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All FET Class-A 75W Amplifier

Starting life as a Borbely kit, this project goes a step further and wutilizes

an external power supply,

normally associated with line-amps, headphone amps, and phono preamps.

By Rick MacDonald

hile it is impractical (not to men- :
tion expensive) to power a Class
A amp using batteries, it is, how

ever, practical to build a separate power
supply using umbilicals. Some of the

reasons that some DIY builders may not
have considered.

The idea for this project (Phofo 1)
began when | was listening to a head-

tery power supply. The scund of this
amp was so quiet, with extended bass

be a way to realize some of these ben-
efits with an amplifier driving spealk-
ers, and not just any, but a full Class A

need to be constructed from the begin-
ning this way, and not just as an after-
thought to solve problems with hum or
other noise caused by transformers and
their stray magnetic fields. It would
with connectors that are up to the task.

to use a tested design for the amp and

Borbely 75W Millennium.

to be built as two monoblocks, it can

or dual mono, which is how I chose

thing in-between), I went with the PCBs

own sources for resistors, caps, and
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. mined, I recom-
. mend getting
- the semis, as
some may be
phone amp connectfed to a separate bai-
matched FETSs.
and very detailed mid and high fre- :
quencies, that I thought, “There must
speed circuit
: with onboard
regulators. Max-
amplifier.” If I built this amp, it would
. voliage is +55V
(unregulated)
. and is adjustable
from 30-50V. | N .
 The unitcande- | sailh
. liver 100W, but s
only 75W in pure
With these things in mind, I decided !
complementary,
power supply, which brought me to the - the input stage
¢ is differential
cascode, using
The basis for this amp comes from

Erno Barbely’s All FET Class A Millen- :
nium Amp (borbelyaudio.com). Intended
cascodes.
also be constructed as either stereo
tracked/con-
to build it {Fig. 1. With an array of :
ways to purchase it {you can buy the
full kit, just the PCB, or almost any- op amp pow-
. ered by a shunt
- supply. A relay
transformers; and also built my own °

enclosures. The amp consists of one
* used the direct out also provided). To
. handie any overly capacitive speaker
- loads, I used an LiR1 parallel combi-

driver board, one ouiput board, and
one power-supply board per channel

You can save yourself a lot of hunting
- for parts by ordering the entire kit, but °
benefits are obvious, but there are other :

if you are deter-

tough to source,

The driver is

imum supply

to avoid the small turn-on thump (I

nation on the cutput to control oscil-

PHOTO: Front view of the completed amp.

Class A. Fully

JFETs as input
devices and
MOSFETs as

DC offset is
trolled by the
ADS20, a JFET

regulated +10V

out is provided
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lations, but it is easily bypassed for :

lower damping.

WHY EXTERNAL POWER SUPPLY?

in noise, hum, and EMI—have been

: mains can bring in all kinds of garbage
- The most obvious benefits—reductions °

The feedback network (called a T- |
network) was developed for the all FET

picked up along the way. Microwaves,

. RF, and switching power supplies all
proven in line and headphone amps. AC

contribute to the hash that can cause

line of power amps. It

G-2431-01
accommodates both bal- Amplifier Enclosure
anced and unbalanced op- ;
eration. without changing Lot — !
the feedback network. A n. ©
switch at the input equal- I — | . ;
. s ¥ { 4 BOAR! 1
izes gain in both modes, in‘g e } Eiﬁ,ﬁm OUTPUT BOARD |
and ensures ewm] ?mped- %2 EB-2000/ 342

The output stage é
uses eight pairs of TO- Left Right LR
3P power MOSFETs ;_ﬁzfr LII]Z}JT‘ i
(2SK1058/28J162), which :
come tested and matched,
and this batch had the
same lot code, which m Srd tom Corrent &
helps ensure good maitch- Output Power Oriver Power

Single Cable Shieided
ing even with bias cur- et s;«jgfé?
rents other than those e
- ; POWER Mumm

used for the matching g
process. For this reason, x1 j EeevS i
no source resistors are re- =D ! X2 % CFIGURE 1: Amp block diagram.
quired. The sole purpose Ao : :
of this circuit is to move Power Supply Enclosure
huge amounts of cur-

rent, and no voltage gain is introduced. : p=
These MOSFETs become very hot and
must have significant heatsinking to :

rum Class A,

As you can see in Photo 1, the en-
. in abun-
dance. The big horseshoe-shaped heat-
sink (Photo 2) makes a good strong
chassis. Vertical corner sinks supple- .
ment the horizontal fins of the main -
heatsink (black). For reasons of assem-
bly and other design issues, it was the
only way they would all fit together. °
Considering the enclosure was built |
using available parts, surplus heat- -
sinks, and scrap pile aluminum, it :

closure provides just that . .

came out reasonably well.

The power supply is simple, consist-
ing of independent supplies for driver
and output stages and including delay |
timers for power-on and speaker re-
lays. The main power caps are separate
from the kits, and 100,000uF per rail :
is recommended. I used NTC thermis- -
tors on the powersupply board to re- -
duce inrush current, and you can order
i?;ﬁiiﬁi%ﬁ;ﬁiﬁé I;:? Radio Daze, LLC * 7620 Omnitech Place * Victor, New York 14564
er and output boards) on this project -

{625VA—minimum required).

f%:“gk RADIO VINTAGE RADIO
: n@g@ & ELECTRONICS -

e Books e Capacitors Of All Kinds e Chassis-Aluminum /Steel
e Chokes ¢ Custom Cloth-Covered Solid/Stranded Wire
e Dial Belts & Cord ¢ Dial Lamps & Sockets ¢ Diodes e Enclosures
o Fuses & Fuseholders » Grillecioth « Hardware # Kits ¢ Knobs
® Potentiometers » Power Cord & Plugs ¢ Refinishing Supplies
e Reproduction Glass Dials For Vintage Audio & Radio
e Resistors e Service Supplies e Sockets ® Technical Data e Tools
e Transformers - Classic Audic, Power, Filament, Isolation, etc.
¢ Vacuum Tubes - One of the largest inventories of NOS tubes
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problems in audio gear. Removing the

lar to using a battery supply.

of the reservoir caps are in the amp
chassis, high corrent demands are met,

and minuscule losses due to umbilicals

are overcome. This works because ap-
proximately one-third of the filter caps
{90,000uF) are in the power supply,

tance, a pseudo pi network is produced,

or noise, essentially making the cables
part of the power-supply design.

Less obvious are the benefits to DIY
builders. This power supply will be
. and left the MOSFETs
some MOSFET, some bipolar, all with :
different topologies. Up to half the cost :

used on several other different amps,

of building any amp is its power supply.
This will save time and expense when

even more important, eliminating the

power supply as a variable will give
you insight into the amp’s subtleties, :

by knowing that changes in amp de-
sign alone have caused improvements
(or not) in sound and performance.

in the amp’s chassis, it is moch lighter
and easier to move, and transformer

of the power-supply unit is flexible so

it can be put on the floor out of the way
or hidden. While working with these °

PHOTO 3: Output boards mounted to heatsinks.
%' =

 power-supply voltages imposes some
power supply from the amp and away °
from the high voltage gain of the driver :
stage can have beneficial results simi-

The lowered noise and audible im- . OUTPUT
provement in the final amplifier’s : CONSTRUCTION
sound outweigh very minor losses in
channel separation. And because most :
- constructed first and
! mounted to the main
‘heatsinks (Photo 3).
- This gave me the di-
. mensions needed to
! mount the drivers on
while the rest (200,000uF) are in the :
amp (Photo 2). Combined with the 2m :
umbilicals’ small indnctance and resis- |
. cause of the integral
helping to attenuate any residual ripple

- stuffing guide as a
: template (Photo 4), I
experimenting with other designs. But !
 all holes on the heat-
- sinks. This included

- ping four holes for the
- driver board mount-
. ing plate.

Because there are no transformers :
¢ in the final step when
- soldering in the MOS-
induced hum is eliminated. Placement :
i and test-fit leads onto

limitations, you can use methods such :
as regulation and others to adjust them
to required levels.

holes.

Start with the out-
put boards, which I

top and also gave me
an idea as to the size
of the enclosure. Be-
nature of the output
tapping were done
first. I soldered in all
passive components
unsoldered until the
last step. Using the
marked and tapped

measuring and tap-

You must take care

FETs. You must bend

the mounted boards

- Tighten the MOSFETSs down first (with

silpads!), then solder them in last to
avoid putting pressure on the devices

: or their leads. Because all parts (semis

PHOTO 4: Stuffing guide used to mark MOSFET

before soldering.
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in this case) are clearly labeled and :

placed in their own plastic bags. sort-

made that much easier.

DRIVER CONSTRUCTION

have military or other soldering ex-

ble. You can purchase these PCBs
as either standard fiberglass (FR-4)
or Teflon (more expensive). Because

of Teflon’s excellent heat resistance :

and dielectric properties, I used it
here for the driver board (Photo 5).
The stable dielectric properties ben-
efit this circuit because of the high
gain that takes place and therefore

sound. Along with the PCB and semi-
conductors, I also received the relay,

the inductor coil (L1), and the TO-220

heatsinks.

The rest of the components are made
up of Vishay, Holco, Caddock, and Dale
BNG0 resistors. Cerafine, Wima, and

caps. The heatsinks provided are ad-
equate, but I mcdlﬁed them by mount-

ing for a video

silver).
There are two reasons for this: First,

the boards will be mounted on their
sides, reducing the codling efficiency of :

the standard sinks (new ones are cross-
cut and work well at almost any angle).
Second, I will be trying higher bias
currents, with various other changes,

and want to avoid heat stressing the :

MOSFETs (Photo 6). .,

The driver is a fairly complex PCB—
some traces are thin as well as close
and must be examined for solder bridg-
es, splashes, and small metal objects,
which could short these traces together.
I recommend using a small handheld
blue LED flashlight, which is popular
and widely sold. Just make sure it uses
the blue (I believe near ultraviolet wave-
length) LED. After virtually inspecting
with white light, I use the blue light
to illuminate small particles and other
debris missed by the first inspection.

Blue light also illuminates cold joints -

chip (Phofo 5). Iaﬁ:&aﬁm&m&%mg{
440 screws and thermal epoxy (Arctic

{ and flux residue missed by other visual :
ing and keeping track of what you are

doing and what needs to be done is - MOUNTING THE DRIVER

5" % 6"
aluminum plate. I installed insulating

¢ plastic (stuff used in switching power

supplies) directly under the driver PCB

bottom of the driver’s aluminum plate,

RESERVOIR CAPS

- Because even Class A circuits draw :
. more current on peaks, most of the
. power caps are placed in the amp it-
¢ self. Not wishing to use the three leg :
. brackets typically used to mount caps,
: 1 devised a way to mount them that
Blackgate caps make up the bulk of the -

also serves as the ground bus (Photo 7).

- 1 picked up these solid copper brackets
~ (Photo 8) from a metal recyder and cut
- them to hold two banks of four caps.

. Once this was completed, I mounted
 the driver to the main heatsink (Photo
- 6), above the output board on a
This PCB requires some degree of
skill in soldering, and might be be-
yond the weekend builder. But if you
 to avoid any accidental shorting. On the :
perience, you should have no trou- |
- 1 installed a %" thick silicon steel plate
- roughly the size of the driver board :
. to increase shielding from the output
board directly below it. High currents
 run through the output board and in- :
. duce electric fields that can cause prob- |
. lems on the high gain driver circuitry
 when it's that dose. You can’t see the
. plate from the photos, but it’s there. "
have a more significant effect on the

PHOTO 7: Copper Gnd bus.
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