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Several years ago EIMAC with in-house 
funds undertook to develop a super power tet- 
rode capdble of generating 2MW RF power con- 
tinuously at frequencies up to 50 MHZ. The 
design of this tube, called the X2159, Figure 
1, is based on the successful concepts which 
were developed for the 4CW50,OOOE and the 
4CW100,OOOE. Although the super power tet- 
rode uses proven design concepts a scale up 
of approximately ten times in power presen- 
ted its problems. These can be summed up as 
increased power per unit area and the mechan- 
i,zal problem of maintaining close tolerances. 
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viicrti 1. Xii!29 21%7 Continuous RF Output. 

In the design of any power qrid tube 
there is a comprcmise between many conflict- 
in'2 elect:ri,zal and mechanical pardmcters. It 
- .z -.uaiiy ter7ins with a desired power outp';t 
.:r.d a ;Jlvcn plate voltage. In the case of 
t I>,_. :,: 2 1 ; '2 ~:ici:se :~erc 1.15>9? out-,.jt with .l 
rl.ite ~:cltage r;f 1SkV. These figures are 
aa.:: 1:~ tr;ir.sl.rltabLe into the ~more meaninqfu!. 
nIrtiiijt:r.i for the tube enqinecr loi a DC plate 
z Izrrtrit ',,f 125 Amps and a pc,lk instantaneous 
i;Lclte :;rrc?nt of 750 Amps, whl=h takes care 
; : hot?. Fea'k RF ;Ind peak :ilodul;ition currents. 

P2r CW ~;pvr,-!tl.~in It i:: Fr:rmizr;able t2 increa::e 

t11t3 pL;*tr voLt::gt+. For larqcr powt:r tribes 
I:..:.n'J thoria tid tllnq:;ten the r;le is 5 Amps 
,_^ I. . 
UC,. Ayl, s-,7- rli~L3Fliz ilF!asln,J puwer. 

Out+ut :;p,~clng ii-.voLvcs :;ey;cral factors 
Il'Zh a:- 71t:l tacr ~hOlCl'~ff and ZTlpiSclty, but f?r 

., llil t-r :sri<> tht: .:paccinq is ~3:; lirqe a$; po:;slblc 
:t;::si:-;t_csnt 1d1.th :;p~~cc tchar,;;e limitation. 

C'2npLil-c'r pr 3':5Im!; !,;hi.rzh :i~?lv.r- Pi>; s.s?n' .: 
j ip1;it1 >n a:-< :.ir;u.xlly i~:;d in The final 

determination of output spacing. An approx- 
imate determination is to use the Childs 
Lanqmuir equation: 

1.528.10-3V 
3/4 

x = 
J l/2 

For the X2159 J is 400ma/cm2 for a total 
plate current of 750 Amps. Solving the above 
equation first with a typical screen voltaqe 
and then adding this to the result when using 
the instantaneous value of the plate voltage 
at its minimum point will give a somewhat 
higher than practical output spacing. The 
output spacing for the X2159 is lcm. Input 
spacing is determined approximately by: 

3/4 
d = 1.528.10-3 (Vg + Vs) 

=9 cc 

(J (1+1/w) ) 'I2 

syhere V is the screen voltage and $ is 
the so-called grid screen ;L which is 3 fcr 
the X2159, and J is 2 Amp/cm2 fcr the current 
density at the filament when a peak current 
is 750 Amps. This gives a value for the in- 
put spacing of lmm. This represents the prc- 
liminary work that is done in designing a 
tube. After this comes the detailed work 
of refining, calculating various forces and 
eliminating mechanical vibrations, tempera- 
ture calculations and thermal expansion. 

So much for the design of a tube. It 
is in the applications that its performance 
is judged. 

FIGURE 2. Test Setup for the X2159 2PlW 'Tube 
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The reason for using a large tube rather 
than several smaller ones is circuit simpli- 
city. However, this advantage is largely 
lost if one does not maintain the same elec- 
trode spacing as in the smaller tubes so 
that there is no loss in performance. 

The X2159 uses a two section thoriated 
tungsten mesh filament and requires 25kW of 
filament power supported on a fully liquid 
cooled stem. 

Although requiring 
a tetrode was chosen in 
ode because of its high 
isolation between input 
fact that plate current 
dent of plate voltage. 

additional circuitry 
preference to a tri- 
stage gain, high 
and output and the 
is largely indepen- 

It is essentially a 
constant current device. Another advantage 
is the ability of a tetrode to take punish- 
ment. The screen grid is made of 0.020 inch 
specially coated molybdenum wire, if internal 
arcs occur it is extremely unlikely that the 
screen will be damaged and at the same time 
it acts as a good protection to the more 
fragile filament and qrld wires. 

The X2159 is tested at 16 MHz in a test 
set, Figure 2, designed by Continental Elec- 
tronics. The initial evaluation program has 
gone smoothly. Typical tube characteristic 
curves are shown in Figure 3, and typical 
operation is given in Table I. The re-entrant 
type anode permits a very short filament stem, 
thus minimizing the inductance in the ground 
return. The all coaxial construction is so 
arranged as to make external bypassing, such 
as between screen and filament, possible with 
low inductance connections and at the same 
time permit a high degree of shielding be- 
tween input and output circuits. 

TABLE I 

Operating Characteristics for X2159 

Class C Typical Operation 

Plate Voltage 20kV 
Screen Voltage 800V 
Grid Voltage -6OOV 
Plate Current 125A 
Screen Current 17A 
Grid Current 7A 
Driving Power 6kW 
Plate Output Power 2100kW 

Pulse Modulator or Requlator 

Typical Operation 

DC Plate Voltage 50kV 
DC Screen Voltage 5oov 
DC Grid Voltage 975v 
Pulse Rate Volt. (Tube drop) 4500v 
Pulse Positive Grid Voltage 3oov 
Pulse Plate Current 800A 
Pulse Length 1Omsec 
Duty 20% 

The present tube is rated at 60kV for 
hard tube modulator service, but variants 
are possible which would increase this 
rating to 125kV. 

The low cost of the X2159 makes it the 
most economical way to generate large amounts 
of RF power throughout the entire HF and lrlF 
bands. 
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FIGURE 3. Tube Characteristics for X2159. 
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