Raytheon Missile Systems
Experimental License Application
File Number: 0107-EX-CN-2020

Explanation of Experiment

Raytheon Missile Systems (Raytheon) builds systems used for national security and defense. Creating
products and systems that are difficult to detect is an important part of developing new technologies
that keep our nation safe. The nature of the research is to determine the radar cross section of
various objects under test. Radar pulses are narrowly focused to bounce off those objects, and the
radar returns are evaluated to determine the profile of the object. There is no way to measure the
radar cross section of an object without using a radar. This application seeks authorization for the
use of a near field radar cross section range to comply with the terms of a federal contract. The
contract number is: N00019-15-C-0092.

Raytheon conducted some experimentation under an STA, WPIXFB. This application requests the
entire spectrum bands that were requested in that application.

Technical Synopsis:

Spectrum requested: 2-18 GHz, per contract

Federal contract number: N00019-15-C-0092

Pulsewidth: 40 nanoseconds

Power levels are low: 100 mW output power requested, with max ERP of 6.3 W at 18 GHz

Time of use is brief on any frequency

Description of Operations:

Raytheon will be using this range to send radar pulses toward a unit under test to evaluate the near
field radar cross section returns from the unit. The system has been designed using a Sensor
Concepts SCI — 2K antenna, see below:

This antenna will be mounted about 8 feet above the ground. This means that it will be slightly
higher than the unit being tested, which allows for some downtilt and ground absorption of radio



energy. The test has been designed to use the minimum power levels and prescribed distances in the
contract.

Time of Use:

The system will step through the frequencies from 2 to 18 GHz in 10 MHz steps, with each pulse
having an occupied bandwidth of 2 MHz. Thus, only 20% of the spectrum band will actually be
used during the testing. Further, the duty cycle of the system is only 1.2%, which also limits the
spectrum usage.

The pulsewidth for any radar pulse is 40 nanoseconds. This is just enough to test the unit, but not
enough time on a frequency for other radios to experience interference from the signal. For
example, if the system starts its initial pulse at 2010 MHz, it will occupy only 2 MHz of spectrum for
40 nanoseconds. Then, it will move to 2020 MHz and send a pulse. During this time, the rest of
the spectrum is unused.

The test range is in use only occasionally. This minimizes the time of use.

Power Levels are Low:

The short distance required for this near field testing has allowed Raytheon to design a system that
uses low power transmissions for the testing. The output power is only 100 mW. There is some
antenna gain, which helps to focus the radar beam on the unit under test. The maximum gain is at
18 GHz, where the antenna gain reaches 18 dBi. At that frequency, the ERP at the transmitter is
only 6.3 W. This signal will not propagate very far. In fact, the signal strength drops to a mere 500
mW by the time it reaches the unit under test. See table below for details:

Near Field (SCI-2K) - 827C HERO Certified 55D (ft)
Peak Power Antenna ERP (W) | AvgPwr{mW)at
Frequency (GHz) (dBm) mW | W | Gain (dB) ERP (W) at Radiator at target Target UNSAFE | SUSCEPTIBLE | SAFE

20 20.0 000 |01 5.0 0.3 0.00 0.0 1 1 0
3.0 20.0 1000 |01 6.3 04 0.00 0.0 1 1 0
4.0 20,0 000 |01 76 0.6 0.00 0.0 1 1 0
5.0 20.0 w0 |01 89 0.8 0.01 0.1 1 1 0
6.0 20.0 000 |01 10.2 1.0 0.01 0.1 10 5 1
3.0 20.0 1000 |01]| 115 1.4 0.01 0.1 10 5 1
10.0 200 000 (01| 128 19 0.0 0.2 10 5 1
12.0 20.0 000 (01| 141 26 0.02 0.2 0 L1 1
14.0 20,0 000 (01| 154 3.5 0.02 0.3 10 5 1
16.0 20.0 000 (01| 167 4.7 0.03 0.4 10 10 5
18.0 20.0 000 (01| 180 6.3 0.04 0.5 10 10 5

Peak Power Peak: (W *10%{Ant Gain/10)) | 1/R"2 ERP * Duty Cycle)* 1/R*2

includes PRF & Pulse Width
40nano second pulse  0.00000004
I MHz PRF 300000
0.012 Duty Cycle

Distance to target (ft)

Distance to Target (m): 123




Area of Operations:

The proposed operations are limited to a small part of the Raytheon plant site at its headquarters in
Tucson, Arizona. The plant site is a secure facility which is not open to the general public. The
radar testing will be conducted on an empty portion of the plant site, utilizing some of the same
facilities that are in use by a different radar cross section range licensed under KA2XAG. This area
was selected for its remote, open characteristics and because any backlobe energy from a transmitter
would be absorbed by buildings on the plant site, further protecting any other users from the
potential of any interference.

Need for Entire Requested Band:

To achieve the object of this testing, Raytheon needs to be able to send radar pulses across the
whole band to map the cross section of the object under test. The radar pulsewidth has been limited
to the minimum necessary to achieve the results required by the contract. The time of use was
limited in this way to avoid any harmful interference to any other radio users in the area.

This application requests use of the entire band for national security purposes. The objects being
tested need to be tested using radar that covers the entire requested band, because that will assist
Raytheon in protecting its products from radar detection from the enemies of the US. Raytheon has
worked diligently to mitigate the effects of the requested spectrum use, but it’s contractual
requirements require testing across the entire band.

No Likelihood of Harmful Interference to Other Operations:

In order to acquire the directional RF transmission radiated by the radar, a receiver would actually
have to be looking for it: the receiver would have to be located in the forward plane of the
transmitting antenna, with a major antenna lobe facing toward the range. The receiver would also
need to be looking to acquire the radar pulse at precisely the frequency and instant that the radar is
transmitting, and it would need to be sufficiently sensitive to detect the short duration and extremely
attenuated signal. Standard radio receivers are not designed to process signals at the pulse width
used by the test facility, thus any detected RF signal will be filtered out by receivers that are sensitive
enough to detect signals at such low levels.

Stop Buzzer Point of Contact:

Should there be any instances of interference, the stop buzzer point of contact is:

Jim Ortega, Spectrum Manager
Raytheon Missile Systems
520-794-0227 (office)
James.e.ortega@raytheon.com

Conclusion:

Raytheon has a contract from one of its US government customers to conduct near field radar cross
section testing. The contract requires Raytheon to deliver results across the 2-18 GHz band. Use of
the entire band is required, although most of the spectrum will not be in use. When the spectrum is


mailto:James.e.ortega@raytheon.com

used, it will be stepped through using only a 40 nanosecond pulsewidth at each step. The power
level is low, and the area of operations is limited to a remote area of the secure Raytheon facility.

If there are any questions about this application, please contact Anne Cortez, WIS, at 520-360-0925
or alc@conspecinternational.com.
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