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2/3 INCHf PLUMBICON TUBE
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Fig.1 Comparison between the conventional triode gun with beam crossover,
and the new ‘diode gun’ without beam crossover
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LAG AND RESOLUTION

Table 1 shows the dependence of lag and resolution on
the characteristics of the photoconductive layer and
clectron beam.

TABLE 1
Resolution and lag in a camera tube, determined by
photoconductive layer and electron beam.

electron beam
(current density)

photoconductive layer
(thickncss)

resolution | dispersion of light and | spot diameter
charge
lag layer capacitance Clyyer [ beam resistance Rpeam

The lag of a conventional vidicon tube is determined
principally by that of the photoconductive layer (photo-
conductive lag). In a Plumbicon tube however, the
photoconductive lag is negligible. The lag in this typc of
tube can be attributed to the process by which the
clectron beam recharges the photoconductive layer
(beam discharge lag, Refs. 1 and 2). Beam discharge lag
varics directly with the photoconductive layer capaci-
tance Clyyer and the differential beam resistance Rpeam
(Ref. 2).

The ‘static’ resolution of a camera tube is determined
by the modulation depth, which is defined as the ratio
(cxpressed as a percentage) of the amplitudes of a 4 MHz
and 0.5 MHz (320 and 40 TV lines) squarewave signal as
mcasured on a waveform monitor. The modulation
depth varics inversely with the thickness of the target
material, a thinner target resulting in increased modula-
tion depth duec to reduced light and charge dispersion.
However, since Clayer is inversely proportional to target
thickness, simply reducing the latter will increase Clayer
and thereby. increase lag. Thus if static resolution is to
be improved by reducing layer thickness, some means
must be found to compensate the increase in Claycr.
This can be done by reducing diffcrential beam resistance
so that good dynamic resolution is maintained.

CONCEPT OF A NEW TUBE WITH
‘DIODE GUN’

In a conventional triode gun. the grid and anode converge
the electrons emitted by the cathode to produce a ‘cross-
over' in the electron beam. An analysis of the axial
velocities of electrons in this configuration reveals an
excess of fast electrons compared with the Maxwellian
distribution emitted by the cathode. This can be attri-
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buted to the high degree of electron interaction occurring
in the beam, particularly in the vicinity of the crossover.

It can be shown (Refs. 2 and 3). that the differential
beam resistance is given by:

kT,

Rpeam = i

where Tq is the effective cathode temperature, i is the
photoconductive layer charging current, e is the charge
on an electron (1.6 x 107" coulombs) and k is Boltz-
mann’s constant (1.38 x 10723 joules/K). Ty can be
regarded as a measure of the beam temperature which is
itself a function of the electron velocity distribution. An
increase in mean electron velocity therefore, results in a
corresponding increase in Ty which leads in turn, to a
proportional increase in Rpeam.

The differential beam resistance can be reduced by
eliminating the crossover. This can be accomplished by
means of the ‘diode gun’. which is a positive grid triode
operating in the diode mode (Fig. I). the grid drawing a
current of a few milliamperes. The effect of the positive
grid is to reduce beam convergence, and thereby to
eliminate the crossover. In this way Rpean is reduced,
and the consequent reduction in lag permits the use of
thinner targets to increase modulation depth, and
improve ‘static’ resolution.

PERFORMANCE

Lag and modulation depth

Figure 2 compares the lag and modulation depth of the
standard XQ1427, an experimental XQ1427 with a
thinner photoconductive layer and finally, the new tube
development type 74XQ with the thinner layer and the
‘diode gun’. Also shown is the performance of a tube
with a selenium-based photoconductive layer, and it is
cvident from the figure. that the performance of this tube
is similar to that of the experimental XQ1427 with the
thinner layer. The figure illustrates also that the 74XQ
tube combines the low lag of the standard XQ1427 with
the increcased modulation depth of the experimental
XQ1427 tube.

Use of bias light to minimise lag

The equation for Rpeam shows that it varies inversely
with the charging current i. The beam resistance and
hence the lag, can therefore be reduced by offsetting the
zero point of the charging current. This is effected by
projecting a bias light onto the photoconductive layer.
The results of using a bias light are shown in Fig. 3.
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Fig.2 Decay lag L, in third field, and modulation depth D

of 2/3 inch-tubes. Decay lag was measured in white light

with a 20 nA signal and a 300 nA beam current (measured

after 60 ms). Modulation depth was measured in white

light with a 150 nA signal current and a 300 nA beam
current (Vyegh = 750 V)

Sensitivity
Table 2 shows that the XQ1427 and the 74XQ are equally

sensitive to blue light, and that the difference in sensiti-
vity to other colours is only slight.

TABLE 2
Sensitivity in uA/lumen of some 2/3 inch camera tubes.

white red green  blue
XQ1427 400 125 140 32
[ XQ1427 thinner layer
. 74X0Q 350 115 120 32
selenium 280 90 90 27
Flare

Flare occurs in any optical system and is caused by
internal reflections. The method of measuring flare in a
camera tube was described in a previous article (Ref. 3).

The low flare of the Plumbicon tube is due primarily
to the use of the ‘anti-halation’ disc. This is located in
front of the target and serves in addition to keep dust
particles away from the focal plane to prevent them
from becoming visible when small lens apertures are used.
In the 74XQ further attention has been given to the
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Fig.3 Decay lag in third field (60 ms) as a function of
bias light current iy, (including dark current)
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Fig.4 Flare F in the centre of the image as a function of
the radius R of the irradiated area for Plumbicon (Pb) and
selenium-based tubes,

Scanned area 6.6 x 88 mm?, Rpgx = 5.5mm

problem of minimising internal reflections, resulting in a
significant reduction in flare.

Figure 4 compares the flare, measured separately for
red and green light, for the Plumbicon and selenium-
based tubes. The flare is greater for red light than it is
for green simply because the photoconductive layer has
a higher reflectivity for red light. The flare for blue light
is barely measurable.

74 ELECTRONIC COMPONENTS AND APPLICATIONS, VOL. 1 NO. 2., FEBRUARY 1979



Registration

Registration of the tubes in a colour camera improves
with reduced mesh-to-layer spacing. This reduction how-
ever, increases the signal electrode output capacitance
and conscquently degrades the signal/noise ratio. The
electron gun in the Plumbicon tube is produced to such
closc dimensional tolerances that the stringent registra-
tion requirements for broadcasting are met, whilst
keeping output capacitance down to approximately
2.5 pF.

Burning-in

The 74XQ, like the XQ1427, performs excellently with
respect to highlight burning-in, after-images of highlights
seldom persisting for more than a few seconds.

Performance at elevated temperatures

As stated earlier, ENG requirements demand that the
camera tube be able to operate over a wide range of
ambient temperatures. Because high temperatures
accelerate ageing of the photoconductive layer, the
camera should be designed in such a way that the target
temperature remains below 50 °C.

Faceplate temperatures of up to 70°C have been
recorded in cameras used in direct sunlight. The effect of
such temperatures on camera tube life expectancy is
therefore of interest. In Fig.5, plots are shown of the
white and the red sensitivity, as functions of operating
time. The tubes were operated for a time at 60 °C before
measurements were made. Only the red sensitivity in-
creased slightly. the white sensitivity remaining constant.

Other parameters, such as white spot occurrence, blue
and green sensitivity, burning-in, modulation depth and
lag, remained unchanged as functions of operating time
at 60 °C.

Experiments carried out on tubes with selenium-based
layers show a significant decreasc in white and red sen-
sitivity and an increase in burning-in and white spot
occurrence, after a few days. The Plumbicon tube how-
ever, continuously operated at 60 °C, retains its good
performance for periods of several weeks.

Highlight handling

To achieve good highlight handling, a camera tube should
operate with a high beam current. For the 74XQ tube,
this causes only slight loss of modulation depth and in-
crease in lag. Neverthelcss, continuous operation with a
high beam current must be avoided since it reduces the
life of the tube. A more satisfactory method is to in-
crease the beam current automatically, only when the
beam scans a highlight on the target. This technique,
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Fig.5 White sensitivity (top) and red sensitivity (bottom)
as functions of operating time at 60°C

which is known as ‘dynamic beam control’ (DBC),
‘automatic beam optimalisation’ (ABO) or ‘comet tail
suppression’ (CTS), is suitable for many portable TV
cameras.

The new ‘diode gun’ of the 74XQ camera tube, when
operated with DBC. has enough beam reserve for correct
highlight handling of at least 4 lens stops over a signal
current of 200 nA. A major problem in the design of
DBC circuits is instability. However, owing to the high
slope of the diode characteristic in the diode gun (Fig. 1),
only a few volts on the grid are necessary to produce a
high beam current, thereby minimising the possibility of
instability.
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TABLE 3
Comparative performance of Plumbicon and selenium-based tubes.

modulation decay lag sensitivity tlare burn-in operating application

depth after 60 ms (uA/lumen) R=2.3mm | time life

white 20/300 nA red at 60°C

5 nA bias light | red green  bluc
XQ1427 55% 2.5% 125 140 32% 2% seconds weeks ENG, EFP
XQ1427
with thinncr
layer 70% 67 115 120 32% 2% seconds weeks
74XQ
(diodc gun) 707 3.5% 115 120 32* 2% scconds weeks NG, LFP
studio
selenium 70% 67 90 90 3.2% tens of scconds | days ENG, EFFP.
* 38 uAflm measured without B1/K1 filter.
Table 3 summarises performance characteristics of NOTES

the three Plumbicon tubes discussed here and for com-
parison, those of a tube having a sclenium target.

CONCLUSION

The 2/3 inch Plumbicon tube type XQ1427 is extremely
well suited to ENG applications. The new Plumbicon
tube, development type 74XQ, with its “diode gun’ will
provide excellent ‘static’ resolution, low lag and hence
good dynamic resolution, high sensitivity and good
highlight handling. These characteristics place it in an
unrivalled position as a multi-purpose camera tube, suited
to ENG, EFP and general purpose studio applications.
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Erratum, E.C.A. 1 No. 1

In the article on the 25 mm Plumbicon tube, the lower
figure on page 58 should be labelled Fig.2 and its caption
should read, ‘Frequency dependence of modulation
depth, measured with square-wave test patterns.’
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FREQUENCY MEASUREMENT AND DISPLAY
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Fig.3 Timing diagram for the programmable pre-scaler

the pre-scaler. The preamplifier ensures a high input
sensitivity so that the signals from the local oscillators in
the radio can be connected to the system via a passive
coupling network. The a.m. and f.m. local oscillators can
be simultaneously connected to the symmetrical inputs
of the preamplifier without an input filter or a switch,
provided that the unused oscillator is switched off in the
radio. The pre-scaler incorporates two symmetrical
output preamplifiers, each of which drives a different
kind of complementary output stage. The outputs are
thus made compatible with ECL or MOS inputs and can
drive circuits that react to either the falling or rising
edges of the drive signal. Each of the four internal
functional blocks has its own supply pin; pin 3 for V(i
to the input preamplifier. pin 14 for VcC2 to the syn-
chronising stage, pin 12 for V3 to the divider, and pin
10 for V4 to the output stages.

Figure 3 is the timing diagram for the pre-scaler.
When input CM33 is set low, the division ratio is set to
32:1. If there is phase shift between the measuring period
and the transitions at the pre-scaler output, the least
significant digit of the display is likely to flicker. To
prevent this, the first transition must ideally occur 17
input frequency periods after the start of each counting
period. This synchronisation is achieved by applying a
low-to-high transition, representing the start of the
counting period, to the SET input of the pre-scaler.

Display interface and frequency counter

The integrated display interface and frquency counter
(SAA1070) is specifically designed for the control of a
duplex-driven seven-segment display of the frequency or
v.h.f. channel number to which an a.m./f.m. radio is

tuned. A simplified block diagram is given in Fig. 4. The
main features of the circuit are:

— Output stages capable of directly driving a 4% digit
LED frequency/channel number display with LED
lamp indication of kHz and MHz. To minimise the
number of output pins. and to reduce radiated inter-
ference, the segment drive outputs are driven in
duplex mode in synchronism with the zero crossing
of the mains-derived supply connected to the display
anodes.

— 18-bit frequency counter which can be preset to
compensate for a wide range of externally programmed
intermediate frequencies for the v.h.f., short-wave
and medium-wave/long-wave bands.

— 16-bit comparator for comparing the measured and
displayed frequencies and updating a 16-bit display
register if there is a discrepancy for three successive
measuring periods. This technique prevents display
flicker due to short-term drift of the local oscillators
in the radio.

— Seven-segment decoder and multiplexer for driving
the output stages.

— Internal timing pulse generator controlled by a
4 MHz quartz crystal.

— A display ‘freeze’ facility which causes the result of
the last frequency measurement to be continuously
displayed.

— Display test and blanking facilities.

The functions of the display interface and frequency
counter will be explained with the aid of the simplified
block diagram given in Fig. 4.
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FREQUENCY MEASUREMENT AND DISPLAY

number or the tuned frequency of the radio will be
displayed. This program also determines the display
resolution as given in Table 2 by presetting the 4 MHz
crystal-controlled timing pulse generator to determine a
measuring period of the following duration:

v.h.f. and channel no. 256 us (1024 cycles of 4 MHz)
2.56 ms (10240 cycles of 4 MHz)
3.2ms (12800 cycles of 4MHz)

The waveband program also addresses the i.f. offset
ROM to preset the frequency counter to compensate for
an intermediate frequency of 10.7 MHz for v.h.f. and
460 kHz for short/medium/long-waves. If the required
intermediate frequencies differ from these values, the
i.f. offset pulse generator must be preset by program-
ming input/output pins 20 to 28 as shown in Tables 3
and 4. These pins change function from segment drive
outputs to i.f. offset inputs for a short period coin-
cident with the negative-going edge of the synchronising
pulse applied to the DUP input at pin 16.

short-wave

medium/long-wave

TABLE 1
Wavelength control inputs

selection SAA1070 pin no.

8 9 10 11
v.h.f. frequency 1 1 0 1
v.h.f. channel 1 1 X 0
short-wave 1 0 1 X
medium/long-wave 0 1 1 X
display test 0 1 0 0
X 0 0 X
0 0 1 X

display blanked
play bla 0 1 0 1
1 1 1 1

0 = common return or pin 1.
1 = not connected or connected to pin 14.

x=0orl.
TABLE 2
Display resolution

equivalent number of
waveband resolution transistors at input

of SAA1070
v.h.f. frequency 0.05 MHz 4
v.h.f. channel* 0.1 MHz 8
short-wave S kHz 4
medium/long-wave 1 kHz 1

* One channel = 300 kHz
Channel 02 = 87.6 MHz.

TABLE 3
L.F. offset correction inputs for s.w./m.w./L.w.

SAA1070 input pin i.f.

S.W. m.w./Lw.

21 22 25 26 28 (kHz) (kH2)
0 0 0 0 0 460.00 460
0 0 0 1 0 448.75 449
1 0 0 1 0 450.00 450
0 1 0 1 0 451.25 451
1 1 0 1 0 452.50 452
0 0 1 1 0 453.75 453
1 0 1 1 0 455.00 454
0 1 1 1 0 456.25 455
1 1 1 1 0 457.50 456
0 0 0 0 1 456.25 457
1 0 0 0 1 457.50 458
0 1 0 0 1 458.75 459
1 1 0 0 1 460.00 460
0 0 1 0 1 461.25 461
1 0 1 0 1 462.50 462
0 1 1 0 1 463.75 463
1 1 1 0 1 465.00 464
0 0 0 1 1 463.75 465
1 0 0 1 1 465.00 466
0 1 0 1 1 466.25 467
1 1 0 1 1 467.50 468
0 0 1 1 1 468.75 469
1 0 1 1 1 470.00 470
0 1 1 1 1 471.25 471
1 1 1 1 1 472.50 472

0 = no connection.
1 = 22 k€ resistor connccted to 2.5 V (see Fig. 6).

Display testing and blanking

Pins 8,9, 10 and 11 can also be programmed in accord-
ance with Table 1 to either blank the display, or cause
all the display segments to glow simultaneously for test
purposes.

Synchronising pulse

The start of the frequency measuring and display switch-
ing sequence is synchronised with the negative-going
edges of pulses applied to the DUP input at pin 16. If
mains-derived antiphase half-sinewaves are used to power
the LED display, it is convenient to use one of them as a
synchronising pulse. This will ensure that radiated
interference is reduced by effecting the decoded segment
output switching at the instant when the mains wave-
form crosses zero.
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Fig.5 Timing diagram for the frequency measuring and display system
TABLE 4 THE SIGNAL PROCESSING SEQUENCE

LF. offset correction inputs for v.h.f. To clarify the signal processing sequence of the frequen-

cy measuring and display system, each of its twenty
i.f. (MHz) intervals will be described with the aid of Fig.S. Each

SAA1070 input pin

20 23 24 27 interval lasts for a period determined by the number of
4 MHz cycles demanded by the program at the wave-

0 0 0 0 10.70 length control inputs of the SAA1070. The duration of

1 0 0 0 10.60 each interval is given in Table 5. The timing sequence is

0 1 0 0 10.6125 started by the negative-going flank of the mains-derived

1 1 0 0 10.625 half-sinewave synchronising pulse (DUP) applied to pin

0 0 10 10.6375 16 of the SAA1070.

1 0 1 0 10.65

0 1 1 0 10.6625 TABLE §

1 1 1 0 10.675 Duration of timing intervals shown in Fig.5.

0 0 0 1 10.6875

1 0 0 1 10.70 Interval wavelength in use

0 1 0 1 10.7125

R o

1 0 1 1 10.75

0 1 1 1 10.7625 1to3,15t020 256 256 256 320  us/interval

1 1 1 1 10.775 Sto 14 256 256 2560 3200  usfinterval
measuring period

0 = no conncction. (GATE = high) 2.56 2.56 25.6 320 ms

1 = 22 k$2 resistor connected to 2.5 V (see Fig. 6).
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Fig.6(a) Display drive circuit for the frequency measurement system
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The timing sequence intervals and the events that occur
during cach of them are as follows:

Interval 1. Pins 20 to 28 of the frcquency counter/
display driver are switched over to functions as i.f. offset
correction address inputs and the required address is
stored in the offset correction circuit.

Interval 2. The i.f. offset ROM contents addressed by
the wavelength sclection circuit is loaded into the fre-
quency counter.

Interval 3. The required number of i.f. compensation
pulses are loaded into the frequency counter. Pins 20 to
28 of thc SAA1070 are switched back to their function
as display segment drive outputs,

Interval 4. The timing pulse generator is programmed by
the waveband sclection circuit to gencrate a measuring
period of the appropriate duration. '

Interval 5 to 14. At the end of interval 4, the GATE out-
put from the SAA1070 goes high. thercby activating the
SET input to the pre-scaler and initiating the output
pulse train. These pulses enter the SAA1070 at the FIN
input at pin 12. They are then passed through a mea-
suring-period gate and loaded into the frequency counter.
At the end of interval 14 the timing pulse generator
inhibits further pulse counting by disabling the mea-
suring-period gate.

Interval 16. During this interval, the 16 most significant
bits from the 18-bit frequency counter are compared
with the contents of the 16-bit display register. If there
is a discrepancy, a 2-bit counter in the comparator is
incremented by one. If the contents of the 2-bit counter
are then less than 3, the sequence proceceds through inter-
vals 17, 18 and 19 without further action. If the contents
of the frequency counter and the display register are the
same, the 2-bit counter is reset before the sequence
proceeds through intervals 17. 18 and 19 without
further action. If incrementing the 2-bit counter causes
its contents to reach 3 (contents of frequency counter
and display register different for three consecutive
measuring periods). the timing pulse generator is stopped
before the sequence proceeds to interval 17.

Interval 17. If the 2-bit counter has reached a count of
3, the system waits for the negative-going flank of the
next half-sinewave to appear at the DUP synchronising
input. The timing pulse gencrator is then re-started and
the sequence proceeds to interval 18.

Interval 18. If the timing pulse generator was re-started
in interval 17, the contents of the frequency counter are
loaded into the display register and the display is there-
by changed to the new value during the zero-crossing of
the drive voltage.

Interval 19. This interval is frec.

FREQUENCY MEASUREMENT AND DISPLAY

Interval 20. The timing pulse generator is stopped and
the system waits for the negative-going flank of the next
half-sinewave to appear at the DUP synchronising input
of the SAA1070. The timing pulse generator is then
re-started and the sequence recycles to interval 1.

DISPLAY OPTIONS

The previously described sequence of events applies only
as long as the DISP pin (pin 19) of the SAA1070 remains
disconnected. Pin 19 then becomes an output at which
the i.f. offset correction pulses can be monitored. Pin 19
can be connected to change the mode of operation as
follows.

Static display

If pin 19 is connected to the common rail. the sequence
is halted at the end of interval 16 because the timing
pulse generator is inhibited. the GATE output from the
SAA1070 is continuously low and the pre-scaler is there-
fore held in the SET state. The displayed value is there-
fore *frozen’ at the least frequency to be measured.

Reduced display response time

If pin 19 is connected to the same supply voltage as pin
14 of the SAA1070, the displayed frequency is changed
whenever there is a difference between the contents of
the counter and the display register during interval 16,
regardless of the contents of the 2-bit counter. In this
mode of operation. the flicker reduction facility is lost
but the responsc time of the system is reduced.

THE OVERALL CIRCUIT

In its simplest form, as shown in Fig. 6. the system pro-
vides an LED display of the frequency or v.h.f. channel
number to which a mains-powered ratio is tuned. Only a
single 8 V 50 Hz power supply is then required. The
system can, however. be adapted for use with a battery
supply of 11V to 16V if an additional drive pulse
generator is used. Furthermore, other types of display
can be accommodated if a more complex power supply
and segment drive circuit are used.
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The 8X300 - a high-speed
control-oriented microprocessor

E. D. VAN VELDHUIZEN

The 8X300 is a bipolar microprocessor designed for
high-speed control application. As the first of a scries
to be devoted to its applications and support facilitics,
this article describes the 8X300 architecture and in-
struction set, paving particular attention to the special
10 svstem which permits data input, processing, and
output within a single 250 ns cvcle.

Microprocessors represent the latest step in the evolution
of semiconductor technology. In but a few years, the
microprocessor has been developed from a slow and
simple gencral purpose device to a wide range of special-
ised devices. Each application area demands different
characteristics, the total of which cannot be supplied by
a single device. The fabrication process determines basic
characteristics such as speed, power consumption,
function density, ctc. Bipolar processes allow the con-
struction of high-speed devices at the cost of increased
power consumption.

Further divisions in the microprocessor range spring
from the internal architecture and instruction sct. The
8X300 is a good example: its architecture and instruc-
tion set are designed to provide a high data throughput
with bit-oriented, rather than word-oriented operations.
A bipolar process is used to provide a high data through-
put rate and a short cycle time.

CONTROL ENVIRONMENT

The 8X300 is designed for real-time control applications.
Typically, this entails such tasks as regular examination
of statuses within the system being controlled, moni-
toring system functions and issuing commands, words,

and data to direct the actions of the system. Thus, the
microprocessor must be able to select and test individual
bits or groups of bits, make calculations and decisions
based upon the selected data, and issuc appropriate
commands to the system. In some applications. high
data transfer rates or critical timing so restrict the time
available for calculations and decision-making that only
a high speed microprocessor will do. The ability of the
8X300 to accept input data, process it, and output new
data, all in a cycle time of only 250 ns, makes it parti-
cularly suitable for such demanding applications as:

® communication controllers
® data concentrators

® multi-terminal controllers

® magnetic disk controllers

e digital image processing

® high speed industrial control

® [/O control of large memory systems.

8X300 ARCHITECTURE

Figure 1 shows the architecture of the 8X300. The broad
lines indicate the various possible paths along which data
flows, according to the current instruction. The device
uses threc separate buses: the interface vector (IV) bus
for data input and output; the instruction address bus to
the program memory, and the instruction data bus for
delivery of the program instructions. (The IV bus is
further described under the heading 7/0O concept.)

The instruction address bus is driven from the address
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Figure S shows the block diagram of the 8T32, a bi-
directional latched IfO port designed to work as an
addressable IV byte. The IV byte address can be pro-
grammed by the user, or the device can be supplied with
a pre-programmed address. The data latches are accessible
from cither the [V bus or the user’s bus. The only
constraint upon access to the latches is that data cannot
be written in from the IV bus and the user’s bus simulta-
neously. In this case, the user’s port has priority.

~IO N (TN = O

8X300 MICROPROCESSOR

The control logic holds the port to the IV bus inactive
until the address comparator detects its own address and
SC signal. The user’s port is accessible at all times under
control of the signals BIC and BOC. The user system
must set BIC low when writing to the IV byte, and BOC .
low when reading from the 1V byte. The IV byte can be
designated as left or right bank by connecting the
appropriate bank select signal to the ME (Master Enable)
input.

control lines
from 8X300

|

O MCLK

—O ME

O SC
-O WC

Lo

IR R v 3

commean [
RECEIVERS AND <
STATUS LATCH [¢
4 YVy e
DATA LATCHES |e
CONTROL
LOGIC
ORIVERS/ )
RECEIVERS
llo&oloo
58838858 B8 12
353332525223 o '@
N v ) N
user’s bus control lines

7274976 to user’s system

Fig.5 Block diagram of the 8 T32 series of addressable bidirectional latches (IV bytes)
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8X300 MICROPROCESSOR

RB
1V bus I )—
o~ - ~ - -y J
address valid data valid data
output input output
on IV bus from 1V bus on IVbus 1274977
Fig.7 Timing diagram of the 8X300
XMIT 5,IVL select input device
750ns MOVE R3,IVR address data storage register
ADD LB,RB  read input data, add to total and store
XMIT MOVE ADD
MCLK / \ L ﬁ / \ MCLK
/ N\ /| N\ J N\
e \ / \ / \ @
RB / \ / \ [ e
wC / \ wC
sc / \ / \ sc
iVBUS { ) IV BUS
output |/0 output external input output
device register address data from total
address 1/0 device to register 1274978

Fig.8 Instruction sequence to read data from an 1/O device, add it t0 a running total and store the result in an external register,

Note that data input and output are performed within one instruction cycle

ELECTRONIC COMPONENTS AND APPLICATIONS, VOL. |1 NO. 2., FEBRUARY 1979

99












30AX self-aligning 110° in-line

colour TV display

P. G.J. BARTEN AND J. KAASHOEK

Mechanical and electromagnetic improvements combine
to obviate the need for convergence, colour-purity and
raster orientation adjustments in the 30AX display
system. Closer mechanical tolerances and a set of posi-
tioning bosses make it possible to align the rube and
deflection unit merely by pushing them together. A
permanent magnet ring in the electron gun compensates
for variations within the tolerance limits. Control of the
deflection field, aided by field shapers embedded in the
coil windings, eliminates coma. A weaker main lens in
the electron gun and a quadrupole deformation of the
lens field in front of the cathode reduce the spot size
and improve the focus uniformity, especially at high
beam currents.

30AX is a new in-line 110° colour tv system requiring no
mechanical adjustments and the minimum of electrical
adjustments. It uses fully interchangeable picture tubes
and deflection yokes and is truly self-aligning and self-
converging; each 30AX detlection yoke will automatically
match any 30AX tube of the appropriate size. The
system is based on the production experience gained
with 20AX (Refs. 1 to 3), introduced in 1974, and on
the results of further research in picture tube technology
and deflection yoke design. Notable features of 30AX
are:

® 3 great reduction in the number of adjustments: none
are required for dynamic convergence, static conver-
gence, colour purity, or raster orientation.

This articlc is based on that previously published in IEEE Trans-
actions on Consumer Electronics, August 1978, Vol. CE-24,
No. 3, pp. 481-488.

® a1 new design of deflection yoke, giving increased
deflection sensitivity, reduced E-W raster distortion,
and a straight N-S raster.

® 1 new design of electron gun. giving improved spot
sharpness and focus uniformity.

The technological advances which have made these
improvements possible are outlined below.

ELIMINATION OF DYNAMIC
CONVERGENCE CORRECTIONS

One of the design objectives of the 30AX system was to
eliminate all dynamic convergence corrections. Replacing
these corrections by mechanical tilt and shift adjust-
ments of the yoke with respect to the tube would only
correct one error by introducing another. The only fully
satisfactory way of eliminating dynamic convergence
corrections is to further reduce the manufacturing
tolerances; this has been achieved as follows.

First, the alignment of tube and yoke has been im-
proved. For this purpose, a new reference system has
been introduced in which the cone of the tube is provided
with three bosses which mate with the inside of the
deflection unit (see Fig.1). These define three reference
points whose centre. together with the centre of the
clamping ring at the rear of the deflection yoke, deter-
mines the common axis of tube and yoke. Throughout
tube manufacture, care is taken to ensure that this axis
coincides with the screen axis determined by the expo-
sure process and the gun axis. Special measures are taken
to control neck-to-cone sealing, screen-to-cone fritting,
gun sealing and other mechanical operations (see Fig.2).
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Solar panels for terrestrial applications

C. FRANX

In some applications, solar energy is now becoming a
viable economic alternative to conventional energy
sources. This article describes the operation and con-
struction of photo-voltaic solar cells and solar panels,
and their use in terrestrial applications. It also discusses
the factors affecting the design of practical cost-effective
solar generators, and gives details of suitable storage
accumulators, charge regulators, and motor-drive circuits.

INTRODUCTION

The use of solar power sources is now firmly established
as a method of generating power in areas of the world
where mains electricity is not available and where the
cost of maintaining conventionally-powered equipment
would be prohibitive. Such solar generators consist of
series or parallel arrays of solar cells, large-area (~25 cm?)
photodiodes optimised for the direct photovoltaic con-
version of solar energy into electrical power. Typically,
each cell can produce an open-circuit voltage of up to
0.6 V, or a short-circuit current of up to about 690 mA.
In arrays with accumulator back-up to span sunless
periods. continuous powers of up to several hundred
watts can already be generated.

The number of solar array applications is growing
steadily. Already they are being used to power remote
meteorological stations; emergency telephones on motor-
ways and in National Parks; pumps for irrigation in arid
regions; telecommunications repeater stations; beacons
and navigational buoys: and navigational and anti-cor-
rosive equipment on small craft. The scale of application
is growing also. For example, between Alice Springs and

Tennant Creek in Australia, there is a S80 km microwave
link where 13 solar-powered repeater stations provide
power for a total of 3000 telephone circuits. In Chile, a
solar-powered plant for the electrolytic refinement of
copper has been in operation since 1961.

In the future, solar power may well come to rival
conventional power sources in many applications since
the cost of energy is generally rising whereas solar cells
are becoming less expensive as production increases and
manufacturing techniques improve. It is possible to fore-
see a time when solar installations will help power whole
rural communities, existing side-by-side with central
generating systems.

In this article, the operation, construction, and
characteristics of solar cells and solar arrays are discussed.,
with particular reference to BPX47A series solar panels.
This is followed by detailed consideration of the opera-
tion and performance of cells and panels connected in
series, in parallel, and in series-parallel combinations.
Finally, the design of practical cost-effective solar gener-
ators is described. and detailed information on charge
regulator circuits. accumulator characteristics, and motor
drive circuits is given.

SOLAR RADIATION AND THE ENERGY
BALANCE

It has been estimated that the earth receives energy from
the sun at the rate of 1.73 X 10'” W, some 20 000 times
the world’s current rate of energy consumption. Since
the temperature of the earth is comparatively stable, all
the energy received must eventually be re-radiated. In
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fact about 30% of the energy received is directly reflect-
ed by the atmosphere, while a further 47% is converted
into heat and radiated at much longer wavelengths
during the night. Most of the remaining 23% is con-
sumed in evaporating water, producing vapour which
later condenses and releases the energy for subsequent
radiation. A small fraction. less than 0.2%, sustains wind,
wave, and convection motion. An even smaller amount,
about 0.025%, is stored by photosynthesis in plants.

Apart from wind and water power. the main source
of energy since the earliest times has been the 0.025% of
solar energy stored in vegetation (wood) and in the form
of the fossil fuels — coal and oil. However, since it has
been estimated that six-months supply of coal requires
10® years to replace, there is obviously a limit to these
traditional sources of energy. Less than 10% of the po-
tential energy in the rain cycle has been exploited but
because the majority of suitable hydroelectric sites are
remote from the industrialised parts of the world, the
remaining 90% of this source of energy is not of practi-
cal interest at present.

Thus. hydroelectric power. fossil fuel replenishment,
and wind and wave power account for less than 2% of
the total energy received from the sun, leaving about
70% of the intercepted energy still to be exploited.

USING SOLAR ENERGY

Two methods of exploiting solar energy are currently
under development: photothermal conversion and photo-
voltaic conversion. In photothermal conversion, solar ra-
diation is used to heat a working fluid, either directly or
through a heat pump. The heated working fluid is used
in some form of heat engine to provide power. In photo-
voltaic conversion. solar radiation is converted directly
into electricity. Electricity is, of course. readily con-
veyed to the point of use. where it can be converted
easily into any other form of energy. Solar cells are
photovoltaic converters.

PHOTOVOLTAIC CONVERSION USING
SOLAR CELLS

A solar cell can be considered as a large-area silicon
diode. In an open-circuited (unconnected) cell shielded
from radiation, the charge inhomogeneity at the pn
junction causes some of the electrons supplied by the
Group V donor atoms on the n-side of the junction to
diffuse across the junction into the region of low elec-
tron density on the p-side. This diffusion leaves ionised
donor atoms which create a positive space charge in the
n-region close to the junction. The electrons which dif-
fuse into the p-region fill valence levels created by Group

[T acceptor atoms and arc immobilised, creating a nega-
tive space charge near the junction. Under equilibrium
conditions, this charge separation produces a barrier
(diffusion) potential VB across the junction.

Voltage VB can be thought of as a contact potential.
However, if contacts are made to the p-region and n-
region with the same metal. and a circuit is made via a
high-resistance voltmeter (Fig.1a). no voltage will be
mcasured because the contact potentials cancel. For in-
stance, typical values might be VB=-0.7V. V(c|=
+0.5V,and Vco = +0.2 V.

If the cell is now irradiated with solar energy. elec-
tron-hole pairs will be generated in the junction region
and separated by the field associated with VB, the holes
being forced to the p-side and the electrons to the n-side.
Consequently |VB| will fall sharply, to say 0.1 V. How-
ever. the p-contact will then be at a potential +0.6 V
above that of the n-contact. This voltage can be meas-
ured (since the diffusion potential in the reverse junction
formed in the external circuit is unaffected) and. with
sufficient irradiation, can sustain current flow from the
p-region to the n-region.

When a diode is used for rectification (Fig.1b), a volt-
age source with its positive terminal connected to the p-
contact will cause current to flow from the p-region to
the n-region inside the diode. This gives the normal
diode characteristic passing through the origin, with
normal conduction taking place in the first quadrant
(Fig.1d).

Fig.1c represents an irradiated solar cell. In this case,
current flows from the n-region to the p-region inside
the cell. This is termed the photovoltaic current. The
generation of photovoltaic current (or voltage) occurs in
the fourth quadrant of Fig.1d, the maximum current
obtainable being approximately proportional to the level
of irradiance.

The conversion efficiency of a solar cell is about 12%
under a standard solar irradiance of 1 kW/m?2 It is lim-
ited in the main by three factors: first, only that part of
the spectrum between 0.4 and 1.1 um out of the total
spectral interval of 0.2 to 4 um is used: second. the ab-
sorbed photons have an unused excess of energy; third,
some electron-hole pairs are created outside the region
of the junction and recombination occurs before charge
separation can take place.

BPX47A-SERIES SOLAR PANELS

In practice, solar cells are rarely used singly but are used
in arrays or solar panels (sometimes referred to as solar
batteries). Fig.2 shows the construction of a BPX47A
solar panel which comprises 34 serics-connected silicon
photovoltaic cells sandwiched between glass plates.
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Fig.2 Mechanical details of BPX47A solar panel

Panel construction

The cells are encapsulated in silicone resin and mounted
between 2 mm glass plates; this ensures that the assem-
bly is moisture-proof. The glass is chemically hardened
to improve its abrasive resistance by about 30% and in-
crease its strength by a factor of 5. The surfaces of the
plates are made very smooth to inhibit the accumulation
of dust and snow.

The robust construction of the panels enables them
to withstand winds of up to 280 km/h. They are proof
against the deleterious effects of ultraviolet radiation.
Since the conversion efficiency of the panels is about
14% at 0 °C. more than 80% of the incident radiation is
converted into heat. This heat is conducted through the
silicone resin encapsulant and glass sheets and convected
away by the surrounding air. At an irradiance of
1 kW/m?, the temperature rise is only about 15 °C.
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SAFE OPERATING AREA

As with other semiconductor devices, it is possible to
define for solar cells and panels an arca bounded by the
combined device characteristics and operating charac-
teristics within which the devices can be safely operated.
Outside the boundary of this Safe Opcrating Arca
(SOAR), operation may damage or destroy the device.

To define the SOAR, the Absolute Maximum Ratings
for the individual cells and panels and the worst-case
operating conditions must be known. As usual, the most
important parameter is temperature.

The junction temperature of an individual cell can be
quite high before its structure is damaged. The junction
temperature, however, is not the limiting factor in the
case of a solar panel. If the temperature of a cell exceeds
85 °C, or differs greatly from that of its neighbours, the
silicone-resin potting material may be strained or par-
tially decomposed. Thermally-induced strains may cause
the resin to part from the sensitive surface of cells, and
decomposition will discolour the resin. Both result in
attenuation of the light reaching the cell. thermal strain
increasing reflection. and discolouration increasing ab-
sorption. Both phenomena are irreversible,

An otherwise normal cell will heat up when current is
forced through it, causing a reverse voltage across it (see
later). This will happen when one cell in an irradiated
panel is put partially into shadow. A partially-shadowed
cell is subject to maximum dissipation when:

— it is part of a series-connected chain of irradiated cells
in a short-circuited panel, or array of panels;

— it is in a panel connected in parallel with other panels
but with no load.

The SOAR must be determined so that a partially-
shadowed cell is protected under both circumstances.

Short-circuit series connection

The operation of n cells in series into a short-circuit is
shown in Fig.7; the total voltage Vi is given by:

0
vtO[ Z.Z V, =0.

i=1

A current I, which is proportional to the irradiance,
flows through the cells. Since the internal resistance of
the cells can be ignored (sec Figs.4 and 6), the dissipa-
tion in cell i will be Pj = VjI. Assuming that the cells are
identical and equally irradiated:

Viot

Vi= o

=0,

and the dissipation in cell i will therefore be zero.

ool V/a

@@@

7279229

Fig.7 Solar cells in series

These ideal circumstances, however, seldom apply. If
a given cell produces a short-circuit current Ig. > 1, then
Vi > 0. If Ige <1, then Vj <0; this occurs when a cell is
partly shadowed. Thus, when V; <0 (voltage inversion),
Pj > 0 and the cell will heat up.

The condition Vj >0 cannot lead to overheating. In
the worst case when all cells except one are in shadow,
the cell being irradiated will be unable to force a signifi-
cant current through the shadowed cells.

[t is essential, however, that the system is protected
against the condition when Vj <0, which is most severe
when one cell only is partially shadowed. This condition
is analysed using Fig.8 in which the right-hand curves are
the voltage-current characteristics of 33 and 34 cells
respectively from a BPX47A panel, and the left-hand
curves are the reverse characteristics of a single cell
(from the same panel) under varying degrees of shadow-
ing. The reverse characteristic passing through the origin
is for the cell completely shadowed. Note that in accord-
ance with the convention normally adopted for solar
cells, the currents are shown positive.

The combined voltages of the 33 irradiated cells will
force current through the shadowed cell, producing a
reverse voltage across it. The current through the cell,
and the power dissipated. depends on the degree of
shadowing. In a completely shadowed cell, the maxi-
mum allowable current is 120 mA at VR = 17 V and the
dissipation is 2.04 W.

If now the amount of radiation falling on the shad-
owed cell 1s increased, the current passing through it will
increase and so will the dissipation. With the other 33
cells receiving an insolation of 1 kW/m? VF33=13.5V
and =670 mA. Thus, if the shadowed cell is irradiated
to a level where it is capable of supplying S70 mA, an
extra 100 mA will be driven through it by the other cells,
resulting in a dissipation of 9 W. This exceeds the maxi-
mum permissible dissipation for one cell which is taken
to be the power received at an insolation of 1 kW/m?2 In
a BPX47A panel. each cell has an arca of 26 cm? and at
1 kW/m?, receives a maximum of 2.6 W, which is a safe
value. This power curve is shown in Fig.8. (note that if
more than one cell is shadowed, the voltage produced by
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Fig.13 shows the effect of inclining an array of panels
at an angle equal to the latitude of the site. It can be scen
that the effect is to reduce the variation in energy re-
ceived through the year.

Other climatic effects

For various reasons. it may be desirable to incline solar
panels at an angle other than that equal to the latitude.
Thus, to prevent snow accumulating, a panel slope of
90° is required. To prevent acumulation of sand in descrt
regions, a slope of 45° is necessary. For self-cleaning in
rainy tropical regions, the slope should be at least 30°.

These factors will often dictate the design of an array
of panels so that encrgy collection efficiency becomes
secondary. For example, a solar array for use near the
equator might comprise an equal number of panels in-
clined 30° north-to-south.

Power demand

Both the nature and the pattern of the power demand
must be established. together with likely maxima. It is
evident that the power available will vary considerably in
both the long and the short term. Thus, some form of
energy storage will usually be required. From the pattern
of power demand and a knowledge of conditions at the
site, the type and capacity of the storage accumulator
can be specified.

If very long dark periods are to be bridged, an accu-
mulator with a low self-discharge rate (pure lcad) will be
necded. In the tropics, where dark periods are short and
well defined, a higher sclf-discharge rate can be tolerated
and a lead-antimony accumulator might be sclected.

Site conditions

It is obviously important to know as much as possible
about the actual weather at the site. Metcorological
records are often sketchy for remotes sites. so measure-
ment of the solar radiation and its variation will be un-
avoidable. Although computer models can be used to
simulate some conditions, they are, at best, approxima-
tions, The more information that can be made available
about the proposed site of a solar power installation. the
more cost-effective the installation will be.

SOLAR POWER SYSTEMS

Fig.14 shows the basic elements of a solar power system
(in this case with a series regulator). They arc: the solar
panel array. a reverse protection diode to prevent the
battery draining through the solar panels, a charge regu-
lator. and storage accumulators. Any necessary protec-
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Fig.13 Comparison of the solar energy collected monthly by
a solar array at an angle equal to the site latitude with the
mean energy received and the energy falling on a horizontal
surface (based on the measured performance of a solar power
installation at Alice Springs, Australia)
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Fig.14 Essential elements of a solar power installation,
in this case with a series charge regulator

tion diodes are incorporated in the solar panel array; the
reverse-protection function may be included in the regu-
lator.

Where the only load is a motor. the accumulator and
regulator may be replaced by an electronic motor-control
circuit.
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TABLE 1
Representative characteristics of storage accumulators
Charucteristic Unit _—Nlckcl-cadmmm Lead-acid
scaled open sealed Pb-Sb Sb-free

Unit capacities:

minimum Ah 0.01 10 1 10 20

maximum Ah 15 1500 10 200 2000
Discharge ratc h 10 S 20 20 10
Charge/discharge cycles* >500 >1000 >250 >250 >1000
Maintenance interval months - 6 - 6 12
Working life years 10 10 to 25 4 5 20 to 25
Charge retention %/month 35 35 3 10 to 30 1.5t03
Operating temperature:

minimum °C -20 -20 -20 -20 =20

maximum °C +45 +45 +45 +60 +50
* Discharging to not less than specificd minimum percentage of capacity.

Storage accumulators

Besides supplying power during dark periods, a storage
accumulator can have other advantages to a solar power
system. One has already been discussed: the use of a bat-
tery as a voltage source to protect panels from excess
dissipation, Other functions include:

— allowing the use of a high-power motor or pump
where this would be more efficient than a low-power
or low-current alternative;

— averaging the power available — excess energy collec-
ted around noon can be stored until available power
falls off later in the day.

Selecting the correct storage battery for a solar power
installation involves a number of options and trade-offs.
The battery selected should be suitable for the available
array current and the load demand current, and its ca-
pacity must be sufficient to bridge the maximum dark
period. A generous margin in advisable. High current
capacity may be obtained only at the expense of poor
charge retention. Maintenance is. of course, a major
consideration in many applications.

Another factor that influences the choice of battery is
climate. Climate determines not only the operating en-
vironment but also the maximum dark period to be
bridged.

Two main types of secondary battery are suitable for
this application: nickel-cadmium batteries and lead-acid
accumulators. There are several versions of each type.
each with its own particular advantages. The properties
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of the principal versions are shown in Table 1. Character-
istic values are averaged from manufacturers’ data, which
should be consulted before a final choice is made.

Nickel-cadmium

Sealed

Sealed nickel-cadmium (Ni-Cd) batteries are suitable for
small installations. They have a long useful life of many
charge-discharge cycles and are reliable. Being sealed,
they are particularly suitable for applications where bat-
tery attitude varies, such as in mobile equipment. On the
debit side, their charge retention is poor especially when
fully charged. and unit capacities are small.

Unsealed

Unsealed Ni-Cd batteries are made for very high unit
capacities. Although they require some maintenance, they
have a long working life — up to 20 or 25 years. They
will tolerate complete discharge without damage and very
many charge-discharge cycles. Their energy density is
high, making for compact installations. As with the
sealed type. charge retention is not good.

Lead-acid

There are many varieties of the lead-acid accumulator,
but for solar applications they can be reduced to three
main versions.
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Solid electrolyte

These are small-capacity units intended for applications
in which charge and discharge are well balanced. Either a
gelled electrolyte is used or the electrolyte is combined
with some absorbent material so that the disadvantages
of aliquid electrolyte are avoided. Thus they are suitable
for mobile installations. Maintenance is not required and
charge retention is good. However, discharge to less than
50% of capacity can reduce their life.

Antimony-free

Antimony-free or low-antimony accumulators are used
for high-capacity units that are required to store encrgy
for long periods. They retain their charge well, have a
long working life. tolerate many charge-discharge cycles,
and are efficient in operation. Their maintenance re-
quirements are moderate. and. in consequence, they are
very suitable for use in conjunction with solar power in-
stallations. For some applications their low encrgy dcnsity
may be found a disadvantage.

Lead-antimony

Addition of about 15% of antimony to the lead plates of
a liquid-electrolyte lead-acid accumulator hardens the
plates and permits higher pecak discharge currents. Un-
fortunately, the presence of antimony causes poor charge
retention, reduces the number of charge-discharge cycles,
and shortens life. The maintenance required depends on
type and manufacturer. They are principally used for
starter batteries.

Charge regulator

The charge regulator protects the battery, which is par-
ticularly important wherec remote maintenance-free
operation is required. It also helps match the panel to
the load, improving efficiency and reducing capital cost.

There are two basic types of regulator: one shunts the
output of the panels through a resistor when the end-of-
charge voltage of the accumulator is reached: the other
open-circuits the panels when charging is complete. Most
shunt regulators keep the battery voltage constant in the
end-of-charge state by dissipating the excess of energy.
This is troublesome in high ambient temperatures. Shunt
regulators are thercfore preferred only for low-power
systems (less than 80 W). For higher-power systems the
on-off switching series regulator is preferred because of
the low resulting dissipation. The single example of a
charge regulator given here is a simple shunt regulator
for small installations using one or two BPX47A panels.
It has been designed to protect cells and panels.

Simple shunt regulator

Fig.15 shows a simple shunt regulator for onc-panel or
two-panel arrays. It is based on an op-amp comparator
circuit, and uses a switched darlington transistor to avoid
the complications associated with shunt thyristor opera-
tion.

When the accumulator end-of-charge voltage is
rcached. the solar panels P are shunted through Rjq by
darlington TR which is switched by the op-amp U
connected as a comparator. Accumulator voltage Vi is
fed to the positive input of the op-amp through the po-
tential divider R4 Rs; the actual operating voltage is set
by adjustment of Rg. Reference voltage Vief for the
comparator is obtained from voltage regulator diode D
and resistor R3 decoupled by Cq. The current through
the reference circuit is stabilised by current source TRy
its value is set by adjustment of Ry to give Vigf =3V,

The value of Vief is chosen in conjunction with the
temperature coefficient of D to match the temperature
coefficient of the accumulator used. A BZX75-C2V8
voltage regulator diode has a temperature coefficient of
—8 mV/°C. The accumulator has a temperature coeffi-
cient of —6 mV/°C per cell at a voltage of 2.25V per cell.
Thus:

Vief = 2.25 x (8/6),
=3V.

The values for the input potential divider for the op-
amp are chosen so that the output goes HIGH at the
end-of-charge voltage of the accumulator. That value for
the accymulator used is 13.5 V; thus:

Rs5 +Rg 3
R4 +R5+Rg 135

Transistor TR must be switched cleanly to minimise
the dissipation. To achieve this, therc must be some
hysteresis in the value of Vj for which switching occurs.
The circuit of Fig.15 has been designed for a hysteresis
of 1.2V. The output voltage swing of the op-amp is
internally limited to about 9 V. Using this value, together
with the allowed hysteresis, the value of feedback resistor
R7 can be calculated from:

R7=R4(9/1.2).

With R4 =10.7 k€2, a value of 80.25k$2 is obtained
for R7: the nearest standard (E48 series) value of
78.7 k&2 is taken.

Darlington transistor type BDX65 is used for TR its
current gain (>1000) is sufficient to allow direct drive
by the op-amp. Complete switch-off is ensured by the
conncection of regulator diode D7 in the base circuit. A
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heatsink of thermal resistance 10 °C/W is adequate for
TR> up to an ambient temperature of 70 °C. The re-
commended mounting accessorics should be used. The
full current from two BPX47A panels can be shunted
with this arrangement.

The reverse-current protection function is provided
by D3 which is mounted on the sume heatsink as TR2.

As discussed in the section on SOAR, the voltage
across each panel should remain above 10V. For this
reason, the value of Rjq should be kept has high as pos-
sible. However, therc is a maximum value which will
satisfy the relationship:

VCE(sat)TR2 * IS(max)R10 < Vb(min) * VE(D3)
For a resistance tolerance for Ryg of 5%:

Vb(min) * VF(D3) — VCE(sat)TR2
1.051S(mux)

R10(nom) =
Now,

Vb(min) = Vb(max) — hysteresis.

SOLAR PANELS

Allowing 0.3 V for tolerances in the sensing circuit:

Vb(min) =13.5-1.2-0.3,
=12V.

For cach panel, VF(D3)= 0.6V, VCE(sut)TR2
= 1.7V, and IS(max) = 0.75 A. Therefore, lor one panel,
a 13Q 10W wirewound resister is required, and for two
panels, two 1382 5 W wirewound resistors in parallel.

Note that in the design calculation above, it is neces-
sary to know the end-of-charge voltage, the on-load
voltages, and their temperature dependence, for the
particular accumulator being used.

A parts list for the circuit in Fig.15 is given in the
Appendix.

Motor drive circuits

Where a solar array is used to power a motor which must
develop a large proportion of its maximum power to be
able to start, the motor will require a corresponding mini-
mum current. An example is where the array is driving a
water pump, where a certain load of water must be

I+
r
L

Vb Vret -

t-1

D2
R3 —_— I
AT |

R7
RS []RQ :
- . |
|
Cl== DI R6 |
- —— J

_____ J
7219236

Fig.15 Simple shunt regulator for the output of one or two BPX47A panels
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generated before delivery can commence. Under such
circumstances, the motor can only operate when virtually
the whole output of the array is available. However, this
maximum output is only available for a short period
during the day.

To overcome this problem, an electric motor drive
circuit must be incorporated to ensure that the motor
receives sufficient current to develop its starting torque,
even when the solar array output is low. Without such
provision, either the motor will operatc only at around
noon, or the array will need to be prohibitively large.

The drive circuit uses the energy from the array to
charge a capacitor. The capacitor is discharged through
the motor in pulses of current sufficient to provide the
starting torque. The duration of the pulses depends on
the rate at which the capacitor is recharged by the array.
When the output of the array is low, the current pulses
will be of short duration and the motor will turn slowly.
As the array output increases, so the pulse duration in-
creases and the motor accelerates. The minimum current
can easily be calculated once the load, transmission. and
motor characteristics are known.

Note that when a solar array is used to power a water
pump, the energy storage function is provided by the
liquid reservoir. and the accumulator and associated
charge regulator are not required.

Drive circuit for d.c. motors

Fig.16 shows a d.c. motor drive circuit built around one
half of a LOCMOS HEF4583B dual Schmitt trigger IC.
Together with TR4. TRs. and Cp, U} forms a triangular
waveform generator. When the output pin 4 of Uj is
LOW, C7 is charged through TR4. When the voltage
across Co, sensed by pin 9. exceeds a preset level, pin 4
goes LOW, and Cj is discharged through TRs. When the
voltage at pin 9 falls below a second lower set level, U
switches again, pin 4 goes LOW, and the cycle repeats.
The upper and lower threshold voltages are set by Rjg
and R17. The mean level of the waveform is half the
voltage across Dg (= 8.1/2 V). Its repetition frequency is
determined by C2, Ry2, and Ry3.

The voltage across C is fed to the base of TR3 which
forms a long-tailed pair with TR). The base of TR is
fed from the potentiometer across C|, which, in turn, is
connected across the solar array. When the instantaneous
value of the sawtooth waveform across C) excecds the
voltage applied to the base of TR?, only TR3 conducts
and TR is cut off. Conversely, when the level of the
sawtooth is below the voltage on the base of TR), only
TRj conducts and hence TR is switched on. Note that
whether TR is on or off depends on the relationship
between the voltages uy-plied to the bases of TRy and
TR3. and not on their absolute values.

TR .
BDX 66 3309
u1
16
5
. R16
15k C‘AD CMP
C D7
,
° ! @) BYX71
D6
R17
K
nerassss | [ |5 |81
=2 6
0.68 8
7279239

Fig.16 Drive circuit for d.c. motor
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The control voltage range on Cj is about 1.5V,
centred about the panel optimum operating voltage. Be-
cause this optimum voltage is temperature dependent,
the potential divider that feeds the base of TR includes
NTC resistor R). This ensures that optimum operation is
maintained over a wide temperature range.

At high levels of insolation, the drain on Cy will be
less than the rate of supply from the array: TR then
conducts continuously. As the radiation falls so that the
voltage on Cj falls to within the control range, TR
starts to switch, and the motor runs at reduced speed.

Drive circuit for a.c. motors

Three-phase squirrel-cage induction motors have a num-
ber of advantages over d.c. motors. They require no
maintenance, their construction is simpler and, thus,
cheaper, a large range of sizes is available from stock,
and, finally, their power densities and power-to-weight
ratios are generally better. These propertics make them
more suitable for use in inaccessible places, such as in
submerged pump units.

As with d.c. motors, a.c. squirrel-cage motors require
a large proportion of their nominal running current to be
able to start. Thus, to power these motors efficiently
from a solar array requires not only the production of
three-phase power, but also full-current pulses at low

SOLAR PANELS

levels of radiation. In this way, the torque of the motor
is maintained down to low specds and low levels of in-
solation.

Fig.17 shows the elements of a drive circuit that
generates constant-frequency variable-pulse-width three-
phase power. Capacitor C7 is charged by the solar array.
A switched-mode power supply (light, efficient, reliable)
converts part of the array output into 28 V d.c. to supply
the control unit circuitry. Resistor R} loads the array
until the output is sufficient to start the motors; it is then
switched out of circuit. Thus the motor is prevented
from starting until the array output is greater than the
thyristor holding current. This also prevents the triggering
of catastrophic thyristor combinations. An NTC resistor
in the control unit ensures that the solar array operating
point is kept close to the optimum over a wide tempera-
ture range. The array output. close to 300 V. is applied to
the control unit which detects the available power level.

THE FUTURE FOR SOLAR ARRAYS

Solar cnergy is getting cheaper: particularly solar-cell
cnergy. The familiar trends — improved production, in-
creased production, improving performance — are all
contributing to the steady decline in installed cost.
Installation size is increasing; from watts, through tens

; i o
SMPS | p— ]R.1 ©0S
_ a oT
+28V voltage
sensing
NTC «— CONTROL UNIT
7279240

Fig.17 Outline of a drive circuit for an a.c. threephase squirrel-cage induction motor
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of watts and hundreds of watts, solar power capacitics
are now entering the kilowatt range.

Modern techniques enable the output of solar arrays
to be converted into power at any voltage or [tequency.
cheaply and efficiently. The power produced can, of
course. be converted into other forms. mechanical or
thermal.

Despite the improvements. solar power is nowhere as
cheap as mains electricity from a national distribution
system. There are. however, many places where power is
needed but where the national distribution systems do
not reach. Some activitics, such as mining and refining,

APPENDIX
Components, Fig.15
Uy uA741T

TRy BFWIO
TR,  BDX6S5 (with 56201 mounting accessories)

D|  BZX75-C2V8
D>  BZX75-C2V8
D3  BYX2S

Ci 100 nF

that take place in remote areas consume large quantities
of energy. If power can be provided cheaply enough. it
may become attractive to process ores at the mine and
transport (another cnergy-consuming process) only the
refined metal. Solar power could be attractive in such
cases, even now.

Clearly, the situation is changing rapidly. Even with-
out the almost inevitable development of new device
technology. the normal industrial progress from small to
large quantity manufacture will certainly erode cost at
an accelerating rate. Thus. solar energy cannot be ig-
nored: it is already important. and may become vital.

R 1 k§2

R»> adjust for Vyef=3V
R3 332Q

R4 10.7 k82

Rs 2.1kQ

Re adjust to switch on TR at Vp=13.5V
R7 78.7kS2

Rg 1.1 kQ2

Rg 750

Rip see text

All resistors MR25 E-96 scries metal film

supply equipment covering a variety of requirciments.

The range of solar generators, frames, and charge regulators we supply is suitable for the construction of solar power
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BZW10 DIODE BRIDGE

TRANSIENT SUPPRESSOR DIODE
CHARACTERISTICS

Figure 1 shows that. when a transient suppressor diode is
forward biased. it behaves as a normal diode. When the
polarity of the applied voltage is reversed however. only
a small leakage current flows through the diode. This
leakage current remains almost constant over a wide
range of applied voltage. If the applied reverse voltage
increases sufficiently to reach the breakdown voltage,
the current through the diode rapidly increases to a high
value.

In Fig. 2 two of the diodes are forward-biased and the
other two are reverse-biased. Which diodes are in which
state, depends on the polarity of the input voltage. If the
input voltage increascs from its steady-state valuc (stand-
off voltage =12V for the BZWI10) to the breakdown
voltage, breakdown occurs in the two reverse-biased
diodes. The output voltage from the bridge is then limited
to the clamping voltage. Four bridge-connected transient
suppressor diodes therefore behave differently to a con-
ventional bridge rectifier because they provide a limited
voltage output.

POLARITY-GUARD FUNCTION

Figure 3 shows the BZWI10 transient suppressor bridge
connected to a telephone set. During normal operation,
the bridge provides a constant-polarity supply voltage
regardless of the polarity of the line voltage. The bridge
imposes little additional load on the telephone lines
because the leakage current through the reverse-biascd
pair of diodes (<80uA) is negligible compared with the
current ccnsumption of a telephone set (=10mA to
100 mA).

TRANSIENT SUPPRESSOR FUNCTIONS

The transient suppressor function of the BZWIO0 is
somewhat more difficult to define. If an induced current
surge passcs through the impedance of the lines and the
BZW10, a high-voltage spike will occur across the input
pins of the BZWI10. Under these conditions, although
the surge current will be divided between the two parallcl
branches of the bridge. the two currents will not neces-
sarily be equal because of the difference between the
breakdown voltages of the individual diodes as shown in
Fig.1. However, the lower of the two breakdown
voltages must not be sufficient to cause damage to the
solid-state circuits of the telephone set. To determine
the actual voltage level that will occur under these con-
ditions, it is first necessary to definc the secondary
effects of a lightning strike on the telephonc lines.

+1¢
A clamping voltage branch 2
B clamping voltage branch 1
C breakdown voltage branch 2
D breakdown voltage branch 1
E stand-off voltage
A B C D E
4 ) R —
-V, P 0 + Vi
/ lIeakage
/

/

/ clamping
branch 1 current
branch 2 |

T (CL)
/
=l 7279468

Fig.1 Transient suppressor diode characteristic

Figure 4(b) shows that, when the BZW10 is subjected
to this test, the peak current through the bridge just
reaches the specified peak clamping current (I(CL)SM)
of S0 A. Under these conditions, the output from the
BZWI10 is clamped at less than 30 V.

The BZW10 has a stand-off voltage of 12V, a non-
repetitive peak clamping current of 50 A and a maximum
output clamping voltage of 30V. These characteristics
make the BZW10 compatible with our two-tone dialling
integrated circuit, type TDA1077, described in E.C. & A.
I no. 1. It is of course possible to manufacture transient
suppressor diodes with different characteristics. If the
stand-off voltage is increased, the non-repetitive peak
clamping current is reduced.

Several standard test circuits for simulating secondary
lightning effects are at present being discussed inter-
nationally in an attempt to define the requirements for
protection devices. One of these test circuits, originating
in Germany and published in FTZ specification 10/700.
is shown in Fig.4(a). In this circuit, a 10 ¢F capacitor is
charged to 2kV and discharged, via a spark gap and RC
network, into the device being tested. The test must be
repeated six times at one minute intervals. After the
third test, the connections to the device being tested
must be reversed.

If a purely resistive 600 2 load (simulated telephone
set) is connected to this circuit, the voltage across the
load peaks at 1875V,
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Tube Plumbicon 2/3 inch a performances améliorées

Dans unc nouvelle version du tube Plumbicon 2/3 d'inch, I
trainagc est minimisé ct la résolution est perfectionnée par
I'emploi d'unc couche photoconductive plus mince, associée a un
nouvcau canon a diode ct par polarisation lumincuse de cible. Le
résultat est un tubce de prise de vues aux possibilités varices,
convenant au reportage ct a Putilisation générale en studio.

Commande électronique d’équipements radio et audio

Le systeme décrit, basé sur deux circuits intégrés, peut étre
ecmploy¢ en tres haute fréquence (FM), ondes courtes, ondcs
moyennes ¢t ondes longues, ¢t peut étre programmé pour com-
penser unc large gamme de fréquences intermédiaires. Etant
autonome, il peut aisément étre ajouté a des réeepteurs exis-
tants, fonctionnant sur sccteur, ¢t peut également étre adapté a
des récepteurs fonctionnant sur piles. Un affichage LED a 4%
digits indique la fréquence ou le numéro du canal.

Le 8X300, un microprocesseur de commande ultra-rapide

Le 8X300 cst un microprocesscur bipolairc congu pour des
applications de commande ultra-rapide. Cet article, qui cst le
premicr d'une séric qui sera consacrée a ses applications et a sa
fabrication, décrit l'architecture et le jeu d’instructions du
8X300: unc attention particuliére cst consacrée au systéme
spécial d’cntrée/fsortic, qui permet I'entrée, le traitement ct la
sortic des données en un cycle unique de 250 ns.

Le systéme 30AX tube reproducteur de télévision couleur 110°
en ligne a auto-alignement

Les améliorations de conception mécanique et électromagnétique
que réuni Pensemble tube-déviateur 30AX rendent inutile tout
réglage dc la convergence, de la pureté des couleurs ou de I'orien-
tation de la trame. Grice a des tolérances mécaniques plus
serrées et a la présence de bossages de positionnement sur le
porte-bobine monobloc, il suffit de rapprocher 'un de l'autre le
tube ct le déviateur pour les aligner. Une bague fixe, a aimanta-
tion permanente, située dans e canon a électrons compense les
tolérances d’alignement des canons individuels. Un  réglage
précis de la répartition du champ de déviation par des confor-
mateurs de champ incorporés a des bobinages “flangeless™ (sans
rebord), 3 enroulement du type “pin-indexed” aux deux extré-
mités, assurc I'absence de coma. Dans le canon électronique, unc
lentille principale plus faible ¢t une déformation quadripdle du
champ dc la lentille a I'avant dc la cathode assurent unc diminu-
tion dc la dimension du spot ¢t une augmentation de I'unifor-
mité de la concentration, cn particulicr aux courants de faisccau
Clevds.

Panncaux solairces pour applications terrestres

Dans certaines applications, I'éncrgie solaire devient unce solution
économique viable, capable de remplacer les sources classiques
d’énergic. Le présent article décerit le fonctionnement ct la con-
struction de piles solaires et de panncaux solaires photovoltai-
ques ¢t leur emploi dans les applications terrestres. 11 discute
également des facteurs qui jouent un rdle dans la conception de
générateurs solaires rentables ct utilisables en pratique ¢t donne
des détails sur les accumulateurs, régulatcurs de charge et circuits
d’entrainement de moteur approprics.

ABSTRACTS

Tubo Plumbicén de 2/3 pulgadas con rendimiento mejorado

I’n una nucva version del tubo Plumbicon de 2/3 pulgadas, el
rectardo c¢s minimizado y la rcsolucion mcjorada mediante cl
empleo de una capa fotoconductora mas delgada en combina-
cion con un nucvo caidn diodo, y la posibilidad de polarizacion
de iluminacion. Asi sc obtiecne un tubo de cimara altamente
versdtil adecuado para ENG, EFP y aplicaciones generales de
cstudio.

Control electronico de equipos de radio y audio

L1 sistema descrito se basa en dos circuitos integrados que pucden
emplearse con v.h.f. (f.m.), onda media y onda larga, y pueden
ser programados para compensar en un amplio margen de fre-
cuencias intermedias. Siendo auténomo, puede anadirse facil-
mente a receptores alimentados por red y también puede ser
adaptado para aparatos de radio alimentados por bateria. Un
visualizador LED de 4% digitos indica frecuencia o nimero de
canal.

El 8X300 un microprocesador orientado para control y elevada
velocidad

I\l 8X300 e¢s un microprocesador disenado para aplicaciones dc
control de clevada velocidad. Como primero de una seric que ha
de scr dedicada a sus aplicaciones y posibilidades de soporte,
este articulo describe la arquitectura ¢ instrucciones del 8X300,
dedicando particular atencion al sistema 1/O especial que permite
la entrada, ¢l proceso y la salida de datos dentro de un solo ciclo
de 250 ns.

Sistcma dc TV color en linea de 110° con autoposicionado 30AX

Mcjoras mecinicas y clectromagnéticas se combinan para cvitar
la necesidad de cualquicr clase de ajuste de convergencia, purcza
de color, orientacién de trama en la combinacién tubo-unidad de
desviacion 30AX. Tolerancias mecanicas mas estrechas, junto
con salientes de posicionado en el soporte de la bobina de una
sola picza, hacen posible alincar cl tubo y la unidad de desvia-
cion mediante simple presion. Un anillo fijo imantado perma-
nentemente en cl conjunto de canones electronicos compensa
tolerancias en cl posicionado de cada candn. Un preciso control
cen la distribucion del campo de desviacion, mediante formadores
de campo alojados cn ¢l soporte de¢ los bobinados sin pestana
posterior 'y con multiseccion ¢n ambos extremos, elimina la
aberracion de coma. En ¢l caidn clectronico una lente principal
mas débil y una deformacion de cuadripolo del campo de la
lente delante del citodo contribuyen a una disminucion del
tamaiio dcl punto luminoso y a un aumento de¢ la uniformidad
del foco, especialmente para clevadas corrientes de haz.

Paneles solares para aplicaciones terrestres

Iin algunas aplicaciones, la cnergia solar sc convicrte ahora en
una alternativa ccondémica viable como fuente de cncrgia con-
vencional, Este articulo describe el funcionamiento y la contruc-
cion de pancles solares y células solares fotovoltaicas, y su
empleo en aplicaciones terrestres. También analiza factores que
afectan ¢l diseiio de gencradores solares con bucna relacion
costefrendimicnto, y da dctalles de acumuladores, reguladores
de carga y circuitos excitacion de motor adecuados.
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