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Abstract 
 

 We describe here experiments that develop the technique of Microwave Pulse 
Compression (MPC). This is a method of concentrating and amplifying the power of a 
microwave pulse by reducing its duration. The technique involves exciting a resonant cavity with 
a microwave source, and then firing a shorting switch that destroys the resonance condition. The 
compressed pulse is then delivered to the output port at a higher peak power and smaller pulse 
width than the original microwave pulse. To demonstrate the technique, we built two MPCs 
operating at 1.3 GHz, one operating at low power, and the other at high power. In our low-power 
MPC we amplified 1 kW up to 33 kW, at a repetition rate of 10-50 Hz. In our high-power MPC, 
we amplified 2.8 MW up to 50 MW, at a repetition rate of 5-160 Hz. All of our switches were 
gas switches with trigatrons, filled with either evacuated air (10-13 mTorr) at low power, or 20 
psig sulfur hexafluoride.  
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I.  Introduction 
 
 We describe here experiments to develop the technique of Microwave Pulse Compression 
(MPC). This is a method of concentrating and amplifying the power of a microwave pulse by 
reducing its duration. It is thought that this technique may be of use as a microwave source for 
vulnerability testing.  
 
 MPC involves exciting a resonant cavity with a microwave source, and then firing a 
shorting switch that destroys the resonance condition. The compressed pulse is then delivered to 
the output port at a higher peak power and smaller pulse width than the original microwave 
pulse.  
 
 Pulse compression has been used quite commonly at X-band and higher frequencies 
[1,2], but there are relatively few instances near 1 GHz [3,4,5]. The frequency spectrum near 
1 GHz is of particular interest because it is most capable of upsetting and/or damaging 
electronics. In [6], D. P. Byrne describes in detail his MPC experiments at 2.9 GHz. In [7], C. E. 
Baum suggested pulse compression as a technique for implementing a microwave weapon. In 
[8], Baum presented a novel magic tee design that may be of use in pulse compression systems, 
due to its improved impedance match. In [9], Baum suggests some novel coupling schemes that 
will be of interest.  
 
 To demonstrate the technique, we built two MPCs operating at 1.3 GHz, one operating at 
low power, and the other at high power. In our low-power MPC we amplified 1 kW up to 33 kW, 
at a repetition rate of 10-50 Hz. In our high-power MPC, we amplified 2.8 MW up to 50 MW, at 
a repetition rate of 5-160 Hz. All of our switches were triggered gas switches with trigatrons, 
filled with either low-pressure air (~10-13 mTorr) at low power, or ~20 psig SF6 at high power.  
 
 We begin with a description of the microwave pulse compression technique. We then 
describe our experiments at low and high power. Finally, we describe a series of possible 
improvements to increase the gain and make the cavity tunable.  
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II.  Overview of Microwave Pulse Compression 
 
 A.  The Concept 
 
 A sketch of a Microwave Pulse Compressor is shown in Figure 1. Power is pumped into a 
waveguide resonant length of rectangular waveguide whose length is an integral number of half 
guide wavelengths. The cavity is bounded at the input by an inductive iris, and at the output with 
an H-plane tee with sliding short. After power has built up, a switch is fired that destroys the 
cavity resonance, and the power exits at the output.  
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Figure 1. A sketch of Microwave Pulse Compressor, looking at the broad side of the waveguide. 

.  
 
 The cavity has a length L = (n�g)/2, where �g is the guide wavelength,  
 

 

a
cf

fff

c

c

c
g

2

)/(1 2

�

�
��

 (1) 

 
where fc is the cutoff frequency of the waveguide, a is the waveguide width, and n is an integer. 
The output pulse width is expected to have a duration of one round-trip transit time at group 
velocity, or  
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This suggests that long pulses require long cavities.  
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 B.  Relationship between Field and Power 
 
 Next, we establish a relationship between power and electric fields in the cavity, in order 
to estimate the electric fields that we have to tolerate. We consider a rectangular waveguide, in 
which a and b are the long and short cross-sectional dimensions, respectively. The dominant 
field of the TE10 mode is [10, eqn. 3.89b] 
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where A10 is an arbitrary magnitude of the waveguide mode, and �o is the permeability of free 
space. So the square of the peak field in the center of the waveguide is  
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The power in a rectangular cavity TE10 mode is [10, eqn. 3.92] 
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for f > fc. Taking the ratio of the last two equations, we find 
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where ���� 377cooo ���� .  This can be recast as   
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Finally, voltage is just the field times the waveguide height, since the field is constant in the 
vertical direction, or 
 



 6

 
2

10

)/(1
2

ff

P
a
bEbV

c
y

�
��

�
 (8) 

 
For WR-650 waveguide, a = 16.51 cm, b = 8.255 cm, b/a = 0.5, and fc = 0.91 GHz. Thus, at our 

operating frequency of f = 1.3 GHz, we have 72.0)/(1 2 �� ffc . Under these assumptions,  
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 We can tabulate this data for a number of input powers, ranging from a 100-Watt 
amplifier to a 3 MW amplifier used at high power. We assume that the cavity is well matched, 
and that the gain in the cavity is 20 dB.  
 
 

Table 1.  Cavity electric field and voltage versus input power, assuming 20 dB cavity gain.  
 

Pin Pcavity V (kV) |Ey| (kV/cm)
100 W 10 kW 3.2 0.39
1 kW 100 kW 10 1.2

10 kW 1 MW 32 3.9
100 kW 10 MW 100 12
1 MW 100 MW 320 39
3 MW 300 MW 550 67  

 
 

 Note that with 3 MW of input power, the cavity electric field is already well above the 
30 kV/cm threshold for flashover in air at sea level. This suggests that SF6 will be required in the 
high-power experiments.  
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 C.  Some Experimental Details 
 
 We experimented with an iris with a variable width to estimate the optimal opening. A 
conceptual drawing of this is shown in Figure 2. We found experimentally that we obtained the 
largest cavity field with a opening of w = a/4, so we used that value consistently throughout our 
measurements.  

 

w 

 
 

Figure 2. Inductive iris with variable width.  
 

 
 To tune the cavity, we first had to estimate the cavity length. We found the following 
estimate experimentally,  
 
 bnL g 1.02/ �� �  (10) 
 
where b is the long dimension of the cross section of the waveguide that forms the cavity and tee. 
In practice, this was a little longer than required, so we had to mill off a small portion of a 
waveguide flange or spacer, to find a resonance at the desired frequency. Of course, the sliding 
short always had to be adjusted carefully to provide the maximum field within the cavity, as 
measured by a Vector Network Analyzer.  
 
 We converted oscilloscope readings to power levels as follows. First, we dialed into each 
channel of our oscilloscope the attenuations for each channel, which included calibration factors 
for each sensor. Next, we averaged the envelope of the voltage measurement near the peak. 
Finally, we converted the voltage to average power using the formula  
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where Vpeak is the local average of the peak voltage envelope.  
 
 All sensor calibration factors were measured with a Vector Network Analyzer (VNA). To 
do so, we inserted the sensor or directional coupler between lengths of WR-650 waveguide, with 
waveguide to coax adapters at either end, and with all unused ports terminated in 50 �. In this 
configuration, S21 is the calibration factor of the sensor.  
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III. Low-Power Measurements 
 
 We provide here the results of our pulse compression experiments at 1.3 GHz, in WR-
650 rectangular waveguide, driven by a 1 kW amplifier.  
 
 We experimented with a variety of switches, including triggered and untriggered gas 
discharge tubes (GDTs) filled with low-pressure air. We found that if we controlled the pressure 
carefully, the switch would self-break, however its reliability was poor. To address this, we 
added a trigatron to ensure that the switch fired consistently when the cavity approached a 
maximum stored energy. Typical operating pressures were around 10-13 mTorr, which were on 
the left side of the Paschen curve for breakdown of air.  
 
 A. Experimental Configuration 
 
 The experimental configuration is shown in Figure 3. The resonant cavity was a length of 
WR-650 rectangular waveguide, either 3�g or 5�g in length, where �g is the guide wavelength. 
The cavity was constrained on the input end by an inductive iris centered in the waveguide, with 
a slot width of one-quarter the waveguide width. On the output end, the cavity was constrained 
by an H-plane tee, with a sliding short tuned to provide an optimal resonance. The gas discharge 
tube (GDT) containing the switch was positioned �g/4 from the sliding short.  
 
 The input signal was 1 kW, the pulse repetition frequency was 10 Hz, and the input pulse 
width was 1.5 μs. The switch consisted of a Gas Discharge Tube (GDT) of low-pressure dried 
air. The GDT was fabricated from a polyethylene tube, with 3/8 in. outer diameter, 1/4 in. inner 
diameter, and smooth copper electrodes at either end, with 1/4-in. outer diameter. The end cap of 
one of the electrodes had two small holes that allowed one to apply a vacuum.  
 
 Pulsed CW was emitted from the amplifier with pulse repetition frequency of 10-50 Hz, 
and pulse width of 1.5 μs, at a frequency of 1.3 GHz. The delay pulser, the SRS model DG535, 
controlled the frequency and pulse width of the pulsed CW driving the cavity. It also controlled 
the timing of the trigatron pulser.  
 
 To stabilize the switch timing, we added a trigatron to our switch. Thus, at one end of our 
Gas Discharge Tube (GDT), we placed a spark gap that was triggered by a Grant Applied 
Physics model HYPS source, with 4 kV peak voltage and 3 ns pulse width. Photos of the 
trigatron are shown in Figure 4. We flowed the gas in the switch, and we dried the air with a 
desiccating agent.  
 
 Data were recorded from directional couplers positioned at the input and output to the 
cavity. Data were also recorded from a small loop (B-dot) sensor positioned in the side wall of 
the cavity, positioned to record the maximum value. All data channels were calibrated to show 
voltages on consistent vertical scales. Data were recorded on a Tektronix model TDS6804 
oscilloscope, at a resolution of 0.1 ns/point, or 10 gigasamples/second.  
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Figure 3.  Experimental setup of microwave pulse compression. 
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Figure 4.  Details of the trigatron and Gas Discharge Tube Switch. . 

 
 
 B.  Results 
 
 We recorded three channels of output, as shown in Figure 5; the directional coupler at the 
input section (top), the small loop (B-dot) sensor in the cavity (middle), and the directional 
coupler in the output section (bottom). From this, we see clearly that the switch fires at the 
proper time, when the cavity is nearly full. Note that the vertical scales have been compensated 
for attenuators and sensor calibration factors. In this case, with a trigatron, we observed a gain of 
around 11.6 dB from the input to the output. In the next section, we reach 15.6 dB gain by 
operating in self-break mode. And in Section III.E, we reach 13.6 dB of gain, using a trigatron 
driven by an FID pulser in a 10 �g cavity.  
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Figure 5. The signals from the input waveguide (top left), cavity (top right), and output (bottom). 
Note that all three vertical scales are consistent, because attenuators and sensor calibration 
factors have been entered into the oscilloscope.  

 
 

 C. Pulse Width and Risetime/Falltime 
 
 We compared the length of an output pulse in a cavity that is 3 �g and 5 �g in length. The 
results are shown in Figure 6, where we observe that the 3 �g cavity produces an output 9 ns in 
length, and the 5 �g cavity produces an output 15 ns in length, measured at Full-Width Half 
Maximum (FWHM). We compared these pulse widths to those expected by the round-trip transit 
time at group velocity, and found good agreement in both cases.  
 
 Note that the data taken in Figure 6 were taken without a trigatron, and in this series of 
measurements we obtained slightly better gain. The data here can be compared to the input signal 
in Figure 5, so we see that we have 15.2 dB of gain with the 3 �g cavity.  
 
 Next, we estimated the risetime and falltime of the data in Figure 6 (left), by simply 
expanding the scales, as shown in Figure 7. We estimate a risetime of 2.5 ns and fall time of 4 ns.  
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Figure 6. Pulse width study for a 3 �g cavity (left) and 5 �g cavity (right). 
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Figure 7.  Risetime and fall time of the data in Figure 6 (left). 

 
 
 
 D. Gain Study 
 
 We explore here the best possible theoretical cavity gain that can be realized with our 
pulse compression configuration. In [11], Andreev et al consider the simplest possible type of 
cavity – a shorted cavity of length (n �g)/2, with an inductive iris aperture, as shown in Figure 8. 
Note that our configuration does not have a short circuit, but an H-plane tee with a sliding short. 
So this theory provides a best case calculation.  
 
 With an optimal iris opening, the optimal gain within the cavity is 
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where L is the length of the cavity waveguide in meters, and � is the attenuation of the 
waveguide in Np/meter. We find the midband attenuation constant of WR-650 waveguide is 0.25 
dB/100 ft, or 0.008 dB/m. Noting that 1 Np = 8.68 dB, we find � � 0.001 Np/m. Thus, for a 3 �g 
cavity, we find Gopt = 24 dB. We observed 22 dB in our cavity, so we are close to the theoretical 
maximum.  
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Figure 8.  The configuration analyzed in Andreev et al.. 

 
 
 
 E. Network Analysis 
 
 We measured the steady-state CW return loss of the cavity, and the cavity gain, relative 
to a calibrated measurement in a waveguide without the cavity. This data was taken with an 
Agilent model 8753ES Vector Network Analyzer. The results are shown in Figure 9, where we 
see that the return loss at resonance is better than –12 dB, and the cavity gain at resonance is 
19 dB.  
 

 
Figure 9.  Steady-state CW S11 of the input to the cavity (top) and cavity gain (bottom). 
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 F.  Low-Power Simulation of  High-Power Experiments 
 
 We carried out a series of low-power experiments as a direct simulation of the planned 
high-power experiments. Thus, we replaced the HYPS trigger pulser used earlier with an FID 
pulser, of peak voltage 20 kV and pulse width of 3 ns. We lengthened the cavity to 10 �g, and we 
sealed the flanges with RTV (room temperature vulcanizer, a silicon sealant), which was later 
replaced with gaskets during the high power measurements. The experimental test configuration 
is shown in Figures 10 and 11. A trigatron with gas discharge tube was used, with dried air at a 
pressure of 1.2 Torr. The source pulse width was 2.2 μs, and the  repetition rate was 10 Hz,  
 
 Data for this configuration is shown in Figure 12. We realized 22 dB of gain within the 
cavity, and 13.6 dB of gain at the output.  
 
 

 
 

Figure 10. Photo of the low-power simulation of high-power experiments.  
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Figure 11.  Experimental setup of the low-power simulation of high-power experiments.  
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Figure 12.  Data from the low-power simulation of the high-power experimetns.  
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IV.  High Power Measurements 
 
 Next we describe the setup of our high-power measurements, as shown in Figures 13 – 
16.  
 
 We used the FRED source (Frequency Radio Engine Disruptor), owned by AFRL, to 
drive the cavity at 2.8 MW, with pulse repetition frequencies ranging over 5 Hz to 160 Hz. This 
source was actually capable of 5-6 MW, with peak PRF of 400 Hz.  
 
 After the FRED source, we placed a high-power 4-port circulator, to protect the source. 
The two unused ports were terminated with either a high-power or a low power load. Next, at the 
input to the cavity, we placed an inductive iris with a ribbed window made of polycarbonate 
(Lexan), as shown in Figure 17. The cavity was about 3.26 meters in length, from the aperture to 
the center of the H-plane tee, which corresponded to 10 �g at 1.3 GHz. In the H-plane tee was a 
sliding short for tuning, shown in Figure 18, and a trigatron with a 1 mm gap, as shown in 
Figures 19 – 20. This was driven by a 20 kV FID pulser with a pulse width of 3 ns FWHM. After 
the tee was a high-power load manufactured by Voss Scientific. The cavity, tee, sliding short, 
and load were all sealed in order to maintain a pressure of 20 psig SF6.  
 
 We detected the signal at three points in the configuration; a directional coupler at the 
output of the FRED source, a B-dot (loop) sensor in the cavity, and a directional coupler at the 
output. To prevent flashover, the B-dot sensor was recessed into the thick wall of the cavity. A 
photo of the B-dot sensor is shown in Figure 21. It was calibrated with a Vector Network 
Analyzer (Agilent model 8720ES) in a straight section of waveguide with two waveguide-to-
coax adapters. We also detected the output of the FID pulser using a V-dot cable sensor, a Farr 
Research model VDC-1.  
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Figure 13.  Experimental setup for high-power MPC measurements. 
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Figure 14. Photo of the FRED source and ciruclator.  

 

 
Figure 15. Photo of the cirulator and cavity.  
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Figure 16.  Photo of the cavity, H-plane tee, sliding short, and load.  

 
 

Figure 17. Photo of the inductive iris and ribbed window.  
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Figure 18.  Two views of the sliding short, the plunger (top) and the exterior (bottom).  
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Figure 19.  Trigatron concept.  
 
 
 

  
 

Figure 20.  Photo of the trigatron.  
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Figure 21.  Photo of B-dot sensor. 
 
 
 
 All data were recorded on a Tektronix model TDS6804. real time oscilloscope, with 
8 GHz of realtime bandwidth, and with a �t of  50 ps, which provided a sampling range of about 
15 samples per cycle at 1.3 GHz.  
 
 Data from a typical shot is shown in Figures 22-23. This particular data set was taken at a 
Pulse Repetition Frequency (PRF) of 100 Hz, although the MPC worked over a range of 5-160 
Hz. We drove the cavity with a microwave pulse of 2.8 MW input and realized 330 MW in the 
cavity and 51.8 MW at the output. This corresponded to gains of 20.7 dB in the cavity, and 12.7 
dB in output. The operating frequency for this shot was 1.2982 GHz. In the cavity data, one can 
see the power build up until a peak is reached, and then is suddenly reduced when the trigatron is 
fired.  
 
 To calculate the peak power levels, we first calculated the envelope, and took the average 
through the envelope over a short range of time at the peak of the waveform. This process was 
more accurate than simply taking the absolute peak of the waveform, which could be high by as 
much as 3 dB. The process is diagrammed on the right side of Figure 23.  
 
 We calculated the efficiency as follows. The input source was 2.8 MW and charged the 
cavity for 3.4 �s, and their product is an energy of 9.5 J. The output pulse was 51.8 MW for 
45 ns (FWHM), and their product is an energy of 2.3 J. The ratio of the energies is 24%, which is 
the efficiency of the pulse compressor.  
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Figure 22.  Oscilloscope traces of the data, from top to bottom, Input, Cavity, Trigger Line, and 
Output. All scales are adjusted for attenuators and sensor calibration factors.  
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Figure 23. Oscilloscope trace data , left, and the corresponding envelope, right.  
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 Next, we provide typical VNA data for our cavity, in Figure 24. On the left is the return 
loss, S21, and on the right is the coupling into the cavity, as measured with an uncalibrated B-dot 
sensor. Based on the return loss, we observe that we have a very narrow frequency window 
within which we can operate. The return loss has a –3 dB bandwidth of 360 kHz, which leads to 
a Q of  fo/�f = 1.3 GHz / 360 kHz or 3600.  
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Figure 24. Sample network analyzer data, S11 (left) and S21 (right). Note that the scale on the S21 
data is arbitrary, since the response of the B-dot probe was not taken into account.  

 
 
 Finally, we note that we initially thought a Gas Discharge Tube (GDT) would be 
necessary at high power, as it was at low power. So we built a tube with a scalloped exterior, as 
shown in Figure 25. But we observed premature arcing along the interior surface of the tube, 
before full power was reached within the cavity. We wanted to scallop the interior of the tube, 
but that was difficult to realize mechanically. The solution was to use a simple trigatron without 
a GDT.  

 
 

Figure 25. Gas Discharge Tube for high power experiments.  
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V.  Discussion and Future Work 
 
 We consider here the limitations of the technique, and how it could be developed further. 
We then consider possible future work.  
 
 The FRED source we used was capable of 5-6 MW output, however we only used 
2.8 MW in our experiments. We were limited primarily by premature breakdown in the cavity, 
which reached a power level of around 360 MW in 20 psig SF6. To reduce flashover, we would 
need to use a smoother cavity, and place flanges precisely at nulls in the resonance pattern. We 
assembled our cavity from available parts, and we made many improvements where we could, 
but it would have been better to start with fresh waveguide that was built to high tolerance, with 
precisely aligned flanges and alignment pins.  
 
 We could also obtain higher power with a higher pressure of SF6. We were reluctant to 
use a pressure higher than 20 psig because of the slow leakage of expensive gas from our flanges 
and directional couplers. We used gaskets at all flanges, but one of the directional couplers 
appeared to have a small leak through a connector. If we started with components that were 
specifically designed for pressure, we could have realized a higher pressure, and higher output.  
 
 We see three areas where future work would be beneficial. First, by sealing leaks and 
using smoother components, we should be able to realize higher power. Second, FRED source is 
a somewhat large and cumbersome source, that was not tailored to our specific need. It should be 
possible to design a more compact microwave driver that is less massive.  
 
 Finally, it would be of interest to design a tunable cavity, since vulnerability testing 
normally requires exposure to a range of frequencies. We are limited by the tunability of the 
available sources, but tunable sources seem to be available over a limited bandwidth. Two 
concepts for  tunable MPCs are sketched in Figure 26. A magic tee is used to split the signal into 
two identical cavities, whose lengths are controlled by sliding shorts that are tuned in tandem. 
Because of symmetry, no signal leaves the output port until symmetry is broken by firing a 
switch in one of the cavities. On the bottom of Figure 26, we show how the two sliding shorts 
could be combined into a single unit, to simplify the mechanics.  
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Figure 26.  Frequency-tunable Microwave Pulse Compressor concepts.  
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VI.  Conclusions 
 
 We have presented data on microwave pulse compression carried out at both low and 
high power. At high power, we amplified a 2.8 MW source up to 330 MW in the cavity and 
51.8 MW at the output. We found a gain of 20.7 dB in the cavity, and 12.7 dB in output. PRFs 
ranged over 5-160 Hz.  
 
 Future work could involve three areas. First one could increase the power with a 
smoother cavity and by sealing leaks, so one could operate at higher pressure. Second one could 
design a more compact microwave source, to make the entire system more portable. Third, one 
could design a frequency-tunable cavity, to allow more flexibility in vulnerability testing.  
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