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	Summary
Measurements were carried out on YIG filters in order to check their nonlinear behaviour under large-signal conditions and their usability for high power radar measurements. Especially the level of the produced harmonics and the distortion of the transmission characteristic were investigated.

	Proposal

FM 22 is invited to discuss and note the results and methods of the measurements

	Background

YIG filters are widely used and they are popular for their wide tuning range. In case of high power applications they can produce nonlinear harmonic products. In some recent documents their applicability for radar measurement was discussed. The present paper wants to contribute to this discussion by presenting the results of some measurements made in a controlled, laboratory environment.


Introduction

YIG filters have many advantages, but in a high power environment they show their inherently nonlinear nature. In order to check their applicability for a certain purpose the nonlinear effects should be somehow quantified. This contribution provides measurement data on two particular filters.
The measured filters

The measurements were carried out on a bandpass and on a band rejection filter. Their main characteristics are summarized in Table 1.
	Filter
	Filter type
	Tuning range
	Damage level

	MLFR-0502
	Two Stage Band reject
	0.5 – 2 GHz
	+28 dBm

	WJ-611
	Two Stage Bandpass
	1 – 2 GHz
	+28 dBm


Table 1 The measured YIG filters

As the measurements were made only on two particular samples of YIG filters their results does not constitute a basis for general statements on the behaviour of these types of filters. However, they provide some practical examples and can contribute to the discussion about their applicability for high power radar measurements.
Measurement setups and measurement methods
Two different kinds of measurements were carried out during the investigation. The measurement of the transmission curves at some different input power levels and the measurement of the harmonic levels in terms of the input power. They required different setups and methods.
Measurement of the transmission curves
A set of the transmission curves of the YIG filters were measured using the setup shown on Figure 1.

[image: image2.emf]
Figure 1 Measurement setup for transmission measurements
During the transmission measurements the YIG filter was tuned to a fixed frequency, while the common frequency of the generator and the test receiver scanned the required frequency band step by step. The procedure was repeated with increasing signal levels, up to 3 dB below the damage level of the YIG filter.
The transmission characteristics of the YIG filters were measured by CW signals and radar-like pulsed signals as well. In the CW measurements the bandwidth of the test receiver was set to 200 Hz, in order to provide high dynamic range (low noise level).
When a pulse modulation is applied, the average power of the generator signal decreases, while its bandwidth increases. These factors lead to less dynamic range of the measurement. The amount of this loss in dynamic range depends on the pulse width and the duty cycle of the radar signal. Our original intention was to apply a realistic radar signal with 1µsec pulse width and 2 msec repetition time. Unfortunately these settings could not provide the dynamic range, necessary for the measurement of the filter. So eventually the repetition time was kept, but the pulse width had to be increased to 100 µsec. This signal was not a realistic radar signal any more, but was a pulsed signal with a duty cycle much less, than one (0.05)
Measurement of the harmonics produced by the YIG filter

The difficulty of this measurement is that the generators and the test receivers can also produce harmonics, but their level should be kept much below the harmonics produced by the YIG filter under test.

As a first experiment the signal generator was directly connected to the test receiver as shown on Figure 2. 
                  [image: image3.emf]
Figure 2 Directly connected generator and receiver

The generator was tuned to a fixed frequency (1166.67 MHz) and its output power was changed in small steps from -40 dBm to +20 dBm, while the levels of the basic signal and the harmonics – up to the 4th – were recorded. The results are shown on Figure 3.
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Figure 3 Levels of the basic signal and harmonics of the signal generator
The observed harmonics could originate from the generator and from the first stages of the test receiver as well. Applying attenuation at the input of the test receiver we can reduce the levels of the harmonics it produces and can check if these products are negligible compared to the incoming signal components. (If applying a certain amount of attenuation, the levels of every components change by the same amount, then the nonlinearity of the receiver can be neglected.) A suitable amount of attenuation was applied at the input of the test receiver, so Figure 3 shows the harmonics of the generator itself. 
On the curves of the harmonics some sudden changes can be observed (e.g. at cca. -18 dBm and at cca. -8 dBm). They show that the generator maintains the level of the basic signal by using a combination of attenuation and gain and the combination changes at these points.
For the precise measurement of the harmonics generated by the YIG filter, the harmonics of the signal generator should be suppressed. In the present measurements they were suppressed by the passive filter(s) shown on Figure 4.
        [image: image5.emf]
Figure 4 Setup for the measurement of harmonics
For passive filtering of the generator signal two different methods were used. Bandpass filter for the basic signal or band reject filters for the most dominant harmonics. Both of the methods were applied – based on the availability of fixed or tunable filters – and both of them proved to be useful. 
Measurement results

The measurement results are summarized by the following Figures.

Transmission measurements on the band reject filter

The transmission curves of the band reject filter are shown on Figure 5 and Figure 6.
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Figure 5 Transmission curves measured by CW signal

The figure clearly shows that the high signal levels cause a degradation of the filter characteristics. In the rejection band the attenuation decreases while in the passband – close to the rejection band – increases. The effect can be detected from cca. +10 dBm (10 dB above the specified limiting level and 18 dB below the specified damage level) and becomes more and more significant with increasing signal power. At +25 dBm (25 dB above the specified limiting level and 3 dB below the specified damage level) the degradation of the rejection reaches 27 dB.
Similar measurements were made on the same filter by using pulsed signals.
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Figure 6 Transmission curves measured by pulsed signal

The indicated signal levels here refer to the peak power during the pulse. The degradation effect can also be observed, but it is much less significant, than in case of the CW signal. It suggests that effect depends not only on the peak power, but on the average as well. 
Comparing Figure 5 and Figure 6 it can be seen that a 20 dBm CW signal causes almost the same degradation in rejection like a 25 dBm (peak) pulsed signal with 0.05 duty cycle.  As its average power is 12 dBm, we also can not say that the effect depends simply on the average power. There is likely a more complex relationship between the degradation and the power, but it is out of the scope of the present paper.
Transmission measurements on the bandpass filter

The transmission curve of the bandpass filter is shown on Figure 7.
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Figure 7 Transmission curves measured by pulsed signal

The degradation in the passband can be observed, but only at extremely high peak levels (3 dB below damage level)
Harmonic levels of the bandpass filter

The filter was tuned to the middle of its tuning range (1.5 GHz) and was excited in the rejection band at 990 MHz. The test receiver measured the levels of the basic signal the first 3 harmonics. The measurements were carried out by CW and pulsed signals as well.
In the case of the pulsed signal measurement the indicated power levels refer to the peak power during the pulse.

The harmonic curves of the bandpass YIG filter are shown on Figure 8 and Figure 9.

[image: image9.wmf]-

140

-

120

-

100

-

80

-

60

-

40

-

20

0

20

-

30

-

20

-

10

0

10

20

M

e

a

s

u

r

e

d

 

o

u

t

p

u

t

 

l

e

v

e

l

s

 

[

d

B

m

]

Set input level [dBm]

990 MHz

1980 MHz

2970 MHz

3960 MHz


Figure 8 Harmonic curves of the bandpass filter measured by CW signal 

(BW=200 Hz)
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Figure 9 Harmonic curves of the bandpass filter measured by pulsed signal 

(100 µsec; 2 msec; BW=10 kHz)

Comparing Figure 8 and Figure 9 one can see that they are almost the same. The main difference is that on Figure 9 the noise floor –according to the higher receiver bandwidth – is higher, so less can be seen from the low level part of the curves.
The measurements show that the most significant harmonic is the second, and the level of the harmonics generated by the YIG filter does not depend on, if the signal is pulsed or CW.
Harmonic levels of the band rejection filter

The band rejection filter was tuned to 1166.67 MHz and was excited at the same frequency. The test receiver measured the level of the basic signal and the first 4 harmonics.
The harmonic curves of the band rejection YIG filter are shown on Figure 10.
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Figure 10 Harmonic curves of the band rejection filter measured by CW signal
(BW=200 Hz)

Conclusion

The measurements showed that the YIG filters exposed to high power signals show a nonlinear behaviour in two ways. They produce harmonics and extremely high power signals (close to damage level) can degrade their transmission characteristics. 
From all of the produced harmonics the most significant is the second one (at double frequency). The levels of the harmonics are the same for CW and pulsed signals.
The extent of the transmission degradation depends on the peak and the average power of the signal as well.

Using YIG filters in high power measurements their nonlinear nature should be kept in mind. 
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