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Introduction to Pulsed Power

» kV to MV potentials kA to MA
currents

» Hundred Nanosecond scale
pulses

» High-Voltage Laser-Triggered
Switch

»  Time Repeatability and Jitter ~ nanoseconds
»  Single Laser, Many Switches

» Used to produce extreme

temperatures and pressures

»  High Energy Physics
»  Fusion

Sandia National Labs Z Machine
Credit: https://www.sandia.gov/z-machine/
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Theory

Braginskii model power balance [1]:
I 2 -3
g 2nt°poé(aa)

Martin Model [2]:

1
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a = (nzﬂufa) J'[l 1?/3dt Rpiasma = J—
Spitzer Resistivity [3]:
_1_2V2m zé*ym,InA
T=%~ 73 (41ey) % (kpT,)3/?

[1] Braginskii, S., “Theory of the Development of a Spark Channel.”
[2] Martin, T. H., et al., “Energy losses in switches.”
[3] Spitzer, L., Harm, R., “Transport Phenomena in a Completely lonized Gas”
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I = Current

a — Plasma Conductivity

n - Plasma Resistivity

po — Gas Density

¢ — Dimensionless Constant
a — Plasma Channel Radius
a — Rate of Plasma Channel Radial Growth
L — Plasma Channel Length
e — Elemental Charge

m, — Electron Mass

In A — Coulomb Logarithm
T.— Electron Temperature
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High-Voltage Switch Testbed with a Variable Impedance Load

Voltage Monitor Signal

» 3.5 mm Spark-Gap L L
» Ambient Pressure
& Temperature AR b ﬁ e
» 5 -6 kV Operation i HVATS 5
» Tunable Load
2-10Q L4 e |3
— R -

—L— Current

Viewing
Resistor
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High-Voltage Switch Testbed with a Variable Impedance Load

» Impedance is Tuned to Switch Conditions
» Rising-Edge Determined by Pulse Forming Network
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Time Zero is defined by the
time of the triggering laser
pulse
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Experimental Design — Laser Thomson Scattering

» Laser Thomson Scattering

> Electron Temperature NOYAG e prsm 1064nm =
. . (Tho sOnnm
(Plasma Conductivity) ) — y il
. M g PC HWP H?If Wave Plate
> Electron DenSIty PD26> / { / ! / r r‘Ijlltl,:'ll'gr(Plano-Conv'ex)
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. HWP ;
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Experimental Design — Laser Thomson Scattering

Salpeter Approximation Ignoring lon Contribution

s(kw) ~ Y1, ()
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Experimental Design — Electrical Diagnostics

» Non-contact Derivative Coupled Voltage 3 rt ) ;
Monitors (V-Dot Probes) S() correctea = S(t) + 27 S(t")dt
. t
> No Affect on Switch Performance Seare
» No Path to Ground .
. . —Aft
» Require Integration 15} —Before]
»  Numerical —_
»  Oscilloscope May Alias High Frequency Data E. 10F
» Analog RC Circuit Integrator >
>  Requires Droop Correction § sk
0 L
160 2(.)0 3(;0 4(.10 500
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Time [ns]
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Results — Optical Diagnostics
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Results — Electrical Diagnostics

Overdamped Load V-Dot Matched Load V-Dot
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Results — Electrical Diagnostics

» Plasma Channel

Vdmp

Impedance Collapse Rpiasma = 7

Determined by Pulse
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(NOt Load) sl \ —OSeid:mped
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Conclusion

» Optical Measurements Show a Changing Electron Temperature and In
Turn The Calculated Plasma Conductivity

» Electrical Measurements Show an Increasing Plasma Conductivity
During Rising Edge of Current Pulse

» Assumption of a Temporally Constant Plasma Conductivity in the
Martin/Braginskii Model is not accurate for this operating regime
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Additional Slides

» Thomson Scattering Simulation

the scattering form factor, S0k, ), 15 used® ™

SOk w) = L) @)
Vg
where the line shape function, [, is:
_ _exp i)

. . . Falle) = fiaamear ®)
Gottfried, J., Rose, C., Simpson, S., and Yalin, A. _
“Thomson Scattering Measurement of Plasma where the plasma dispersion function, w(£), 15*"
Evolution During the Current Pulse in a Laser- W(E) = 1 - 26,67 [ e~Cag + e et (4)

Triggered Switch.” Under Review.
where the ratio, £, of wave phase velocity to the
electron thermal velocity 15

i)

= q
{c Fﬂ'r;- '."E 1’- ]
and the electron thermal veloecity, v, is:
BknTy
Vie = + (6]
T,
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