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Developing the conceptual designs is a large team effort. 
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Sandia’s Z accelerator is presently the world’s largest and 
most powerful pulsed-power machine. 

Z drives a large 
variety of high-
energy-density-
physics 
experiments in 
support of U.S. 
Department of 
Energy programs. 

To advance such 
experiments to 
the next level, we 
propose to build 
even higher-
power 
accelerators. 

Estored = 20 MJ 
Pelectrical = 80 TW 

Vstack = 4 MV Iload = 27 MA 
τimplosion = 130 ns 

Eradiated = 3 MJ 
Lvacuum = 14 nH diameter = 33 m 
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Each of Z’s 36 modules performs several stages of pulse 
compression. 
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We propose to base the designs of next-generation machines 
on a new architecture. 

The architecture is based on two concepts:  Single-stage pulse compression and 
impedance matching. 

§  We propose to go from DC-charged capacitors to the requisite 100-ns power pulse in a 
single step. 

§  This eliminates the need for pulse-compression hardware. 

§  This in turn simplifies the machine design, increases efficiency, improves component 
lifetime, and facilities simulations of an accelerator shot. 

§  We propose to use impedance matching throughout. 

§  When power flows from one transmission line to another, the reflected power is zero 
(and the power-coupling efficiency is maximized) when Z1 = Z2. 

We have used the architecture to design two new machines:  Z 300 and Z 800. 
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water-insulated radial-transmission-line 
impedance transformers 

magnetically 
insulated 
transmission 
lines (MITLs) 

linear-transformer-driver 
(LTD) modules (90 total) 

ELTDs = 47 MJ 
PLTDs = 300 TW Vstack = 8 MV Iload = 50 MA 

τimplosion = 130 ns 
Eradiated = 11 MJ 

Lvacuum = 15 nH diameter = 35 m 

vacuum-
insulator stack 

Z 300 

= 23% ηx−ray

Z 300 will deliver 50 MA to physics-package loads, and fit 
within the existing Z building. 



The conceptual design of Z 300 is supported by 50 peer-
reviewed journal articles and a U.S. patent. 
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We have developed an accelerator architecture that can serve as the basis of the design of petawatt-class
z-pinch drivers. The architecture has been applied to the design of two z-pinch accelerators, each of which
can be contained within a 104-m-diameter cylindrical tank. One accelerator is driven by slow ( ! 1 !s)
Marx generators, which are a mature technology but which necessitate significant pulse compression to
achieve the short pulses ( " 1 !s) required to drive z pinches. The other is powered by linear transformer
drivers (LTDs), which are less mature but produce much shorter pulses than conventional Marxes.
Consequently, an LTD-driven accelerator promises to be (at a given pinch current and implosion time)
more efficient and reliable. The Marx-driven accelerator produces a peak electrical power of 500 TW and
includes the following components: (i) 300 Marx generators that comprise a total of 1:8# 104 capacitors,
store 98 MJ, and erect to 5 MV; (ii) 600 water-dielectric triplate intermediate-store transmission lines,
which also serve as pulse-forming lines; (iii) 600 5-MV laser-triggered gas switches; (iv) three monolithic
radial-transmission-line impedance transformers, with triplate geometries and exponential impedance
profiles; (v) a 6-level 5.5-m-diameter 15-MV vacuum insulator stack; (vi) six magnetically insulated
vacuum transmission lines (MITLs); and (vii) a triple-post-hole vacuum convolute that adds the output
currents of the six MITLs, and delivers the combined current to a z-pinch load. The accelerator delivers an
effective peak current of 52 MA to a 10-mm-length z pinch that implodes in 95 ns, and 57 MA to a pinch
that implodes in 120 ns. The LTD-driven accelerator includes monolithic radial transformers and a MITL
system similar to those described above, but does not include intermediate-store transmission lines,
multimegavolt gas switches, or a laser trigger system. Instead, this accelerator is driven by 210 LTD
modules that include a total of 1# 106 capacitors and 5# 105 200-kV electrically triggered gas switches.
The LTD accelerator stores 182 MJ and produces a peak electrical power of 1000 TW. The accelerator
delivers an effective peak current of 68 MA to a pinch that implodes in 95 ns, and 75 MA to a pinch that
implodes in 120 ns. Conceptually straightforward upgrades to these designs would deliver even higher
pinch currents and faster implosions.
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I. INTRODUCTION

A number of high-current z-pinch accelerators have
been developed by the international pulsed-power com-
munity. These include SHIVA [1], Proto II [2–5],
SuperMITE [5,6], Double EAGLE [7], Saturn [8,9],
Angara 5 [10,11], Pegasus II [12–14], MAGPIE [15],
Zebra [16,17], Atlas [18,19], Decade Quad [20,21], Z
[22–31], and COBRA [32]. These machines have been
used for a wide variety of inertial-confinement-
fusion (ICF), radiation-physics, equation-of-state,
plasma-physics, astrophysics, and other high-energy-den-
sity-physics experiments.

Presently, the z-pinch driver that operates at the highest
electrical power is the Z accelerator, which is located at
Sandia National Laboratories [22–31]. Z delivers 55 TW
of electrical power to the accelerator’s vacuum-insulator
stack, and 19 MA to a 10-mm-initial-radius 10-mm-length
pinch that implodes in 95 ns [33–43]. Such a pinch radi-
ates 130 TW of x-ray power in a 12-ns pulse [33–43].

Recent calculations suggest that accelerators with elec-
trical powers in excess of 1000 TW would be required to
drive z-pinch implosions that radiate in excess of 1000 TW
of x-ray power [42]. Such radiated powers would enable
large-diameter ICF-capsule-implosion experiments [42–
61] and other high-energy-density-physics experiments
[62–68] to be conducted over heretofore inaccessible pa-
rameter regimes. Consequently, it is of interest to consider
how a petawatt-class z-pinch accelerator might be
designed.

A number of architectures have been proposed in the
literature for the design of future pulsed-power z-pinch
drivers [60,69–79]. In this article, we describe an archi-
tecture that was motivated by, and builds upon, the pre-
vious designs.

The architecture described herein can be driven by
various types of electrical-pulse generators. We consider
here two versions of the architecture: one driven by con-
ventional Marx generators, and one driven by linear--
transformer-driver (LTD) modules [60,74–76,79–102].
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The quantum of an 
LTD is a “brick.” 

§  An LTD brick consists 
of a single switch and 
two capacitors 
connected electrically 
in series. 

§  An LTD cavity 
consists of a number 
of bricks connected 
electrically in parallel. 

§  The 2-meter-
diameter cavity 
shown here includes 
20 bricks. 

LTD brick 

20–brick LTD cavity 
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An LTD module consists of a number of LTD cavities connected 
electrically in series. 

switches 
cathode 

capacitors 

ferromagnetic cores 

internal water-insulated transmission line 

oil-filled cavities lined with insulators 

33–cavity LTD module 



An entire system of LTD 
modules can be approximately 
modeled as a single RLC 
circuit. 
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§  The energy is stored in the LTD capacitors. 

§  The inductance is due to the LTD switches, 
capacitors, and connections. 

§  The capacitors and switches are packed in 
metal cavities to reduce system inductance. 

§  The magnetic cores prevent most of the 
LTD current from flowing inside the cavity 
walls. 

§  The electrical power generated by the LTDs 
is delivered to the load. 

§  The peak power delivered to the load is 
maximized when the impedance of the LTD 
system is matched to that of the load; i.e.,                  
Rload ~ 1.10(L/C)1/2. 

metal 
cavity 



At a high level, a system of LTDs 
can be defined by four equations. 
 
 
These assume that the impedance of the load is 
matched to that of the LTD system. 

peak load current: 

width of the current pulse: 

load impedance: 

initial DC charge voltage: 

Rload =1.10
n2

N
L
C

τ =1.61 LC
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n

C
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N

n

L

C = capacitance of a single LTD brick, 
which is almost entirely due to that 
of the two capacitors in series 

 
= inductance of a single LTD brick, 

which is the sum of the switch, 
capacitor, and connection 
inductances 

 
= total number of LTD bricks 
 
= number of LTD cavities per module 

L 

Rload 

C 



We are developing the 
technology needed to 
build Z 300. 

§  We have developed the first 100-ns 
LTD brick that generates 5 GW of 
electrical power.  We successfully 
tested the brick on 2000 shots. 

§  We have developed the highest-
power-density LTD cavity, which is 
2 meters in diameter and generates 
79 GW.  We successfully tested the 
cavity on 2000 shots. 

§  We have developed the highest-
power megampere-class LTD 
module, which generates 160 GW.  
This module is also the first to drive 
an internal water-insulated 
transmission line.  We successfully 
tested the two-cavity module on 
2000 shots. 

two-cavity 
LTD module 



Z 800 will be a larger version of Z 300, and deliver as much 
as 63 MA to physics-package loads. 
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E = 130 MJ 
P = 830 TW Vstack = 16 MV Iload = 63 MA 

τimplosion = 110 ns 
Eradiated = 20 MJ 

Lvacuum = 20 nH diameter = 50 m 
= 15% ηx−ray

Z 800 



Summary 

§  We have developed conceptual designs of two next-generation pulsed-power 
accelerators:  Z 300 and Z 800.  

§  The designs are based on two concepts:  single-stage pulse compression 
and impedance matching.  We accomplish both by using linear transformer 
drivers (LTDs) as the prime power source. 

§  The number of LTD bricks needed and the electrical parameters of each 
brick are determined by the peak load current, width of the current pulse, 
load impedance, and LTD-capacitor charge voltage. 

§  We are developing the technology needed to build the new machines. 

§  We have developed the first 100-ns brick that generates 5 GW. 

§  We have developed the highest-power-density LTD cavity. 

§  We have developed the highest-power megampere-class LTD module. 

§  We will be ready soon to begin the initial design of Z 300. 


