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My Message

 A Linear Induction Voltage Adder (LTD) can be multi-pulsed because 
of its inherent modularity.

 However, only the square pulse LTD with less than 1% voltage 
variation flat top can be considered as a DARHT I or ARIA injector.

• Multi-pulsing options

• Square pulse LTD
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LTD Cavity Architecture
( a reminder)

 The LTD cavity is an induction cavity enclosing the pulse-forming 
network.

 The enclosed capacitors are charged in series and discharged again in 
series.

 Together with its pulse blocking cores the LTD is nothing else but a 
one to one transformer. This explain the name tossed by the Russians.
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one brick

The 1-MA LTD MYKONOS cavity 
encloses 40 identical bricks. 1- MA  5 LTD cavity IVA 



Multi-pulsing an LTD inductive voltage adder (Method 1: 
Triggering a number of cavities and/or bricks per pulse)

 The modular construction of the LTD cavities offer the option of multi-pulsing a 
Linear Transformer Driver (LTD) Induction Voltage Adder (IVA).

 The cavity bricks of an LTD can be triggered individually or divided into 
groups of different numbers to produce a train of pulses of equal output 
voltage to a diode load.  We already proposed this technique in 2001 in a 
beam weapon report: “ Particle Beam Directed Energy for Ship Defense” 
SAND 2001-3568 (OUO)

 French researchers in the Centre d’Edude de Grammat already succeeded 
in multi-pulsing. They double-pulsed first a single LTD cavity and most 
recently a 10 LTD cavity IVA. ( Results will be presented at the 2015 Pulsed 
Power Conference).

 This can be tested with our 23 cavity radiographic LTD  IVA Ursa Minor.

 A conventional IVA or LIA can of course be multi-pulsed by triggering only part 
of the cavities per pulse.

 The main difference between  LTD IVA or LIA  and a conventional induction 
device is that all LTD pulses can be designed to be of the same voltage 
output and equal to the single pulse operation. However, in a conventional 
IVA or LIA the voltage per pulse would be equal to the sum of the individual 
cavity voltages simultaneously triggered per pulse.
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The CEA cavities have been modified to 
produce two high-voltage pulses

 Bricks triggered at two different times.

 Two pulses obtained on resistive load.
 100 kV – 8 kA – 45 ns  

 The delay between the two pulses can be adjusted from 200 ns 
to 2 µs with no change on the 2nd pulse
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Results will be presented by CEA staff at the 20th Pulsed Power 
Conference 2015 in Austin, Texas.



Double- pulsing tests on the 10-cavity 
accelerator are in progress

 Two ~ 700 kV pulses were obtained at the load with the CEA 
accelerator.

 As for a single LTD  cavity, the delay between the two pulses 
could be adjusted from 200 ns to 2 µs.

 These first results demonstrate that LTD is a versatile 
architecture for pulse power technology.
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Results will be presented by CEA staff at the 20th Pulsed Power Conference 2015 in Austin.



Double-pulsing method 2: Core Isolation*

 Method # 2 the idea ;The output connection for the first pulse encircles only 
half of the core material.  The cores for the first pulse are sized to saturate at 
the end of the pulse. The output connection for the second pulse encircles all 
of the core material.  This way, when the second pulse bricks fire, there is 
unsaturated core material separating the first and second pulse bricks. If 
designed properly, the first and second pulses should be identical, even with 
identical drive circuits.

 We have designed and already ordered hardware to allow a demonstration of 
this pulse method # 2 on an Ursa Minor cavity. This will be the quickest and 
most affordable way to demonstrate this concept.

7* Engineering design by M. Sceiford

1st Pulse 2nd Pulse

*
The method # 2 was first proposed in 2007 in an LDRD Idea proposal by Josh Leckbee



Ursa Minor could be converted into a two 
pulse injector test bed

 Could provide a test bed for cathode development beginning later this fiscal year.

 Could be used full time for multi-pulse cathode R&D. (method 1 and later method2)

 Availability of extensive plasma diagnostics routinely fielded on RITS
 High speed optical cameras (single frame and multi-frame)

 Optical streak cameras

 Spectroscopy

 High sensitivity optical fiber arrays
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Multi-pulsing a 3-4 MV Square Pulse LTD IVA Injector

 30 to 40 square pulse LTD cavities connected in series could provide 3

to 4 MV 50 ns or shorter flat top pulses.

 The voltage flat top must be regulated to vary less than ±1%

 The length of the injector voltage adder will be 6 to 8 meters utilizing 
presently available components.

 We can envisage multi-pulsing the voltage adder. We consider three 
possible options:

 Firing half of the cavities per pulse.  Then each pulse will be 1.5 to 2 MV.

 Firing a number of the bricks of all cavities per pulse. Then each pulse 
could be 3 to 4 MV.

 Firing half of the cavities and ~half of the bricks per pulse  This way we can 
have a train of four pulses of 1.5 to 2 MV per pulse. 

 It is possible to reduce the number of the cavities by the usage of a 
voltage transformer or by overmatching the diode load. In this case 
the ringing in the inter-pulse intervals may be a problem.
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Square Pulse LTD:  Theory and Experimental 
Verification
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Square Pulse LTD  (continue)
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(next viewgraph)



In order to analytically evaluate the output of the square 
pulse LTD circuit we make the following two approximations:
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First approximation

The circuit frequency of the modified brick of the 3rd harmonic 
must be 3 times that of the standard brick, resulting in: 

Here s is the number of standard

fundamental frequency bricks and

m the number of modified bricks .

We assume that s>m then:

L1 ~ L2
Second approximation

Then  C2 ~
1
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Square LTD Cavity Results
with only Fundamental  and 3rd Harmonic
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Square pulse cavity LTD with
6 fundamental (standard) and 2 third 
harmonic (modified) bricks.

Recorded and simulated 
load voltage with only 
the standard bricks

Recorded and simulated data.
Only fundamental and third
harmonic. RL=1.6 Ohm



We have already built a LTD cavity with 3rd and 5th

harmonic.  We are awaiting the GA capacitors to start 
testing it.
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LTD cavity top view with 7 fundamental (1), 5 third harmonic (3) and 2 5th harmonic bricks.
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	Simulation results for two brick variations.



Required tolerances on the LTD components to 
achieve ± 1% voltage flat top variation.

 We are currently evaluating the LTD component manufacturing  
precision and exploring compensation techniques to achieve the 
required voltage pulse top flatness at the end of a 30 or 40 cavity 
voltage adder.  Namely:

 Switch jitter

 Capacitor value accuracy

 Inductance of each brick

 Trim the capacitance and inductance of each cavity brick to achieve the 
required voltage pulse at the end of 30 to 40 cavity voltage adder.

 Compensate  the capacitance and inductance variation of the bricks 

by varying the charge voltage of each harmonic brick.

 Make the first half of the cavities to ramp the voltage up and the second 
half to ramp down so the superposition of both to produce the required 
perfect flat top pulse.

 Other possible options
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Switch Jitter effect on the voltage flat top of the square 
pulse (work in progress)
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Fig. 3. Scatter of the switch firing (a) in the experiment, and (b) in the simulation at 1 = 1.49 ns (b).

     (a)          (b)

Fig. 5. Load voltage pulses simulated in 400 runs by taken into account the switch statistics in LTD’s with (a) two, and (b) three
harmonics. 

The comparison of the load voltage traces simulated in 400 runs in 8S+6M+2F and 7S+5M+2F 
configurations is given in Figs. 6(a) and 6(b). The statistical distortion of the pulse top is almost the same, 
though in 8S+6M+2f it is slightly less because of  larger total capacitance of the capacitors. 

      (a)        (b)

Fig. 6. Load voltage traces simulated in 400 runs in (a) 8S+6M+2F, and (b) 7S+5M+2F configurations.

The top of the output pulse of the Square Pulse LTD with three harmonics could be inclined as
desired by shifting the firing of the bricks generating one of the harmonics. An example is shown in Fig. 
7, which presents the load voltage traces simulated in 400 runs in the case the mean firing time of the
standard bricks is shifted for 3 ns before all other bricks.

Fig. 7. Rising-top output pulse simulated in 7S+5M+2F configuration. The mean firing time of the standard bricks in these runs
is shifted for 3 ns before all other bricks.

Data from: “V .M. Alexeenko, S. S. Kondratiev, S. V. Vasiliev, V. A. Syneebryukhov, A. A. Kim, M.G. Mazarakis, J. Leckbee, M. L. Kiefer
Proceeding of the 18h International Symposium on High Current Electronics, September 21-26, 2014, Tomsk, Russia, UDC: 621.3”



The Square Pulse LTD with 5th Harmonic Injector could 
in principle meet most of the wishes of the 

Radiographic Community.

 (a) Number of pulses: one initially; upgradable to 2, 3, or 4.✔

 (b) Inter-pulse time: variable.✔

 (c) Electron-beam current: 2 kA.✔

 (d) Peak voltage: at least ~2 MV.✔

 (e) Voltage-pulse shape: flat-top square pulse.✔

 (f) Voltage variation over the flat top: ± 1%.✔

 (g) Voltage-pulse rise and fall times: ~25 ns.✔

 (h) Voltage-pulse width: ~50 ns✔
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We have double-pulsed the RIIM (RADLAC) LIA injector 
with a magnetically immersed foilless electron diode. 
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RIIM double pulse accelerator

RIIM beam line



Double pulse experiment results
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Beam currents Beam current

Diode Voltage

M. G. Mazarakis et al., Applied Physics
64 part I pp. 4815, (1988)



We have designed and operated several high voltage 
electron diodes .

 We have designed and built magnetically immersed foilless diodes for 
the LIAs ; RADLAC II, RIIM, and HERMES III and SABER IVAs for 
radiography.

 We have also built planar diodes for Sandia’s Recirculating Linear 
Accelerator (RLA) and have done a number of low emittance early 
diode studies for the radiographic DARHT I accelerator. 

 The following viewgraphs show some examples.
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BACK UP SLIDES
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Foilless diodes.
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RADLAC II Foilless diode

Radiographic foilless diode



Radiographic foilless diode results.
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M .G. Mazarakis et al., Applied Physics Letters, 7, pp. 832 (1996)



We have experience in designing  and operating low 
emittance, low current velvet diodes for LIA injectors.
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Back- shot of RADLAC electron beam


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RADLAC 
beam exit



The Centre d’ Etude de Grammat experimental results.
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The two pulses can be of equal
amplitude if for the first pulse 
we trigger less number of bricks

M. Toury, et. al., “Two pulses tests 
with a single LTD cavity,” 
in Proc. Beams Conf. 2012.


