aem project 6005

A 100 watt ‘ultra-
fidelity’ topology W
MOSFET amp module Part

David Tilbrook

Technical Systems Australia Pty Lid

Spawned as a result of considerable
reader demand, this amp module
employs the ‘ultra-fidelity’ circuit
arrangement of David’s 6000 power
amp in a lower power, lower cost design
that has numerous applications -
undoubtedly a popular one being a
‘drop-in’ replacement for the modules in
his legendary Series 5000 stereo amp.

THE AEM86000 Ultra-fidelity Power Amplifier was published
in the June, July, August and September 1986 issues. Some
of its distinguishing features compared to earlier designs
were the use of a [FET/bipolar cascode input stage, a de- o o

coupled feedback loop, a mixed assymmetric/symmetric to- Topside view of the completed module, here mounted to a

pology and a capability to run from 75 volt rails providing heatsink bracket to take two modules prepared for
a maximum output power of over 240 watts into an 8 ochm mounting in a 5000 amp chassis.

load. In order to accommodate the higher supply rails a new :

type of output power MOSFETs were employed, the Hitachi ies 5000 printed circuit board although a different heatsink
25]56/28K176, with significantly higher voltage capabilities bracket is required, since in the case of the 6005 module, the
than the earlier 25]49/25K134 MOSFETs. Unfortunately, the drive transistors have been incorporated on the heatsink

new devices are significantly more expensive than the earli- bracket along with the output devices. This helps simplify
er types and the requirement for a high voltage power sup- construction as well as ensuring the best possible heatsink-
ply tends to make the project more expensive than other kit ing for the drive transistors.
power amplifiers. It should be emphasised however, that the The recommended supply voltage for the 6005 module is
AEMG6000 is very inexpensive when compared to compara- 50 volts, which means it can be connected directly to the pow-
ble commercial 240 watt power amplifiers. Nevertheless, we er supply within the 5000 power amplifier. Full details for
have had many requests for a less expensive 100 watt ver- the installation of two 6005 modules into the 5000 chassis
sion employing the same topology as that of the AEM6000 will be dealt with next month, together with drilling details
but which is simpler to construct and requires a less expen- for an appropriate heatsink bracket. The circuit diagram for
. sive power supply. an alternative dual power supply version will also be dealt
After looking at the problem we decided to design the mod- with. The drilling details of the heatsink bracket required for
ule so that it could be incorporated within the Series 5000 a single module are published elsewhere in this article.
metalwork so that owners of Series 5000 power amplifiers The design of the AEMB000/AEM6005 power amplifier
could upgrade using the new module. The new module is modules was based upon a great deal of experimentation to
designated the AEM6005 Ultra-fidelity Topoly Power Am- determine an overall circuit topology which would provide
plifier as it employs exactly the same topology as that deve- the best passible subjective performance. The resulting cir-

loped for the AEM6000. The values of resistors R6 and R7 cuit does not use excessive amounts of overall feedback but
have been changed to 22k and the MOSFETs used are also derives its low distortion figures by ensuring that each

different as discussed above. In this design we have employed separate voltage amplifier stage is provided with sufficient

the 25K134 and 2S]49 devices which we used in the earlier local feedback and is of such a type to maximise slew rate,

Series 5000 circuit. So if you are converting a Series 5000 for the output stage and the rest of the stages, to minimise ‘
power amplifier to a Series 6005, the power MOSFETSs can the possibility of distortion produced by slew limiting. This
be removed from the old module. The printed circuit board provides a further advantage — that of ensuring maximum |
for the 6005 has been designed to be a similar size to the Ser- overall amplifier stability characteristics. p
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A final and very important characteristic of the topology
employed within the AEM6000/AEM6005 power amplifier
modules is that of a completely dc-coupled feedback loop.
In order to accommodate this, a special cascode input stage
was developed which employs both bipolar transistors and
a dual JFET in a cascode differential pair configuration. The
following discussion covers major aspects of the design and,
while many points have been raised in the 6000 articles, their
re-iteration is in the context of this design, while the rest of
the discussion concentrates on points specific to this project.

The output stage

The output stage for the AEM6005 employs two pairs of
Hitachi complimentary power MOSFETs. The N-channel
device is a 25K134, while the P-channel device is the 25]49.
As mentioned earlier, these are the same power MOSFETs
employed in the Series 5000 design and in the AEM&500
general purpose power amplifier modules, the latter being
described in the July 1985 issue. The AEM6000 power am-
plifier module employs the 2SK176 and its complement, the
25]56, which are rated for a maximum drain to source vol-
tage of 200 volts. In the case of the 6005 power amplifier mod-
ule however, the maximum recommended power supply
voltage of 50 volts enables the lower voltage MOSFETs to
be employed and these are substantially less expensive, as
mentioned above.

The 25K134 and 2S]49 are rated for use with a maximum
drain to source voltage of 140 volts. In a power amplifier em-
ploying plus and minus 50 volt rails the maximum instan-
taneous supply voltage which will expressed across either
pair of output devices will be around 100 volts, which is well
below the rating for these devices. This condition will ac-
cur when the power amplifier is driven into clipping with
no load attached.

Like the AEM6000, the 6005 is a class AB power amplifi-
er. The term class A refers to a mode of operation of an ac-
tive device whereby the device remains in a conductive or
on state for both positive and negative half cycles of the am-
plified signal waveform. The term class B refers to a differ-
ent mode of operation whereby the active device is turned
off by the signal waveform for some portion (generally half
a cycle, or 180 degrees) of the amplified signal. In this case,
two active devices are necessary to handle each half of the
signal waveform. If this is not done, very large amounts of
distortion are generated. Where the output device, or devices,
conduct for less than half the input cycle, the stage is said
to operate in class C. If only part of each input half cycle is
amplified, clearly large amounts of distortion are generated.

The lowest distortion output configuration is class A, with
class B representing a compromise between the distortion
performance of the class A mode of operation and that of
the class C. Since the aim of all power amplifier designs, at
least for high quality audio applications, is to reduce distor-
tion it would seem obvious to employ the class A mode of
operation exclusively. Although there are several pure class
A power amplifiers available on the market today, the vast
majority of power amplifiers employ a compromise between
class a and class B operation which is referred to as class AB.

The reasons for this are best understood by considering
the design of a basic output stage such as that shown in
Figure 1. This particular output stage uses power MOSFETSs
as the two active output devices, although bipolar transig-
tors could just as easily have been used. The drain of the N-
channel MOSFET is connected to a positive supply rail while
the drain of the P-channel MOSFET is connected to a nega-
tive supply rail. The sources of the two devices are connect-
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Figure 1. Basic audio amplifier output stage.

ed together and form the output terminal of the stage. The
gates of the devices are driven from a bias current circuit
which maintains a voltage difference between the twa gates
sufficient to bias on the two power MOSFETs.

If the bias current circuit was set to zera so that the dc vol-
tage on the two gates was identical, then with zero input sig-
nal neither the N-channel MOSFET nor the P-channel
MOSFET would be on and hence no current flows on the
positive rail. This is class B operation. If a positive input sig-
nal is applied, the N-channel MOSFET is biased on while
the P-channel MOSFET remains in the off state. Current
flows from the positive rail via the N-channel MOSFET to
the output and then via the load to ground. Similarly, if a
negative input signal is applied the P-channel is biased on
while the N-channel MOSFET is turned off and the current
flows from earth through the load into the output and via
the N-channel MOSFET to the negative rail.

Only one of the two power MOSFETs is active at any time
and the transition from one device to another, which occurs
at the zero crossings of the input signal waveform, gener-
ates a distortion known as ““crossover distortion”. Since the
voltage range over which crossover distortion occurs is cons-
tant it will occur over a larger proportion of a small output
signal than a larger output signal, and hence is more notice-
able at lower signal levels.

If a bias current circuit in Figure 1 is now activated so that
a dc voltage is produced between the two gates then both
the N-channel MOSFET and the P-channel MOSFET will be
turned on simultaneously and current will flow directly from
the positive rail via the N-channel MOSFET to the P-channel
MOSFET and finally to the negative supply rail. This cur-
rent is commonly referred to as the bias or quiescent cur-
rent. If the bias current is set sufficiently high so the it
exceeds the maximum peak output current which can be
pulled by the load then the output stage to be operated in class
A. For a 100 watt output stage to be operated in class A, the
bias current must exceed the peak current necessary to
produce 100 W in an 8 ohm load, i.e: some five amps. Since
the rail voltage on the 6005 is 50 volts, the resulting power
dissipation in each of the power MOSFETSs will be 250 watts!

This is the main reason class A amplifiers are not more
widely used since, although their distortion performance is
excellent, this level of quiescent power dissipation is imprac-
table for most purposes. If the same power amplifier, for ex-
ample, were to be rated for operation into a ohm load, the
bias current would have to be increased to 10 amps with a
consequent increase in power dissipation to 500 watts per
MOSFET. The complete power amplifier would dissipate
something like 1000 watts in heat which is equivalent to a
single-bar radiator.

In order to overcome the heat dissipation problems of pure
class A designs and the poor distortion figures of pure class




Cgd
Rg 30p

= -1-
Cgs Cds
500p 3Qacp
am

SOURCE

GATE o©

© DRAIN

Rd
[150R]

Figure 2. Equivalent circuit of a typical power MOSFET.

B designs, most designers employ a compromise between
these two, known as class AB. In this case, the bias current
circuit is adjusted so that a relatively small amount of bias
current flows through the N-channel and P-channel MOS-
FETSs. Fortunately, even a small amount of bias current has
a dramatic effect on crossover distortion. In the 6000 and
6005 power amplifier modules, the output stage drain-source
bias current is set at nominally 100 mA and an analysis of
the distortion characteristics of the output stage reveals the
crossover distortion is completely unmeasurable, being well
below the level of noise and other types of distortion
mechanisms.

MOSFET versus bipolar

The choice of power MOSFETs in the output stage of an au-
dio amplifier, rather than conventional bipolar transistors,
is made because of other of important advantages MOSFETs
provide. The first of these is that the power MOSFET pro-
vides very high gate impedance at low frequencies. This is
illustrated by looking at the equivalent circuit of a power
MOSFET which is shown in Figure 2. The gate appears as
a 90 ohm resistance in series with a capacitance to the drain
of 30 pF and a capacitance of 500 pF to the source. At dc,
the input resistance is determined by the resistance of the
dielectrics of these two effective capacitances, this being
several thousands of megohms. Although the input im-
pedance is very high for low frequencies, the input
capacitances become increasingly important as frequency is
increased and, although the power MOSFET is capable of
switching at very high speeds, these input capacitances must
be overcome by the drive stage.

The equivalent circuit also gives us insights into several
other important characteristics of power MOSFETs. The high
frequency performance of the MOSFET is determined by the
RC capacitance Cgs, as shown in Figure 1. The cutoff fre-
quency of a power MOSFET is therefore well in excess of
3 MHz when correctly driven. Furthermore, the absence of
an effect which occurs in bipolar transistors called *“minarity
carrier storage’ ensures that the power MOSFET is un-
rivalled in switching speed and is orders of magnitude faster
than most bipolar transistors with similar current ratings.
The high speed of the power MOSFET enables the output
stage of a power amplifier to be as fast if not faster than the
voltage gain and differential stages preceeding it and this
greatly assists to ensure complete stability of the feedback
loop and freedom from slew-induced and other dynamic dis-
tortion merchanisms.

Power amplifiers employing slower output devices rely on
negative feedback to linearize the high frequency perfor-
mance of the power amplifier. In this case the amount of over-
all negative feedback decreases with increasing frequency
leading to increased distortion figures at higher frequencies.

One of the most important advantages of power MOSFETs
over bipolar transistors for use in the output stages of pow-

er amplifiers is not revealed by the equivalent circuit. Bipo-
lar transistors have a positive temperature co-efficient. If the
base to emmiter current flowing in a bipolar transistor is held
constant, then the resulting collector-to-emitter current will
vary proportionately with temperature. If the temperature
rises, then so too will the collector-emitter current. The in-
creased current increases power dissipation within the
device and the resulting increase in the operating tempera-
ture leads to a further increase in collector-emitter current.
The resulting effect is called thermal runaway and is the most
common cause of output stage failure in power amplifiers
employing bipolar output devices. Destruction can be ex-
tremely swift.

The power MOSFET, on the other hand, has a negative
temperature co-efficient. An increase in drain-source current
causing an increase in power dissipation within the power
MOSFET will result in an increase in the drain-to-source
resistance which tends to oppose any further increase in
drain-source current. The power MOSFET is therefore a sig-
nificantly more robust device than similarly rated bipolar
transistors.

The negative temperature co-efficient of power MOSFETSs
gives rise to yet another advantage over bipolar transistors.
The positive temperature co-efficient of bipolar transistors
leads to an effect called “secondary breakdown" which limits
the area of safe operation within a bipolar transistor when
a concentration of current builds up on any part of the chip
area. Associated with this increase in current density there
will be an increase in power dissipation resulting in a local
temperature rise in this region of the chip’s surface. The
resulting temperature rise causes an even greater increase
in current density through this small region of the chip sur-
face resulting in a hot spot which rapidly burns a hole
through the chip and destroys the device.

In the case of power MOSFET, however, the negative tem-
perature co-efficient ensures that the current density is
spread evenly throughout the chip surface since any increase
in current density in a local area will result in an increase
in resistance of this area of the chip surface tending to spread
the current more evenly over the remaining surface. The ab-
sence of secondary breakdown in power MOSFETSs is a very
important advantage of power MOSFETSs over bipolar tran-
sistors.

The voltage gain stage

The bulk of the voltage gain of the power amplifier is
produced by a fully symmetric differential voltage amplifier
which is formed from transistors Q15, Q16, Q17 and Q18 in
the main circuit diagram. A fully symmetric voltage ampli-
fier circuit was chosen after experiments into various vol-
tage amplifier topologies showed that the fully symmetric
circuit produced the least third harmonic dlstortlon and has
the best subjective performance.

This circuit is superior to both asymmetric differential vol-
tage gain stages and symmetric non-differential voltage gain
stages. One of the big advantages of the symmetric differen-

tial voltage gain stage is that it maximises the linearity of the p

LEVEL
We expect that constructors of an
INTERMEDIATE
level, between beginners and experienced
persons, should be able to successfully
complete this project.
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AEM6005 PARTS LIST

Semiconductors
Q1,Q2..... ECG461 or equiv.
.............. BC639
...BC840
.................. BC557
.................. B8C639
.................. BC547
................. MJE350
...... MJE340
8 N E b TA——— MJE350
3% gl 5 2 S, MJE340
Q19,Q20 ........... 25K134
Q21, Q22 . vvnans b 25J49
0106 ....... 1N914 or equiv.
D7-D10 ...........100 V11 A
fast recovery diodes.
ZD1. .. ... 12 /400 mW zener
ZD2-ZD5 ....12 V1 W zeners
Resistors all 0.25W, 5%
unless noted
R wsmpegs oo aus s 100k
B2 s vosinunsisng e aw 10R
o 1k
R4, R5.....covnnnn. -~ .220R
R6, R7............. 22k, 1%
R8s 180R, 1%
RE. sa s v s 3k3
37,1 10k, 1W
R11 .. . 1k
R32 . cun s seeises e 2k7
(2 I [ 120R, 1%
=5 . 10k, 1W
R15,R16............... 10R
R17,R18 ........... 10k, 1W
R18: R20 wus aui v 220R, 1%
R21-R26 .......... 10CR, 1%
R27-R30 .......... 68CR, 1%
R31,R32 ......... 100R, 1%
R33,R34........... 33R, 1%
BED 1 wus s semE 100R
{2 EeLE = b R —————— 270R
R40-R43 .......... 0R22, 5W
R44, R45............... 22R
R46, R47........... 22R, 1W
FAB cewsws v wmen srmaiee 33k
B v v s nss S anios 1k
RS0 ............... not used
R51-A54 .. ............. 10R
BN ceam ron pmepsarsmisd ;.20k
BV cmosaan i 2 e 200R
Capacitors
Ci...... 470n MKP else MKT
B2 vy v 1n MKP else MKT
L 47p ceramic
C4, C5...100./63V RB electro
C6............. 15p ceramic
Q7. CG8.... s, cawng 18p ceramic
B9 CN0unmm s s 330p MKP
else ceramic
[ [y P o L M——— 33p ceramic
Ci3 ..... 220n MKP else MKT
Cl4 ...... 22n MKP else MKT
C15-C18 . covanivnn 100u/63V
RB electro.

C19, €20.100n MKP else MKT

Miscellaneous

AEMEB005 pc board; four TO3
mounting kits; 10 TO126 (MJE}
mounting kits; thermal paste;
nuts and bolts; heatsink bracket,
as specified; two nylon bolt insu-
lators.

Estimated cost:
$100-$140

Rear view of the pc board, showing the rear side
components.




voltage gain stage which reduces distortion before the ap-
plication of any overall negative feedback. In fact, for simi-
lar gains a differential symmetric circuit like this is at least
an order of magnitude superior in its distortion performance
over that of an aysmmetric single transistor.

The input stage

The advantage of the fully symmetric differential pair over
an aysmmetric differential pair for large signal voltage lev-
els has already been stated. However, in the case of the val-
tage amplifier the symmetric differential circuit is used to
linearize the transfer characteristic of the voltage gain. The
main differential pair at the front end of the power amplifi-
er on the other hand has to perform a slightly different func-
tion to that of the voltage gain stage. It must act as a difference
amplifier producing a signal at its output which is an accurate
difference between the signals at each of its differential in-
puts. In this application the asymmetric differential pair is
superior to the fully symmetric differential pair using the
same bipolar transistors.

Another important aspect to the design of input differen-
tial pair is its ability to maintain the output dc offset of the
power amplifier to a sufficiently low level. In most power
amplifiers the gain at dc is reduced to unity by the introduc-
tion of a capacitor into the negative feedback loop. Of neces-
sity, this capacitor usuallly must be an electrolytic type which
can have a significant effect on the subjective performance
of the power amplifier, particularly at low frequencies.

During the development of the AEM6000/AEM6005, a
number of test amplifiers were constructed and auditioned.
These tests revealed that this dc blocking capacitor tended
to cause significant degradation of the subjective perfor-
mance. In the development of these projects, it was decided
to design the input stage with sufficient dc tracking capabil-
ity so as to enable elimation of this dc blocking capacitor en-
tirely. Accordingly, the input stage was designed using a
highly-matched dual JFET, the NTE or ECG 461. This device
is available from Stewart Electronics in Melbourne and
although there are various alternatives available, this is the
preferred device.

The final design for the input differential pair, as can be
seen on the main circuit diagram, employs a cascode con-
figuration using the dual JFET and a pair of bipolar transis-
tors. The operating conditions for this cascode arrangement
are determined by two constant current sources formed from
transistors 5, Q6, and Q7, Q8. The zener diode ZD1 ensures
that the bases of transistors Q3 and Q4 are approximately
12 volts above the sources of the JFETS. In other words, the
drain-source voltages of the input JFET are held constant at
approximately 11.4 V. The advantage of the cascode pair such
as in this circuit, is that it provides excellent isolation of the
output of the ditferential pair from its inputs which provides
a more linear and faster voltage amplifying stage. A more
detailed description of the operation of the input pair is in
included in the Circuit Operation section of this article.

The asymmetric to symmetric converter

To convert from the asymmetric output of the input stage
to the symmetric input required by the symmetric voltage
amplifier stage and asymmetric to symmetric converter stage
has been included. This stage consists simply of four bipo-
lar transistors forming a symmetric differential amplifier fed
from two constant current sources formed from Q9 and Q10.

The overall topology of the AEM6005 power amplifier mod-
ule — that of an asymmetric cascode input stage followed
by an asymmetric to symmetric converter, a fully differen-

tial symmetric voltage amplifier and a power MOSFET out-
put stage — was found to provide the best subjective
performance of the various topologies tried during develop-
ment. The absence of a dc blocking capacitor in the feedback
loop combined with high speed linear stages throughout and
lower overall feedback than most MOSFET designs has yield-
ed a power amplifier with exceptional subjective and objec-
tive performance.

Construction

In this part we are discussing the AEM6005 module. Details
of assembling the modules into a chassis with a power sup-
ply will be described in Part 2 of this article. Construction
is not difficult due to the fact that the modules are based on
the AEMB6005 printed circuit board, the artwork of which
is published elsewhere in this article. However, when deal-
ing with power amplifiers, care should be taken even with
the smallest task.

Commence by preparing the heatsink bracket which is
fashioned from a length of L-shaped aluminium extrusion.
The drilling details for this bracket are shown elsewhere in
this article. If using the 6005 module to incorporate into the
5000 power amplifier, a new bracket will be required as dis-
cussed earlier. On completion of the bracket, be sure to check
and clear all the holes of burrs that may damage insulating
washers used with the devices bolted to the heatsink.

The MOSFETSs should be the first components positioned
as some manouvering may be necessary which would put
undue stress on any other components already positioned.
Mount the MOSFETSs as shown in Figure 3 with the leads
through the bracket and pc board ensuring 10 insulate the
leads from the bracket. Insulating washers with a smearing
of thermal paste must be used between the MOSFETSs and
the bracket as the case of the device is connected internally
to the source of the MOSFET which will be shorted to the
bracket if not correctly insulated.

The four mounting bolts which are closest to the pc board
are used to connect the sources of the MOSFETs to the rest
of the circuitry. Therefore, it is essential that these bolts make
good electrical contact between both the case of MOSFETs
and the track of the pc board. It is also essential to use
spaghetti or some other type of insulating material to stop
the bolt from shorting to the heatsink bracket. The other four
mounting bolts must be insulated from the pc board, brack-
et and MOSFETs. The simplest method by which to do this
is to use nylon nuts and bolts, although care should be taken
when using these not to over tighten them and possibly strip
the thread from the bolts. Once the MOSFETs have been
mounted in position, use a continuity meter to test for any
shorts between the MOSFET cases and the heatsink bracket. p

NYLON BOLT METAL BOLT
L SHAPED
ALUMINIUM —
EXTRUSION

ik <— STAR WASHER
MOSFET

D =— SPAGHETTI

= INSULATING WASHER
PC BOARD

44 +— STAR WASHER

oo
METAL
NUT

o
NYLON
NUT

Figure 3. How the heatsink bracket and MOSFETs are
mounted to the pc board.
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The next components to be positioned should be those on
the copper side of the pc board. Be careful to follow the com-
ponent overlay so as not to confuse their positioning. Sever-
al of these components need to be soldered across adjacent
tracks so care should be taken to avoid these leads shortening.

Once you have finished this stage, the rest of the pc board
can follow. Begin with the passive components such as the
resistors and feedthrough links. The feedthrough links are
marked on the overlay, so check to ensure that they have all
been completed before proceeding. Next, you should posi-
tion the smaller capacitors as their physical size may inter-
fere with the construction of the rest of the pc hoard. The
diodes, including the zeners, can be soldered into position.
These are the first components, other than the MOSFETs,
that need to be oriented according to polarity so as to avoid
possible damage. To verify their positioning, refer to the com-
ponent overlay.

Next to be positioned should be the active components. The
bipolar transistors, including the MJE350s and 340s, and dual
JFET all must be positioned according to polarity so it is es-
sential to follow the overlay precisely. Take great care not
to confuse the transistors and this will almost surely result
in damage. When mounting the MJE devices you will need
to use insulating washers so as not to short the case on the
rear side to the heatsink bracket. The rear of the transistor
is connected internally to the collector of the transistor. Ther-
mal paste, as used with the MOSFETs, should also be used
between the transistors and the heatsink which is essential
to the efficiency of the heatsink to reduce the temperature
of the transistors. When you have positioned these compo-
nents check the mounting bolts on the copper side of the pc

board to see that they are not shorting to any of the adjacent

tracks.

Once you have finally bolted the transistors in, it is wise
to check with a continuity meter that the collector is not short-
ed to the heatsink bracket. This is essential because, if any
burrs are remaining on the heatsink bracket they may pierce
the insulating washer and hence short the collector to the
chasss via the bracket. There is no need to insulate the holts
from the MJEs as they are self insulating.

Finally, it is time to position the larger capacitors and preset
potentiometers. The larger capacitors are all electrolytic types
and therefore need to be positioned the right way round. If
positioned incorrectly a breakdown of the dielectric inside
the capacitor will most surely occur at first switch-on. When
positioning the presets you will need to be careful of the
tracks running beneath them as some presets are not insu-
lated at this point. Sit them slightly proud of the board
surface.

The remaining four 5 W/OR22 resistors were placed on the
rear side of the pc board due to lack of space on the top side.
This was done for compatability of the 6005 module with the
5000 chassis. When positioning these, be sure to space them
a couple of millimetres from the board so as to avoid unneces-
sary heating to the board after prolonged use.

The 6005 module should now be complete. However, you
should do a thorough check of the pc board for any unwant-
ed solder bridges between adjacents tracks. Also be sure to
check the top side of the board for any of the component’s
leads shorting to tracks. A final check of the orientation of
all components and topside solder joints should be under-
taken before first powering-up your module. &

AEM Printed Circuit Service

‘ ™ 12v FJ
i 0 Tuwe QAPID
: @ s NICAD

min mas
Qutput Curren?

NEWBOARDS INSTOCKFOR RECENTPROJECTS

A =

2502 LOGIC/DATA PROBE
Essential fault-finding tool for

9503 NICAD CHERGER FOR
R/C MODELS
Featured in our December '86
issue, this project will fast-charge
NiCad battery packs from 12-14

Vdc. Requires only common
parts.

$9.35

6506 WORKHORSE POWER

‘Project features variable output
voltage, simple construction, all
parts readily available,

(Described Oct./Nov. '86) $11.40

2510 WORKBENCH POWER
AMP SUPPLY

hardware, hackers and
digitologists. Simple, cheap, uses
all common parts.

(Described Jan. '87). $8.95

Copies of the relevant articles cost §4.00 each
post-paid.

Order pc boards by the project
number and title. We do not stock
complete kits or components. Send
orders to:

Australian Electronics Monthly

PO Box 289, WAHROONGA 2076 NSW
(02) 487 2700.

Delivers 100 W into 4 ohms, 50 W
into 8 ohms. Rugged design is
simple, cheap to build. Uses only
common parts. (Jan. '87).

$17.64

Project is a general purpose
variable power supply. Delivers
2 A across output range of
3.5-25 volts. Fully protected,

200 mA/2 A current limit.
(Described Feb. '87). $21.25

PLEDGE YOUR PLASTIC!

Bankcard, Mastercard,

Visa & American Express

accepted.  pAy BY PAPER!
Cheques or money orders OK.
Make them payable to
“Australian Electronics Monthly’".
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Upgrade your Series 5000
with the AEM6005 100W ‘U-F

fopology amp module

David Tilbrook

Technical Systems Australia

The 6005 module, describbed in Part 1, is ideal for upgrading David Tilbrook's
now legendary Series 5000 stereo power amp. This article details how
it's done and discusses new power supply arangements.

THE 6005 MODULE has been designed to fit theSeries 5000
chassis, providing a relatively simple upgrade and a signific-
ant improvement in performance.

Begin the upgrade process by preparing a new heatsink
bracket. This is required to accommodate the extra compo-
nents mounted to it. The complete drilling details of the brac-
ket are published elsewhere in this article. The bracket has
been designed to bolt directly to the series 5000 heatsink so as
to mimimise the need for extra drilling to your front panel.
The dimensions shown for the bolt holes used to mount the
bracket to the heatsink are for those heatsinks drilled to take
bolts through the front, between the fins. Some producers
rnag]e heatsinks which were drilled and tapped from the rear,
which displaces the holes 5-6 mm. Check your heatsink and
mark out and drill the new bracket accordingly.

56 — Australian Electronics Monthly — May 1987

The AEM6005 modules use the same power MOSFETs as
were employed in the Series 5000, so these can be removed
from your existing 5000 modules if you are doing the
upgrade. In this case, care should be taken when removing
the MOSFETs from the 5000 pc boards so as not to damage the
drain and gate leads. Avoid applying too much heat to these
leads so that the risk of damage to the devices is minimised.
Use a solder sucker or solder wick to remove all of the solder
applied to these leads before attempting to lift the devices
from the 5000 pc board.

When mounting the MOSFETs onto the 6005 board, follow
the mounting procedure shown in Part 1, Figure 3. The MOS-
FETs, when mounted in the 6005 modules, need to be sec-
ured with insulated bolts and nuts (as shown in Part 1, Figure
3). These insulated bolts are essential so as to avoid shorting




Part 2

4

Front, half-angle view of the upgraded 5000, now the AEM6005,
without chassis covers. The “Monster Cable” employed in the
power supply wiring is clearly visible.

the case of the devices to the copper tracks on the underside
of the boards.

As described in Pari 1, the modules are nearly the same size
as the boards used in the 5000 power amplifier and hence can
be mounted in place of the previous modules. Before you
finally mount the newly prepared bracket and 6005 modules
into the chassis it is a wise precaution to power up the mod-
ules to check that all is well. The quiescent current and dc
offset presets should be adjusted at this stage as this proce-
dure becomes substantially more difficult once the mounting
has been completed. This is of particular importance when
dealing with the dc offset potentionmeter RV1, as it will be
difficult to reach.

First power-up

When powering-up your modules for the first time you
should connect a 10 ohm, 1W resistor in series with each rail.
Do not connect the load at this stage. This simple procedure
will prevent most faults within the power amp from causing
serious damage. The 10 ohm resistors limit the maximum cur-
rent that can flow into the modules in the event of a fault con-
dition. Any fault that results in excessive current consump-
tion module will cause the resistors to burn out. If this occurs
you must locate the fault before applying power to the mod-
ules without the 10 ohm resistors in circuit. Although you can
go though quite a number of resistors this way it is definitely
preferable to the option of damaging the output devices or pc
board!

The 10 ochm resistor in series with the positive rail can also
be used to adjust the quiescent current. Connect your multi-
meter to measure the voltage across this resistor by attaching

Topside view inside the unit, showing the general layout and
supply wiring to the boards.

the leads to either side of the resistor and, with power
applied, adjusting RV2 until your meter reads 2 Vdc. This
should ensure that the correct amount of bias current is flow-
ing through the MOSFET output stage. Run the module in
this condition for about 15 minutes and check the heatsink
temperature. If the heatsink runs excessively hot (i.e: more
than around 40 degrees Celcius), then try decreasing the
quiescent current slightly.

The dc offset adjustment may be slightly more complex. It
was discovered during the develoment of the 6005 modules
that in some circumstances, depending upon the tolerances
of the components, that the correct setting of the dc can be dif-
ficult. The preset potentiometer has been configured in such
a way that it provides a non-linear amount of adjustment. The
preset provides a fine adjustment around its centre position
becoming increasing course as it is adjusted further from this
position.

If component tolerances require this preset to be set near
either extreme, the correct setting will be very difficult to
make. To correct this imbalance it is necessary to adjust the
values of one of the resistors R4 and R5. As specified, they are
220R. However, the value of one of these may have to change
slightly to return the preset to a position closer to its centre.
This can be done by beginning with a 1k resistor in parallel
with R4 or R5 while measuring the voltage between the power
amp output and ground. Experiment with different values
until the dc on the output is a minimum with the preset set at
its centre position. Once you have found the optimum value
of resistor that gives the majority of the vernier of the preset
around the centre, then you can adjust the preset to give as
close to zero dc offset as the preset will allow.

Using this system, you should be able to adjust the offset as
low as +10-20 mV. Allow the module time to heat up before p
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finalising setting of the preset potentiometer as the dc offset
tends to drift whilst warming up.

Module mounting and wiring

Once you have completed the mounting of the modules onto
the heatsink bracket, you can mount the bracket into the chas-
sis, bolting it on the front panel heatsink. Before doing this,
however, be sure to have drilled out the holes on the pc board
for the input, output and rail wiring to suit the wire used. The
supply rail wires will need to be of substantial size to ensure
the best performance and we employed “Monster Cable".
Before actually mounting the modules, it is wise to wire the
input into position on the board as this also becomes more
difficult after mounting has been completed. Use shielded
cable to wire the input as these wires will have to pass fairly
close to transformers. Hum is injected into the input wiring
simply by its physical proximity to the transformers, so
experiment with the location of this wiring if you experience

any difficulty with hum. The hum performance of the-

upgraded unit is extremely good and was achieved with no
difficulty.

Once the module has been readied it can be secured to the
heatsink, making sure to use a generous amount of thermal
paste between the bracket and the front panel heatsink to
ensure good thermal contact between them.

The modules should now be securely in position and the
rest of the wiring can be completed. One aspect which will
need to be looked at, whether you are mounting these mod-
ules into your old 5000 or into a completely new chassis, is
that of the fusing. The fusing is the last line of defense for your
modules in the case of a fault, so it is imperative that the rail
fuses not be left out. In the case of the Series 5000 these fuses
were incorporated onto the pc board. This has not been done
in the AEM6005 module since it can introduce significant
resistance in series with the power supply to the MOSFETSs
which can cause some degradation in overall performance.

The transient performance of a power amp is greatly
affected by the capacity of the power supply to deliver current
quickly to the output devices. It is for this reason that heavy
gauge cables are specified for the rail and output connections,
Incorporation of supply fuses into the supply line introduces
both resistance and inductance which is not desirable.
Instead, fuses are fitted between the output of the bridge
rectifier and the main filter capacitors. As seen in the parts
list, we recommend the use of 3AG 5A slow blow fuses. The
slow blow types are necessary because of the surge current
that occurs at the moment of turn on due to the charging of the

Underside view inside the unit. Note the two power supply fuse
holders either side of the bridge rectifier which is mounted on
an aluminium plate running between the two mains transfor-

mers. The mains fuse is seen In the enclosure at top right.

Rear, half-angle view of the unit, showing the connectors
mounted on the rear panel. The two input RCA sockets are
between the two pairs of speaker terminals, while the DIN
socket at upper right provides low voltage ac output for acces-
sories. The mains cord enters via a grommet at bottom left.

main electrolytic capacitors. At the instant of turn on these
capacitors represent a short circuit and the resulting huge cur-
rent surge will blow normal 5 A fuses. The slow blow type
will not blow unless the excessive amount of current con-
tinues. In the prototype unit these fuses are mounted with
3AG fuse holders which are mounted to the bracket within
the 5000 chassis used to secure the bridge rectifier.

Once the fusing is complete you should wire the earth and
rail wires. It is essential to ensure that the rails are wired cor-
rectly. Check the filter capacitors to see which is the positive,
negative and earth and connect these points to their respec-
tive positions on the modules according to the component
overlay published in Part 1. The earthing arrangement for the
6005 module is just as imperative as it was for the 6000 power
amp modules. There are two earth areas on the pc board
which need to be connected to the centre point of the filter
capacitors. This is to ensure that the clean signal earth is
clearly separated from the noisy power supply earth. If this is
not done the module will still operate, although with hum
and noise figures orders of magnitude worse than those pub-
lished. The output should be wired directly from the pc board
with the black output terminal connected directly to the
centre point of the main electrolytic filter capacitors.

If you are upgrading the Series 5000 the same power supply
can be used with the exception of the changes to the power
supply fusing which has already been discussed. We have p

AEMG6005 PARTS LIST

2 x AEM6005 modules;

1 x heatsink bracket;

1 x Series 5000 heatsink and chassis;

4 x B000u/75 V electrolytics;

2 x PF4361/1 transformers;

1 x 100n/630 V metallised film capacitor.

1 x 240 Vac DPDTilluminated rocker switch;
2 x red binding posts;

2 x black binding posts;

4 x earth lugs;

2 x RCA sockets;

1 x PB40 bridge rectifier,;

2 x 5A 3AG slow blow fuses;

3 x 3AG chassis-mount fuse holders;

2 x 2-way terminal blocks;

Two metres of heavy gauge hookup wire of
at least 32 x 0.2 mm, or “Monster Cable", for power
supply wiring;

Mains cable, plug and clamp grommet.
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Drilling details for the heatsink bracket. Mounting hole ’

positions shown in the upright piece were taken from the
original 5000 heatsink which located the mounting bolts
beiween the fins. Later heatsink designs have tapped holes
positioned behind the fins which necessitate slightly different
hole positions. These should be measured from your unit.

NOTE: SUBSTITUTE DUAL JFET INPUT DEVICES

Some incompatibilities between various input stage devices
employed for Q1-Q2 have become apparent since publication of the
AEM6000 module (June, July, August September 1986). We
specified the NTE461, a New Tone Electronics dual JFET. This
device is important to the overall performance of the 6000 and 6005
modules. Some suppliers have substituted alternative devices
which some constructors have raised questions about.

The Philips BFQ10 can be used in the circuit instead of the NTE
device without any difficulties. The 25K146 dual JFET will operate in
the circuit but has a different pinout and is therefore difficult to mount.
We understand that the NTE device is available from Stewart Elec-
tronics in Melbourne. The pinout of all these devices, NTE461,
Philips BFQ10, and the 28K 146 have been shown elsewhere in this
article to clear all such confusion.

%
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£
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¥

70mm

also included a diagram for a dual mono power supply for
those wishing to employ it. This power supply can be incor-
porated within the 5000 chassis with the addition of a second
bridge rectifier. The 5000 power supply is a single supply
which is used for both modules. The dual mono configura-
tion enables the power amp to become two mono power amps
in the same box which is said to have superior channel separa-
tion compared to the mono supply.

To wire up the dual mono supply, follow the circuit diag-
ram closely to ensure correctness. We have decided not to
include drilling details of a new chassis and leave it to the
enthusiast who may wish to experiment. Be carefult to check
the orientation of your electrolytics and bridge rectifiers
when following the circuit diagram, along with the wiring of
the transformers, as damage will occur if these are incorrect.

Pay particular attention to all of the 240 volt wiring. Ensure
that all terminations and solder joints have been securely
made. It is essential to be aware that any shorts in the 240V
wiring will cause damage.

Hold breath. .. and switch on

With your wiring completed, before powering-up you should
recheck the wiring and run through the amplifier with a con-
tinuity meter to ensure all is well.

Power-up the amp. If all is well, then leave the amp to warm
up. This is necessary to allow time for the amp to stabilize
before any adjustments are made. Set your multimeter on dc
volts and connect it to the output of each channel in turn to
ensure no dc offset has been disturbed before connecting your
loudspeaker. If there is a dc offset, then use an insulated
screwdriver to adjust the preset RV1. Finally, before connect-
ing the 6005 to your loudspeakers, you should switch the
amp on and off a few times to ensure all is well. 8,

LEVEL
We expect that constructors of an

INTERMEDIATE
level, between beginners and experienced
persons, should be able to successfully
complete this project.
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