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PULSE MODULATED RADIO DETECTION AND RANGING (RADAR)
TMD Technologies in 2018 acquired G2
Engineering Ltd, a specialist hi-tech
microwave design and manufacturing
company previously based in nearby
Greenford, West London.
Established in 2000, G2 Engineering is
highly experienced in the design and
manufacture of a range of radar
transponders and support equipment
for applications that include UAVs,
missiles, and manned aircraft.
Prominent customers of G2 Engineering
include MBDA, QinetiQ and BAE
Systems.
The company now produces its range
of transponder products at TMD’s

Pictured left: Transponder 248G
Pictured middle: Transponder 302C-2-1
Pictured right: Transponder 238G
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manufacturing facility in Hayes, West
London.
TMD’s core product ranges are fully
complementary with many radar, EW
and communications systems requiring
both TMD and G2 Engineering
products. This enables TMD
Technologies to offer an expanded, high
value package to its customers, with all
the advantages of more seamless
integration and enhanced service.

This brief introduction
to non-coherent
Radar Transponders
is intended to provide
the reader with a
basic understanding
as to why, when and
how these products
are used.

Pulse modulated RAdio Detection
And Ranging (Radar) has, over the
years become essential equipment in
civilian air traffic control where the safe
management of an ever-increasing
number of aircraft flying in controlled
air lanes need to be continuously
monitored in all weather conditions.
Involving not just knowing that there is
an aircraft occupying lane space, but
what flight it is, its height, status, etc.
Similarly, at Instrumented Ranges
where manned aircraft, UAVs
(Unmanned Air Vehicle)/ RPAs (Remote
Piloted Aircraft) and missiles are flown
in a trials/training environment involving
multiple vehicles operating at high
speed, safety is equally paramount.
Radars are used to fulfill this role, but
whereas in the civilian
application the objects being tracked
are large, performing low agility

manoeuvres, at Instrumented Ranges
the challenge for the Radar systems is
to be able to detect and track objects
which are intentionally designed to be
almost invisible to Radar by their small
size (in the case of missiles and UAVs),
aerodynamic capability and which are
either coated with or made from Radar
absorbing materials.
In such instances, tracking these
objects only by the detection of the
reflected Radar transmitted power
(known as Primary or skin tracking
mode) is limited in range as a result of
their small Radar cross-section (a figure
of merit denoting the efficiency of the
object at reflecting the incident power).
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In order to enhance Primary object
tracking, we need to artificially increase
the power returned to the Radar receiver.
This can be achieved by the introduction
of a Radar co-operating piece of
equipment mounted on the object, such
that upon receipt of a Radar transmitted
pulse the equipment replies with a
magnified synchronous pulse of its own,
on a pulse-by-pulse basis.
This object-mounted equipment is known
as a Radar Transponder, this type of
tracking mode is usually referred to as
Secondary or Beacon mode.
It’s worth mentioning that civilian aircraft
also make use of the same concept of
Secondary tracking to both aid air traffic
control Primary Radar tracking and
additionally report flight identification,
height and status information by
modulating the Radar Transponder
replies.
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COMPARISON
BETWEEN PRIMARY
AND SECONDARY
TRACKING MODES
Figure 1 below shows the basic form of
the Radar equation in Primary tracking
mode. The main advantage of this
method of tracking is that it does not
require the co-operation of the object to
be tracked, as it is based on the skin
return of the Radar transmitter’s power,
but as the equation shows, the received
signal strength depends on the object’s
Radar cross-section. Also, the free-space
path loss increases as the fourth power
of range, imposing severe limits when
the tracking of low Radar cross-section
objects at long-range is required.

The limitations of primary tracking can be
significantly reduced by the addition of a
secondary tracking mode, where the object
is fitted with a Radar Transponder as shown
in figure 2 below.
The addition of an on-board Radar
Transponder installation has now split the
signal path into two separate links making
the free space path loss in each direction a
function of the square of the range and the
Radar cross-section term in the equation of
figure 1 has disappeared completely, thus
making the link’s performance independent
of the object’s skin return.

As a result, the Radar’s ability to track the
object in secondary mode is now
completely dependent on the Radar
Transponder’s performance.
From a knowledge of the object’s
anticipated flight path including maximum
slant range, the equations below can be
developed to model the signal uplink and
downlink paths, which, with the addition
of operating margins are used to establish
the minimum performance required of the
Radar Transponder receiver’s sensitivity
and transmitter’s peak power.
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Although the main Radar Transponder
parameters have been introduced there
are numerous other detailed parameters
required to ensure that the replies
received by the Radar do not
deteriorate, for example, the range
accuracy of the system. This is achieved
by ensuring the Radar Transponder
reply delay meets a specified value such
that when programmed into the Radar,
enables accurate ranging. In certain
applications, the Radar Transponder’s
reply delay is profiled as a function of
received signal strength in order to
further increase the accuracy of the
range parameter.
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Through the introduction of a second
Radar transmit pulse accurately spaced
in relation to the first one, multiple
objects can be uniquely tracked whilst
sharing the same transmit and reply
frequencies, by assigning each object’s
Radar Transponder receiver decode
spacing to a unique value from all the
other objects being tracked.
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RADAR TRANSPONDER INSTALLATION
CONFIGURATION
Having identified the need for a Radar
Transponder, consideration is now
directed to the installation hardware
required in order for it to perform its
function. Figures 3 and 4 show two
typical installation configurations. Figure
3 shows a single antenna installation,
whilst it forms the simpler of the two
configurations its main limitation is the
coverage provided by a single antenna
as the fuselage provides a degree of
masking such that if mounted on the
underside as shown, at low levels,

including launch/takeoff the antenna
might be masked. A solution is to mount
an additional antenna on the upper
part of the fuselage thus providing the
required space diversity.
For high performance applications, a
contoured, multi-element antenna with
built-in power splitters would be used
shown in figure 4.
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Additional features include pre-settable
double-pulse/single-pulse interrogation to
IRIG codes, delay and transmitter pulse
width.

G-Band Radar
Transponder

238G FEATURES

Model 238G

•

This ultra-miniature, lightweight, lowpower consumption Transponder,
designed for use as a Tracking Radar
enhancement device for small missiles
and Unmanned Air Vehicles at
Instrumented Ranges.
The equipment features high sensitivity,
with a peak power output capability of
greater than 1 Watt.

•
•
•
•
•
•
•
•

It operates from 6.0 VDC allowing the
equipment to be self-powered if used
with a low-profile Battery Pack mounted
below the Transponder as an integral part •
of the assembly.
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Single Antenna port for Receive and
Transmit.
Transmit and receive frequencies
preset within the 5.4 to 5.9 GHz
band.
Synthesised transmit frequency
source.
Sensitive receiver, -48 dBm typical.
Preset Single or Double pulse Code
setting.
Typical Transmitter peak power of
1.2 W.
Displacement volume of 34 cm³.
Typical weight of 75 g.
Operates from 6 VDC. Other
operating voltages available.
Typical power consumption 470
mW.

G-Band Radar
Transponder
Model 248G and 258G
These product are an enhanced version
of Radar Transponder model 238G, an
ultra-miniature, all solid-state, lightweight
unit designed for use as a Tracking Radar
augmentation device in airborne
applications such as missiles, Unmanned
Air Vehicles or full size aircraft operating
at Instrumented Ranges.

248G FEATURES

258G FEATURES

•

•

•
•
•
•
•
•
•
•

Single antenna port for receive and
transmit.
Transmit and receive frequencies
preset within the 5.4 to 5.9 GHz
band.
Synthesised transmit frequency
source.
Typical Transmitter peak power of
25 W.
Sensitive receiver, -60 dBm typical.
Preset Single or Double pulse Code
setting.
Displacement volume of 94 cm³.
Typical weight of 200 g.
Operates from unregulated 28 VDC.

•
•
•
•
•
•
•
•

Single antenna port for receive and
transmit.
Transmit and receive frequencies
preset within the 5.4 to 5.9 GHz
band.
Synthesised transmit frequency
source.
Typical Transmitter peak power of
55 W.
Sensitive receiver, versions up to
-70 dBm typical.
Preset Single or Double pulse Code
setting.
Displacement volume of 140 cm³.
Typical weight of 280 g.
Operates from unregulated 28 VDC.
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Radar Transponder
Model 302c
A compact all solid-state
302c FEATURES
high performance Radar
• Single antenna port for receive and
Transponder for use in
transmit.
missile, satellite, drone and • Transmit and receive frequencies
preset within the 5.4 to 5.9 GHz
aircraft applications
band.
•
Used as an enhancement device for a
G-band secondary tracking radar. It is
also capable of performing as part of a
Command and Control System for
drone/UAV applications.
A significant feature of this unit is its
light weight while maintaining
the electrical and environmental
characteristics of superheterodyne/
magnetron powered transponders.
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•
•
•
•
•
•

Synthesised transmit/receive
frequency source.
Typical Transmitter peak power of
400 W.
Sensitive receiver, -72 dBm typical.
Preset Single or Double pulse Code
setting.
Displacement volume of 560 cm³.
Typical weight of <850 g.
Operates from unregulated 28 VDC.
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Product
model No.

Freq.
Band
(GHz)

Selectivity
3dB BW
(MHz)

Rx
Sens
(dBm)

238G

5.4 - 5.9
G (C)
Band

10 nom.

248G

5.4 - 5.9
G (C)
Band

248G-1

Tx
peak
pwt
(W)

PRF limit
(Hz)

Tx pulse
width (ns)

Weight
(g)

Operating
temp

Size HxWxL
(mm)

-48 typ. 1.2 typ.

2500
standard

500 nom.

50

-20 to 70

22 x 32x 46

>10

-60 typ. 30 typ.

2500
standard

500 nom.

200

-40 to 80

27 x 53 x 81

5.4 - 5.9
G (C)
Band

10 nom.

-70 typ. 60 typ.

2500
standard

500 nom.

200

-40 to 80

27 x 53 x 81

258G

5.4 - 5.9
G (C)
Band

>10

-70 typ. 55 typ.

2500
standard

500 nom.

280

-40 to 80

27 x 67 x 76

302c400-1

5.4 - 5.9
G (C)
Band

11 nom.

-72 typ. 400 min

2500
standard

500 nom.

1500

-37 to 75

40 x 111 x
127

239I-1

9.1 - 9.5 80 to 120
I (X) Band

-52 typ. 1.4 typ.

2500
standard

60, 230,
600 auto
sel

65

-20 to 70

22 x 37 x 51

239I

9.1 - 9.5 28
I (X) Band

-52 typ. 1.4 typ.

2500
standard

500 nom.

65

-20 to 70

22 x 37 x 51

249I

9.0 - 9.5 28
I (X) Band

-50 typ. 2-20 typ
(factory
set)

2500
standard

500 nom.

200

-40 to 80

27 x 53 x 81

319X-9-1

9.0 - 9.5 11 nom.
I (X) Band

-65 typ. 300 min

2500
standard

500 nom.

1200

-30 to 75

64 x 118 x
127

CONCLUSION
Non-coherent Radar Transponders are installed in airborne objects as an
enhancement device for Tracking Radar systems in order to provide a robust link
in Secondary tracking mode, independent of the object’s Radar cross-section.
-For further information regarding our full range of products including Radar
Transponders, installation hardware and Test Sets please consult our
engineering/marketing team.
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