The Gamp:

Adaptable

Power for Tube Amps

You can configure this versatile power supply for use in tubed

and a variety of other projects.

his project began with an ampli-

fier. I was working up a small, |

tubed, Champ-class guitar am- '

plifier, and the first step was
inevitably to build its power supply, so
I could begin experimenting with the
audio circuits. Like all guitar amps in
my experience, it would have several
stages of filtering to power the various
sections of the amplifier. It would not,
however, use active regulation.

As I was working out the design, 1
realized that this type of power supply is
applicable to a variety of projects. Many
people are building tube doohickeys of
one sort or another—microphone pre-
amps, compressors, guitar amps, clones
of classic tubed gear—and each one !
needs a power supply. Why reinvent the
wheel every time, and design a board for
it to boot?

I began designing the board using a !
new open-source layout program, Free
PCB (www.freepch.com); along the way I
decided to make the board layout as flex-
ible as possible, so it could be used for a
broad range of projects. I wound up with :
a design and board that can be used for
any application requiring a well-filtered
power supply with a nominal voltage
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ways to make it sit up and do tricks, up
to and including regulation.

WANT LIST

As always, step one in the design was |
- figuring out what I wanted it to do. First, -
I wanted the supply to be usable with ei-

ther tubed rectifiers or solid-state. With
solid-state diodes, I wanted the option
of using RC snubbers as described by
1 as well as the anti-reso-
nant series resistance suggested by Ben
Duncan?. I wanted the diodes, if solid-

of LC filtering, and, for safety reasons, I
wanted a bleed resistor to bring the volt-
age down quickly when the power gets
turned off.

ladder, in which each stage’s filter taps
off the previous one, or a variant which
allows two filters to fan out indepen-
dently. Finally, I wanted users to have

the option, in each stage after the first, :
of using a standard star ground or a dif- !
ferent grounding scheme (again jumper-
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selected).

There was some pleasant serendip-

ity. By using two series resistors for the
: bleeder, I could elevate a filament supply

above ground, either for hum reduction
(an AC filament is less likely to radiate
into the adjoining cathode when it’s bi-
ased above the cathode’s DC level) or to

. avoid exceeding heater-to-cathode limits
. when a tube is being used as a cathode
¢ follower, SRPP, or similar circuit.

I found I could use the spaces for the
two series bleed resistors for zener di-
odes instead, producing a simple regula-
tor; by adding an external pass transistor

- (and heatsink) I could even implement a
full emitter- or source-follower regula-
i tor.

I called my design the Gamp sup-
ply, named for the little guitar amp that
was its first purpose. It’s a general-pur-
pose supply, but it’s important to observe

- that 350V limit on the nominal voltage.
: When designing supplies, I assume that
¢ level up to 350V. Along the way, I found

AC line voltage will vary £10%. If the
nominal voltage is 350V, then the volt-
age when the line is 10% over normal
will be 385V. There are standard safety
guidelines for the maximum voltage per-
mitted between traces on a PC board
for a given spacing; a handy online cal-
culator is at www.desmith.com/NMdS/
Electronics/TraceWidth.html.

When designing this board, I used
a minimum gap of 0.1” (100 mils) in
most locations, which corresponds to
just over 385V. If you try to run the

. boards hotter, you risk having the volt-
state, to be usable either as a center-
tapped full-wave rectifier or a full-wave
: bridge. I wanted users to have the option

age arc over between traces, damaging
the board and blowing either a fuse or
your transformer. (There are a couple of
conductors on the board that have closer
spacing, but they are all ground traces
and should have no voltage differen-

. tial between them.) For those needing a
I also wanted to offer jumper-selected :
options for the filter circuits: a standard !

higher voltage supply (to feed, say, a Dy-
naco-class power amp or a bigger guitar
amp), that’s on my to-do list.

BASIC DESIGN

The power supply design is shown in
Fig. 1. Note that most of the part des-
ignations are not filled in; parts selec-
tion is open-ended as long as you use



board, which is set up for bog-standard
sizes. The electrolytic capacitors C4, C8,
and C10 can be as large as 270uF/450V
(17 diameter, Panasonic TSHB series
or equivalent). I left room for C6 to be
larger (1.47); it can be up to 470uF/
450V if you like. The whole TS series
of caps has the same pin spacing, so you
can also use smaller ones: 33uF/400V,
for example, in the TSHA series.

The bypass capacitors (C5, C7, C9,
and C11) are presumed to be polypro-

pylenes, again in standard sizes; I in-
cluded mounting holes for 0.1uF caps

from Panasonic’s ECQ-P series at either

400V or 630V.
For input and dropping resistors R8-
11, I made room on the board for 5SW

sand-cast power resistors; it’s also possi- :

ble, of course, to use lower-wattage resis-
tors if the design warrants. The bleeder

string (R12-13) is designed to pull ImA |

of current; note that R13 is specified as
75k, which will provide 75V at the junc-
tion of R12-R13 for filament elevation.

. INPUT SECTION

components that fit the spacing of the :
- T'll talk first about hooking up the board

with solid-state rectifiers. The most |

common connection for tube circuits is a

- full-wave center-tapped design (Fig. 2a).

The transformer’s plate leads (red) are
connected to the AC1 and AC2 termi-
nals on the board, while the transformer

. plate winding’s center-tap (red-yellow)
is connected, logically enough, to the

© terminal marked CT.

The diodes specified have ultra-fast
turnoff times to minimize generation
of radio-frequency crud that can leak
into audio circuits. To ensure that they
never see a reverse voltage higher than
they can stand, each leg has two diodes
in series, with parallel resistors (R4-R7)
that ensure voltages across the diodes
are equal. (Old trick from the Radio
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Amateur’s Handbook.)

For further protection against RF in-

terference, I've included room on the
board for Hagerman-style RC snubbers.
At Jim’s suggestion, I treat each half of
the transformer secondary as a separate

winding, so there are two snubbers, R1- !
C1 and R2-C2. (For information on !

how to calculate resistor and capacitor
values in the snubbers, please see his
article.) R8 is the input damping resis-

tor 4 la Ben Duncan. In this full-wave
center-tapped configuration, R3 and C3

aren’t used.

What if you have a transformer with-
out a center tap? In that case, youd use a
full-wave bridge rectifier (Fig. 2b). The
transformer’s plate leads now go to ter-

snubber consists of R3-C3. R4-R7 are
omitted, along with R1-R2 and C1-C2.
Terminals AC1 and AC2 are connected

to each other, and to terminal CT. Id !
originally envisioned a heavy wire from :

AC1 to AC2, and another wire connect-
ing the centerpoint of that wire to CT,

. but I realized you can make the connec-
tion by inserting jumpers in place of R1,

R2, C1, and C2. (Nice, heavy wires, if
you please.)

Tubed rectifiers are almost always
used in full-wave center-tapped circuits;

Fig. 3a shows the hookup for an indi-
- for a really big capacitor at C6, to run

rectly heated tube (e.g., 6X4), while Fig.
3b shows the hookup for a directly heat-

ed tube (e.g., 5AR4). The tube’s cathode
connects right to terminal B+1; all of the

components associated with the solid- :
state diodes, including RS, are omitted. :

Note that tubed rectifiers have limits on
the size of the first filter capacitor; these
restrictions aren’t completely graven in
stone (I’ll discuss them when I do a

- worked example later), but you should
minals AC3 and AC4, and the single :

keep them in mind when designing a
tube-rectified supply.

FILTERING: VARIATIONS
ON AN RC THEME

It’s easy to substitute off-board chokes
for any of the dropping resistors in the

R4-T: 300k 2W
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FIGURE 2A: Full-wave rectifier, center-
tapped transformer.
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FIGURE 2B: Full-wave bridge rectifier.

. filter sections—I’ve shown one in Fig.

1 between B+1 and B+2, but you could
use chokes on B+3 and B+4 if you desire.
In fact, you could leave out C4 and C5
entirely, and make the Gamp a choke-
input supply. Nobody would complain.

I mentioned that the board has room

an output stage perhaps, or to stabilize
a screen voltage. Why there, in the B+2
stage, rather than the input?

As noted in the previous section,
tubed rectifiers don’t like to see large
capacitors in the first filtering stage; it
can shorten their lifetimes. Solid-state
diodes are more forgiving, but they still
undergo a lot of stress from inrush cur-
rent at the moment of turn-on. The first

. filter capacitor acts like a dead short

until it’s charged, and because a bigger
cap takes longer to charge, the stress
on the diodes is prolonged. C6, on the

- other hand, is on the downstream side
First, the filter doesn’t need to be RC. :

of R9 (or L1), which acts as a current
limiter, minimizing stress on the diodes.
(The turn-on stress is instead on R9, so
it’s worth using a SW unit here even if
its normal operating dissipation will be

- much lower.)

Next down the line are two mysteri-
ous-looking jumpers, J5 and J6. What
are they about?

Look at Fig. 4a. That’s the usual de-

- sign of an RC-filtered power supply;
. each stage feeds the next. On this board,

youd choose that option by including J6
and omitting J5. But what if youd pre-
fer something like Fig. 4b? Perhaps you

i need two separately decoupled filters
. with the same DC voltage; youd select

that option by connecting J5 and omit-
ting J6.
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FIGURE 3A: Tubed rectifier, indirectly heated.
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FIGURE 3B: Tubed rectifier, directly heated.
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I designed the bleeder string, R12-

. and every audio section, is grounded

i the terminals G1-4.

R13, to draw 1mA from the supply at = directly to the main grounding point, |  Not everyone prefers to use this
full voltage. R13 is specified at 75k; it . often (as here) the negative terminal of | grounding scheme, though. It’s some-
dissipates 75mW, so its 1W rating pro- | the first filter capacitor. The chassis is | times quieter to use a different, non-star
vides a good safety margin. The value : also connected to this
of R12 depends on how many volts it | point (this board has a R11 o
drops; I'll look at that when I work out ' terminal for that, pin AN
an example. - ChG). To implement a
. R12
classic star ground on
SEEING STARS ¢ the Gamp supply, use *? clo—= Fil
Most audio projects use a standard “star” | J2-4 and connect the Js
ground; every power supply section, : audio stage grounds to . R1s
L
67 6
B+1 B+2 B+3
3 RO o R10 i
B+ e B2 - B43 L AAA, AAA 374
AATAY AN~ s—is——\A/\
R12
ca—— [ ca clo == Fil c4 ;i ce —— cs ;n_t
R13
*J2—a—
TR, ! , er
= G5 [ G7 o
G1 & G3 I . G6
*—J4—
FIGURE 4B: Fanout type filter, bypass caps omitted
FIGURE 4A: Cascaded filter, bypass caps omitted for clarity. for clarity e s P
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hookup (Fig. 5). In this arrangement, !
the ground on the filter capacitors con- !

nects directly to the audio stage’s ground
point, which then sends a ground wire
back to the main grounding point. It’s
easy to do this on the Gamp simply by
omitting that stage’s grounding jumper

(J2,]3, or J4) and connecting the capaci- :
tor ground terminal (G5, G6, or G7) to :

the audio circuit’s grounding point, wir-
ing the latter to G2, G3, or G4. You can,

of course, mix and match the ground :

arrangement on the various stages; I've
found it useful on a guitar amp, for ex-

ample, to use a star ground on B+2 and

(which feeds the audio input stage).

GETTING FANCY

With an AC filament supply, simply
hook the terminal marked Fil to the
center tap of the transformer winding
or, if it’s not center-tapped, to the junc-
tion of a pair of matched 10k resistors
hooked across the winding. (There isn't
room for these on the board; use a small
terminal strip.) A DC filament supply
is equally easy; hook the OV terminal of

Circuit B+
T I C V- Audio
T~ —_— T - . .
circuit
Circuit GND
CT Ii
FIGURE 5: Alternative ground hookup.
R14
a1
J5
. V\/\/} 1 L\:Cv
B+1 W o B+2 Ex B+3 5W > B+4
R10
5W zD1
=6 c8—— ——cs cl0== ——c11 Fil
2D2
o [+]
G6 G7
J3—e—
FIGURE 6: Full emitter-follower regulation. J5 is used, J6 and J7 are omitted; ZD1
and ZD2 are substituted for R12 and R13. R11 serves as current-limiting resistor for
the zener string; R10 as dropping and current-limiting resistor for the pass device.
You should mount the pass device Q1 on a heatsink which is mounted off-board.
R14 is a stopper, which you should connect directly to the pass device. Q1 could
also be a MOSFET or Darlington pair.
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B+3, but the alternate hookup on B+4 :
. ground.

the supply to the Fil terminal instead of

Hoisting above ground cuts hum ra-

diation from an AC filament supply, but
- It’s easy to connect the bleeder string to
elevate a filament supply above ground. !

it also can keep tubes operating properly.
Every tube has a maximum heater-cath-
ode rating, and for long life and good
performance it’s a bad idea to exceed
that rating. A cathode-follower circuit,
or any of the totem-pole circuits popular
in recent years, has a cathode that sits
well above ground, sometimes as high
as 150V. That’s above the heater-cath-
ode rating of most tubes, and I've seen
12AUTs start to arc under those condi-

tions.

A 75V bias, used with a 150V cath-

ode follower, brings the heater cathode
- voltage down to 75V, well below the
: 90V rating common to many tubes. It’s

low enough, however, that it won't cause
problems for a voltage amplifier in the
same circuit, which might have a cath-
ode sitting at 4V.

It’s possible to include a simple regu-
lator. The holes for R12-13 are sized
so you could place a pair of 5W zener
diodes there; R11 now becomes the cur-
rent-limiting resistor for the zener string.

- You can use this variation whether the
. B+4 section is wired for ladder or fan-
- out (J6 or J5). Depending on the zeners’
- voltage, you could still use the Fil termi-
- nal to elevate a filament supply.

FULL REGULATION

Once I designed the zener-regulated
variant on the Gamp, I realized that
only one more jumper was needed to
implement a fully-regulated emitter- or
source-follower supply. Look at Fig. 6;
in this circuit J7 is omitted, R10 acts as
a current-limiter and/or dropping resis-
tor for the pass device, and R11 plus the

© two zeners supply the base or gate with
- a reference DC voltage. The capacitors
- at B+3 and B+4 now act as bypass caps
. for the regulated output and the refer-

ence voltage, respectively.

It’s important to calculate dissipation
on the pass device carefully (including
what happens when the line voltage is
10% high) and use adequate heatsink-
ing. The stopper resistor (R14) is also
important, because it keeps the pass de-
vice from breaking into oscillation; you
should connect the stopper (with short
leads) directly to the base or gate termi-



nal of the pass device.

If the pass device is bipolar rather !

than a MOSFET, the regulator will have
a lower output impedance if you use a
Darlington configuration.

MECHANICAL CONSIDERATIONS

The four mounting holes in the board
are sized for 4-40 screws. Because of
the high voltages on the board when it’s
used for tubed circuits, I strongly recom-
mend you mount the board on non-con-
ductive standoffs.

All of the square input-output con-

necting pads on the board are drilled for

0.042” pins; while it’s certainly possible
to solder wires directly into the holes,
I don’t recommend doing so for most
home construction projects. Changes in
hookup, desoldering, and resoldering are
almost inevitable accompaniments to ex-
perimental designs, and these take their
toll on printed circuit boards, leading to
lifted traces and unreliable connections.
Making changes to pins is much less
destructive; for several years now I've

ized tool) and hold up well. They project
below the board; be sure to take that
into account when choosing the length
of your standoffs. Ideally, the bottom of
the pins should be at least %" from the
mounting surface. You can get 1000 of
them for about $50 from Mouser Elec-
tronics, which ought to last a very long
time. Be sure the cat doesn't knock over
the can.

(Note: I discovered after writing the
first draft of this article that the K30C/
M pins seem to have been discontinued.
Nuts! But there are still plenty of other
0.042” pins available.)

Nicely flush components look neater
on the board, but run hotter. I mount
rectifier diodes, resistors, and zeners
about %" above the board to let some
air circulate around them,; this also keeps
any heat they generate from toasting the

spacers on the leads, but I think those
are necessary only when the leads are
light gauge and liable to flex.

Note that while J2-7 are used to se-
lect options on the board, J1 is manda-
tory. That was the only trace I could not
route on the bottom side of the board,
and it seemed wasteful to turn this into

. a two-sided board for a single trace. Use
. 18-gauge wire, insulated, for this and
. the other jumpers; at the low currents |
- normal for low-powered tubed circuits,
- heavier wire won’t make a difference. A

OTHER USES

Just because this supply board was de-
signed for tubes’ B+ circuits, that doesn't
mean it can't be employed elsewhere. You
could, for example, use 75V capacitors
with an appropriately sized transformer

to produce a +48V phantom power sup- :
. ply, regulated or otherwise.
Let me remind you again that this :
- board is designed only for nominal volt-
- ages (at B+1) of 350V or below, with a

+10% permissible overvoltage. Anything
higher, and youre out of bounds. 350V,
of course, is plenty high to zap you good
and proper; exercise appropriate cau-
tion as you would around any dangerous
voltage. Unplug the supply and wait for

the bleeder resistors to do their work be-
fore you get near the board, or any other :
energized parts in your project. 5
used Vectorbord K30C/M pins, which '

- PARTS AND CHOICES

are easy to insert (even without a special-

Table 1 is a generic parts list. The parts
that never vary are shown in detail, while
the others are given more generalized
descriptions. The resistor values (except
for R13) are left open; fill in the xxx
designations in the part numbers. Most

of the parts are available in the US from
Digi-Key, but I've included the option of
using 10nF 1kV ceramic disc capacitors
© in the snubbers. Digi-Key inexplicably
- doesn’t carry these, but Allied Electron-
- ics does. They have a minimum pur-

chase, though, so you’ll want to order
other items at the same time.

The capacitors listed are the maxi-
mum values that will fit onto the board;
as you'll see in the worked example, you

may choose not to use the biggest caps.
Snubber parts on the generic list are left :
wide open; see Jim Hagerman’s article |
- for information on choosing them.
board quite as badly. You can use plastic -
- brands I specified. Snap-in capacitors
- come in standard case sizes, and you

You'’re not, of course, limited to the

could easily substitute Nichicons or an-
other brand if you prefer them. The re-
sistors’ sizes are pretty standard, too. If
you go with solid-state rectifiers, though,

do stick with the ones I specified, or seek

out similar fast-switching diodes.

TERCEL
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$499
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full function preamp and made a hand-
some kit as a stand alone phono stage.
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e |Low impedance output drives long
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A WORKED EXAMPLE

Look at a typical application for this :
board. I chose a small guitar amp—in :

fact, the one that inspired the board’s
design. It uses an EL84 power pentode,

single-ended, and two halves of a 12AX7 3

as an input amplifier and a driver. The
power requirements are:

Plate

Screen

280V at 38.4mA
262V at 4.25mA

TABLE 1 Basic Parts List

200V at 0.45mA
172V at 0.45mA

Driver

Input

For straight cascaded filtering
152>3>4, T'll use J6, and omit J5. The
transformer’s center-tapped, and I want
to use a 6X4 rectifier tube, so I'll leave

- out all the rectifier diodes on the board,
. along with their snubbers and parallel

resistors, and R8; the cathode of the rec-

: tifier tube will connect directly to B+1.

T'll use star grounding for the screen and
driver sections, but a “looped” ground (I
don’t have a better name for it) for the
input section. That means I'll include J2
and J3 but omit J4; I'll run a wire instead
from G7 to the input stage ground, and
another from that ground to G1.

How much current will I draw from
each supply terminal? Remember that
the filter sections are cascaded, so each
one not only supplies its audio stage, but
also provides current for the next sec-

tion. The last stage also supplies ImA of
bleeder current. The supply requirements
Item value mfg. mfg. part # sup sup part# . i
R13 3W metal oxide Panasonic DK PxcW-3BKND now look like this:
R4-7 300k 2W metal oxide Yageo DK 300KW-2-ND B+1=280V;i, = 44.55mA
R8 5W maximum, wirewound Yageo DK xxW-56-ND _ AT
R9-11 5W maximum, wirewound Yageo DK xxW-5-ND B+2 262V’ }2 6.15mA
R12 2W metal oxide Yageo DK XxxW-2-ND B+3 =200V; 13 = 1.9mA
B+4 =172V;i, = 1.45mA
R13 75I§ 1W metal oxide Yageo _ DK 75KW-1-ND Fil float = 75V; i5 =1.0mA
C1-3 varies Epcos MKP series DK , X .
or 0.01F maximum 1kV ¢D.  Vishay BHKS10 AL 9263258 Ohm’s law determines the resistor val-
C4, 8,10 220uLF maximum 450V el. Panasonic ECO-S2WB221CA DK P10163-ND i ues:
C6 470uF maximum 450V el. Panasonic ECO-S2WB471EA DK P10170-ND : _ _ -
€579, 11 0.01uF max. 630V pp. Panasonic  ECO-P6104JU DK P3521-ND RO = (B+1 - B+2)/
or 0.01uF maximum 400V pp. _ Panasonic __ ECQ-PA104JU DK P3488-ND 18V/6.15mA = 2,927
D14 1000V 1A Diodes Inc. UF1007 DK UF1007DICT-ND R10 = (B+2 - B+3)/i} =
[D5, 6] 5W zener Microsemi 1N53xx DK 1N53xxBMSTR-ND 62V/1.9mA = 32,6320

DK = DigiKey, AL = Allied Electronics R11=(B+3 - B+4)/i, =

Eud) m ‘:‘ O] ™
)
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calling 888-924-9465 or e-mail custserv@audioXpress.com.

) Produces six selectable spectrum shape pulse
signals to help you identify problems with your
speakers and their interactions with your listen-

; The Sound Strobe™ was designed by Dennis Colin, currently working as
ing room.

an Analog Circuit Design Consultant for microwave radios and a frequent

Quickly hear your speaker’s degree of image contributor to audioXpress magazine.

focus, transient precision, and tonal neutrality. Available in kit or assembled versions

KT-3A Assembled Sound Strobe............ $329.00 Sh.Wt 6 Ibs.
KT-3 Sound Strobe Kit .. $275.00 Sh.Wt. 4 Ibs.
PCBT-3 Sound Strobe PCboard only..... $19.95  Sh.Wt. 1 Ib.

A great product for DIY speaker builders who
want to tweak their designs and a must-have for
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Check out Ed Simon’s review at
www.audioXpress.com
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28V/1.45mA =19,310Q
R12 = (B+4 - fil float)/is =
97V/1.0mA = 97k

How much power will they dissipate?
Under steady-state conditions, using the

nearest standard values and computing !

power dissipation using the formula P,
=i2*R;

R9 = 3k; P; = 0.113W

R10 = 33k; P; = 0.119W

R11 = 20k; P, = 0.042W

R12 = 100k; P; = 0.1W

That’s pretty benign; youd think the

resistors could all be half-watt units.

There’s a pitfall, though: During turn-on, !

as C4 is charging, C6’s voltage will lag
behind it, so a significant voltage differ-
ence will appear across R9, and that will
dissipate wattage. Resistors can stand a
surge greater than their rated power for
a short time, but not beyond, and for best
reliability it’s wise not to push them.

just for insurance. With a slow-turn-on
tubed rectifier, it’s less of an issue, so I
think 2W carbon comp or metal oxide

resistors will be adequate for R10-12—

besides which, 5W wirewounds are hard
to find in values greater than 3k. Oops:

In fact, Yageo doesn’t make them big- :

ger than 2k, so I'll need to find another

page in the Digi-Key catalog).

OK, how about capacitors? The mak-

ers of tubed rectifiers tell you not to
hang huge capacitors on them, because

it shortens their lives drastically. Well, :
¢ Just for reference, that last number is
- about -144dBu. Cascaded RC filters are
i powerful tools.
Wiait a minute, though. This is a guitar |
amp, not a hi-fi amp. What if I wanted a
' nice, saggy, badly regulated supply, like
- the gloriously dirty amps of old?
It’s doable; Panasonic’s NHG and !
¢ EB series caps come in smaller capaci-
tance values at appropriate voltages, and
I could duplicate the little Kalamazoo’s !
- original 20-10-10puF supply cascade if T :
. wanted to. These caps have radial leads
7.5mm apart instead of the 10mm pin
spacing standard on TS-series caps and
- their equivalents, so I'd need to spread
. the leads a bit. For mechanical stability
hyperphysics.phy-astr.gsu.edu/hbase/ :

I can testify that a 68uF cap in the C4
position doesn’t seem to have shortened
the rectifier’s life in the little Kalamazoo

guitar amp that inspired this project; :

the 6X4 that was there when I bought
the amp four years ago is still chug-
ging along happily. That’s not a scien-

tific experiment, perhaps, but it’s a good

enough data point for the moment. I'll
use a 68uE 450V cap for C4.

What will the ripple be? First, it’s
necessary to figure out what the equiv-
alent load on the supply is, in ohms.

B+1 = 280V, and it’s supplying a total of

44.55mA; by Ohm’s Law, the equivalent
load is 280/0.04455, or 6285Q).
There’s a calculator at http://

. electronic/rectct.html#c3 that computes !
- approximate ripple voltages. Plug in a :

\Y4 ok of 290V (an approximation, but it’ll

do) and an equivalent load of 62850,

- and you get approximate ripple of 1.4V. :
. Does that seem high? The original amp !
design used a 20uF capacitor on B+1, !
- and that should produce a ripple voltage :
. of about 5.5V. The amp didn’t produce
any audible hum; part of the reason was
- power-supply rejection in the output
© circuit, but the more significant reason :
: was that the speaker, in its open-backed
¢ cabinet, has significantly puny response
at 120Hz. Sometimes lo-fi lets you get

away with murder.

What about subsequent stages? Say I
. made the caps 47uF apiece. The resis-
tor-capacitor combinations form low-
pass filters; the low-pass filter for B+2,
- for example, is formed by C6 and the
. parallel combination of R9 and R10. Its !
- cutoff frequency is 1.23Hz. The ripple !
. frequency is 120Hz. (I live in the US; in

If this supply used solid-state rectifiers,
T'd make all the resistors nice and hefty, :

most of the world, the ripple frequency
would be 100Hz.)

Because a passive RC filter approach- !
es 6dB/octave attenuation, the ripple
* will be reduced at B+2 by a factor of
about 1.23/120, or 0.0103x. If the ripple
- at B+1 is 1.4V, the ripple at B+2 will be :
- about 14mV.
- I'll spare you further arithmetic; here |
. are the ripple voltages at the four ter- !
brand for R9. Huntington will do (next :

minals:
B+1:1.4V
B+2: 14mV
B+3:32uV
B+4:51nV

(guitar amps get slammed around), it'd

Tube Output

Toroidal transformers for tube
output applications.
Electrostatic

Step-up toroidal transformers.
Solid State Power

Low noise, low inrush 500 to
2000VA.

Standard Power
Designed for general purpose
applications. From 15 to
1500VA.

Part No. PAT3025-SE
Application 300B Single-ended
Primary 2490 ohm
Power 13W
Secondary 4 & 8 ohm
Ratio 24.96:1
Pwr. Bandwidth 20Hz - 147kHz
Insertion Loss 0.18dB
Quality Factor 327,300
Case Aluminum
Finish Textured black
Size 153 x 90mm

PLITRON

MANUFACTURING INC

vlitron.com

8-601 Magnetic Drive
Toronto, ON M3] 3]2 =
Canada g
416-667-9914

FAX 667-8928 ;
1-800-PLITRON(754-8766) ;

www.plitron.com
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probably be a good idea to hot-glue such
caps in place.

For bypass caps, I'll use the smaller
0.1uF 400V Panasonic polypropylenes.

Table 2 is a detailed parts list for the
worked example. Note that several of
the pieces aren’t used, because I'm using
the board with a tubed rectifier. The cost
column is drawn from my most recent
printed Digi-Key catalog; prices have
been fairly stable lately (knock wood!),
but to get more exact figures you should

TABLE 2 Parts List, Worked Example

check their website.

including the rectifier tube and its
socket, is about $28, which doesn’t in-
clude the power transformer, nor me-
chanical parts (standoffs, screws, termi-
nal pins, and the board itself). Photo 1

not to bypass filter capacitors after the
first stage.

Item value mfg. mfg. part# sup. suppart.# cost
R1-8 not used

R9 3.0k 5W wirewound Huntington DK ALSR5F-3.0K-ND  $1.30
R10 33k 2W metal oxide Yageo DK 33KW-2-ND $0.18
RM 20k 2W metal oxide Yageo DK 20KW-2-ND $0.18
R12 100k 2W metal oxide Yageo DK 100kW-2-ND $0.18
R13 75k 1W metal oxide Yageo DK 75KW-1-ND $0.15
C1-3 not used

c4 68LLF 400V electrolytic Panasonic ~ ECO-S2GA680CA DK P6839-ND $3.45
C6, 8, 10 47F 400V elec. Panasonic ~ ECO-S2GA470BA DK P7520-ND $10.35
€579, 11 100nF maximum 400V pp.  Panasonic  ECQ-P4104JU DK P3488-ND $3.28
D1-6 not used

Vi 6X4 rectifier tube TE 6X4 §745
VS1 7-pin tube socket TE 7Tpinchpls $0.79

DK: Digi-Key, TE: Triode Electronics

total cost: $27.31

B8 Tube Books on

I Amplifier Circuits:
4§ Electronic Circuit
- _J]I‘ Action Series

by Thomas M. Adams

Taking advantage of color available
on the computer screen, this CD
presents the four-color diagrams
from the original book which help
you visualize the actions that take
place inside amplifier circuits.
Questions are included to reinforce
your understanding as you go.
Second edition book originally
published 1966. CD published 2001.
Sh. wt: 1 Ib.

SHIPPING & HANDLING ADD $4.00
PER CD IN THE US. OTHERS CALL
FOR SHIPPING QUOTE
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- good projects. Enjoy!

_ENVOI
The total cost for the supply board,

What began as a simple design for a

. particular project evolved into something

more flexible. It’s still simple in concept,
but the details have been left as loose as
possible; you can configure the board in

© many different ways, and I'm sure there
shows the board stuffed and wired for
the above example. For now, I decided !

are folks who will make it sit up and do
tricks I haven't thought of.

Good power supplies are the back-
bone of good audio. This board will, I

hope, provide the backbone for many
aX

5 PHOTO 1: The Gamp power supply board.

Williamson
Amplifier with
Partridge
Amplifier Circuits

by D.T.N. Williamson

Contains all the articles written
about this classic amplifier by Mr.
Williamson. Long accepted as the
standard in amplifier design and
performance, this CD provides
unique insight into the designer’'s
problems and compromises in
developing the “Williamson.” This
CD also includes a bonus collection
of eight amplifier designs from the
Partridge Transformer Company. Sh.
wt: 1 Ib.
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Radiotron
Designer’s
Handbook on CD

by F. Langford-Smith

Long out-of-print and hard to find, the
complete fourth edition (originally a
1,498 page text) of this classic is
reproduced on CD-ROM. This self-
explanatory handbook covers design
and application of radio receivers
and audio amplifiers. The 50-page
table of contents has been linked
to the more than 7,000 items in the
text. Adobe Acrobat reader included
on the disc. Sh. wt: 1 Ib.

To order call 1-888-924-9465

or order on-line at
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SHOULD YOU MAKE ONE?

For many years I made my own circuit
boards, but I've sworn off. The chemi-
cals involved are toxic, and what do you
do when they’re no longer useful?

A professor of mine once postulated
a series of laws having to do with en-
vironmental issues, and one of them
was, “Everything has to go somewhere.”
The chemicals industrial circuit board
makers use are just as toxic, but they
have disposal resources not available to
home users, with government inspec-
tors looking over their shoulders to
make sure the chemicals are disposed
of as safely as possible. I hope.

FIGURE 7: Foil side.

If you still want to make your own
boards, the foil side is shown in Fig. 7,
and the component side in Fig. 8. For
best results, you should probably down-
load these drawings from audioxpress.
com rather than try to reproduce them
from the magazine, to avoid the vaga-
ries of copying a printed magazine.

You could also buy them from me.

I’ve done a run of the boards, with silk-
screening and solder masking, produced
and drilled by Futurelec. They did a
good job. I'm selling the boards for
$24 apiece plus shipping and handling
(with a small discount if you buy more
than one). No, I don’t expect to get rich.
For information about ordering, please
e-mail me: pstamler@obox.com. M
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