





Until now stereo broadcasting has been confined to frequency-modulated v.h.f.
Amplitude-modulated medium wave is more accessible to car radios, however, and a
standard soon to be adopted in the U.S.A. will provide for medium-wave a.m. stereo
broadcasting. This article tells how a car radio described in EC&A Vol 3 No. 2 can
be adapted to decode sterco transmissions broadcast according to the expected

standard.

A.M. stereo - a new dimension

for car radios

W.JANSEN and W. KANOW

In many regions of the U.S.A., f.m. stereo radio broad-
casts attract a wider audience than competing a.m. mono
broadcasts. This is despite the poor penetration into fringe
areas and multipath/fading problems which are parti-
cularly annoying to the many people who listen to the
f.m. broadcasts on their car radios. It is not therefore
surprising that car manufacturers, radio stations and car
radio manufacturers all have an active interest in an early
introduction of a.m. stereo broadcasts.

During the last four years, the Federal Communica-
tion Commission (F.C.C.) in the U.S.A. have been
evaluating a variety of a.m. stereo transmission and
reception systems proposed by Belar, Harris, Kahn/
Hazeltine, Magnavox* and Motorola. The results of this
evaluation are expected to be announced during the next
few months, and it is widely anticipated that the Magna-
vox system will be selected as the national standard for
a.m. stereo radio.

An a.m. stereo radio should be compatible with present
a.m. mono broadcast standards, and should achieve good
stereo channel separation. It should also have an indicator
lamp that rapidly and automatically identifies a.m. stereo
broadcasts, and an a.g.c. characteristic which imparts the
same tuning ‘feel’ as that experienced with a.m. mono
radios. Furthermore, the components for the a.m. stereo
circuits must be available as soon as the F.C.C. decision
is announced, and the new circuitry must be inexpensive
and easily adapted to existing radio designs.

* A North-American Philips company.

This article describes how one of the a.m./f.m. car
radio concepts described in the February 1981 issue of
EC&At can be simply and economically adapted to
receive a.m. stereo transmissions. The performance of the
adapted radio is optimised for reception of a.m. stereo
broadcasts according to the transmission standard
proposed by Magnavox. A future article will describe
how the system can be applied to hi-fi radios.

AM. STEREO SYSTEMS

Transmission standards

All the proposed a.m. stereo systems use amplitude
modulation for transmitting the mono L +R audio in-
formation so that the stereo transmissions can still be
received, in mono, by conventional a.m. radios. The
stereo L — R audio information and stereo identification
signal (pilot tone) are additionally phase or frequency
modulated onto the carrier. In future, the pilot tone may
also be pulse-coded with slow-speed digital data regarding
station identification, temperature and time. In an a.m.
stereo radio, the amplitude-modulated L + R information
is recovered in the normal way and the L — R signal and
pilot tone are separately demodulated. The resulting
stereo channel sum and difference audio signals are
then dematrixed to produce the stereo audio outputs
0.5[(L+R)+(L-R)] =L, and 0.5[(L+R)—(L—R)] =R.

T Available as a separate publication.
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A.M. STEREO IN CAR RADIOS

Detecting p.m. with an f.m. demodulator

If the phase angle of a transmitted carrier-wave varies in
direct proportion to the amplitude of the a.f. modula-
tion, the carrier is linearly phase-modulated according to
the general expression:

ec = cos [wet + Ap(t)]

in which wet is the phase angle of the carrier and Ay is
the phase angle deviation due to the modulation. For
constant amplitude sinusoidal modulation, this can be
expressed as:

ec = cos (wet + A cos wmt) (1)

where
wm = 2nfiy. in which fp, is the modulation frequency
we = 27fc, in which f¢ is the carrier-wave frequency
A - = phase-modulation index
= peak instantaneous phase shift caused by the peaks
of the constant amplitude sinusoidal modulation.

The associated carrier frequency deviation can be
derived by simply differentiating the terms within the
brackets of Eq.(1).

we(t)=d/dt (wet + A cos wmt)

= we — A(J.)m sin (A)Int (2)

From which the carrier frequency deviation that will be
detected when the constant amplitude linear p.m. is f.m.
demodulated is Af;, = Afp,. Conversely of course, by
integrating Eq.(2) for f.m., Eq.(1) for p.m. can be
obtained. This confirms that the integral of the signal
level obtained by f.m. demodulating linear p.m. is
proportional to the carrier phase shift caused by the
linear p.m. Linear p.m. can therefore be accurately de-
modulated by an f.m. detector followed by an integrator.

The Magnavox a.m. stereo transmission

As previously explained, the Magnavox proposal is for an
a.m. stereo transmission in which the carrier-wave is
amplitude-modulated by the L+R signal, and linear
phase-modulated by the L — R signal and 5 Hz pilot tone.
The equation for the transmitted signal is:

ec=[1+m{L(t)+R(t)}] X
X cos [wet + A{L(t) — R(t) } + B cos wpt]
where

m = amplitude-modulation index for L+ R, mmpax =

100%

A = maximum phase-modulation index for L—R,
Amax =1 rad

= phase-modulation index for constant frequency
pilot tone

= Afeffp = 20/5 =4 rad

wp = 2mfp, in which fp is the pilot tone frequency

(5Hz)
we =2nf;, in which f is the carrier-wave frequency.

o]

ADAPTING A CONVENTIONAL AM./F.M.
RADIO TO RECEIVE A.M. STEREO

An a.m./f.m. car radio with quadrature detector for f.m.
was described in EC&A Vol.3, No.2, February 1981,
pp 75-80. The remainder of this article shows how the
following features of the integrated circuits used in that
radio (TDA1072, TDA1575 and TDA1578) allow it to
be very easily adapted for the reception of a.m. stereo
transmissions according to the standards proposed by
Magnavox.

A.M. channel TDA1072

— 90dB a.g.c. control range holds the level of the a.m.
i.f. signal almost constant over a broad range of r.f.
input levels

— low audio output impedance (3.5 kS2) allows simple
connection of audio output to stereo matrix

— extremely low noise local-oscillator which is essential
for eliminating spurious p.m. during a.m. stereo
reception. The oscillator output level is controlled at
a typical level of 140mV up to a frequency of
50MHz

— small spread of sensitivity.

F.M. channel TDA1576

— 4-stage limiter-amplifier provides 50 dB suppression
of a.m. over most of the input signal range.

— signal-to-noise ratio 85dB (Af.=75kHz). This low-
noise performance is essential for reception of the
p-m. stereo difference signal which causes only small
deviations of the carrier frequency

— wide-range, logarithmic, field-strength-dependent
control voltage with low spread can be used for
automatic mono/stereo switching
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— an op-amp controlled FET switch is inserted in the
a.m. stereo difference output line from the TDA1576.
The switch is controlled by the a.m. stereo sum signal
from the TDA1072 and is adjusted to switch off if
the depth of amplitude modulation exceeds 95%
(negative)

— a FET-switch in the a.m. stereo difference output line
from the op-amp integrator is controlled by the
stereo lamp drive signal to effect automatic mono/
stereo switching. Since the pilot level detector in the
TDA1578 is controlled by a field-strength dependent
signal from the TDA1576, this also influences the
automatic mono/stereo switching. The reference level
for the field-strength dependent signal is adjusted so
that automatic mono to stereo switching for a.m.
occurs when the signal-to-noise ratio is 30 dB

— an op-amp inverts the a.m. stereo difference signal so
that it can be used for dematrixing the audio informa-
tion for the right-hand channel

— a capacitor and a switch decrease the frequency of
the VCO for the PLL pilot tone detector in the
TDA1578 from 76 kHz to 20 Hz. A second capacitor
and switch lengthen the time-constant of the pilot
level detector

— the output amplifiers of the TDA1578 are used in an
active matrix circuit which recovers the left and right-
hand audio signals from the a.m. stereo sum and
difference signals

— level adjustment of the demodulated stereo difference
signal from the TDA1576 allows matching of the
stereo sum and difference signal levels to minimise
crosstalk

R.F. sectionand L + R demodulaior

In Fig.3, the ceramic i.f. filter in the original peripheral
circuit of a.m. channel TDA1072 has been replaced with
a triple-tuned LC filter. For optimum stereo channel
separation, this filter has flat response in the 10 kHz
passband, good phase linearity and high stopband
attenuation. A secondary winding on the final stage of
the filter couples the 455kHz i.f. signal to the input of
the f.m. if. and demodulator circuit TDA1576 which
demodulates the a.m. stereo difference signal. Since the
TDA1072 has a wide a.g.c. control range, the high a.g.c.
sensitivity required for a.m. stereo has been achieved by
inserting an op-amp between the audio output at pin 6
and the a.g.c. input at pin 7. The amplified a.g.c. ensures
that the relative amplitudes of the a.m. stereo sum and
difference signals remain almost constant over a wide
range of aerial input levels. This ensures accurate de-
matrixing of the a.m. stereo audio signals and conse-
quent good channel separation. The time-constant of the

low-pass audio filter at pin 6 (18 k2, 1.2 nF) has been
carefully selected to compensate the a.m. stereo sum
signal for the delay of the a.m. stereo difference signal
caused by its additional processing in the p.m. channel.
The delay compensation ensures that the channel
separation remains independent of modulation frequency
throughout the audio frequency range. To prevent spuri-
ous phase modulation of the i.f. signal, the local oscillator
components between pins 11 and 12 of the TDA1072
must be isolated from possible mechanical vibration.

L — R demodulator

As previously explained, it is only necessary to pass the
output from an f.m. demodulator through an integrator
to convert it into a p.m. demodulator. This has been done
in Fig.4 by passing the audio output from pin 9 of f.m.
i.f. amplifier and quadrature f.m. detector TDA1576
through op-amp integrator OP1. During a.m. stereo re-
ception, the composite 455kHz i.f. stereo signal is
derived from the secondary winding on the final stage of
the a.m. i.f. filter connected to the TDA1072 (Fig.3)
and fed to the input of the limiting amplifier at pin 15
of the TDA1576. The limiting amplifier suppresses the
amplitude-modulated stereo sum signal, thereby ensuring
that the TDAI1576 only processes the p.m. stereo
difference signal. The quadrature demodulator in the
TDA1576 is tuned to the intermediate frequencies of
both the f.m. and a.m. channel by the addition of a
455 kHz tuned-circuit in series with the existing 10.7 MHz
tunedcircuit. Switching of the tuned circuits is not
necessary because the power supply to the f.m. front-
end is switched off during a.m. reception so that f.m.
i.f. signals cannot reach the TDA1576.

Automatic mono/stereo switching and noise muting
of the f.m. audio signals are functions of the field-
strength dependent voltage level from pin 13 of the
TDA1576. This level is referred to the voltage at pin 14.
A switch is incorporated so that, for f.m., the level at
pin 14 is adjusted so that the noise muting is —3 dB for
an aerial input of 15uV (signal-to-noise ratio =50 dB).
For a.m. stereo, the level at pin 14 is adjusted so that the
mono to stereo switching, controlled by FET switch
TR (Fig.5), occurs when the aerial input level reaches
100 1V (signal-to-noise ratio =30dB).

To minimise crosstalk between the a.m. stereo audio
channels, the level of the a.m. stereo difference signal is
matched with that of the a.m. stereo sum signal by a
variable resistor connected to the audio output line at
pin 9 of the TDA1576. A d.c. bias network connected to
the f.m. audio input to pin 1 of interference absorption
circuit TDA1001A/V inhibits the input to the f.m. audio
channel at this point during a.m. stereo reception.
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Pilot tone detection

For identification of a.m. stereo transmissions and for
automatic mono/stereo switching, the transmitted a.m.
stereo signal proposed by Magnavox incorporates 5 Hz
phase-modulation with a constant modulation index of
4 radians. This is equivalent to an f.m. pilot tone which
causes a carrier-wave frequency deviation of 20 Hz.
Figure 5 shows how the peripheral circuitry of the
stereo decoder TDA1578 has been modified so that the
PLL pilot detector can detect the conventional 19 kHz
f.m. pilot tone or the SHz p.m. pilot tone. The pilot
tone signal is connected to pin 6 of the TDA1578. For
a.m. stereo, the time constant of the pilot level detector
is increased by the capacitor and switch at pin 14. The
frequency of the VCO is decreased from 4 x 19kHz =
76 kHz to 4 x S Hz = 20 Hz by the addition of the switch
and capacitor at pin 11. Due to the high impedance of
the internal VCO, it is possible to use a low-tolerance
foil capacitor instead of an electrolytic at pin 11 so that
trimming of the VCO frequency for a.m. reception is
not necessary.

During a.m. reception, the mute attenuator in the
TDA1578 is activated by the switched resistor at pin 3
to prevent the a.m. stereo pilot tone reaching the output
and causing interference (2 x S Hz). The a.m. stereo pilot
tone will, however, operate the internal schmitt trigger
to drive the stereo lamp connected to pin 2. The same
lamp can therefore be used to indicate the reception of
a.m. or f.m, stereo transmissions.

If, in future, the a.m. stereo pilot tone is pulse-coded
with slow-speed digital data, this can be detected at the
pilot level detector output at pin 14 of the TDA1578.

Automatic mono/stereo switching

Figure 5 shows that, during f.m. reception, automatic
mono/stereo switching is controlled by the signal-
dependent channel separation (SDCS) block in the
TDA1578 which indirectly controls the MPX decoder.
Since the MPX decoder in the TDA1578 is not used for
a.m. stereo decoding, an external automatic mono/stereo
switch must be provided. This is the function of FET
switch TR connected in the a.m. stereo difference input
line to op-amp inverter OP3. During f.m. reception, TRy
is switched off by the FM power supply. During a.m.
stereo reception, the pilot detector in the TDA1578
switches TR] on via the stereo lamp drive from pin 2.
The stereo difference signal is then fed directly to the
stereo combining network for the left-hand channel at
pin 17 of the TDA1578 and, via inverter OP3, to the

stereo combining network for the right-hand channel at
pin 18 of the TDA1578. Capacitive coupling of the
signals to pins 17 and 18 suppresses the 5 Hz pilot tone.
Since the stereo sum signal is also present at pins 17 and
18 of the TDA1578, the radio operates in the stereo
mode. When TR is switched off (pilot tone not detect-
ed), only the stereo sum signal is applied to the stereo
combining networks and the radio operates in the mono
mode. Since the pilot detector in the TDA1578 is also
controlled by the field-strength dependent voltage from
the TDA1576, this mono/stereo switching is also a
function of the level of the received signal. The gate
drive to TRy is applied via a double RC and diode
network which causes stereo to mono switching (posi-
tive-going drive) to be less delayed than mono to stereo
switching (negative-going drive). This minimises noise
caused by frequent mono to stereo switching due to
field-strength fluctuations.

Extracting the left and right channel audio
signals

To extract the left-hand and right-hand audio signals,
the stereo sum and difference signals must be applied to
two active combining networks. Figure 5 shows how
these combining networks are easily formed by using the
two output op-amps of the TDA1578 together with a
few passive components.

The required transfer function for dematrixing the
left-hand audio channel signal is 0.5[(L +R) +(L - R)] =
L. To achieve this, the L+R signal from pin 6 of the
TDA1072, and the L — R signal from the drain of TR,
are summed vectorially at the amplifier input at pin 17
of the TDA1578. The gain of the amplifier is adjusted
by external resistors to derive the left-hand channel
signal at pin 16.

The required transfer function for dematrixing the
right-hand audio channel signal is 0.5 [(L + R) — (L — R)]
=R. To achieve this, the L — R signal from the drain of
TR is inverted by op-amp OP3 to produce a — (L — R)
signal. This signal and the L +R signal from pin 6 of the
TDA1072 are then summed vectorially at the amplifier
input at pin 18 of the TDA1578. The gain of the ampli-
fier is adjusted by external resistors to derive the right-
hand channel signal at pin 15.

Since the power supply to a.m. channel TDA1072 is
switched off when the f.m. band is selected, the a.m.
signals are inhibited and there is no need to switch the
output combining networks during a.m./f.m. band
selection.
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MICROPROCESSOR-CONTROLLED CAR
RADIO FOR A.M. STERO AND F.M. STERO

Figure 8 shows how the previously described car radio
can be microprocessor controlled. The tuning system
uses a phase-locked loop frequency synthesiser to
maintain stable, accurate tuning of the a.m. or f.m.
channel. The local-oscillator signals from the a.m. channel
TDA1072 and the f.m. front-end are passed to a fre-
quency divider with a programmable division ratio in the
PLL synthesiser. The output from the divider is com-
pared with a crystal-controlled reference frequency. The
result of the comparison, which represents the tuning
error, is amplified and filtered before being used to
modify the tuning voltage applied to the variable-capa-
citance diodes in the appropriate local-oscillator tuned
circuit. The listener can change the tuned frequency by
keying-in the required broadcast frequency, or by
manual or search tuning. These commands cause the
microprocessor to calculate the appropriate division
ratio for the programmable divider after adding or sub-
tracting the i.f. of the am. or f.m. channel. The stop
pulses which are required when a station is detected
during search tuning are generated in a very simple
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manner for both a.m. and f.m. by passing the S-curve at
the output of the TDA1576 through the LM393 thresh-
old detector.

FURTHER INFORMATION

For further information regarding the integrated circuits
discussed in this article, refer to our data handbook
‘Bipolar ICs for radio and audio equipment’. Loose data
sheets are available for the more recently released
integrated circuits.
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DATA

Except for size, the data of the 123-series are similar to
those of the 121-series. In terms of the rated voltage UR,

— permissible peak voltage is 1.15 UR
— permissible reverse voltage is 0.3 UR

— permissible a.c. voltage (50 to 100 Hz, sinewave) is
0.8 UR.

At frequencies above 100 Hz the permissible a.c. voltage
depends on the current. As impedance decreases, the heat
developed in the capacitor sets a limit to the permissible
a.c. load: despite the smaller size, this limit is the same as
for the 121-series. Measurements to support even more
generous a.c. limits are still in progress. The loss angle at
100Hz is the same as for the 121-series; it depends
mainly on the thickness of the anode oxide layer. and
hence the rated voltage. At r.f. the impedance is deter-
mined mainly by the manganese dioxide in the pores;
the deeper the etching the higher the impedance. Leakage
current is the same as for the 121-series; it depends on
the CV product, and hence on the quality of the oxide
coating.

Solid aluminium electrolytics are noted for long life;
the 123-series is no exception, In contrast to tantalum
capacitors which are susceptible to field crystallisation,
there is no known intrinsic breakdown mechanism.
Electrical data remain unchanged throughout life. Pro-
ducts that are good to begin with remain good. Cata-
strophic failures — either short or open circuit — do not
occur, The following high-temperature life expectancies
based on many years’ experience with the 121-series can
be taken as indicative for the 123-series:

SOLID ALUMINIUM ELECTROLYTIC CAPACITORS

>20 000 h at 125°C
>5000h at 150°C
>2000hat 175°C

The capacitors can be safely used at 125°C without
voltage derating. The permissible operating temperature
range from —80°C to 175 °C exceeds all known specifi-
cations for capacitors of comparable CV product.

APPLICATIONS AND FUTURE
DEVELOPMENTS

123-series capacitors are particularly suited to applica-
tions calling for long life and high reliability under
arduous conditions: telephony, aeronautics and astro-
nautics, and the motor car industry. As coupling, de-
coupling, filtering and smoothing capacitors they can
replace the 121-series with considerable savings of space,
and tantalum capacitors with considerable savings of
cost. Their reverse voltage and a.c. voltage characteristics
are advantageous in electronic measuring equipment.
Unlike tantalum capacitors. they do not require a 3Q2/V
current limiting resistor.

The technology used in the 123-series has consider-
able further potential; extension of the capacitance range
can be expected. Although solid aluminium capacitors
cannot yet match the CV/volume ratio of wet electro-
lytics, their high reliability, long life, and resistance to
temperature extremes will continue to open new fields
of application to them. And the fact that the materials
of their manufacture are comparatively cheap and plenti-
ful will continue to give them a significant cost advantage
over tantalum.
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The diversity of tasks, channel frequencies, and types of modulation to which com-
munications transmitters must nowadays be adaptable makes linearity of the power
amplifier stages more important than ever. This article describes a linear power
amplifier capable of delivering 400 W peak envelope power in the 1.6 to 30 MHz
band with intermodulation distortion less than —26 dB. BLW96 planar interdigitated

transistors are used in the output stage.

Wideband linear amplifiers in h.f.

communications

J. LING

The h.f. communication portion of the radio spectrum
covers the range 1.6 to 30 MHz and is utilised for a wide
variety of services including short-wave broadcasting and
point-to-point communications such as ship-to-ship and
ship-to-shore, and for aircraft and national diplomatic
traffic. Both speech (telephony) and data (telegraphy)
are carried and a variety of modulation techniques are
used; for example, amplitude modulation (a.m.), keyed
carrier (Al), frequency shift keyed (f.s.k.), and single-
sideband (s.s.b.). As the h.f. spectrum is fully utilised,
especially at its lower end, it is of great importance
that channel bandwidths are minimised and that the
spectrum is used efficiently. The class of modulation
must therefore be carefully selected to suit the type of
traffic (Ref.1).

Modern h.f. communications equipment is often
designed to transmit and receive more than one class of
modulated signal and may even be required to operate
with different types of modulation on each sideband,
say speech on one and data on the other. In addition,
because the quality of reception on some h.f. links varies
considerably as a result of propagation conditions, it is
desirable for transmitter/receiver systems to be able to
switch rapidly from a poor-quality channel to a better
one and to have sufficient flexibility to operate any-
where in the band. Equipment versatility is therefore
essential. :

The use of a wideband linear power amplifier in the
final stages of a transmitter (Fig.1) is well established.
Although all types of modulated signal do not necess-
arily require good linearity (f.m. and c.w., for example),
it is still advantageous to use a linear amplifier for all
modulation systems because of the complexity inherent
in modifying the biasing and drive levels when switching

from one type of modulated signal to another. In the
case of single-sideband operation, the linearity require-
ment is determined by the need to amplify the trans-
mitted signal and at the same time keep intermodulation
distortion to a minimum. With low intermodulation dis-
tortion, it is practical to use the bandwidth occupied by
one a.m. signal for two independent non-interfering
s.s.b. signals of equivalent bandwidth.

Although tubes are still used in the power stages of
larger transmitters (> 1 kW), transistors are now widely
used in smaller equipments. Such transistors, although
not capable of producing powers comparable with
specialised transmitting tubes, can supply more than
adequate power for many applications. They also have
inherent wideband capability and can operate from low-
voltage supplies such as vehicle batteries. Furthermore,
with the increasing trend towards modular amplifier
design (Fig.2), transistors can now be combined to
produce total powers well in excess of 1 kW. One of the
most advanced transistors of this type is the BLW96,
which is capable of supplying up to 200 W p.e.p. with
intermodulation distortion better than —30dB.

In this article some of the factors governing the
design of wideband linear amplifiers based on high-
power h.f. transistors are outlined. As an example, a
practical design using two BLW96 transistors in class AB,
operating from a 50V supply, and delivering up to
400W p.e.p. with intermodulation distortion better
than —26 dB, is described.

R.F. POWER TRANSISTORS

Silicon r.f. power transistors (such as those shown in
Fig.3) represent a particularly specialised form of
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WIDEBAND LINEAR AMPLIFIER

where Vi is the r.f. knee voltage of the transistor. For
maximum power transfer to a specified load:

= (3)

where n is the turns ratio of the matching transformer
and R is the load resistance.

These equations are used for calculating the power
available from the amplifier under specified conditions;
for example, S0V h.t., a 502 load, and a simple integral
turns ratio. They also indicate the peak r.f. collector
current which each transistor must be capable of passing.

Designing for bandwidth

To achieve the required bandwidth, the circuit techniques
used are generally similar to those used for lower fre-
quency wideband power amplifiers with two notable
exceptions.

First, to obtain a level frequency response, passive
compensating networks are often used, rather than
negative feedback. It is not always possible to use the
latter technique because of the phase distortion inherent
in power transistors operating at high frequencies.

Second, it is seldom practicable to set the operating
conditions of the transistor (that is, the peak voltage and
peak current) at levels where the transistor is matched
perfectly to the load resistance. Impedance transform-
ation is therefore necessary and, because the frequency
range is so broad, the use of transformers wound on
ferrite cores is the only practical approach. Furthermore,
because the input impedance of an h.f. transistor is very
low (= 1) and is complex and variable over the band,
it is also necessary to use a wideband wound transformer
together with a compensating network in the transistor
input circuit. The design of these wideband wound
transformers is in fact critical and one of the major con-
siderations in wideband linear amplifier construction:
more information on impedance transformation is given
later.

Designing for linearity

In wideband h.f. power amplifiers, linearity is mainly
influenced by amplitude distortion and the consequent
generation of harmonics and intermodulation products.
Amplifiers operating in class AB or class B generate
relatively high harmonic powers; —10 to —16dB is
typical. Even-order harmonics can be reduced to about
—40dB by careful circuit design, in particular by accu-
rate balancing of the push-pull stage, but little can be
done to reduce the levels of odd-order harmonics and in
practice these must be removed by filters at the output
of the transmitter.

The most troublesome form of distortion is that due
to odd-order intermodulation products, particularly
third-order and fifth-order. These occur close to the
carrier frequency and cannot be removed by filtering.
They cause distortion on the channel in use as well as
interference on neighbouring channels. The only way to
minimise odd-order products is to bias the power tran-
sistors into a relatively linear operating region. In practice,
depending on the levels of distortion acceptable, the
power transistors are biased in class AB or, if thermal
considerations and ratings allow, in class A. The driver
stage is nearly always operated in class A and is designed
to have about —6 dB better distortion performance than
the overall amplifier requirement.

It is often noted that gain and intermodulation levels
are not constant with frequency, and at certain points in
the band, changes of level may occur, accompanied by
corresponding changes in amplifier efficiency. These
effects may be attributable to reflected harmonics which
are not terminated either by the restricted bandwidth of
the matching transformers or by the filters. It may be
possible to improve performance by the use of crossover
filters which divert harmonic power into discrete har-
monic loads: this technique, however, is still in its in-
fancy.

CIRCUIT CONFIGURATION

A schematic diagram of a two-stage wideband h.f. linear
amplifier is shown in Fig.7. There are three major
design aspects.

1) selection of transistor bias conditions;

2) design of transformers and baluns:

3) selection of passive components for the gain com-
pensation networks.

Class AB push-pull operation for the output stage is
assumed as this gives the best compromise in terms of
linearity, dissipation, and cost. Operating in push-pull
has the added advantage of minimising even-order
distortion products and giving a relatively high output
impedance, ensuring maximum power transfer to the
load. As mentioned above, the driver stage generally
operates in class A.

Transistor operating conditions

The performance of h.f. power transistors in linear
amplifiers is limited both by thermal and electrical
considerations. In a class AB amplifier, the most
severe thermal conditions occur when the amplifier is
operating with c.w. or f.m. signals at the maximum per-
missible heatsink temperature. It may then not be
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CORRECTION  The diagram below should be substituted for the one printed on page 219, E.C. & A. Vol.3, No. 4.

WIDEBAND LINEAR AMPLIFIER
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ELECTRONIC COMPONENTS FOR TELEPHONES

DIALLING CIRCUITS

Pulse dialling circuits

Integrated circuits PCD3320 and PC3323 (development
type numbers MH320 and MIH323) for interrupted
current-loop dialling were described in Ref. 1. These have
now been augmented by the PCD3321, which uses the
same die and provides many of the same features as the
28-pin PCD3323 but in an 18-pin package. Table 2 com-
pares the three circuits.

Using a keyboard it is possible to dial the digits faster
than they may be transmitted. All three circuits there-
fore incorporate a RAM that can store up to 23 digits
for- transmission at the required rate. The number last
dialled can be redialled by pressing a single button on the
keyboard.

DTMF dialling circuits

The TDA 1077 bipolar circuit for DTMF dialling described
in Ref.2 is succeeded by the TEA1021, which has lower
minimum supply current: 8 mA typical, 10 mA maxi-
mum. Despite simpler peripheral circuitry, it meets the
CEPT distortion requirements and, unlike the TDA1077,
does not require a 15 mH choke to satisfy the —80 dBm
requirement for spurious output above SO kHz.

Another bipolar DTMF circuit is the TEA1043, which
incorporates a mute output, but at the cost of slightly
higher distortion: a spurious frequency of 12.2 kHz at
—52dBm and one of 36.6 kllz at —66dBm.

Some CMOS circuits for DTMF are also in devel-
opment: the PCD3310 family. Being intended for use
with an electronic speech/transmission circuit, these do
not include an output stage or line adaptation.

One member of the family is designed for keyboard
control and incorporates such features as last-number
redial, 70 ms minimum tone and pause duration, and

register recall (‘flash’ in Great Britain, ‘hold’ in the
US.A)).

Others are stripped versions minus the memory and
timing functions, intended for use with a microcomputer.
One of these has an 12C bus interface.

SPEECH/TRANSMISSION CIRCUITS

N204 is the development type number of a specch/trans-
mission circuit that includes the following features:

— receiver amplifier and balanced microphone amplifier
with gain setting and adaptive gain control responsive
to line current

— gain control adaptable for use with two feeding-
bridge resistances and various exchange voltages

— anti-sidetone circuit

— muting input for interrupted current-loop or DTMF
dialling
— DTMF input with externally adjustable sensitivity

— supply output for interrupted current-loop or DTMF
dialling circuit, microcomputer, electret microphone,
and/or additional circuits such as RAMs and display
drivers.

Another speech/transmission circuit in development is
the RO084, which incorporates a DTMF gencrator but
does not ‘have adaptive gain control. It can operate in
conjunction with a single-contact keyboard, but the key-
board inputs can also be connected to a microcomputer
if extended dialling facilities are required. Target speci-
fications of the N204 and RO084 are summarised in
Table 3.

Table 4 summarises the specification of the TCA980G,
a separate amplifier for use with electrodynamic and
magnetodynamic microphones.

TABLE 2
Comparison of pulse dialling circuit facilities

circuit PCD3320 PCD3321 PCD3323
number of pins 18 18 28
dialling pulse

frequency, fpp (1z) 10 10/16/20 10/16/20

mark/space ratio 3:2 3:20r2:1 3:2 or 2:1
interdigit pause (Tpp = 1/fpp) 8Tpp 8Tpp 8Tpp or 9Tpp
duration of line-power interruption

to cause opcration in stand-by >1.6Tpp >1.6Tpp >1.6Tpp or >3.2Tpp
access pause duration N/A 32Tpp 32Tpp or 64Tpp
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four mask-programmable tone sequences consisting of a
number of time intervals, each of which can be occupied
by one of seven tones —533 Hz, 600 Hz, 667 Hz, 800 Hz,
1000 Hz, 1066 Hz, 1333 Hz — or a pause. The tones and
their harmonic relation have been selected to meet the re-
quirements of most European telephone authorities and
to provide the best possible aureal perception. The tempo

of the selected sequence can be varied in four steps. For
maximum flexibility the required tone sequence and

tempo are selected by hard-wiring or switch-programming
four address pins. This means that if, for example, a
two-tone ringer is required, tone sequences are stored
which differ only in the number of time intervals allotted
to each tone or pause, and two of the address lines are
used to select the required repetition rate. An optional
automatic swell increases the output level in two incre-
ments of about 10dB for the first and second repetition
of the tone sequence during ringing.

An important feature of the ringer is the enable
circuit. The tone-sequence generator reacts to the ringer
voltage only if it is more than 15V r.m.s. and its fre-
quency is between 13.33 Hz and 30 Hz or between 20 Hz
and 60 Hz (pin-selectable).

A rugged 502 loudspeaker with characteristics that
remain stable in the long term converts the output from
the integrated circuit into an audible signal. To avoid the
necessity of using an output transformer, the loudspeaker
is driven by a discrete MOSFET operating in class D. The
integrated circuit also has an output for driving a visual
ringing indicator. A diode bridge rectifies the ringer
voltage to supply the IC: a zener diode protects the IC
against overvoltage.

CIRCUITS FOR FEATURE-PHONES

To supplement our PCF8500 microcomputer range we
are developing a telephony-dedicated CMOS microcom-
puter, the PCD3330, which is able to accept data from all
known types of pushbutton dialling units. It can store a
number of up to 18 digits for direct dialling, redialling or
extended redialling, and can store a repertory of up to
ten numbers. The repertory can be expanded to 100
numbers by connecting CMOS RAMs type PCD8571 to
the two-wire 12C bus of the PCD3330. The facilities of
the microcomputer-controlled telephone can also be ex-
tended by connecting additional circuits such as display
drivers PCE2111 to the I1°C bus. The PCD3330 has four
muting outputs and outputs for both interrupted current-
loop and DTMF dialling. A delayed reset which operates
after a line power break is built in. An access pause
system may also be included. Some characteristics of the
PCD3330 are:

— very low current consumption

— 8-bit CPU, 2K-byte ROM, 200-byte RAM

— adapted 8500 instruction set

— two I/O ports specially designed for keyboard scanning
— output port with high current drive capability

— DTMF output

— serial 1/O port (1°C bus)

— additional interrupt (ény key down)

— oscillator for 3.58 MHz crystal.

The software can be adapted to all telephone authority
specifications with respect to dialling and programming
procedures, and to various keyboard expansion possi-
bilities.

The first version, the PCD3331, is designed to function
in accordance with the German postal specification
FeAp82. It is controlled by:

— standard function keys 0—9, A—D, # and %

— four special function keys (programming, redial, re-
gister recall, and access pause)

— an optional 10-key repertory dialler extension for ten
on-chip 16-digit numbers

— four diode option switches for selection of mark/
space ratio in interrupted current-loop dialling mode,
selection of power-failure reset delay, normal/direct
call mode, and dialling mode.

It has an on-chip program for a 16-digit LCD controlled
by two PCE2111 display drivers connected to the 12C
bus. A module containing the 16-digit LCD and two
PCE2111s is available from Videlec under the type
number M 7020 160.

PROTECTION COMPONENTS

The solid-state circuits in the subscriber set must be
supplied at the correct polarity, whichever way round the
lines are connected. They must also be protected against
overvoltages such as might be caused either by high-
voltage transients due to induced current surges on the
lines (secondary lightning effects) or by inadvertent
connection of the lines to the mains. The BZWI10
described in Ref.4 performs both functions. During
normal operation its bridge-connected diodes ensure the
correct polarity; and in the event of current surges, they
absorb most of the excess energy. In case of accidental
connection to the mains, the diodes limit the voltage
applied to the subscriber-set circuits to a safe level. The
BZW10-12 and BZW10-15 are for sets with DTMF
dialling. A new zener diode, the BZWO03, is to become
available for protection of the electronic ringer circuit.
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Telephones with extended features

Figure 4(a) shows a subscriber set with additional
features such as last-number redial, extended redial,
repertory dialling, register recall, dialled-number display,
and tariff-unit metering, The PCD3330 dedicated micro-
computer used is suitable for either interrupted current-
loop or DTMF dialling. Its on-chip memory capacity of
ten 16-digit-plus-two-access-pause numbers can be aug-
mented by connecting up to eight CMOS RAMs type
PCD8571 to the I*C bus. The two display drivers type
PCE2111 can drive a 16-digit 7-segment LCD to display
the number called and the tariff units metered.

Figure 4(b) shows a variation using a general-purpose
microcomputer with parallel 1/O in conjunction with a
member of the PCD3310 family of CMOS DTMF
generators.

If one of the general-purpose microcomputers of the
8500 series is preferred (e.g. the PCF8500), the serial
1/O in conjunction with the 12C bus, can lead to simpler

ELECTRONIC COMPONENTS FOR TELEPHONES

interconnection. Another member of the PCD3310
family, a DTMF generator with I°C interface only, can
then be used (see Fig.4(c)).
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Neither a thyristor nor a transistor, the GTO has practical advantages over both as a
power switching device, provided it is properly used. This article describes four GTO
drive circuits for applications ranging from domestic applicances to television line-
deflection circuits and switched-mode power supplies.

Basic GTO drive circuits

F.J. BURGUM

The development of power electronic switching tech-
niques has received a strong impetus from the introduc-
tion of the gate turn-off switch (GTO). A three-terminal
pnpn device, the GTO is similar in construction and
performance to the conventional thyristor, and like the
thyristor it can be turned on by a positive current
injected into the gate. However, the GTO is a more
versatile device since it can be turned off by drawing
current from the gate. This is achieved by applying a
voltage of between —5 and —10 V directly between gate
and cathode. Thus while the GTO has the high blocking
voltage and high overcurrent capability of the thyristor,
these qualities are combined with the ease of gate drive
and fast switching associated with the bipolar transistor.
An introduction to the GTO is given in Ref.], and a
detailed guide to the use of the device data is given in
Ref.2.

The full performance of any device can only be fully
realised if it is incorporated into a correctly designed
circuit. This can be a particular problem with new
devices, such as the GTO, since they may represent a
significant departure from the circuit designer’s previous
experience. This article describes four GTO drive circuits
which will facilitate correct operation of the device over
a wide range of applications.

The appropriate circuit for a given application is
largely dependent upon whether or not isolation is
needed, and on the required range of duty cycle and
switching frequency. Control signal isolation is often
essential in professional switched-mode power supplies
(SMPS) and motor speed control systems, although it is
not usually required in self-contained domestic appliances
where low cost is of paramount importance. In SMPS,
the duty cycle is typically in the range 5 to 50% at a
switching frequency of the order of tens of kHz, while in

ac. motor control circuits, the duty cycle must range
from less than 1% to more than 99% at frequencies
which are often as low as tens of hertz.

NON-ISOLATED DRIVE CIRCUITS

The application of the GTO is still in its infancy and the
drive circuits are the subject of rapid development and
improvement. Reference 2 gives two examples of non-
isolated drive circuits, and the two circuits which are
described in this section have been developed from these
earlier types. In the case of the first circuit to be
described, the improvements are relatively minor: for
completeness, however, the circuit is described in full.

Simple direct gate drive

A non-isolated gate drive circuit is shown in Fig.1. Com-
bining simplicity and low cost, this circuit has a limited
range of duty cycle and the range of switchable current
is determined by the gate supply voltage. The main
applications of this circuit are in television SMPS, hori-
zontal deflection circuits, and simple series-resonant
power supplies (SRPS).

The GTO is turned on by gate current supplied by
TRI. Resistor R1 limits the initial level of gate current,
and while TRI .is conducting charge builds up on capaci-
tor C1. The maximum voltage to which C1 is charged is
limited to about 10V by the supply voltage and the
values of Rl and R2. When Cl has charged, the GTO
gate current will have fallen to a low level determined by
R2.
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which are intolerant of bright light sources and rapid
changes in scene illumination. Highlight blooming makes
these intensifiers unsuitable for most urban surveillance
applications.

Microchannel-plate intensifier/Newvicon combination.
The combination of second-generation intensifier and
Newvicon can also operate down to the photoelectron
noise limit. In addition, it has the advantage of using an
intensifier that is small and light and that has intrinsi-
cally good highlight suppression.

FIBRE-OPTIC OR LENS COUPLING?

There are three basic ways to couple an intensifier to a
camera tube:

— direct fibre-optic coupling

— earthed-plane fibre-optic coupler

— lens coupling.

Although fibre-optic (FO) coupling has higher light-

coupling efficiency, lens coupling has decisive practical
advantages for an add-on unit.

Direct FO coupling

Here, the FO output window of an image intensifier
without an integral power supply is mounted in optical
contact with the FO faceplate of the camera tube.

Disadvantages
— Requires a special camera tube with FO faceplate.

— Requires special mechanical mounting of the intensi-
fier and camera tube to ensure optical contact of the
fibre optics.

— Requires a separate non-standard power supply for
the intensifier. Design of the supply is more compli-
cated for a second-generation intensifier than for a
first-generation one. To prevent spurious signals in
the camera-tube output, the screen electrode poten-
tial must be ripple-free; this requires complex earthing
arrangements.

— Requires a non-standard intensifier with flying leads.

Earthed-plane FO coupler

The way round the power supply and earthing problems
associated with direct FO coupling is to use an earthed-
plane FO coupler. The coupler is a fibre-optic disc having

INTENSIFIER IFOR CCTV CAMERAS

on one face a transparent conductive film that is con-
nected to a conductive coating around the disc circum-
ference. The coupler is placed between the intensifier
screen. and the camera-tube faceplate with its conductive
face in contact with the intensifier screen. The coating is
connected to the main camera-tube earth and to a can
screening the intensifier.

The coupler enables a standard intensifier with
integral power supply to be used. but the other dis-
advantages of FO coupling remain and new problems
appear.

Disadvantages
— Still requires a special camera tube with FO faceplate.

— Still requires special mechanical mounting of the in-
tensifier and camera tube to ensure optical contact of
the fibre optics.

— Additional light-coupling loss occurs between the in-
tensifier and camera tube.

Lens coupling

Advantages
— Existing cameras can be used with an add-on unit.

— Uses abasically standard image intensifier and standard
camera tube (i.e. not FO).

— Field replacement of either the intensifier or the
camera tube is possible.

— System is not restricted to a 1:1 aspect ratio, so
smaller camera tubes can be used.

Disadvantages

— Lower light-coupling efficiency than with FO
coupling.

— Longer optics; however, the possibility of using
smaller camera tubes compensates.

CAMERA WITH XX1500TV ADD-ON UNIT

As Figure 1 shows, the elements of the camera are:

Objective. This should be any l-inch format camera
tube lens having a C-mount, the type of lens depending
on the field of view and f-number required. For high
scene illumination, the lens must be fitted with an iris
stop and light attenuating filters to ensure that the illu-
mination of the XX1500TV photocathode does not
exceed the maximum continuous rating of 1 mlux.
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POWER SUPPLY FOR MOTOR SPEED CONTROL SYSTEM
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Stéréo a.m. — une nouvelle dimension en autoradios

On s’attend a ce qu'aux litats-Unis des propositions relatives aux
¢missions cn stéréo a.m. aboutissent 1 I'adoption d’unc norine
suivant laquclle le signal G-D et unc tonalité pilote stéréo 5 Hz
seraicnt modulés en phase sur la porteuse a.m. Une modification
simple, demandant peu de composants additionnels, permet a
un récepteur précédemment décrit dans EC&A, Vol. 3, No. 2, de
décoder de telles émissions avee une bonne séparation des canaux
ct de fournir la lonction d’indication stéréo habituclle.

Progres dans les condensatcurs électrolytiques en aluminium
solide

La nouvelle technologic de I'attaque des métaux permet de
réduire de moiti¢ les dimensions des condensateurs électrolyti-
ques c¢n aluminium solide, sans affccter la stabilité, la longEvité
ct la résistance aux températures élevées qui font leur réputation.
Les condensateurs utilisant cette nouvelle technologic rivalisent
avec les condensateurs électrolytiques au tantale de moindres
dimcnsions.

Amplificatcurs linéaires a large bande en communications a haute
fréquence

Actucllement, les transistors de puissance haute fréquence sont
largement utilisés dans les étages de puissance linéaires d’émet-
teurs dont la puissance de sortic atteint environ | kW, Il cxiste
des dispositifs capables de fournir une puissance de créte atteig-
nant 200 W avec une distorsion d'intermodulation meilleure que
~30dB. L'article résume les factcurs qui régissent la conception
des amplificatcurs lincaires large bande utilisant des transistors
haute fréquence de grande puissance et décrit a titre d’exemple
un amplificatcur push-pull qui n’utilise que deux transistors de
puissance BLW96 pilotés par deux transistors BLWSOI-,

Composants électroniques pour postes téléphoniques d’abonnés

Le cadran classique peut étre remplacé par un clavier, grice a des
circuits intégrés pour numérotation multi-fréquence a boucle de
courant interrompu ou tonalité double. Les fonctions vocales et
de transmission peuvent également tre assurées par un circuit
intégré a condition de remplacer le microphone a charbon par un
microphone ¢lectrodynamique ou a électret. La sonneric peut
Ctre remplacée par des timbres électroniques commandés par
circuits intégrés, offrant un choix dc tonalités ou carillons diffé-
rants. Les microcircuits rendent également possible I'incorpora-
tion de fonctions telles que la renumérotation automatique, la
composition automatique de numéros en mémoire, affichage du
numéro composé, le comptage des unités de tarification, 'emploi
mains libres, le combiné sans fil, et, le traitement dc données.

Circuits pilotes pour commutateurs a grille de controle (GTO)

L’introduction du commutateur a grille de contrdle (GTO) a
donn¢ une forte impulsion au développement des techniques de
commutation électronique de puissance. Cet article décrit quatre
circuits pilotes pour commutateurs a grille de contrdle qui fa-
cilitcront le fonctionnement correct de ceux-ci dans unc large
gamme d’applications. Des applications avec et sans isolement
sont décrites, en méme temps que sont précisées les gammes
correspondantes de coctlicient d'utilisation ct de fréquence de
commutation.

Alimentation auxiliaire pour variateurs de vitesse de moteurs a
courant alternatif

Cet article, lc demier d'unc série, décrit une alimentation auxi-
liaire a découpage, qui foumit les divers courants continus basse
tension nécessaires au fonctionnement de notre variateur de
vitesse a modulation par impulsions de largeur variable pour
moteurs a courant alternatif. L’élément dc commutation de
puissance cst le nouveau transistor haute tension BUY89 et le
transformateur est bobiné sur deux noyaux de ferritc EC44/17/18.

ABSTRACTS

A.M. cstéreo — una nucva dimension en auto-radio

in U.S.A. sc aguardan sugcrencias para hallar una norma cn la
transmision a.m. estérco, cn la cual la senal L-R y un tono
piloto c¢stéreo de 5Hz estén cn fase moduladas sobre la porta-
dora de a.m. Una simple modificacién, con pocos componcntes
adicionales, permite que el receptor descrito en C&A, Vol. 3,
Nim. 2, decodifique estas transmisiones con una scparacion de
canales y proporcione la funcién de indicacién cstéreo usual.

Adclantos en condensadorcs electroliticos de alumino sélido

Una nueva tecnologia de grabado al aguafuerte ha disminuido a
aproximadamente la mitad ¢l tamano de los condensadores clec-
troliticos de alumino sdlido, sin que por cllo sufricran la fiabili-
dad, larga duracién o resistencia a temperaturas cxtremas, por lo
que son notorios. Los condensadores basados en la nueva tecno-
logia compiten con la pequencz de electroliticos de tantalio, y
probables adclantos futuros promcten cxtenderlos a la scrie de
productos de tension capacitiva que hasta ahora ha sido del
dominio exclusivo de clectroliticos hiimedos.

Amplificadores lincales de banda ancha en comunicaciones de r.f,

Los transistores de potencia de r.f. que sc emplean frecuente-
mentc cn las ctapas lincales de potencia de emisores que entregan
una potencia de hasta 1kW. Actualmente existen dispositivos
capaces de proporcionar hasta 200 W p.e.p., con una distorsidn
de intermodulacién mejor que —30d8. Este articulo resume los
factores que gobicrnan cl disciio de amplificadores lincales de
banda ancha basados cn transistores de potencia de r.f. de poten-
cia clevada, y como cjemplo describe un amplificador cascodo que
utiliza solamente dos transistores de potencia BLW96, excitados
mediante dos transistores BLWSOF. Ll amplificador completo
cntrcga hasta 400W p.c.p., con una distorsion de intermodula-
cién mejor que —26 dB.

Componentes electronicos para equipos teléfonicos de abonado

Los circuitos integrados para peticion de linca por lazo de cor-
ricnte interrumpida o bién para tono dual multifrecucncia,
permiten sustituir el marcador tradicional por un teclado. Si el
micréfono de carbén cs reemplazado por un electret o micréfono
clectrodinamico, las funciones dc conversacion y transmisién
también puceden ser realizadas por un circuito integrado. Los
timbres clectrénicos controlados por un circuito integrado,
ofrecen una cleccidn de distintos tonos o ritmos y pucden
recmplazar el timbre clasico. Los microcircuitos también permiten
la incorporacién dc caracteristicas tales como marcador automa-
tico, repertorio de marcado, visualizacion del nimero marcado,
medida de la tarifa, uso con las manos libres, auriculares sin
hilos y la posibilidad de tratamicnto dc datos.

Circuitos basicos de excitacién del GTO

Lldesarrollo de técnicas clectronicas de conmutacién de potencia
han presentado un fucrte impetu desde la aparicién del tiristor
bloqucable por puerta (GTO). Este articulo describe cuatro cir-
cuitos de excitacion del GTO que facilitaran el funcionamiento
correcto del GTO en un amplio margen de aplicaciones. Sc tratan
aplicaciones aisladas y no aisladas, junto con las variacionces del
margen requerido del ciclo de trabajo y frecuencia de con-
mutacion.

Fuente de alimentacion auxiliar para un sistema de control de
velocidad de motor de c.a.

Este articulo, ultimo de una scrie, describe una fuente de alimen-
tacion conmutada auxiliar que proporciona las diversas salidas de
c.c. de baja tensidn requeridas para el funcionamiento de nucstro
sistema de control de velocidad y para motores de c.c. El clemen-
to dc conmutacion de potcncia es el nuevo transistor de alta
tension BUY89, y el transformador esta bobinado en dos nicleos
de ferrita 1:C44/17/18.
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