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ABSTRACT 

The circuit of a solid state regulatedpower supply for the reflex klystron t p e  
723 A B along with its theoretical analysis is reported in this paper. The regulated 
DC voltage supply has been designed to provide an ou~put voltage of 300 V 
& a  maximum load current o f  40 mA. The power supply is short circuit 
irrar&ed using SCR's and has high stabiZization factor, low output 
impedance and good thermal stability. The circuit of a squarewave modulator for 
rejector voltage is also described 
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It is well known that the stability of the power output and frequency of 
reflex klystrons depends on the stability of the DC voltage sources. Situa- 
tions do arise where the AC mains voltage may vary very widely. The 
solid state circuit described below, besides being compact, is capable of 
wping up with wide variations in the mains voltage. Approximate expres- 
sions for the stabilization factol, output impedance and the temperature 
coefficient have been derived by making use of the equivalent circuit of the 
regulator. It is found that the regulator keeps the output voltage varia- 
tions to within 0.05% with AC mains voltage varying from 170 V to 240 V 
(nominal value being 220 V). Facility for squarewave modulation of 
the r ek to r  voltage has also been provided in the power supply. Both 
the frequency and the amplitude of the modulating squarewave m y  be 
varied continuously over certain ranges. 

2. DESCNPTION AND ANALYSIS 

'She circuit diagram of the regulated power supply and its equivalent 
circuit are given in Figs. 1 and 2 respectively. The regulator derives 
&e un~egulted DC supply from a voltage doubler circuit consisting of 
the diodes DL and D, and the capacitors C, and C,. The resistors R, are 
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FIG. 1. Circuit diagram of the .regulated power supply. 

chosen such that the series transistors Q, and Q, share the voltage almm 
e q ~ s l l y . ~  The trans is to^ Q, is the driver for Q,. The_ pre-regulator Q, 
supplies constmt current to differen.tial ' amplifier and the driver to help 
minimise the ripple voltage at the output. The capacitor C, is introduced 
to reduce noise voltages at the output. R,, is the overload sensing 
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FIG. 2. Eq&olent circuit of the regulator. 



Under overload conditions the SCR is turned on 'and the load currellt 
i j  limited by the resistor R, and the output resistance of the douljlcr; 
A, approximate analysis of the circuit is presented below. 

The basic equatioll for the tala1 change in reg~~laior output voltage 
(17,) &h changes in the input voltage (V,), the load currenl (IJ, and the 
~ - 
mperature (T) is2 

dV, -SdVi -Ro& + ST dT, 

where 

the stabilizetion factor. 

output impedance, 
I 
1 

and temperature cocfkient, / 



M a f i g  the assumptions that 

The base current Ib, of Q, is 

The base curfen-t Jb= of Q, is given by 

Ib, = fe, - fc, 

Also, 
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From equations (15) and (17) the base current Ib, of Qz can be obtained 
and is given by 

+ hi& (5 - Yo) + v3. + Y!L 
RA R13 R12 RL4' 

From equations (1 8), (19) and (20), ihe Zener currents I,, and  4, are obtained, 

Also, 

Ijince = I, -I- Ic, t I,,, the base current &, of Ql is aptlroximalely given 
b 



Stabilization factor: 

From equation (23), 

Output Impedance c 

Substituting for I,> and Ib, from equations (21) and (22) re spec^^ 

in equation (23) and replac ing5 in equation (21) by I&, 
%4 



Temperature Coeficient : 

In the analysis that follows, the temperatnre coefficients of the Zeners 
only are considered. 

From equation (23) 

Rx + 2R2 Vo w V, - ( / z ~ ~ ,  R1 + R2) Zb, - ---- -- 2 
2 



Since S is very large, the last term in equation (28) is negligible. 

The theoretical values of stabilization factor, output impedance and tempe- 
rature coefficient calculated for the circuit given in Fig. 1 are approximately 
20,000, 0.5 9 and -f 1 mV/" C respectively. The temperature coeffi- 
cient with 30 V zener in glace of BEL 550A (Fig. 1) is about + 250 mV/" C. 
Experimentally i t  is found that due to the AC mzi~.s voltage variation from 
I70 V to 240 V (corresponding to a change of 200 V in the input DC 
voltage to the regulator) the regular output varies by 0-05 V. The output 
impedance is less than 1 P and the drift in output voltage after warm up 
period of 15 minutes is less than 0.1%. 

For many laboratory experimeg-ts i t  is desirable to hwe AM micro- 
wave power of comtant frequency. However, both the power output and 
frequency of a reflex klystron vzry with its reflector voltage. Therefore, 
pure AM may be obtained only by using an on-off modulation; that is, by 
superposing a squarewave on the reflector DC voltage. The rise time of 
the squarewave should be small to avoid frequency modulation. The 
circuit of the squarewave modulator is shown in Fig. 3. 

FKi. 3. Circuit diagram of the squarewave modulator. 
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The frequency of the symmetric squarewave is varied. by returning 
:ae bese resistors of the transistors Q, and Q, to a variable DC voltage 

The period of the squarewave j s  given by3 

where Vo is the C O ~ ~ C ~ O S  supply v0ltzge for tb.e tr.znaisto;.s Q, r.r.6 Q, zr-c! 
R , ~  = R,, = R and C, = C, = C. The squzrewwe emplitude mep elso 
be vzried using the potentiometer P,. For the circuit showil. i ~ .  Fig. 3 the 
cquarewave amplitude may be varied from 0 V to 30 V 2nd the frequency 
my be vziied from about 900 to 1100 Hz. 

Theschemetic diegem of the precticel klystron power supply system 
is show in Fig. 4. The b e m  vo l t~ge  zrd the reflector voltege s~pp ly  
circuits employ similar solid state voltege regulators discxissed 'Dove. TPe 
beam voltage supply provides a beam voltage of 300 V and a m~.ximum 
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FIG. 4. %>em-tic diagram of the practical system. 
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barn current of about 40 mA. 111 the reflector voltage supply n load resir 
tance R ( = I 8  kSZ, 10 W) is ifitroduced as sbown (the reflector ha@ 
takes any current) to improve line regulation. The fe&ctor voltage m g  h 
varied from 0 to  - 300 V with the help of the ' COARSE ' end ' FINE' 
controls. A n~odulation switch SW, selects CW operzticr.; 1NTernz.l 0; 
EXTernal rnodukiion of tl.e klystron octput. The CW operation is 
inzicated on the fi.ont par.el by lighting up of the Iemp L,. The 
monitor switch SW, pe~mits the meesuremcrt of tbe bcam voltage (SW! 
i ~ .  position I), the beam current (SW, in position 3, and the reflcctoi 
voltege (SM7, in position 5). From meter sz.fety consideratiom, SW, is 
mride to select the alternate outlets. 

The circuits are assembled on four 15 cm x 10 cm printed circuit 
bozrds and zre flxed inside 2 25 cm x 20 cm x 15 cm aluminium ca:ing. 
The complete klystron power supply system weighs abolit 4.8 kg and ha 
a power corsumptior of about 60 watts. A coiive~.tior.el klystron pow: 
suppi: using vacuum tubes a r~d  having comparable characteristics has 
50 cm x 30 ccla x 25 cm overall dimensions m d  weighs about 10 kg and 
has a power consumption of about 80 watts. A photogl-aph of the system 
is given in Fig. 5. 

+I(;. 5 .  Photograph of the practical system. 
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