





Inverter circuit for a PWM motor
speed control system

F.J. BURGUM and E. B. G. NIJHOF

This article describes an inverter circuit developed speci-
fically for use in Pulse-Width Modulation (PWM) speed
control systems for three-phasc a.c. motors. The article
is the second in a series. The first article (Ref.l) gave a
general introduction to our PWM speed control system.
This system uses the technique of sinewave-modulated
pulse-width modulation. and employs a purpose-designed
LSI circuit type HEF4752V for signal generation. With
the exception of the introductory article, each article in
the series will concentrate on one particular aspect of
the system.

The inverter is a major advance on previous inverter
designs, and has the following advantages.

® [t places the lowest possible stress on the thyristors
and diodes. limiting the peak voltage on these devices
to not more than 10% above the supply voltage. This
means that low-voltage thyristors and diodes can be
used for a relatively high-voltage supply.

e Full commutation capability is available at any time.
There are no starting problems, and no special trigger-
ing sequence is required to prime the inverter.

® No delay is necessary between successive commuta-
tions. The minimum pulse width is therefore equal to
the commutation cycle time, and a high modulation
depth is possible.

® [t is highly efficient. A high switching frequency is
possible, only .a small amount of the commutation
energy is lost, and there are no circulating currents.

® [t does not need reverse-blocking thyristors. ASCRs
can therefore be used, and since there are no reverse-
recovery losses. efficiency will be increased.

® The commutation cnergy does not vary with the load
current.

CIRCUIT DESCRIPTION

The complete inverter consists of three identical phases,
one for each of the outputs R, Y. and B. A complete
circuit diagram of a single phase is shown in Fig.1, and a
photograph of a typical assembled circuit is shown in
Fig.2. The main thyristors Th; and Th, control the
power throughput of the inverter, while main diodes D,
and D, carry reactive and regenerative currents from the
load to the supply. The main thyristor is commutated
off by triggering the appropriate commutation thyristor:
Th, for main thyristor Thy, and Th, for main thyristor
Th,. When Thy is triggered. commutation current flows
in the commutation circuit Thj, L. Cg. and D5. Simi-
larly, components Thy,, L,, C¢. and Dy make up the

-commutation circuit for Th,.

RC snubber networks R;C, R,C,. R3C5.and R4Cy
limit the rate of rise of reapplied voltage to the thyristors
after they have been turned off. Inductor Ly limits the
rate of rise of on-state current of the main thyristors.
The rate of rise of on-state current in the commutation
thyristors is limited by the commutation inductors L,;
and L,. Resistor-diode networks Dg, D;, Rg and Dy,
Dg. Rg limit the maximum charge on the commutation
capacitors Cg and Cg, and the peak voltage on the com-
mutation thyristors Thy and Thy. Charging resistors R,
and Rg ensure that the commutation capacitors are
charged when first applying voltage to the d.c. supply.
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The triggering of the four thyristors in the phasc is
controlled by an external PWM IC. the trigger pulses
being fed via isolating pulse transformers (not shown in
Fig.1). A detailed description of the operation of this
circuit is given in Ref.1.

INVERTER DESIGN EQUATIONS AND
WORKED EXAMPLE

The design method described here is suitable for a wide
range of motor sizes and voltages, but a worked example
is given for an inverter suitable for driving a 4 kW 380 V
motor.

The maximum voltage that the inverter can provide
to the motor is determined by the mains supply voltage.
In general. a motor may be used which has a rated
voltage less than or equal to the mains supply voltage.
For an a.c. supply voltage of V. line-to-line, the average
d.c. line voltage of the three-phase rectified supply is

iven by:
g y 3

Vdc(nom) =V X V2 X P

This allows an output fundamental r.m.s. voltage of:

Vdc(nom)
Vo(rms) < 101X ——\/2 ,

=1.05V,,

at maximum modulation (quasi-squarewave).

The design process falls into the following parts:
inverter specification. selection of the main thyristors
and diodes, commutation thyristors and diodes, passive
commutation components, snubber and dI/dt compon-
ents for damping and voltage-clipping circuits, and the
selection of the heatsinks for the power semiconductors.
A flowchart for the design process is given in Fig.3. and
Table 1 gives a complete list of the symbols used in this
article.

Input data

The following input data must be provided at the start
of the inverter design exercise.

Vaciming- The lowest d.c. supply voltage at which
correct commutation of peak inverter output current is
required.

Vacmomy- The highest continuous value of d.c. supply
voltage. This is used for calculating inverter losses.
Vacimax)- The transient peak voltage to which the
supply voltage is allowed to rise during regenerative
braking.

! y(maxy - The maximum motor r.m.s. line current. This
is determined by the required peak motor output power.

The inverter must be rated for continuous lm(mux), and

not for the nominal motor current, since the thermal
time-constants of the inverter semiconductors and heat-
sinks arc considerably less than the thermal time-
constants of the motor.

fx(,w'\.). The maximum required inverter switching
frequency. The choice of this value depends on the
trade-off bectween cxcessive motor ripple current and
losses, which occur with low f( .oy, and excessive
inverter losses which occur with high fg .. (. Typical
values of .« lic in the range 500 to 1500 Hz.

T Maximum ambient air temperature. This is

amb(max):
required for heatsink calculations.

Input data — example

de‘(min)

Assuming a European three-phase mains supply. 380 V
r.m.s. £10%, then when rectified the minimum d.c.
voltage at minimum a.c. supply voltage is given by:

I

3
Vaeaming = 380X 09 X V2 X =

462 V.

J

The nominal continuous d.c. supply voltage is given
approximately by:

/
dc(nom)

. 3
Vdc(nom) = 380X \/2 X T

= 513 V.

V(Ic(ma.r/
The peak d.c. supply voltage at maximum a.c. supply is
obtained from the peak a.c. supply voltage V., ) The

value of V, . (, k) is given by:
Viepk) = 380 X 1.1 X /2,
= 591 V.
Under regenerative braking conditions. the d.c. supply
voltage rises above Vac(pk)' Assuming a permitted rise

of 150 V, then V4, 4x) is given by:

Vdc(lnux) = 591 + 150,

R

750 V.

Im{max}

Assume that a 4 kW 330 V motor is to be used at 50%
transient overload. The nominal line current for such a
motor varies between motor manufacturers, but the
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I vy = 2V2 X Doy X V(L Cs) X T gy (20)
Viers = 15 Vie(max): (21)

for the damping diode Ds.

In addition to the damping diode, in applications
where the Vyy of the auxiliary thyristors is a limiting
paramcter, the pcak voltage on the auxiliary thyristors
may be clipped by the addition of the diode D5 in Fig.9.
This removes the voltage transient caused by the reverse
recovery of the auxiliary diode Dj. Diode D; may be
rated as follows:

Vdc(mux) X Lrr

]I:RM = 05X _—Ll_—'_ . (22)

Ij: (avy is very small and:

Vpry =V +50V. (23)

de(max)

The last component in the circuit is a high-value resis-
tor Ry, in parallel with Dg or D5. This ensures that the
commutation capacitors are charged on first applying
voltage to the d.c. supply. A suitable time-constant for
the charging of the commutation capacitor is in the
range 0.1 to 0.5 s.

Selection of components for dammping and
voltage clipping circuits — example

The value of the damping resistor Rg is given by Eq.17:

-6
O_SX/(M ‘
\ 0.65 X 10°¢

43 Q.

[l

R¢

1l

From Eq.18:

Pre = 0.3 X 0.65X 107 X 5132 X 1000,
5.0 W,

Thusa4.3 Q26 Wora3.9Q 6W resistor should be used.
For the damping diode Dg . we have from Eq.19:

iy = 27.2/2 = 39 A,
from Eq.20:
I (av) =2V2 X 27.7 X 1/(48 X 1076 X 0.65 X 107) X
X 1000,
=044 A;

and from Eq.21:

A possible choice for the damping diode Dg is there-
fore the BYWS6. This has Ippy =50 A, Ip(,,) = 2 A,

and a controlled avalanche breakdown V(g between
1100 V and 1600 V.

For the voltage clipping diode D4, we have from
Eq.22:

_ . 750X 450X 107°
Loy = 0.5 X
FRM 48X 1078

35 A;
and from Eq.23:

A BYWSS or BYWS56 diode is therefore suitable.

The value of the charging resistor R; is determined
from the time-constant and the value of the commuta-
tion capacitor:

0.1
0.65X 107¢

153 k€2,

R7:

so that a 150 k€2 resistor is used; and
5132

150 X 103 °

1.8W.

Pr7

Selection of heatsinks for power semiconductors

The devices in the inverter which require heatsinks are
the main thyristor, main diode, auxiliary thyristor. and
auxiliary diode. If the devices can be isolated from the
heatsinks. then there arc no restrictions on the number
of devices which can share a common heatsink. If the
devices cannot be isolated. then the circuit imposes
restrictions on the minimum number of heatsinks which
must be used. Each main thyristor can share a heatsink
with its anti-parallel main diode. Each auxiliary device is
assumed to have its own hcatsink.

Because the main thyristor and main diode cannot
conduct simultaneously. the main heatsink need only be
rated for the maximum thyristor loss. This is true partly
because the Tjc,,y) of the thyristors is gencrally less
than the Tj( ) of the diodes.

To design the main heatsink, the various contributions
to the main thyristor loss must be calculated. The largest
contribution is the on-state loss. The thyristor worst-case
current waveform can be considered to be a half-wave
rectified sinewave, with an average value given by Eq.2:

V2

lT(uv) - lm(mnx)x m
and an r.m.s. value:

|m(ma)()

~ B,

IT(rm.\) (24)
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fhe form factor of the worst-case current waveform is
therefore:

_ lT(rms) _

IPcav)

o3

If the device published data includes a power loss
curve (which will include the off-state losses), then the
form factor may bc used to dctermine the power loss.
Otherwise, the I;/Vy characteristics may be approxi-
mated by a straight line with a ‘knec’ voltage Vi)
and a slope resistance r-. Then the on-state loss is given
by:

Pon = V1) X e vy 711 X Primgs (29

and the off-statc loss is given by:
P()I'l' = 05X Vdc( nom) X ]D’

where Iy is the rated leakage current of the device at
Tj(max)'
The third contribution is the turn-on switching loss
P, - In some cases the device data contains a turn-on
loss nomogram which may be used to determine P, .
The dlfdt used in the nomogram is approximately
Vie(nom)/Ly- Where a nomogram is not given, the
switching loss must be estimated as a fraction. typically
15%. of the on-state loss. For switching frequencies of
the order of 1 kHz, this is a reasonable approximation.

The total power loss is:

Pl()t = Pon + PMT + Psw’

and given the thermal resistance of the device from junc-
tion to heatsink (including the preferred mounting
mct.hod). th.c rated Tj.(max). of the thyristor, and the
desircd maximum ambient air temperature Ty (max)e
then the temperature difference between the heatsink
and the ambient air temperature may be determined
from:

AT(h-a) = Tj(mnx) - le X th(j-h) - Tumb(mu.\)'(z(’)

The required thermal resistance of the heatsink is then
given by:

AT,
_ (h-a)
th(h-u) TP : (27)
tot
Once the heatsink temperature. Tjx) = Prog X

Ryj(j-ny. has been calculated, the junction temperature
of the diode may be checked to ensurc that it does not
exceed Tjim,y)-

The other devices needing heatsinks are the auxiliary
thyristors and diodes. The auxiliary thyristor current
waveform consists of half-sincwave pulses at a low duty

INVIERTER FOR PWM MOTOR SPEED CONTROL

cycle, with:

1T(nv) > 19X vdc(nom) X CS X f:;(max)’ (28)
and: (153
lT(rms) =1.2X Vdc(nom) N (—[:_) X \/(rx(m:n.\))'
(29)

giving a form factor:
0.63

a4 = .
\4/“‘1 Cs fzs{ max ))

This auxiliary thyristor form factor is usually much
larger than the values used as paramecters in the power
dissipation curves in published data. The power dissipa-
tion must therefore be found from the device I4/Vy
curve or by calculating the knee voltage V¢ and slope
resistance r from the power dissipation curve at lower
form factors. The on=state loss can then be calculated as
for the main thyristors.

As the device spends most of the time blocking
forward voltage, the off-statc current losses arc given
approximately by:

Pnl'l' = Vdc( min) X lD' (30)

Switching losses may again be found from the nomo-
gram in published data or by estimation; a reasonable
value is 50 to 150% of the on-loss P .

The auxiliary diode waveform is similar to that of the
auxiliary thyristor:

]1'(uv) = 17X vdc(n(nn) X CS X fs(m;«.\)’ (31)
and:
(‘53
ll"(rms) = 11X V(Ic(nom) :/(_LI_)XA/lfs(mn,\)‘ .
(32)

and has the same form factor as the auxiliary thyristor.
Losses for the auxiliary diode may therefore be calcula-
ted by the same mcthod as that used for the auxiliary
thyristor, cxcept that the off-state losses must be
multiplicd by a factor of 0.5.

Selection of heatsinks for power
semiconductors — example

For the main thyristor. we have from Eqgs.2 and 24:

~ V2 o :
IT(UV) - |4X = ().3 A,

m
and:

~ 14 _
lT(rms) - % =99 A.
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The form factor is therefore:

9.9
H = —_-— = . 7.
1=%3 719

From the BTI15S published data. this gives a loss.
including off-state losses. of 11 W. The switching loss is
cstimated at 1.5 W. 15% of the on-state loss, giving P,
=12.5W.

From data, T](ma\) =110°C, Rip(i-mb) = =2.0°C/W,
th(mb h) =03 °C/W (with heatsink compound and no
insulation), and therefore assuming T, =50°C,
we have from Eq.26:

amb(max) ~

AT(h-u) = 110 - (2.3 X 12.5) - 50,
= 31°C:
and from Eq.27: N
Rth(h-u) = 125°
= 2.5°C/W

We can now check the junction temperature of the
diode. For the same current the BYW19 loss is 10.1 W,
so that with switching (reverse-recovery) losses estimaled
at 1W. P, =11W. BWY19 data gives th(j mb) =
4.5°C/W and Ry (. h) = = 1.5°C/W. The maximum value
of Ty, is 50 +31 =81°C. so that thc maximum junction
temperature that the diode can reach is 81 +11 X 6=
147°C. This is less than the Ti(max) of | 50°C quoted in
the data, so that the heatsink design is satisfactory.

For the auxiliary thyristor, we have from Eqs.28 and
29:

IT(av) = 119X 513X 0.65X 107 X 1000,

= 0.63 A;
and: (0.65X 1076)°
br(rmgy = 12X 513XA/{W}X\/(1000),
= 535 A.
The form factor is therefore:
_ 335 _
4= 063 - 85

which is not on the power loss curve in the published
data.

From the Py, /I,y curve for a=1.1. Vp gy is
estimated at 1.3 V and rp at 30 mQ. From Eq.25, this
gives:

Pyy = (1.3 X0.63) + (0.03 X 5.35%).

= 1.68W.

From Eq.30, with rated leakage current of 1.5 mA:

Pop = SI3X 1.5X 1073 = 0.8W;

and P, may be estimated at 1.5 W. The total power loss
Py, is therefore 4.0 W.

Using T, i(max)- T,
we obtain:

amb(max)* and th(j—h) as above,

AT, = S1°C.
and therefore:

Rin(h-ay = 12.8°C/W.

From Eqgs.31 and 32 the auxiliary diode currents are:
II(JV) = 057 A,
Items) = 49 A

From the P/l;;(,,) curve in the BYWI9 data, for a
form factor a = 1.57, we can estimate:

vl.‘(o) = | Vand = 40 mS2.
Thus the forward dissipation is:

= (1.0X057) + (0.04X 49%)= 1.5W;

and:

Pose = 0.5X 513X 0.6 X 107 = 0.15W.
Reverse-recovery losses at dI/dt = 513/(48 X 107%). that
is 11 Afus, are from the nomogram about 0.2 W. Thus
the total loss P, = 1.85 W.

Usmg the published T](mdx) 150°C, RinG-mb) =
4.5°C/W.and Ry, 1y = 1.5°C/W. then:
T, = 150--1.85X4.5=141.7°C.

mb

This is higher than the published data maximum mount-
ing-base temperature of 125°C.so that for P,,, = 1.85 W,
we must use:

tot ~

AT(mb-u) = 125 -50 = 75°C,
giving:
th(mb—u) = 40.5°C/W.
Therefore:
Rinh-g = 39 C/W.

The next article in this series will describe the purpose-
built PWM LSI circuit.
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Power control of microwave ovens

In the conventional power module for a microwave
oven, the h.t. voltage (4kV) is generated by a S0Hz
transformer having high leakage inductance. If burst-
firing is used to control the power, the triggering points
should preferably occur at periodic maximaof the supply
voltage to avoid excessive inrush currents. The system
does have a number of disadvantages, notably: flicker
induced in the mains supply, low efficiency . unstabilised
power output and the need for a large and heavy trans-
former.

These disadvantages can be overcome by using a
high-frequency power-inverter as the supply. A basic
circuit of such a supply is shown in Fig.9. The circuit
employs a centre-tapped load with thyristors as switching
elements. The switching frequency is set above the audio
range to allow the use of a smaller transformer with a
ferrite core.

To regulate power output, use is made of the zener-
like magnetron behaviour, in which output current and
power are highly dependent upon anode voltage. Small
changes in anode voltage are therefore sufficient to
produce wide variations in output power. Moreover,
mains voltage variations are accompanied by changes in
output current; these are suppressed by means of a feed-

h.f. filter

MAINS POLLUTION: FLICKER

back control circuit, thus ensuring that output power
remains relatively constant.

The system effectively behaves as an up-inverter
which means that the h.t. magnetron voltage is relatively
unaffected by variations in input voltage. This ensures
that the supply presents a reasonably constant impedance
to the mains. providing the bonus of greatly reduced
harmonic distortion.

Smooth power control with a complete absence of
flicker is attainable for magnetron currents between 35
and 280 mA.

The use of h.f. inverters is, of course, not confined
solely to the magnetron oven, and they can be used to
equal advantage in the control of other devices such as
inductive cooking and motor control appliances.

As a final remark we should mention that the use of
h.f. inverters can cause r.f. interference in the mains, but
this can be avoided by the use of suitable filter networks.
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Fig.9 Basic diagram of an h.f. power inverter used as the supply of a magnetron oven
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Electret microphone for telephony

A.J. REES and E. I. VARSZEGI

The overwhelming majority of the world’s telephones
use carbon microphones which, despite serious short-
comings. have now been in production for over a hundred
years. Their continued use is due to their low production
costs, and to the fact that they do not require an
amplifier in the telephone. However, recent advances in
microphone technology, and the production of cheap,
reliable solid-state amplifiers, have largely negated the
advantages of the carbon transmitter. Maintenance costs
have risen sharply, so that there is now a strong demand
for the replacement of the carbon microphone by a more
reliable and technically superior device.

There are a number of different transducers which are
potential replacements for the carbon microphone. The
British Post Office (BPO) is currently conducting field
trials to identify suitable linear replacements for its
existing carbon microphone, transmitter inset No.l6.
Several different types of microphone will be tested in
this trial, although the majority are likely to have an
electret transducer. The electret microphone is particu-
larly well suited to replace the carbon microphone. It is
very reliable, cheap to produce, of high quality, and the
subject of proven production technology.

In this article, the operation, construction, and
characteristics of the electret microphone are considered,
with particular reference to its use in telephony. The
article begins by describing the operation of the carbon
microphone and examining the arguments for its replace-
ment. This is followed by an explanation of the operation
of the electret microphone, and the construction and
long-term performance of our electret capsule is described
in detail. The desirable characteristics of a microphone
suitable for telephony are then discussed, and the design

of an appropriate amplifier considered. The article
concludes by reviewing future changes in the telephone
system which may result from the use of linear micro-
phones.

CARBON MICROPHONE

The construction of a modern carbon telephone micro-
phone is shown in Fig.l. Loosely-packed carbon granules
are contained between carbonised metal electrodes. The
rear electrode is fixed, and the front electrode attached
to the diaphragm. Variations in sound pressure on the
diaphragm change the area of contact between the
granules, thereby altering the resistance, and modulating
the transverse current. It is a self-amplifying transducer,
as the electrical power out is considerably greater than
the acoustical power going in.

Apart from its attractions as a power amplifier, the
carbon microphone has the additional advantages of
being reasonably robust, cheap,and easy to manufacture.
The main disadvantages include high noise, non-linearity,
instability of characteristics and, when compared with
more modern microphones, a high failure rate. All of
these disadvantages can be attributed to the physical
properties of the carbon granules, especially the tendency
of the granules to deterioriate with age and use. However,
extensive development and the careful control of
materials and manufacture have produced a microphone
in which these disadvantages are kept to reasonable
levels. As a part of this development process, the charac-
teristics of the modern carbon microphone have been
tailored to match the transmission elements of the
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costs justify a linear microphone as a direct replacement
of the carbon transmitter, then a close mechanical and
clectrical correspondence between the linear replacement
and the original transmitter will be required. New tele-
phone designs, on the other hand, could significantly
alter the mechanical and clectrical requirements of the
microphone. Because of thesc wide potential variations
in microphone requirements, it is not possible to give a
single detailed specification for a linear replacement
microphone. However, the significant performance
factors will be common to all types, and thesc are
considered below.

Line current

Line current is determined by the central battery supply
voltage, the relay hold-in current, and by the length of
the subscriber loop. Typical values will be in the range
15 to 100 mA.

Supply voltage

To limit dissipation, and heat generation within the
handset, the voltage drop caused by line current through
the transmitter should be as low as possible. However, as
the telephone usually has only two connections, the
supply voltage must be large enough to ensure that the
electronic amplifier remains in the linear region even on
peak signals, and with line current at a minimum. The
voltage drop will increase as line current increases, reach-
ing a maximum when line current is a maximum. Clearly,
this maximum voltage drop must limit dissipation to an
acceptable level, but the practical minimum voltage drop
across the microphone will then be determined by the
amplifier working conditions and necessary additional
components. In summary these are:

1) Bias on the FET (where an electret microphone is
used).

2) Bias at the coupling to the telephone line (where
conventional resistive coupling is used). This bias
voltage must be greater than the peak a.c. voltage.

3) A bridge rectifier in the line circuit; this ensures that
the microphone can operate from line currents of
either polarity.

4) A resistor and semiconductor suppressor diode; this
provides protection from line current surges and
transients.

As a result of the above factors, a d.c. operating voltage
of between 4 and 8 V. at the extremes of line current,
should be expected.

ELECTRET MICROPHONE FOR TELEPHONY

Stress

This can take three forms: electrical, mechanical, and
environmental. Probably the most significant form of
electrical stress will arise from internal dissipation in the
event of line current surges and transients. The severity
of the conditions applied to the transmitter will depend
on other aspects of the telephone design, such as the
wound component anti-side tone circuit. In addition, to
obtain type approval, it may be necessary to submit
linear microphones to transient voltages in the order of a
few kilovolts.

It isdifficult to be specific about the need for a micro-
phone to withstand mechanical stress, but dropping a
handset or telephone accidently in the home, or possibly
deliberately in a public installation, will generate high
impulsive accelerations, possibly more than 1000 g.

The required level of resistance to environmental
stress is likely to be dependent on the procedures for
type approval. With new technologies it is difficult to
devise tests which reflect the real-life operating condi-
tions, but for a new microphonc, operation in a tempera-
ture range of —10 to SO°C with a relative humidity of
85% is likely to be a typical operational range.

Sensitivity

The requirement for transmitter sensitivity is likely to be
in the range 200 to 500 mV/Pa, at | kHz, with design
objectives varying for different telephone authorities.
Sensitivity measurements are commonly made as a
function of frequency using an artificial mouth and a
specified load such as an artificial line. The development
of standards of sensitivity for ensuring good speech
intelligibility has been a long and complex process (see
Ref.l). It has required a study of both human and
technical factors: nominal loudness of speech, position-
ing of the microphone, transmission impairments, back-
ground noise. and receiver characteristics. Much of this
development process has included extensive subjective
investigations.

For a number of reasons, such as the prediction of
transmission levels, it is necessary to control the output
impedance of the microphone. Dynamic output
impedances of less than 100 £ would be a typical
requirement.

Frequency response

The useful frequency response of a linear microphone
for telephony should closely approximate to the well-
known standard for intelligible communication (see
Fig.2). The required frequency range is 300 Hz to
3.4 kHz. Low-frequency and high-frequency roll-off
should be provided with some pre-emphasis between 1
and 3 kHz.
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Gain and frequency response

Computer prediction of the gain of the amplifier itself as
a function of the frequency is shown in Fig.17. It should
be noted that when combined with the electret capsule
in the transmitter inset, the dcgree of high-frequency
roll-off will be increased because of acoustic filtering.
Computer analysis shows the variation of gain caused by
the hy, of the three transistors to be less than 0.3 dB at
1 kHz, 50 mA line current. and the variation with line
current to be less than 0.3 dB between 15 and 100 mA.

The predicted variation of gain with the value of R,
is shown in Fig.18. The agreement between predicted
and measured performance is within 0.6 dB at 1 kHz,
50 mA.

The predicted a.c. output impedance of the amplifier
at 50 mA line current is shown in Fig.19. The output
impedance is substantially resistive.

Noise

The psophometrically-weighted noise voltage across a
100 2 load resistor has been measured as —83.2 dBV.
The measurement was made with the amplifier input
terminated by 1 kS representing the FET output
impedance.

Harmonic distortion

Figure 20 shows the total harmonic distortion measured
into a 100 £ load at line currents of 15 and 50 mA.

Stability

The stability parameters of the amplifier have been
computed over a wide frequency range and checked
experimentally. Computer analysis predicts that the
amplifier gain will fall to 0 dB at about 500 kHz for all
values of Rjq. with a further reduction to —76 dB at
10 MHz. The loop phase margin is calculated to be more
than 75° for resistive loads between 100 © and 100 kS2.

These results have been confirmed experimentally.
but such experimental performance does assume good
component layout to prevent local feedback within the
amplifier itself.

FUTURE DEVELOPMENTS

This article has demonstrated that the electret micro-
phone is highly suitable for use in telephony. Initially. it
will be introduced primarily as a replacement for cxisting
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When the RTS is switched on, the last key operation
is reset, the tuner is muted and nominal values for the
RTS basic data are transferred from the ROM to the
RAM in the microcomputer. These nominal values are:

a.m. intermediate frequency: 460 kHz
f.m. intermediate frequency: 10.7 MHz
waveband: f.m.
tuned frequency: 87.5 MHz

The next operation depends on whether or not the scrvice
switch is operated. If it is not. the data that was stored in
the external memory at the time of switching off are read
out and the tuned frequency and displays are sct to the
state that existed when the tuner was last used. If no
further pushbuttons are operated. the tuner is de-muted
and the remaining part of the program then forms a loop
which is repeatedly processed until a pushbutton is
pressed or the manual tuning knob is rotated.

If the external memory contains invalid data because
the back-up battery has expired or has been replaced
during servicing, the service switch must remain closed
whilst the tuner is being switched on. The nominal values
for the RTS basic data are then written into the external
memory. When the tuner has switched on. it operates on
87.5 MHz but the nominal value for the i.f. for the f.m.
band (10.7 MHz) is displayed. If necessary, the tuning
control can be used to program new intermediate fre-
quencies for f.m. and a.m. When the service switch is
opened again, normal operation of the tuner ensues.

As an example, the repetitive processing of the main
loop of the program can be halted by selecting a presct
programme (e.g. programme 5) by pressing one of the
data entry pushbuttons 0 to 9. The program then
branches from the main loop after the second circula-
tion and executes the key command as follows:

— The tuner is muted.

— The selected programme number and associated
programme number indicator data is stored in the
external memory. This allows the microcomputer to
tune to the selected programme if the tuner is switched
off and subsequently switched on again.

— The preset frequency associated with pushbutton 5
is read out of the external memory.

— The selected waveband is decoded and the frequency
data is checked against the limits of the decoded
waveband.

— The preset programme number and waveband data are
loaded into the programme number and waveband
display driver SAA1060 or SAA1061. This IC lights
the LED indicator associated with pushbutton S and,
if necessary, switches the waveband in the tuner and
changes the a.m./f.m. display.

MICROCOMPUTER CONTROLLED RADIO TUNING

— The PLL dividing number for the selected preset
frequency is calculated by the microcomputer and
loaded into the shift register of the synthesiser
SAA1056.

— The microcomputer converts the selected preset fre-
quency into 7-segment display data and loads it into
the frequency display driver SAA1060.

— After 300 ms, the tuner is de-muted and the program
returns to the main loop.

To simplify the operating procedure for the RTS. the
sequence of the microcomputer program and the position
of the return addresses have been selected so that some
functions have priority over others. For example. if the
search tuning is operative, the program returns to the
start of the main loop after executing each frequency
increment of the search. Search tuning is therefore dis-
continued if any other pushbutton is pressed.

The data transfer between the microcomputer and its
peripherals is transmitted in serial form as required by all
of the integrated circuits of the RTS.

THE COMPUTER UNIT

The circuit diagram of a typical RTS computer unit
using an 8048 microcomputer and an HEF4720 external
memory with rechargeable back-up battery is given in
Fig.3. The unit is made fail-safe during supply voltage
interruption as follows.

The SV stabilised supply VpS and power available
signal POW are derived from a separate stabilised supply
unit. When the RTS is switched on, POW goes HIGH
after the 5V supply has stabilised. If the input voltage
to the stabiliser is interrupted (e.g. due to mains drop-
out), POW goes LOW (<1 V) about 15ms before the 5V
output from the stabiliser starts to decrease. This turns-
off TRy, thereby causing TRy to conduct and reset the
microcomputer at its RESET input. Because TR? is
turned off, the tuner is muted (SILT = HIGH) and TR3
conducts, thereby connecting the write address and
write enable inputs of the external memory to the
common rail via diodes and turning off TRs. The HIGH
level at the collector of TRs disables the external
memory at its Chip Select input CS.

If the supply interruption occurs during memory
access, TR| holds TR conducting during the data
transfer which will always be completed before the 5V
supply strarts to fall because the memory access time is
only about 10 ms.

Transistors TRg to TR 3 separate the address inputs
of the memory from non-operated switches of the push-
button matrix, thereby minimising radiation from the
unit.
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INTERRUPTED CURRENT-LOOP DIALLING

The main diffcrence between the MH320 and the
MH323 is that thc MH323 also incorporates an auto-
matic access pause system. If, during the original dialling
sequence, the subscriber pauses to await a trunk cxchange
access tone, this system, if cnabled, will regenerate the
access pause as a pre-determined interval during any sub-
sequent automatic redialling of the number. Onc or two
access pause codes can be automatically stored for
redialling in this way. Alternatively, the automatic
access pause storage system can be inhibited and any
number of access pause codes manually stored for re-
dialling by pressing the access pause pushbutton (%)
during the access pause(s) in the original manual dialling
sequence. If required, the access pauses in thc automatic
redialling sequence can be prematurely terminated on
hearing the access tone by pressing the redial pushbutton
(#) for a second time. This entry is then decoded as an
access pause reset. Automatically regenerated access
pauses can also be shortened or lengthened under the
control of an additional tone recogniser circuit.

The following main features arc common to both
integrated circuits:

® Operation from 2.5V to 6 V supply.

® Typical current consumption of only 40 A during a
call.

® When the handset is replaced, the Chip Enable input
detects the line current interruption after 1.6 dialling
pulse periods. The circuit then assumes a static stand-
by mode of operation during which the current
consumption is reduced to a typical level of 1 nA.

® The input data is derived from a telephone keyboard
with a 3 x 4 pushbutton matrix.

® High input noise immunity. Keyboard entries are not
accepted until they have been decbounced on the
leading edge. Further keyboard entries are inhibited
until the previous entry has been debounced on the
trailing edge.

® [f a back-up supply is provided. numbers with up to
23 digits can be automatically redialled by opcration
of a single pushbutton on the keyboard. If the
original number contained more than 23 digits, it will
have been transmitted but the redialling facility is
then disabled.

® The normal dialling pulse frequency of 10 Hz with a
mark/space ratio of 2:3 can be increased to 932 Hz
for test purposes. The pulse timing is controlled by an
on-chip 3.58 MHz oscillator with external crystal.
The system can also be synchronised with clock pulses
from an external source.

e Hold facility allows inter-digit period to be lengthened
under the control of external equipment.

® All inputs (except Chip Enable) arc internally pulled
up or down to the inactive state when they are not
being driven.

® All inputs arc internally protected against clectrostatic
charges.

o Up to two fixed-duration access pauses can be auto-
matically stored for redialling if the subscriber in-
cludes access pauses in the original dialling scquence.
Alternatively, any number of access pause codes can
be stored for redialling if the subscriber presses the
access pause pushbutton (#) during the original
manual dialling sequence. During redialling, the access
pause(s) can be prematurely terminated by pressing
the redial pushbutton (#) again, or they can be
shortened or lengthened by an external tone recog-
niser operating in conjunction with the hold facility.

® The period after which a line current interruption
causes operation in the standby mode can be set to
1.6 or 3.2 dialling pulsc periods.

® The dialling pulse frequency can be set to 10Hz,
16 1z, 20 Hz or 932 Hz (test frequency).

® The mark/space ratio of the dialling pulses can be set
to 2:1 or 3:2.

® The access pause can be sct to one of two durations.

CLOCK PULSE GENERATION AND PULSE
TIMING

The integrated circuits incorporate a 3.58 MHiz crystal-
controlled oscillator followed by a frequency divider. In
the MH320, the division ratio can be cxternally set to
provide onc of two clock pulse frequencics. In the
MH323, one of four clock pulse frequencies can be
sclected. The divider is followed by a timing counter
which generates one dialling pulse for every thirty clock
pulscs. In the MH320, the mark/space ratio of the dialling
pulses is fixed at 3:2. In the MH323, it can be externally
set to 3:2 or 2:1.

If required, the crystal input pin can be driven from
an external source to provide dialling pulse frequencies
that are not normally available. In the MH323 the clock
pulses are available at an output pin. This pin can be
forced from an external source to provide dialling pulse
frequencies that are not normally available.

The pulse timing for the two integrated circuits are
given in Tables 1, 2 and 3.

FUNCTIONAL DESCRIPTION OF THE
DIALLING SYSTEM

The following functional description is based on the block
diagram given in Fig.l and follows the usual sequence of
making a telephone call.
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Circuit onduleur pour un systéme de régulation de vitesse de
moteur a modulation par impulsions de largeur variable

Cet article décrit un circuit onduleur spécifiquement étudié en
vuc de I'emploi dans des systémes de régulation de vitcsse de
moteurs triphasés a modulation par impulsions de largeur va-
riable. Les avantages dc ce circuit par rapport aux réalisations
précédentes sont considérés et la méthode de conception est
décrite en détail. La conception d’un onduleur convenant pour
la commande d’un moteur de 380V/4kW est donnée a titre
d’exemple. Cet article est le second d'une série consacréc i la
description de notre systéme de régulation de vitesse 4 modula-
tion par impulsions de durée variable.

Pollution du secteur par les appareils domestiques
3éme partie — Fluctuations de tension et papillotement

On donne le nom de papillotement aux variations perceptibles
de l'intensité de I’éclairage électrique. Ces variations, qui sont
susceptibles d’étre génantes, sont causées par des fluctuations de
la tension secteur résultant d'opérations de commutation cn
charge. L’article traite du papillotement au point de vue dc la
géne et au point de vuc électrique, eu égard cn particulier aux
recommandations du- CENELEC et aux travaux de la CEI. Les
méthodes de calcul et de mesure du papillotement sont décrites
et des conseils sont donnés sur la maniére de réduire les effets
par un choix judicieux de la fréquence de commutation et de la
conception du matériel.

Microphone téléphonique a électret

L’accroissement des coits d’entrctien, associé aux progrés
récents de la technologie des microphones, s’cst traduit par unc
forte demande de remplacement du microphone téléphonique a
charbon. Le présent article décrit un microphone a électrct parti-
culi¢rement appropri¢ a cette fin. La construction de la pastille a
électret est décrite en détail et les caractéristiques de stabilité a
long terme des films dc polymére chargés sont analysées. Les
caractéristiques fonctionnclles souhaitables d’un microphone
téléphonique sont considérées et I'article se conclut par la
description d’un amplificatcur discret destiné a étrc cmployé
avec la pastille a électret.

Commande digitale d’équipment radio et audio

7éme partie — les commandes d'accord RTS et le micro-ordi-
nateur

Cet article explique comment le systtme RTS d’accord sur
émetteur de radio déja décrit dans des numéros précédents est
piloté par micro-ordinateur. Lc systéme décrit est basé sur un
microordinateur 8048 dont Ic logiciel est principalement destiné
a I’évaluation et la démonstration du systéme RTS. Unc bréve
description de la boucle principale du programme du micro-
ordinateur est donnéc, ainsi que la maniére dont un programme
préétabli est rappelé. Larticle sc termine par le schéma complet
d’un circuit et une description de la protection contre les pannes
d’alimentation.

Circuits de sélection a boucle de courant interrompu pour postes
téléphoniques a clavier

Depuis I'introduction de systémes de sélection a deux tonalités
dans certains centraux téléphoniques modernes, de nombreux
abonnés manifestent une préférence pour les postes a clavier.
Les circuits intégrés MH320 ¢t MH323 permettent d’cmployer
ces dernicrs conjointement avec des centraux non encorc ¢quipés
de décodeurs de sélection i dcux tonalités. L’article contient unc
description compléte du systéme de sélection et de deux circuits
d’application types, qui peuvent étre connectés a des terminaux
téléphoniques normalement associés a un cadran rotatif.

ABSTRACTS

Un circuito inversor para un sistema de control de velocidad de
motores por modulacion de anchura de impulsos

Este articulo describe un circuito inversor que ha sido espccifica-
mente disefiado para utilizarlo en sistemas de control de veloci-
dad de motores trifisicos por modulacion dc anchura de impul-
sos. Se cxaminan las ventajas del circuito sobre los disefos
anteriores y se describe con detalle el método de disefio. Como
ejemplo se da cl disenno de un inversor adecuado para excitar un
motor de 4 kW, 380 V. Este articulo es cl segundo de una serie
que describe nucstro sistema de control de velocidad por modu-
lacion de anchura de impulsos.

Contaminacion de red causada por aplicaciones domésticas
Parte 3 — Parpadeo y fluctuacién de tension

Los cambios perceptibles en la intensidad de la luz eléctrica son
conocidos como parpadeo. Estos cambios, que pueden producir
fuertes irritaciones, son causados por la fluctuacion de la tension
de red debida a conmutaciones de la carga. Este articulo estudia
cl parpadco desde un punto de vista eléctrico y de la molestia
que ocasiona, prestando particular atencién a las recomenda-
ciones de CENELEC y al trabajo de la IEC. Se describen los
caminos a seguir para el cilculo y medicion del parpadeo, y se
dan algunos consejos sobre la forma de reducir los effectos de
parpadeo mcdiante la eleccion adecua da de la frecuencia dc
conmutacion y un disenio cuidadoso del equipo.

Un microfono clectret para telefonia

El aumento de los costos dc mantenimicnto junto con los
recientcs avances en la tecnologia de microfonos, han conducido
a un fuerte desco de sustituir el micréfono de carbdn del tele-
fono. Este articulo describe un micréfono clectret que es parti-
cularmente adecuado para sustituir al transmisor de carbon. Se
describe con detalle la construccion de la cdpsula electret y se
estudian las caracteristicas de estabilidad del dieléctrico pola-
rizado. Sc consideran las caracteristicas deseables de funciona-
miento dec un microéfono telefénico, y ¢l articulo concluye
describiendo un amplificador discreto para scr utilizado con la
cdpsula clectret.

Control digital de equipos de radio y audio
Parte 7 — Controles de sintonia RTS y el microordenador

Este articulo explica la forma de controlar por microordenador
el sistema dc sintonia de radio (RTS) descrito en anteriores
articulos de ECy A. El sistema descrito esta basado en un micro-
ordenador 8048 con software realizado particularmente para, la
cvaluacion y demostracion del RTS. Sc da una breve descripcion
del bucle principal programa del microordenador, y se incluye
una explicacion paso a paso de como sc vuelve a llamar un pro-
grama precstablecido. El articulo concluye con un esquema
completo del circuito y una descripcion de la proteccion contra
una bajada cn la alimentacion.

Circuitos de llamada de lazo de corriente interrumpida para
teléfonos de teclado

Desde la introduccidon dc sistemas de llamada telefonica de dos
tonos en algunas de las centrales telefonicas modernas, muchos
abonados preficren teléfonos de teclado. Los circuitos integrados
MH320 y MH323 permiten utilizar tcléfonos de teclado con
centrales no cquipadas todavia con decodificadores de llamada
de dos tonos. Fl articulo describe totalmente el sistema de
llamada y da dos circuitos tipicos de aplicacién que pueden ser

-conectados a los terminales del teléfono de disco normalmente

utilizado.
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