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ABSTRACT

A 250 h’fw ultra-wideband source CS@k of pllk rcjl(XitiO~
tkquencics up to 10 tdl.z has been developed at the U.S. Army’s
Missile Command (MICOM). This modular pulser utilizes sta&of-
the-art magnetic switch putse compression and electromagnetic shock
line pulse sharpening to produce highly rcliible 3 ns Dulses with rise

timcilessthmr-200ps.

using TEM horns.
*S of u~to-0.75 GW hav~ been achieved

INTRODUCTION

The requirements for sources of wide band RF have undergone
significant changes withhr the last few years, the most notable of
which is the requirement of high repetition rate capability. The single
poke characteristics of these systems have long been characterised as
having pulse widths of several nanoseconds and sub-nanosecond rise
times. Recent advances in technology have extended the cauabitity of

widths and rise times less than 100 ps. The particukr application

determines the re@red temporal characteristics of the source, while
the technology available to produce those characteristics may largely

determine the pulse power and repetition rates available.

To date, technologies which have been pursued to meet these

rerpdrements include repetitive spark gaps, thymtrons with shock line
pulse sharpening, and photoconductive switches. This paper discusses

the development of an all solid state,SCR commutated, non-linear

puke compressor which utilizes an electromagnetic shock line to
produce 250 MW pulses with 4 ns pulse widths and rise times less
than 200 ps. TMs system is capable of repetition rates up to 10 kHs
for burst durations of up to scvcrat seconds. The theory of non-linear
magnetic pulse compressors, or “magnetic switches”, is well
documented [1-9], and the discussion will be limited to the
performance of this system.

SYSTEM OVERVIEW

SCR commutated magnetic switch pulse compressors have been

used for several Years to umduce high enemv mdses of rm to several
hundred joules ~ith 50 n; pulse wi&ts at r&tition rates-in excess of

5 kHx. l’hesc systems have been highly reliable (lifetimes of 1011 to
1012 shots), bve very tide jitter, and arc capable of continuous

operation. To extend their application to wide band RF, two to three
stages of additional pulse compression arc required to reduce the pulse
width. A shock tine is then utilii to produce the necessary fast rise
time.

Though three separate modulator designs have ken upgraded to

date, the system presented in this paper is the latest version of a
modular design with and input energy of approximately 8 joules. This

system is readily maintained and can be easily handled by two people.
Its subsystems include the control and command resonant charge

chaasi.y two rack mountable chaask, each containing two commutator

modulw, an oil cooled compression module and an electromagnetic

shcck line with a PFL interface to the modulator (fig. 1).
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Figure 1: System Block Dlagmm
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CONTROL AND CHARGE CHASSIS

The reliibiMy of the SCR commutated magnetic pulse
compressor is determined primarily by the performance of the main
commutator SCR’S. To assure that adequate trigger signals are

supplied to the SCR’s at the proper times, a control chassis containing

timing and protection circuitry suppfies the appropriately timed
triggers to the charge chassis and commutator mcdules. Monitor
levels from the power supply voltage and resonant charge level
prevent triggering when these levels are m low or to high,

respectively. The input to the control chassis is ill.
The charge chaazk is a conventionrd rermrant charge system. It

uses a single R-355 SCR to detiver 8 joules in approximately 20 us to
the intermediate storage capacitors of the commutator modules
(fig. 2). The recovery time of these SCRS is approximately 45 us and

is the limiting factor in the prf capabMy of these systems. Work is

crrrrentfy behg done to extend the prf capability to 30 kHz by
replacing these SCRS with insulated gate bipolar transistors (fGBTs).

The input voltage is a nomirmf 500 to 575 volts with a resonant gain

set to approximately 1.8. The maximum charge level is timited by an
1100 volt zener stack which protects the main SCR’S from

overvoltage. During operation, energy reflected from each pulse due
to load mismatches is recovered via an inductive storage circuit. The
recovered energy is added to the next pulse, reducing the load
required of the charging SCR. For Klgh PRFs, the load requirement

can be further reduced by instaffhrg a second charge system in parallel
within the same chassis.

COMMUTATOR MODULES

The four commutator modules contained within the two chassis

are each art individual PCB-mounted, SCR commutated magnetic

pulse compressor. Employing a technology known as “Branched
Magnetic”, these modules are operated in parallel with the outputs

combined in series. This design provides for the system’s highly
reliable operation, in that the maximum voltage appemirrg anywhere

in the input module is less than 1000 volts. At the end of a charge
cycle, a single R-355 SCR on each board is used to transfer 2 joules in
7 us from the intermediate storage capacitors to the fwst of two
compression stages in the module. These stages utilire single-turn
2605-SC Metglas cores for the saturable inductors and provide a

temporal gain of 13 and 3, respectively. The cores are housed in

tigbtfy fitting coaxiat housings to reduce losses. Tire 4 uf capacitor
banks used for these stages and the intermediate storage are comprised

of low loss, high reliibllity, atrrminize.rt ~lypropylene capacitors with
a demonstrated shot-life in excess of 10 1 for rtds application. The

output of the second stage is delivered in 180 ns to the primary of a
1:12 induction transformer. The two transformers in each chassis are

summed via a conducting rod placed down the center of the induction
cells. Tbe output of this rod drives the input stage of the compression
module.

COMPRESSION MODULE

The compression morhde consists of four stages of pulse
compression with a 1:7 induction style frartsformer tretween the
second and thiid stagea. This transformer utilizes a fractiorrat turn
primary and single turn secondary, a novel design accredited to
Nicholas Christofolis who originally used it in charged particle beam

research. The initial two stages and transformer are housed within an

abrmimrm cylinder, while the final two sragea are constructed of

o-ring seated cytinrfrical ahrminum plates. Oil flow through this
assembly provides both cooling and high voltage insulation.

The saturable inductor of the input state is constructed of

2605-SC Metgtaa. When this stage saturates, it charges the 7.2 nf

second stage capacitor bank to 30 kV in 28 ns. At these time acafes,

Metglas can no longer be used. The remaining stages therefore

employ CMD-5005 ZnNl ferrite cores. The gain of these stages is

also reduced to lower both the losses and the required volume of
magnetic materiat. Bus plate capacitors are used for the last two

stages. Derivative E-dot probes lccated on the cylinder watl aronnd
the bus plates provide measurements of the waveforms at those points.

When the fmaf stage saturates, approximately 2 jordes are delivered in
3.5 ns to the marchhrg PFL of the shcck tine (fig. 2). TM produces a
rravethrg gaussirm wave of 3.5 ns pulse width, which represents the
limit of compression currerrfly achieved with magnetic pulse

compression technology.
Because the impedance of each compression stage decreases by

the square of the temporal gain for that stage, the output of these
systems is traditionally suited for driving low impedance loads.
However, the impedance of the magnetic shock line is relatively high,

with saturated impedances designed to match that of conventional

coaxiaf cable (50 Q). A coaxiaf PFL with an input impedance

matched to that of the output stage of the compression module (5 to

15 Q) transforms the impedance up to that of the shock line. This

txarrsformer action afao produces a voltage gain of approximately 2.

Figure 2. Integrated measurement of waveform on that bus plate of

compression module.

ELECTROMAGNETfC SHOCK LINE

The tirraf sub-system incorporates electromagnetic shock fine

technology [10] to produce a rise time of leas rhan 200 ps. The shock
tine is a 40 brch, ferrite tilled tmnsmission line with a saturated output
impedance of 50 S2. The difference ketwcen the “magnetic switches”

and the shcck line lies in the fact that the switches saturate as a single

volume, while the shock line haa at any one time only a region atong
its length that is undergoing saturation. AS with any orher shock wave
phenomena, the velocity of the wave varies along its rising edge. In

the case of the shock line, the velcxity of the wave front varies with
the inverse of the square of the permeability. The crest of the wave
front, where the ferrite is completely saturated (i.e. m -> 1), therefore

tmvela at a greater velocity than that of the incident rising edge. The
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output of the shock fine has a much sharper rise tirrre than the inpu~
white the falf time is somewhat extended. The drawback of using a

shock line is that roughly one half of the energy is thrown awafi

however, that is the cost of using this technology in that there is

curmntty no alternative to produce tfre fast rise times desired for this
application.

The output of the shock line (fig. 3) is a 150 kV, 4 ns prdsc with
rise time of less than 200 pa. This pufse is taunchcd into a coaxiaf

cabte (RG-177) which delivers the pufse to an apprqxhte antenna.
For the work performed at MICOM, severaf TEM horns have bear

developed for use with this system. To date, these have ham low ga

(<2 dB) antennaa in order to produce bread uniform fields within
rarrgea of several tens of feet. The most recent haa an oil-fflkxi

coaxial-to-tlat plate unfolding feed section, a pfate impedance of

120 Q and has produced fields of 12 kV/m at 12 meters (fig. 4). A

D-dot ground pfane probe mounted on the pfatea measured an

approximate x level of 200 kV (fig. 5). Using an isotropic,
lossless antenna as a reference, this indicates that the system had a

power gairrof3dB andsn ERFof660MW. Acmdefield
mottiikation to increase the gain of the antenna reaukf in fields of
19 kV/m at the same distamx, indicating a power gain of 7 dB and a
ERP in excess of 1.5 GW.

Figure 3. Derivative and integrated output waveforms of magnetic
shock line. Measurement made via Edot probe mounted f
RG-177 coaxial cable.
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Figure 4. Integrated TEM field waveform. Measurement made via
GI-Iz free-field D-dot probe.
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Figure 5. Derivative and integrated antennawaveforma. Derivative
measurementmade via 3 GHz gmmtd ptane Ddot probe.
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In summary, a highly advanced, afl-acdid state nonlirrcar iqagnctic

pulse compressorhasbeen developed. This system is highly reliable
with a ahot life in excess of 1011 ahots. It produces 150 kV pulses

with 4 ns pulse widths and rise times less than 200 pa. Tire overall

efficiency of the system ia approximately 12.5 percent. An important
point to consider ia the seatability of this technology to higher levels.

A larger system under development haa en input pulse energy of 25
joutes and is pmjccted to produce SW kV pulses with the same

parameters. Orher higher energy modrdstora are atready in usc at
various locations in this cxrurmy and merely require the additiorrat

atngea and ahmk line designs to be adapted to this application.
However, it is the opinion of the authors that such efforts at tfds time

am premature. Sufficient data to justify the increased complexity and

demand for prime power has not been generated to date.

For this reason, continuing efforts are primarily focused on

itnpmving the efficiency of the present systems and on the design of

higher gain, wi& band arrtenrtas. The pulse widths to date am too

long to k supported on the platea of the moderately large TEM horns

(5 fcd plates) curremfy in use. Furthermore, the clear time of these

antennas am approximately 1 ns, which effectively chops off the
remainder of the pulse produced on the antennaplates. By extending
the compression limits of the system to produce pulse widths near
1 na, increases in both the amplitude and in the radiation efficiency of
the antenna will be achieved. The ERP of the antenna will be
impmvcd by increasing the gain of the antenna with rrarrowcr ptntc
angles and longer plates.

Transportability, though not a aigoitictmt problem at dria rime, is

somewhat inconvenient and a design is under way to house the entire

system and its ancilfary gear within a customized passenger-style

cargo van. Lastly, the issue of prime power is being addreascd by the

design of a battmy pack which will supply all necessary power and

biasing to the modufator and which will itself be recharged by the

vatr’a alternator. A arnafler, more aesthetic version of the modulator
will use a single commutator module for an output of 75 kV and will
require no extcrnaf source of prime power. The expected run time of
this system is equivstent to 2 hours of continuous run time at 5 kHz.
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