- amplition

A high quality smplificr must meet several
requirements that are not laid down by
the DIN standand for so-called hifi-
amplifiers. With present techmiques it is
not very difficull 1o build an amplifier
1 satisfy these requirements.

Quality requirements

In the first place, the amplitude-frequency
response curve of an amphifier should be
MNat over the entire audio-range, say from
30 1o 20000 Hz. Outside this range the
curve remain ‘smooth”, which i
actuslly the result of meeting a require-
ment placed upon the Ma\r (ﬂqllfn\y
sposse inside the sanpe latter
point ks the vital ome; but the .urmhruu.
curve s emler to measure), A rolloff slope
of, say, 12 dBfoctave below 30 Hz and
sbove 20 kHe will not in itselfl influence
the quality. (It will frequently prevent
suhsonic or wltrasonic overdriving, an:
produse an audible improvement. )
Secandly, the distortion must be so low
that it cannot be detected by car
The threshold for this & typically 0.5 fo
1%. A problem here is that our hearing
respands 1o the amplitude (L, peak level)
of 1 distortion component and not 1o its
RMS level. Therefore, the amplitude of
any distortion component musi remsin
below 0.5% The wsual distortion
meassrement gives the RMS result of all
upwanted compoments; this does pol
always give 3 meaninglul, never mind
accurste, impressbon. We will retum to
3 polst in 3 moment.

Finally, we must also set up a requirement
about reliability. This can be summed up
In genesal terms as follows: the amplifier
must be unconditicnally stable, with any
load; it must el be protecred intesmally
agsinst overdriving, excessive loading and
volt ape sungpes by inductive kads.

The output stage

In principle, output stages can be buili

in many ways. With two or

transistors, & supesemitier-

so-called Darlington paie, can be made

In figare 1a this is shown for two NPN
| tramssions; figure 1b shows the perfecily

A feedback

Literally thousands of circuits for transistor-
amplifiers have been developed, all of which

The brands that meet the Equa-
standards laid down in this issue
«can, however, be counted on the
ingers of one — passibly two —

system ('

*) places very strict

requirements on the associated amplifier, This consideration, amang others,
led the editors to develop an equa-amp

ier, with a cireuit that could be

easily adapted to give any output power up to 100 Watts,

ary arrangement ng PNP

s 10 use complemen-
If of the oatp
ale i shown in figure 1a
power transisior, and in
a 'SP power device. These
e seen m amplifiers with
fairly high open-locp gain, using 100
ncgative feedback 1o achs
gain of unity. This beb
r-fo

t stage configuration
of figure la with
to form the ‘quasi<omplemen-
tary” arrangement. This has the advantage
that the pﬂ\\u transistars are identical

the

serious dis-
that the two halves

advaniage, howeve
| are not realty Mementary
imvariably causes incressed dists
The Ralf stages of fgures 3 )m! s
Darlingtan arranges an be com-
bined to provide & perfectly u>||||||n||ﬂ|
tary circuit. The co i of figures 2a
and 2b s, however, the preferred arrange

w.‘n\'h

ment, The ircaits themselves
are better th IN gt € and the
complete auipat sage is also coamplemen
tarily  symmetsical This srrangement
therefore was chosen for the Egqus-
amplifier

The Law of Cusscdness

this circuit shoald also have objectionabie
aspects, Well, is has, Ome practicsl
tion s that the
power-transistor
that the device
audio voltage,

Crossover distortion

The distortion in a power amplifier is
by 1he output stage,
<t i (primary) cross-
accurs with class B

ouipat slages in the neighboarh
zerv-crossing of Ihe signsl wavelosm
Both halves of the stage are then operat-
ing in the non-dinear area close fo cut-off,

To wvoid distortion it must be
thal the stape-gain {aclually -
ctance) does mot vary with the
the signal waveform. At

ons ome half of the out-

The active hall will
imate valse of tramsconductance (or
“slape’) over most of its working range

If the stage s sufficiently symmetrical,

equal 10 the ahimate slope of
one hall stape during greater excarions,

Clearly, It ks the thind situation that is
required for minimum diste his
condition is most closely approached by

armangieg both sections amplify
with half their ultimate sope at the actusl
point of zer crossng. This is achieved

by, smomg other things, serting the
correct value of standing (‘quiescent’)
cusrrent

Secondary crossover
Less wellk-known is the so-called second-
msaver distortion, This is cansed by
charge-storage in the bases
the output transistors. The effect Is that
e ‘cut off 160 late’ an
late’. It produces short
notches, shown for one Ball
stage in figure 4 (exaggerated for
This distortion is virtually ignored by the
“normal’ distortion measurement !
The DIN standard specifies 3 messure-
ment of the
distartion product

RMS vabue of the totsl of
Suppose r.uv» that
ches.

the ampli

of the sgnal m:phludr

audible. D 3 then be

aly two HOI\.M‘ which are very short
pose now that the totsl notehiime

S
ts ome fifticth of a cycle.



An RMS messusemest now gives the
elfective valise 45 a propartion of the tatal
effective value — less than 0.1%. Such an
amphifiee  iherclfore  meets  the

instrument. But a high-guali
it is pot! In the Equa-amplifier certain
precautions are taken to keep this kind
of distortion as low as possible.

A fird good step in this direction is to
introduce lowvabue resistors between base
and emitter of the owlput transistor,
This allows the charge to fow off more
quickly,

After this, compensation networks are
inserfed in the emitter circuits of the
driver transistors. These networks are
designed to simulste the output tram-
sistar's  base-omi junction with ite
shiant resist
One half of the output stage then has the
€ircuil shown in figure 5. The cholce of
diode and ather components depends on
the properties of the assoclated power
tramsistor. The idea is to select the values
o that, provided am cutput transistor of
the specified type is used, the worstcase
total amplitude of the distortion will be
less than 0.1%, Using good instruments
it is possible to trim up an individual
amplifier to aboul 001! One must,
‘however, have access to s good digtartion-

an owtput stage. It can b built up using two
NP (a] or two PRP (B sransivioes.

Figurs 2. An altornative cirowit 1o sutput stage-
hatvei. One haif i built up usieg & PNP
followsd by sn NPM, vics versa.

Figurs 3. Theoa pomible eross-over eharscter-
nies,

owipat transivton
e biaaedd. The cutpen sigaal is alwrys the tsm

standing

ey

ot the wgnals from
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equa-amplifier

cr, 3 low-distortion oscillator and an
oncilloscope, We hope fo publish designs
fot su tranvents shortly

Protection circuits

Each half of the outpal stage is fitted
with @ protection clreuit. Figure 6 shows
the amanpement for the upper half. The
circuit has three functhons, Ovendriving
the input and/ar excemively loading the
outputl will cause & lage current 1o flow
through (he outpul transistoss. The
voltage drop scross the emiller resistos
Ryq appears between the points B and C
If this voltage drop exceeds about 1 volf,
Ty will start to conduct. This shor-
cireaits the drive to the outpal sage
and limits the output current swing. The
maximum outpul current is sbout

Fomax = T 'lllllh'.!r\ for positive

v Ry
{or negative) swing. Taking s = Ryr =
| ohm makes this cusrent sbout | A:
with the valoes Rys = Ryy = 0.22 ohm

it approsches 5 A.

The third function is connected with the
experience that back e.m.fs. produced by
Imductances at the outpul can biow oul
the driver tramsistors; the base-emitter
Junction is exposed 10 an excessive reverse
bilas and the resulting breakdown destroys
the tramistor, In this smplifiee, when the
ase-emitter voliage of Ta poes negative,
the base-collector junction of Ty becames
forwsrd-biassed, This safely limits the
reverse bias on T

or high-power versions it s sdvissble
1k series resisiors in the base
conpections of Ty and Te. Thess ae
shown dashed in figure §

An extra protection by means of o fuse
in the supply rail b mot just luzry.

Strietly speaking il is unnecessary. but it
doss provide s comveniest meanirieg-
point for (he wanding current. The
milliammetes cam be simply connected in
place of the fuse.

The complete amplifier

Figure B shows the complete eircull of
the amplifier. Several detail moet the eye
that have not been discussed as yer. The
four capacitons Ca, Oy, Co and Cy are
inchaded 1o control and improve the
high-frequency performance of the circuit

{stability and impube respomse n par-
ticular).
The feedback resh Re and R
$ an. This is set
by values ar about x20.
nmum-_; Pihe value of Ry in allawed;
it will increase the gain {and therefore
the imput sensitivity!d but will also
Incresse the distortion. For this resson s
misimum value of 100 ohm i specified
for Ry. The distortion is then sill accopt-
able while s im the order of 100,

confrols the output stage
the required vabue i set
Befare wwitching the
ampifier on for the first time, ould

st at minimum. The amphifier can
then be switched on and the correct
quiacent current set in sccordence (o

reuit sround Ta is uniissal in this
application. 1t is shown separately in
f mdamentally it i a combi-
rent-source and a gyrat
Providing  fairly high impedance for Ibé
collectar losd of Ty, This enables Ty to
fully drive the oulput stage without
‘running out rrent”. The usual way

pare 7a.
an of a cu

Figurs 4. The signal fram one half of an output
Ereaover ditortion i

s mant wirtually snares this atfect.

Figurs 5. The sams cireuit s figure 2, but now.

Figars 6. The protsetion sireuit, & netwark of
this kimd is sded 10 sach hatl of the ctput
wiage. 11 protects the wemplifeer sgainst over-
driving. wxceiva ioading and induciive back-
woltages st the ousput.

“beatrtrapping’
Figure 75 We baliews the fire eireuin i
jpratarsble, but the circuit Based can be used
with sither.

Flyws & Tho. comghues: smplifer, Wik ths
wpecified powes tranaiits the maskmwm out:
Pt poww rating @ sbout 100 watu ino
& ohams. The han netwesk i3 deiipaed
10 maich thews transiviors.
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ave w 00T (typ Output power

The proof of the pudding

Tasle 1, Tha requireet supply voltages and vakuss

of Ay . for varioun loushpeskars
Irsminal] impedancins ind SUIPST power reting:

.._n.—| L

Tetie 3. A number of pomible compansation
matvworks, sultable for powar transistoes BUCE]
2965 WU E12066,

[r—

B304 Fzsfzg Cala

1M8007
84 148
BY 127

Tabia 3.

Al veltage £ 100
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Figure 9. The printed cievuit bosd for the | mecommended. 1t
ampidier. tested h ek
driver for
dspeaker, casil

s )
Figum 10, The comgoment layout for tha | hacy) |

amplifiar, when the srrangamest of figars 7
.

spesker |

Figurn 11. The component layout using the | i

cirsult in figurs Th.

has been extensively

where In this bsue. As will be
the input semsitivity is equal 1o th
valtage v,u

Far the 2
Vel is
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