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AMPLIFIER

Get out the Bullworkers, part two
of the System A series describes
the Class A power amplifier.
Big is beautiful! Design and
development by Stand Curti

here 15 one amplifer configuration that 15 universally ac-
TLuptEl:Ia.sthE Ideal for audio use: Class A operation. Many

early amplitiers operated in Class A, but as output powers
rose above 10 W the problems of heat dissipation and power
supply design caused most manufacturers to tum o the
simpler, more efficient Class B arrangements and to put upwith
the mesulting drog in perceived output qualiby

The: ETI System A applies the unchallenged excellence of
Class A operation to the design of a reference amplifier free of
the aberrations of commercially available models, Class A bias-
ing is recognised as the ideal operating mode for an amplifeer,
offering the uncompromising accuracy demanded by dedi-
cabted audiophiles, The superiority of this amplifier depends on
the output devices betng constanthy operated in their linear
region, above Cul-olf and helow saturation. Such operation
I'E.'-‘Jlﬁ'!r in the smoothest transder function and the widest band-
width,

Thie Svabem A amplifier has a clarity and a tonal response
that produces a superior perspective of depth with a sense of
reality: imstriements appear in precise position out of a silent
background. The mutical naturalmeis’ of this amplifier is due to
its lack of the constrictkons of commercially desirable circuitry
and the single-minded approach to a no-compromise sound
cquaality

Why Class A

The amplifier has an excellent technical performance
even when operated in the conventicnal, but less desirable AB
mde. With an opendoop (ie no overall negative feedback)
distortion of around 0.1% (1 kHz) and a frequency response
strefching well outside the awdio band, the uie of the large
amounts of negative feedback (found in most commerncial
competitors] is completely unnéecessany. However, extensive
cormelation between measurements and subjective perfos-
mance wsing a wide variety of amplifier types led to the con
clusion that Class A biasing ks the optimum for gudio ameplifbes
perfommance

When biased (0 Class A the transistors are always turmed
on, always ready to respond instantanecusly to an input
signal; Class B and AB output stages require a microsecond or
more to tum on. Thus Class A operation permits cleaneropera-
tion under the high<ument slewing conditions that occur
when transient aucho signals afe fed into difficult loads.

Th continuous aperation of the output stage inthe linegr
collector region results in a more desirable distribution of
40
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distorticn harmonics than is possible inClass B or AB, becaimse
the non-inearities in the transfer curee are smoother and free
of the abrupt transitions of Class B and AB. The gradual non-
linearities resulting from Class A operation produce distor-
tons of low orders; primarnily second and thind harmonics
These lower order hammonics tend to be far less attensive to
the: ear than high order harmonics, being far more miusical in
nature (they are predominant in the hanmonic spectra of maost
musical instruments] Higher order harmaonics tend to *hardesy’
the overall scund Such is the linearity of the ETI Class A
Amplifier that a mere 22 dB of gain reduction is made in the
form of negative feedback

Each amplifier is a completely separate self-contained
e unit. The use of monoe ampliteers, while costly in tenms
of components, provides the maximum stereo signal separa
tion under dynamic operation with complete freedom from
crms-modulaton effects, ghving an improvement in sulbjec-
tive depth and accurate instrument imaging

A glance at the phatographs will also explain why each
amplifier is made as a mono-block A sterea version would be
just too heavy, wrwieldy, and hernia-snducing for even the
most dedicated avdio fanatic (but i you know difterent. |
Ideally cach power amplitier can be ocated nexd 10 ots respec-
tive loudspeaker and connected to it by very thick but shor
leads, thereby avoiding the losses associated with lowd
speaker cables (30 A cable B suitable)

Protection — A Racket?

This Class A power amplifier is totally free of the usual
protection circuits with their unavoldable colourations, distar
tions, and currentlimiting characteristics. Instead we use an
output stage having an exceptional power capability for an
amplifier of such a low rating. With its substantial heatzinking
thiz amplifier is capable of sustained operaton with difficult
loads

The ETI Systermn A amplifeer maintains complete control
over the driven loudipeaker throughout its operating cycle
The true Class A operation avoids the inherent phase i
regularity and inadegquate currentsinking ability of com-
parable Class B and AB designs. The provision of an extremely
low-impedance power supply gives the Class A amp a short
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term current delivery and, equally important, cumhénl-inking
capability far in excess of vy kondwn Class AB powes amplitaes
of similar rated ocutput powed

Amp Of Substance

The cutput stage B quite substantial, using a Wotal of 3ix
250 W power transistors. Fairly ‘oldfashioned” power tran-
sistors have been used (the MJ4502B02 family) i préference
to some of the higher performance devices now available
They have been chosen because the die used to mount the
semiconductor junction ks of a large area; the device is quite
rugged and can handle high currents. The shon-term current
capability of the output stage is, in fact, of the order of 90 A,
somewhat in excess of the curment Capalbality of the wiring!

The power supply is equally substantial, using a 500 VA
toroidal mains tranformer and two Massive computer grade
reservolr capacitors. These components are expensive bat
essential The rest of the construction is equally masiive with a
stee| chassis supporting six very large heatsinks. However,
construction is straightforward provided that the builder has
strong arm muscles, and circuit alignment simple < there are
but two adjustments — guiescent current and DC offset
vollage nulling

Construction

The constructional Liyout shown n the drowings and
photographs should be followed as closely as podiible. (With

PROJECT

Close-wp of fuse wiring on back pamel

such hagh cuments flowing dovwn the cable fomms, problems can TPt
gasily occur if too many changes are made ) The beatsinks and
the power supply components are assembled onto the base-
plate and wired up in accordance with the wiring diagram. The
recommended wire types and gauges should be aghered to S Ui kit r B
Fig. 1 Semplilied biock diagram ol thet privmott aMmp
ket
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HOW IT WORKS
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sheirving This may seem an extravagance but your Wi
change shortly after a shart-Circuit wipes out E18 worth of tran-
sistors! A substantial soldering iron will be needed to solder
together the power supply components. The use of a low-power
iron will usually result in a selection of dry joints on these con-
e T0ns

The coil L1 & wound onto the body of R40. This is not a
critical procedure — about 17 to 20 twrms of enamelled coppér
wire should do nicely. The gauge can be anything you have to
hand, from 20 to 26 swg. Lhe some lacquer or epoxy to hold the
wire in place on the resistor, scrape the enamel off the ends of
the wire and sobder them close to the resistor, The wheole thing
can now be soldered in place on the board.

Particular care should be taken in mounting the power
tramsistors. Cood quality insulating washers and bushes should
be used and a generous smearing of thermal paste i essential
Thess transistors should be bolted to the heatsinks very tightly
to ensure good thermal contact a1 all temperatures

Assembly of the printed circuit board & straightforwand
enough using the component overlay as a guide. As usual,
ticular care should be taken 1o confum the polarty and align-
ment of all capacitors, diodes and transistors; and 10 avoid put-
ting mechanscal strain on any of the components. Aftéer
assembily the board should be checked on the copper side for
dry joints and solder bridges. Such defects on power a
usially result in an expendive bang, sodon’t skip this admi
tedious chore

One final point regarding comitruction. Once the amplifier
has been completed and tested, it should be switched on and
allowid to reach its normal operating temperatune [about X0
rinutes). The amplifier thould then be switched off and all the:
screws tightened up. Differences in thermal cosfficients of ex-
pansion can resull in some of the screws becoming slightly
loose, particularly those holding the heatsinks to the top and

CONAETS.

Figure 1. Th be eirewlt di for the Systemed 5
I:'.:l tc-umpl_:iﬁ.:-r: agram lar e

Farte that the putput transiion sre smownied
remataly from the main PCS.
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wived imto the case.

Lafiz a detail shot showing how the PCE is

PROJECT : System A Power Amp
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™ Figure 4. The PSU circuit used to drive the
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PROJECT : System A Power Amp

PARTS LIST
Resubors (all W, 5% eurept where stated) C4.59 1 VY tantalem
R ATk Ca7 100y mindsiure ceramic
[ R [, kD Ca ¥ palycarbonate
ﬁ? L'h C 1 H.mm: 50V electrobic (Sprague iype
::.11 il:: €113 470 61 ¥ electrolytic [FCE bype)
BE7 R F |y Semacorduciod
RILIY X8 01 4.89,10,77,18 BAFLAGE
E14.15 BT 4Ny DLESAT.19 BPLA
RIGI7 2850205, LR RERT] MPLASY
AT et Q121516 IMESTS
E1R 1% 20 11 Pt O 24 38 BDI™
R4 25 224 OnMm BD 380
30,31, 34, 35,3839 DEIX WS 022, 36,30 Lt
Ra TR 1'W v E S | SAS02
::; TR I W (vt sirevenaind) 1.2 15V, 1%3
Ral 18k
LEL 3OR s eflnenas
%‘-;1 DPST maing ““E..luh
Priled minime L4 Thatvenal cut-oui
il gy rearagtur ot rondal peeet ™ Red msoa
Pl Tl reniahare hoi romilal preset [1.+3 Oy srege nepon
F51 1% % 5 A= 10 A fio sl loodspeaker)
Capaciicr sz 30 mm 115 A
E; m:wm Tonrcriclal i.:hrn.ﬂ‘-i*mm.Imn:
polvilyrens maunting holder, inpul sackel, kudupeskes screwtermi
3 g polyetynens ﬁﬂu:ﬂdhﬂé mting hardware,

Figure & Companend overlay for the power-amp PCE.

Mext manthe we conclude the amplifier project with
the PSU and interwiring details.
PIN CONNECTIONS
A 440 M Q3 base
B -4V 0 Wire link to pin ¥
C Q30 emitter [underside of PCE)
D Q26 emitter P N7 collector
E Q22 emitter O 17 emitter
F 23 emitter B 17 base
G 7 emitter 5 Transfonmer
H Q3 emitter T Transformer
I Q30 hase U Output
| Q26 base Y Wire link to pin 7
K Q22 base {underside of PCE)
L Q23base W Input
M Q27 base X Ground
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SYSTEM A AUDIO
AMPLIFI

Stan Curtis concludes the
System A with the testing
and setting-up procedures.

test providing a logical sequence

is followed. The first test is
without the main PCB fitted and
withaut the power4ransistors
connected to the power supply. Check
that there is no leakage betwesn the
collector of any power transistor and
heatsink using a high-resistance range
of yvour meter, Next check the output
transistor junctions (basecollectar,
base-smitter, collectoremitter and so
on) at the PCB end of the wiring loom.
I all &5 wedl the power transistors can
be forgotten for the moment

Mext. the power supply. Fit a mains
fuse; switch on and check that the
viltage across the reservoir capadcitors
i 40V iwithin 2 V1L Allow these
capacitors to discharge and then fit the
PCE assembly, connecting all the wires
except those to the power transistors.
Both the presets should be set to mid-
travel and the power again switched
on, The secondary supply rails can now
be rneasured and should be about
+ 50V, The output DC offset voltage
(junction of R28, K29) should be
measured and should be adjustable to
reroy by burning PR, IF the offwet
valtage cannot be adjusted you have a
fault on the board,

If all is well, disconnect the supply
and again wakt for the power supply to
discharge. Mow connect up the power
transistors io the PCH but with a
current meter (able to measure groater
than 3 A DC current) in series with the
positive supply to the three collectors
(22, Q2% and Q30 Ideally a
waltrneter should be connected
betwesen the output rail and ground.
Sany a shaort praver and switch on. You
should find that PR2 (tumed clockwisel
will increase the current and PR
should still adjust the DC offset
valtage. Adjust the current to about
1 A and, wsing a loudspeaker and
comvenient signal source, quickhy
check that the amplifier works. If it
does, the amplifier can be set up
propesly; Bul be warned that this takes
several hours. Set the current to 3 A
and allow the amplifier to heat up. The

Thu. amplifier is straightforward to

current will vary so adjust it gradually

every 10 minutes or 5o until it is stable.

The DC offset can now be nulled to
zero but as this can interact with the

curmrent some alternate adjustments will

be needed. After a couple of hours the
amplifier should be stable and reacdy
for use

Fig.1 The long-awaited preamp power supply
owerlay [amd Parts List af fop eighil Prosvishon

has been made on the board bor éther loar
diedes or a small bridge rectifier, as shown

— PARTS LIST

o

Riztagie

R T AW 5

Capaciiors

[ Vi 25 W axlal electrobytic
Semiconductors

D TNS02 e sienilar

LEDT TILME g sinilar
Miscellaneous

W DPDT maans swrlch
Trarsloemer (15415, 30 VAL T A quick-blow
fuse and fuseholdes, case.

e BUVLINES

The il pattern pubdished in the July ET] b
the preamplifier main board (A-PR) was in-
corredd, ang we ;palngm by readers whio
have experienced dilliculties. To correc
the fauli, hreak the track joining G112 base
b QR collectar, amd solder an inselated link
beetween 17 hase and Q% colleckor, Do this
fod bt chanmels. The PCBs being sold by
Jelgate and our PCB service are correct.

Kits of parts bor the Systers A amnplifier are
Mhﬂthﬂhﬁkﬁﬁiw.m
loed Clisvy, Camnbe. Prices are a8 !
Fresmp Kil 1 condaining o chassis (preamp
and PSLI. toroidal transiormer, and all the
chapssis-rgiantieg comporents; £28,

Preamp Kit 2 comaining the 4:-FR and A-PSL
PCBg ard all o EX

Preamp Kif T containieg -0 A-il PCE and
| comporents; E12 for either version.

| St il bousr Enpisl brarsistons, schected bor low
o £,

Prewer Amp Kit 1 comaining all the e labaork,
heatiinks and chassi-mounting comporets;
E1D5

Fower Amp Kil I comlaining bransinrmeer,
capacihers, poewer supply comporseats arsil
porwer framsasioes: ERS.

Porwer Amgp HL:J:'IHJ- containicg A-FA PCE and

Al these prices ane exchushee of VAT and
carage. The cases are all ready-painied and
screerrpranted. Hems can be bought separately;
a comprehensive peicg list can be obtaned
froam jelgate.
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Fig.2 A& bard's eve veew of the inside of the RALE FENEL
power amp with (e case faken apart and laid
Flat to whivw i wining connections. With this
diagram b ideatily polskto-point
connecibons, snd wing the phobographs as &
gulde 1o the laviut of the bams,
cnmlracima ihould be vavy, albeit tedemaus
Make puie the whiw canrying the high curoenits
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