





Introduction to PWM speed control system for

3-phase AC motors
J. A. HOULDSWORTH and W. B. ROSINK

The muajority of industrial drives use electric motors,
since they are controllable and readily available. In
practice, most of these drives are based on a.c. induction
motors because such motors are rugged, reliable, and
relatively inexpensive.

To control the speed of a drive many methods have
been developed, ranging from mechanical and hydraulic
systems to electrical and electronic systems using, for
example, d.c. shunt-wound motors whose speed can be
controlled directly. However, it has been the desire of
drive system manufacturers to vary the speed of the
standard three-phase induction (asynchronous) motor by
electrical means. This aim has been technically possible
for some years, and with recent advances in power
electronic components and integrated circuits it is now
achievable with both cost and quality comparable to
that of alternative systems.

This article begins by considering the development of
the most common currently available electronic systems
by examining two approaches to the control of d.c.
motors: phase (or line) control, and chopper (switched
mode) control. Then, the characteristics of the three-
phase induction motor are discussed, establishing the
dependence of motor speed on frequency, and the need
to control both frequency and voltage for a proper
method of control. This is achieved by using a three-phase
inverter to convert the mains frequency to a variable
frequency and voltage supply to the motor. The main
features of the various types of inverter currently avail-
able are then considered. These systems have certain
shortcomings, and in this article we describe a new
improved system using Pulse-Width Modulation (PWM)
techniques. We have developed a purpose-designed Large
Scale Integrated (LSI) circuit specifically for this
application.
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GENERAL INTRODUCTION TO MOTOR
SPEED CONTROL

Traditionally, d.c. motor control using Ward-Leonard
sets required the use of three electrical machines: a three-
phasc induction motor, a d.c. generator, and a d.c.
motor. This can now be replaced by a double six-
thyristor bridge employing only onc clectric machine,
the d.c. motor. Changing from electromechanical control
systems to electronic control systems generally provides
a reduction in complexity. savings in cost, space, and
response time, and gains in efficiency.

Phase control of d.c. motors

Figure 1 shows a typical d.c. motor controller using a
bridge circuit of six thyristors fed from the three-phase
mains supply. Motor voltage control is achieved by
varying the phase angle at which the thyristors are fired
relative to the incoming mains voltage supply waveform.
This provides an output voltage ranging from zero to a
value equal to that provided by a full-wave diode rectify-
ing bridge. Such a circuit is typically used in the control
of d.c. shunt motors (d.c. motors with separate field
excitation).

Phase controlled rectifier circuits, like that shown in
Fig.1, are the simplest form of electronic motor control
because the thyristors are naturally “‘mains-commutated”
or “line-commutated” from the three-phase a.c. source.
In this case. the commutation process consists of a cyclic
transfer of current from one pair of conducting thyristors
to the next. The three thyristors in the upper group
(Thy, Thj, and Thg) have a common cathode terminal,
and conduction is via the thyristor with the most positive
anode voltage. The other two thyristors are reverse-biased
relative to the common cathode terminal. Similarly, the







































to increase the motor voltage at low speed. This function.
which compensates for the relatively high ‘IR’ losses at
low speed, is obtained by decreasing the frequency of
the VCT clock at the low end of the speed range. The
circuit can be adjusted with three potentiometers giving
control over the following conditions:

1) the motor voltage at nominal speed.,
2) the speed range for 'IR* compensation,
3) the maximum ‘IR’ compensation at zero speed.

APPLICATIONS

The stage of technological evolution has now been
reached where it is cost-effective to manufacture
general-purpose high-quality industrial variable-speed
drives using thrce-phase induction motors. This has been
made possible by recent advances in power semiconduc-
tors and the introduction of a purpose-designed LSI
circuit for signal generation.

The system described in this article illustrates one
method of producing a high-performance variable-speed
drive for a three-phase induction motor. using the most
advanced power semiconductors and LSI technology

PWM CONTROL FOR A.C. MOTORS

now available. Typical applications of variable-frequency
a.c. inverters include:

textile manufacturing,

chemical processing,

glass manufacture,

machine tools.

polymer forming,

food processing,

material handling and packaging,
printing and paper making.
grinders,

pumps.

In these and many other applications, the electronic
motor control system described in this article provides
improved efficiency, compactness, and control flexibility.
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Mains pollution caused by domestic appliances

Part 2 - Harmonic distortion

H. W. EVERS

In this article we shall concentrate on the problem of
harmonic distortion. This problem is not new since for
many years fluorescent lamps, transformers and applian-
ces employing bridge rectifier circuits have produced
harmonic distortion in the mains supply. However,
recent ycars have seen such a dramatic increase in the
use of electronically controlled domestic appliances that
harmonic distortion is now approaching intolcrable
levels.

The situation is not helped by the current popularity
of phase control as a means of power regulation. Em-
ploying such devices as thyristors and triacs. phase
control can introduce severe distortion into the supply.
The problem can be alleviated to some extent by limiting
the power of cquipment employing phase control. This
approach has been adopted by CENELEC (European
Committee for Electrotechnical Standardization) and is
embodied in its Standard EN 50 006.

The real solution to the problem, however, lies not
solely in power limitation, but in an overall rethink of
our design philosophies. Only in this way can we hope to
produce future equipment that provides minimum inter-
action with the supply.

This article is a first attempt at providing a basis for
such a rethink. We cannot hope to cover all the problems
that will present themselves to the designer. Our object
is simply to bring to the designer an awareness of the
problems. and to provide him with guidelines on ap-
propriate circuit design.

We shall begin by considering some aspects of phase
control. since this is potentially a major cause of harmo-
nic distortion, and is accordingly the subject of much
debate on the CENELEC Committee.

POWER REGULATION BY PHASE CONTROL
AND ITS EFFECT UPON HARMONIC
CONTENT

Phase control. by which is meant the controlled con-
duction of current over a selected part of the mains
cycle, is becoming increasingly popular as a means of
power regulation. Devices employing it include light
dimmers and motor control units used in portable tools,
vacuum cleaners etc. At present its use is limited in
cooking and hecating appliances. Such control can be
effected either by a triac (symmetrical control) or by a
thyristor (asymmetrical control). In both cases the
output signal shows substantial departure from pure
sinusoidal and the harmonic content is high.

Symmetrically controlled loads

Symmetrical phase control generates odd harmonics
only, their amplitudes being governed by the firing angle
a. This is illustrated for a purely resistive load in Fig.I,
which shows normalized harmonic amplitudes together
with the power factor cos ¢ as functions of a.

The harmonics generated by inductive loads (com-
bined inductive and resistive) are of lesser magnitude
than those generated by pure resistive loads. This is il-
lustrated in Table 1 which shows the effect of symme-
trical phase control operating on a combined inductive/
resistive load. An obvious consequence of this is that for
the same harmonic content, the phase controlled power
is higher for inductive loads than for resistive loads.
Figure 2 gives the relation between third harmonic and
firing angle « for a symmetrically controlled inductive
load.
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PROBLEMS ASSOCIATED WITH HARMONIC
DISTORTION OF THE MAINS SUPPLY

Current harmonics generated in the 220/250 V line by
consumer appliances will inevitably transfer to the H.T.
supply system (commonly 10 or 25kV). Here they
produce disturbances that eventually feed back to the
consumer, adversely affecting the performance of all
mains connccted appliances. Some of the important
effects are listed below:

— Voltage harmonics. Current harmonics in the H.T.
system give rise to corresponding voltage harmonics.
These distort the sinusoidal voltage of the H.T.
system itself, leading to inferior performance of both
supplier and consumer equipment. Another effect of
voltage harmonics in the H.T. system is the premature
actuation of remote control devices of the supply
network operating between about 200 and 400 Hz.

— Resonance in the 11.T. system. The H.T. system com-
prises many resonant circuits formed by the combina-
tion of cable capacitance, load impedance and trans-
former inductance, as well as the capacitive networks
included to correct for phase shifts. Current overloads
may occur in these circuits if the harmonics happen
to excite them at their resonant frequencies. These
overloads can cause severe damage, particularly to the
phase correction capacitors.

— Voltage drop in the low tension system. Current har-
monics in the low tension system produce a voltage
drop which reduces the efficiency of all mains con-
nected appliances. This voltage drop depends on the
length and composition of the supply cables. and on
the magnitude and order of the current harmonics.

— Losses in the mains network. Phase control introduces
phase shifts into the mains network. These can result
in significant losses, particularly during peak periods.

— D.C. biasing of the mains. Asymmetrical phase control
besides generating both odd and even harmonics, also
produces a d.c. component (n = 0 in Fig.3). Hence, if
used extensively, this type of control can cause a
voltage bias on the mains network, thus increasing
the chance of mains transformer saturation.

Harmonic distortion produced by a given source is
directly related to the impedance of the mains, which in
turn depends on the complexity of the mains network.
Moreover, the mains impedance is generally frequency
dependent in all but the simplest networks, so that a
knowledge of this dependence is essential for assessing
the effects of harmonic distortion in a real system.
Fig.4 shows the H.T. mains impedance as a function of
frequency for three networks exhibiting varying degrees
of complexity.

For the purposes of rationalization in its recommen-
dations of maximum permitted harmonic content,

MAINS POLLUTION: HARMONIC DISTORTION

CENELEC has assumed a typical mains impedance on
the low tension side (220/240 V single phase) of Z =
(0.4+0.25j)Q at 50 Hz. In most modern networks,
however, the impedance will be lower than this.

THE CENELEC RECOMMENDATIONS

The CENELEC Standard EN 50 006 applics to all house-
hold electrical appliances supplied from a low tension
nctwork, that can be purchased directly by the con-
sumer, and that are equipped with regulating means
employing burst firing or phase control. This covers
clectric cooking and heating appliances, portable tools,
light dimmers, etc. It does not cover television and radio
receivers, and other such devices.

The recommendations regarding maximum harmonic
content are given in Table 2. and apply to a device driven
from the nominal mains voltage at 50 Hz. Devices may
be subject to test by the supply authorities to ensure
that they meet these recommendations.

Studies carried out by some supply authorities in-
dicate that phase control, operating over long periods

TABLE 2
Maximum harmonic content permitted by the CENELEC
recommendations, for an appliance driven from the
nominal mains voltage at 50 Hz

harmonic maximum
order harmonic
(n) content 7
odd harmonics
3 0.85
S 0.65
7 0.60
9 0.40
11 0.40
13 0.30
15 0.25
39 0.25
cven harmonics
fa) symmetrical control 2 0.20
4 0.20
40 0.20
(b) asymmetrical control 2 0.30
0.20
40 0.20
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and with a high degree of occurrence, should be restrict-
ed to reduce the harmonic content and the additional
losses introduced into the mains network, and to save
the extra capital investment that would be necessary to
boost the mains capacity.

Partially as a consequence of these investigations,
CENELEC has recommended the prohibition of phase
control for all thermal appliances in the domestic field
having a power greater than 200 W. (Note: in this context
light dimmers arc not regarded as thermal appliances.)

The CENELEC recommendations are supported by
the supply authoritics of most European countries and it
is thus advisable for manufacturers to comply with them.

ASPECTS OF EQUIPMENT DESIGN
CONCERNED WITH REDUCING HARMONIC
DISTORTION

Reducing harmonic distortion is generally a matter of
initial design. In the case of phase control devices, how-
ever, very little can be done in this respect. and the
futurc is likely to see regulations so severe that other
means of power control will become preferable. More-
over, future regulations, particularly those being prepared
by the 1EC (International Electrotechnical Commission),
will undoubtedly cover equipment unaffected by the
present regulations, e.g. television receivers and hi-fi
cquipment,

Designers would therefore be wise to anticipate such
regulations now, and to make every effort to reduce the
harmonic distortion produced by their equipment. To
this end we offer the following guidelines, which we
hope will provide a basis for future design. We must
emphasise that the circuits given below arc still under

MAINS POLLUTION: HARMONIC DISTORTION

development. and serve merely to illustrate a worth-
while approach to the problems.

We shall divide our discussion into two parts, namely
power levels up to 150 W and, power levels up to
1000 W.

Power levels up to 150 W

Power levels of 150W are typical of those used in the
power supplies of colour television reccivers, hi-fi equip-
ment, video recorders etc. A simplified circuit of such a
power supply (incorporating a bridge rectificr) is shown
in Iig.5.

A significant reduction in harmonic content of the
mains current Iy, can only be attained by increasc of the
opening time tg (i.e. the time within one half cycle
during which the rectified mains current is non-zero).
This can be achieved by using a larger input choke L|.
Table 3 shows the relation between harmonic content
and opening time for various values of total inductance
Li. It is evident from the table that harmonic content is
suppressed significantly by increase of choke inductance,
although in the cuase of the third harmonic relatively high
inductance values are needed.

Note: reducing the bridge capacitance may also cffect
some reduction of harmonic content, but in reality the
improvement is negligible and is more than offsct by the
cffects ol increased ripple.

In applications where cost and space are important
considerations, large input chokes are not always practi-
cal. A possible alternative would then be to make use of
an inverter, and to ensure by appropriate control of the
supply that the inverter presents a constant impedance
to the mains.

TABLE 3
Calculated harmonic content produced by the bridge rectifier circuit of Fig.5. Lt comprises 0.8 mH
mains inductance. the inductance of the input choke L| and the inductance of the r.f.i. coil.

Ly (mil) 1.5 3 6 12 24 48 96

im (A) 3.48 3.25 2.86 2.46 2.06 1.65 1.42
to (s) 2.34 2.55 2.92 341 4.04 4.78 5.63
Vinin (V) 285 285 285 282 276 267 255
Py (W) 148 148 148 147 143 136 126
H3 (%) 0.24 0.24 0.23 0.21 0.19 0.16 0.13
Hs (%) 0.31 0.29 0.26 0.21 0.16 0.10 0.05
H7 (%) 0.31 0.27 0.22 0.14 0.08 0.04 0.04
Hg (%) 0.24 0.20 0.12 0.06 0.05 0.05 0.03
1y @) 0.14 0.09 0.05 0.06 0.05 0.03 0.02
13 (%) 0.03 0.03 0.07 0.06 0.03 0.03 0.03
H)s (%) 0.05 0.07 0.07 0.04 0.04 0.02 0.02
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Versatile LSI frequency synthesiser

system

T. G. GILES

INTRODUCTION

Frequency synthesisers have now been used for a number
of years for the generation and stabilisation of operating
frequencies in h.f. and military radio communications
equipment. In such relatively expensive systems, the
high cost of the conventional frequency synthesiser is
not prohibitive. At the low-cost end of the communica-
tions market (v.h.f. mobile radios for instance), quartz
crystals have traditionally been used for frequency
stabilisation. The quartz crystal offers simplicity, relia-
bility, a clean output, and high stability. but there are a
number of disadvantages. First, two crystals are needed
per channel (which leads to a large number of crystals in
a multi-channel set). Second, each frequency needs its
own unique crystal (causing major problems of stock
control and delays in fitting new channels in a trans-
ceiver). Finally. there are many tuning operations
required during the production of a transceiver built in
this way and, in recent years, the cost of crystals has
risen sharply.

The HEF4750 and HEF4751* ICs described here
form the basis for a simply constructed “‘universal™,
single-loop phase-locked frequency synthesiser suitable
for professional and military equipment. Moreover, the
ICs replace the large number of SSI and MSI devices
currently used in frequency synthesisers, and therefore
now make the use of frequency synthesisers in low-cost
equipment a realistic proposition. The two ICs enable

*The type numbers HEF4750 and HEF4751 are now assigned to
the frequency synthesiser ICs which were previously allocated
development type numbers LN123 and LN124 respectively.

mobile radio manufacturers to design transceivers which
can work on one or any number of channels in a given
band, using a single common reference crystal, thus
dispensing with the cost and delays in ordering
individual crystals for each frequency.

Historically, the design of a synthesiser to meet the
stringent CEPT specifications has been complicated and
has required a great deal of expensive screening and
decoupling to keep down spurious outputs. The two new
ICs simplify the design of high-performance synthesisers
by putting all the critical parts of the circuit, both
analogue and digital, within the packages. The ICs offer
considerable flexibility: the synthesiser is programmable,
compatible with microprocessor-based and other digital
systems, and suitable for remotely-controlled transmit-
ters, scanner receivers, frequency-agile systems. etc. This
flexibility also means that the synthesiser does not have
to be built for a specific system; a single design can be
programmed to suit most applications. An additional
benefit, derived from the use of LOCMOS in the ICs, is
the low current consumption which can be an important
factor in some applications.

A summary of the performance of a typical frequency
synthesiser suitable for use in a mobile radio is given in
Table 1.

THE SINGLE-LOOP PHASE-LOCKED
FREQUENCY SYNTHESISER
From the point of view of simplicity. cost, and purity of

output signal, the most attractive type of frequency
synthesiser is the single-loop phase-locked design shown
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Integrated Schottky logic gate array

S. Y. LAU

While the concept of logic gate arrays is not new, earlier
designs used [’L and MOS technology which gave a high
gate density and low power consumption, but which
could only operate at moderate or low speeds. Now, the
speed of low power Schottky TTL and the inherently
high packing density of I2L have been combined inanew
technology called Integrated Schottky Logic (ISL) used
in the 8A 1200 gate array.

Intended for semi-customised applications, the array
comprises 1144 ISL gates, 52 Schottky buffers for high
fan-out and 36 /O cells. Each 1/O cell can be pro-
grammed as an input, output or bidirectional transceiver.
Eleven 1/O cell configurations are available.

To design with the ISL array. logic equivalents of the
ISL gates must be developed. For example, a two input
NOR gate is implemented by three ISL gates. However,
of most significance is the one-to-one correspondence
between a NAND logic diagram and an ISL schematic.

Various circuits such as shift registers. flip-flops and
counters, as well as logic gates, can be constructed on the
same array. As a replacement for MSI and SSI TTL, the
8A1200 can replace up to 50 logic packages in a typical
system.

Also known as uncommitted logic or masterslice, the
8A1200 gate array is a simpler, faster, less expensive
means of producing a custom LSI logic circuit compared
with conventional custom techniques.

INTRODUCTION TO ISL TECHNOLOGY

Each gate has two transistors — a normal downward npn
(Q1) which is clamped by a parasitic vertical pnp (Q2),

see Fig.1. The parasitic pnpis enhanced without enlarging
the npn device. This is done in two ways:

— a shorter buried layer than usual is applied for the
npn device, giving the vertical pnp more area;

— a shallow p-ring diffusion which overlaps the isolation
diffusion, is added around the base of the npn to
create a lateral pnp (Q3) that actually parallels the
vertical one.

Thus, the pnp transistor formed from Q> and Q3 is an
integral part of the ISL gate structure, producing a
minimal-size giate geometry.

Although the normal downward configuration of Q|
pliaces a parasitic pnp transistor just where it is needed, it
creates a problem.

ISL like I’L requires a current source. This is a
resistor fabricated as a pnp transistor and connected
between VBB and the base of Q). With Q in normal
downward configuration (as opposed to the inverted npn
of I2L), the current source cannot be merged with the
npn device. Therefore, the ‘resistor’ must occupy its
own island on the chip. This is why ISL occupies an area
slightly larger than I%L.

An ISL gate has one input and multiple outputs. Gate
outputs are formed by Schottky metallisation made to
the collector diffusion of Q. Each Schottky diode forms
an independent output. The gate input is a single con-
nection made to the base of Q.

8A1200 ARRAY ORGANISATION

The array consists of LSI gates, Schottky buffers, I/O
cells and local and main supply rails (Fig.2).
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ISL GATE ARRAY

After simulation has verified the logic design, the butfer
and gate connections that will be needed on the array
are indicated on a mylar sheet. The information on the
mylar sheet is then digitised on the CALMA graphic data
system and the CALMA output is checked with the
TEGAS simulation before fabrication of the array com-
mences.

COMPARISON OF ISL WITH OTHER
TECHNOLOGIES

Compared with I>L and LS technologies, ISL has the best
speed-power product (Table 2). Its packing density is of
the same order as I’L and about nine times greater than
LS (Table 3).

The 8A1200 gate array makes it practical to design
and produce custom LSI logic circuits at less cost and in
a fraction of the time required using conventional LSI
techniques.

The high speed of the 8A1200 makes it attractive for
such applications as:

— EDP equipment

data and telecommunication controllers

|

magnetic disc controllers

military equipment,

As a replacement for SSI and MSI TTL, the 8A1200 can
typically replace up to 50 logic packages. In this applica-
tion, the 8A1200 is more suitable thdn other types of

TABLE 2
Speed-power comparison of ISL with I’L and LS.
All values are typical

ISL I’L LS units
Gate speed 35 15 9.5 ns
Power 250 250 2000 uW
Speed-power product 0.8 3.75 19.0 pJ
TABLE 3

Area in mm? x 102 occupied by various logic functions
implemented in ISL, I“L and LS

Function ISL I’L LS

NAND 1.16 0.71 9.23
NOR 1.87 1.42 25.81
D Flip-tlop 5.81 4.26 4742
4 to | MUX 9.35 7.10 85.67

programmable logic arrays (e.g. FPLA) because of its
ability to implement a mixture of sub-systems. as well as
logic gates, on one IC.

As a means to implement new system architecture.
the 8A1200 offers a degree of flexibility unmatched by
standard bit-slice microprocessors.

This article is based on a convention paper presented by S. Y. Lau and is published here by permission of Electronic Conventions Inc./

Wescon 1979.
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Digital control of radio and audio equipment

Part 6 - Voltage-controlled tuning

of AM radios

B. P. BAHNSEN

The trend in radios and tuners is toward all-band, tully-
electronic operation in which both the tuningand station
presetting/selection are voltage-controlled. There is also
an increasing demand for digital tuning and remote
control. The space available for the radio circuits however
is becoming smaller, especially in car radios with cassette
playing facilities and in home radios in the new mini
format. For these reasons, it has become essential to use
variable-capacitance diode tuning not only for f.n., but
also for a.m. stations in the long, medium and short-
wavebands. Diodes for the a.m. [requencies must mect
the following performance requirements:

— The normally used part of the tuning voltage/capa
citance characteristic of the diode must be expo-
nential to minimise non-linear distortion of signals
applied to the tuned circuit. Furthermore, some form
of signal limiting must be used to prevent high-level
acrial signals shifting the tuned frequency and thereby
causing the reception of spurious signals and increased
distortion.

— For car radios, the required tuning voltage must
always be less than 10V. Since the permissible level
of the aerial signal decreases with a low tuning voltage
the previous problem is aggravated.

— The maximum capacitance and max/min capacitance
ratio must tune the required frequency band.

— The capacitance/tuning voltage characteristics of the
diodes in the aerial and oscillator tuned circuits must
be accurately matched to provide good tracking.

— The diode capacitance must have a low-value, easily
compensated temperature coefficient.

— The diode must have a low leakage current which is
largely independent of temperature and tuning
voltage.

— The diode must have low series resistance to prevent
damping of the tuned circuits.

— Since the diode must be inexpensive, it must be
capable of being mass-produced.

Even with such a high-performance variable-capacitance
diode, the following precautions must be taken when
designing voltage-tuned radios:

— The tuning voltage must be stabilised against tempera-
ture and supply voltage variations. This is especially
critical in car radio applications. Typical stability re-
quirements are *0.1% for 1 kllz tuning stability on
medium wave.

— External circuits must cause minimum parasitic
capacitance in parallel with the diode.

— The local-oscillator signal must have a constant low
level.

— The tuning voltage must be adequately decoupled at
signal frequencies.

— The resistor in series with the tuning voltage must be
correctly chosen with regard to acceptable voltage
drop and desired Q.

The newly developed controlled-growth profiled epitaxial
process has allowed the manufacture of the a.m. variable-
capacitance diode pair BB212 to meet the requirements
of voltage tuned a.m. radios. These two closely matched
diodes in one TO-92 variant require a tuning voltage of
between 0.5V and 8 V. Each has a maximum capaci-
tance of 500pF at 0.5V and a max/min capacitance
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VOLTAGE-CONTROLLED AM RADIO TUNING

The specified leakage current for the BB212 at Tj= 60°C
and VR = 10V is 0.3nA typical, 200nA maximum. The
worst-case change of leakage current over the tempera-
ture range 25 °C 1o 60 °C is therefore 200 nA. The tuning
error due to the cffects of leakage current is more signi-
ficant in the oscillator circuit than it is in the aerial
circuit. This is because the oscillator frequency deter-
mines the i.f. and its bandpass characteristic is narrower.

EFFECT OF DIODE SERIES RESISTANCE ON
CIRCUIT DAMPING

The simplitied equivalent circuit of a variable-capacitance
diode consists of a series-connected capacitance (Cp)
and resistance (rp). The series resistance comprises two
parts: one part, which is not voltage dependent, consists
of the metal-oxide junction, the substrate resistance and
the dielectric loss resistance. The remaining part, the
profile resistance, varies with applied voltage at tre-
quencies above a few megahertz but remains constant at

lower frequencies.
The quality factor of the variable-capacitance diode is:
Xep |

Qp=——

= (1)
D welprp

In a tuned circuit where

Cp <(p
Cs > (Cp

and Qg is the quality factor ignoring the diode series
resistance,
l

Q= 17q, + 170D

(2)
Inserting equation (1) into equation (2) in place of Qp
and solving for rp gives:
Q—-Q
- = (3)
QQowoCD

In a typical radio tuned circuit where the required
bandwidth is 10kHz at the lowest medium-wave fre-
quency (530 kHz) the required quality factor is:

™D

fo 530 _
“Bw- 10
If the quality factor ignoring the diode series resistance
(Qo) is 80, the permissible series resistance for the diode

from equation (3) is:

~ 80 — 53 )
53 x 80 X 6.28 x 530 x 10%x 500 x 10"

D 8Q

For the short-wave (fo = 6 MHz. Cp = 500 pF). this value

becomes 0.34 §2. From the foregoing, it can be seen that,
since the maximum series resistance of the BB212 is
2.5Q, it will not cause too much damping in long and
medium-wave tuned circuits where the series capacitance
is much greater than the diode capacitance. For: the
short-wave, the damping appears to be excessive. How-
ever, it the short-wave band does not extend below a
frequency of about 6 M1z (49 metres), the series capaci-
tance can be reduced. thereby considerably reducing the
damping.

MATCHING THE CAPACITANCE OF THE
DIODE PAIR BB212

In the ideal case the capacitance of the variable-capac-
citance diodes in an aecrial and oscillator circuit of
radio should be the same at any tuning voltage. In
practice, this is not the case because there is always some
spread of capacitance during the manufacturing process.
This tolerance cannot be corrected with additional
circuit components because it varies with the tuning
voltage applied to the diode. It is therefore normal to
publish a tolerance field for capacitance variation as a
function of tuning voltage. Either of the following
mcthods can be used to keep the published tolerance
field within acceptable limits:

— Post-production selection of diodes with capacitance
values that fall within the published tolerance field.

- Development of a technology and manufacturing
process that yields sufficient diodes with capacitance
values that fall within the acceptable tolerance field.
The few diodes that have capacitance values outside
the tolerance field are then rejected during production.

The latter method is used for the BB212 diode pair. The
two diodes of the pair remain adjacent to each other on
the crystal throughout the manufacturing process so that
differences (especially in the relationship between tuning
voltage and capacitance) are minimised.

The spread between the capacitances of the two
diodes is given by:

ac_Cp -G
O

Since the higher capacitance values can be kept within
closer tolerances than the lower ones, the capacitance
spread increases with increasing tuning voltage (de-
creasing capacitance) and can be cxpressed at any tuning
voltage as:
I -C>

s(VR) = —— (4

(VR)= =5 VR )
Since the tolerance (s) is dependent on tuning voltage, it
cannot be compensated with additional components in
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Présentation d’un systéme de commande i modulation a largeur
d’impulsion pour les moteurs a courant alternatif

Le systeme de commandec dc vitesse décrit a recours au principe
de la tréquence variable: les hautes performances ct 'efficacité
sont obtenues grice a une modulation sinusoidale de la largeur
des impulsions fournies au moteur. Un circuit LSI spécialement
congu a cet ctfet assure la production du signal. Le systé¢me de
commande analogique favorise le fonctionnement correct ct la
protection de toutes les fonctions. Une réponse dynumique rapide
est obtenue, méme dans les conditions de freinage.

Pollution du secteur causée par les appareils domestiques
2¢me partic — Distorsion harmonique

La popularit¢ actuclle de la commande de phase comme moyen
de régulation de puissance dans les apparcils domestiques se
traduit par un net acroissement de la distorsion harmonique de
Palimentation secteur. Les réglements futurs (en particulier ceux
que la CEI prépare actucllement) imposcront vraiscmblablement
de séveres restrictions sur I'emploi des dispositifs a commande de
phase et d'autres dispositifs non couverts par lanorme CENELEC
[EN 50 006 actuclle. Le présent article expose les causes princi-
pales de distorsion harmonique ct montre a titre dexemple
comment on peut la réduire sensiblement par une conception
judicicuse des circuits.

Un systéme synthétiseur de fréquence a LSI, trés diversifié

Dcux circuits intégrés LOCMOS LSI peuvent étre utilisés pour
constituer un synthétiscur de fréquence, peu colteux ct diver-
sifié dans scs applications. offrant des performances de niveau
professionnel. Les circuits imprimés suffisent a assurer toutes les
fonctions critiques, aussi bien analogiques que numériques, de
manicre a permettre la construction simple et compacte d'un
synthétiscur de fréquence a boucle d'asservissement de phase
programmable. Le présent article décrit les circuits intégrés,
ainsi que leur connexion dans un systéeme synthétiscur de fr¢é-
quence et la méthode utilisée pour résoudre Ies problemes de
bruit souvent indvitables avec les synthétiseurs de fréquence a
boucle d'asservissement de phase. La nouvelle technique adoptée
pour simplifier la division de fréquence a grande vitesse (division
A contrerdaction multiple) est également décrite.

Dispositif de porte ISL

Dans le dispositil’ de portc 8A1200, une nouvelle technologic de
circuit a ¢1¢ utilisée. 11 s’agit de la logique Schottky intégrée
(ISL = Integrated Schottky Logic), alliant la vitesse de la techno-
logic Schottky basse puissance et la grande densité utilisable in-
hérente a la technologic 12L. Le dispositif comprend 1144 portes
ISL, 52 tampons Schottky et 36 cellules entrée/sortic. L'équiva-
lence logique indique que le dispositit’ ISL est capable de rem-
placer jusqu'a 50 circuits MSI et SSITTL dans un systeme
typique.

Commande digitale d’équipements radio et audio

6iéme partic - Accord 3 commande dc tension pour toutes les
gammes radio en modulation d*amplitude

La tendance va vers une réduction toujours plus poussée de
I'espace occupd par les circuits radio. surtout pour les équipe-
ments auto, ct aussi pour les rendre compatibles avee la com-
mande digitale. Ceci a suscité un besoin urgent envers unc diode
d'accord A capacité variable pour la recherche des stations dans
les gammes d’ondes grandes, moyennes et courtes. La paire de
diodes a capacité variable en modulation d’amplitude BB212
satisfait ces conditions. L'article montre comment I'observation
de quelques impératifs spécifiques ct le respect de quelques
régles simples de conception ont abouti a la construction de
récepteurs radio pour la maison et pour la voiture, avee accord
par diode.

ABSTRACTS

Introduccion al sistema de control por modulacion de anchura
de impulso para motores de C.A.

El sistema d¢ control de velocidad descrito emplea ¢l principio
de frecuencia variable, obteniendo clevado rendimiento y eficien-
cia mediante una modulacion sinusoidad de la anchura de los
impulsos suministrados al motor. Se¢ ha desarrollado un circuito
LSI cspecialmente disciado para generacion de scial. El sistema
de control analdgico proporciona ¢l correcto funcionamicento y
proteccion de todas las funciones. Se obticne una respucsta
dindmica rapida incluso cn condiciones de frenado.

Polucion de la red causada por aplicaciones domésticas
Parte 2 - Distorsion armonica

La popularidad del control de fase como medio de regulacion de
potencia en aplicaciones domésticas, ha conducido a un fuerte
aumento en distorsion armonica de la alimentacion de red.
Regulaciones futuras (especialmente las que estd preparando
I:C) probablemente establecerdn severas limitaciones sobre la
utilizacion de dispositivos de control de fase v de otros disposi-
tivos no abarcados por la actual norma CENELEC EN 50 006.
Este articulo analiza las principales causas de distorsion armonica
y muestra a mancra dc cjemplo como pueden ser reducidas
significativamente mediante cuidadoso disciio del circuito.

Sistema sintetizador de frecuencia LSI flexible

Puedcn utilizarse dos circuitos intcgrados LS] LOCMOS para ob-
tener un sintetizador de frecucncia flexible y de bajo coste con
unas caracteristicas profesionales. Los circuitos integrados con-
ticnen todos los circuitos criticos, tanto analdgicos como digi-
tales, para que pueda construirse de modo facil y compacto un
sintetizador de frecuencia PLL (phasce-locked-loop) programable.
kste articulo describe los circuitos integrados, su conexion como
sistema sintetizador de frecuencia y ¢l método empleado para
superar los problemas de ruido normalmente asociados con los
sintetizadores de frecuencia PLL. También se describe la nueva
(écenica para simplificar la division de frecuencia de alta velocidad
(division por realimentacion multiple).

Red de puertas ISL (Integrated Schottky Logic)

Iin la red de puertas 8A1200 sc ha empleado una nueva techno-
logia llamada Logica Schottky Integrada (ISL, Integrated Schott-
ky Logic). que combina la velocidad de la tecnologia Schottky
de baja potencia y la elevada densidad de empaquetado de la
tecnologia I’L. La red comprende 1144 pucrtas ISL, 52 buffer
Schottky y 36 c¢élulas entrada/salida. La cquivalencia logica
indica que la red ISL puede recmplazar hasta 50 circuitos TTL
dc pequeiia y mediana escala de integracion (SSI'y MSI) en un
sistema tipico.

Control digital de equipo de radio y audio

Parte 6 — Sintonia controlada por tension en receptores de radio
A.M. toda banda

La nccesidad de reducir el espacio ocupado por los circuitos de
radio, especialmente en autorradios, y hacerlos compatibles con
control digital. ha crcado ¢l urgente requerimiento de un diodo
de sintonia de capacidad variable para sintonizar ondas largas,
medias y cortas. La pareja dc diodos de capacidad variable
BB212 satisface este requerimiento. Il articulo muestra como el
cumplimicnto dc algunos requisitos especiticos y la observancia
dc cierto niimero de reglas de disciio conduce a la construccion
de receptores de radio de elevadas caracteristicas para hogar y
automovil con sintonia por diodo.
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