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D.C. Rader J.A. Romero, and R.P. Shurter
Los Alamos National Laboratory, P.O. Box 1663,

Los Alamos, New Mexico, NM 87545

Abstract

The Dual-Axis Radiographic HydroTest (DARHT) Facilty is being
designed to produce high-resolution flash radiographs of hydrodynamics
experiments. Two 16- 1o 20-MeV linear induction accalerators (LIA), with

an Included angle of 90°: are used to produce intense bremsstrahlung x-
ray pulses of short duration (60-ns flat-top). Each accelerator has a 4-
MeV alectron source that injects an electron beam into a series of 250-
kV induction cells. The three major pulsed-power systems are the
injectors, the induction-ceil pulsed-power (ICPP) units, and the ICPP
trigger systemns, and are discussed in this paper.

Introducticn

The DARHT facility at Los Alamos will generate intense
bremsstrahlung x-ray pulses for radiography using two LIAs. Each LIA
will produce a 3-kA, 16- id 20-MeV, 60-ns flat-top, high-brightness
electron beam, using a 4-MeV injector and a series of 250-kV
accelerating cells. Each cell consists of an oll-insulated ferrite core, an
acceloraling gap, and a solenoid magnet to transpoit the election
beam.[1]) Three major pulsed-power systems are required to produce
and accelerate the electron beam; the injectors, the induction-cel
pulsed-power (ICPP) units, and the ICPP trigger systems. These
systems are discussed in this paper.

PROPOSED DARHT INJECTOR SYSTEM

Injector

The Injecior puised-power system has been designed by Pulse
Sclences, Inc.,[2] and consists of a 1.5-MV, glycol-insulated Blumlein
that ls pulse-charged by a step-up transformer and switched by four,
laser-triggered spark gaps. A series of lransmission lines is used a3 a
transformer to increase the output voltage of the Biumiein to 4 MV at the
diode. The diode design used in the injector is identical to the diode
developaed on the relativistic electron-beam experiment (REX) machine
[3] at Los Alamos. Injector specifications are listed in Table I.

A block diagram of the DARHT injector system (2] is shown in Fig. 1
and a cross-sectional view is shown in Fig. 2. The prime power supply
consists of a 2.8-4F capactor bank charged to 114 kV dc, which is
switched through the primary of a 1:15 Stangenes iron-core pulse
transformer by a single gas-blown spark gap. A glycol Blumlein,
consisting of a 7.65- Q1 fine and a 7.3-0 fine, connected to the secondary
of the transformer Is pulse-charged to 1.5 MV In 4.6us. Tive Blumlein
output pulse traverses an adjustable L-C fier, which converts the initially
sharp rising output pulse to a [1-cos(ut)] shape with a 10-80% risetime of
20 ns. Three output lines are used to transform the output pulse from
1.8 MV 1o 4.0 MV on the diode. Circult simulations (2] using a REX load
(3,4) predict a pulse on the diode with a 18-ns (10-90%) risatime and 63-
ns (+ 1%) flat-top. Experimenis are now underway on the Intagrated
Test Stand (ITS) at Los Alamos to demonstrate this capability.
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Fig.1. DARHT injector system block diagram.
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Table I. DARHT Injector Specification
DIODE INTERFACE VOLTAGE

Risetime (10-90%) 17ns

| Duration of Flat-top (£ 1%) 65ns+5ns ]
| Flat-top Vulage (¢ 1%) -4.00 MV 1 40 kV
Pulse-to-Pulse Variation + 40kV (3¢)

Jitter < 5ns (30)

<t 1% forf <= 50 MHz
-6dB/octave for t >50 MHz
20ns +10ns/-5ns

Tﬁdh-Frequency Ripple

| Fallime (90 - 10%)

Maximum Prepulse Voltage + 500 kV
- 100 kV
Maximum Postpulse Energy < 50% of Main Pulse
Maximum Poslpulse Voltage + 1.5 MV
Maxirmum Rep Rate 0.2 Hz
Resistance Radial Resistor 175-10 _185-0

"SYSTEM LIFE, RELIABILITY
AND MAINTAINABILITY
Operations Between Maintenance
Operations Before Maintenance
| of High-Voltage Switches
Operations to €nd of Lite of Major
| Components __
r_F_’.refire Failure Rate
Nolire Failure Qate

> 250,000

> 25,000
> 106

p—

< 11000
< 11000

By using a pulse transformer instead of a Marx ger.crator to puise
charge the Blumlein, a single spark gap can be used instead of the
multiple series spark gaps of a Marx generator. This feature improves
reliabilty by reducing the numbsr ol components and simpilting
maintenance. The Blumlein is switched to ground with four parallel
laser-triggered gas switzhes (LTGS), and produces a pulse with a 10 -
90% risetime of 20 ns. The LTGS were chosen for this application
because low-jitter operation has been demonstrated al Sandia National
Luboralories [5,6] These switches also exhiit long lifetime because
lhey do not suffer from accelerated wear on a trigger electrode, which is
required for low-jitter operation of an eloctric+"y triggered gas spark gap.

Recent injector diode experiments (~ 250 shots) with an A-K gap of
15 cm, an anode voltage of 2.3 MV, show pulse to pulse reproducibility
of 21%. The annde volage has a 61-ns flat-top and a 20-ns riselime.
taam curremt measurements indicale a peak cutrent of 1.5 kA with a
+3% variation across the 60-ns flat-top. The riselime of the current was

10 ns. Excellent timing resulls have been obtained with the LTGS
producing an overall machine jitter of < 1 ns. Measurements on each
Individual LTGS show jitters < 1 ns with ~ 10 mJ per LTGS at 266 nm.
The experiments have indicated that the specification for maximum
postpulse, + 1.5 MeV, is a concern, because the diode insulator flashes
on a postpulse of < 0.950 MeV. Experiments are underway to evaluate
the seriousness of the insulator flashing. A diverter swilch is presently
under investigation.

Induction-Celt Pulsed-Power System (ICPPS)

The electrical requirements of the pulsed-power system for a LIA to
be used for radiography applications are dictated mainly by the beam
handling and focusing requirement of the accelerator. A minimum spot
size is necessary for high-resolution radiography, and one of the critical
requirements for producing a small spot size is the generation of a
mono-energetic beam of electrons. To meet this requirement the ICPPS
must produce a flat-top accelerating voltage with minimal voltage
variations. These voltage variations are either low-frequency variations
that produce a "slope*® or high-frequency ripple.

While the flattop portion of the voltage pulse produces the
radiographic output of the accelerator, the rising portion of the pulse
represents wasted energy. The electrons produced during pulse rise do
not transport through the accelerator because nl the anergy acceptance
of the solencids. A longer risetime requires a larger cross-section of
ferrte core material and a longer Blumlein to produce the same length of
flat-top on the vollage pulse. A very short risetime is also not desirable
because it can excite electromagnetic modes in the accelerator cavity.
Therefore, the integrated LIA design is a compromise betvieen cavity
design and pulsed-power design.j1,7-10)

The ICPPS for each accelerator consists of 24 water-insulated
Blumleins, each energizing two induction cells. The modular design unit
is based on eight induction cells corresponding to four ICPP units. A
block diagram Hustrating the ICPP module is given in Fig. 3. Maxwel!
Laboratories has designed the DARHT ICPPS. Each ICPP consists of a
Biumlein that is pulse-charged through a step-up transformer and
switched by an electrically triggered coaxial spark gap. The ICPPS
specifications are given in Table Il. The DARHT ICFPS design
philosophy emphasizes minimum risk with maximum reliabilty and
component life.

The Btumlein charging unit (BCU) uses two 1.2-uF Maxwell primary
capacltors charged to 28 kV. Two EEV CX 1722 thyratrons are used in
parallel to switch the primary capacitor into a 1:11 step-up Stangenes
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Table Il. DARHT ICPPS Spacifications

OUTPUT PULSE

Nominal Blumlem _Qutput Vonage ¢259 KV I
Range Bit Blumlein ‘migin Charge Voltage _ | +100- to 4275kV
Reproducibility __le1% g —— ﬁ-__j
Pulse Length.F Flat lop xl% o 67_!_0": s ]
ngh Frequency Rlpple <x1%forf <=5S0MHz
- . _|-6dB/octavetort> SOMHz
Blumlein Charge Time <WOpus
BCU Tnmmlth' a ___,5_§9.Ds__(_3S’L ]
Maximum Ope!almg Frequency

0.2 Hz

SYSTEM LIFE, RELIABILITY,
AND MAINTAINABILITY
Operahons Between Mamtenance >2
Operations to End of Life of Mapl
Coinponents
Prefire Failure Rate
No-fire Failure | Rgt;e__#_ . 1
Out-of-Spec Voftage From BCU
Jter

Out-of Spec Vonage .

> 107 .
| < 1/5000 Operations
< 1/5000 Operations

1<.1/1000 Operations .
[ < 1/1000 Operations

P

n core transformer that charges the Blumlein to 250 kV in 5 us. Using
10 thyratrons in parallel assures thyratron operation at very moderate
irrent and current reversal values All the components on the BCU
are selected to provide good reliability and very low probability of
ilure. The CX 1722 should have a lfe > 108 operations at the
wrating conditions. Similarly, the Stangenes transformer is derived
»ym SLAC transformers, which have a demonstrated lifetime of > 104
s at 180 Hz. The capacttors chosen for the BCU should have a system

3 of more than 107 operations with a 99% confidence level.

The Blumiein pulse forming line has been designed with a low
rerating-to breakdown ficld ratio of 0 35 (for a 5-us pulse charging
ve) Water is the insulating medium in the Blumiein. The outer

(4 SEPARATE

diameter of the Blumlein is 16 in, and the impedance of each of the two
linesis 6. Each of the fines has a nominal elect-ical length of 60 ns
The Blumlein Is connected to a cable distribution box, that can use
either oil or water for insulation. Four high-voltage 49-Q cables are
distributed in parallel to two induction cells

The Blumlein switch is a coaxial midplane trigger high-volage swilch
based on the ATA swilch design [14). Exireme care has been taken in
the swilch design to minimize any field stresses and to minimize the
inductance (70 nH) of the switch. The switch is designed 10 operale in
pure SFg and to have an extremely low prefire probability. A design

safely margin (operating voltage/breakdown voltage) of 0.71, at 5-us
puise charge time, assures a low prefire probability (1/2000). A high
dv/dt (10kV/ns), high-voltage (200-kV) trigger pulse will be used to
switch the gap reliably. Multi.channeling of the swiich is a high
probability, but it is not required to meet the ICPPS specifications. The
riechanical design of the swilch emphasizes the main gap's precision
alignment that is needed to achieve the jitter, life, and switch-to-switch
repeatability. Concentricity of all three electrodes will be maintained to
within 0.025 mm. The switch is designed to have minimum distortions
when exposed to high operating pressure. Elkonite has been chosen as
the material for all three electrodes.

ICPP. Trigger Su'stems

The DARHT triggering system modular unit has been designed by
Maxwell Laboratories and consists of a single control console and four
independently selected, identical trigger units, each ol which is used to
trigger a single ICPP. A block diagram of the modular unit is given in Fig
4. Each trigger unit is located in a separate oil-insulated steel enclosure,
and each ICPP has s own lrigger generator to facilitate timing
adjustments. One high-voltage power supply with a fanout arrangement
is used to charge the tour trigger units. The output voltage is adjustable
in the range of 150- to 200-kV and is routed to the ICPP units using DS
#2077 cable. The triggering unii consists of a thyratron-switched, step-
up transformer that drives « magnetic pulse-comprassor wh'ch reduces
the risetime of the 200-kV output pulse 1o less than 10 ns into the trigger
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:able which results in a risetime of 20 ns at the Blumlein spark gap
rigger electrode. The design specifications are given in Table Il and a
ichematic drawing is given in Fig. 5.

An EEV CX 1725 thyratron has been selected as a well-
sharacterized device with demonstrated long lifetime and high
eliabillity.[11] At the anticipaled system operating voltages and
wrrents, a lifetime of > 109 operations is expected. The jitter
ontribution from the thyratron should be < 1 ns. The two primary
:apacitors will be 15 nF each, and rated at 70 kV. This type of capacitor
\as a 99.95% survival rate at 107 shots for the anticipated primary
toltages and currents. The 1:4 step-up transformer is a Stangenes #S)-
'638 auto-transformer. For a charging time of 200 ns, the secondary is
ated at 300kV. The transformer output is fed through a low inductance

Table lll. DARHT Triggering System Specifications
INPUT SIGNAL

Electrical 500Vpi. 100 V/ns Slew Rate

| Fiber Optic Laser Diode

'OUTPUT PULSE

_Trigger Unit Load 67 0 Cable (DS 2077), 9.1 m
Peak Volta

Into DS 2077 Cable 150- to 200-kV ]
Reproduchility 2 2.5% (30)

Polarity Negalive

Jitter < 3ns (30) N
Maximum Pulse Rep Rate 0.2 Hz ]
Risetime (10% to 90%)

Into Spark Gap Load <20 ns i
SYSTEM LIFE, RELIABILITY,

AND MAINTAINABILITY

Operations Between Maintenance | > 250,000

Operations to End of Life of Major | ,, 107

Components

Prefire Failure Rate < 1/5000 Operations

No-fire Fallure Rate < 1/5000 Opers lions

Out-of-Spec Voltage From BCU

Jitter < 1 in 1000 Operations
Out-of-Spec Voltage < 1in 1000 Operations

SWPM T

PRRSARY CAPACIION

- T

snoca -

S

Fig. 5 DARHT trigger systern schematic

waliel plate buswork to the magnatic pulse sharponar section. The
agnelic pulse sharpener consists of a lerrite loaded transmission line
~venty-nine ceramic ferrites (C2010) are used in each trigger unk. The
saxial line has an inner conductor with an o d of 38 cm and an oufter
mnductor with an 1.d of 9 63 cm. A total length of 81 3 cm is required ic
wtain the terrtes. The line impedance is ~ 30 0 whon saturated and
300 0 whon unsaturated

Corclusions

Thice major pulsed powar 8ystains have boen dosigned for the
ARMHT Facity  Fach system has boon dosigned for maximum
llabilty, longavtly, reproducibility, and for low jitor  Those units aro
ipatile of producing the election buam and drive voltages to accalorate
a beam while maintalning the critcal paramatars roquired 1o prodice a
gh quality x ray source. All the essential eloments of the DARELT facility
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