Sustaining Voltage for DC Diode
Discharges

H.Mase

Comprehensive discussion of the sustaining voltage for dc
diode discharges with both cold- and hot- cathodes using
the same conceptual model, which is based on the
collisionless cathode sheath model and the plasma balance
equations.



able of symbols 1/2

V. cathode fall potential

AV potential drop across plasma column

Ve voltage across electrodes

d. cathode sheath thickness

d, electrode separation

Roens Rppss  g€NEration and loss rates of plasma particles
0, ionization potential

N efficiency of ionization by 1ry electron beam
J Try electron beam current density

J. ion current density

J discharge current density =J ,+J.

v coefficient of y process = Je"J




Table of symbols 2/2

6

A mean ionizaion length

Jy thermoionic emision current density
m electron mass

M lon mass

n, jon density

n plasma density =n,=n,

C, sound speeo

0 plasma conductivity

E electric field in plasma column

I radius of plasma column

a coeffient of volume reconbination
Q volume of plasma column
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Outiine or Fotential Structure
in DC Diode Discharges with Hot-
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Derivation of Sustaining Voltage

Plasma Balance Equations;
Continuity of number density and energy

an
J dAC: Rgen_ Joss— 0

de )

EdAC_nVC Jep* b (dAC_ dC) ~Rge,e0,=0
¢, 1s 10nization potential
J, 1s 1ry electron beam current density

N<1 is ionization efficiency of lry electron beam



Derivation of Sustaining Voltage
Glow Discharge

In the case of relatively short discharge tubes

Potential drop along the plasma column 1s neglected
R _..=n.yv., surface and volume losses are neglected

Rgen_R/oss
Ve b= Roen€® =1V cJ p—e9;n;v,= 0

] Self-sustaining condition
eo; v, 9,4, _( 1)

1 gDi Jeb
nJeb nJeb

=R e, =1 v;=0

VC: , — —:y<1

y
) most low impedance
n=1,1e Y_<d AC == olow discarge
o ST V :&
A" is mean ionization length Ty



Derivation of Sustaining Voltage
Externally Heating Arc Discharge

In the case of relatively short discharge tubes

Potential drop along the plasma colimn 1s neglected
R, ..=nyv, surface and volume losses are neglected

loss 1712

e¢1 I 1 qDi‘]i Ji
—2>1

nJeb nJeb nJeb
J.

J~J  <J,, l—:\/£<<1, double layaer: Lamgmuir mode
J, M

e

V =

C

J~J =J,, —=<1, temperature limited mode
eb

n—=1, V_.=¢. mostlowimpedance arc discharge



Derivation of Sustainig Voltage
Potential Drop along Plasma Column

an
WQ_R en” Rioss™ 0
4 0=0E2Q-R,_ep =0
dt gen“¥i™
R,.,=R 27r,d 0|1 A
gen— loss=MNCg| T, A || 1+ q
n S p nCS 2
R, ..eon.
AV=FEd. = loss " Ti _ .
AC GE( " ) r, 1s the radius of plasma
P column,
2
~ il 1+O(rn 0| 2d ¢ .0, AV depends on the ratio (d,./
nc. J T'p tr)
R, 1s surface and volume losses of plasma particles
AV | enc , P
E=—xu 5|2 ,  same as Schottky's diffusion theory
dye J ],




Sustaining Voltage for DC Diode
Discharges

VAC: VC+AV— Drmin
0,...=0 for glow mode

119; 9
Vo=|=|—=—, for glow mode
nyy vy
1 J;
V.=|=—]0.2¢, forarc mode
J l l
M Jep
2
AV:R’OSSe(piN enc, 1+arn T 2d 4 o
oE J nc, 2 r, ’




Sustaining Voltage as a function of J_ /J,
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