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ABSTRACT 

This work discusses our ongoing development of a 100-kV, 130-
kW modulator for use in high-power microwave research. This 
modulator is designed to deliver 1 microsecond pulses at a 1-KHz 
repetition rate into a 70 Q load. The pulser utilizes an ITT F-316 
four-gap thyratron to switch two 5-section E*-type pulse-forming 
lines connected in a Blumlein configuration. The pulser is relatively 
compact, and can be moved from testbed to testbed. We will review 
our pulser design and present data demonstrating the operation of 
the pulser, showing output voltage and current waveforms. 1-kHz 
PRF operation as yet can not be demonstrated due to power supply 
limitations, although submillisecond recharge times have been 
observed indicating the pulser is 1-kHz capable. 

INTRODUCTION 

This unit was built by the U.S. Army Pulse Power Center (PPC) of 
Army Research Laboratory (ARL), Fort Monmouth, NJ to meet the 
need for a research modulator to test new high-power microwave 
sources under development at Weapons Technology Directorate 
(WTD), ARL, Adelphi, MD. The modulator was to be designed for 
use in experimental studies of vircator microwave sources underway 
at WTD, and for testing of new high-power magnetrons being 
developed elsewhere. The vircator study has required building a 
whole new testing facility at the Adelphi site and this facility 
required a modulator which could produce Htsec pulses at 100 kV 
at 1 kHz, with shot-to-shot reproducibility. A kilohertz data 
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acquisition rate is essential for the study of the electron dynamics in 
the vircator, hence the repetition rate and reproducibility 
requirements of the modulator. Another requirement was that the 
modulator be relatively compact and be movable from testbed to 
testbed within the facility. Fabrication of the modulator was 
completed in December, 1992 and the unit was shipped to Adelphi 
before it could be fully rated at the PPC. Adjustment and 
improvements continue at its new location at WTD, Adelphi. The 
design specifications are summarized below. 

PULSER DESIGN SPECIFICATIONS 

Output Voltage= 100 kilovolts 
Output Pulsewidth = 1 microsecond 

Output Impedance = 70 Ohms 
Pulse Repetition Rate = 1000 Hz 

DESIGN OF 100-kV BLUMLEIN MODULATOR 

Pulse Formin& Line 

A conventional Blumlein has been constructed using two 
identical PFL's connected as in Fig.l. Each PFL is a 5-section E*­
type line with a characteristic impedance of 35 Ohm. An E-type line 
is a PFL with equal section capacitance and with all the section 
inductances, including any mutual inductances, provided by 
appropriately tapping one continuously-wound inductor. An E*-
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Circuit schematic for Blumlein pulser consisting of two 35-Q PFL's. 
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Figure 2. Blumlein pulser assembly out of its oil tank. For scale, the thyratron in the foreground is 18 inches tall. 

type line provides the desired amount of mutual inductance between 
sections by choosing an appropriate geometry for the single 
inductor. This is very practical PFL to fabricate. A 5-section line 
was chosen to produce the best pulse in the physical space allowed 
for the PFL. 

In the design of any PFL, the choice of the section 
parameters, C and L, is primarily determined by the desired 
characteristic line impedance and pulse width. A PFL design study 
performed by Bramley and Greenwald [1] gives suggested optimum 
values for the section parameters that have been determined 
empirically for lines of various type and number of sections. For a 
5-section E*-type PFL, the value of the section capacitance, C, is 
given by the relation 

't 
C = (0.2874) 1t R 

where t is the design pulsewidth, R is the line impedance, and 
0.2874 is an empirically determined factor. Fort= 1 microsecond 
and R = 35 Ohm, the optimum C = 2.6 nanofarads. Of practical 
concern in achieving this optimum value is the availability of 
capacitors that are rated to handle the design PFL voltage. For this 
application, the practical value for C is 2.7 nanofarads and consists 
physically of three 0.008 microfarad capacitors connected in series. 
These capacitors were obtained from Condensor Products and have 
a voltage rating of 50 kV. Three of these capacitors in series, then, 
have rating of 150 kV The total network capacitance is 27 
nanofarads. 

The optimum average section inductance, L, is given by 

L = (0.2299) t1tR 

where the factor 0.2299 is the average value from the Bramley and 
Greenwald empirical study. For this design, the optimum Lis 2.64 
microhenries. This value can be realized by a number of 
combinations of section length, winding pitch, and coil diameter of 
the continuous single coil. A particular coil geometry must be 
chosen to provide the correct mutual inductance between sections. 
Roberts [2] has analyzed the Bramley and Greenwald data and has 
noted that the mutual inductance between sections of the optimum 
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PFL is very nearly 15% of L. It is shown that a coil with a diameter 
to section length ratio of 0.75 will have mutual inductance of 15% 
between sections. Two identical inductors were fabricated on site 
using these guidelines, one for each PFL. Each inductor has 36 
turns, a pitch of one turn per inch, and a diameter of 4.5 inches. 
They were constructed by winding 3/8-inch copper tubing around a 
grooved form, unscrewing the form from the tubing and bracing the 
resulting coil with polycarbonate spacers. The coils are tapped 
every 6 1\3 turns (for a section length of six inches) for the center 
three sections; the end sections have 6 1\3-plus turns to allow for 
inductance tuning. Experience and circuit modeling indicate that 10-
50% extra inductance in the first and last section is desirable. For 
the center three sections, Lis 2.7 rnicrohenries. The the diameter to 
length ratio is 4.5 in/6 in= 0.75. The inductors may be tapped 
anywhere along their length to alter and tune the pulse shape. 

Thyratron 

Two thyratrons were evaluated for this application, the 
English Electric Valve CX2593X and the ITT F-316. Both 
thyratrons were four-gap designs rated for 100-kV operation. Also, 
although not required for this design, both thyratrons had hollow 
anodes. After testing, the ITT F-316 was chosen, primarily due to 
the poor recovery of the EEV CX2593X at higher repetition rates. 

System 

Fig. 2 shows the actual pulser assembly. The thyratron is in 
the foreground (EEV CX2593X shown ) and the PFL's are behind 
it. The whole assembly fits inside a 3' x 3' x 5' oil-filled steel tank. 
The tank rides ori 10-in. phenolic wheels, providing high-voltage 
isolation and limited mobility. The pulser is mounted on a hydraulic 
lift table so it can be raised above the oil for easy access for 
adjustments and maintenance. This facilitates tuning of the pulse 
shape to suit user requirements. The pulser assembly is shown 
raised out of the oil in Fig.3. 

PULSER OPERATION 

The completed modulator was tested at the PPC and testing 
continues at WTD. At the PPC, a Gentec HV-100 High-Voltage 
Probe for voltage measurements and a Pearson #1025 Current 



Figure 3. Entire modulator, with the pulser assembly raised above 
its 3' x 3' x 5' oil tank. 

Transformer for current measurements. In addition to these 
instruments, ~TD has rabricated and used their own diagnostics. 
100-kV operation, obtamed at the PPC, is shown in Fig.4, which 
shows the voltage and current delivered to a 70-Q resistive load for 
a network voltage of 100 kV. The PRF for these waveforms was 5 
H~. Not_e that for theses wavef<?rms, the PFL inductor taps were 
bemg adJusted for fastest pulse nsetime, and not for flattest pulse. 
WTD ;equires. a flat pulse and the inductor taps were adjusted 
accordmgly. Fig.5 shows the best load pulse waveshape obtained at 
the PPC, with the inductor tappings corresponding to the values 
listed in Fig.l. In both Figs.4 & 5 the arrow on the timescale 
indicates the triggering time of the thyratron. Some noise from the 
thyratron firing is observed on the load diagnostics. The PRF for 
the pulse shown in Fig. 5 was 400 Hz, the maximum PRF obtained 
at the PPC before it was necessary to discontinue testing at the PPC 
and ship the unit to WTD. 

The pulser was reassembled at WTD and testing was 
resumed. WTD is still awaiting installation of an appropriate high­
voltage power supply for this modulator, so the testing has 
concentrated on verifying the suitability of the modulator for their 
microwave source studies. Pulse reproducibility is a major issue. 
Fig.6 s~o~s three sequential load current wave forms overlayed. 
There IS httle pulse-to-pulse variation or jitter, aside from the 
diagnostic noise. 
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Figure 4. Voltage and current delivered to 70-Q resistive load for a 
network bias of 100-kV. PFL inductor taps not optimized 
for flattest pulse. Arrow on time axis indicates firing of 
thyratron. 
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Figure 5. Voltage at resistive load with PFL inductor taps adjusted 
for flattest pulse. 
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Figure 6. Three current pulses at 70-Q resistive load overlayed. 
Note pulse reproducibility. 

The pulser was connected to the experimental vircator source 
via RG218 cable. WTD has installed pulse voltage and current 
monitors in the vircator assembly, using a capacitive pick-up for 
voltage and a B-dot sensor for the current. Voltage and current 
pulses delivered to the vircator are shown in Figs. 7 & 8, 
respectively. Note the excellent waveshape of the pulse delivered to 
the vircator. There is - 10 nanoseconds of integration inherent to 
these sensors. Also, there is a DC-offset evident in Fig.7 which 
must still be corrected in calibration. 

It is not possible for WTD to demonstrate 1-kHz operation 
of the modulator until the requisite 130-kW supply is installed. The 
modulator is ready when the DC supply is on-line. A 2.71-Henry 
charging inductor was produced by National Winding Laboratories 
especially for resonant charging of the modulator for kHz operation. 
The recharge time using this choke is -850 microseconds. This 
choke has been used, in conjunction with a charging diode, at low 
PRF and the submillisecond recharge time has been verified. 

CONCLUSION 

ARL has designed, fabricated, and demonstrated a 100-kV, 
thyratron-switched Blumlein modulator. The pulser can produce flat 
pulses with excellent reproducibility. The unit is installed at WTD, 
Adelphi where it will be used in their microwave source research. 
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Figure 7. Voltage pulse measured in vircator housing. 
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Figure 8. Current pulse at vircator housing. 

When the requisite power supply is installed at WTD, 1-kHz 
operation of the pulser will be obtained. This will provide an 
especially valuable testing facility for high PRF sources. The kHz 
PRF also will allow high data acquisition rates for the study of the 
physics of sources such as the vircator. 
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