

















Analogue control system for a.c. motor
with PWM variable speed drive

W.B. ROSINK

This article describes an analogue control system which
has been developed for use with our Pulse-Width
Modulation (PWM) variable speed drive for three-phase
a.c. motors. The article is the fourth in a series, previous
articles being listed in Refs.1, 2, and 3. Reference 1 gives
a general introduction to our PWM drive system, Ref.2
describes a specially developed inverter circuit, and
Ref.3 describes an LSI circuit, type HEF4752V,
developed specifically for signal generation in PWM drive
systems.

The three-phase a.c. motor is remarkable for its
simplicity of construction. This simplicity is in contrast
to the comparatively complex requirements of a control
system for an a.c. motor operating under variable speed
and load conditions. The features needed by such a
system will be determined by three factors: the inherent
operating characteristics common to all a.c. motors, the
method of speed variation employed, and the particular
control requirements needed by the motor user. The
control system described in this article has been designed
to meet the requirements of the majority of users, but
without being excessively complex. Alternative system
designs of greater or lesser refinement are of course
possible. The detailed description of the design and
operation of the analogue control system is preceded by
a review of the operating characteristics of a.c. motors,
and the relevant features of our PWM variable speed
drive.

THE A.C. MOTOR

The three-phase a.c. induction (asynchronous) motor
consists of a wound stator connected to a three-phase
a.c. supply, and a squirrel-cage rotor with no external

connections. The stator currents produce a rotating
magnetic flux, with a speed of rotation (synchronous
speed) ng given by:

Ng

fS
= X 60 rev/min, 1)

where f is the stator supply frequency, and p is the
number of pole-pairs in the stator. The rotating stator
field induces an e.m.f. in the rotor conductors, and since
the conductors are short-circuited, this results in rotor
currents. Motor torque is produced by the interaction of
the stator flux and the rotor currents, the torque contri-
bution T of each rotor conductor being proportional to
the product of the in-phase component of the rotor
current and the air-gap flux; that is:

T I, cosf,¢, )

where I, is the rotor current, cos0, the rotor power
factor, and ¢ the air-gap flux per pole.

In order that rotor currents may be induced, the
rotor speed n, must be different from the synchronous
speed. This.speed difference is called slip, and is usually
expressed as a fraction of the synchronous speed; that is:

ng —n,

s=——. 3)

The speed of the rotor relative to the stator field is
(ng — n,), and the frequency of the rotor e.m.f., f,, is
therefore given by:

or: <
f, = sf,. “)
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A.C. MOTOR CONTROL USING PWM

by potentiometer P; and the inverting operational
amplifier ICq.

Suppose that the motor is accelerating; V, will be
positive. If V, exceeds Vy(max), then diode Dg will
conduct clamping V, to V(.. If V, exceeds the
preset maximum negative value while decelerating, then
diode D, will conduct, clamping V, to the maximum
negative value. In this way independent control of
acceleration and deceleration is obtained.

Current and voltage control circuit

The purpose of this circuit is to provide the Iy, I,
and Iy (,) signals for the speed reference circuit. As
explained above, Ipg; and I limit the motor current
and applied voltage to below the maximum capacity of
the inverter, while Ip(,) provides a degree of speed
stabilisation under large loads. The protection of the
inverter is considered first.

Inverter protection

In considering the problem of inverter protection, it is
necessary to examine the requirements of the motor and
generator modes separately.

In the motor mode, high motor currents will result if
the required motor torque is too high, or the rate of
acceleration is excessive. Both situations will give rise to
high positive slip with correspondingly high currents.
Motor current is controlled by reducing the synchronous
speed so that the slip is also reduced.

In the generator mode, high motor currents can arise
under braking conditions, or when the load drives the
motor. In both cases, the motor speed can exceed the
synchronous speed, giving negative slip. If this negative
slip value is high, motor current will become excessive.
By increasing the synchronous speed the slip is reduced
and the motor current brought under control. There is a
further complication in the generator mode, since the
design of the control section does not allow for the
return of energy to the supply; instead, any energy
generated by the motor is initially stored in the smooth-
ing capacitor. Without some limitation on the rate at
which energy is fed to this capacitor the applied voltage
could exceed the voltage rating of the inverter. To ensure
that this voltage does not exceed a preset maximum
value, the circuit reduces the synchronous speed at a
slow enough rate so that power generation is just com-
pensated by the power losses of the inverter and motor.
In practice, limiting braking torque in this way still
provides a fast braking action, even with large load
inertia.

A circuit diagram is shown at Fig.8. The circuit has
three input signals Iy (), M/G and V§&,. The output
signals are Iyyy , Iy and Iy (2. Signal Iyg is the current

limiting signal in the motor mode, while I is the
current limiting signal in the generator mode.

To reduce motor current in the motor mode, Iy is
driven negative. Diode D of Fig.6 then conducts, so that
the negative value of Vy is reduced, thus the synchro-
nous speed falls and the slip is reduced. For excessive
motor current conditions in the generator mode, Ig; is
driven positive. Diode D¢ of Fig.6 then conducts, the
negative value of Vy is increased, the synchronous speed
rises, and the slip is again reduced.

The switch between Iy and I is controlled by the
input M/G. Signal M/G is LOW for the motor mode and
HIGH for the gencrator mode. With M/G set LOW, the
output of IC; (Fig.8) is HIGH. This clamps the output
of IC; (Fig.8) negative, so that diode Dg (Fig.6) inhibits
the I signal. With M/G HIGH, the output of ICg
(Fig.8) is HIGH, keeping Ip; at a high level so that
diode D4 (Fig.6) inhibits the Iy, signal.

The measured motor current signal Iy, sensed by
the DCCT in the motor current lines, is amplified and
filtered by IC, (Fig.8) and smoothed by capacitor C, to
suppress the sampling ripple frequency of the measuring
circuit. The output of IC}, signal Iy;(,), is then supplied
to the current limiting control amplifier ICy, where it is
compared with the current reference signal for the motor
mode Iy (;¢r)- This circuit works as a 3-term error ampli-
fier with proportional-integral-derivative control action.
The proportional gain of the circuit is given by R;g/R ;.
The crossover frequencies for the differential action are
determined by the values of Ry, Ry,,and C;, while the
crossover frequencies for the integral action are given by
Cg, Ry7, and Ryg. The use of the differential network
gives an optimal response for the current-limiting signal
and prevents overshoot. By varying the sctting of
potentiometer Iy (;.r), the maximum motor current for
the motor mode can be adjusted from 70% up to 140%
of the nominal motor current. Current limiting below
70% can cause instabilities, because the motor current
cannot be decreased below the magnetising current.

Control of motor current in the gencrator mode is
achieved by supplying the Iy (5 signal to the second
error amplifier IC,, where it is compared with the pre-
adjusted reference signal Ig(,ep). As soon as Iy (y)
exceeds I (;er), Which sets the current limit level in the
generating mode, the output of IC, goes negative. This

.signal is fed to a unity-gain inverting amplifier, IC;, and

then the resulting positive signal I, , is supplied to the
speed reference circuit where it increases the synchronous
speed, under current limit conditions in the generating
mode.

To limit the applied voltage in the generator mode,
the negative V&, signal, which is proportional to the
voltage across the smoothing capacitor, is supplied to a
third error amplifier IC4, and compared with the adjust-
able maximum reference value Vi (pop)- For VE,
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HIGHLIGHT HANDLING WITH DIODE-GUN PLUMBICON TUBES

Instead of using one of the above systems, it might
seem simpler merely to arrange for the beam current to
rise to maximum whencver the signal current exceeds a
threshold value (e.g. 0.3uA). However, although this
would simplify the electronic circuitry, the high beam
current (which would occur even with low intensity
highlights) would considerably increase the risk of
instabilities.

DBC compared with ACT

The ACT gun, by neutralising highlights during flyback,
avoids large voltage excursions during forward scan, so
that beam bending and blooming effects are kept to a
minimum. In contrast, DBC allows highlights to produce
fairly large voltage excursions, but, nevertheless, the
large beam current produced by DBC still keeps beam
bending and blooming effects small.

ACT requires more complex circuitry than DBC, and

moreover, may cause highlight currents as high as SOuA
to be fed to the video precamplifier (during flyback)
compared with a maximum of only 2 to 3 uA with DBC.

Finally, compared with ACT, the DBC circuit is more
compact and uses less power, important for small por-
table cameras as used in ENG and EFP.
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Part 1 — Performance equations

Ceramic permanent magnets for

d.c. motors

H.J. H. VAN HEFFEN

During the last fifteen ycars, the usc of ceramic strontium-
ferrite pecrmanent magnets in low-voltage d.c. motors has
increased enormously. Indeed. both economic and tech-
nical considerations make permanent-magnet motors of
this type virtually mandatory for automobile windscreen-
wiper, fan, and other low-power drives. Ceramic perma-
nent-magnet motors are now being developed or are in
use as starter motors, in domestic appliances such as
washing machines. and for both high and low-voltage
industrial applications. As a consequence. world pro-
duction of d.c. motors with ceramic permanent-magnets
is approaching 200 million units.

The growth in the use of ceramic magnets in motorsis
due not only to their low cost, but also to the performance
of the newer anisotropic materials developed especially
for motor applications. High values of intrinsic coercivity
can be realised in materials that can easily be formed
into magnets of the shapes most suitable for d.c. motors.

This article reports the results of a study carried out
on the relationships between the characteristics of the
magnetic material. the specification of the motor, and
the volume of magnetic material required. This study
was based on existing treatments of the magnetic aspects
of d.c. motor design as given in the literature. The motor
model used as a basis for calculation was chosen such that
common, basic design formulac could be used without
modification. The main results yielded by the study are:

— That the motor constant C;y, (the product of the total
flux through the rotor and the number of active con-
ductors) depends only on the ratio of the working
torque to the stall torque and not on their absolute
values. A factor C has been introduced for this ratio,
and a simple method of estimating the value of Cr
derived.

That the product of the total magnetic flux through
the rotor and the cffective back m.m.f. due to the stall
current is equal to one quarter of the product of the
winding angle and the stall torque due to that stall
current. This rule makes possible the determination
of the maximum stall torque obtainable with a given
set of magnets.

For each grade of ceramic magnet material, a quality
factor Qg for motor applications can be calculated

that depends on the values of remanence, intrinsic
coercivity and a recoil factor.

That the minimum volume of the permanent magnets
in a d.c. motor must be

V= fmG/Qq
where G is a gcometric factor and fi a motor factor

that includes stall torque and winding angle.

That the specific magnet volume
Vi(s) = G/Qq

which is the volume per unit stall torque and unit
winding angle, is the most suitable criterion for com-
paring grades of ceramic magnet material.

PERMANENT-MAGNET D.C. MOTORS

All symbols for quantities used in this article are listed
in the table: as far as possible, the recommendations ot
IEC Publication 27 have been followed. All quantities
are expressed in S1 base units.
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CERAMIC PERMANENT MAGNETS FOR D.C. MOTORS

List of symbols

Note: all quantities are expressed in SI basc units unlcss otherwisc indicated.

symbol  unit definition symbol  unit definition
a - number of parallel paths in the rotor ¢r m rotor length
Ag m? magnet area normal to the direction of mag- Q m segment length along the motor axis
netisation Mgn Nm torque generated by a motor at speed n
B . .
T induction ) Mgo Nm torquc generated at n = 0 (stall)
Bm T induction in the magnet at the working point Mp Nm stall torque
Bp T |nd.ucl|on in the magn.ct .ut an arbitrary n rev/s motor shaft speed
point P on the demagnctisation curve .
p - number of stator pole pairs
B, T remancnce
. P W power consumed
C - torquc ratio
Pon w power generated by rotor at speed n
Cm Vg motor constant 2 . T
. . PDR W/m specific rotor dissipation
d m distancc betwecn rotor surface and inner
wall of housing Pn w motor output power at speed n
dg m thickness of magnet in dircction of magneti- a reluctance factor for rotor fron
sation Qj - quality number for rotor iron
dy m tooth width Q4 N/m? quality factor of a ceramic magnet materia
D, m rotor diameter R a2 resistance
D¢ m diameter of conductor on rotor Ry Q rotor resistance
Din m inside diameter of housing Rp Q brush resistance
Dj¢ m inside diameter of scgments Re Q2 connecting wire resistance
Do m outside diameter of housing Re Q total resistance external to motor
Dys m outside diameter of segments R 2 internal resistance of power supply
E v e.m.f. of power supply Sn A/m? current density at speed n
2 . Tty
Ep A voltage dropped across brushes So A/m current density at stall
°
E¢ \Y back e.m.f. from rotor t C temperature
f _ flux-loss correction factor V¢ m? minimum volumc of stator magnets
f _ flux-loss correction factor for losses due to A\ m?/Nrad minimum spccific volume of stator magnct
the rotor w — number of conductors per rotor slot
fr - tlux-loss correction factor for losses due to - number of active rotor conductors
segment overhang rad angle subtended by a stator scgment magne
fm Nm rad motor factor ' rad active winding angle
F A magnctomotive force Y0 - reversibility factor of magnet material
g - number of rotor slots ) m airgap between magnct and rotor
G - segment-gecometry factor 7(n) - overall motor cfficiency at spced n
H Afm magnctic-field strength ne(n) - motor clectrical ctficiency at speed n
Hey A/m intrinsic coercive force mmmn) - motor mechanical efficiency at spced n
Hm A/m field strength duc to a magnet at its working @ Wb magnetic flux per stator pole pair
point Doy Wb total magnetic flux
H A/m ield s h due to a magnctatanarbitrary .
P / “C‘dk,‘”cr')‘ngd ¢ toamag arbitrary Tl %./°C temperature cocfficient of Hj
working pol .
N . Thr af°C temperature cocfficicnt of remanence
llpn A/m effective armature reaction at speed n . .
™) 1/m permeability of frce space
In A motor current at speed n ati " bilit
Mree relative recoil permeability
Ip A motor stall current rec P

Calculation model

Permanent-magnet motors are made in a number of forms that

— motor construction

— stator construction

— rotor construction

can be classified according to

-- arrangement of the magnet system

— method of winding

— method of commutation.
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Equation (4) is used where the voltage drop across the
brushes themselves is fairly constant, as is usually the
case at high current and low speed. Equation (5) is used
where the brushes behave resistively, which is the case at
low currents and high speed. For the motor model used
here. eq.(4) is preferred since the voltage drop due to
the brushes is fairly constant over the whole working
range of the motor.

If resistances R¢ and R; are treated as a single external
resistance Re. eq.(4) simplifies to

E —Ec —Ep = In(Ra + Re). (6)

The motor constant

In permanent-magnet d.c. motors, the rotor flux remains
constant at a given temperature provided that saturation
does not occur in the magnetic circuit due to the reverse
field generated on starting. It follows from this that the
term

pZ®d/a

in eq. (1) and (2) has a constant value at any given tem-
perature and can, thus, be regarded as the motor constant

Cm = pZd/a. @)
Then, eq. (1) reduces to
Mgn = CmlIn/(27) (3)
and eq. (2) reduces to

EC = nC]n. (9)

Mechanical efficiency

Torque My available at the motor shaft is smaller than
the generated torque Mgp due to mechanical losses.
Taking the mechanical efficiency of the motor as nm(n)

Mn = Mgnm(n)- (10)

Together with eq. (8) this yields
Mn = nm(n)InCm/(27). (11)
The mechanical efficiency is limited by frictional losses
in bearings and brushes and by viscous losses due to the

air, together with hysteresis and eddy-current losses. All
thesec depend wholly or partly on the rate of rotation.

CERAMIC PERMANENT MAGNETS FOR D.C. MOTORS

Thus, when the motor is at rest. the mechanical effi-
ciency is unity and

Mo = IoCm/(27). (12)

Dividing eq. (12) by eq.(11) yields
Mn/Mo = nm(n)!n/l0. (13)

Rearrangement of eq. (6) gives

R

and, since atn =0, E¢ =0,

‘E-E
T (14)
we can write
Mp E - Ep — E¢
Mo ™M TE_Ep (15)
If we define a torque ratio C such that
C=Mu/Mp (16)
and substitute eq. (9) in eq.(15) we find
(Mm(n) - ©) (E - Ep)
= m(n) (17)

Tm(n) n

Mechanical losses in a motor are determined by measure-
ment. For calculating Cpy, a value of mm(n) is taken
based on experience, allowance being made for hystere-
sis and eddy-current losses. especially at high speeds.
These iron losses can be calculated approximately using
empirical formulae together with a quality figure Qj for
the iron rotor laminations quoted by the supplier.

When designing a motor starting from the calculated
value of Cyy, it is extremely important that the value of
m(n) used should be as accurate as possible.

Since the power delivered by the motor at speed n is

Pp = 2mnMy (18)
and the power generated by the motor is

Pgn = 2anMgp (19)
it is evident that

Pn = nm(n) Pgn- (20)
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CERAMIC PERMANENT MAGNETS FOR D.C. MOTORS

Electrical efficiency

At any given speed. the mechanical power generated by
a motor is less than the electrical power

P=I,4E 21)

consumed by the motor due to electrical losses. Where
the electrical efficiency is ne(n),

Pgn = ne(n)P (22)

Overall efficiency
It follows from eq. (20) and (22) that

Pn = nm(n)ne(n)P- (23)

Thus, the overall efficiency of a motor is

N(n) = "m(n)Me(n) (24)
and
Pn = n(n)P. (25)

Electrical losses are due to voltage drops and resistances
in the electrical circuit of the motor, as shown in Fig.2.
The losses in the circuit external to the motor are I3Re
and those inside the motor are I Ep +13R,. From
eq.(22).

ne(n) = Pgn/Pn

_P- (IiRe + InEp + IAR,)

P
_ lnE — ln(lnRe + Eb + InRa)
_E—Ep - In(Re +Ry)
E
= E¢/E. (26)

Which, together with eq. (9) yields
ne(n) = nCm/E (27)
and this, with eq. (17) yields
ne(n) = (Mm(n) — O) (E — Ep)/(nm(n)E).  (28)

Equations (24) and (28) together yield the overall effi-
ciency

N(n) = (Mm(n) — C) (E — Ep)/E. 9

Since C. E. and Ep generally form part of the motor
specification, the overall efficiency is thus determined
by the mechanical efficiency nm(n).

Heat dissipation

The power lost in the motor is converted into heat
which must be transferred to the surroundings.

Rotor dissipation I3R, takes place mainly through
the air flow on the rotor surface m1D4y%5 (heat transfer at
the ends of the rotor is neglected). The rotor dissipation
per unit area is

PpR = liRs 30
DR = 5g,- (30)

It is evident that. to keep the motor temperature within
safe limits, there will be a maximum allowable value for
PpRr. This value depends on the construction of the
motor and the provision made for cooling: open or
closed construction, fan or no fan. It follows from
eq. (30) that the value permissible for PpR could deter-
mine the minimum rotor volume.

Reverse field

The total motor flux
Prot = pP (31)

is supplied by the stator magnets. These must be capable
of withstanding the reverse field Hpn developed by the
rotor without irreversible demagnetisation. This reverse
field is maximum when the motor is stalled, that is,
when current is applied but the rotor is not turning, The
reverse magnetomotive force acting on the magnet
poles due to the stall current is, from eq.(3)

loa'Z .
= ETI] . (33}

Temperature effects

The characteristics of a permanent-magnet motor vary
with temperature due to

— the temperature dependence of the stator magnets
— the temperature dependence of the resistances

— the temperature dependence of the mechanical losses
and. [hUS, nn](n).
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Correction factors

Measurement generally reveals that the flux through the
rotor of a given design of permanent-magnet motor is
less than that given by eq. (49) by a factor

f= ®yot/Ptot
or, with eq. (49)
Piot = fBrAspds/d. (50)

There are, in fact, two main causes of the shortfall in
flux; thus,

f=1]f. 1)

Correction factor f] allows for the fact that the rotor of
a permanent-magnet motor is not a solid cylinder but is
fabricated from slotted laminations. Its value for most
rotor designs has been found to liec between 0.9 and 0.95.
This value also allows for losses due to stray flux.

Correction factor {7 is required for motor designs in
which the axial length of the stator magnets is more than
about 1.15 times that of the rotor. Values of f7 have
been determined and are given in Ref.2.

Volume of magnet material

The total flux in permanent-magnets motors is supplied
by a quantity of permanent-magnet material of total
volume

Vr = 2psam(D3s — Dfs)/87
= pRsa(Dos — Djs) (Dos + Djs)/4

= p&sads(Djs + ds)

= padsDjs(1+ ds/Djs). (52)

Since
Ag = aDjs%/2 (53)

then
Vr = 2pdsAs(1 + ds/Djs). (54)

Substituting eq. (54) in eq.(50) yields

fBy Vs

P10t = 33(1+ dy/Dig) )

CERAMIC PERMANENT MAGNETS FOR D.C. MOTORS

which, for the total flux as a function of temperature,
becomes

_ fBr(t) Vf
PtV 3401 + dg/Dis) 0

neglecting the thermal expansion of the magnet material.

Demagnetising field

The starting current of a permanent-magnet motor
generates a m.m.f, which, in turn, gives rise to a reverse
field across the stator magnets of maximum value

Hpo = F/d. (7

To prevent permanent demagnetisation of the magnets,
this field should not exceed the permissible value of Hy
for the grade of magnet material used (Fig.5). That is,

Hr = v0Hc) — Hm (58)

where ygHc) is the range of demagnetising field over
which the operation of the material remains reversible.
The value of y(g depends on the material: most grades of
Ferroxdure have a y( value of about 0.83 (Ref.3).

The value of Hyy, to be used in eq.(58) must be con-
sidered carefully; it is found in practice that the most
appropriate value is, in fact, that calculated with eq.(48).
Thus

5B,

Hr = voHc) “hod (59)

The reverse field Ha due to the rotor must not be greater
than this value of Hy, or

F<d( H 5&)

Moreover, it is essential to ensure that permanent de-
magnetisation cannot occur over the whole operating-
temperature range of the motor:

5B
Ro<d(7m%uo—7é§9). (61)

Temperature coefficients of the magnet material

The effect of temperature on the stator magnets is given
in terms of the temperature coefficients of By and Hc]J.
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NEW HYBRID STEPPING MOTOR DESIGN

In principle, the new motor has a very high static torque
to volume ratio compared with conventional hybrid
motors. This is due to the use of ring coils and a single
pole pair per phase. The practical motor compromiscs
static torque with dynamic performance suitable for a
varicty of digital servo functions.

Figures of merit

As we have seen, the new motor uses only onc pole pair
compared with the two pole pairs of the conventional
hybrid motor. In addition, permancnt magnet ¢xcitation
is completely different due to the position of the magnet
in the stator.

To study the cffect of the number of pole pairs and
the permancnt magnet excitation on the static and
dynamic performance of an idealised hybrid motor, we
shall introduce several figures of merit (q). The first is:
q1 =T/V where T is the motor torque (hybrid torque)
and V the motor volume. The ratio of torque to motor
volume is the main criterion of static performance.

Note, motor torque consists of hybrid torque, detent
torque and reluctance torque. Here, we assume that the
hybrid torque of a motor is many times larger than the
detent and reluctance torque.

Because the motor must not be thermally overloaded
when attaining a large torque, we introduce q2 = T/I’R
where | is the cxcitation current and R the resistance
per phasc. The criteria q1 and q2 are closely related.
With increasing copper volume q] decreases and q2
increases.

The dynamic performance of a motor. shown in
pull-out and pull-in curves and the single-step response,
is determined by the clectrical parameters: sclf-induc-
tance, resistance and rotational e.m.f., and by the me-
chanical parameters: moment of inertia of the rotor and
friction. The effect of friction on performance is
negligible.

The coils of a motor convert electrical energy, supplied
by the motor drive circuit, into magnetic encrgy. A
certain amount of electrical energy has to be supplicd
simply to maintain the magnetic field in the motor. The
smaller this encrgy is, the more is available to produce
torque. Thus, q3 = T/I’L, where L is the self-inductance
of the motor, indicates the magnetic energy necessary
to produce the torque.

The final figure of merit q4 = T/J shows the effect of
the moment of inertia of the rotor (J) on the dynamic
performance.

In assessing the effect upon performance of the
number of pole pairs and the permanent magnet excita-
tion, we assume that the rotor geometry is unchanged.

Effect of the number of pole pairs

A hybrid stepping motor produces maximum torque

when the magnetic potential difference across the airgap
due to coil excitation is equal to that due to the per-
manent magnet. Each pole pair has the same number of
ampere-turns in order to produce the desired magnetic
potential across the airgap. Therefore, for a fixed copper
volume, the copper volume per pole pair is inversely
proportional to the number of pole pairs, p, and the
current density is proportional to p.

If a motor is designed so that the copper length is
minimised, then the copper length per pole pair is in-
versely proportional to p” (since the pole surface is
inversely proportional to p).

Because the copper volume per pole pair is inversely
proportional to p and copper length per pole pair is in-
versely proportional to p%, the copper cross-section per
pole pair is proportional to p*. Therefore, the resistance
per pole pair is independent of the number of pole pairs.
Hence, the I°R losses of the stator coils are dircctly
proportional to the number of pole pairs. If, asis the case
in a conventional hybrid stepper motor with its wound
stator, the copper length consists of the coil sides and
the coil overhangs, the losses will rise even faster with
increasing p. When the coil overhangs are short compared
with the coil sides, the losses in the stator coils arc
proportional to p?, thus q2 is very dependent on the
number of pole pairs, and q3 ~ p™, where a is between
1 and 2.

Enlarging the copper volume reduces the 1°R losses
and increases q7. It does not affect the magnetic energy
produced by the phase coils, the torque or moment of
inertia. Thus, q3 and q4 are independent of the number
of pole pairs.

Effect of permanent magnet excitation

The magnetic potential difference across the air gap, Ug,
is equal to the sum of the contributions from the per-
manent magnet and from the coil excitation. Ug is
limited by the saturation of the iron rotor and stator. If
wce assume that the iron has an infinitely large perme-
ability as long as the iron does not saturate (see Fig.7),
then:

Ug max = Bsat 8/to

where
Byt is the saturation value of the magnetic flux
density in the iron,
g is the airgap length,
U is the permeability of air.
If the motor is excited so that the iron just fails to
saturate

Ug max = @1Upm + a2F¢
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Serial 1/0 with the MAB8400
series microcomputers

A.P.M. MOELANDS

A microcomputer with a mask-programmed memory is
a general purpose device with a dedicated function that
is specified by the contents of its ROM. The increasing
use of microcomputers in domestic and industrial appa-
ratus, where much of the task is control rather than
computation, has lead to the requirement for modifi-
cation of some of the hardware functions of these de-
vices.

The 8400 series* has been developed from the well-
known 8048/8021 devices, to provide microcomputers
with additional dedicated functions suited to control
applications. Architecture and pin layout of the 8400
series are similar to the 8021 microcomputer, while the
instruction set is based upon that of the 8048 micro-
computer. The 8400 series comprises a range of func-
tionally identical devices offering a variety of ROM and
RAM capacities to suit the application.

Serial input/output

Use of serial data communication between devices
greatly reduces the number of connections required,
leading to simpler circuit layout and economies in con-
nector size and printed circuit board area. One of the
special functions of the 8400 series, the Serial Input/
Output (SIO) interface has been designed to eliminate
the heavy processing load imposed upon a normal
microcomputer performing serial data transfer. The SIO
interface can be seen in the block diagram of the 8400
in Fig. 1.

* Detailed information on the MAB8400 series can be found in
a separate Technical Publication.

Whereas a normal microcomputer must regularly
monitor the serial data bus for the presence of data, the
8400's SIO interface detects, receives and converts the
serial data stream to parallel format without interrupting
the execution of the current program. Only when the
complete byte has been received is an interrupt sent to
the microcomputer, which can then read the data byte
in a single instruction. Likewise, for transmission, the
SIO interface performs the parallel to serial conversion
and subsequent serial output of the data while the
microcomputer continues with execution of its pro-
grammed tasks.

The design of the 8400’s SIO systam allows any
number of 8400 devices to be interconnected by the
two-line serial bus. Furthermore, the ability of any two
devices to communicate, without the slightest inter-
ruption of the operation of any other devices on the
bus. is an outstanding attribute of the system. This is
achieved by allocating a specific 7-bit address to each
device and providing a system whereby a device reacts
only to messages prefixed with its own address or the
‘general call' address. The address recognition procedure
is performed by the interface hardware so that opera-
tion of the microcomputer need only be interrupted
when a valid address has been received. This results in
a significant saving of processing time and memory
space compared with a conventional microcomputer
employing a software serial interface. When the address-
ing facility is not required, for instance in a system with
only two microcomputers, direct data transfer without
addressing can be performed.

The 8400 serial inputfoutput system also provides
simple mechanisms for implementation of master/
slave operation of devices, acknowledgement of data
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Frequency synthesiser using LSI devices

P.R. BRENNAND and B. MURRAY

The two LSI ICs HEF4750 and HEF4751 described in a
previous article (Ref.1) are designed to be used as the
basis of programmable high-performance frequency-
synthesiser circuits which are straightforward to design
and construct. This article describes the design and con-
struction of a phaselocked loop frequency synthesiser
operating over a frequency range of 154 to 156 MHz and
suitable for mobile radio applications. A brief design
specification is given in Table 1 and measurements made
on the circuit are given later in the article. The reader is
referred to Ref.1 for background information.

COMPONENTS OF A PHASE-LOCKED LOOP
FREQUENCY SYNTHESISER

Figure 1 shows the main parts of a phase-locked loop
frequency synthesiser. The frequency synthesiser
functions by comparing a divided-down stable crystal
reference (f, = fy,;/M) with a signal derived from the
outputsignal (f,) by the main divider circuit. The division
ratios of both the main divider (N) and the reference
divider (M) are controlled by switching circuits to facili-
tate switching from one frequency to another. The
output frequency is defined by the expression:

f

o

= fy I N/M.

The error output from the phase comparator controls
the voltage-controlled oscillator (VCO) frequency. The
characteristic of the loop filter determines the response
of the phase-locked loop. The modulating signal is
applied at two points on the loop for reasons that will be
discussed later.
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TABLE 1

Frequency synthesiser specification

154 to 156 MHz
12.5 kHz
0.3 to 4 kHz

200 mV (r.m.s.) for
3 kHz deviation

Loop bandwidth 500 Hz

Frequency range
Channel spacing
Modulation bandwidth (+1 dB)

Modulation scnsitivity

154 TO 156 MHz FREQUENCY SYNTHESISER

Figure 2 relates the phase-locked loop of Fig.l to the
functions provided by the HEF4750 and the HEF4751
ICs. Two prescaler stages are necessary to ensure that the
signal at the input of the HEF4751 is within the accept-
able frequency range of the IC. The crystal oscillator
frequency chosen is 10 MHz which means, as will be
shown later, that the reference divider has to provide a
division ratio of 200; well within the range of the
HEF4750. A channel spacing of 12.5 kHz is specified
and this determines the frequency of the universal divider
output signal (and hence the reference frequency).

Universal divider and prescalers

Figure 3 illustrates the configuration of the main divider
and prescalers used in the frequency synthesiser. The
HEF4751 operates up to a maximum input signal
frequency of 9 MHz and, as the maximum phase-locked
loop output frequency is 156 MHz, some frequency
division is necessary between the VCO output and the
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FREQUENCY SYNTHESISER

It is easy to see from Fig.11 that the following condi-
tion must be realised to achieve zero phase difference at
the phase comparator input:

BR ok
sN ~ Tx Tpm>

or Kx AKf

K, = K. ™)

If K, and are single-section low-pass and high-pass
RC filters with transfer functions:
_ 1
K, = T+ T (low-pass),
K = sT

y 1+sT (hlgh'pass):

where T is the filter time<constant, then:
Ke _ 1

X

K, sT

The characteristic of the network is that of a pure
integrator. As the right-hand side of Eq.7 is negative, an
inversion is required in either the K, or K, path. The K,
path contains the inversion in the circuit under discussion
and this characterises the frequency synthesiser with
inverted frequency modulation (increasing the modulat-
ing voltage decreases the r.f. frequency). Non-inverted
frequency modulation is obtained with the inversion in
the K, path. Often this is of no consequence, but there
may be some applications in which there is a specifica-
tion for one or the other of the two methods.
Equation 7 can be written as:
1 K¢
T= ®)

NK,p °

When this is satisfied, the modulation transfer function
is simply —Kny, and so the modulation frequency
response has a high-pass characteristic with a —3 dB
frequency of:

[ =L
(-3dB) = 24T "

The frequency synthesiser discussed here is designed
to be less than 1 dB down at 300 Hz, and so a value of
T=1.2ms is chosen. The modulation sensitivity is
IKlef, and this should be chosen to meet the require-
ments of the particular application, bearing in mind that
no more than about 500 mV r.m.s. should be applied at
the phase modulator input (the MOD pin of the
HEF4750). A sensitivity of 10 kHz/V was obtained by
setting the fine VCO gain to this value and designing the
high-pass Ky section to have unity gain. Other systems
may require gain or attenuation in the K, path to achieve

the necessary value of sensitivity. It is, however, good.

practice to kecep the value of K fairly low to maintain
good lincarity.

The remaining variable concerned with ‘balancing’ the
input to the phase comparator is K .. This can be
varied by changing the value of TCB but as too high a
value will degrade the noise performance, it is better to
make the gain of the K, section variable. In any case, an
adjustment must be provided to enable the exact balance
to be set up. Whatever form this adjustment takes, it
must provide a means of altering the relative gains of the
Ky and K, sections, and should allow variation of the
calculated value of relative gains in either direction.
Writing Eq.8 as:

NK
pm
T = Ky, )
and taking,
TCB = 120 pF,
TRA = 68k(,

FS = 6.25kHz,
N 24 800 (at 155 MHz),
T 1.2 ms,

Eq.6 gives K,, as 0.28 X 107 and thus the left-hand
side of Eq.9=5.78 kHz/V. As already mentioned, the
modulation sensitivity |K [K¢ selected is 10 kHz/V,
achieved by choosing the high-pass (K, ) filter to have
unity gain and setting the fine VCO gain K to 10 kHz/V.
The difference between the left-hand side of Eq.9 and
the selected value of K¢ is compensated by assigning a
gain of 1.75 to K.

The implementation of this design could take many
forms, subject to the requirement that the phase
modulator input pin, MOD on the HEF4750, is biased to
about 6 V, and that the VCO fine<ontrol input is biased
at about half the supply voltage. The configuration
shown in Fig.12, using an operational amplifier in each
input circuit, provides a versatile means of setting up the
necessary gains and d.c. conditions. Arrangements with
fewer components are possible, but careful design is
necessary to avoid extraneous phase shifts and setting-up
problems. Certainly with the circuit shown the setting-
up procedure is very simple — a large modulating signal
at a frequency close to the natural frequency of the loop
(about 500 Hz) is applied, and the 100 k§2 preset
potentiometer is adjusted to give a minimum signal
amplitude on the PCl pin of the HEF4750. The only
point to note is that, if the synthesiser has a fine adjust-
ment available on its frequency reference (in this case
the trimmer in the crystal oscillator), then this must be
set up first. Varying FS will affect the phase modulator
gain, Kpm (see Eq.6), and this in turn will disturb the
balance of Egs.8 and 9 unless f, ., and thus FS is set up
first.

Theoretically, the balance condition holds for only
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Abstracts

Semiconductor laser for information readout

The CQLI10 semiconductor laser comprises essentially three
GaAs layers in each of which Al replaces some of the Ga: an ac-
tive layer with 16% replaced, sandwiched between two layers
with 46% rcplaced. The laser produces a divergent light beam
whosc wavelength (780 nm) remains constant even at ambicent
temperatures as high as 60 °C. Designed for use in digital-optical
readout systems, thec CQL10 is smaller and more efficient than
the conventional helium-neon laser, and requires a supply of
only 2to3V.

Analogue control system for a.c. motor with PWM variable speed
drive

This article, the fourth in a scries, describes a control system for
usc with pulse-width modulation variable speed drive for a.c.
motors. The system provides a wide range of facilities meeting
the requirements of most users but avoiding excessive complexity.

Highlight handling with diode-gun Plumbicon tubes

To read out highlights in a telcvised scene, dynamic becam control
(DBC) incrcases the camera-tube bcam current whenever a high-
light is encountcred. DBC is effectively limited to camera tubes
with large beam current reserve, so the new range of diode-gun
Plumbicon tubes, which are characterized by very high slope, are
ideal. The highlight handling ability of DBC is comparable with
that of thc ACT (anti-comet-tail) Plumbicon, and its simple, low-
power circuitry makes it idcally suited to ENG and EFP.

Ceramic permanent magnets for d.c. motors

The interdependence of the clectrical, magnetic and mechanical
characteristics of thc most common form of permanent-magnet
motor is analyscd using classical motor design formulae. The
cxpressions derived relate motor performance at various tem-
peraturces to the volume and magnctic properties of the stator
magnects.

A new hybrid stcpping motor dcsign

Owing to thc way thc stator of a conventional hybrid stepping
motor is wound, manutacturers can offer only a limited range of
step angles. A new design using ring coils permits a range of step
angles and motor sizes far beyond those possible using exisitng
hybrid motor concepts. The permanent magnet is located in the
stator and thc motor uscs only one pole pair per phase, giving a
very high torquc-to-volume ratio.

Frequency synthesiser using LSI devices

Two LSI devices described in a previous article (HEF4750 and
HEF4751) form the basis of a high-performance, phase-locked
loop frcquency synthesiser which is programmable and can be
switched throughout the range 154 to 156 MHz with a 12.5 kHz
channel spacing.

Serial 1/O with MAB8400 series microcomputers

The first of a series about special aspects of the MAB8400 series
microcomputers, this article describes the function and opera-
tion of the on-chip scrial input/output interface. The 8400
series microcomputers are dcveloped from the proven 8048/
8021 devices to provide microcomputcers with additional de-
dicated functions suited to the consumer-lectronics market.

Halbleiter-Laser zum Auslesen von Informationen

Der Halbleiter-Laser CQL10 besteht im wesentlichen aus drei
GaAs-Schichten, bei dencn jeweils ein Teil des Galliumarsenids
durch Aluminium ersetzt ist. Der Laser erzeugt einen divergenten
Lichtstrahl, dessen Wellenlinge (780 nm) bei Umgebungstempe-
raturen bis hin zu 60°C konstant bleibt. Der fiir die Anwendung
in optodigitalen Lcsesystcmen vorgesehcne Halbleiter-Laser
CQL10 ist kleincr als ein konventioncller Helium-Neon-Laser
und besitzt eincn hohcren Wirkungsgrad.

Ein System zur kontinuierlichen Drehzahlregelung von Induk-
tionsmotoren mittels Impulsbreiten-Modulation

Diescr Artikel, der vicrte ciner Scrie, beschreibt ein Antriebs-
system fiir Induktionsmotoren, bei dem die Drehzahlregelung
durch Impulsbreiten-Modulation vorgenommen wird. Mit diesem
System lassen sich ohnc iibermissigen Aufwand die Anforde-
rungen der meisten Anwender crfiillen,

Spitzlichtverarbeitung durch Plumbicon-Rohren mit Dioden-
Elektronenstrahlsystem

Das Vcrarbeiten von Spitzlichtern in einer Fernsch-Szene kann
mit Hilfe von Strahlstromstcucrung (DBC, Dynamic Beam Con-
trol) vorgenommen werden. Bei diesem Verfahren wird der
Strahlstrom stark erhdht, sobald ein Spitzlicht auftritt. Das DBC-
Verfahren ist Kameraréhren mit hoher Strahlstromreserve vor-
behalten wie der neuc Reihc von Plumbicon-Rohren mit Dioden-
Flektronenstrahlsystein. Dic Spitzlichtverarbeitung mit DBC ist
vergleichbar mit der des ACT (anti-comet-tail)-Plumbicons; ferner
ist das Verfahren aufgrund sciner cinfachen, wenig Leistung bean-
spruchenden Schaltung ideal fiir ENG- und LFP-Anwendungen
geeignet.

Keramische Permanentmagnete fiir Gleichstrommotoren

Die gegenseitige Abhingigkcit der elektrischen, magnetischen
und mcchanischen Kenngrossen der iiblichen Daucrmagnet-
motoren wird mit Hilfc der klassischen Motor-Konstruktions-
formeln analysiert. Dic abgelciteten Ausdriickc setzen das Mo-
torverhalten bei verschiedenen Temperaturen in eine Beziehung
zum Volumen und zu dcn magnetischen Eigenschaften der
Statormagnctc.

Eine neuc Hybrid-Schrittmotor-Entwicklung

Da der Stator der herkdmmlichen Hybrid-Schrittmotoren eine
durchgczogene Wicklung cnthiilt, lassen sich derartige Motoren
nur mit eincm begrenzten Schrittwinkelbereich herstellen. Der
neue, mit Ringspulen arbcitende Motor iibertrifft beziiglich
Schrittwinkelbcreich und Motorabmessungen dic Moglichkeiten
der herkdmmlichen Hybrid-Motoren bei weitern,

Frequenz-Synthesizer mit hochintegrierten Halbleiterschaltungen

Zwei in cincm friitheren Artikel beschricbene hochintegrierte
Halbleiterschaltungen (HIE1'4750 und HEF47S51) bilden die
Basis fiir cincn besonders leistungsfahigen PLL-I'requenz-Syn-
thesizer, der programmicrbar ist und sich im I'requenzbereich
von 154 MHz bis 156 Mllz in Schritten von 12.5 kHz (Kanal-
abstand) durchschalten lisst. Der Entwurf und dic Schaltungs-
ausfiihrung des Frequenz-Synthesizers und des Modulators
werden beschricben und decren LEigenschaften in Form von
Massergebnissen angegeben.

Serielle Datenein- und ausgabe bei der Mikrocomputer-Familie
MAB8400

Dieser crste eincr Rcihe von Artikcln iiber die besonderen
Ligenschaften der Mikrocomputer-Familie MAB8400 beschreibt
die Funktion und Arbcitsweisc des auf dem Chip befindlichen
Interfaces zur scricllen Datenein- und ausgabe. Die Mikrocom-
puter der IFamilie MAB8400 sind einc Weiterentwicklung der
bewidhrten Mikrocomputer 8048 und 8021 und haben zusitz-
liche Eigenschaften die sic fir Anwendungen in der Konsum-
Elektronik besondcrs gecignet machen.
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Laser a scmiconducteur pour la lecture des informations

Le laser a scmiconducteur CQL10 comprend cssenticllement
trois couches de Ga(l — x)Al(x)As: unc couche active avec
X =0.16 prise en sandwich entre deux couches pour lesquelles
x=0.46. Le laser produit un faisceau lumincux divergent dont la
longucur d’onde (780 nm) reste constantc méme pour des tem-
pératures ambiantes atteignant 60 °C. Congu pour les systémes
dc lecture numérique/optique, le CQL10 cst plus petit et plus
cfficacc que Ic laser classique a I’hélium-néon, et ne nécessite
qu’unc alimentationde 2 a 3 V.

Systéme de commande analogique pour moteur a courant alter-
natif avec variateur de vitesse 3 modulation par impulsion de
largeur variable '

Quatriéme d’unc série, cet article décrit un systéme de com-
mande pour des moteurs a courant altcrnatif utilisant un varia-
teur dc vitesse a modulation par impulsion dc largeur variable.
Lc systeme offre, sans trop de complexité, des possibilités multi-
ples qui répondent aux impératifs dc la plupart des utilisateurs,

Analyse de zones suréclairées a I'aide de tubes Plumbicon a canon
diode

Pour analyser correctement les zones suréclairées d’une scéne
télévisée, le contrdl dynamique de faisceau (DBC) augmente le
courant de faisceau du tube de la caméra chaque fois qu'une
plagec lumineuse se présentc. L’application du contrdle dyna-
mique est cn fait limitée aux tubes disposant d’une vastc réserve
de courant de faisceau, et la nouvelle gamme de tubes Plumbi-
con a canon a diodes, caractérisés par unc pente trés élevée,
convicnnent donc parfaitement. Le contrdle dynamique de
faisccau (DBC) présente des propriétés de traitement des zoncs
suréclairées comparables a celles du tube Plumbicon ACT (anti-
comct-tail), ct son circuit simple a faible consommation le destine
parfaitement a des applications de reportage ENG et EFP,

Aimant permanent céramique pour motcurs a courant continue

L'intcrdépendance des caractéristique électriques, magnétiques
¢t mécaniques du moteur a aimant permancnt du type le plus
courant cst analysée a partir des formules d’¢tude classique des
moteurs. Les cxpressions qui en résultent rclicnt les performan-
ces du moteur, pour diverses tcmpératures, au volume et aux
propri¢tés magnétiques des aimants du stator.

Un moteur pas-a-pas hybride d’un nouveau type

Compte tenu du mode de bobinage du stator dans un motcur
pas-d-pas hybride classique, les fabricants nc peuvent offrir
qu'unc gamme limitée d’angles de pas. Unc nouvclle conception
rcposant sur des bobines toroidalcs permet d’obtenir unc gamme
d’angles dc pas et de tailles de motcur ncttement supéricure a
cclle que permettait l'utilisation des concepts cxistants de
motcurs hybrides.

Synthétiscur de fréquence utilisant Iintégration i grande échelle

Dcux dispositifs intégrés LSI décrits dans un article précédent
(HEF4750 et HEF4751) constituent la basc d’un synthétiseur
dc fréquence a boucle A blocage de phasc a haute performance;
cc synthétiscur cst programmable et pcut étre commuté sur
toutc la gamme de 154 a 156 MHz avec un écart entre deux
canaux dc 12.5 kHz.

Interfaces d’entrée/sortic série avec les micro-ordinateurs de la
série MAB8400

Premicr d'unc série consacrée aux aspects particulicrs des micro-
ordinatcurs dec la série MAB8400, cet article décrit le fonction-
nemcent et l'utilisation de 'interface d’entrée/sortie série “mono
plaqucttc™. Les micro-ordinateurs de la série 8400 sont développés
a partir des dispositifs éprouvés 8048/8021 pour obtenir des mi-
cro-ordinatcurs pourvus de fonctions spécialisées supplémentaires
parfaitement adaptées au marché électronique grand public.

ABSTRACTS

Laser semiconductores para leer informacion

El laser semiconductor CQL10 contiene esencialmente tres capas
de GaAs cn cada una de las cuales el Al sustituyc al Ga: una capa
activa con un 16% sustituido entre dos capas con el 46% susti-
tuido. La inversion de la poblacidn, esencial para cmisidon simu-
lada, tiene lugar en la capa activa, la cual actua cfcctivamente
como una trampa electron/hueco. El laser produce un haz de luz
divergente cuya longitud de onda (780 nm) permanece constan-
tc incluso a temperaturas ambientes del orden dc 60 °C. Disenia-
do para utilizarlo en sistemas de lectura optico-digital, el CQL10
es mas pequcio y mas eficiente que el laser convencional de
helio-nedn, y requicre una alimentacién de sélo 2 a 3 V.

Sistema dc control analégico para un motor de c.a. con velocidad
variable por modulacion de anchura de impulsos

Este articulo, cl cuarto de una serie, describc un sistema de
control para utilizarlo con motores de c.a. con velocidad variable
por modulacién de anchura de impulsos. El sistcma proporciona
un amplio margen de posibilidades que cumplen sin excesiva
complejidad los requisitos de la mayoria de usuarios.

Tratamiento de puntos brillantes con tubos Plumbicén

Para climinar puntos brillantes en una escena telcvisada, el con-
trol dinamico de la haz (DBC, Dynamic Beam Control) hace que
aumentc la corricnte de haz del tubo de camara siempre quc sc
cncuentre con un punto brillante. El control dindmico de haz
esta cfectivamente limitado en tubos de cimara con gran reserva
de haz, de modo que los tubos de la nucva gama, que sc caracte-
rizan por una pendiente muy elevada, son ideales. La eficacia del
tratamicnto dc los puntos brillantes del DBC pucde compararsc a
la del ATC (anticola de cometa), y su circuitcria scncilla de baja
potencia lo hace muy adecuado para los fines ENG y EFP,

Imanes permanentes ceramicos para motorcs de c.c.

Para analizar la interdependencia de las caracteristicas cléctricas,
magnéticas y mecdnicas del tipo mas corriente dc imdn perma-
nente usado en motores se recurrc a las formulas ya conocidas
para cl disefio dec un motor. Las cxpresiones establecidas poncn
el rendimicnto del motor, a difercntes temperaturas, en funcion
del volumen y propicdades magnéticas de los imancs dcl estator.

Un nuevo discno de motor paso a paso hibrido

Debido a que cl cstator de un motor hibrido paso a paso conven-
cional cstd bobinado, los fabricantes pucden ofrccer solamente
una gama limitada dc dngulos de paso. Un nucvo disefio que
utiliza bobinas cn anillo, permite un margen de angulos de paso y
tamanos dc motor muy por encima de los que son posibles con
los conceptos de motor hibrido existentes.

Sintetizador de frecucncia con dispositivos LSI

Dos dispositivos LSI, que fueron descritos en un articulo ante-
rior, (HEFF4750 y HEF4751) constituyen la basc dc un sinteti-
zador de frecucncia de largo enclavado cn fase (PLL) que es
programablc y puede ser conmutado en el margen de 154 a
156 MHz con una scparacion de canales de 12.5 kHz.

E/S en seric con microordenadores de la serie MAB8400

Es cl primero de una serie de articulos sobre los aspcctos especia-
les dc los microordenadores de la serie MAB8400. Describe la
funcion y opcracion del acoplamiento de entrada/salida en seric
incorporado cn ¢l chip. Los microordenadores dc la serie 8400
estan desarrollados a partir de los dispositivos ya conocidos
8048/8021, para ofrecer microordenadores con funciones
espccificas adicionales adecuadas para el mercado dc la electré-
nica de consumo.
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