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This sheet can be used to explore the properties of multipactor discharges between plane parallel electrons in the absence of a magnetic field
(see Section 18.8.1).

Define the frequency and the separation between the plates
f:=1-GHz d := 10-mm

Define the secondary emission constants using the The Furman and Pivi model for oxidised aluminium with data from Lin (2005)

dn=35 E,p, = 400-V ss = 1.65 Secondary emission energy V= 2.V

Define the charge/mass ratio of the electron n = 1.759- 1011-£
kg
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Secondary electron emission model

D(x) = ——2% B(E) = sm.D(Eij Equation 18.19

ss
ss—1+x pm

Find the electron impact energies at which & = 1

El = 0-volt Vinin = roof (§(EL) — 1), E1] Voin =47V
E2 = 1.2.E,, Vipax == root[(S(E2S) - 1),EZS] Vi = 5869V
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RF voltage for resonance

w:=2-m-f wd = w-d

wd.(wd - n~7r-,/2~n-V0)

n-(n-'mcos(el) + 2~sin(91))

Opax(n) = atan(i)
n-T

Normalised RF voltage

Vl(n,Vo,wd,Gl) =

O /f
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| Equation 18.56 |

| Equation 18.57 |

V,(n, Vg, wd, 8)

V1(n,0) =
VI(H’VO! wd’ emax(n))
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Normalised electron position as a function of normalised time

Normalised position (y /d )

n~V1(n,V0, wd, 91)

Y(G,n,VO,wd,Gl) =

wd2

Plotting ranges

(6 - 0,)-cos(6y) — sin(®) + sin(6,)] + Lo (6 0,)

wd

0a:= 0,0.5-deg.. 180-deg 0b := —15-deg,—14-deg.. 180-deg  Oc := —30-deg,—29-deg.. 180-deg

I
@00 thctal =0
-4-¢ thetal =-15 deg
AAAk thetal =-30 deg
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| Equation 18.53 |
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Find the minimum phase for which an electron can escape from the first plate

Besc(n, Vo, wd) := for i€ 0,0.1..60 Bese(1, Vo, wd) = —17.2-deg

0, « —i-1-deg

for 6€ 0,0.1deg.. 90deg
Y1 < Y(0+ 6;,n,V,wd,8;)
return 6; + 0.1-deg if Y1 <0

Find the two limits of the initial phase which satisfy the phase focusing condition

01(n) = O,4(n)

4n 71-,[2-7]-\/0 + 2-wd

00:=0 92(n,V0,wd) = atan| — Equation 18.64
4-J2 Vo + nomewd — ()21 Vg
NI:=1,3..9
81(N1) = 02(N1,V(,0.1-wd) :02(N1, Vo, wd) = 62(N1, Vo, 10wd) =
32.5| -deg -57.3| -deg -35.286| -deg -32.764| -deg
12.0 74.9 -16.798 -12.418
7.3 31.9 -12.827 -7.714
5.2 18.1 -11.510 -5.664
4.0 12.4 -11.244 -4.520

The upper limit of 6 is independent of wd and equal to the phase corresponding to the minimum
of V. The lower limit of 8 varies with wd
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Comparison between the lower phase limits set by electron escape and by phase focusing

Initial phase (degrees)

ny := 0.7,0.75..2 Omm = 2-7-GHz-mm
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For all V,, the escape phase gets more negative as the order of the multipactor increases. The
phase focusing limit shows the opposite behaviour. When V = 0 the escape limit is theta = 0.
When V,, > 0 the limits are electron escape for n = 1.For V = 1V and n = 3 the limit is phase
focusing up to fd = 50 GHz mm and escape thereafter. The crossover value of fd increases as V
increases. For higher values of n the phase focusing limit dominates

(c) 2018 Richard G Carter




WS 18.1 Two surface multipactor model.xmcd, p.7

Find the limiting RF voltages for which the secondary electron emission coefficient is unity

Lower impact limit

Vi(n, Vg, wd) := V;(n, Vo, wd, 84(n)) | Equation 18.56 |

Select the greater of the two phases for the upper impact limit

emin(n,Vo,wd) = |6a « 92(n,V0,wd)
b  O.4c(n, Vo, wd)
0« |6a if Ba>6b

Ob otherwise

return ©

wd.(wd - n~7r-,[2~n-V0)

n~(n~7r-cos(9min(n,V0, wd)) + 2-sin(6min(n,V0, wd)))

VU(II N Vo, UJd) =

Dependence of r.f. voltage on the impact velocity
Vil(n,VO,Vi,wd) = | Vo & 2T]VO
\ 2'T]V1

2
V1 « w_d\/|:wd - %'(Vi + V()):| + (Vi - V0)2

2-m
return V1

| Equation 18.66 |
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Find the line which is approximately fd(n) == |vg < /2:M' V)
tangential to these curves

Plot curves for which the impact voltage is equal to the lower voltage for which 6 =1

Vd(n) = Vi|(n, Vg, Vigin, 2-7-fd(n) )
Vi < 2"n'Vmin

G 1

Vi + Vo n_ﬂ_Z

(Vi + VO)'E +

Vi = Viin ; ;
Plot the Hatch diagrams for the first three modes
ny := -1,-0.99..2 nmn:= 1,3..33 nny := 0,0.01..2 (Note: this is very slow)
Lower impact limit forn=1ton =33 n=1
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r.f. voltage (V)

n=3 n=>5
1x10° : 7 110> 7
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