
I T R 1 X 3 9 ^ 3 
I'NU'MM 

MAGNETIC SWITCHING, FINAL CHAPTER,BOOK I: 
THE ATA UPGRADE PROTOTYPE 

D. B i rx , E. Cook, S. Hawkins, S. Poor, 
L. Reginato, J . Schmidt arid M. W. Smith 

This paper was prepared for submittal to 
The 1983 High-Voltage workshop 

Harry Diamond Laboratories, Adelphi, MD 
October 4-5, 1983 

March 22, 1983 

This is a preprint of a paper intended for publication in a journal or proceedings. Since 
changes may be maCe before publication. Ibis preprint is made arailable with the un
derstanding Ihal it will not be cited or reproduced without the permission of the author. 

\ 



EDi* I : Hit ATA UPSftfVGE PROTOTYPE* 

0. B in t , E. Cook, S. Hawkins, S. Poor, 

1 . Reginato, J . Sctwridt and H. W. Smith 

Lawrence Livermore National Laboratory 

Post Off ice Box 808/L-321 

Livermore, Cal i forn ia 94550 

ABSTRACT 

Efforts directed at finding a 10 kHz switch to replace the current kHz 
gas blovn spark gap have culminated in a prototype for an upgrade of ATA. The 
design and performance of this prototype as well as possible options and 
recommendations concerning an eventual upgrade are described below. 

* Work performed jointly under the auspices of the U. S. Department of Energy 
by Lawrence Livermore National Laboratory under contract W-7405-ENG-48 and for 
the Department of Defense under Defense Advanced Research Projects Agency ARPA 
Order No. 4395 A#12, monitored by Naval Surface Weapons Center under document 
number N60921-83-WR-W0113. 
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1. WTnflCl'CnCN 

Currently the ATA is a SO HeV, 10 kA induction Unac. The output electron 
Soil p-jlse with a duration of 150 ns, can be repeated once a millisecond for 
k»p to 10 pulses. This 10 pulse burst can be repeated every two seconds, 
giving the machines an average repetition rate of S pps. 

This performance in itself is quite unique for a pulse power machine and 
cane only as the result of years of research on a novel coaxial gas blown 
spark gap. The machine is modularized into 250 kV induction accelerator 
cells, each driven by a single pulse power unit. The pulse power unit 
consists of a 1:10 step-up resonant transformer, a water filled blumlein PFL 
for energy storage and the afore-mentioned spark gap for discharging the PFL 
into the accelerator cell. The initial commutation in the chain is performed 
by six parallel thyratrons. These CX1538 thyratrons are a fast recovery glass 
envelope tube manufactured by EEV for high peak power, low duty factor 
applications. These tubes transfer the energy in the intermediate storage 
through the 1:10 transformer and into the PFL. The transfer is completed in 
20 v sees and the tubes recover voltage holding in another 20 y sees. The 
limitation of > 1 ms between pulses resulted from the time required to blow 
the discharge products out of the spark gap. While in theory, higher 
repetition rates could have been achieved through a higher gas velocity, the 
blower power requirement scaled as repetition rate to the third power and 
1 kHz operation already required 15 horsepower worth of blower per spark gap. 
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M iMs point, it 3s warth addressing the question of why a spark gap, 
certainly a primitive device not withstanding how well it is engineered, is 
repaired. The simplistic comparison between pulse power requirements for the 
ATA induction linac and the SLAC Rf accelerator schematically depicted in Fig. 
1 provides a partial answer. While the pulse energy supplied to a SLAC 
accelerator section is essentially the same as that supplied to an ATA 
induction cell, the power levels are approximately two orders of magnitude 
different. 

The energy compression provided by switch S 2 in Fig. lb supplies this 
power gain. The 250 kV operating voltage combined with a 10*2 Amps/y sec 
dl/dt requirement were the factors which forced us into the vulgar realm of 
high prc-ssure gas switches. 

Research into alternative switching schemes began almost before the first 
spark gaps were operational. Initially, our efforts were directed at 
developing a high power version of switch S 1 # The thyratron, a low pressure 
gas switch, certainly appeared to be the technology which came closest to 
meeting our requirements. 

This work which also provided us with an invaluable insight into the 
physics of low pressure switches did demonstrate that such a switch, while in 
concept was possible, was not practical. The size and expense of this switch 
would have hardly been an improvement over several hundred conventional 
thyratrons in series parallel. 
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tftjs reaH^at.'ncn wnuUrt tiave cww» as a deep dUsacptiintr^ni if it *ere not 
fi>.r the fact that a funny thing had happened on the way to the dcvelcpnent of 
the super thyratren. Gur finaJ efforts in this area had involved the use of 
saturable inductors to minimize dl/dt requirements on the low pressure 
5wUi.fi. The idea was gleaned from vintage reports circa 1950, and proved to 
be T-ore effective than any of us originally suspected. Indeed it appeared 
possible to reduce the voltage and dl/dt requirements on the switch to such an 
extent that the conventional thyratrons in the intermediate storage would be 
capable of meeting our final switch requirements. This idea schematically 
depicted in Fig. lc removed the requirement for a high power switch. 

The basic circuit for magnetic pulse compression is essentially the same 
as orignally conceived. The principle behind magnetic switching is to use the 
large changes in permeability exhibited by saturating ferri-(ferro-) magnetic 
materials to produce large changes in impedance. The standard technique for 
capitalizing on this behavior is illustrated in Fig. 2. First, one starts 
with a repetitive power source which utilizes existing technology to generate 
the initial pulse. The pulse then goes through several states of compression 
until the desired output is obtained. By using multiple stages as shown, it 
is possible to achieve an effective change in impedance much larger than can 
be obtained from a single stage and limited only by the physical layout and 
materials properties. The compression process is depicted by Fig. 2b and the 
operation of this circuit can be described as follows. Capacitor Ci i s 

charged through Lg u ntil Li saturates; Li is chosen to have a saturated 

http://5wUi.fi
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'^^etir.sre mux's '.ess than LQ. Orxe Li saturates, Cg will teegin to 
cfjr;-t? from Cj through Lj 5 a t , but since Li s a t <«-LQ, Cg charges 
Rcre rapidly than Cj did. This process continues through the successive 
stages until C n discharges into the load through the saturated L n. Each 
successive saturble reactor is designed io that saturation occurs at the peak 
of the voltage waveform. The B-H loop on Fig. 2c shows the states of the 
saturable reactor. Section 1-2 is the active or high-impedance 
(permeability)region during which time the inductor acts as an open switch; 
point 2 is reached at the peak of the voltage waveform at which time the core 
saturates and the inductor becomes a low-impedance (permeability); section 2-4 
is the time when the core is reset to its original state ready for the next 
cycle. 

The research and development effort in magnetic switching which followed 
this discovery resulted in several primitive pulse power units. Even these 
early efforts proved to be such an improvement over the spark gap switches 
that all of them were installed in our accelerators and are all still in 
operation. The 10 kHz capacity aside, the installation of magnetic switches 
appeared warranted simply on the basis of reliability and low maintenance. 
The benefits from installing these experimental units were not one sided 
either. Operating a unit in a research laboratory under carefully controlled 
conditions is quite removed from the actual accelerator environment. I have 
always wondered if experimental physicists operate their lawn mowers at twice 
th red-lined RPM. 
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i 3. Tl-C ATA UPGRADE PROTOTYPE 

Octcber of 1983 narked the second year anniversary of our acquaintance 
with magnetic switching. It also came at a time when installation and final 
testing of a magnetic switch package for the ATA accelerator had been 
completed. Our original charter hod been to develope a prototype magnetic 
switch to replace the spark gaps in the ATA pulse power units, an ATA upgrade 
prototype. The challenge here was not to prove a magnetic switch would do the 
job, but rather to come up with a magnetically switched pulse power unit which 
fit in the existing space, used as much of the existing hardware as possible, 
cost as little as possible, and was as reliable as possible. The problem was 
further complicated by a desire for peak repetition rate considerably higher 
than 10 kHz and an average repetition rate ^100 Hz. 

This 1 100 Hz average repetition rate was to include the capability of 
operating at 1 kHz for up to one minute every ten minutes. 

The ATA upgrade prototype test stand has now been completed. This test 
stand is a complete pulse power unit consisting of PS-I (1 MW, 0-25 kC, DC 
power supply), CRC-I (20 kHz Command Resonant Charge unit), IS-I (Low 
Inductance Intermediate Storage unit), MAG-I (Magnetic Compression unit), 
VRT-I (Variable Ratio Transformer at accelerator cell), and CONTROLLER-I (a 
solid state control unit providing a £ 1 ns jitter interface between TTL level 
trigger pulses and the 10,000 MW output pulse of MAG-I). 
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Kiiile the suffixes (-1) indicate that there is room for Improvement, the 
~e-.nr.str at ed performance parameters presented in Table I confirm that this 
prototype at least partially fulfills all the requirements necessary in an ATA 
upgrade. A simplified schematic of the entire system is provided by Fig. 3, 
while a sketch of both HAG-I and the currant pulse power unit are shown in 
Figs. 4 a and b, respectively. The output pulse is shown pictorially in Fig. 
5. 

It is not the goal of this paper to describe the actual operation of this 
switch that has been covered in previous discussions,1 as have our original 
experimental efforts.2-4 We endeavor here to provide an understanding of 
what is possible in an ATA upgrade and what options exist. 

III. OPTIONS FOR AN ATA UPGRADE 

The various options for an ATA upgrade do not involve the peak repetition 
rate. The peak repetition rate is linked to the performance of the low 
pressure thyratrons and is essentially limited to approximately 15 kHz. The 
jitter of the output pulse is primarily determined by the root mean square of 
the jitters of the thyratrons in the intermediate storage units. The jitter 
results from changes in the - 200 ns anode voltage fall time and appears to be 
a strong function of the tubes history in the previous 60 u sees. While the 
tube recovers full voltage holding in ~20ysecs, it does not appear to return 
fully to its initial state for another 40 ysecs. It is this situation which 
it appears will probably limit our operation to - 15 kHz. 

http://~e-.nr.str


*ftsJ4? tfce «so of rultipUG parallel intermediate storage units would 
ci'rcc'-.vent this prcble% it presents other problems so familiar and yet so 
fomiijablle that it is not under consideration. 

The r.ore realistic options available deal with the overall accelerator 
energy and the average power. These options are presented briefly in Table II. 

The first major option concerns the overall accelerator energy and while 
it appears to present no great technological hurdles, it nevertheless, more 
than doubles the complexity and cost of an upgrade. Operation of the 
accelerator cells at 500 kV would require the use of one pulse power unit to 
drive each cell. This is currently how the machine is layed out, but MAG-I 
was designed with twice the energy as our current pulse power units so as to 
allow us to drive two cells with each pulse power unit. An upgrade of ATA 
from 50 MeV to 100 MeV would not only require twice as many pulse power units, 
but involve the additional expense of substituting metglass for the existing 
ferrite cores. This operation would not pose a significant problem if it were 
not for the fact that the accelerator cells are welded together. 

The second major option concerns the average accelerator power. There 
appears to be no problem with the operation of MAG-I and the accelerator cell 
at an average PRF of up to 1 kHz. The average PRF limitation arises from the 
CX1538 thyratrons used in the CRC and intermediate storage. These tubes while 
good for 300 MW peak power output are only rated at ~5 kW average power. The 
CX1525, a ceramic thyratron with heat sinked electrodes is good for ^.150 kW 
average power. The SCR stacks we have developed here are only good for 50 MW 
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peak power but are good for Z MW average power. Utilizing our current 
inventory of CX1533 thyratrons would only give us an average PRF capability 
of -50 Hz. 

Tests on these tubes seems to indicate a thermal relexation time of ~ 1 
minute. While our tests have included operation at 1 kHz for up to 5 sees, it 
is hard to believe the tubes will give us 10$ shots lifetimes when they are 
asked to get red hot once a minute. If high average power is desired, it 
appears necessary to replace the CX1538's with CX1525's and incorporate the 
SCR stacks into the CRC's. It is worth noting that the CX1525 mounts in the 
same socket as the CX1538 and would require very little modification. While 
we do not have sufficient power available to fully test the SCR stacks or 
enough CX1525's to replace all the CX1538's in the test stand, we have run 
what we feel are pretty comprehensive tests on both units and feel confident 
in extrapolating to this application. 

IV. CONCLUSION 

We would like to close this discussion by briefly stating that we feel a 
satisfactory prototype for the ATA upgrade is now in existence. There are 
several options open for how it might be deployed if and when such a decision 
is made. The required technology has been developed in spite of woefully 
inadequte funding. The total costs over the two and one-half years of 
development amount to less than 1 M$. 

At this point, we will redirect our efforts into research areas which 
hopefully will attract more interest from our sponsors. 
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OUTPUT PULSE PARAMETERS : 

• PEAK OUTPUT POWER 1 0 1 0 W A T T S 

• PULSE RISETIME @ CELL 15ns (1056-9056) 

• PULSE LENGTH 80ns FWHM 

• PULSE ENERGY 800J 

• EFFICIENCY 8056 

• VOLTAGE (2 CELL DRIVER) 300kv @ 18ka/CELL 

• VOLTAGE (1 CELL DRIVER) 450kv @ 25ka/CELL 

• PULSE TO PULSE JITTER l / 2 n s @ ^ lkhz 

• PEAK BURST RATE (5 PULSES) 15khz 

• PEAK AVG. REPITITION RATE lkhz @ 1056 DF 

MAG-1 ATA UPGRADE PROTOTYPE 
TABLE 1 



^A VPC3«;E OPTIONS 

1:1 replacement of existinq pulse power units with new ones. 
Substitution of metglass for ferrite cores in accelerator 
cells. Operation of cells at 500 kv. 

8. 50 WeV Accelerator 
1:2 replacement of existing pulse power units with new ones. 
Accelerator cells operate at 250 kV and remain unchanged. 

AVERAGE POWER 
A. Operation at 5 pps average 
nc changes. 

B. Operation at SO pps average 

1. Uses only existing CX1538 thyratrons we have 
2. Requires -0.5 M$ modification to power supplies. 

C. Operation at 1 kHz (100% O.F.) 
1. Requires ~5 M$ upgrade of DC power supplies 
2. Replacement of CX1538's with CX1525's in intermediate store 

at a cost of 50 K$ per pulse power unit. 
3. Installation of 1 MW SCR packages in CRC at a cost of 

-20 K$ per pulse power unit. 

L 
,1 minute 
pps Avg. pps 



ACCELERATOR PULSE POWER REQUIREMENTS 
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SIMPLIFIED SCHEMATIC OF A MAGNETIC PULSE COMPRESSOR 

FIG.2a 
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TYPICAL VOLTAGE WAVEFORMS ASSOCIATED WITH 
A MAGNETIC PULSE COMPRESSOR 

FIG.2b 
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B-H LOOP OF A SATURABLE MAGNETIC MATERIAL 

FIG.2c 
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GEOMETRIC COMPARISON BETWEEN THE RECENTLY DEVELOPED 
MAGNETIC UPGRADE PROTOTYPE (a) AND 

THE EXISTING PULSE POWER UNIT (b) 
FIG.4 
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