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This photagraph

of two AXLs forming a
stereo amplifier shows
how the printed circuit
boards. the MOSFETs, the
aluminium bracket, and
the heat sink are con-
nected together.

AXL amplifier

The AXL amplifier described here is intended for operation in class A,
AB, or B. Its design specification stipulated that it should be
reasonably compact, reliabie, robust, and relatively inexpensive to
build. It is suitable for use as a power amplifier for electrostatic
headphones, in an active loudspeaker system, or in a small hi-fi

installation.

The classiiication of an amplifier depends
‘on the portion of the input current cycle
during which output current flows. In
class A amplifiers, ouiput current flovss
over the whole of the input current cycle.
These amplifiers have low distoriion and
low efficiency. In class B amplifiers the
output curremnt is cut off ai zero input
signal, so that a hali-wave reciified output
is produced. Such smplifiers are very effi-
cient hut suffer from cross-over distortion.
In class AB amplifiers the output current
flows for more than hali but less than the
whole of the input cycle. At low input-
signal levels class AB amplifiers tend %o
operate in class A, and at high inpui-
signal levels as class B amplifiers.

Power ambvlifiers commonly work in push-
pull, that is, they use two maiched devices
in such a way that they operate with a
180° phase difierence. The output circuits
combine the separaie ouiputs in phase.
When complementary transisiors are used
in the two halves, no phase shift is
required in the inputs. If both halves of
the siage are active simultaneously, they

| class A, B or
AB

Technical data

Input sensitivity

Inpul impedance
Power gain
Outpu! power

Dissipation
(no signal
condition)

Fregquency response,

Harmonic distontian
{primarily 2nd
harmonic)

Damping factor

! 780 MV, for 25 W into 8 @
- 700 MV, for 40 W into 4 Q

5 kQ
25dB
15 W intw 8 Q) class A — full drive
7 W into 4 Q J quiescent current: 1 A
2 W into 8 Q| class A — reduced drive
1 W into 4 @ | quisscent current: 350 mA
2ZBWintoBQ Y . .
40Winto 4 Q | class AR — full drive
50 W into 8 Q | class B
O\ into 4 Q { quiescent cumrent: 100 mA
63 W - class A with quisscent current of 1 A
and supply voitage of =+ 32 V
23 W — class A with quiesceni current of 350 mA
and supply voltage of + 32 V
9 W — class B with quiescent current of 100 mA
and supply voliage of Z2x45...50 V
13 Hz. . .68 kHz a1 —3 dB class A ) 600 Q source
20 Hz. .70 kHz 31 —3 dE class B § impedancs
< 0.02 per cent in frequency range
20 Hz. . .20 kHz

100 {at 1 W output at 109 Hz)
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DXL amplifisr

. provide equal coniributions to the output
elektor march 12

current; this is the case in class A oper-
ation. In class B operation only one half of
the stage is active at any one time, and
this depends on the polarity of the output
current.

A predetermined mode oi operation, A, B,
or AB, is effecied by suitably adjusting the
quiescent curren! (that is. the current
under no signal conditions) through the
output stage. The quiescent current flows
through both halves of the output stage.
Each change in the current with respect
to the quiescent current in cach half of
the siage contributes to the output cur-
rent. In class A operation, the quiescent
current is so high, and the outpui current
so low, that both halves of the output
stage are on all the time. In class B oper-
ation, the quiescent current is, in theory at
least, zero. In class AB operation. the
dquiescent current is set to a level which is
appreciably higher than in class B, but
much lower than in class A.

Because of the heavy demands on the
power supply and cooling, a class A
amplifier is considerably dearer per watt
ouiput power than a class B amplifier. Bui,
since the reproduction in class A is better
than in class B. it seems logical to opt for
a compromise: ihat is, class AB! This
becomes even more attractive when you
realize that during the reproduction of

Figure 1. The circuiy both music and speéch full output is

diagram of the AXL

required during very short periods only.
With a well-chosen quiescent current, the
amplifier therefore sometimes works in
class A (low inpuis) and sometimes in
class AB (high inputs). The consequeni
increase in distortion as compared with
that in class A operation is measurable,
but not audible.

As 1o the gquestion of raled power ouiput,
baoth the Crescendo (Elekror December
1982) and the Mini Crescendo {Elekror —
May 1984) appear to meet a need, at least
according to many readers’ letters. But
bearing in mind the design speciiicaiion
mentioned before, we modelled the AXL
amplifier on the Mini Crescendo, resuliing
in a symmedtrical circuit with two com-
plementary MOSFETs in the outpu! stage.
Both as regards costs and dimensions, the
case, the power supply, and the heat sinks
are comparable to those in the Mini
Crescendo.

Circuit

As most amplifiers, the AXL may be split
into an input stage, voltage amuolifiers, and
an ouiput stage. As shown in figure 1, the
inpu: stage consists of a dual symmetrical
diiferential amplifier. The two transistors
normally consuting a differential ampli-
fier are iormed by cascodes TIT3, T2-Tg,
and T3T7, T4T8 respectively. A cascode
is a super-transistor in which there is only

amplifier.
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negligible feedback from collector 10
base. Furthermore, the collector of such a
iransistor is an almost ideal current
source.

The output voliages of the differential
amplifiers are present across resistors R13
and Rl4 {rom where they are appiied to
driver stages Tll and TI12 via emitter
followers T9 and T10, Note that the collec-
tors of the emitter followers are con-
veniently connected to zener diodes Dl
and D2 which are required o ensure
proper balance between ihe two =ections
of the dual input circuit.

In contrast to the two Crescendos, drivers
Til and TI2 are not connected in a
cascode circuit, because the output stage
here is voliage-controlled via complemen-
tary emitter jollower T13+ T4, This dual
stage can draw a sufficienily high current
via R22. This arrangement obviates the
need of using the input capacitance of the
MOSFETs for frequency compensation.
This compensation is now obtained via
Miller capacitors C7 and CB8, which in
essence are connected between base and
collector of Til and TI2 respectively.
There is, therefore, a deliberaie feedback
from output to input of the drivers, and

the aim of a cascode circuit is precisely to

prevent such feedback. Current ampiifi-
cation in this arrangerent is low, and this
is the reason that emitier followers TS and
‘T10 have been addeéd.

The collectors of the drivers are intercon-
nected via network P1-C8-D7-D8, which
serves o adjust the quiescent current to
the reguired level. The diodes provide
temperature compensation for the current
set by Pi; they derive their temperature
essentially from the heat sinks of T13 and
Tl4. The stability with temperature of the
quiescent current is not of paramount
importance in view of the excellent
thermo-elecironic propernies of the
MOSFETs.

The varallel combination of R20 and R2}
forms the load of the driver stages. The
values of these resistors have been
chosen such that on the one hand the
voltage amplification of the drivers is
reasonably high, and on the other that the
contribution of these resistors (via the cur-
rent amplification mechanism of T13+Ti4)
10 the gate control impedances of T15 and
T16 is negligible (that is, with respect to
R23+R25 and R24+R26 respectively).

As already mentioned, the ouiput stages
of the AXL amplifier are voltage con-
trolled, because that gives an even better
linearity than current drive. It also keeps
the output impedance, withou: feedback,
lower. The improved linearity and lower
ouiput impedance result in very good
overall performance with a low feedback
facior. And that is desirable, because
feedback is and remains a necessary evil,
Diodes D3. .. D6 provide simple, but ei-
ficient current limiting of the MOSFETs.
Network R29/Cl4 improves the stability
under no-load conditions. Resistors R27
and R28 act as stabilizers oi the direct cur-
rent setling of the output stages. Network

&
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120 va

B1= BBOC10000

Figure 2. Various powsr
supplies for the AXL:
common-or-garden (2a);
de luxe {2b); and for use
in class B operation {2c).
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Figure 3. The printed cir-
cuit board of the AXL
amplifier.
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L1/R30 reduces to some extent the
capacitive load at the negative-feedback
take-off point. The feedback is applied to
the input stages via R4. Capacitors
Cl0...Cl3 provide decoupling of the
supply lines.

The parallel combination C1-C2-C3, in
conjunction with Rl, provides a filter for
dc. and very low frequency signals. Filter
R2/C4 prevents signals above about

60 kHz from reaching the input stages.

Construction

The AXL amplifier is constructed along
similar lines as the two Crescendos, and it
may therefore be useful to reread the two
relevant articles. Note that the output tran-
sistors are mounted on the printed circuit
board: thermal coupling with the heat sink
is effected via a right-angled aluminium
bracket as shown in the photograph on
page 3-27. This arrangement obviates any
critical wiring and results in a very com-
pact construction.

As regards the power supply, figure 2
gives you a choice of three. Figure 2a
shows one that is common to the lefthand
and right-hand channel; figure 2b gives a
design for separate supply to the two
channels; and figure 2¢ is intended for
use when the AXL amplifier is operated in
class B.

The circuit of figure 2a is a single-
transformer design. The large-value
smoothing capacitors are necessary to
keep the ripple voltage on the supply
lines low; with smaller capacitances this
voltage might easily become unaccept-
ably large in view of the high quiescent
current. The ripple voltage does not so
rauch affect the audio signals as reduce
the dynamic range.

Note that there are two earth returns per
channel: one to the pchb, and one to the
loudspeaker. The central earthing point
should be the only connection to the
amplifier case. This means that the phono
(or jack) sockets must be mounted
insulated from the case. The connections
between these sockets and the pcbh
should be made in screened cable with
the screen connected as approprate at
both ends of the short cable.

The design in figure 2b provides separate
supplies for the left-hand and right-hand
channels, which are normally only found
in very expensive amplifiers. The arrange-
ment ensures that there is guaranteed no
interaction between the two channels via
the supply lines. The great advantage of
using this power supply is that a stereo
amplifier can be built from two absolutely
symmetrical mono amplifiers which only
have the mains.switch in common!
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I it is required to operate the AXL perma-
nently in class B. higher supply voliages
are needed. A suilable power supply is
shown in figure 2c. Note that the raiing of
capacitors Cl0 and CI2 in the amplifier
should also be increased to 64 V.
Construction of the amplifier on ihe
prinied circuit board is strightforward;
note, however, that diodes D7 and D8
should be mounted vertically.

The mounting of the MOSFETS, the alu-
minium bracket, the heat sink, and all
other practical consiructional details have
been described in the previous crescen-
do articles (Elektor — December 1982 and
May 1984) and is further illuswated in the
photograph on page 3-27.

Beiore the amplifier can be taken into use,
it is necessary to check and, if necessary,
lo correct the off-set direct voltage ai the
amplifier output, and to set the quiescent
curreni.

Ideally, the direct voltage at the outpui
should be zero, but in practice a value

of not more than + 50 mV is perfectly
acceptable. First, measure the direct
voltage under no-load and no-drive condi-
tions. If it is negative, T2/T6 and T3/T7
'should be made to conduct harder, and
T1/T5 and T4/T8 less so. This may be
done by reducing R6 and R7 by a cernain
amount, and increasing R5 and R8 by the

same amount. The total values of R5+R6
and R7+R8 therefore remain unchanged.
For instance,

R = R7T = 1209; R5 = R8 = 180 @.

If the direct voliage has risen to less than
—30 mV. no further action is required; if
not, the resistance values should be
changed furiher, eg.,

R6 = R7 = 100 Q; R5 = R8 = 220 Q.

If the direct output voliage is too high and
positive, R6 and R7 should be increased,
and RS and R8 reduced, in a similar way
to that described for negative values.

The quiescen: current is measured by
connecting & d.c. milllammeier in the
positive or negative supply line, or by a
d.c. millivolimeter across R27 or R28
(about 25 mV per 100 mA). The guiescent
current may be set with Pl beiween

100 mA and 1 A. The lower value pertains
to class B operation, the higher to class A.
‘We have found ihat a value of 350 mA
gives the bes: compromise between per-
iormance and dissipation. but the final
choice is, of course, yours! M
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Parts list (each channel)

Resistors:

R1 = 10k

R2 = 1k8

R3 = 8k2

R4 = 180 k
R5,R6,R7,RB,R22 = 150 @
RI,R11 = 3k3

Ri0,R12 = 12k

R13,R14 = Z7

RI15,R16 = Tk

RI17,R18 = 82 @

R19 = 18k

R20,R21 = 22 k

R23,R24 = 10D Q
R25,R26 = 220 Q (mount
on iracksid

s of pchl
R27.R28 = 022 5 W
RZ23 = 10 Q/1 W carban
R30 = 1 /1 W carbon
P1 = 1 k preset (wrp fully
anti-clockwiss before
mounting)

(=]

Capacitors:
Ci1,C2,C3,£15 = 820 n
[preferably MKM =
metallized plastic poly-

carbonate)
C4 = 1 n polysiyrens
C5,C6 = 47 w/25 V
C7,C8 = 47 p polysiyrene
C3 = 220 w/10 Vv
C10,C12 = 100 p [rz1ed
voltage™ singls supply
voltage)
C11,C12 = 220 n
Ci4 = 22n

Semiconductors:
T1,72,75,76,T10 =

BC 550C
T3,T4,7T7,78,7¢ = BC 560C
Ti1,T4 = BF 470
T12,Tt3 = BF 582

T15 = 2SK134 (Hitach#
MOSFET)

T16 = 25J49 [Hitachi
MOSFET)

D1,D2 = zener 15 V
400 mW

D3,D6.D7,D8 = 1h4148
{mount D7 and D8
vertically)

D4,05 = zenzr 12 V)
400 mw

Miscellaneaus:

L1 = about 2 uH: 20 wens
i 2 layers of 1 mm dia.
znamelled copper wire
{SW(G19) on R30; s=c

tail in figura 1

hzat sink for T15 + T16;
minimum heighkt 100 mm;
e.g. SK85; 0.62C/wW

aluminium bracket, right-
angled, minimum dimen-
sions: 125 mm long, 6 mm
thick, ezch side 80 mm
wide

o hieat sinks for T13 and
Ti4, 8.5°C/W, e.g. SKO8

maunting and insulsting
hardvsare and sificon
grssss substituie for the
ransistors 10 b= cooled
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