SYSTEM A AUDIO
AMPLIFIER

Look no further. This superb amplifier is quite simply the best.
Designed to out-perform even commercial equipment, the System A

combines ease of construction with
Class A quality. Design and
development by Stan Curtis.

promise’ signal reproduction but at the lowest possible

cost — proved to be deceptively difficult! The first
preamp design eliminated all switches and controls to leave a
pick-up input socket, an output socket and a volume contral,
but such a layout would be far too spartan for even the most
serious audio enthusiast. The minimum input requirements
were thought to be pick-up, tuner and tape, with tape recorder)
monitor output. A sterec-mono switch is unnecessary for
seriis lstening, as are all the other contrals that came to
mind (except volume and balance!]

The mext choice was between discrete or integrated cir-
cuits. Despate the obvious benefits and inferent ssmplicity of
IC-based circuitry, | decided upon good oldfashioned tran-
sistor stages, Why? Several reasons

1. If labour costs are disregarded (which they are in this
case] the discrete transistor version costs less.

2. Discrete stages can be miore easily optimised for a par-
ticular design requirement, and give a lower compo-
et cost and higher sound guality,

3. There is a purely emotional feeling that when using
audio ICs, the designer hasn't really contributed very
much to the final design!

[In fact the final circuits are, in effect, discrete component

operational amplifiers, so something of the IC design
philosophy has obviousky rubbed off )

Pick-up An Input

Provision has been made for the preamp to be used with
virtually any available pick-up cartridge, through the use of
plug-in input circuit boards. Two input circuit boards have
been designed although both wse the same printed circuit
layout. One is for moving-magnet cartridges and the other for
moving-coll cartridges. The gain of both these modules can be
varied to suit different cartridges by the change in valee of a
single resistor, Input loading (bath resistive and capacitivel
can be changed by the substitution of altemative compaonents
and, as a source of guidance, a comprehensive table has been
produced showing the requirements for the majority of pick-
ups currently on sale.

The whole of the preamp design is extremely flexible, per
mitting alterations to ansure compatibility with other equip-
ment, The basic version has a nominal 775 mV output level
and a 75 R output impedance

The Imitial design brief for this amplifier — “no com-
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PSUing Quah

The power supply is built into a separate case 1o achieve
better screening as well as increasing the versatility of the
system. This mew ‘Audicphile’ system is conceived as a
modular “bullding block’ concept offerng a varety of
facilities. The power supply is capable of powering several
preamplifiers but will also be used to power a matching
parametric equaliser unit and twoe other blocks still under
development. Their basic designs will follow the existing for-
mat and will be published in the months o come

As for the preamplifier. work goes on totake advantage of
its ability o accept altermative input modules, and the design
of nesw modules will be published periodically to enable con-
structors to update their models

Qutward Bound

Prowvision has been made on the main PCB for the fitting of
an output coupling capacitor{C151 Mormally this shouldn't be
necessary and the two pads showld be jeined by a wire link to
couple the output directly to the power amplifier. A very small
number of power amplifiers are totally DC-coupled, so amy D
voltage on their input terminals would result in an unaccep-
table DC offset across the loudspeaker, In such a situation the
capacitor should be fitted. 185 value can be selected to suit the
inrml |l"|"||:::|n|1'{|d1'||_'|? {l'f I:]"u;' oW ﬂl'll;_‘llif":"l’ d 1..',_1||,|1_= 4_'|-|' 1] :!-, ._:I-'i Vv
(tantalum] is acceptable with a 10k input impedance and 470n
with a 50k input impedance. The capacitor polarity should be
aligreed to cormespand to the residual DC offset at the output
of the preamplifier.
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Construction L IR,

Although no metalwork plans have been provided it will
be seen that the prototypes have been housed in a simple,
compact, and functional case consisting of an aluminium
chasis and a substantial stesl cover. (Asr i have
been made for supplies of these cases to be available to
ETI readers — see Buylines.)

TABLE 1. SPECIFICATION

PREAMP
Rated output level: 775 mV (0 dBm)
Maximum oultput hevel: ™a
{20 Hz to 20 kHz)
Total harmonic distortion (including noise)

Auniliary input, 0Hz 0%
775 mV putput 1kHz QN%
0kHz 0%
Pick-up input, WHz 002%
VS cutput 1kHz 002%
20kHz 0.02%

Pick-up input overload (ref rated input at 1 kHz)
Moving Magnet  Mowving Codl

20 Hz 41 db 44 dB
1 kHz 43 dB8 40 dB
20 Hz 4idB iz dB
Input seraitivity (ref 775 mV output at 1 kHz)
Auxiliary b5 my
Pick-up [moving magnet) 2.3 mV
Fickup [moving coill) 550 mW
Noise level, ‘A’ weighted (ref 775 mV output at 1 kHz)
Auxiliary — 90 dBA

Pick-up [moving magnet) — B0 dBA
Pick-up moving coil) = b dBA
Channel separation, pick-up input {unused channel loaded)
1kHr 62dB
kHz ©9dB
RIAA equalisation accuracy: £0 2 dB
(30 Hz to 20 kHz)
Frequency response:
(auxiliary input)
The abowve figures are for the standard version. The perfor-
mance of the alternatives will vary in terms of sensitivity

+=05dB, 5 Hz to 35 kHz

et

POWER AMP

Biasing mode: Class A

Rated power: B0 W RMS into BR,
20 Hz to 20 kHz

Tramsient delnery: 150 W into AR

Harmonic and intermodulation distortion: bess than 0.06%
at rated power output (X0 Hr to 20 kHz) decreasin
manotonically with decrease in power, Distortion is virtual-
Iy unmieasurable at small signal levels.

Frequency response: 1W0Hz =1dB
{ref 0 dB at 1 kHz) 120 kHz —6db

Power bandwidth: 5 Hz to b kHz

Hum and Moise: 100 dB below 24 W BAAS
output [CCIR)

Sembtivity: TO0 my BMS for 60 W nto
BE

Hq;.:-w‘ feedback: the open loop gan i reduced by 22 dB

by the application of overall negative feedback

Transient intermodulation distortion: zero
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PROJECT

The preamplifier circuitry has been constructed on two
printed circult boards which plug together using high quality
gold-plated connectors. The construction of these boards
should present no difficulties if the lavout is followed correct-
hy. There is a certain amount of wiring using screened cable
and it is essential that this be done neatly and comecthy. A wir-
irg diagram has been green which shows the loom in detail and
this arangement thould be followed fairly closely. The ends
of all screened cables should be sleeved to avoid the dangerof
stray strands shorting out the signal. Particular attention is
dravam to the earth connections which are always a problem
with stereo amplifiers. The arrangement as drawn works.
Oithers might not! You may wonder why this wiring has not
been incorporated on the PCB. Thas could have been done for
ease of assembly but only at the cost of the loss of solation
between the vanous signal and supply paths. In this context it
is interesting that one of the world's best regarded preamps,
the ultra-espensive Levinson, using several hundred dollars
worth of military grade, PTFEsnsulated screened cable in the
pursuit of ﬂgnguuﬂatiun. Howewver, our budget model wes
common-orgarden screened cable to do the same thing! The
use of this cable plus some care in layout results in a quite
respectable figure tor stereo separation at high frequencies.

It is recommended that the phono sockets for the pick-up
NS hE'FoB-ﬂued. These are expensive and difficult toob-
tain butl, for optimum results to be obtained, they must be
used. | have undertaken a lot of research into the effects of
signal connections and have found that, while in theory both
the gold-plated and nickel-plated contacts give equally good
connections, in practice and over a period of time the gold-
plating will prove its worth. [ will say no more because a full
summary of the problems associated with connectors would
fill an article of its own,

Most of the transistors used are uncritical and the recom-
mended types can often be substituted for, provided that due
regard is paid to voltage ratings and so on However, the
ZM440 first stage transistors ane notably quieter than many
alternative “low nolse” types (BOIDS efc) and these should be
fitted. The input transistons (O and O2) used for the moving:
coil stage [module A-MC) are medium-power devices selectied
Frevm the BCT60 family. They are tested for low noise under the
specified operating conditions. Transistors of this type could
be fitted on a 'potdeck’ basis but this may lead to disappoint-
muent, frustration, and a need for a new nozzle on your solder
sucker! Alternatively the cormect pre-tested tramsistors can be
used and a supply of these has been made available (see
Buylines),




Fiz. 1 Sampiified diagram of one gain slage
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Fig. 4 Circuit diagram of the APSL preamplifier power supply.

Eesponse of the series beadback egualisation stage to a squane wawe input
signal,

i o]

: Fig. 3 Comaenticnal series beedback equalisation
3 stige (4, ardl a difierent configuration wsing
o shaind fewdback (b,

Fig, 5 Cimruit dizgram of the A moving magmet maodube.

e

Each dlage of the prea feer wses a virtually identical dizorede come
ponent aperational a . Thilg op=2mip b showan i simglifled foem
im Fig. 1. The inpul shige is a long-laibed pair compased of iransisbor
01 and O} whose collector coment is determined by a constand:
current spurce [0 1) and works ouf af aboud 100 uk for each transksioe.
Thais cusrent has chasen 1o give a loow notse figare for this sage.
The secmnd stage is a voltage ifier [0}5] whisch denves a consfand
current boad (0] 1o et the sla cusfrent of this stage al abowt 2
A, The foner series diodes bias on the complementary ovlput stage
[0, Q7)) to give a quiescent cunrent of 8 mA. This valee of standing
currend enswres that all the amplifier stages continee to operate in the
Hnear Class & region even when deiving low impedance loads.

Thee marving-woil skage is virlually identical to the other op-amps
encepl for the vse of some different component values. Whereas the
ather slages are optimised for bow meolbse wihen driven foom mssdiom im-
pedance signal sources, the moving-coil cartridge can represent an
almost pure ressstance of betwesen 2 and 10 R, To achieve a better
e figuane meediu mepoer bransistoes are weid imthe inpal dage, and
each is operated al a collector cument of slightly over 1 mA,

The three stages are arranged & shown in the system block
ciagram [Fig. X The first stage cam be either & moving-magnel or a

stage, Whichever is chosen, the gain andinpuf lnading are

optimised to suit the pick-up cartridge im ese. This stage has a flat fre

guenCy responds and no feedback equalisation. it does, thenedone, bigl-

fer the cariridge from the equalisation stage and so ensures thai the
ca lrading is mot frequency-dependent.

This e-Co ;.:Juu tie eoualsatnm stage with the RIAA netveork
wei rieell i bl ch arangensenl. This slage has a vollage gain ol
i.'ild-ﬂ[ﬂllhl 1 EHx and bawngy the signal bevel wp b0 a nomanal S0 m

selaare lh.tmll:llml;a;qmuﬂu A fter the wolume condrod comes the third
sizpi (AT which iz wired & & simpbe 20 dB (010 Ene amplifies.
Mionwever,. the feedback resisior is wired o :mund Ihru.ﬂ.uh & polen
Bhiwmaeder which act as a halance comrol, ghving a gain vanation of 11
dB o Ehis stage.

Shaund Feedback

Thie puspsisa ol The eouialisathon s is o pt\ul.-'idtﬂi::dd-ep“
ol Frequeency de-ermphasis exsciby complementing the RIAA specifed
preemphasis applied when a record iz cut. Although the egualisation
is muermallly speciled ower e band 30 Hr 1o 3 kHz it was assumed
that the response curve woald be comlinued utside of The audio bamd.
Mmvsk impnrtant, the replay respomse above 20 kHz showld contine bo
reduce wilh ireguency unbil a1 seme infimitely high frequency the owl-
parl is zevo, This requinemen s by mosl auden engineers
who concentrate primarily on the sudio band perfoemance, bal the
migid sipnal reproduced from a disc contalng transients whose fre-
quency content can lie outside the arbitary audio band. [Question:
why 30 Mz bo 20 kM 2T Answer: because it has shways been o] The oo
vindional series leedback fage of Fig. 1a ts unable o provide an ac
curaie trarster of these high frequencies. This is becawse the gain does
nat drop swards zero with increasing frequency bul lowands wnity,
Thvee wolbage gain of this stage is egual ta 1 + [£; + Bk soevenif L is
made infinitesimally small the mingmam gain canmal b less than uni
tv. The same is nod trae of a shunt feedback equalisation stage sich as
thie one shivam Im Fig. 3. Here the voltage gain is eqgual to Z,!Ii. w0
that as 7 continues b reduce s The gain continues to drop wntil final-
Iy Ehe minimum gain s determined by the signal leakage through the
stage. The sccompanving phobos show the reproduction of a square
wearvd | herosuggh thee twens Bvpaes oo egualisation skage and it will be clearly
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