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This Mathcad 14 worksheet is designed to accompany the author's book "Microwave and RF Vacuum Electronic Power Sources", Cambridge University
Press (2018). The section, equation, and figure numbers refer to the corresponding sections, equations, and figures in the book. Data input fields are
highlighted in yellow and output fields are highlighted in green.

This resource is provided free of charge by Cambridge University Press with permission of the author, but is subject to copyright. You are permitted to view,
print and download this resource for your own personal use only, provided any copyright lines are not removed or altered in any way. Any other use, including
but not limited to, distribution of the resource in modified form, or via electronic or other media, is strictly prohibited unless you have permission from the
author and provided you give appropriate acknowledgement of the source.

The contents of this sheet are provided for educational purposes only and no warranty is expressed or implied that they are suitable for use as professional
design tools.

This worksheet investigates the design of a high power tetrode having performance similar to the RS 2074 (TH 558) (see Section 12.4).

Statement of requirements

RF output power P, = 600-kW Frequency f:= 110-MHz

Physical constants

Charge/mass ratio of the electron n = 1.759- 1oll.c.kg_ !

4e
Perveance constant KK = —0~\/2-n
9
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Determine the DC operating point

Estimated efficiency for class B operation

DC input power required

Choose the DC anode voltage

DC anode current

Peak anode current

Me = 0.7
S
0 M

VO = 15-kV
Po
IO =
Vo

Iy .
a_pk = _0.28 from Figure 12.5(b)

Assume that the grid currents total 20% of the cathode current at the peak current

Peak cathode current

I B Ia_pk
cPk™ g

Py = 857kW

I, pk=204A

I pk=255A
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Determine the RF operating conditions

Choose the screen grid voltage

Control grid penetration factor

Approximate control grid voltage at cut-off

Choose peak control grid voltage

RF grid voltage for class B operation

Choose minimum anode voltage

RF anode voltage

RF anode current

Vg = 0.1V Vg = 1.5kV
Dg =02
Vg_o = —Dg.VS Vg_o =-300V
Vg_pk =100-V
Vgl = Vg_pk - Vg_() Vgl =400V
Va_min = 0.15-V, Va_min =2.25kV
Vi =V - Va_min Vi =12.75kV
1

1= I, = 102A

2

CHECK RF output power l-VI-II =651 kW
2

Note: this can be computed more accurately after the
characteristic curves have been calculated (see Section 12.5)
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Determine the dimensions of the tube
Choose the normalised cathode-grid spacing
Find the cathode-control grid spacing

Choose grid spacing to avoid island formation

Choose spacing between the grids

Find the control grid wire radius from Dg

Choose the screen grid wire radius

Choose the screen grid-anode spacing

Find the screen grid penetration factor

V1 +(2-Bed)? = 1.005

Bedl := 0.05
2-m-f
B.=— _ Bedl =
e \/Tvl dl = dl = (0.86 mm
g Be
a=dy a =0.86 mm
dz2=dy dy =0.86mm
2-Tr
ln(coth[ gjj
a .
Dg(r,) = Equation 6.36
g( g) 2-m-dy 2-7T-I”g
— In| cosh
a a
rg := 0.01-mm Igp = root(Dg(rg) - Dg,rg) Igp = 0.040 mm
CHECK Dg(rgy) =0.2
Iy = 1.3-rg1 Iyy = 0.052-mm
d3 = Sdl

27T,
2
ln(coth( £ jj
Dy = s D, = 0.02
2~Tr-d3 2~Tr-rg2
— In| cosh
a a
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Compute the characteristic curves for the tube

Grid-anode spacing of the equivalent triode

Anode voltage of the equivalent triode

Cathode current density

Peak cathode current density

Area of the cathode

Cathode current

Choose the length of the anode

Cathode diameter

Anode inner diameter

dy +dy + D(dy +dy +d
d, = 1 2 s( 1 - 2 3) Equation 6.92 d, = 1.60mm
3
1+Dg| 1 +—
dy
. (Vg + DgVy)
(Vs Va) = 5 Equation 6.91
14+Dg|1+—
dy
1.5
(Vo Vo) KK-[1+ Dy (Vg + Dy Ve(Vs. V)
c\'g Vs Va)~ 2 Equation 6.93
(dy + Dg-de)
0.15V,) = 1.27-A-cm”
Jo(Vg pk-Vs:0-15Vp) = 1.27-Accm
I, pk 2
A = = A, =201cm
To(Ve pk- Vs:0-15V0)
1oV Vs Va) = AcTo(Vg: V- Va)
c A
\ = — L =2 L, =170 mm
f LT 4
AC
d, = d, =38mm
L,
dy = de +2:(d) +dy +ds3) d, =55mm
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Primary current division factor

Grid current / anode current

Grid current

Anode current

Find grid voltage for constant anode current

Anode dissipation

Anode power density

Summary of the tube dimensions

86 =

GF(Vg. Vs. Vy)
Io(Vg: Vs Va) = GRVg Vo vy e
L(Vg: Vs Va) = 1e(Vg: Ve Vy) — 1oV

V, =0V Vig(Ia, Vg, V,) = root(I,(V

W, o 8
a"
ﬂ'da'La
a = (0.86-mm rgl = 0.040-mm
dl = 0.86-mm d2 = 0.86-mm
dC = 38 mm La =170 mm

-1 Equation 6.62
Equation 6.61
V. V. V)
’Vs’va)

Vi V,) = 1a, Vg, —400-V, 400- V)

g g

P, = 257kW

W, =877 W-cm 4
Iy = 0.052-mm
d3 =6.9-mm

da = 55mm
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V1, = 1L.5kV,1.6:kV..15kV

Vel (V)

400

200

- 200

- 400

400
350
300
250
200
150
100
60
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10

- 600
0

Va (kV)
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