Build a High-Voltage
Power Supply at Low Cost

Looking for HV supply parts? A few dead microwave
ovens may supply all the parts you need.

ot from the kitchen, here's a
H full-course supply for power-
hungry vacuum-tube ampli-

fiers, Have wou had thoughts of
building a high-power amplifier or
resurrecting a uwsed “hargain® amp?
T've thought sbout such a project for a
long time. Initially, it seemed like a
good ides when cempared to the price
of a new amplifier. After researching
the cost of power-supply partz, how-
ever, | began to have second thoughts,
Ineeded the components and materi-
als to make a unit capable of supplying
2700V at 500 mAor more. Lalso needed
a well regulated 500 V output for the
sereen @rid. [ have met zseveral hams
who have built such supplies with sur-
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plus partg and achieved good results.

When searching surplus and used
parts, [ never seemed to find just what
Iwanted. | was also discouraged by the
thought of finding replacements for
expengive, starce parts—such as trans-
formers—should future repairs become
necesaary.

Microwave (vens

As a gource of high-power, high-
voltage parts, large (defunct) vacuum-
tuba color televigions and military-
surplus gear are no longer as plentifu)
as in the past. The ubiquitous micro-
Wave oven isin some instances, & good
replacement source: The new ones
have become so0 inexpensive that re-
pair iz often impractieal, so nonwork-
ing units ean often be obtained at littla
or no cost.

Tobetter exploit the innards of these
appliances, it helps to have aome
knowledge of how they work, or at
least how they are wired.

Azingle electron tube {a magnetron)
generates microwave energy that
travels to the cooking cavity by way of
a short wave guide, The magnetron
uaes sfrong permanent magnets to
make slectrons swirl past resonant
cavities inside the tube. The interac-
tiom of electric and magnetic fields
sugtaing oscillation in the cavities.

The eirenit powaring the magnetron
in almoszi all microwave ovens is simi-
lar to Fig 1. There are slight circuit
differences between brands and mod-
els. Some may not have the bleeder
resistor across the capacitor. A few

TNates appear on page 51
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medels use separate transformers for
the filament windings.

Hers's a sirprising fact: The varicus
maodels of microwave ovens have so
many similarities that vou can mix
and match their components, You can
build a very reliahle power supply by
using these components correctly.

The transformer high-voltage wind-
ing typically puts out 2100 V BRMS
under a light load, The capacitor and
rectifier are electrically similar in
mast units. The greatest variation in
the components of Fig 1 will be me-
chanical details sueh as shape and
mounting configurationa,

The circait in Fig 115 a voltage dou-
bler. The magnetron serves double
duty ag rectifier and load. There iz no
gecond capacitor to smoath the current
pulzes flowing through the magne-
tron, Apparently, this modulates the
frequency of the magnetron output to
help prevent standing-wave patterns
that might cauze uneven heating in
the cooking cavity.

The capacitors in these cireuits are
usually oil filled, 1 uF or smaller and
rated at 2200 V {acl. Generally, you
canuse them as filter capacitors for de
voltages up to 3200V,

The rectifiors come in a variety of
shapes. They are tough, rehiable and
much more convenient than strings of
smaller diodes.

There are other useful parts, too,
Look for fuses, fuse holders, relays,
switches, low voltage electrolviic ca-
pacitors, resistors, connectors, high-
voltage wire, hardware and other
goodies for the power supply. 1 even
used part of the cabinet for this
priject.

While om the subject of salvage
parts, [ recently saw an interesting
gource of parta that could be used in
the screen supply.? Some disposable
Nash cameras have eloctrolytic capaci-
tors with ratingz of 160 pF at 330 ¥
fde). Perhaps you can ask z Joeal film
processar for some of the used camera
bodies destined for the trash bin or
recyeling center,

Souped-Up Transformers

The high-voltage transformers in
typical microwave ovens have features
that must be considered when using
them in Amateur Badio power supplies,
One obwvious characteristic j= that they
have nocase; the windings are exposed.
Be careful not to nick or damage the
windings az you work with these heavy,
swhward components. Thia is espe-
cially important with the secondary
ihigh-veltage) winding.
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The primary and secondary windings
are normally wound separately inatead
of one aver the other (see Fig 25, The
filament winding, however, is usually
wound pver the high-voltage (second.
ary) winding. One side of the high-volt-
age winding is often grounded to the
frame. This is the "gold” or low voltage
end of the winding, Even transformers
with ungrounded leads do not have suf-
figient insulation to zafely withatand
the full secondary voltage at the end of
the windirg that iz normally grounded.
For this reason, the transformers must
be uzed in pairs in a full-wave aupply.

One feature of the tranaformer must
be modified: A smail block of lamina-
tions is wedged into the core, These
magnetic shunts allow some of the
magnetic field to bypass the secondary
winding. The effect is similar to put-

ting an inductance in series with the
primary. In a microwave oven, this
practice helps protect the magnetron
from overloads, In a power sapply, it
will cause poor voltage regulation.

Fortunately, the shunts are pressad
in place and can be driven out with a
hammer and punch. When doing this,
support the transformer core sg that
the windinge are safe from foree ex-
erted on the shunt and core, One
method is o place wooden 2x4s under
each side of the core so that the wind-
ings are clear of the work surface.
Another method 12 to bolt the core ze-
curely to a frame, such a8 the one used
to construet the power supply.

Eome of the shunts are preased in
very tightly, and they may be held to-
gether with g rivet. For best results,
use a two-pound hammer. The punch
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Fig1—This is the power-supply circuil for a typieal microwave oven. The 117 V ae
enters through a control eircuit, Although some use a mechanical timer, others use
a sophisticated electronic contraller with numerous salvageable parts.

T I
CORE PRIHARY SECOMORRY

Fig 2—Transformers for microwave ovens are usually consiructed with separate
winding areas. Some builders find them useful for rewinding because the high-
valtage mmdur[y car be cul away with a sharp wood chizel. This leaves plenty of

room to install a
applications,

-voltage secondary for tilament supplies of other low-voltage



zhould have a flat end and a cross see-
tion almost as large as that of the
shunt.

Plate and Screen Supply

Fig 3 shows how 1 used four trana-
formerz and a number of other micro-
wave oven components to build a plate
and screen supply for a vacwum-tube
amplifier. The output of this supply
is arranged somewhat unconvention-
ally becauze the amplifier uses a
grounded screen with the cathode
floating at 500 V.

It is easy to modify this design for
mare eonventional grounded-cathode
applications, Simply disconpect the
meter (M) and ground the terminal
labeled CATHODE, whers all the
transformer secondaries tie together,
If your amplifier needs a conventional,

positiye-output sereen supply, reverse
2, 3, D1 and D2, then connect the
screen grid to the free end of M. If you
have a grounded-grid amplifier that
negds no 2eréeen supply, remove thoss
components along with K5, 21 and F3.

[ was fortunate enough to find trans-
formers where the cold side of the wind-
ing was not internally connected to the
tran=former core, If your transformers
have internally grounded secondaries,
you ean use them in this (unmodified)
design, but you must ingulate the core
from the chassis. [did spin my supply—
just in case I need te use internally
grounded replacement transfermars
some day. The insulation between the
primary and core will be more than
adequate for 500 V de,

C4 s actually a bank of parallel con-
nected capacitors that can stere s

large amount of energy. Attempts to
charge C4 by suddenly applying full
power results in large currents, which
could damage the rectifiers and other
components, Therefore, power is first
applied through R2 and B4 when 514
and S1B are cloged, C1 charges
through D2 and B2 until the voltage
across it 15 high enough to close the
contacts of relay K, which apphes full
power to the power supply.

Wher S1 is thrown to the OFF posi-
tion, thecoil of K is shorted by K1, which
causes the relay contacts to open. This
scheme eliminates the additional high-
current relay or switch needead in other
stepped-turn-on methods.

The sereen supply can be meodified
to provide a lower screen voltage if
needed: If you need a sereen voltage of
330V de (assuming 117 V ac on each
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Fig 3—This is how my supply is wired for a tetrode amplifier that has its screen grid tied to dc ground. For use with a more
conventional grounded-cathode amplifier circuit, see text. C3 came from my junk box. You will probably need to use two lower-
voltage capacltors in series. Install a 100 kO, 2 W equalizing resistor across each one. C4 is a bank of 17 salvaged capacitors

connected in parallel with a total capacitance of 15 pF. Di

01, D2 and D3 are 1N4007s. 04 through DT are salvaged from

various microwave ovens. F1 and F2 are slow-blow 15-A fuses. F4 is made of § inches of 240 copper wire supported by
terminals on the interior Plexiglas panel. Relay K can be a single DPST relay or lwo SPST relays, | used two salvaged SPST
relays with their +12 V, 160-0} coils wired in series. They are similar te the Omron LY1-DC12 (from Digi-Key). RE consists of five
10 ML, 2 W carban-composition resistors in paralial. They were already instalied across five of the capaciters comprising G4,

Other
varistors in series.

types of resistors, such as earbon-film, may not withatand the veltage, Z1 is thres Radio Shack #276-568 metal-oxide
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side of neutral), connect the cathode
end of D1 to the neutral wire. (I don’t
recommend this circuit it yoo plam o
use A 117 V outler, It is too easy to end
upin a sibuation where the polarity is
reversed making the amplifier chassiz
“hit™ and potentially lethal.s The eir-
cuit i safe with 230 V outlets because
they can't be easily reversed.

Capacitive vollage multipliers have
areputation among some expariment-
ers for poor voltage regulation. This
can happen if the resctance of the
capacitors is too high {capacitance iz
too low). Using large value capacitors
at C2 and C3F results in good voltags
regulation. The voltage at F3 drops
lesa than 5% with a screen current of
50 ma,

Transient suppressor £1 iz ineluded
in this circuit beeause I became tired
of replacing D2 when an overload of
the high-voltage line oceurred. Thia
happens becanse a low rosistance path
izhort) on the plate line cguses the
negative high-voltage line to “over-
power” the sereen supply. This in-
creases the voltage across D3, destroy-
ing it and sometimes DI, as well, This
doesn't happen with a “conventional”
setup, where the sereen floats above
ground, (See lan White'z artiele for
mare consideration of sereen supply
issues ) If an overload occurs now, 1
need only open the fuse holder and pop
in a new F3. (The overload is diasi-
pated in £1 until F3 blows.) For a con-
vantional screen-grid arrangement,
place Z1 on the output side of F3 to
help protect the screen grid.

Construetion

Each microwave-oven transformer
weighs more than 10 pounds, I built a
12¥12-inch frame of stesl angle atock
(1212 e-inch } to support the trans.
formers, [t rests on an insulated plat-
form inside the enclosure shewn in Fig
4. Fiberglass makes a sturdy material
for the platform. 1 used paimted wood
2xds and Ye-inch plywood,

The lower halfof the enclosurs in the
foreground iz a light-blue, enamel-
coated-stesl erigper drawer from a re-
frigerator. The upper half iz a similar
white drawer folded back on hinges (in
the background}, On top of the steel
frame js a U-shaped frame made from
a microwave-oven cabinet,

Time-delay and screen-supply com-
ponents are mounted on a perforated
phenglic board at the left, On the
far side of the U-shaped frame, Tholted
& Plexiglaz panel that holds the
high-voltage rectifiers and output
connectors.
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Resting atop the U-shaped frame is an
assortmant of parallel-connected, oil-
filled capacitors that make ap U4, Sama
of these capacitors have built-in rectifi-
ers and/or blesder resistors. Take care
to connect those with a rectifier so that
the rectifier is reverse biased—a for-
ward-biased rectifier would short cir-
cuit the high voltage. (A simple multi-

Fig 4—Double-backed tape and emall cardboard strips belwean the oil-filled

meter check may not identify the diede
polarity. Use 2 ® to 12V de source with
a 1 ki) serips resistor. )

Swing the top cover clozed as shown
in Fig &, and everything is swallowed,
as if inside a giant clam. Even the out-
put connectors are inside. This allows
me to use binding posts on the Plexiglas
panel, instead of expensive high-vole-

capacitors hold them in place, while lastening the slrapping, All fuses are

accessible with the cover in this position.

Fig 5—in addition to other features mentioned In the text, this power supply lealures

a two-tone color scheme, four-wheel independent stegring and chrome plated
bumpers (handles). Mileage in GS0s per kilowatt hour is yet o be determined.



age connectors. Two screws, opposite
the hinges, hold the lid closed

Because of the mass of this power
supply, I mounted four small swivel-
ing casters om the bottom, The hinged
topand cazters prove most convenient
when working oo the amplifier and
power swpply.

Operation

A power supply like this one should
be operated safely: with all high-velt-
age points inaccessible to the operator
and vthers. 1 always make sure the ac
plug is not in the outlet and within
sight when I work on the amplifier or
power anpply. Use extreme caution
when testing and troublesheating.
Your first contoet with kigh voltoge
eould very well be your last!

dsp@zdi.com

four Brain Before This Semin

The efficiency of microwave-oven
transformers seems lower than some
athers when lightly leaded. {The recti-
fier conpections shown in Fig 3 result
in half-wave operation of each trans-
fermer, with de in the windingz, This
may lead to increased core loss and
poasibly some core saturation on valt-
age. peaks. This may account for
greater heating—along with the prob-
gbility that the most seonomical core
materialzs are used.) ['ve not exper-
enced any heat-related failures, how-
gver, the enclosure hecomes warm
enough during extended operation
that I may include some forced venti-
lation in the future.

Overall, T'm very satisfied with the
performance of this pewer supply, It
secms to loaf along with loads drawing
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1000 te 1400 W de input and could
handle even heavier loads with a
larger C4

Referances

"Many microwave ouens have the wiring dia-
grarm glued to the inside of their enclosure.
I've had fhe prvilege! 7 of dismantling ap-
proximately 20 microwave ovens of as-
sorfed brands and models, Some were
repaired. The rest wera taking up the valu-
able space of a slore owner who repairs,
gelis and rents appliances, Ezch of us took
gome of (he salvaged parts. If you negoti-
ate a desl ke this, make sure you have {or
gel] the training necessary (o salely repair
and test these apphancas.

“Stewve Bendaer. "The Bender 2pp Tubs
Push-Pull Amplifier Rebuild Project, Part
3" Nuis and Volts Maganne, Apr 1997,
Vol 18, Mo, 4, pp 65 10 70.

Han White, GISEK, "Power and Protection for
Modern Tatrodes,” GEX, Oct 1897, p ]Eilj"_'l
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