Voltage Stabilization
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of the a.c. cycle; the other rectifier is nonconduc-
rive during this time. During the other half of the
cycle the right-hand rectifier conducts and C, be-
comes charged ; they see as the source the trans-
former plus the voltage in C;. By reversing the
polarities of the capacitors and rectifiers, the —
side of the output can be grounded.

A voltage-tripling circuit is shown in Fig. 12-
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Fig. 12-20—Voltage-multiplying circuits with one side of

transformer secondary grounded. (A) Voltage doubler

(B) Voltage tripler (C) Voltage quadrupler.
Capacitances are typically 20 to 50 uf., depending

upon output current demand. D.c. ratings of capacitors

are related to Epeax (1.4 E, o)

Ci—Greater than Epeax

Cs—Greater than 2Epeax

Cs—Greater than 3E,4ux

Ci—Greater than 4.

20B. On one half of the a.c. cycle C, is charged
to the source voltage through the left-hand recti-
fier. On the opposite half of the cycle the middle
rectifier conducts and C, is charged to twice the
source voltage, because it sees the transformer
plus the charge in C, as the source. At the same
time the right-hand rectifier conducts and, with
the transformer and the charge in C, as the
source, Cq is charged to three times the trans-
former voltage. The - side of the output can be
grounded if the polarities of all of the capacitors
and rectifiers are reversed.

The voltage-quadrupling circuit of Fig. 12-20C
works in substantially similar fashion.

In any of the circuits of Fig. 12-20, the
output voltage will approach an exact multiple (2,
3 or 4, depending upon the circuit) of the peak a.c.
voltage when the output current drain is low and
the capacitance values are high.

VOLTAGE STABILIZATION

Gaseous Regulator Tubes

There is frequent need for maintaining the
voltage applied to a low-voltage low-current cir-
cuit at a practically constant value, regardless
of the voltage regulation of the power supply or
variations in load current. In such applications,
gaseous regulator tubes (0C3/VR105, 0D3/
VRI150, etc.) can be used to good advantage. The
voltage drop across such tubes is constant over a
moderately wide current range. Tubes are avail-
able for regulated voltages near 150, 105, 90 and
75 volts.

The fundamental circuit for a gaseous regu-
lator is shown in Fig. 12-21A. The tube is con-
nected in series with a limiting resistor, R,
across a source of voltage that must be higher
than the starting voltage. The starting voltage
is about 30 to 40 per cent higher than the oper-
ating voltage. The load is connected in parallel
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with the tube. For stable operation, a minimum
tube current of 5 to 10 ma. is required. The
maximum permissible current with most types
is 40 ma.; consequently, the load current cannot
exceed 30 to 35 ma. if the voltage is to be stabi-
lized over a range from zero to maximum load
current.

The value of the limiting resistor must lie
between that which just permits minimum tube
current to flow and that which just passes the
maximum permissible tube current when there is
no load current. The latter value is generally
used. It is given by the equation :

= (Es_Er)
R_f

where R is the limiting resistance in ohms, Eg
is the voltage of the source across which the tube
and resistor are connected, E is the rated voltage
drop across the regulator tube, and 7 is the maxi-
mum tube current in amperes, (usually 40 ma.,
or 0.04 amp.).

Fig. 12-21B shows how two tubes may be used
in series to give a higher regulated voltage than
is obtainable with one, and also to give two values
of regulated voltage. The limiting resistor may
be calculated as above, using the sum of the volt-
age drops across the two tubes for E_ Since the
upper tube must carry more current than the
lower, the load connected to the low-voltage tap
must take small current. The total current taken
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Fig. 12-22—Electronic voltage-regulator circuit. Resistors
are %2 watt unless specified otherwise.

by the loads on both taps should not exceed 30 to
35 ma. Regulation of the order of 1 per cent can
be obtained with these regulator circuits.

The capacitance in shunt with a VR tube
should be limited to 0.1 uf. or less. Larger values
may cause the tube drop to oscillate between the
operating and starting voltages.

A single VR tube may also be used to regulate
the voltage to a load current of almost any value
so long as the wariation in the current does not
exceed 30 to 35 ma. If, for example, the average
load current is 100 ma., a VR tube may be used
to hold the voltage constant provided the cur-
rent does not fall below 85 ma. or rise above 115
ma. In this case, the resistance should be calcu-
lated to drop the voltage to the VR-tube rating
at the maximum load current to be expected plus

POWER SUPPL

5 ma. Under constant load, effects of line-vo
changes may be eliminated by basing the r
ance on load current plus 15 ma.

Electronic Voltage Regulation

Several circuits have been developed for
lating the voltage output of a power supply
tronically. While more complicated than the
tube circuits, they will handle higher vol
currents and the output voltage may be vy
continuously over a wide range. In the cirer
Fig. 12-22, the 0C3 regulator tube supplies a 1
ence of approximately 4105 volts for the €
control tube. When the load connected acros
output terminals increases, the output vo
tends to decrease. This makes the voltage o
control grid of the 6AU6 less positive, ca
the tube to draw less current through t
megohm plate resistor. As a consequence the
voltage on the 807 series regulator becomes
positive and the voltage drop across the 80
creases, compensating for the reduction in
put voltage. With the values shown, adjus
of Ry will give a regulated output from 1
250 volts, at up to 60 or 70 ma. A 61.6-GB ¢
substituted for the type 807; the available
put current can he increased by adding tut
parallel with the series regulator tube. Whe:
is done, 100-ohm resistors should be wir
cach control grid and plate terminal, to r
the chances for parasitic oscillations.

Another similar regulator circuit is sho
Fig. 12-23. The principal difference is that sc
grid regulator tubes are used. The fact t
screen-grid tube is relatively insensitiv
changes in plate voltage makes it possible t

HI5V.A.C.

Fig. 12-23—Circuit diagram of

an  electronically-regulated

power supply rated at 300
volts max., 150 ma. max.

Ci, Cz, Cs—16-uf. 600-volt electrolytic.
Cs—0.015-uf. paper.

C(—0.1-uf. paper.

R1—0.3 megohm, % watt.

Rz, Re—100 ohms, V2 watt.

R«—510 ohms, % watt.

Rs, Rs—30,000 ohms, 2 watts.
Re—0.24 megohm, % watt.

R—0.15 megohm, Y& watt.

R«—9100 ohms, 1 watt.

Ri»—0.1-megohm potentiometer.

R;1—43,000 ohms, V2 watt.

L,—8-hy., 40-ma. filter choke.

S;—S.p.s.t. toggle.

T,—Power transformer: 375-375 volts r.m.s., 16
6.3 volts, 3 amps.; 5 volts, 3 amps.
(Thor. 22R33).
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tain a reduction in ripple voltage adequate for
many purposes simply by supplying filtered d.c.
to the screens with a consequent saving in weight
and cost. The accompanying table shows the
performance of the circuit of Fig. 12-23. Column I
shows various output voltages, while Column II
shows the maximum current that can be drawn at
that voltage with negligible variation in output
yoltage. Column ITT shows the measured ripple
at the maximum current. The second part of the
table shows the variation in ripple with load cur-
rent at 300 volts output.

High-Voltage Regulators

Regulated screen voltage is required for screen-
grid tubes used as lincar amplifiers in single-side-
band operation. Figs. 12-24 through 12-27 show
various different circuits for supplying regulated
voltages up to 1200 volts or more.

In the circuit of Fig. 12-24, gas-filled regulator
tubes are used to establish a fixed reference volt-
age to which is added an electronically regulated
variable voltage. The design can be modified to
give any voltage from 225 volts to 1200 volts,
with each design-center voltage variable by plus
or minus 60 volts.

The output voltage will depend upon the num-
ber and voltage ratings of the VR tubes in the
string between the 991 and ground. The total
VR-tube voltage rating needed can be determined
by subtracting 250 volts from the desired output
voltage. As examples, if the desired output volt-
age is 350, the total VR-tube voltage rating
should be 350 — 250 = 100 volts. In this case, a
VR-105 would be used. For an output voltage of
1000, the VR-tube voltage rating should be

" 300
10w
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Table of Performance for Circuit of Fig. 12-23

I 11| I ||Output voltage — 300
450 v 22 ma. 3 mv, 150 ma. 2.3 mv.
425 v. 45 ma. 4 mv. 125 ma. 2.8 mv,
400 v. 72 ma. 6 mv. 100 ma. 2.6 mv.
375 . 97 ma. 8 mv, 7S ma. 2.5 mv.
350 v 122 ma. | 9.5 mv, S0 ma. 3.0 mv.
325 v, 150 ma. 3 mv. 25 ma. 3.0 mv.
300 v 150 ma. | 2.3 mv. 10 ma. 2.5 mv.

1000 - 250 = 750 volts. In this case, five VR-150s
would be used in series.

The maximum voltage output that can be ob-
tained is approximately equal to 0.7 times the
r.m.s. voltage of the transformer T';. The current
rating of the transformer must be somewhat
above the load current to take care of the voltage
dividers and bleeder resistances.

A single 66 will handle 90 ma. For larger
currents, 6L.6s may be added in parallel.

The heater circuit supplying the 6L6 and
6SJ7 should not be grounded. The shait of R,
should be grounded. When the output voltage is
above 300 or 400, the potentiometer should be
provided with an insulating mounting, and should
be controlled from the panel by an extension shaft
with an insulated coupling and grounded control.

In some cases where the plate transformer has
sufficient current-handling capacity, it may be
desirable to operate a screen regulator from the
plate supply, rather than from a separate supply.
This can be done if a regulator tube is used that
can take the required voltage drop. In Fig. 12-25,
a type 211 or 812A is used, the control tube
being a 6AQ5. With an input voltage of 1800 to
2000, an output voltage of 500 to 700 can be

T
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Fig. 12-24—High-voltage regulator circuit by W4PRM.

C1, C2—4-uf. paper, voltage rating above peak-voltage
output of T,.

Cs—0.1-uf. paper, 600 volts.

Ci—12-uf. electroyltic, 450 volts.

Co—40puf., voltage rating above d.c. output voltage.
Can be made up of a combination of electro-
lytics in series, with equalizing resistor. (See sec-
tion on ratings of filter components.)

Cs—4-uf. paper, voltage rating above voltage rating of
VR string.

Il
L1

Resistors are 1 watt unless indicated otherwise.

Ri—50,000-0hm, 4-watt potentiometer.

Rs—Bleeder resistor, 50,000 to 100,000 ohms, 25 watts
(not needed if equalizing resistors mentioned
above are used).

T,—See text.

T:—Filament transformer; 5 volts, 2 amp.

Ts—Filament transformer; 6.3 volts, 1.2 amp.

Vi, Vs, Vs—See text.
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Flg. 12-25—Screen regulator circuit
designed by WPOKA. Resistances are
in ohms (K = 1000).
Ri—6000 ohms for 211; 2300 ohms

for 812A, 20 watts.
Rs—25,000 ohms, 10 watts.
Rs—CQutput voltage control, 0.1-meg-

6AQ5

ohm, 2-watt potentiometer.
Ti—Filament transformer: 10 volts,
3.25 amp. for 211; 6.3 volts, BiB 00
4 amp. for 812A. VRIS0
Ts—Filament transformer: 6.3 volts,
1 amp.
OA2or
VRI150

obtained with a regulation better than 1 per cent
over a current range of 0 to 100 ma.

In the circuit of Fig. 12-26, a V-70D (or 8005)
is used as the regulator, and the control tube is
an 807 which can take the full output voltage,
making it unnecessary to raise it above ground
with VR tubes. If taps are switched on R, the
output voltage can be varied over a wide range.
Increasing the screen voltage decreases the out-
put voltage. For each position of the tap on R,
decreasing the value of Ry will lower the mini-
mum output voltage as R, is varied, and decreas-

Fig. 12-26—This regulator circuit used by W1SUN oper-

ates from the plate supply and requires no VR string.

A small supply provides screen voltage and reference
bias for the control tube.

Unless otherwise marked, resistances are in ohms.
(K = 1000). Capacitors are electrolytic.
R1—50,000-ohm, 50-watt adjustable resistor.
Ra—0.1-megohm 2-watt potentiometer.

Rs—4.7 megohms, 2 watts.
R(—0.1 megohm, %2 watt.
T:—Power transformer: 470 volts center

POWER SUPPLIES
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6AQ5

s v.A.C.

voltage. However,
small, the 807 will lose control.
At 850 volts output, the variation over a

At 1500 volts output with the same curre
changc, the variation in output voltage should}

current.
A somewhat different type of regulator is t

voltage drop across the VR tubes is consta
any change in output voltage appears across
This causes a change in grid bias on the 811
grid, causing it to draw more or less current]

. o .
A . .. +3000V.D.C. +850 T0
tapped, 40 ma.; 5 volts, 2 amps.; T, | B hEn.
6.3 volts, 2 amps. !

To—Filament transformer: 7.5 volts, 3.25 l 15 V.A.C.
amp. (for V-70D).

T
R3 2 armes
2w,
R2
—»2 100K
2W.
115V,
15y Ry S 100k
YoW.
Ry
TO0 T, 100K  0O-88V.
2Ww. BIAS
5651
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the amplifier screen. This provides a constant
load for the series resistor R,.

The output voltage is equal to the sum of the
VR drops plus the grid-to-ground voltage of the
811-A. This varies from 5 to 20 volts between
full load and no load. The initial adjustment is
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010 PLates
olm o Fig. 12-27—Shunt screen regulator used b
R, % 5 W2AZW.
w SCREENS
C,—0.01 uf., 400 volts if needed to suppre:
oscillation.
M,;—See text.
Ri—Adjustable wire-wound resistor, resis!
e '"g“ 1o ance and wattage as required.
28 100x
2W.
made by placing a milliammeter in the filamen
center-tap lead, as shown, and adjusting R, fo
190x a reading of 15 to 20 ma. higher than the morma
peak scrcen current. This adjustment should b
made with the amplifier connected but with n
Gl excitation, so that the amplifier draws idling cur
- 1 rent. After the adjustment is complete, the mete
k

may be removed from the circuit and the fila
ment center tap connected directly to grounc
Adjustment of the tap on R, should, of courst
be made with the high voltage turned off.

Any number of VR tubes may be used to prc
vide a regulated voltage near the desired valu
The maximum current through the 811-A shoul
be limited to the maximum plate-current ratin;
of the tube. If larger currents are necessary, tw:
811-As may be connected in parallel. Over :
current range of 5 to 60 ma., the regulator hold
the output voltage constant within 10 or 15 volts

BIAS SUPPLIES

As discussed in Chapter 6 on high-frequenc
transmitters, the chief function of a bias supph
for the r.f. stages of a transmitter is that of pro
viding protective bias, although under certair
circumstances, a bias supply, or pack, as it i
sometimes called, can provide the operating bia:
if desired.

Simple Bias Packs

Fig. 12-28 A shows the diagram of a simple bia:
supply. R, should be the recommended grid leal
for the amplifier tube. No grid leak should b
used in the transmitter with this type of supply
The output voltage of the supply, when amplifie
grid current is not flowing, should be some valu
between the bias required for plate-current cut
off and the recommended operating bias for thi
amplifier tube. The transformer peak voltage (1.
times the r.m.s. value) should not exceed the rec
ommended operating-bias value, otherwise th
output voltage of the pack will soar above thi
operating-bias value with rated grid current.

Fig. 12-28—Simple bias-supply circuits. In A, the peal
transformer voltage must not exceed the operating valu
of bias. The circuits of B (half-wave) and C (full-wave
may be used to reduce transformer voltage to the recti
fier. Ry is the recommended grid-leak resistance.



