THE LANG 20W CLASS-A
MOSFET AMPLIFIER

THE GoaL OF THIS do-it-yourself
project is to design a high-
quality amplifier at a reasonable cost,
and without compromise. In order to
achieve this goal some basic re-
quirements must be fulfilled. The
concept of this amplifier's circuit
topology, and the choice of com-
ponents, must be directed toward this
goal right from the beginning.

The circuit should work with low
open-loop distortion so we do not
need to apply a lot of overall feedback
around the circuit. Strong negative
feedback causes stability problems,
and increases transient distortion.
Therefore, the different stages must
show good results using only a small
local negative feedback, to achieve
open-loop gain, with a minimum
number of stages.

The output stage's circuit FETs
(field effect transistors, Fig. 1) are es-
pecially suited for a class-A amplifier.
Aside from the low source current
range, the FETs have an approximate-
ly linear transfer characteristic that
shows up in the class-A operation:
distortion goes toward zero with
decreasing drive. In addition they can
be easily driven, due to a theoretically
infinite input impedance which sim-
plifies the circuit as compared to
bipolar transistors with their high
power consumption.

Other advantages of these FETs are
their lack of “secondary breakdown,"”’
and their positive temperature coef-
ficient. Both result in high operating
reliability, without additional cir-
cuitry such as current limitations or
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PHOTO 1: The completed 20W single channel amp is contained on this single cir-
cuit board. Note the aluminum L-bracket which ttansfers the heat from the four out-
put MOSFETS to a suitable external heatsink.

temperature compensations, and an
efficient paralleling of devices to in-
crease the overall current carrying
capacity.

FETs do not store a charge during
the transitions in the PN junction
region, therefore they can be
switched faster than bipolar tran-
sistors, which results in a higher
limiting frequency. Their shorter
recovery time, after an overdrive, has

a positive effect on their transfer
behavior for short overvoltages.
Some disadvantages of a class-A
output stage circuit are high power
consumption, low efficiency and an
unfavorable ratio of price to power
output compared to other output
stage circuits. The high price is main-
ly due to the costs of the necessary
heatsinks and power supplies. How-
ever, all this together cannot con-
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FIGURE 1: A block diagram of the output stage circuit.

vince a real class-A enthusiast not to
build this circuit. Excellent sound is
the most cssential criterion. In addi-
tion, for a high quality output stage
circuit, the price savings compared to
the commercially available products
is extrernely good. Comparable class-
A amplifiers are twice as expensive.

Power Supply

The cascode circuits of the low-level
stages need a high voltage supply. On
the other hand, the voltage supply to
the output stage should be kept as
low as possible due to power con-
sumption problems. Therefore, two
power supplies are used. This gives
higher stability against oscillation
and reduces crosstalk.

For the low level stages and the
drivers, a standard dual power supply
is used. The power requirement is
very low, approximately 12mA per
channel at +24V. The output stage’s
power supply is unregulated and in-
tentionally without current limita-
tion, so as not to worsen the sound
of the amplifier. The current require-
ment is approximately 3A to GA per
channel at =20V. [A regulated sup-
ply for the low-level section was pub-
lished by James Boak in TAA 3/82,
p. 9—Ed.|

To protect the insensitive FETs
against short circuit, or too low im-
pedance, use fast-blow fuses. The cir-
cuit of the power supply is illustrated
in Fig. 2.

Construction & Adjustment

Before the etched circuit board (ECB)
1s assembled some preparations need
to be made. First drill the holes in the
mounting bracket [shown mounted
in Photo 1) and in the heatsink. For
this purpose, we install the L-bracket
on the empty ECB (Fig. 4) and drill
the necessary holes for the FETs at
the same time. This guarantees a bet-

ter line-up of the ECB and the heat-
sink. Next we install the L-bracket on
the external heatsink (see parts list|
and drill the mounting holes throngh
them at the same time.

The coil, L1, is built by winding 15
turns of #20 wire on resistor R29, and
soldering it directly to the resistor
leads.

The two power supplies should be
built and checked in advance. By the
way, two power supplies are the min-
imum solution. Using separate power
supplies for each channel is recom-
mended (four in all). Constructing a
stabilized dual power supply accord-
ing to one of the numerous standard
circuits is easy, but it may be difficult
to find a transformer for the output
stage power supply. For stereo opera-
tion the output stage must deliver at
least 7A to 8A, for mono at least 3A
to 6A.

Now the parts of the amplifier
must be soldered to the board in the

known sequence, resistors, capaci-
tors, diodes and transistors. Note:
solder the gate resistors of the FETs
and the ceramic filter capacitors on
the copper side of the ECB to mini-
mize the interconnection wire length
between these parts and the FETs.

The MOSFETSs are mounted in the
holes on the heatsink with mica in-
sulators, insulating nipples and lots
of silicone grease. The heatsinks and

TABLE 1

20W MOSFET POWER AMP
PERFORMANCE SPECIFICATIONS

Sine continuous output

into 40 20w
Power Frequency Range

20Hz -20kHz +0~0.508

10Hz-60kHz +0-3dB
Input Level

for maximum power 0.775V=0dB

voltage gain x12.6=22dB
Input Impedance 40ka
Noise Level

(ref: 100mw into 4o

unweighted - 66dB

"A" weighted -90dB
Distortion

at maximum power —-84dB

at 4w at 49 -100dB
Intermodulaticn

(sine 19kHz + 20kHz: 1:1

maximum power) -79d8

Tim

(SQ. 3.18kHz +sine 15kHz;

4:1; maximum power) - 80dB

Maximum Power Consumption
no input signal
quiescent current

80W/channel
2A/channel

FETs are bolted to the ECB, and only
then are they soldered. The mount-
ing instructions are described in
Fig. 3.

After inspecting the ECB for line-
up polarity, short circuits and breaks,
we can start with adjustments. This
is restricted by the adjustment of the
quiescent current of the output stage.

First measure whether the resis-
tance between the two connection

_points of the 10-turn potentiometer,

P3, is zero ohm. If it isn't, P3 must
be adjusted accordingly.

Now the power supply can be con-
nected (without loudspeakers), and
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FIGURE 2: The power supply for the output stage. For the drivers and input stages,

a separate + power supply is needed.
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the supply voltage can be switched
on. If possible, for the first test, use
two power supplies with power
limitation to avoid potentially large
damage in case of errors. You can test
without the two supplies because the
FETs are sturdy, but I recommend us-
ing two. If the test goes smoothly
(without smoke), the output stage is
ready for operation—in class-B.

The quiescent current is adjusted
to 2A by connecting an ammeter in
one of the supply wires of the output
and by turning P3. The quiescent cur-
rent needs re-adjusting after the FETs
and the heatsink warm-up |about ten
minutes| to approximately 90 degrees
Celsius (194F°). During this time the
current should have dropped to ap-
proximately 1A to 1.5A.

The output stage can be operated
with any other quiescent current be-
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FIGURE 3a: The mounting sequence
alignment of the transistors, heatsinks
and ECB boards.

tween 0.0A and 2A, and will then be
operated in class-B [respectively in
class-AB). It now has a higher effi-
ciency, but sounds worse than in
pure class-A. Before operation, the
output stage should be checked again
with a voltmeter for offset voltage at
the output. This voltage should not
exceed 20mV.

[ recommend using heatsinks as
side panels for installation in a box.
Connect them with bars, and cut
suitable plates for the top, bottom,
back and front. The free space in the
middle can be used for the power sup-
plies. The rectifier can be mounted
directly on the bottom plate. The in-
put and output connectors, and the
three fuse holders, should be
mounted on the back plate.

Results

The description of this do-it-yourself-
project shows that an excellent class-
A amplifier can be constructed for
audio applications with a relatively
small number of components. The
high quality of the amplifier is by no
means the result of an innovative cir-
cuit design. It is due to the strict
adherence of simple design rules: us-
ing moderate but correct amounts of
negative feedback, avoiding TIM
(transient intermodulation distortion)
by pure passive bandwidth limita-
tion, etc. However, the excellent test
results are no guarantee for how well
the amplifier sounds.

Personal listening tests are subjec-
tive and relevant, but cannot be
technically measured. According to
actual technical findings, however,
the class-A amplifier produces 4
sound that listeners prefer over
others. Finally it is worth mention-
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FIGURE 3b: The L-bracket of aluminum is 12 x 40mm or approximately ¥ x 1%.
It couples the heat of the four MOSFETS to a suitable external heatsink. Dimensions

are in millimeters.
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ing that the best class-A amplifier
sounds only as good as the loud-
speakers it drives. Also, because of
the relatively low power output, high
quality, high efficiency loudspeakers
should be used (i.e., horns|. Only
then does the class-A prove its superi-
ority. [Class-A is also fine in low-
power for multi-amped systems, and
especially good for driving electro-
static loudspeakers. —FEd. ]

How Does it Work?

In the block diagram of the amplifier
(Fig. 1), are three intermediate cir-
cuits: differential amplifier, voltage
amplifier and power amplifier. For a
high open-loop-gain (Aol 100 the
closed-loop-gain Acl can be deter-
mined approximately by:

Yo Ri+Ry
U R

Ag =

The complete design (Fig. ¢) will be
significantly simplified by this rela-
tion, and extensive calculations to
find the total gain are unnecessary.
The circuit is remarkable, first of all,
because of the completely symmetri-
cal conception, which contributes
considerably to reducing the distor-
tions. The input stage is a differen-
tial amplifier: a nearly distortion free
circuit without using any special
measures. Therefore negative feed-
back, via the emitter resistors R1 to
R14, is relatively low, resulting in a
high open-loop gain.

The differential amplifier offers the
additional advantage that the overall
negative feedback can be applied, via
a voltage divider, to the second input
of the differential amplifier.

The two differential amplifiers
operate with two constant current
sources (R1 and R32, C4 and C5, T3
and T6 and D1 and D2). Here, the
quiescent currents will be fixed and
decoupled from the supply voltage.
The symmetrical design also simpli-
fies the supply of base current to the
input stage. The input is connected
to ground through R14, R5 and R10,
and is at zero volts, because no cur-
rent passes through these resistors
when the input transistors are
balanced.

The constant current sources are
adjusted to approximately 1mA by
R31 and R32. This is a good com-
promise between the noise of the
transistors, proportional to the cur-




FIGURE 4: The empty circuit board.

rent, and the distortions, caused by
the single-sided load of the differen-
tial amplifier due to the current re-
quirement of the driver transistors.

The driver circuit is a bipolar push-
pull cascode circuit, consisting of
transistors T7 to T10. Most of the
design work is in this part of the cir-
cuit. The bipolar cascode was se-
lected after extensively testing and
measuring six different driver cir-
cuits. Simple push-pull circuits push-
pull Darlingtons or VMCS-driver
types tested badly.

The cascode stages get their bias
from the constant voltage sources, via
R17 and R18, and D3 and D4. The
cascode stages are driven with the
voltage drop across the collector
resistors of the differential amplifier.

The quiescent current through the
cascodes will also be adjusted by that
voltage, and depend on the quiescent
current of the differential amplifier.
The emitter resistors R19 and R20,
add a small negative feedback to the
almost distortion-free cascodes. The
quiescent current through the cas-

codes is approximately 10mA, to
cover the current requirements at
high frequencies of the FETs due to
their channel capacities.

The quiescent current in the cas-
code stage is producing a voltage drop
across P3, and this voltage is used to
bias the output FETs. The quiescent
current in the output stage can, with-
out problems, be adjusted between
zero and 4A.

The circuit of the output stage is
simple: the source resistors R25 to
R28 guarantee a small negative feed-
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The RL and RC networks, made up of
R29 and R30, C10 and L1 at the am-
plifier's output, isolate the capacitive
and inductive load represented by the
loudspeakers, thus also reducing the
tendency towards oscillations.

Protection diodes D5 to D8 prevent
gate source voltage from rising too
high in case of overdrive or short cir-
cuit of the output stage. The
necessary output current, and the
supply voltage of the output stages,
are calculated as follows:

Pase = 20 W—
Pass = [P xR, = 8.94 Ver
= = Usus= (3 X 894V,
= 12.65Vs,

L\US_,\ = [Jau.cs_s Xi = 3.16A
Ry

which is equal to 1.58A per output
stage.
The chosen quiescent current is 2A

IUSMAX = 2A +1.58A = 3.6A

The quiescent current is high so the
FETs can still work, even at a
minimum current of 0.44, in a linear
range. The minimum supply voltage
results from the maximum output
voltage, plus the voltage drop of the

- o S FET bulk resistances in a hard driven
FIGURE 5: The stuffing guide. stage (Ron).

back, and compensate for variations to C9, prevent the tendency toward Us = Usus,, + Ipsy,y % Ros,, ~18.7V
between the different FETs. The resis-  oscillations of the output stage. They

tors R21 to R24, and the capacitors C6  install as near as possible to the FETs.  The supply voltage chosen is + 20V,
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FIGURE 6: Schematic of one channel of the complete 20W amplifier..

From the supply voltage and the
guiescent current the maximum
power consumption can be cal-

PARTS LIST

culated:
_ Resistors* Semiconductors
1 Py ~R1 18k D1, 2 3.9V zener
Yax =2x20Vx2A =80W R2 2.2 D3, 4 18V zener
i R3 470k D5, 6 12V zener
i This seems to be high, but it is R4 a7k D7, 8 1N4148
" unavoidable for a true class-A output ﬁf&g :‘gﬂ“ I}_g' 3 Sgggg
! stage. In addition, as is tl‘_le normal R11-14 2200 79, 10 BC550
Z case, power consumption is reduced pi5-18 10k T11,12  25K133
' considerably when the output stage R19,20 2700 T13,14  25)48
Siven. Sif{ié (1}k22 SW W.W Misc
~ The last parts of the circuit are the  g50 A 4 e
input filter and the feedback path. gso 4.70, W 1mm diameter (#20) wound on
The input filter, built up by R3 toR5, Rr31,32 3.3k R29=2uH
and &, s pabandpanigicia | B EC E?:(sj'mlij thermal resistance smaller than
; eatsin i
bandwidth of SHz up to 60kHz. . e vaw, 506 0.4 C/W, 9., SK91 OF SK56,
Therefore, the bandwidth of the total 150mm long 6 ;
circuit will be limited by passive L-bracket see drill plan, 4mm thick |

components upwards as well as (Fig. 30

downwards. Capacitors T s
. - - - - Loy | 220uF, ipolar, 12v Power Supply
Thls‘ dCS]g,n I,S nqcessary to avo;d 4 0.68xF, polypropylene Transformer: 2x15Y, 3.6A/Channel
bandwidth limitation by the {active] ¢3 470DF Rectifier: 10A bridge
high-pass of the negative feedback ca-7 100yF, vertical 25V, electrolytic Filter capacitor: 2x20 000uF, 25V

network, (Rl and R2, and C2]. Such

cg8, 9 220nF, 25V, ceramic
€10 100nF
C11. 12 68pF

fuse holder, fuses, master switch, separate
power supply, for input stage: +24V/50mA
{regulated)
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a bandwidth Iimitation in the nega-
tive feedback network is always a
problem and easily leads to
instabilities.

The upper limiting frequency of
the passive input filter, in the range
of 60kHz, lies considerably under the
limiting frequencies of the active
stages, and prevents problematical
TIM distortion. The whole input

filter is not connected directly to
ground, but via the low value of R10),
thus reducing the danger of ground
loops and hum.

The negative feedback network, as
already described with high open-loop
gain, defines the total gain. With the
indicated resistors it is adjusted to 13
times, but it is easily changed with

a suitable resistor (i.e., in order to
change the input sensitivity).

In this branch the capacitor C1 pro-
vides increasing negative feedback at
low frequencies and theoretically an
infinite negative feedback at DC volt-
age—gain is equal, 1=0dB. There-
fore, the output lies on the same
voltage level as the input, namely on
the ground level.

Contired from page 115

SERVO STARVED
FOR CURRENT

1 enjoven Ervo Borpery's article on the
100W MOSFET amp in TAA 1/84 (p. 7).
It looks like a very good design, and I
might build one of my own. I did, how-
ever, notice one potential problem in the
servo circuit. I believe the zener diode
supply might be starved for current in
some cases. Assuming a =+ 60V supply
{about the most tolerable with 63V
capacitors in the lines), there are 45V
(60 —-15) across the 10k2 supply
resistors. This gives a maximum current
of 4.5mA [(45/10k).

Consulting National Semiconductor’s
LF411 specification sheets, the I~ is
1.8mA typical, 2.8mA max for the 411A
and 3.4mA max for the 411. The op amp
drives about a 10k load. At a max-

imum 12V correction, this could be an
additional 1.2mA (12/10k]. The worst
case Ioe would then be 4mA (2.8 +1.2)
for the op amp and load, which allows
only 0.5mA for the zener diode.

The 1N5245 has an [z of 8.5mA and
an Iyx of 250pA. The 0.5mA value is
dangerously close to the knee current
and is certainly too far from an optimum
operating current. This situation would
be worse if badly matched input tran-
sistors required that the 10kQ output
resistor be lowered.

I think improved performance would
result from lowering those 10k, 1W
resistors to 3.3k0, 1W. Then 13.6mA
[45/3,300) would be available to the
zener and load. The resistor would only
dissipate 61 percent (45%/3,300) of 1W, a
safe value. Also, a IW carbon composi-
tion resistor is much easier to find and
buy than a 1W metal oxide

Finally, I might suggest an electrolytic
capacitor of, say, 47 to 100uF across the

zener in addition to the 0.1pF ceramic,
This will help avoid any power-supply
line coupling. I hope my suggestions are
helpful.

TuaoMAs MOSTELLER
Lansdale, PA 19446

Mr. Borbely replies:

I agree with Mr. Mosteller's analysis of
the operation of the zener supply in the
Servo 100. On the later models of Uis
amplifier, the value of the resistors has
been changed to 4.7k, but unfortunately,
the schematics in the article were not
updated.

The suggested 3.3k seems to be an
even beiter choice, especially if you
want to use the less-expensive 411 in-
stead of the 411A. Naturally, an extu
decoupling of the zener is also a good
idea.

I hope this problem did not cause any
inconvenience.

Now Available

Now, the bible for tube/valve enthusiasts, F. Langf

From Langford-Smith’s Preface: * This book has been written as a
comprehensive, self-explanatory reference handbaaok for the benefit of
all who have an interest in the design and application of radio receivers
or audio amplifiers. Everything outside the field—television, radio trans-
rission, radar, industrial electronics, test equipment and so on—has
been excluded to limit the book to a reasonable size. An effort has been
made to produce a handbook which, in its own sphere, is as self-con-
tained as possible. Extensive references to other sources of information
have been included for the reader who might require additional detail.”

FOURTH EDITION COMPLETE

ord-Smith's monumental RADIOTRON DESIGNER’S HANDBOOK (Fourth
Edition, 1952, RCA reprinting of 1957), 1,498 pp + 40pp Table of Contents, is available on a single CD-ROM disk. Full setup
instructions included for installing the controls enabling access to this storehouse of vacuum tube fundamentals. The 50 pages
of the Index are also available line-by-line for lookup of any of the approximately 7,000 items. Pages may be printed on a
suitable printer (24-pin dot matrix or, better, a laser or inkjet type). The disk is packaged in its own jewel case with complete
wiritten instructions for installation and use.

SORRY, BOOK ITSELF NOT AVAILABLE!
This disk includes Adobe Acrobat® software for fully hyperlinked access
to the book’s pages via the Table of Contents. Fquipment required:
1BM 386 or compatible with CD-ROM dlrive, MS Windows 3.1,
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