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Antenna Design & Evaluation Process with LSR
Utilize a variety of software, equipment, and facilities

CST Microwave Studio 
with GPU Server

Antenna Simulations

PCB prototypes, 3D 
printers, and machine 

shop on-site

Antenna Prototypes

Vector Network 
Analyzer

Conducted Antenna 
Measurements

Automated Anechoic 
Antenna Chamber

Radiated Antenna 
Measurements
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• Simulation provides key information, 
including:

– Antenna Efficiency

– Antenna Matching Network, with realistic L/C 
components

– Antenna Radiation Pattern

– Effects of the enclosure and near field 
components (e.g. body tissue) 

• Using CST Microwave Studio, LSR’s engineers 
can rapidly evaluate different antenna options 
and then optimize the final antenna selection. 
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Antenna Design & Evaluation Process with LSR
Antenna Simulation accurately predicts real-world performance

LSR can simulate many off-the-shelf 
antennas as well.



Laird ConfidentialLaird Confidential25

Antenna Design & Evaluation Process with LSR
Example:  2.4 GHz BLE Antenna
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• Goals of Antenna Prototypes

– Measure the antenna’s performance on the actual board size. 

– Physical prototypes verify the simulation results are accurate and can be leveraged for the design. 

• “One accurate measurement is worth a thousand expert opinions.” – Grace Hopper 

• Prototypes range from very simple (e.g. single-sided PCB) to complex (e.g. ceramic substrates). 
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Antenna Design & Evaluation Process with LSR
Antenna Prototypes verify simulation results in the real world
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• Test early and often throughout the development process. If not verified, even 
heroic efforts may not be enough to fix a poor antenna design later in the project.

• Be aware that prototypes, especially early ones, have limitations:
– Prototype may not be mechanically or electrically accurate compared to the end application. 

– Cabling can influence the conducted measurements. 

– Components on the PCB may make the ground plane less continuous. This can influence antenna 
performance. 

Cabling may influence 
antenna’s efficiency and 
radiation pattern.

27

Antenna Design & Evaluation Process with LSR
Understand the limitations of your prototype
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• A VNA is a piece of test 
equipment used to measure 
the antenna impedance and 
Return Loss. 

• These measurements are 
used to impedance match 
the antenna to the radio.

28

Antenna Design & Evaluation Process with LSR
Leveraging insights from a Vector Network Analyzer

While powerful tools, Network Analyzers can 
be cost prohibitive for your project ($15k+)



Laird ConfidentialLaird Confidential

• Antenna’s radiated patterns are measured in an anechoic antenna measurement chamber

• LSR’s on-site automated chamber can characterize antennas ranging from 700 MHz to 6 GHz
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Antenna Design & Evaluation Process with LSR
Radiated measurements capture the actual antenna system performance
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It is easy to select a poor/average antenna; however, it can be challenging to select or design a 
really good antenna. Avoid having an average antenna and giving away range for free. 1
2

3
4

Only two design options exist – design the antenna around the mechanicals (i.e. custom 
antenna) OR design the mechanicals around the antenna (i.e. off-the-shelf antenna).

For many applications, radiated efficiency is the most important parameter,
and board size can have a strong influence on it.

“One accurate measurement is worth a thousand expert opinions.” 
Utilizing experienced antenna engineers with the necessary specialized 
equipment, like LSR, will accelerate and optimize your wireless product. 

Bringing It All Together
4 key points to remember about antenna selection & implementation
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Q&A and Wrap-Up
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LSR’s Design Services provides specialized excellence 
in wireless, cloud, and mobile

32

Antenna 
Development

RF/Wireless 
Design

Cloud & App 
Development

Software/Firmware 
Development

Turn-Key Production 
Testing & Manufacturing

Industrial Design, UI/UX, 
Mechanical Engineering
& Prototyping

EMC Testing & Certification
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Design.  Create.  Certify.  Connect.

W66 N220 Commerce Ct
Cedarburg, WI 53012

w:   www.lsr.com 
e:    sales@lsr.com
p:    262.375.4400
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Visit www.lsr.com/services/antenna-design to request a project consultation
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