WS 6.3 Electrostatic solution for a tetrode
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The working equations are
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Generate a matrix for a potential plot n:= 50

d; +d2+d3j
— 2 S|,

Vt_plot:= | for ie O..[
a

for je 0..n

i
X —-a
n

yej—-a
n

Vj,i(_ Vg if |:(x—d1)2+y2:|Sr2v|:(x—d1)2+(a—y)2:|Sr2
v, if |:(x—d1—d2)2+y2JSr2v|:(x—d1—d2)2+(a—y)2}ﬁr2

Vt(x, y) otherwise

return V

Calculate electron trajectories

d 1 d 1 11
E.(x,y) = —V.(X,y) - — E. (X,y) = —V.(X,y) — = -1.759-10

Estimate the maximum flight time

~7
tmax = 7-212% 10

max *

d =d;+dy+d .
max 1 2 3 5 a
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Set up the simultaneous first order differential equations for the electron motion d
Etvx =n-Ey
n Ex(zl,z3)
d—X =V
Zy a
Dt(t,z) ==
n Ey Zl’Z3) d_V =T]E
de ¥ X
)
_y - Vy
Number of time steps and number of trajectories dt
nsteps := 1000 ntraj := 25
Z = | for ne 0..ntraj
0
0
init « 0
a-n
2-ntraj
Zn “— AdamsBDF(init ,0, tmax> DSteps, Dt)
return Z

The matrix Z contains the time in the first column then, in groups of four columns v, x, vy and y for each trajectory.
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Unpack the solution matrix

Xn =

nmax < 2-ntraj yn := | nmax < 2-ntraj
for ne 0..nmax for ne 0..nmax
for ie 0..nsteps for ie 0..nsteps
Xn, |:(Z )<2>} if n < ntraj yn, <« |:(Z )<4>} if n < ntraj
i,n n i i,n n i
|:(Z )<2>J otherwise a— |:(Z )<4>} otherwise
nmax—n i nmax—n i
return xn return yn

Stop trajectories at x = d1 if they are intercepted by the control grid

Xm =

Xm ¢— Xn

for ne 0..20
intflag < 0

for i€ 0..nsteps

intflag < 1 if (xni’n - d1)2 + (yni,n)2 < r2 2

% (xni’n - d1)2 + (a - yni,n)2 <r

xm; < dy if intflag =1

return xm
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Calculate the cathode current density

4-e
K, = —2 2175010 ckg !
9

Parameters of the equivalent triode

Vg + DgV,

= Equation 6.91

d
3
1+Dg| 1 +—
dp

dj +dy + Dg(dy +dy + dy)

de = Equation 6.92
d3
1+Dg| 1 +—
dy
K, (Vg+ Dg-Ve)l'S
J (V ) =——.[1+D ——=2—— Equation 6.93
AR 2 g 2
mm (dl + Dg'de)

Ve =767.9V

d = 0962

To(Vg) = 197 Accm™
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Calculation of mean cathode current density when there is island formation
f1 (x )'—d—f(x )
o(x.y) = e 5%

d1~(1 —flg(O,y)) +d.D

:
PEW) (d) +de)F140,y) - d; quation
[1+Dg(y)-(V, + DE(y)~Ve)l'5
Fi(Vgy) = [K;: = if Vg + DE(y)V, >0
(dy + DE(y)-de)2
0 otherwise
a
(Ve = — J Fi(Vgy) dy

a-mm 0

11(Vg) = 198 Acem
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Note: The horizontal and vertical
scales of these figures are not
normally the same as each other.

x/a

1000

(c) 2018 Richard G Carter




