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Considerations for Determining the Boundary between the Out-of-band Domain and Spurious Domain of Primary Radars Using Magnetron
1  Introduction
A method of measuring unwanted emissions of primary radar systems is recommended by Recommendation ITU-R M.1177, and the boundary between the out-of-band domain and the spurious domain is determined by the calculation formula and the out-of-band domain mask defined in Recommendation ITU-R SM.1541.  Therefore, the calculation formula defined in Recommendation ITU-R SM.1541, for the -40dB bandwidth in particular, is a key parameter for determining the boundary between the out-of-band domain and the spurious domain.
The formula for calculating the -40dB bandwidth is defined based on ideal rectangular and trapezoidal waves. However, actual waveforms are said not to be ideally trapezoidal, and it has been confirmed that there are differences between the results of this calculation and an actual measured values. Japan has brought this issue forward.
WRC-03 also made a recommendation that further study be required to determine the boundary between the out-of-band domain and the spurious domain of primary radars because the emission spectrum of primary radars using magnetrons is not yet clarified thoroughly, which may not make the compliance with Recommendation ITU-R SM.1541 possible (Recommendation 75 (WRC-03)).  Also in the ITU-R WP-8B meeting held on November 2003, Japan submitted a working document on this　discrepancies in this issue.

This document reports considerations obtained during the investigation of the real state of the -40dB bandwidth of magnetron radars, which is being conducted by Japan, based on Recommendation 75.
For the primary radar used by the measurement conducted this time, the following should be noted:
・To meet the performance IMO requirements (range resolution), the pulse width must be shorter than 100 ns.
・To meet market requirements for size, price, and so forth, there is no appropriate device at present except magnetrons.
2  Measurement
In order to examine the relationship between the -40dB bandwidth calculation formula and the actual measured values, output pulses and spectrums for marine radars were measured, because they, are in widespread use worldwide as primary radars using magnetrons. Measurements were made at the wave-guide output part (the antenna input point), and the direct method in compliance with Recommendation ITU-R M.1177.  The configuration of the measurement system is shown below.
2.1  Configuration of the measurement system

　Wave-guide output part (the antenna input point)
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[image: image2.emf]Attenuator

Spectrum

Analyzer

Peak Power

Analyzer

Measuring

Antenna

Inside

Measurment System

PC for recording data

and control

spectrum analyzer 

Measurment

Spectrum

Measurment of

t and tr

Switching

Digital

Oscilloscope

OR


[image: image3.emf]Directional

Coupler

Directional

Coupler

Dummy

Load

Power Meter

Spectrum

Analyzer

Peak Power

Analyzer

Digital

Oscilloscope

OR

Switching

DUT(RADAR)



Measuring instruments
Spectrum Analyzer

：Agilent  
E4440A　　
3 Hz ~ 26.5 GHz

Digital Oscilloscope

：Agilent  
54831　　

DC ~ 600 MHz

Peak Power Analyzer

：Agilent  
8991A
Power Splitter


：HP  
11667A　　
DC ~ 18 GHz

Directional Coupler

：HP  
H752C　　
Coupling 10dB

Directional Coupler

：HP  
X752D　　
Coupling 20dB

Dummy Load


：WDL-095  　　



X band

Rotary Attenuator

：HP  
H382A  

0 ~ 50 dB

Rotary Attenuator

：HP  
X382A  

0 ~ 50 dB

Step Attenuator

：Agilent  
8495B  

0 ~ 70 dB

Step Attenuator

：Agilent  
8494B  

0 ~ 10 dB

Measuring Antenna

：ETS
Model 3115
1 ~ 18 GHz

2.2  Settings in the measurement system

The measurement pulse width is set to the minimum pulse width (nominal width:  60 to 80 ns) of the DUT (the radar under test).

The spectrum analyzer is set as follows:

   Wave-guide output part (the antenna input point)
Center frequency

9.5 [GHz] (X-band)

Span



3 [GHz]

Resolution bandwidth
1 [MHz]

Video bandwidth

1 [MHz]

Sweep time


60 [sec]

  Direct Method (in compliance with Rec. ITU-R M.1177)
Center frequency

8.0 to 11.0 [GHz]
(X-band）












  (Frequency changed in steps of 1 MHz, controlled by the PC)

Resolution bandwidth
1 [MHz]



Video bandwidth

1 [MHz]



Span



0 [Hz]



Sweep time


3 [sec]

3  Measurement results and Consideration

Table 1-1 in the attachment shows the measurement results, and Figures 1-1 to 1-20 show spectrum waveforms.

The measurement results show the following:
· Measured values of some samples are wider than calculated values for the -40dB bandwidth.
· Even when the same magnetron is used, measured values for the -40dB bandwidth vary depending on the driver used.
· Similarly, even when the same driver is used, measured values for the -40dB bandwidth vary depending on the magnetron used.
· The rise time obtained from an observed waveform, which is defined as between 10% to 90 % of maximum power, may vary greatly because of a difference in pulse waveform. As a result, there is a large variation in -40 bandwidth value.
The measurement results obtained this time, show that representing the pulse with nominal rectangular or trapezoidal pulse waveforms is not feasible, when a pulse width of nearly 100 ns is used with primary radars using magnetrons.
As shown in the measurement results, unlike the actual measured values, the -40dB bandwidth obtained from the calculation conditions defined by Recommendation SM.1541 vary largely depending on the pulse waveform.  However, paying attention to the actually measured -40dB bandwidth values only, they are, unlike the calculated values, almost the same. This means that the special considerations are required for pulse width t and rise time tr, which are parameters of the calculation formula(for example, for the rise time at the primary radar using magnetron, the time of rising mode intrinsic to magnetron should be applied.).

The obtained results indicate that the compliance with the OOB mask for -20dB/decade will be possible by improving the magnetrons and the drivers, and adding the filters, though there are some concerns in the calculation formula for the –40dB bandwidth value.

For -40dB/decade, however, the results indicate that suppressions of the frequency components close to the main frequency are required, and therefore the compliance is not possible at present.

4  Conclusion
So far, the -40dB bandwidth for primary radars that use magnetrons and require 100 ns or shorter pulse widths have not been discussed enough.  Hereafter, we think that it is necessary to study the calculation formula of -40dB bandwidth value, determined from waveforms that simulate the actual ones, and to determine the boundary between the OOB domain and the spurious domain by using this calculation formula.

We consider that the compliance with the -20dB/decade OOB mask, described in Recommendation ITU-R SM-1541, will be possible by improving the magnetrons and the drivers, and adding the filters.  However, at present we conclude that the compliance with the further stringent design objective (-40dB/decade) to primary radars using magnetron is not possible.

５  Further plan

Based on the measurement results obtained this time, Japan will investigate the validity of the calculation formula for the -40dB bandwidth value and continuously make a study of finding the -40dB bandwidth value calculation formula suitable for primary radars using magnetron.  

Regarding primary radars using magnetron, there are some problems on treating in the same way as the primary radar which uses other oscillation devices, because the Magnetron have intrinsic oscillation mode etc. Therefore, Japan will examine whether we can propose the specification which applies only to the radar which uses the magnetron.
At the same time, we will also continue the studies of the improvement of magnetron radars in order to comply with the design objective indicated in Recommendation ITU-R SM.1541.

Attachment 1

TABLE 1-1

Test Result

	Data Name
	t [ns]
	tr [ns]
	B-40 (Calculated)

[MHz]
	B-40 (Measured)

[MHz]
	Note

	
	Wave Guide
	Direct
	Wave Guide
	Direct
	Wave Guide
	Direct
	Wave Guide
	Direct
	

	Sample 1
	79.4
	79.4
	12.8
	12.8
	238
	238
	162
	145
	X-band 6kW

	Sample 1-2
	78.8
	82.2
	15.0
	17.2
	221
	202
	285
	255
	

	Sample 2
	92.2
	84.6
	12.4
	12.0
	225
	239
	282
	266
	

	Sample 3
	83.0
	83.8
	14.0
	16.4
	223
	205
	177
	164
	X-band 10kW

	Sample 3-2
	61.5
	66.3
	20
	22.4
	217
	197
	345
	386
	

	Sample 4
	73.1
	75.1
	21.2
	20.8
	193
	192
	237
	214
	

	Sample 5
	43.5
	49.5
	7.6
	14.0
	418
	289
	237
	238
	X-band 25kW

	Sample 5-2
	63.9
	56.3
	8.8
	16.4
	321
	250
	222
	252
	

	Sample 6
	69.5
	68.7
	24.0
	27.5
	186
	175
	213
	203
	

	Sample 7
	36.7
	35.7
	5.6
	11.2
	531
	380
	237
	238
	


Note: “x-2” indicates that different magnetron with the same driver 
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