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most applications.

The location of C2 and C3 is critical. Those capacitors are
used to suppress transient impulse noise, which implies high-
frequency content pulses. Therefore, C2 and C3 must be
mounted as close as possible to the body of the voltage
regulator integrated-circuit (i.e. Ul). Many projects call for
mounting C2 and C3 on the body of Ul! If those capacitors
are mounted too far from U1, or if their leads are too long,
then the function of the capacitors is compromised.

Capacitor C4 (Fig. 2) is optional but highly recommended,
except in circuits that experience wide shifts in load current
over short durations:; digital circuits are examples. In those
cases, C4 is mandatory.

The function of C4 is to improve the transient response of
the voltage regulator. The capacitor serves as a local reservoir
to supply current to the load for a brief instant while the
regulator readjusts itself to the new, higher, level of current
demand.

The device marked OV/ is an over-voltage protection cir-
cuit, sometimes called an SCR-crowbar. The function of OV1
is to protect the external circuitry served by the voltage
regulator in the event of a catastrophic failure of Ul. Keep in
mind that input voltage V1 is at least 2-3 volts higher than
regulated output voltage V,, and may be much higher than
V. If Ul fails to the point that V1 appears on the V, line (a
frequent failure mode), then failure of the devices receiving
Vs likely. Ina TTL circuit, for example, a Ul failure would
place + 8 volts on the + 5 volt line—and that will burn out
TTL chips!

The heatsink for Ul is sometimes pronounced optional by
manufacturers and authors. I personally prefer heatsinking of
all voltage regulators, contrary advice notwithstanding. Volt-
age regulators are power-dissipating semiconductor devices
and, as such, their reliability is directly affected by tem-
perature. For 1-ampere and under models, the metal chassis
(if any) may be sufficient. Otherwise use a finned heatsink on
Ul.

Changing Output Voltage

Three-terminal integrated-circuit voltage regulators come
in fixed voltages such as 2.0, 5.0, 10.0, 12.0, 15.0. 18.0, and
24.0 volts. If we need voltage values between the standard
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FIG. 3—NON-STANDARD VOLTAGES can be

obtained from voltage regulators that were
designed to produce one fixed regulated
R2 voltage. In A, one, or more diodes raise
the device’s Vg output by .7-volt DC for
each diode connected in series. A resistance
= divided in B is used to provide an offseting
voltage that is variable.

voltages, then some other tactic is necessary. Figure 3 shows
two methods for changing V on fixed-voltage three-terminal
integrated-circuit voltage regulators.

Figure 3A shows the use of rectifier diodes (e.g.
1N4001-1N4007, or equivalent) in the common lead of the
voltage regulator to increase V. The value of Vi, changes
about 0.7 volt for each diode connected in series. Although
that method works, it is not recommended because of the
temperature dependence of the 0.7-volt drop across the rec-
tifier’s PN junction! In most cases, the method of Fig. 3B is
preferable.

The circuit of Fig. 3B places the common terminal of the
regulator at a potential that is a fraction of the desired Vo,
rather than ground.

Perhaps the best solution to the variable voltage problem is
the use of a regulator designed for such operation. Common
voltage-regulator types available are the LM317 (1.5 ampere),
LM338 (5-ampere) and Lambda Electronics’ LASXXU de-
vices.

The LM338 is a 5-ampere horse of a regulator in a TO-3
case. It must be heatsinked at that current level, especially in
situations where the input voltage (V) is much larger than
V- That situation occurs in variable supplies when V, is at
its minimum value. In the LM338 circuit of Fig. 4, for
example, a 28-volt V| will permit an adjustible V of 1.2 volts
to 25 volts. At the low voltage, therefore, power dissipation
Py, at 5 amperes load current will be:

Pp = (28-1.2 V) X (5 A) = 134 watts!
The problem is less acute at the maximum value of V, where:

Py = (Vi - Vo) X (I e = (28-25 volts) X (5 A)
Pp = 3V) X (5§ A) = 15 watts.

The LM338 output voltage V., is set by a voltage-divider
network (R1 and R2) that may be either a single potentio-
menter, or a combination of a fixed resistor and a potentiome-
ter. If a fixed output voltage is desired, then both R and R2
can be fixed. The output voltage is determined by:

Vo = (1.25 V) X (R2/RI + D).

In most cases, the value of Rl will be 120 ohms to 250

v v
! . ®  FIG. 4—THE LM338
voltage regulator vy Vo
! 12092 ::2 must be mounted on
c1 a heat sink when a large internal voltage drop
I 01 R2 _ I8 expected. As the text detalls, a V, of
1 5K - 28 volts and a Vg output of 1.2 volts will = o
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burn up about 134 watts at a load current of 5
amperes. Under the same conditions, except Vo
is 25 volts, the power dissipated is only 15 watts. o
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You should recognize that equation as being a modified
version of the LM338 equation. Normally, potentiometer
R2b will be from 10 to 50 percent of the total (R2a + R2b).
The precise ratio of R2a to R2b depends upon the degree of
control (i.e. resolution) and range (maximum to minimum
values of V) desired.

The high current is handled by one or more series-pass
transistors. Two ratings are of primary consideration when
selecting transistors: collector power dissipation and collec-
tor current. In addition, we must also be certain that each
transistor has a V- rating high enough to accommodate all
reasonable excursions of input voltage V,.

The power dissipated in the collector of the series-pass
transistor is the product of the collector current (maximum)
and the C-E voltage drop which, in that case, is the difference
(V,-Vo). For adjustable regulators, then, the actual max-
imum power dissipation that the transistors must sustain is:

Pd(mam) lC(max)(vl(max) vO(min))‘

When two or more transistors are connected in parallel to
increase the current capacity of the regulator, we must use
emitter ballast resistors R3 and R4 (Fig 7) in series with each
emitter. Also, if there are wide differences in the beta gain of
the transistors, then the load division may not be even. Under
that circumstance, it may happen that the current handled by
one transistor exceeds its rated I.. For that reason, rough
matching of the power transistors may be desirable.

With the circuit shown in Fig. 7, using 2N3055 transistors
for Q1 and Q2 will yield a power supply of 15 to 20 amperes
ICAS rating.

Another alternative for high-current regulators are the
hybrid units made by Lambda Electronics Inc. (121 Interna-
tional Dr., Corpus Christi, TX 78410). Lambda has long been
recognized as a leading manufacturer of O.E.M. and work-
bench power supplies, but also sells power-supply compo-
nents. Figure 8 shows one of the Lambda hybrid regulators,
the 20 ampere LAS-52XX devices. The XX denotes the
voltage output, and may be 5, or 24. The package for those
regulators is shown in Fig. 8 A, while the application circuit is
shown in Fig. 8B.

The package for the LAS-52XX (Fig. 8A) is a special
design of epoxy, with heatsink surfaces top and bottom. The
main heatsink surface is the bottom plate, and that should be
attached to a metal heatsink surface.
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is shown connected into a

constant-current configuration.

FIG. 9—A VOLTAGE REGULATOR

is a hybrid device that can deliver up

<L to 20 amperes. The XX could be either 05

or 24 indicating the regulated-voltage output.

The usual circuit for the LAS-52XX is shown in Fig. 8B.
Capacitor Cl is the regular ripple-filter at the output of the
rectifier. The value of that capacitor is 2000-F/ampere, so
for a 20-ampere power supply a 40,000 pF capacitor is
required.

There are two V + terminals on that device. Pin no. 1 is the
main V + terminal (high current) and is designated +V,.
That terminal is connected to the internal series-pass tran-
sistors. Pin No. 20 is designated + V, (control), and is used
to supply power to the internal control amplifiers. The voltage
applied to pin No. 20 must be at least +7.5 volts DC. That
requirement can be met on the LAS 5212 and LAS-5224 by
connecting pins | and 20 together. On the LAS-5205,
however, it may happen that + V, is between 7 and 8 VDC,
so may occasionally fall below the +7.5 VDC minimum.
That situation occurred in one of my own products where the
unregulated + V fora +5 VDC supply was derived from a
6.3 VAC transformer. The solution in that case was to connect
Pin No. 20 to the + 12-VDC supply used in the same micro-
computer.

Pin Nos. 14 and 16 (Fig. 8) are sense lines, and are used to
tell the internal reference amplifiers what voltage is being
produced for V. If the wires connecting the regulator output
to the load are short and heavy, then pin 14 can be connected
via Rl directly to pin No. 7 (main = V), and pin 16 can be
either grounded, or connected to pins 3 and 5. In many cases,
however, we will connect the sense lines to + Vg and -V at
the load. That connection permits them to be used to measure
V, where it is needed; and therefore, cancels the sometimes
substantial effect of IR drop in the main current-carrying
conductors.

Potentiometer R1 is used to set V, to an exact value close
to the nominal value specified by XX in the device type
number. The resistance of Rl is given by:

Rl = .25V (1000-ohms/volt).
For a 5-volt LAS-5205, therefore, we need a resistance great-
er than

= (.25 X 5 volts)(1000-ohms/volt)

Rl = (1.25)(1000) = 1250 ohms.
Current Regulators

Figure 9 shows a three-terminal integrated-circuit regulator
used as a current source. The output current is given approx-
imately by:

I =V, 4RIl +1,
where I, is the output current V,.5is the output voltage, V,,
Rl is the resistance in ohms, and I, is the quiescent current of
Ul (typically 1-5 mA).
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FIG. 18— TRANSFORMERLESS POWER SUPPLIES are quite common. in A, this halfwave rectifier circuit is common to the
vacuum-tube radios for several decades.
in B, the voltage doubler uses two identical capacitors to provide twice the voitage normally pssible in A.

expensive). Figure 18 shows two different versions of trans-
formerless supplies.

The version of the transformerless power supply shown in
Fig. I8A is a simple halfwave rectifier supply that is operated
directly from the 117-volts AC power line. The rectifier is in
series with the hot side of the AC line, while the common is
the neutral side. The high-output voltage, V,, will be approx-
imately equal to the peak AC voltage. Since the AC rms
voltage may vary between 105 and 125 volts, V| may vary
from 148 to 178 wvolts DC. A lower voltage, V,, may be
provided by a series-dropping resistor (R2) and, in that case,
aZener diode (D2). Resistor R1 is not always used, and serves
both as a current-limiter, and fuse to protect the rectifier (D1).

Figure 18B shows a voltage-doubler power supply; also
half-wave rectified. The output of that supply will be slightly
less than twice the output voltage of Fig. 18A. It is advisable
to have Cl and C2 of equal value and rating.

Warning

Transformerless power supplies contain an inherent danger
that is potentially lethal! If used incorrectly, or carelessly,
those supplies can kill you. If, for any reason, the hot and
neutral become reversed (and it does happen), then the power
supply will continue to work but the common will be the
lethal hot side of the AC power line. Touching the normally
cold common line (negative side in Figs. 18A and 18B) is
extremely dangerous in that case. If such a supply is used so
that common is chassis, then the entire chassis must be
insulated from the outside of the cabinet. That is the way TV
and radio sets are designed. In that situation, beware of sneak
circuits that lend to the lethal chassis via mounting screws,
knobs with metallic paint, signal commons, or antenna return
paths. Transformerless power supplies should always be op-
erated using a polarized AC line cord; that is, one that fits into
the AC outlet only one way. Whenever possible, transfor-
merless power supplies, commonly called AC/DC supplies,
are not recommended for project construction.

High-Voltage, High-Power

The classic high-voltage power supply for 500-watt (and
over) audio and RF vacuum-tube applications provides from
+ 800-volts DC to + 5000-volts DC at currents up to |
ampere. A typical high-voltage power supply for a linear RF
1-kW amplifier might be 2700-volts DC at 500 mA.

The transformer used in the high-power, high-voltage sup-
ply will often have two primary windings (see Fig. 19A). That
arrangement allows you to use either 117-volts AC or 220-
volts AC. Most users prefer 220-volts AC for high-power

applications because of the lower current requirements. A 2-
kW PEP SSB linear amplifier might draw 10 amperes on 220-
volts AC, and 20 amperes on 117-volts AC. The connections
for 220-volts AC and 117-volts AC are shown in Figs. 19B and
19C, respectively.

Most designers do not even try finding multi-kilovolt di-
odes for use as rectifiers in high-voltage high-power supplies.
A usual trick is to connect several diodes in series to form
each rectifier (see Fig. 20). Recall that the rectifier I, rating
must be 2.82 times the applied rms AC voltage. If our
transformer delivers 2000-volts AC rms (a common value),
then the IV rating of the rectifiers must be (2000-volts AC) x
(2.82), or 5640 volts. A reasonable margin for error would be
realized by making the actual PIV rating 6 kV or 7kV. A 7-
kV rectifier is realized by connecting seven 1000-volt PIV
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FIG. 19—TWO PRIMARY WINDINGS in a power transformer
offer the opportunity to double the voltage of the secondary.
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FIG.23—THIS MAY LOOK overly complicated for a power
supply, but consider the circuit it is supplying power to! For
example, the supply may be feeding a 5000-watt FM transmitter.
The sudden application of high-voltage to the final tubes
before the oscillator has an opportunity to stabilize may
reduce the life of the final amplifiers to a few hours. At

$130 per tube, 4-tubes total, the cost to operate the FM
transmitter without this power supply is prohibitive.
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The voltage-equalization resistors can be air-mounted
from the tabs on the electrolytic capacitors. The wire connec-
tions between capacitors are as shown in the drawing of Fig.
22.

Figure 23 shows the typical primary winding wiring for a
high-voltage, high-power AC-operated DC power supply.
Besides the two transformers, there are several safety features
to that circuit.

Two transformers are used if the power supply is used for
RF linear-amplifier service. Such amplifiers most often are
vacuum tubes which require a low-voltage, high-current fila-
ment supply (T2).

Vacuum tubes must be brought to operating temperature
before high voltage is applied. That requirement means that
the filament must be turned on before you turn on the high-
voltage DC supply. That job is accomplished by the switching
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however, the current drops to the operating level. That in-rush
current can reduce the life of a vacuum tube. In order to
reduce that in-rush current, a resistor is placed in series with
the filament transformer primary winding. That resistor gen-
erally has a value that will reduce the current to about one-
half its normal value. When Timer-1 times out, contacts Cl-
C2 of K1 close and short out the resistor. With R1 shorted, the
primary of T2 receives its full voltage.

Al

arrangement of Fig. 23. Switch Sl is the main power-on
switch, and will turn on the filament transformer. That switch
must be a heavy type that can pass the primary currents of the
two transformers. The main current will be that of the high-
voltage transformer. That current can be 20-amperes on a
kilowatt linear operated from 117-volts AC.

The primary winding of high-voltage transformer T1 is
controlled by the AI/A2 and B1/B2 contacts of relay KIl.
Those contacts close (Al-A2 and B1-B2) when the coil of K1
is energized. The coil is energized when Timer-1 times out.
The duration of the timer is set to a value that will permit the
tubes to heat up. In some cases, the timer will be electronic,
but most are electro-mechanical.

The cold filaments of a high-power vacuum tube draw a
tremendous amount of current. As the filament heats up,
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FIG. 24—TRANSISTOR Q1 is not operating as a
series-pass transistor. it is functioning as an
electronic switch, alternately opening and closing—
Re v. depending upon the control and reference voltages
¥ fed to amplifier A1. Text describes circuit and
relationship of curves to circuit operation.
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switching regulator. Figure 26A shows the block diagram of
the Lambda Electronics LAS-3800 device; Fig. 26B shows
the package pin-outs.

The 16-pin DIP integrated-circuit package contains a tem-
perature-compensated reference voltage source, a sawtooth
oscillator (with overcurrent frequency shift), pulse-width
modulator, error amplifier, current limit comparator and a
pair of 500-mA, NPN output transistors (with overcurrent
protection). The LAS-3800 is designed as a fixed-frequency
regulator for both power supply and DC motor-control ap-
plications. The LAS-3800 will operate over an input voltage
(V1) range of 12 to 40 volts, with a fixed frequency up to 500
kHz. The timing resistor connected between pin 12 and
ground must have a minimum value of 5000 ohms. Figures
27A and 27B show step-up and step-down voltage-regulator
circuits using the Lambda LAS-3800 IC switching regulator.

The step-up version (Fig. 27A) oscillates at a frequency of
approximately 58 kHz, and provides an output of 48-volts DC
at a current of 0.25 ampere. The unregulated input voltage is
12-volts DC. Line regulation is 10-millivolts for input shifts
over the range 10-14 volts; load regulation is 13 millivolts.
Note that the E, and Eg outputs are tied together on the
LAS-3800. Those outputs combine to drive the switching
transistor, QI.

The step-down version is shown in Fig. 27B. That power
supply will produce a regulated output voltage that is lower
than the line voltage. That is the generic type of power supply
used in many microcomputers. Notice that the configuration
is similar to that shown earlier for that class of switching
voltage regulator. In that case, the LAS-3800 internal tran-
sistors are used as the electronic switches. The E, and Eg

outputs are tied together to increase the current capability of
the chip. Diodes DI and D2 are used to isolate the chip’s
outputs from each other.

The circuit of Fig. 27B oscillates at 90 kHz, and will
produce + S-volts DC output from a 12- to 24-volts DC input.
The full output load current is 500 mA, so the power available
is 2.5 watts. Regulation levels are similar to Fig. 27A.

The step-down version contains a component not used in
the step-up version. The device marked L2-OV6 is an IC
over-voltage protection module. The L2-OV6 is a 2-ampere,
6-volt SCR crowbar. If the switching regulator fails, and
permits V, to get onto the V, line, the L2-OV6 breaks down
and shorts the output line. In both cases, the actual output
voltage can be adjusted by a sample of the output voltage
selected by a potentiometer across the output line.

Inverter Circuits

An inverter is a special kind of switching power supply that
produces an AC output. The actual output is more like a
squarewave than a sinewave, but it can be used to power lights
and other devices which represent non-reactive loads (i.e.
small inductance or capacitance). The inverter also forms the
basis for DC-to-DC converter circuits. Such circuits are
sometimes used to provide DC voltages of a different level
than the power-supply voltage, while in other cases their
function is to provide isolation between the two DC power
supplies. That latter application is used in medical instru-
ments for patient safety reasons.

The Lambda LAS-3800 can be used in an inverter circuit
such as Fig. 28. That circuit is similar to the old vibrator
power supply used in pre-transistor auto radios. The inset in











