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WARRANTY:  Banner Engineering Corp. warrants its products to be free from defects for one year. 
Banner Engineering Corp. will repair or replace, free of charge, any product of its manufacture found to be 
defective at the time it is returned to the factory during the warranty period. This warranty does not cover 
damage or liability for the improper application of Banner products. This warranty is in lieu of any other 
warranty either expressed or implied.

CAUTION . . .
Make no modifications to this 
product.

Any modifications to this product not expressly 
approved by Banner Engineering could void the 
user’s authority to operate the product. Contact 
the Factory for more information.

All specifications published in this document are subject to change. Banner reserves the right to modify the specifications of products, prior to their order, without 
notice. Banner Engineering reserves the right to update or change documentation at any time. For the most recent version of any documentation, please refer to our 
website: www.bannerengineering.com. © 2007 Banner Engineering Corp. All rights reserved.

The manufacturer does not take responsibility 
for the violation of any warning listed in this 
document.
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Anatomy of an Antenna

Antenna element

Ground plane
N-type connector

Mounting bracket

Antenna extension cable with an SMA connector at one end and an 
N-type male connector at the other end. This cable typically connects 
between the SureCross™ device and the antenna or another extension 
cable.

Antenna extension cable with an N-type male connector at one end 
and an N-type female connector at the other end. This extension cable 
connects between another cable and a surge protector or antenna.

Surge suppressors mount between the antenna and the radio system to protect the electrical equipment from damage during a lightning strike 
or other electrical surge. No surge suppressor can absorb all lightning strikes. Do not touch any radio device or any equipment connected to 
the radio device during a thunderstorm. 

Always install and properly ground a qualified surge suppressor when installing a remote antenna system. Remote antenna configurations 
installed without surge suppressors invalidate the Banner Engineering Corp. warranty. Always keep the ground wire as short as possible and 
make all ground connections to a single-point ground system to ensure no ground loops are created.
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Antenna Basics

Antennas transmit radio signals by converting radio frequency electrical currents into electromagnetic waves. Antennas receive the signals by 
converting the electromagnetic waves back into radio frequency electrical currents.

Because electromagnetic waves do not require a medium in which to travel, antennas can function in air, space, under water or other liquid, 
and even through solid matter for limited distances. Every antenna has specific characteristics that determine the signal’s range and radiation 
pattern or shape. One of the most important characteristics of the antenna is its gain. 

Low gain Yagi antenna

High gain Yagi antenna

Omni antenna with ground plane

Omni antenna with radome
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Gain

The antenna’s gain, measured in decibels, relates directly to the radio signal’s radiation pattern and range. Adding gain to a radio system does 
not amplify the signal. Antennas with greater gain only focus the signal. A low-gain antenna transmits (and receives) the radio signal equally in 
all directions. A high-gain antenna transmits its signal farther in one direction than the low-gain system. 

Decibels
Mathematical equations indicate that for every 3 dB increase in the gain, the effective transmission power doubles. Experimentation indicates 
that for every 6 dB increase in the gain, the radio signal range doubles. Therefore, if a 0 dB antenna (unity gain) transmits three miles, a 6 dB 
antenna on the same radio transmits the signal six miles. 

To simplify conversions between dBi, dBm, dBd, use the following approximation:

    dBm = dBi = dBd + 2.15

where dBm refers to a ratio of the measured power referenced to 1 milliWatt, dBi is a measurement of an antenna’s gain compared to a 
mathematically ideal isotropic antenna, and dBd is a ratio of the antenna’s forward gain to a half-wave dipole antenna.

Why Do You Need Gain?
According to rules set by the FCC, radio systems like the SureCross™ radio device may not exceed 30 dBm Effective Isotopic Radiated Power 
(EIRP), or approximately 1 Watt. Because the 900 MHz SureCross™ radio system has a conducted power of 21 dBm (150 mW), the maximum 
system gain that may be used with the Banner system is 9 dBm. Using these higher gain antennas allows users to focus the signal both for 
transmission and for reception.

For systems requiring cables and connectors, the losses from the cables and connectors add up to reduce the effective transmission power of 
a radio network. What starts out as a 9 dB antenna may only have an effective gain of 5 dB once losses are totaled. Because the 9 dB limit 
applies to the radio system, including connectors and cables, using a higher gain antenna may be necessary to transmit the required distance 
and would still comply with FCC regulations.

In addition to increasing the range, adding gain changes the radiation pattern. How the radiation pattern changes depends on the type of 
antenna: omni-directional or directional.
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Omni-Directional Antennas

Antenna

Top View: Low-Gain Dipole Omni

Omni-directional antennas mount vertically and transmit and receive equally in all 
directions within the horizontal plane. Omni-directional antennas are used with the 
SureCross™ Gateway, because the Gateway is usually at the center of the star topology 
radio network.

3 miles

Side View: Low-Gain Dipole Omni

An omni-directional, or omni, antenna transmits and receives radio signals in the 
‘doughnut’ pattern shown. Note the lack of a signal very close to the antenna. Most 
dipole omni antennas have a minimum distance for optimum signal reception. From the 
top view, the signal radiates equally in all directions from the antenna. For this reason, 
omni-directional antennas are best used for the device in the center of a star topology 
network.

The top view of an omni-directional antenna appears 
to extend evenly in all directions

Viewed from the side, however, omni-directional 
antennas have more of a doughnut pattern.
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6 miles6 miles

6dB Gain

Low-Gain

Side View: Dipole Omni Antennas

High Gain
An omni antenna with increased gain also has a circular 
radiation pattern when viewed from the top. From the 
side view, however, the decreased energy sent vertically 
increases the energy transmitted horizontally. The 
radiation pattern stretches to extend the range, focusing 
the signal along a horizontal plane. 

This makes higher gain omni antennas more sensitive 
to changes in elevation between the Gateway and its 
Nodes. 

GATEWAY

NODE

NODE

NODE

Node A

Node C

Node B

Signal A

Signal B

Signal C

Gateway’s
Signal

With the star topology network, using the 
omni-directional antenna on the Gateway 
ensures that all Nodes fall within the antenna 
radiation pattern.

Low-gain omni-directional antennas work 
well in multipath industrial environments, 
such as inside metal buildings. High-
gain antennas work well in line-of-sight 
conditions.

Increasing the gain of omni-directional antennas results in less energy sent vertically 
and more energy sent horizontally, extending the range.

Using an omni-directional antenna in the center of a star topology ensures all radio devices receive a signal.
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Directional (Yagi) Antennas
A directional, or Yagi, antenna focuses the radio signal in one specific direction. If you 
compare antenna radiation patterns to light, an omni antenna radiates a radio signal like 
a light bulb — evenly in a spherical pattern. A directional antenna radiates similar to a 
flashlight — focusing the signal only in one direction. The higher the gain, the more focused 
the beam becomes.

Low-gain Yagi antenna

NODE

Node A

Node B
Gateway’s

Signal

GATEWAY

NODE

Yagi antennas are best used in line-of-
sight radio systems because Yagis focus 
the radio signal in a specific direction. 

In the example to the left, the Gateway 
uses an omni antenna to receive radio 
signals from multiple directions but the 
Nodes use Yagi antennas aimed directly 
at the Gateway to send and receive the 
radio signal.

Distance traveled

3 dB Yagi 6 dB Yagi

12 dB Yagi

High-Gain Yagis
Because Yagi antennas yield narrower radiation 
patterns, accurately aiming a high-gain Yagi is important 
when setting up a radio network.

The higher the gain of the antenna, the more the signal 
is focused along a specific plane. High-gain antennas 
should only be used for line-of-sight applications. 

A Yagi antenna radiates a signal in one 
direction.

A Yagi antenna radiates a signal in one direction.

As the Yagi’s gain increases, the radio signal becomes more focused along a specific 
path.

GATEWAY

NODE

Because of the narrow radio 
signal path, Yagis are sensitive 
to mechanical mounting problems 
like wind, causing the antennas to 
become misaligned.
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Line of Sight

Accurate radio transmission depends on a clear path between radio antennas known as the line of sight. If any obstructions, including 
buildings, trees, or terrain, interrupt the visual path between antennas, the obstructions will also interfere with the radio signal transmission, 
resulting in multi-path fade or increased signal attenuation.

Multi-path fade is the result of radio signals reaching the receiver via two or more paths. In industrial settings, a received signal may include 
the line of sight signal in addition to signals reflected off buildings, equipment, trees, or outdoor terrain. Signal attenuation is the decrease in 
signal strength as a result of travel through the medium, in this case the air.

Line of sight

Obstruction in the ‘lobe’ 
(Fresnel zone) of the radio signal.

Despite a clear line of sight, obstructions in the Fresnel zone, a three-dimensional ellipsoid formed with the two antennas as the foci, will still 
interfere with the radio signal and cause multi-path fade. Raise the antennas high enough to clear any obstructions. Ideally there should be no 
obstructions anywhere in the Fresnel zone, even if line-of-sight is preserved.

If a radio network site is spread over a large area with multiple obstructions or a variety of terrain, conduct a site survey to determine optimum 
antenna locations, antenna mounting heights, and recommended gains for reliable performance.

Link Loss Calculations

Link loss calculations determine the exact capabilities of a radio system by calculating the total gain (or loss) of a radio system.

Total Gain = Transmitter gain + Free space loss + Receiver gain

The transmitter and receiver gains are typically positive numbers while the free space loss is a larger negative number. The total gain for any 
radio system should be negative. Compare this total gain value to the receiver sensitivity of the Banner SureCross™ radios listed below.

Radio Receivers Rated Sensitivity
900 MHz -104 dBm

2.4 GHz -100 dBm

Item Estimated Loss (dB)
Surge suppressor 1 dB

N-type connectors (per pair) .5 dB

SMA connector .5 dB

LMR400 coax cable 3.9 dB per 100 ft (0.039 dB per ft)

0.128 dB per meter (1.28 dB per 10 meters

Link loss calculations must include all components of a radio system because any item connected to a radio system has a specific loss 
associated with it. 

Common items used within a radio network are cables, connectors, and surge suppressors. Cabling loss is usually measured per foot while 
losses for connectors and other items are specific to the component. When calculating the total gain of a radio system, include losses from all 
components of the system in your link budget calculations.

Line of sight may be preserved, but obstructions in the first lobe of the Fresnel zone may still cause reception problems.



10   P/N 132113 rev. E 
Banner Engineering Corp. • Minneapolis, MN U.S.A.

www.bannerengineering.com  •  Tel: 763.544.3164

SureCross™ Wireless Devices 
 Reference GuideAntenna Basics

GATEWAY

-0.5 dB

-0.5 dB

-0.5 dB

-1 dB surge suppressor
(N-type female to N-type male)

omni antenna
(6 dBd)

Losses:
     -0.5 dB per connection
     -1.0 dB per lightning arrestor
     -3.9 dB per 100 ft of cable for LMR400 coax

RP-SMA connections

N-type female

N-type male

N-type male

N-type female

Item Gain (+)or Loss (-)
DX70 or DX80 radio 21 dBi

Connector pairs -1.0 dBi

Surge suppressor -1 dBi

Cable (50 ft length) -1.95 dBi

Omni antenna* 8.15 dBi

Total Gain of Transmitter 25.2 dBi

Example Calculation - Transmitter System
To calculate the loss of the transmitter system shown below, include the losses from each connector pair, the surge suppressor, and the cable. 

 * Varies based on the antenna. Please refer to the technical specifications for the specific antenna used in the radio system.

Always install and properly ground a qualified surge suppressor when installing a remote antenna system. Remote antenna configurations installed without surge suppressors 
invalidate the Banner Engineering Corp. warranty. Always keep the ground wire as short as possible and make all ground connections to a single-point ground system to 
ensure no ground loops are created.
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Item Gain (+)or Loss (-)
DX70 or DX80 radio -

Connector pairs -1.0 dBi

Surge suppressor -1 dBi

Cable (50 ft length) -1.95 dBi

Yagi antenna 8.15 dBi

Total Gain of Receiver 4.2 dBi

Example Calculation - Receiver System
To calculate the link loss of the receiver system shown below, include the losses from each connector pair, the surge suppressor, and the 
cable. 

Example Calculation - Free Space Loss
In addition to losses from cabling, connectors, and surge suppressors, radio signals also experience loss when traveling through the air. The 
equations for free space loss are:

   FSL900MHz = 31.5 + 20 Log d (where d is in meters)

   FSL2.4GHz = 40 + 20 Log d (where d is in meters)

For a 900 MHz radio system transmitting three miles, the free space loss is:

   FSL900MHz = 31.5 + 20 Log (3 • 5280/3.28)

   FSL900MHz = 31.5 + 20 Log (4829.27)

   FSL900MHz = 31.5 + 73.68 = 105.18 dB

Because this is a loss calculation, free space loss is a negative number.

-0.5 dB

-0.5 dB

-0.5 dB

-1 dB
surge suppressor
(N-type female to N-type male)

Yagi antenna
(6 dBd/8.15 dBi))

Losses:
     -0.5 dB per connection
     -1.0 dB per lightning arrestor
     -3.9 dB per 100 ft of cable for LMR400 coax

RP-SMA connections

N-type female

N-type male

N-type male

N-type female

NODE

Always install and properly ground a qualified surge 
suppressor when installing a remote antenna system. 
Remote antenna configurations installed without surge 
suppressors invalidate the Banner Engineering Corp. 
warranty. Always keep the ground wire as short as 
possible and make all ground connections to a single-
point ground system to ensure no ground loops are 
created.



12   P/N 132113 rev. E 
Banner Engineering Corp. • Minneapolis, MN U.S.A.

www.bannerengineering.com  •  Tel: 763.544.3164

SureCross™ Wireless Devices 
 Reference GuideAntenna Basics

Item Gain (+)or Loss (-)
Transmitter System 25.20 dBi

Free Space Loss -105.18 dBi

Receiver System 4.20 dBi

Total System -75.78 dBi

Example Calculation - Complete System
The total losses for the entire system are: 

Compare the losses of the entire system to the sensitivity of the radio receiver to determine if the signal will be reliably received by subtracting 
the receive sensitivity of the radio from the total system loss:

   -75.78 dBi - (-104 dBm) = 28.22

If the result is greater than 10 dBi, the receiver should reliably receive the radio signal.
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Antennas and Antenna Accessories

Model Number Description
Antennas for �00 MHz BWA-9O2-C Antenna, Omni, 900 MHz, 2 dBi, Rubber Swivel, RP-SMA Male

BWA-9O5-B Antenna, Omni, 900 MHz, 5 dBd/7.2 dBi, With ground plane, N Female

BWA-9O6-A Antenna, Omni, 900 MHz, 6 dBd, Fiberglass, N Female

BWA-9Y6-A Antenna, Yagi, 900 MHz, 6.5 dBd, N Female

BWA-9Y10-A Antenna, Yagi, 900 MHz, 10 dBd, N Female

Antennas for 2.� GHz BWA-2O2-C Antenna, Omni, 2.4 GHz, 2 dBi, Rubber Swivel, RP-SMA Male

BWA-2O5-C Antenna, Omni, 2.4 GHz, 5 dBi, Rubber Swivel, RP-SMA Male

BWA-2O7-C Antenna, Omni, 2.4 GHz, 7 dBi, Rubber Swivel, RP-SMA Male

Banner offers a range of omni-directional and directional (Yagi) antennas for use with the SureCross™ DX80 wireless network. 
For more information on antenna specifications and the options available for your system, please contact the applications 
engineers at Banner Engineering Corp.

Surge Suppressors BWC-LFNMN Surge Suppressor, N-Type, 900 MHz/2.4 GHz

BWC-LFNBMN Surge Suppressor, Bulkhead, N-Type, 900 MHz/2.4 GHz

BWC-LMRSFRPB Surge Suppressor, Bulkhead, RP-SMA Type, 900 MHz/2.4 GHz

Antenna Cabling BWC-1MRSMN05 LMR200, RP-SMA to N Male, 0.5 m

BWC-1MRSMN2 LMR200, RP-SMA to N Male, 2 m

BWC-1MRSFRSB4 RG58, RP-SMA to RP-SMA Female Bulkhead, 4 m

BWC-1MRSFRSB1 RG58, RP-SMA to RP_SMA Female Bulkhead, 1 m

BWC-1MRSFRSB2 RG58, RP-SMA to RP-SMA Female Bulkhead, 2 m

BWC-1MRSFRSB0.2 RG58, RP-SMA to RP-SMA Female Bulkhead, 0.2 m

BWC-4MNFN3 LMR400, N Male to N Female, 3 m

BWC-4MNFN6 LMR400, N Male to N Female, 6 m

BWC-4MNFN15 LMR400, N Male to N Female, 15 m

BWC-4MNFN30 LMR400, N Male to N Female, 30 m

There is a wide range of antenna cabling available. Please contact Banner Engineering Corp. for more information or for 
specific cable lengths and connectors.
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Always install and properly ground a qualified surge suppressor when installing a remote antenna system. Remote antenna configurations installed without surge suppressors 
invalidate the Banner Engineering Corp. warranty. Always keep the ground wire as short as possible and make all ground connections to a single-point ground system to 
ensure no ground loops are created.

Installation Guide

Antenna Mounted Remotely from Cabinet (Indoors or Outside)

This antenna mounts remotely from the box, with the SureCross device mounted inside the box. This situation may be used either inside or 
outside the building, though a Yagi antenna is usually used in outdoors applications while an Omni-directional antenna may be used either 
inside a building or outside.

To single-point ground system

1

2

3

4
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Model Number Description

1 BWA-9Y6-A Antenna, Yagi, 900 MHz, 6.5 dBd, N Female

BWA-9Y10-A Antenna, Yagi, 900 MHz, 10 dBd, N Female

BWA-9O6-A Antenna, Omni, 900 MHz, 6 dBd, Fiberglass, N Female

BWA-9O5-B Antenna, Omni, 900 MHz, 5 dBd/7.2 dBi, With ground plane, N Female

2 BWC-4MNFN3 LMR400 Cable, N-Male to N-Female, 3 Meters

BWC-4MNFN6 LMR400 Cable, N-Male to N-Female, 6 Meters

BWC-4MNFN15 LMR400 Cable, N-Male to N-Female, 15 Meters

BWC-4MNFN30 LMR400 Cable, N-Male to N-Female, 30 Meters

BWC-1MRSFRSB4 RG58 Cable, RP-SMA to RP-SMA Female Bulkhead, 4 m

BWC-1MRSFRSB1 RG58 Cable, RP-SMA to RP_SMA Female Bulkhead, 1 m

BWC-1MRSFRSB2 RG58 Cable, RP-SMA to RP-SMA Female Bulkhead, 2 m

BWC-1MRSFRSB02 RG58 Cable, RP-SMA to RP-SMA Female Bulkhead, 0.2 m

3 BWC-LFNBMN Surge Suppressor, Bulkhead, N-Type, 900 MHz/2.4 GHz

BWC-LMRSFRPB Surge Suppressor, Bulkhead, RP-SMA Type, 900 MHz/2.4 GHz

4 BWC-1MRSMN05 LMR200 Cable, RP-SMA to N-Male, 0.5 Meters

BWC-1MRSMN2 LMR200 Cable, RP-SMA to N-Male, 2 Meters

Always install and properly ground a qualified surge suppressor when installing a remote antenna system. Remote antenna configurations installed without surge suppressors 
invalidate the Banner Engineering Corp. warranty. Always keep the ground wire as short as possible and make all ground connections to a single-point ground system to 
ensure no ground loops are created.
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Glossary

attenuation - The radio signal loss occurring as signals travel through the medium. Radio signal attenuation may also be referred to as free 
space loss.

decibels - A logarithmic ratio between a specific value and a base value of the same unit of measure. With respect to radio power, dBm is a 
ratio of power relative to 1 milliWatt. According to the following equation, 1 mW corresponds to 0 dBm.

 PmW = 10x/10 where x is the transmitted power in dBm, or

 dBm = 10 log(PmW)

Another decibel rating, dBi, is defined as an antenna’s forward gain compared to an idealized isotropic antenna. Typically, dBm = dBi = dBd + 
2.15 where dBi refers to an isotropic decibel, dBd is a dipole decibel, and dBm is relative to milliwatts.

directional antenna - An antenna that focuses the majority of the signal energy in one specific direction.

EIRP (effective isotopic radiated power) - The effective power found in the main lobe of a transmitter antenna, relative to a 0 dB radiator. 
EIRP is usually equal to the antenna gain (in dBi) plus the power into that antenna (in dBm).

free space loss (FSL) - The radio signal loss occurring as the signal radiates through free space.  Free Space Loss = 20 Log (4d/λ ) where d 
is in meters. Remembering that λf = c = 300 x 106 m/s, the equations reduce down to:

 For the 900 MHz radio band,  FSL = 31.5 + 20 Log d (where d is in meters). 

 For the 2.4 GHz radio band,  FSL = 40 + 20 Log d (where d is in meters.)

Fresnel (FRA-nel) zone – Three-dimensional elliptical zones of radio signals 
between the transmitter and receiver. Because the signal strength is strongest in 
the first zone and decreases in each successive zone, obstacles within the first 
Fresnel zone cause the greatest amount of destructive interference.

gain - Represents how well the antenna focuses the signal power. A 3 dB gain 
increase doubles the effective transmitting power while every 6 dB increase 
doubles the distance the signal travels. Increasing the gain sacrifices the vertical 
height of the signal for horizontal distance increases. The signal is ‘squashed’ 
down to concentrate the signal strength along the horizontal plane.

ground loop - Grounds within a system that are not at the same potential. 
Ground loops can damage electrical systems.

ground plane - An electrically conductive plate that acts as a ‘mirror’ for the antenna, effectively doubling the length of the antenna. When 
using a 1/4 wave antenna, the ground plane acts to ‘double’ the antenna length to a 1/2 wave antenna.

lightning arrestor - Also called a lightning suppressor, surge suppressor, or coaxial surge protection, lightning arrestors are used in remote 
antenna installations to protect the radio equipment from damage resulting from a lightning strike. Lightning arrestors are typically mounted 
close to the ground to minimize the grounding distance and are mounted indoors or within weatherproof enclosures to prevent corrosion.

line of sight - The unobstructed path between radio antennas.

link loss calculation - Determine the capabilities of a radio system by calculating the total gain or loss for a system. If the total gain/loss is 
within a specific range, the radio signal will be received by the radio. 

Total Gain = Transmitter system gain + Free space loss + Receiver system gain. 

Because the transmitter and receiver gains are positive numbers and the free space loss is a larger negative number, the total gain of a system 
should be negative. A link loss calculations may also be called a link budget calculation.

multipath fade – Obstructions in the radio path reflect or scatter the transmitted signal, causing multiple copies of a signal to reach the 
receiver through different paths. The resulting phase difference between the direct signal and the indirect signal reduces the clarity of the 
transmission.

omni-directional antenna - An antenna that transmits and receives a radio signal equally in all directions.

1st Fresnel Zone

2nd Fresnel Zone

3rd Fresnel Zone

Tx Rx
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radiation pattern - The area over which the antenna broadcasts an easily received signal. The radiation pattern/shape changes based on the 
antenna type and gain.

remote antenna - A remote antenna installation is any antenna not mounted directly to the SureCross™ wireless device, especially when 
coaxial cable is used. Always properly install and ground surge suppressors in remote antenna systems.

signal-to-noise ratio (S/N or SNR) - A ratio of the signal to any background noise or noise generated by the medium. In radio terms, it a ratio 
of the transmitted radio signal to the noise generated by any electromagnetic equipment, in particular the radio receiver. The weaker the radio 
signal, the more of an influence noise has on radio performance. Like gain, the signal-to-noise ratio is measured in decibels.

The equations for calculating SNR are:

   SNR = 20 • log (Vs/Vn) where Vs is the signal voltage and Vn is the noise voltage;

   SNR = 20 • log (As/An) where As is the signal amplitude and An is the noise amplitude; or

   SNR = 10 • log (Ps/Pn) where Ps is the signal power and Pn is the noise power.

single-point ground - All grounds within a system are made to a single ground to avoid creating ground loops.

SMA connector - SubMiniature version A, a 50 ohm impedance connector used for coaxial RF connections and developed in the 1960s.

star topology - A network arrangement with the network master device in the center or hub position and connections radiating outward to the 
slave devices like spokes. The star topology may also be called a hub and spoke network.

system operating margin (also fade margin) - The difference between the received signal level (in dBm) and the receiver sensitivity (also in 
dBm) required for reliable reception. It is recommended that the receiver sensitivity be more than 10 dBm less than the received signal level. 
For example, if the signal is about -65 dB after traveling through the air and the radio receiver is rated for -85 dB, the operating margin is 20 
dB—an excellent margin.

Yagi - The name commonly given to directional antennas. The full name of the antenna is a Yagi-Uda antenna, named for the developers 
Shintaro Uda and Hidetsugu Yagi, both of Tohoku Imperial University in Sendai, Japan. Yagi antennas may also be called beam antennas.
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