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• Eliminate back-ion bombardment of electron emitting surface
-long life
- de-couple electron generation from accelerator

• Utilize high electron current densities available from plasmas

• Utilize unique accelerator designs for high perveance
- multi-aperture accelerators
- DC high voltage, beam current is modulated by the plasma
- Grid modulated beam for high repetition rates
- long pulses
- variable perveance operation
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PLASM A GENERATION EXTRACTION/ACCELERATIO N

Glow discharge    Thermionic Discharge

Single aperture    Multiple aperture
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Start with a very simple glow discharge plasma generator 

n   =
4 Vγ σ

o
Aa A  = anode areaa

γ   = secondary electron yield

σ  = ionization cross section
V  = generator volume

Minimum striking pressure

Typically ≈ 5 microns

note: Aanode ≈  (me/mi)1/2 Acathode

Cathode

Po
te

nt
ia

l

plasma 
potential

cathode 
sheath

Discharge 
anode

-1kV

Accelerator

Accel 
anode

Plasma Generator

γ I i

iI



DMG-1/97

RESEARCH LABORATORIES
HUGHESPOWER SUPPLY

DC High Voltage
Pulse plasm a On/Off

CT130 µs 
PFN

500 k
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100Ω
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CTHV 
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1k

.9 Ohm

65uf.
65uH

KEEP-ALIVE 
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Single aperture Multiple apertures 

Child/Langmuir, planar accelerator

J = P
V

d

3/2

2

I = P
V

d

3/2

2 Area  = V

d

3/2

2
šr 2

Perveance = I

V3/2
= Pš

4 = 2 µP

For r<2d  (good optics)

Total Perveance =  Sum of Perveance 
                                of each aperature    

J = P  T
V

d

3/2

2

Total Perveance =  78 µP  (3" dia. accelerator) 
 
Perveance per aperture = 78/150 = 0.5 µP 

For r<2d  (good optics)

E =100 kV/d=1 cmJ = P  T  E  
V

d

1/2

T = 68%

J = 50 A/cm    (averaged over entire grid)2

V = 100 kV
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PLASMA CATHODE E-GUN

• Low duty plasma cathode electron source

• Helium gas-puff fed glow discharge

• Multi-aperture, high perveance (>10 µperv)  accelerator
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D.M. Goebel and R.M. Watkins, “High Current, Low Pressure Plasma Cathode Electron Gun”,
Review of Scientific Instruments, 71, 388-398 (2000).
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PLASMA CATHODE E-GUN

Shorter pulse lengths permit higher peak currents

1 kA, 190 kV
3.5 A/cm2

Perv=12 µP

1.2 kA, 200 kV
4.2 A/cm2

Perv=13.4 µP

Time (µsec)Time (µsec)
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PLASMA CATHODE E-GUN

Shorter pulse lengths permit higher peak currents

Peak values: 750 A, 16.7 A/cm2, Perveance = 33 µP, Voltage 80-120 kV

450 A, 60 kV
10 A/cm2

Perv=30.6 µP

45 cm2 grid area
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• High voltage is applied DC to a large area
- corona and breakdown issues limit stress to <100 kV/cm
- pulsing voltage will improve this significantly

• Beam current (current density) presently limited by long pulses
- edge electrons lead to anode bombardment and gas release
- present 100 µsec system limited to ≤0.5 times the perveance limit to avoid arcing
- operation at 1 to 10 µsec pulses permit nearly twice the present current density
   (we have run at 50 A/cm2 for <10 µsec pulses)

• Pulse rise time limited to plasma rise time
- gate the first grid to hold off plasma during rise time
   (“grid modulation” standard in TWTs)
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What if ≥5 microns is too high for the application?

•  Utilize a gas puffer
- transient differential pressure generated
   (sufficient gas pressure to strike discharge, pulse over before gas arrives downstream)
- low (<100 Hz) PRF possible

•  Change plasma generator
- Utilize a low pressure thermionic discharge (later)
- Use another plasma generator

•  Gas pressure issue
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RESEARCH LABORATORIES
HUGHESVery Low Pressure Operation

• Utilize a thermionic discharge
- discharge current carried by primary electrons, not ions
- reduced requirement on ion density and therefore plasma density

• Utilize an electron confinement technique to improve ionization eff.
- magnetic multipole confinement

• Utilize a large, easily ionizable gas
- xenon
- multiply charged states reduce gas pressure requirement

• Utilize grid modulation to improve rise time
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RESEARCH LABORATORIES
HUGHESTHERMIONIC PLASMA CATHODE E-GUN

• Thermionic discharge in low pressure gas (<10-4 Torr Xenon)

• Permanent magnet plasma confinement to improve ionization efficiency

• Multi-aperture, high perveance (>10 µperv) accelerator

SmCo Magnet 
Rings

Discharge 
Cathode(s) 1st Grid 2nd Grid

Shield

Ceramic 
Bushing

10 cm
Conflat Flanges

Iron Magnet 
Retainer

����������������������������������

����������������������������������

Filament 
Supports

����������������������������������

����������������������������������

����������������������������������

D.M. Goebel and R.M. Watkins, “High Current, Low Pressure Plasma Cathode Electron Gun”,
Review of Scientific Instruments, 71, 388-398 (2000).
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HUGHESMagnetic Multipole Confinement
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CATHODE 
LOCATION

ACCELERATOR

CATHODE 
LOCATION
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“ring-cusp”

• “Bucket” plasma generator increases electron path length
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HUGHESAccelerator Design

0.61 cm

1 cm

1.2 cm

0.1 cm

0.51 cm

257 apertures, 10.8 cm O.D.
(91.5 cm2)

Perveance ≤ 36 µP
(achieved experimentally)
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HUGHESPower Supply Design

Filament

PLASMA 
SOURCE

Accelerator 
Gap

CT

HV 
DividerCrowbar

1 kΩ 10 kΩ

Dump 
Sw.

2.5 Ω

10 Ω

Beam HV 
Supply 

(100 kV) 30 uF 
Capacitor 

Bank

100 kV 
Isolation 

Transformer

Filament Power  
Supply  (DC)

Discharge Supply 
(250 V)

-

+

GRID PULSER  
and Current 
Regulator

Bucket Current 
Regulator

Negative 
Grid 
Bias

HV 
POWER 
SUPPLY
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RESEARCH LABORATORIES
HUGHESAccelerator Performance

No mesh on 1st grid

200 V grid negative bias
insufficient to cut off
plasma to accelerator

Time (50 µsec/div)

Be
am

 
(5

0 
A/

di
v)

G
rid

 
(5

0 
A/

di
v)
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ck
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(5
0 

A/
di

v)



DMG-1/97

RESEARCH LABORATORIES
HUGHESPCE-Gun Performance

With mesh on 1st grid

• “bucket” current generates plasma

• grid pulse give good rise time for (low)
pressures of 1 to 10 x10-5 Torr Xe

• 4-5 µP total perveance
Time (50 µsec/div)

Be
am

 
(5

0 
A/

di
v)

G
rid

 
(5

0 
A/

di
v)

Bu
ck

et
 

(5
0 

A/
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v)
80 kV
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HUGHESPCE-Gun Performance

• High repetition rate possible (>1 kHz)

• High duty achieved (>10%)

Time (1 msec/div)

Be
am

 
(5

0 
A/

di
v)

G
rid

 
(5

0 
A/

di
v)

Bu
ck

et
 

(5
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A/
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v)
75 kV
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HUGHESVariable Perveance Operation

Time (50 µsec/div)

Be
am

 V
ol

ta
ge

 
(2

0 
kV
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iv

)
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(5
0 
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di
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Time (200 µsec/div)

Be
am
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ol

ta
ge

 
(2

0 
kV

/d
iv

)
Be

am
 C

ur
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nt
 

(5
0 

A/
di

v)

(a) (b)

• Constant current at variable voltage
• Programmable current at fixed voltage

80 kV at start
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HUGHESIssues with Low Pressure Operation

Corrected Pressure (x10    Torr)-5

Xe theory

- Xenon data 
- Hydrogen data

Hydrogen theory

0
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150

200

0 5 10 15 20
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G

en
er

at
io

n 
Ti

m
e 

(µ
se

c)
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0 
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v)

Plasma Rise Time Pressure variations

(and delay) (need additional circuit
modifications to stablize Ib)
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HUGHESPLASMA CATHODE SUMMARY

Maximum
Achieved* Typical HCP Typical PCE

Voltage 250 kV 200 kV 100 kV

Current 1200 A 700 A 200 A

Perveance 50 µP < 20 µP < 10 µP

Pulse length 1 msec 100 µsec 100 µsec

Duty CW < 1% 10%

         glow discharge        thermionic discharge

*Non-simultaneously
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RESEARCH LABORATORIES
HUGHESCONCLUSION

• Plasma cathodes have many good features
- long life
- high current and current density
- high perveance and variable perveance operation
- high repetition rates
- high duty

• Plasma cathodes have many issues
- finite gas pressure
- rise time and delay at low pressures
- stability/reproducibility at high repetition rates
- complex design and circuitry for high duty operation


