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Quasi Spherical Direct Drive capsule offers
500 MJ yields with 85 MJ energy store and
45 MA at 1.6x10"° A/s.

2.52 mm racius and Many issues are mitigated with a
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45 MA at 1.6x10" A/s requires invention.
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45 MA Inverse Diode couples fusion capsule to driver
in Plasma Power Station (PPS).
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Projected drive current is ~ 38 MA for ignition on
Z-class driver and ~48 MA for high-gain on PPS.

Magnetic Rayleigh-Taylor instability
allows initial aspect ratio of R,/ 0 = 21.

Constant dl/dt Drive Current Profiles
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Producing dl/dt=1.5x10"° A/s in a 2.5 mm radius
capsule requires a new technology.
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" 1nverse Diode turns electron beam current into
Magnetically Insulated Transmission Line Current.
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The Inverse Diode uses electrostatic insulation to
prevent electron losses in low B-field regions.

wol LY LA LAY T/
NMERRIEVINRAV SIS YRy
AV S S AVVAY ARV
2.6 /I'I/ﬁ/jr ;//f /'1 /AN i
e | VIV ST A A LT,
sal | /[ /I/ }//{ //If / L{{; / /}/;/ ] J,f;:;
NE: EISRIHVAVIVAY LWV VALY AV
. J#/QLL?L::' 7 ///.? 1AW (ae
QUMLK e\ 1A T8 A 171
éa., ” / /ﬂ V . i%: / '/ r;‘/’.'/fgf/w
LIV A 2 WA V7 LA
s W L LA /5 ] Wi
e N0/ A (AW B AV, 7/
Iﬁ 16 ”/l‘/ r{/ /ﬁ( I!- Iaﬁ‘ f / / :I q{j Ir)
e U VAN X A
LA I;‘/g? BEVS I i
W10, @ 40 A4 ViV
ghz ‘/L [ Ji Ji J‘u'?b r;y,/g
E /' /f f/ /zf Il "//, "IIJ
E A A T VI
NSl AVV/ /.
& oINS A 1)
;‘ 07 \\{‘H“Dr : ¢ e ;///
as R ““‘“4‘7-\"’}—1‘}"’ p?’ 7 o2
os ll\\\ '\\\\ ; 5\2' ’\,—’ raD7
q; i \,: T~ _M/’ Y || 7= T Tive N unms
a3 H}l \Ji\ :f\\gié{?{f ";;l;a!_‘%;‘? % toF=?.72x|o' !]f'!(;z
NE o % 1L |
00 U "l-‘l/ >&Dtj; X ,, L2 a;l:m 20 2.4 28 312 36 40

& = DISTANCE IN UNITS OF Sg {so= |.szx|o'3—.,;)

Fig. 3—Potential distributions of th
broken

Vi
I

e C and D types. The solid lines are potential curves, the

oken lines indicate the transit times.

On the Theory of Space Charge
between Parallel Electrodes by
C.E. Fay, A. LO. Samuel, and
W. Shockley, Bell Systems
Technical Journal, 17, Issue 1,
pp 49-79 (1938)

Table 3

*Let d_scl = space_charge-limited gap and

d_max= the maximum inverse diode gap

(near the axis).

*For electrostatic insulation:
1.2d scl<d max<2.1d scl

With relativistic correction:

d_scl=sqrt[(11.3/V0-187)%(2.32E-6*V/15 /J)]
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Space charge distribution prevents secondary
electrons from neutralizing injected current.

Red: Injected electrons Potential distribution across
Blue: Electrons emitted AK gap at r=0.05 m shows
from cathode E-field reversal at cathode.

Electrostatic insulation

13:28 2010
by Doeu o

40 MA at 4 MeV injected and 33 MA at 2 MV at load
without optimization \atora
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Beam electron current captured at cathode shows well
behaved flow and high efficiency.

Eeam electron current killed at cathode
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Emitted electron loss in transition region is 3 MA.

Ermnitted electron current killed at anade
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| -'Saturn experiment supports the feasibility of the
Inverse Diode for the PPS—in some key parameters.

*Inner MITL Cathode
*Quter MITL Cathode
*Post Accelerating Gap
(PAG)

*Inverse Diode Gap
*\/oltage Monitoring
Inductor

Saturn PPS
2.22.7MV 7 MV

2 kA/lcm?2 0.56 kA/cm?
2.5 MA 45 MA
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| Unoptimized Inverse Diode had ~65% collection

efficiency on Saturn.

Inverse Diode Shot 4024
with 5 mm AK gap and 3 nH load
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Electrostatic insulation works.
Otherwise efficiency = 0. i) s,
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| Difference between injected current and collected
current can not be attributed to magnetic effects.
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Injected Electron Energy and Larmor Radius
and DID Currents
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= The collector
anode-cathode gap
IS 5 mm.

= L armor radius
increases after the
load current has
reached its peak.

= Load voltage too
low for electrostatic
reflexing and too
continuous for
shorting.
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oS Beam divergence is a critical factor.
Efficiency is not strongly dependent on AK gap for
lower divergence beams.

Collector Efficiency
70 Roughened
¥ 60 , @® Stainless
> o ®
9 50 Steel
[aB)
o 40
iy o Grooved
W 30 ® o
o O Stainless
ks 20 Steel
S 10
0 | | | | @Roughened
0 2 4 6 8 Stainless
Minimum Collector Gap (mm) Steel with
worn grooves

Sandia
Ii'l National
Laboratones

13



S-'tygar, et al (2004) find 1 mm MITLs stay open through

14

peak power in 100 ns pulse.
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More data with large area MITLs are needed and
can be obtained from a prototype PPS on Saturn.
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Br'ight spot is center is consistent with primary
diode pinch at some time.

Saturn 4024, Image's Clockwise Fotation = 80°
(¥cp,yop) = (989 ,857)
Mumber of Pixels Integrated = 21, Integration Dist. = 0.38 Inches
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*Injector diode
impedance
shows 2 kA/cm2
of electrons does
not create anode
plasma.

Make emission
more uniform.
*Go to lower (560
Al/cm?) current
density.

Poco graphite cathodes have been fabricated

for July 2011 series.
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45 MA at 1.5x10"° A/s in QSDD capsule and

560 A/cm? Inverse Diode current density
drives the design of the rest of the PPS.

» Direct Inverse Diode
* 1 meter radius
« 560 A/cm? injected
electrons
* 1 mm to 2mm minimum
AK gap for 7.5 to 15MeV
injected electrons
 MITL and Capsule
* 1Tmm to 2 mm AK gap
« 2.5t0 3.5 mm QSDD
capsule

MITLs with 1 mm to
2 mm AK gaps must
not short out.

Current (MA)

Currentand Voltage Waveforms for
2.52 mm Capsule
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"S'aturn could prototype the PPS Inverse Diode, RTL,
and QSDD Capsule.

Currents and Voltages with 1.4 mg

45 et o . .
% % implosion on Saturn PPS Prototype
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QSDD baseline with 17.5 mg mass has 4 cm/ ps velocity.
QSDD surrogate with 1.4 mg mass has 22 cm/us velocity.

Sandia
Iil'-l National
Laboratones

17



5 o5

il Q’ \

@

Saturn should test the design codes for the
Inverse Diode, RTL, MITL, and capsule.

Current (MA)

Currents and Voltages with 1.4 mg
implosion on Saturn PPS Prototype
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Currentand Voltage Waveforms for
2.52 mm Capsule
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Conclusions

High-current Direct Inverse Diode offers a new way
to couple pulsed power to imploding plasma loads.

Electrostatic and magnetic insulation mitigate
counter streaming currents.

Exploratory experiments on Saturn are encouraging
but more work needs to be done to establish
feasibility.

Beam pinching must be avoided.

Make electron emission more uniform.

Use multiple beams at lower current density to avoid
anode plasma and beam pinching.
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Upper surface
expands 0.21
mm due to
power flow
and wire
motion,

1.5

0.5

Plot of Cathode Expansion in the
Radial and Axial Directions Versus Time

Outer surface
expands 0.14
mm due to
power flow.
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A linear regression of the
cathode position after peak
pinch extrapolates to the
power flow position!

Assuming that the
anode expands

with a similar radial
velocity, 4.8x104
ms-1, then the
observed high

1 density plasma
Wositdftakea~40/ ns
dfesipgakpinchdtont
plasenthendishibe
gsgponsible for
shorting the gap at
earlier times. The
high density pl
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