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Five Tips for Better 
Antenna Performance
From radios to radar, and for EMI/EMC testing, your system is only as 

good as its antenna. Antenna performance is a prerequisite to the overall 

quality of a system, which can ultimately affect the efficiency of an entire 

program or application.

This e-book provides you with the basics critical to achieving better  

antenna performance.
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Understand Your Antenna Type
TIP ONE
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TYPE



Understand Your Antenna Type
TIP ONE

Actual measurements are the best way to accurately 
determine the gain factor and radiation pattern of broadband 

antennas such as this LPA design.
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TYPE

There are two major types of antennas — narrowband and broadband. 

Each has attributes for specific applications.

Narrowband antennas cover a limited frequency range and a few 

channels. Examples are dipoles and standard gain horns. For these basic 

designs, it is easy to calculate gain factor based on the dimensions of 

the antenna. However, a calculated gain factor does not account for 

adaptor loss, baluns, or other connected devices.

Broadband antennas cover a wide range and many channels. Common 

types include biconical (bicon), log periodic (LPA), bilog (dual LPA), 

and dual-ridge waveguide horns. For these complex designs, 

mathematical derivation of gain factor is complex even with sophisticated              

modeling software.  



Fully Characterize 
Antenna Performance

TIP TWO
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PERFORMANCE
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Displayed on a horizontal plane, this measurement shows 

the far-field antenna pattern of an X-band radar. 
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PERFORMANCE

Attributes that define the performance of an antenna:

• Gain factor — free-space, far-field, and near-field

• Radiation pattern

• Voltage standing wave ratio (VSWR) and return loss

• Polarization — horizontal, vertical, circular, and free-space

• Beam width — 3 dB or user-defined

In some cases, the ANSI and CISPR standards require specific 

measurements such as antenna symmetry or antenna balance.

Proper antenna calibration starts with a basic functional check                 

and includes all the attributes in the above list.

Fully Characterize 
Antenna Performance

TIP TWO



Beware of Cumulative Deterioration
TIP THREE
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DETERIORATION



Whether the cause is a lightning strike in the field or an 
accidental drop in the lab, the damage to an antenna 

may only be revealed after calibration.
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DETERIORATION

For any extensively used antenna, performance declines as physical and 

electrical flaws accumulate with the passage of time. Some of the causes 

are harsh weather, extreme physical stress, and prolonged exposure to 

sea spray.

Many of the resulting causes of diminished performance are not readily 

apparent during a visual inspection. For example, sub-surface oxidation,  

or misaligned elements, inconsistent pin depth, weak or stressed solder 

joints, and connector damage can all degrade performance.

The effects of such flaws are apparent only during a thorough calibration 

process. Periodic calibration  reveals the underlying problems, ensuring 

the ongoing performance of any antenna that consistently faces         

extreme conditions.

Beware of Cumulative Deterioration 
TIP THREE



Consider Physical and Electrical Issues
TIP FOUR
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ISSUES



In this comparison of actual measurements, the “Delta” display 

(bottom) shows 4 dB difference between the measurements.
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ISSUES

The widely used standard gain horn provides a helpful example. It is 

possible to calculate gain factor based on the dimensions of the horn 

aperture. However, there are at least two issues with this approach. 

1. The gain horn may be defective.

2. Connected devices such as waveguides or cables may have 
physical or electrical impairments.

You can characterize a waveguide by first connecting a known unit to a 

field unit and then measuring the insertion loss. The results in the upper 

left trace show two responses — a faulty waveguide bolted to a known-

good unit (red line), and two functional units (blue line).

As shown by the blue trace, even with a good waveguide, adaptors can 

cause significant amounts of loss;  about 0.73 dB in this example.

Consider Physical and 
Electrical Issues

TIP FOUR



Select an Accredited Calibration Lab
TIP FIVE
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CALIBRATION



Standards-compliant antenna calibration depends on 
exceptional facilities, ranging from enclosed anechoic 

chambers to open-area test sites.
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CALIBRATION

If you do not have the precision equipment for in-house antenna 

calibration, an accredited calibration lab can help you. Globally, there 

are several key standards for antenna calibration: ANSI, CISPR, IEEE, 

MIL-STD, SAE, and more. All specify critical requirements for facilities, 

processes, equipment, and methods:

• Site attributes: Calibration test site (CALTS) compliance to 
CISPR; normalized site attenuation (NSA) compliance to ANSI

• Equipment attributes: ISO 17025 accredited calibrations with 
traceability to the relevant national standards body  

• Method and process attributes: Independent review and audit 
by accreditation bodies

• Lab certifications: ISO 9001, ISO 17025:2005, ANSI/NCSL 
Z540-1-1994, A2LA

Use the above requirements to assess a calibration provider’s ability 

to deliver standards-compliant measurements.

Select an Accredited Calibration Lab
TIP FIVE



Keysight Iowa Center of Excellence - North America’s 

largest open-area test site (OATS).

GET  THE  DETA I LS  AT  WWW.KEYS IGHT.C O M/F IN D /AN T E N N AC AL
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CALIBRATION

Know your antenna, trust your system 
The Keysight Iowa Center of Excellence (COE) delivers SI-traceable 

results for manufacturers and other organizations that require a 

proven provider of standards-compliant measurements. It also offers 

on-demand flexible capacity for calibration labs that support large 

numbers of antennas.

The COE operates an 80-by-50 meter open-area test site (OATS) 

that is compliant with calibration test site (CALTS) standards. With 

exceptional facilities and decades of experience, Keysight is uniquely 

qualified to meet your specific requirements — ANSI, CISPR, IEEE, 

MIL-STD, SAE — with unmatched precision and repeatability.

Center of Excellence
OVERVIEW

http://www.keysight.com/find/antennacal
https://www.keysight.com/main/editorial.jspx?cc=US&lc=eng&ckey=2937001&nid=-32221.0.00&id=2937001/
https://www.youtube.com/watch?v=ta3HvOlgjK8


SEE  OUR  GROWING  RANGE  OF  SOLU T IO N S  AT                        
WWW.KEYS IGHT.COM/F IND /SERV ICE S
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CALIBRATION

Better engineering decisions start with unshakable confidence in your 

measurement tools. Keysight’s One-Stop Calibration Services are a 

convenient and cost-effective way to ensure the ongoing accuracy and 

availability of your critical test assets.

With our global services organization, we can help you in four ways:

1. Ensure the ongoing accuracy and availability of your test 
equipment, including antennas

2. Help improve operational performance through faster calibration 
turnaround time that, in turn, supports increased readiness and 
availability

3. Minimize logistical complexity and save time with single-point 
contact for all types of calibration

4. Reduce costs by achieving economies of scale in calibration

It’s the best way to get more from your test assets and, ultimately, 

optimize your investment in test.

Optimize Your Investment in Test 
KEYSIGHT SERVICES

http://www.keysight.com/find/services
http://www.keysight.com/find/services
https://www.keysight.com/main/editorial.jspx?cc=US&lc=eng&ckey=2804412&nid=-11143.0.00&id=2804412


This information is subject to change without notice. © Keysight Technologies, 2018, Published in USA, February 13, 2019, 5992-3662EN 
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