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This little circuit,
designed and marketed
as a kit by ELV, provides
a visual warning when
the maximum drive
power to a loudspeaker
is approached. The
sensitivity of the circuit
can be set to power
levels between 1 W and
300 W. Connected in
parallel with the
loudspeaker terminals,
the peak indicator is
simple to build, and
does not require a
separate power supply.

HE power applied to a loudspeaker

drive unit is disproportional to the vol-
ume, which is a subjective quantity. In prac-
tice, this means that doubling the volume
requires more than double the drive power.
Itis for this, and other, reasons that the maxi-
mum permissible power applied to a loud-
speaker is difficult to determine subjectively,
i.e., by listening. Unfortunately, this has
caused the destruction of many an expensive
loudspeaker drive unit, although we must
hasten to add that many drive unit manufac-
turers and suppliers state peak power
ratings that are, to put it mildly, on the high
side.

Adjusted to a sensible indication level,
the present peak indicator gives you ease of
mind as far as the protection of your costly
loudspeakers is concerned. First, however,
consider the difference between the follow-
ing power specifications of a loudspeaker:
continuous power, music power, peak
power and pulse power. In general, the indi-
cation level of the peak power monitor
should be based on the continuous power
rating of the loudspeaker — but only if you
have reason to believe that this value makes
sense, in other words, that it is not grossly
exaggerated by the manufacturer. In some
cases, this means that you have to set an in-
dication level as low as 50% of the con-
tinuous power rating stated by the
manufacturer.

Such a ‘conservative’ setting of the peak
power indication may cause the LED on the
unit to light briefly at times, that is, when the
corresponding volume is at all desired.
When the volume is increased further, the
LED starts to flash shorter and at a lower
rate. This is an indication that the maximum
safe power level has been reached, and that

the volume should be reduced to prevent
damage to the loudspeaker (and, even more
im portantl_\', your ears).

The circuit

Two flexible wires are used to connect the
input of the peak indication circuit in parallel
with the loudspeaker terminals. This results
in the loudspeaker drive voltage being ap-
plied to PCB terminals ST1 and ST2. The po-
larity of the drive signal is irrelevant, since
the input signal is rectified by Di1-D2 (see

Fig. 1), and assumed to be symmetrical.

The input voltage (supplied by the ampli-
fier) also serves to power the circuit. This is
achieved by rectifying and smoothing the
input signal with the aid of diode D2 and
smoothing capacitor C2. Resistor R4 serves to
increase the internal resistance of the circuit,
and so prevents waveform distortion of the
input signal.

The input voltage is also applied to a
potential divider, R1-R2, via diode D1. The
signal at junction R1-R2 is fed to the base of
transistor T1 via a series resistor, R3, and a
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Fig. 1.
signal supplied by the amplifier.

Circuit diagram of the peak indicator.

Note that the circuit is powered by the drive
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Fig. 2. The printed-circuit board for the
peak indicator is small and single-sided.

zener diode, D3. The diode serves to set up a
well-defined switching threshold. Resistors
R5 and R3 are dimensioned such that T1 is
kept off in the absence of an input signal.
When the voltage at junction Ri1-R2 ex-
ceeds 45 V, T1 starts to conduct. Conse-
quently, T2 is driven via R7, which causes
capacitor C1 to be charged via Rs. As soon as
the charge voltage exceeds about half the
supply voltage (measured across C2), tran-
sistor T3 starts to drive a constant current

Table 1. Circuit actuation levels

ULsp Power (W)

M "4a | sa | 16a
5.7 4 [ 2 1
6.3 5 | 25 1.25
8.9 10 5 25
11.0 15 7.5 3.75
12.6 20 10 5
15.5 30 15 7.5
17.9 40 20 | 10
20.0 50 25 | 12.5
25.3 80 40 20
28.3 100 50 25
34.6 150 75 375
40.0 200 100 50
44.7 250 125 62.5
49.0 300 150 75
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PEAK INDICATOR FOR LOUDSPEAKERS

COMPONENTS LIST

source, D4-D5-T5-R14, which in turn sends a
current of about 10 mA through the indica-
tor LED, De. This lights to signal the over-
load condition.

At the same time, the constant current
causes T4 to start conducting, so that the
potential at the emitter of T3 drops to a frac-
tion of the previously established half sup-
ply voltage. This creates an amount of
hysteresis sufficient to cause the indicator to
light for about half a second, even when the
overload condition at the input was pulse-
like. When no further overload levels are de-
tected, C1 is no longer charged, and starts to
discharge via R9, the base-emitter junction of
T3, and R11-R13-T4, until the voltage drops
below the switching threshold of T3. When
that happens, transistors T3, T4 and T5 are
switched off, and the LED, Ds, goes out.

Preset R1 allows the sensitivity of the cir-
cuit to be set between 1 W and 300 W. The
corresponding input voltage levels are sum-
marized in Table 1.

Construction

All components are accommodated on the
small printed circuit board shown in Fig. 2
(size: approx. 35x48 mm, or 0.14x0.19 inch).
Start the construction by fitting and solde-
ring the low-profile parts shown on the com-
ponent overlay. Then follow the taller
components. Take care to fit the polarized
components (the diodes, electrolytic capaci-
tors, transistors and the LED) the right way
around. The cathode (negative connection)
of the LED is the terminal with the tab near
the underside of the plastic body. Fortu-
nately, the LED will not normally be dam-
aged when fitted the wrong way around, at

least, so long as the reverse voltage is not ex-
cessive.

Adjustment

Run a thorough visual check on the com-
pleted printed circuit board before carrying
out the first electrical tests. These require a
stabilized, adjustable d.c. power supply. De-
pending on the supply voltage, the circuit
draws a few milliamps when the LED is out,
or 10 mA or so when the LED is on. In any
case, the current requirement is never higher
than 20 mA.

Determine the power at which you want
the indication to be actuated, and take the re-
quired switching threshold from Table 1. For
instance, when a level of 100 W is required
for a loudspeaker with an impedance of 4 €2,
the threshold works out at 28.3 V. Similarly,
for 10 W into 16 ©, the switching threshold is
179 V.

Set the desired threshold voltage on the
stabilized PSU, and connect the positive out-
put to ST1 of the peak indicator, and the ne-
gative output to ST2. Set preset Ri to its
maximum value, i.e., turn it fully clockwise.
The LED must remain off at this point. Next,
carefully turn Ri anti-clockwise until De
lights. Leave R1 at this setting. Reduce the
test voltage. The LED should remain on for a
while as a result of the relatively large hys-
teresis. When it goes out, increase the test
voltage again. Keep an eye on the applied
voltage. The LED should light at the pre-
viously set voltage level. If not, carefully
redo the adjustment of Ri1.

Since the LED is supplied from a constant
current source, it will light at a virtually con-
stant intensity irrespective of the actually
measured loudspeaker voltage. After the ad-
justment, the circuit may be fitted at a suit-
able position in the loudspeaker enclosure,
and connected to the input terminals. u




Fig. 2. The printed-circuit board for the
peak indicator is small and single-sided.
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least, so long as the reverse voltage is not ex-
cessive.

Adjustment

Run a thorough visual check on the com-
pleted printed circuit board before carrying
out the first electrical tests. These require a
stabilized, adjustable d.c. power supply. De-
pending on the supply voltage, the circuit
draws a few milliamps when the LED is out,
or 10 mA or so when the LED is on. In any
case, the current requirement is never higher
than 20 mA.

Determine the power at which you want

the indication to be actuated, and take the re-
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CENTRAL LOCKING CONTROL

by Dip. Eng. S. Zipp

Most new cars are now provided with a central locking system,
either as standard (most) or as an optional extra, sometimes
combined with an anti-theft system. If you are one of the
unfortunate many who can not (yet) afford a new car, but would
like the many benefits of a central locking system, the project
described in this article may well be for you.

OT all variants of a particular model of

car are fitted with central locking. It is
possible to have such variants modified at a
late date, but that is invariably more expen-
sive than buying a relevant kit from a car ac-
cessory dealer. In many countries, there are
two DIY kits of parts available: one for the
front doors only, and the other for all four
doors. We don't know of a kit that also caters
for the boot or, in case of a hatchback, the
fifth door.

The two-door kit contains two master
modules that must be coupled to the open-
ing mechanism in each door. Each module
contains an electric motor that via suitable
gearing raises or lowers a lock shaft by about
50 mm. The lock shafts must be mechani-
cally coupled to the existing doorlock mech-
anism. When the modules are fitted to both
front doors, simultaneous locking or un-
locking of both doors canbe done from either
doorlock.

The four-door kit contains two master
modules and two slave modules. All four
doors can be locked and unlocked from either
front door, but neither of the rear door locks
can control the other doors.

The main difference between a master
module and a slave module is that the for-
mer has an additional electrical change-over
contact that ascertains the position of the
key in the lock.

Thekits also contain a small PCB, on which
the electronic control circuits are housed.
These circuits interpret the position of the
switch contacts and control the power required
by the motors. They can not be modified for
the control of say, four or five masters, and,
in some cases, are not infallible.

In view of the limitations of the electron-
ics part of these kits, it was felt that a far
more sophisticated circuit would not come
amiss. Moreover, the proposed circuit also of-
fers the possibility of being operated by an
infra-red remote control.

Circuit description

The circuit—see Fig. 1—is fairly straightfor-
ward and uses only a handful of compo-
nents. It is suitable for the control of up to four
master modules and two slave modules.
When the lock on a master-controlled door

is operated, the ensuing signal from the rel-
evant change-over contacts in the master
module is applied to one of the inputs of
quadruple Schmitt trigger 1C; via an RC-
type low-pass filter. This manifests itself as
a voltage jump at one of the outputs of the
Schmitt trigger, and this is registered at inputs
A0-A3and B0-B3 of comparatorIC,. Because
of the RC-typelow-pass filters atinputs BO-B3,
the signal at these inputs is delayed slightly.
Consequently, the level at the A=B output
of the comparator changes from high to low
and this triggers monostable IC3, which is a
non-retriggerable type 4538.

During the mono time, which is determined
by time-constant Ry3-Cg, the output of the
monostable is high, so that transistor T; is
switched on and relay Rejs is energized. As
long as this condition pertains, and only for
so long, the battery supply line to the mo-
tors of all modules is completed via the rest
contacts of relays Re; and Re;.

It follows that the mono time must be
long enough to allow the motors operating
the lock shaft, thereby locking or unlocking
all the doors. On the other hand, the mono
time must not be too long, since the motors
in their stop position draw maximum cur-

rentand overheatquickly. The proposed time
of 220 ms has proved ideal in use with a
number of different kits. If, nevertheless,
problems are experienced, the time can be
made longer by increasing the value of Ry3
and/or Cg, and made shorter by reducing
the value of these components.

The direction of rotation of the motors
depends on the position of the contacts of
Re; and Res. The change-over contacts of
theserelaysarearranged as reversing switches.
Since the motors have to change direction
every time a key is turned, their latest direc-
tion is stored in D-bistable (US: flip-flop)
IC4p,, which functions as a binary scaler (US:
scale-of-two counter). When the Q-output
of this stage is high and the monostable is
active (AND-gated via D), transistor T; tog-
gles and relays Re; and Re; are energized.

When the Q-output of ICyy, is low, relays
RE; and Re; are quiescent and the polarity
of the voltage across the motors is reversed.

The status of IC4;, changes at every lead-
ing edge at the Q-output of IC3;. This has
the advantage that the next direction of ro-
tation of the motors is determined only when
the motors have reached their end-stop.

The power supply of a circuit that is used
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in a car must be designed to overcome the
problems that can occur in a car's electrical

2

system. The present circuit requires 8 V and
this is derived from the car battery via an
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8-V regulator, IC5, followed by a 1000 uF ca-
pacitor, Cy3, to earth. Diode D4 prevents the
capacitor being discharged via the regulator
when the engine is started. The capacitor en-
sures that the circuit remains operational for
at least 10 seconds after the battery voltage
fails.

If remote control is wanted, one of the
four masters must be forgone and the ensu-
ing free input at the Schmitt trigger used as
the remote control input. Suitable remote
control transmitters and receiver units can
be obtained from most car accessory dealers.

Construction

The circuit is best built on a suitable piece of
prototyping board (veroboard) —see Fig. 2.
Decoupling capacitors C4-C;g must be lo-
cated as close as possible to the relevant pins
of IC;-IC3 to make certain that any noise on
the supply lines does not enter these CMOS
devices.

The relays can be of the type used for
flashing indicators, whichare fairly small, yet
have contacts that are rated at 20 A.

Connections between the board and the
modules and the battery are best made with
the aid of standard car-type connectors.

Theboard may be housed inasimple ABS
or other man-made fibre enclosure.

Full fitting instructions are enclosed with
the DIY central locking kits. The main addi-
tional workinvolves preparing and laying the
cables to the various locations. You should set
aside about 2-21/; hours per door. ]



TIMECODE
INTERFACE
FOR SLIDE
CONTROL

PART 2:
CONSTRUCTION

As discussed last month,
the timecode interface is
an ingenious piece of
electronics capable of
putting time codes on a
magnetic tape at
0.1-second intervals. Here,
this system is used to
control slide projectors.
This month we finish the
article with details on the
construction and practical
use of the unit.

C

by A. Rigby

Continued from the July/August 1991 issue

If you felt a little put off by the complexity of
the timing diagrams shown last month, rest
assured that you need not understand these
in detail to be able to build and use the ti-
mecode interface. The purpose of including
the timing diagrams in last month’s instal-
ment was to set out the operation of the cir-
cuit in sufficient detail whilst avoiding a

very long circuit description.

Fortunately, the construction and practi-
cal use of the timecode interface are not as
complex as the actual circuit. The unit is con-
trolled by a program supplied on disk
through our Readers Services (order code
1611). The program enables you to run a test
on the timecode interface with the aid of the
Universal I/0 Interface for PCs. Also on the
disk are a number of source files, written in
Turbo Pascal, that contain all the routines
necessary for the practical use of the ti-
mecode interface.

Construction

The layout of the front panel designed for the
timecode interface is shown in Fig. 7. The
self-adhesive foil that gives the front panel a
professional look is available ready-made
through our Readers Services.

Motherboard

The double-sided, through-plated printed
circuit board (Fig. 8) is cut to separate it from
the three support pieces at the side of the
arrow.

TIMECODE INTERFACE
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Fig. 7. The front panel foil designed for the timecode interface gives the unit an attractive, professional finish (shown at true size).
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GENERAL INTEREST

COMPONENTS LIST
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TIMECODE INTERFACE FOR SLIDE CONTROL - 2

Fig. 9. All parts required to build the display. Note the IC pin strips with long pins.

Fig. 11. The completed display. The IC pin strip is visible here.

Fig. 10. In this way the display and the SMA boards can be joined easily.
’ ELEKTOR ELECTRONICS SEPTEMBER 1991

Although fairly large and densely popu-
lated, the motherboard is easily built with
the aid of the component overlay and the
components list. The PCB accommodates all
components, with the exception of switches
S1 and S2. Its size is geared to the inside
dimensions of the enclosure mentioned in
the components list.

The construction of the display boards is
a little more complicated than that of the
motherboard, and discussed separately
below. Note that the displays are optional —
they are not strictly required when a com-
puter is used to control the unit. They do,
however, allow incorrect settings of, for in-
stance, switch S1, the baudrate or preset P1,
to be noticed immediately. The small PCB
pieces you have already cut off allow the dis-
play module to be mounted to the mother-
board in a simple and secure manner. The
supply voltage and the LOAD signal are fed to
the display via connector Ks.

Display

As already noted, the read-out used is based
on an earlier design developed for the Elek-
tor Electronics Digital Train System
(EEDTS). The construction of this display
unit is discussed in Ref. 2 (see Part 1). There
are, however, a number of points that
deserve your attention.

1. The PCB used for the address display is
the triple version, order code 87291-9a,
which accommodates six displays. Here, we
use only five displays, so that the display
section at the extreme right — LD, IC1 and
R1-R7 of the associated SMA section — must
not be fitted.

2. Before you start the construction of the dis-
play module, cut off the display section from
the SMA section. Next, mount the wire links,
capacitors, SMA ICs and the displays on the
boards (note that the bevelled edge of the ICs
marks the position of pin 1). The SMA parts
are best soldered with thin solder wire of a
diameter smaller than 1 mm. The SMA ICs
are best fitted by first soldering two diagonal
corner pins, and then aligning the other pins
with the copper pads below before they are
soldered. Those of you who want a clear sep-
aration between the minutes and the seconds
indications may fit the two 680-Q resistors
between pins 6 of the two LD1 displays and
ground (see Fig. 13).

3. To enable the display units to be connected
to the corner pieces, use IC pin strips with
long pins (1 cm; see Fig. 9). These pin strips
must be fitted before the two PCBs are
joined.

4. On the SMA PCB, all parts are fitted as
closely together as possible. If you use the
enclosure mentioned in the components list,
you must use ultra-miniature resistors (max.
length 5 mm). When the display board and
the SMA board are joined, these resistors are
inserted simultaneously. This is easiest done
when the wire ends are cut such that they
form an oblique line from one side of the
board to the other (see Fig. 10)..

5. The supply wires are soldered to the dis-
play board..

6. Check the complete construction before
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Fig. 12. Printed circuit board for the 5-digit address readout. The
surface-mount assembly (SMA) ICs are fitted at the track side.

COMPONENTS LIST

you put the two PCBs together. First, solder
the four resistors at the edges. Check that the
PCBs align, and that there is sufficient room
to solder the resistors properly. Also ensure
that there remains sufficient space between

Fig. 13. These connection must be made at the rear of the SMA
PCB, and wired to connector K8. Also shown here is how the two

decimal points of two display can be joined.

the IC pin strip and the display PCB, so that
short-circuits can not occur. When the Retex
RE2 enclosure is used, the distance between
the two PCBs is about 8 mm. Finally, solder
the remaining resistors and the supply wires
(see Fig. 11).

7. As shown in Fig. 14, the supply and the
LOAD connections are interconnected be-
tween the PCB sections. They are connected
to wires that allow the display to be driven
from the main board via connector Ks.

Putting it together

Cut the clearance in the front panel to size
before you mount the completed display
unit on to the motherboard. The clearance
should be carefully cut (with a jig-saw) and
widened (with a small file) so that the dis-
plays just about pass. The corner pieces are
fitted on to the PCB with the aid of a straight
header or short pieces of solid wire. The
dashed lines on the corner pieces indicate the
length to which they must be cut to obtain
the correct height for the Retex enclosure. If
you use a different enclosure, determine the

required size of the corner pieces before cut-
ting them.

Start the assembly by fitting the headers
(or the wire pieces) on to the motherboard.
Next, secure the motherboard in the enclo-
sure. Insert the display into the clearance in
the front panel. Solder each of the three cor-
ner pieces at one point, so that their tops are
level with the pins of the display. Next,
solder the display unit on to the four corner
points, so that the front panel is positioned
straight.

Before soldering the remaining points,
run a thorough check on the assembly to
make sure everything remains in place when
the enclosure is closed.

Note that the front panel is designed such
that the display unit is fitted as far as
possible to the left. As shown in Fig. 14, each
corner piece is at the left of the header, while
the display section is fitted with its left side
to the corner pieces.

The timecode interface is best powered
by a mains adaptor with an output voltage of
between 9 V and 12 V d.c. The current con-

i’!Iil

Fig. 14. Showing how the display and the corner pieces are mounted on to the main board.
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sumption of the unit, including the display,
is about 250 mA when it is not powered by
another circuit or by a computer via connec-
tor Ko.

The right frack

You will need at least a stereo tape recorder
to be able to use the timecode interface. The
sound channel is then recorded in mono,
while the other track is used for the timecode
signal. The sound programme must be
mixed prior to recording the timecode.

The timecode signal is recorded and
played back via the normal cinch-, line- or
DIN socket of one of the channels available

ELEKTOR ELECTRONICS SEPTEMBER 1991
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noise reduction

; @ . pitch control

on the recorder.

For more sophisticated work, use a multi-
track tape recorder which enables you to re-
cord or play back four tracks either
simultaneously or individually. This has the
advantage of allowing the sound program-
me to be recorded and played back in stereo.
The timecode is put on one of the remaining
tracks, and this can be done independently
of the sound programme. By the way, you
can not use the (optional) special data format
provided by the timecode interface unless
you have a multitrack recorder.

Another advantage of a multitrack re-
corder is that it usually features a simple
mixing console. After mixing and recording

meter select
mixer or

output busses

the sound programme for the slide series, the
timecode signals are recorded on track 4.
When this is done, you have an absolute time
reference relative to the music. This time ref-
erence is independent of tape stretch and
tracking. Track 3 then remains free to record
a special data format.

Finally, a remark on the system timing: if
you want to change the frequency of quartz
crystal X1, remember that the time constant
of Re-C7 must be changed accordingly. Ca-
pacitor Co will need to be changed, too.
Clock frequencies higher than 5.2 MHz are
not recommended, however, since they in-
crease the error rate. u
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Fig. 12. Printed circuit board for the 5-digit address readout. The  Fig. 13. These connection must be made at the rear of the SMA
surface-mount assembly (SMA) ICs are fitted at the track side. PCB, and wired to connector K8. Also shown here is how the two
decimal points of two display can be joined.



FIBER OPTICS — Part 1

Fiber optics are the latest transmission media in communications
and instrumentation technology. Fibers are showing up in
telecommunications, in computer data communications, and all
manner of scientific, engineering and medical instruments. Briefly
stated, fiber optics is that technology in which light is passed
through a plastic or glass fiber so that it can be directed to a specific
destination. If the light is encoded (modulated) with an information
signal, then that signal is transmitted over the fiber optical path.

HERE are many advantages to the fiber op-
tical communications or data link, including:

* Very high bandwidth (accommodates video
signals, many voice channels, or high data
rates in computer communications).

* Very low weight and small size.

* Low loss compared with other media.

* Freedom from electromagnetic interference
(EMI).

* High degree of electrical isolation.

¢ Explosion proof.

* Good data security

* Improved ‘fail-safe’ capability.

The utility of the high bandwidth capability of the
fiber optical data link is that it can handle a
tremendous amount of electronically transmitted
information simultaneously. For example, it can
handle more than one video signal (which typi-
cally requires 500 kHz to 10 MHz of bandwidth,
depending on resolution). Alternatively, it can
handle a tremendous number of voice communi-
cation telephony channels (which is why you see
those advertisements on television). High speed
computer data communications capability is also
possible. Either a few channels can be operated at
extremely high speeds, or a larger number of low-
speed parallel data channels are available on the
fiber. Fiber optics are so significant, that one can
expect to see them proliferate in the communica-
tions industry for years to come. Indeed, some fu-
turists are calling for an extensive nationwide
fiber optic communications network for data
communications that is the info-age equivalent of
the interstate highway system.

The light weight and small size of fiber optics,
coupled with relatively low loss, makes the fiber
optic communications link a very good economic
advantage when large numbers of channels are
contemplated. To obtain the same number of
channels using coaxial cables or “paired wires’
the system would require a considerably larger,
bulkier and heavier, infrastructure.

Electromagnetic interference (EMI) has been
a destructive factor in electronics since Marconi
and DeForest interfered with each other in radio

Joseph J. Carr

light source

\!

=

glass rod

o
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trials for the Newport Yacht Races just prior to
the turn of the 20th century. Today, EMI can be
more than merely annoying, and can cause tragic
accidents. For example, airliners are operated
more and more from digital computers. Indeed,
one airline co-pilot recently quipped (about mod-
emn aircraft) that one does not need to know how
to fly anymore, but one does need to be able to
type on a computer keyboard at 80 words per
minute. While the pilot’s comment was meant to
be a joke, it points out just how dependent aircraft
have become on modern digital computers and
intercommunication between digital devices. If a
radio transmitter, radar, or electrical motor is near
one of the intercommunications lines, then it is
possible to either introduce false data or corrupt
existing data with potentially disastrous results.
Because the EMI is caused by electrical or mag-
netic fields coupling between electrical cables,
fiber optics (being free of such fields) produces
dramatic freedom from EMI.

Electrical isolation is required in many in-
strumentation systems either for the safety of the
user, or the health of the electronic circuits con-
nected to the system. For example, in some indus-

Fig. 1. Lighttravelling in glass rods was demonstrated more than one hundred years ago.‘

trial processes, high electrical voltages are used,
but the electronic instruments used to monitor the
process are both low-voltage and ground refer-
enced. As a result, the high voltage can damage
the instruments. In fiber optical systems, it is
possible to use an electrically floating sensor, and
then transmit the data over a fiber link to an elec-
trically grounded, low-voltage computer, instru-
ment or control system.

The fact that fiber optics uses light beams, and
these are generated in non-contacting electronic
circuits, make the fiber optic system ideal for use
in switching and control systems around flamm-
able gases or fumes. For example, in monitoring
gasoline systems, or in cases where natural gas or
medical anesthetic agents such as ether or cyclo-
propane’ are used. Regular mechanical switches
or relays arc either on contact, or when decontact-
ing. and those sparks can create an explosion if
flammable gases or fumes are present. A number
of operating room explosions in hospitals oc-
curred prior to about 1960, and some gasoline
stations have exploded because of arcing in elec-
trical switches.

System security is enhanced because fiber op-

" These agents are only rarely used today, being considered too dangerous since the late 1970s when non-flammable substitutes became widely used.
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Fig. 2. Basic refraction phenomenon.

tics is difficult to tap. An actual physical connec-
tion must be made to the system. In wire systems,
capacitive or inductive pick-ups can acquire sig-
nals with less than total physical connection, i.e.,
no splice is needed. Similarly, a system is more
secure in another sense of the word because the
fiber optical transmitters and receivers can be de-
signed to fail safe so that one fault does not take
down the system. I recall a hospital coronary care
unit data system that used parallel wire connec-
tions between the data output ports on bedside
monitors and the central monitoring computer at
the nurses station. A single short circuit in paral-
lel data lines would reduce the system to chaos!
That is less likely to happen in a fiber optical sys-
tem.

Fiber optics: history and
practical applications

The basic fact of fiber optics, i.e., the propagation
of light beams in a transparent glass conductor
(Fig. 1), was noted in the early 1870s when John
Tyndall introduced members of The Royal So-
ciety to his experimental apparatus. An early, but
not very practical, colour television system
patented by J.L. Baird used glass rods to carry the
colour information. By 1966, G. Hockham and
C. Kao (Great Britain) demonstrated a system in
which light beams carried data communications
via glass fibers. The significant fact that made the
Hockham/Kao system work was the reduction of
loss in the glass dielectric material to a reasonable
level. By 1970, practical fiber optic communica-
tions was possible.

Medicine has made use of fiber optics for
more than two decades. Fiber optic endoscopes
can be passed into various orifices of the body,
either natural or surgically made, to inspect the
interior of a patient’s body. Typically there are
two bundles, one for viewing and one for passing
a light from a (misnamed) ‘cold’ light source into
the body. For example, gynaecologists can in-
spect and operate on certain internal organs in fe-
males using a laprascope introduced through a

ELEKTOR ELECTRONICS SEPTEMBER 1991

Fig. 3.

Refraction involved in ‘total internal reflection’.
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Fig. 4 Waveguide analogy to fiber optics.

‘band-aid’ incision in the abdomen. Knee sur-
geons can use a fiber optic arthroscope to perform
nearly miraculous operations on the human knee
with far less trauma than previous procedures.
Other physicians use fiber optic endoscopes to in-
spect the stomach and gastric track. A probe is
passed through the mouth or nose, down the eso-
phagus into the stomach so that tumors and ulcers
can be inspected without resort to surgery. In
more recent times, miniature TV cameras using
CCD arrays have been made available, with the
fiber optics carrying the light into the stomach.

Fiber optic inspection is used elsewhere than
in medicine. For example, I recall an advertise-
ment for a septic tank service company that used
fiber optics and television to inspect the tank;
similarly for plumbers. Other industrial and
residential services also use fiber optics to inspect
areas that are either inaccessible or too dangerous
for direct viewing.

Before examining fiber optic technology, it is
useful to discuss some of the basics of optical sys-
tems as applied to the fiber optic system.

Review of some basics

The index of refraction (n), or refractive index of
a material, is the ratio of the speed of the light

wave in a vacuum to the speed of the light wave
in the material (e.g., glass, plastic, water). For
practical purposes, the speed of light in air is
close enough to the speed in a vacuum to be con-
sidered the same. Mathematically, the index of
refraction, n, is:

1}

(1]

n

where

¢ is the speed of light in a vacuum (approx.
3x10" m/s);

vm is the speed of light in the medium.

Refraction is the phenomenon in which a light ray
changes direction as it passes across the boundary
surface (or “interface’) between two mediums of
differing indices of refraction (n#nz). Consider
Fig. 2 in which two materials, with indices of re-
fraction n; and n; respectively. Consider incident
lightray A, approaching the interface from the
less dense side (n;—n2). As it crosses the inter-
face it changes direction towards a line normal
(i.e., at right angles) to the surface. Conversely,
lightray (B) approaches the interface from the
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more dense side (n2—ny). In this case, the light-
ray is similarly refracted from its original path,
but the direction of refraction is away from the
normal line.

In refractive systems the angle of refraction is
a function of the ratio of the two indices of refrac-
tion, i.e., it obeys Snell’s law:

[2]

ny Sin®;; =n> sinO;
or,

n  sin©,
nm  sin®;,

(3]

The particular case which concerns fiber optics is
where the light ray passes from a more dense me-
dium to a less dense medium. We can use either
a water to air system, or a system in which two
different glasses, with dissimilar indices of re-
fraction, are interfaced. This type of system was
addressed in Fig. 2 by ray B. Figure 3 shows a
similar system with three different lightrays (ray
A, ray B and ray C) approach the same point on
the interface from three different angles (i, iy and
i, respectively). Ray A approaches at a subcriti-
cal angle, so it will split into two portions (A’ and
A"). The reflected portion (A") contains a rela-
tively small amount of the original light energy,
and may indeed be nearly indiscernible. The
major portion of the light energy is transmitted
across the boundary, and refracts at an angle r,’
in the usual manner.

Lightray B, on the other hand, approaches the
interface at the critical angle, ny’, and is refracted
along a line that is orthogonal to the normal line,
i.e., it travels along the interface boundary sur-
face. This angle is normally labelled C in optical
textbooks.

Finally, ray C approaches the interface at an
angle greater than the critical angle, i.e., a super-
critical angle. None of this ray is transmitted
across the boundary, but rather it is turned back
into the original media; i.e., it is subject to total
internal reflection (TIR). It is the phenomenon of
total internal reflection that allows fiber optics to
work.

Fiber optics

The fiber optic is somewhat similar to a micro-
wave waveguide, and an understanding of wave-
guide action is useful in understanding fiber
optics. A schematic model of a fiber optic is
shown in Fig. 4. A slab of denser material (n;) is
sandwiched between two slabs of a less dense
material (n2). Lightrays that approach from a
supercritical angle are totally internally reflected
from the two interfaces (n—n; and ny—n). Al-
though only one “bounce’ is shown in our illus-
tration, the ray will be subjected to successive
TIR reflections as it propagates through the n,
material. The amount of light energy that is re-
flected through the TIR mechanism is of the order
of 99.9 per cent, which compares quite favour-
ably with the 85-96 per cent typically found in
planar mirrors.

Fiber optic lines are not rectangular, but rather
are cylindrical, as shown in Fig. 5. These compo-
nents are called clad fiber optics because the den-

cladding

cladding (N2) core (N1)

(Dc= critical angle

ray B T
@, &
8_ 5.2 \/%O1 ¢ LN - A optical
axis
6y
ray A

910092-15

Fig. 5.

ser inner core is surrounded by a less dense layer
called cladding. Shown in Fig. 5 are two rays,
each of which is propagated into the system such
that the critical angles are exceeded. These rays
will propagate down the cylindrical optical fiber
with very little loss of energy. There are actually
two forms of propagation. The minority form
(Fig. 6a), called meridional rays, are easier to un-
derstand and mathematically model in textbooks
because all rays lie in a plane with the optical
axis. The more numerous skew rays (Fig. 6b) fol-
low a helical path, so are somewhat more difficult
to discuss (Ref. 1).

The light acceptance of the fiber optic (Fig. 7)
is a cone shaped region centred on the optical
axis. The acceptance angle a is the critical angle
for the transition from air (n = n,) to the core ma-
terial (n = n,). The ability to collect light is di-
rectly related to the size of the acceptance cone,
and is expressed in terms of the numerical aper-
ture, NA, which is:

Light propagates in fiber optics by repetitive total internal reflection.

NA =sin©, (4]
The refraction angle of the rays internally, across
the air-n; interface, is given by Snell’s law:

Ny Sin ©,

Oy = arcsin [— ] [S]

n

In terms of the relative indices of refraction be-
tween the ambient environment outside the fiber,
the core of the fiber and the cladding material, the
numerical aperture is given by:

NA=sin@, = 4 Ny — na®

ny

(6]

If the ambient material is air, then the numerical
aperture equation reduces to:

NA=Vm2—n? (7]

optical ___
axis

meridional transmission

skew transmission

910092-16b

Fig. 6.

a) meridional propagation; b) skew propagation.
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Fig. 8. Transmission modes in fiber optics.

Internally, the angles of reflection (a; and a>), at
the critical angle, are determined by the relation-
ship between the indices of refraction of the two
materials, n; and n>:

arcsinVm© — H:E
O, =——————— [8]

n

dB A
oD [t S

transmitted
signal

-3- -

1
dB4 5 received
D= asrn= T signal
_3. [ :Td
<X t
910092-19
Fig. 9. a)input light pulse; b) output pulse

is dispersed in time.
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Typical fiber optic components have numerical
apertures of 0.1 to 0.5; typical fibers have a
diameter D of 25 pm to 650 pm. The ability of
the device to collect light is proportional to the
square of the numerical aperture:

{=(NAxD)* 19]

Intermodal dispersion

When a light ray is launched in a fiber optic it can
take any of a number of different paths, depend-
ing in part on its angle of arrival (Fig. 8). These
paths are known as transmission modes, and vary
from very low order modes parallel to the optical
axis of the fiber (ray A in Fig. 8), to the highest
order mode close to the critical angle (ray C); in
addition, there are a very large number of rays in
between these two limits. An important feature of
the different modes is that the respective path
lengths vary tremendously, being shortest with
the low order modes and longest with high order
modes. If a fiber optic has only a single core and
single layer of cladding, it is called a step index
fiber because the index of refraction changes ab-
ruptly from the core to the cladding. The number
of modes, N, that can be supported are given by:

_(=DNAI/M’

i 2

[10]

Any fiber with a core diameter, D, greater than
about ten wavelengths (10X) will support a very
large number of modes, so is typically called a
multimode fiber. A typical light beam launched
into such a step index fiber optic will simulta-
neously find a large number of modes available
to it. This may or may not affect analogue signals,

FIBER OPTICS — Part 1

but has a deleterious effect on digital signals
called intermodal dispersion.

Figure 9 illustrates the effect of intermodal
dispersion on a digital signal. When a short dura-
tion light pulse (Fig. 9a) is applied to a fiber optic
that exhibits a high degree of intermodal disper-
sion, the received signal (9b) is smeared, or “dis-
persed’, over a wider area. At slow data rates this
effect may prove negligible because the dispersed
signal can die out before the next pulse arrives.
But at high speeds, the pulses may overrun each
other (Fig. 10), producing an ambiguous situ-
ation that potentially exhibits a high data error
rate.

Intermodal dispersion is usually measured
relative to the widths of the pulses at the -3 dB
(i.e., half-power) points. In Fig. 9, the —3-dB
point on the incident pulse transmitted into the
fiber optic is 7, while in the received pulse the
time between —3 dB points is Ty. The dispersion
is expressed as the difference, or:

Dispersion= T =Ty [11]
A means for measuring the dispersion for any
given fiber optic element is to measure the disper-
sion of a Gaussian (normal distribution) pulse at
those —3-dB points. The cable is then rated in
terms of nanoseconds dispersion per kilometre of
fiber (ns/km).

The bandwidth of the fiber, in megahertz per
kilometre (MHz/km), can be specified from
knowledge of the dispersion, using the ex-
pression:

310

B (MHz/km) = &y o (ns/km)

Graded index fibers

A solution to the dispersion problem is to build a
fiber optic with a continuously varying index of
refraction such that n decreases at distances away
from the optical axis. While such smoothly va-
rying fibers are not easy to build, it is possible to
produce a fiber optic with layers of differing
index of refraction (Fig. 11). The relationship of
the respective values of n for each layer are:

nm>m>n>na>ns> ... [13]
The overall index of refraction determines the nu-
merical aperture, and is taken as an average of the
different layers.

With graded fibers, the velocity of propaga-
tion of the light ray in the material is faster in the
layers away from the optical axis than in the
lower layers. As a result, a higher order mode
wave will travel faster than a wave in a lower
order.

The number of modes available to the graded
index fiber are:

(D [NAJ/ A’
4

N= [14]

Some cables operate in a critical mode, desig-
nated HE,, (to borrow from microwave termino-
logy) in which the cable is very thin compared
with multimodal cables. As the diameter of the
core decreases, so does the number of available
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digitat
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Fig. 10. Effects of dispersion on digital
signal bandwidth: a) original data signal; b)
light pulse inputto fiber system; c) dispersed
light pulses overlapped.

N1>N2>N3>N4>N5 .. Ni
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Fig. 11. Graded index fiber.

modes and eventually the cable becomes mono-
modal; If the core gets down to 3 to 5 microns,
then only the HE;; mode becomes available. The
critical diameter required for monomodal oper-
ation is:

2.4

Duﬁﬁ‘NAl [15]

Because the monomodal cable potentially re-
duces the number of available modes, it also re-
duces intermodal dispersion. Thus, the
monomode fiber is capable of extremely high
data rates or analogue bandwidths.

Next month...

In the second and final instalment of this article
we will take a look at losses in fiber optic sys-
tems, fiber optic communications and some of the
basic driver and receiver circuits needed to make
fiber optics work. 0

Reference:
1. “Optical-fibre communication™ Elektor Elec-
tronics February 1991.
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High-frequency measurements

HE test methods described so far in this

series apply only to low-frequency (LF)
equipment. In circuits carrying high-fre-
quency (HF) signals, the effects of the mea-
suring equipment become an important fac-
tor. First of all, of course, the test instru-
ments used must be designed for HF mea-
surements. Also, unless suitable measures are
taken, tests may result in reflections and ra-
diation of HF energy, which will invalidate
the test results.

Measuring HF voltages

The bandwidth of virtually all inexpensive
voltmeters makes them unsuitable for mea-
suring HF voltages. Moreover, the capaci-
tance of the test leads and that of the input
circuit of the instrument will adversely af-
fect the measurement. Also, in case of in-
struments with a not very high input im-
pedance, the circuit Q will be derated.

For accurate measurements of HF volt-
ages, special HF peak rectifiers are used. After
rectification of the voltage. a standard DC
instrument indicates the peak value of the
measurand. It is then not possible to mea-
sure the r.m.s. value of non-sinusoidal volt-
ages. The rectified voltage should be fed to
the test point in a direct way to ensure that
the leads from the test point to the display sec-

by F.P. Zantis

tion have no detrimental effect on the mea-
surement. In many cases, therefore, a probe
asshowninFig. 61 is used. The rectifierdiode
should have the smallest possible junction ca-
pacitance and this is met by germanium
types. The wide-band properties of this diode
determine the overall bandwidth in the first
instance. The coupling between the tip of
the probe and the diode is capacitive, so that
any direct voltage at the tip is blocked. Errors
in measurement are normally caused by in-
correct earthing. The earth point of the probe
should be as close as possible to the test
point and be connected to the earth of the
equipment on test. If the frequency is higher
than about | GHz, even these measures are
not sufficient, since part of the HF energy is
then radiated by various components and
the wiring, which. of course, makes the mea-
surement invalid or even impossible.

For voltage measurements at frequencies
up to about 2 GHz, coaxial insertion probes
are used whose construction obviates the
unwanted radiation.

Alignment of tuned circuits

Relative measurements suffice in the align-
ment of tuned circuits—see Fig. 62. Therefore,
if a probe is not available, the measurement
may be carried out by connecting a low-

61

metal

test probe

900113-11

value capacitor, C, in series with the instru-
ment. This reduces the effect of the input
capacitance of the test instrument on the
tuned circuit. The circuit is aligned by ad-
justing C, for maximum or minimum de-
flection of the voltmeter. In direct voltage

62
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measurements, the effect of the meter is re-
duced by connecting a high-value carbon
resistor (which has a high parasitic induc-
tance) in series with the meter. As in a probe,
it is advisable to connect the series capaci-
tor or resistor close to the test point.

It will be realized that these simple meth-
ods can only be used for alignment and not
for absolute measurements.

The effect of the instrument on the cir-
cuit on test can be reduced further by the
absorption method, for which a circuit as
shown in Fig. 63 is used.

Coil L, is brought close to the inductor
of the circuit on test. Mutual inductance
causes a potential across L that may be fed
to an oscilloscope or, after rectification, to a
voltmeter. If, owing to screening of the in-
ductorin the tuned circuit, inductive coupling
is impossible, wiring that carries the HF
voltage may be touched with the tip of the
probe. Capacitor C| is adjusted for maximum
voltage across the tuned circuit, after which
the frequency can be read on the oscillo-
scope or, if this is provided, the scale of C;.

63

probe tip

90011313
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u
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To really minimize the effect on the tuned
circuit, it is advisable to amplify the voltage
obtained by inductive coupling. A suitable
circuit is shown in Fig. 64. Coil L; may be
a plug-in type to make alignment over a
wide range of frequencies possible. The tap
on the coil ensures matching to the low-im-
pedance transistor input.

Dip meter

The dip meter is still the most popular in-
strument for the radio and television amateur.
Althoughitis basically asmall HF transmitter,
the meter functions in a manner similar to
the absorption method described earlier.
This active instrument makes the effect on
the circuitontesteven smaller, and, of course,
greater sensitivity is obtained.

As in the absorption meter, the frequency
is read on the scale of the variable capacitor,
while the meter serves merely as a maxi-
mum or minimum indicator.

Apart fromits use as aresonant-frequency
measuring instrument, the dip meter may also
be used as a signal source in signal tracing
in HF circuits.

The values of the coil and variable ca-
pacitor are readily calculated with the fol-
lowing formulas if the value of one and the
frequency (in MHz) are known.

[1H]
[pF]

L =25.400/Cf2
C = 25400/Ff2

A suitable circuit based on a field-effect

transistor—FET—is shown in Fig. 65. The
HF signal is generated across the gain-drain
junction. The display instrument is con-
nected either in series with the gate bias re-
sistor as in A or across the source as in B.
The sensitivity of the circuit is set with the
potentiometer.

When the circuit is used as an absorption
meter and the display instrument is con-
nected as in B, the 100 Q potentiometer must
be disconnected to ensure that the full sen-
sitivity of the meter is available.

Winding data forcoilsare givenin Table 1.

Measurements on

transmission lines

The characteristic impedance of a transmis-
sion line is the value of load resistance that
enables maximum power transfer from source
to load. The characteristic impedance of a
transmission line, Z, is given by

Ze=\(Lg/Cy),

where L jis the distributed inductance perunit
length and Cg is the capacitance per unit
length. Practical values of Z. vary from
100 Q to 1000 €2 for parallel wires and 10 Q
to 150 € for coaxial cable.

When a transmission line, such as that con-
necting a transmitter to its antenna, is termi-
nated by animpedance different from its char-
acteristicimpedance, some of the forward sig-
nal wave is reflected back. The reflected
wave mixes with the forward wave, and the
resultant amplitude at any point of the trans-

mission line is the algebraic sum of the am-
plitudes of the two waves.

The nodes and antinodes do not move
relative to the transmission line, that is, they
are stationary and the waves are called stand-
ing waves. An important consideration in
transmission line and antenna design is the
standing wave ratio—SWR.

The SWR may be ascertained with the
aid of an SWR meter as shown in Fig. 66.
The pick-up consists of three conductors of
which the centre one is the core of the trans-
mission line, while the outer two, called re-
flected pick-up wire (top) and forward pick-
up wire (bottom), are spaced equally from
this.

Usually, the pick-up unit is made as a
pattern on a printed-circuit board: a strip
line. The 51 Q resistors are, in this case,
equal to the characteristic impedance of the
transmission line (if this were 75 €, the re-
sistors would also have to be 75 Q). In op-
eration, any RF signal on one of the pick-up
wires will be rectified by the relevant diode
and then applied as DC to the associated in-
dicator.

To ensure that the indicators can be used
independently of the actual power, their scales
are calibrated in relative values. That in the
forward pick-up circuit, F, shows the rela-
tive power as a percentage, whereas the other
shows the SWR. The ratio is given by the
formula

SWR = (1+U)/(1-U,),

where U is the reflected voltage. It is assumed
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that the forward voltage has been set to 100%
of the relative power. Optimum performance
is, of course, established when U, = 0. A
good antenna system has an SWR that varies
between 1:1 and 1:1.2. Poor systems have
ratios greater than 1:1.5. Most SWR meters
do not give a reading beyond 1:3.

Measurement of field strength

For tuning a transmitter or testing an an-
tenna system, a field strength meter is al-
most essential. In its simplest form, such an
instrument consists of a basic receiver in which
the headphones have been replaced by a sen-
sitive moving-coil meter. A possible circuit
is shown in Fig. 67.

The meter is zeroed with the 50 k€ po-
tentiometer. For relative field strength mea-
surements, the antenna circuit need not be
tuned: setting the tuned circuit to the centre
of its bandwidth is sufficient. Otherwise, a
number of differentinductors may be selected
with the aid of switch S|, which makes it
possible to tune and test transmitters over a
wide range of frequencies.

TEST & MEASUREMENT

Table 1
Range Frequency Inductance No. of Wire dia.
(MHz) (uH) turns (mm)
1 1.2-2.4 300 76 0.5
2 2347 82 36 0.5
3 46-9.2 21 18 0.5
4 8.2-16.6 6.5 8 1.0
5 16.2-32.6 1 5 1.0
6 22.2-44.8 0.9 3 2.0
7 38.4-77.6 0.3 3 2.0
8 74.5-150.0 0.08 1 2.0

The coil diameter for ranges 1-6 must be about 38 mm (1.5 in.) and that for range 7, 25 mm (1 in.).
The coil for range 8 is shaped like a hairpin, 50 mm (2 in.) long; wire separation is 10 mm (0.4 in.).

Finally

Instruments are usually multi-purpose: forin-
stance, it is quite common foran SWR meter  Next month’s instalment will deal with
to be combined with a field strength meter  “Measurements in digital circuits™.

and a power output meter.



CORRECTIONS
Measurement techniques - Part 7
(September 1991 - p.29)

On page 30, first column, the formula for

calculating C is given as
C=25400/ Ff? [pFI.

This should, of course, have read

C=25400/ Lf2 (pF].



ASYMMETRICAL-TO-SYMMETRICAL CONVERTER

by M. Eller

T OFTEN happens in electrophonics (elec-

tronic music) that hum-and-noise loops
occur when two or more different instru-
mentsare intercoupled asin Fig. 1a. Some mu-
sicians play with their lives by covering the
earth pins with insulating tape to get rid of
the hum. This is, of course, not only very
stupid, but also highly dangerous.

A safe and certain method of getting rid
of these loops is offered by the converter
whose circuitis showninFig.2. The converter
is connected between two instruments as
shown in Fig. 1b to provide electrical sepa-

la

hum & noise
loop

919003-7-15

ration of the instruments. Make sure that the

‘isolated’ instruments are not drawn into
new hum-and-noise loops throughacommon 1b
enclosure: each and every instrument must
be isolated from the enclosure.

The converter resolves another problem
also. On cost grounds, many commercial
instruments have only a relatively high im-
pedance output. Even pick-ups often suf-
fer from this. When long connecting leads
are used, or the signal is divided, or a fol-
lowing instrument has a low impedance
input, noise and hum are the result and the
quality of the music suffers. The converter
has a high impedance input, and two low
impedance outputs (one not isolated).

converter

Symm.- Out

Circuit description

mixing console

The input signal arrives at K; and from there

it is applied via Cs to IC,, which is arranged S
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ASYMMETRICAL-TO-SYMMETRICAL CONVERTER

2

E R1 R2

IC1=401
IC2=TLO61

X2 Rio
1k

910072 -12

as an impedance converter. The TL 061 was
designed specially for usein battery operated
circuits. Its input impedance is determined
by Ry and Rg.

The output of IC; is taken via C6 to K2,
which is the non-isolated output that may
be used, as in Fig. 3, as the input to an am-

plifier.

The output of IC2 is also taken via Rg to
the heart of the converter: transformer Trl,
which must
* operate from a 600 Q source;

* have a transformation ratio of 1:1;
* havea linear frequency response over the

3

Input

Output

Converter

Symm.- Out

7

Mixing Console

910072 - 13a

range 20 Hz to 20 kHz;

* beableto handle signal levels of 600 mV+.
These characteristics are met by a number of
available commercial types; final choice de-
pends on the operational requirements. The
size of the transformer core determines the
undistorted signal level at low frequencies:
the larger the core, the better the perfor-
mance, but, unfortunately, also the higher
the price and the size of the converter.

Low-frequency distortion may be reduced
by increasing the value of R, but this will be
to the detriment of the signal level.

Normally, the LED is connected to the
supply line via a series resistor. It then draws
a current of about 10-20 mA, which is too
much for battery operation. The gate-chain,
contained in IC, reduces this to about 1% of
these values. When S, is closed, Cy is charged
slowly via R; until D; conducts. There is then
a high at the input of the gate-chain, which
is repeated through the four gates, whereupon
it switches on transistor T1, resulting in the
LED lighting. Since the value of R; is too
high for the LED current, the diode draws
its energy from Cy.

After a while, the voltage across Cy be-
comes too low to energize the LED, where-
upon zener diode D, switches offand the logic
levels at the gates are reversed. The circuit is
once again in the output state, until C4 has
been charged anew. The LED will flash in a
rhythm determined by time constant R,-Cj.

Resistor R; also serves to conserve en-
ergy by reducing the current drawn by IC;
and changing the switching threshold from
low to high. These measures ensure that a
9 V battery(PP3) gives roughly 400 hours
operation. The average current drain at full
drive is about 1 mA. The battery should be
replaced when its voltage under load drops
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AUDIO & HI-FI m

below 6 V.

Construction of the converter is straight- 4
forward if the printed-circuit board shown R5__ D2 2 T o-
in Fig. 4 is used. As mentioned earlie ke Te1 C2
in Fig. 4 is used. As mentioned earlier, make - Q\pi,
1 +*
R

sure that the converter is fully isolated when 2 2 [ o
it is used in a common enclosure. ¥ | b —e on
Ba ic2
Ra :_@ 1
A T
N
o o] —-E ) 0
Resistors: os R3 L2 <B‘
R1=47kQ © o qliex
R2 = 33 kQ 10 e~ lo o
R3=1OQ 20 OD = ' | [=1=] _e — gg"o P_K‘I—
R4, R6, R10 = 1 kQ 0-0-0)|° Ole=® £ .o |[° o
R5 =1 MQ Can ma—@ 7 Bce
R7, R8 = 470 kQ
R9 =680 Q ® |0 O|ke —r |© o
R11 =1.5kQ I I | | m—— I |
R12 = 10 kQ
Capacitors:
C1=1uF, 16V, radial
C2=100nF
C3, C6 = 22 uF, 16 V, radial
C4 = 47 pF, 16 V, radial
C5=470nF
Semiconductors:

D1 = LED for chassis mounting
D2 = zener, 2.7 V, 400 mW

T1 =BC547B

IC1 =4011

IC2 = TLOB1

Miscellaneous:

S1 = SPST switch

K1, K2 = 6.3 mm audio socket for
panel mounting, mono, insulated

K3 = XLR socket for panel mounting
Batt.1 = 9-V battery (UK: PP3)

Tr1 = 600 Q transformer — see text
Enclosure to personal requirements
PCB 910072

Front panel foil 910072-F

5
SYMM. OUT ASYMMETRICAL - TO - SYMMETRICAL CONVERTER
D
ouTPUT POWER INPUT
slale
&
!

910072-F
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AUDIO & HI-FI

below 6 V.

Construction of the converter is straight-
forward if the printed-circuit board shown
in Fig. 4 is used. As mentioned earlier, make |
sure that the converter is fully isolated when
it is used in a common enclosure. |

Resistors:

R1 =47 kQ

R2 = 33 kQ
R3=10Q

R4, R6, R10 = 1 kQ
R5 =1 MQ

R7, R8 = 470 kQ
R9 =680 Q

R11 =1.5kQ

R12 =10 kQ

Capacitors:

C1 =1uF, 16V, radial
C2=100nF

C3, C6 =22 uF, 16V, radial
C4 =47 uF, 16 V, radial
C5=470nF

Semiconductors:
D1 = LED for chassis mounting
D2 = zener, 2.7 V, 400 mW

T1 =BC547B
IC1 = 4011
IC2 = TLOB1

Miscellaneous:

S1 = SPST switch

K1, K2 = 6.3 mm audio socket for
panel mounting, mono, insulated

fo%w

72 N10 m

K3 = XLR socket for panel mounting
Batt.1 = 9-V battery (UK: PP3)

Tr1 = 600 Q transformer — see text
Enclosure to personal requirements
PCB 910072

Front panel foil 910072-F

5
i i‘“'_" X o T R S S S S "‘| T
! SYMM. OUT [ASYMME TRICAL - TO - SYMMETRICAL CONVERTER
i et i i i e s i i < S i e e e ol
,; @ A R 1 S
»! ! outPuT . | | L INPUT -
| , o L
| | 1
| R |
| fo L
' 8% ; z 8 "
—
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REMOTE CONTROL ICs MV500 AND MVé01
(Plessey Semiconductors)

O integrated circuits from Plessey, the
MV500 transmitter and the MV601 re-
ceiver, allow remote control systems to be
built from a minimum of components. The
two ICs have been used already in a number
of projects carried in this magazine (Refs. 1,
2). The infra-red remote controls described
there are reliable, marked by low cost, a low
component count, and the absence of quartz
crystals and adjustable inductors. Note,

however, that the MV601 receiver requires
one IC, an SL486, to be added when used to
build an infra-red remote control system.

Data coding and
transmission

The inputs of the transmitter are supplied
with the information to be conveyed to the

receiver. This information is provided in
parallel form by, for instance, a keyboard. As
shown in Fig. 1, the parallel data is trans-
mitted serially. The transmit operation is in-
itiated by a start pulse with a
synchronization pause, after the key de-
bounce time, tq. Then follow the five da-
tabits. The data packet is transmitted as long
as the key is pressed. When the key is re-
leased, the data packet is always completed,

KEY KEY
PRESSED RELEASED
L < C ||

2J
‘a4 Y Yo | Y LE
- > —
[

SYNC $ WTe SYNC e e T T T SYNC

DELAY TIME. 1y =1024 CLOCK CYCLES (min)
SYNC TIME. t5 = 6T (see Table 1)

LOGIC 0 TIME, tg = 3T

LOGIC 1 TIME. t; = 2T

PULSE WIDTH. t; = 8 CLOCK CYCLES

START (ROW 3)  (COL 1) FINAL
SYNC SYNC 910028 - 11
PULSE PULSE
Fig. 1. Pulse/pause modulation applied in the MV500 transmitter.
ELECTRICAL CHARACTERISTICS
WP al vy Test conditions (unless otherwise stated)
P11aR ;1 0SCH Tamb = 0°C1070°C. Vpp = +3Vto +105V
TI0KX ol sCe v
WIAX :] RATE INFUT A Characteristic Pin alue Units Sontabag
ROW ) 100xX 1 Rac mpeT B Min Typ Max
SELECT Yurixx Voo AND Xxx00° Operating supply current 13 05 2 mA | Circut hg 4
010xX J XXX01
001XX ] xxx10 (;(:t\::? 3 03 2 All inputs open circuit
| 1
DOVK X [l xxxn Sy Suphly curient 2 Vpp =9V.Tamp=25°C
Output source current 1 50 100 200 mA Vpp =6V, Vox = 1V
1 =
" , 0P8, 0 25 50 mA Vop = 3V.Vgu = IV
L I EESN T
1w Keyboard contac! resistance 212
ABSOLUTE MAXIMUM RATINGS ik o 5 | @
Supply vullaye D5V v
Input vilage (all pins) D8V 10 VDL + 0 5V Open 100 @ (14]
Oprstalitng temnpasrawune: ratwge U*C o +«70°C
Stra JC lemperatiun e ange 55°C 10 #1254 Oscillator Fvequency 16.17 400 1000 kHz

910028~ 12

Fig. 2.

Main data and pinning of the MV500 transmitter.
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REMOTE CONTROL ICs MV500 AND MV601

POWER ——3 Voo
I - CONTROL
-—-4-——&' Vss
S
: H
§ Dy
ROW ‘P—— ROwW !
s
F ouTPuT QuTPUT ' OUTPUT
SELECT :0—'—‘DECOOER e : 1 conrROL BUFFER b—-o
§ Oy
s o—
R
E "
RATE
? Donnen i CONIROL
COLUMN '9©———] COLUMN |1 § T
SELECT ;0 |DECODER T
€ SEQUENCE
a F—1 conmor osCiLLAT
L "
0OSC1 0sc2 910028 -13
Fig. 3. Internal diagram of the MV500.
and a stop pulse is affixed. and of a fixed length.

The modulation of the information car-
rier (ie., infra-ted light) is based on
pulse/pause (mark/space) modulation.
This means that the five databits and
synchronization bits are encoded by means
of their length (‘mark’) and the position of
the pauses (‘space’). A short pause of two
times the bit transmission rate, T, indicates a
logic 1; a slightly longer pause of 3T indi-
cates a logic 0; and a pause of 6T indicates
synchronization (see Fig. 1). In this system,
the logic levels are thus determined by the
length and the position of the pauses in the
serial datastream. The pulses serve no other
purpose than to set the pauses apart, and
can, therefore, be relatively short (t,=17 ps)

As compared with pulsewidth modula-
tion, the pulse/pause encoding system is
less susceptible to interference, and more ef-
ficient in regard of battery power —theaver-
age current drawn by the actuated
transmitter is smaller than 10 mA.

The length of the pauses is not constant,
not even when they have the same logic con-
tent. This is caused by the three transmission
rates, A, B, or A+B, that can be set on the
transmitter and the receiver. The use of dif-
ferent transmission rates on transmitter/re-
ceiver sets allows up to three remote control
systems with 32 channels each to be used in
one room. This gives a total of no fewer than
96 remotely controlled channels.

Transmitter MV500

The most essential information on the
MV500 remote control transmitter is given in
Figs. 2 and 3. IC pins 2 to 12 form the channel
selection inputs, which allow up to 32 chan-
nels to be used with the aid of a (switch-) ma-
trix of 8 rows and 3 columns. A shift register
converts the parallel information into a serial
datastream. A sequence control block in the
MV500 operates together with the output
control to ensure the correct pause position
and timing. The required transmissionrate is
set at pins 14 and 15. When both inputs are
made logic low, the IC is disabled. The clock
frequency is furnished by a oscillator that
operates with an external ceramic resonator
(fundamental resonance frequency between
400 kHz and 1 MHz; max. tolerance 5%).

As shown in the diagrams, the power
control block is connected to the row
decoder. In quiescent mode, the associated
inputs are held at ground potential. The os-
cillator is then disabled, and the IC is
switched to its power-down state in which
the current consumption is reduced to 2 pA
or so. On detection of a high level at one of
the column decoders, the power controller
actuates the entire IC, and the transmitter
starts to operate (provided, of course, one of

Input circuits Main circuit Output circuits
1 K | I I option
option option option op'
| 11 [ |
A B g : 1 |—9 E
A Il s 12 11 |
ol i ol 14 Tg sou || |
) T i % e 1 [
: : | = P : = : R 1R
|
: .| SO0 | =gz : | IL2
= 3 16 | x
Al Rg =15k | - ) | l rms
A S i
o s R
j : | |
8 7
o
co—Iod B I I
L~ -8 |1 |
0 | Lo 11 |
|- (| |
| 12 J| | |
E 1 1
L 1 g 1L I
i 1 I B i | |
910028 - 14

Fig. 4. Options for the input and output circuitry of the MV500.
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APPLICATION NOTES
ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated)
Tamb = 0°C1070°C, Vpp = +4 5V 10 + 55V
£ < Val 3 :
Characteristic Pin - Slue Units Conditions
Min | Typ Max
— INPUTS
PEMINFUL C 1 16l vou
el seRiaainain OSCIN, RATE A, RATE B, 6.4.3
KATL INPUT 8 E 3 14] outeur oo MOM / LAT, OEN 59
maroweota (a0 130 oureuic Input low voltage (Vy ) Vpo /3
momintarviatonio [Js 601 12 ) oureur s vDD
oscuiaton s [Je 1 owrur & Input high voltage (Vi) x273
oscuiatonout [7 10]) SaTawiADy PPM. CLEAR 12
! 3 Input low voltage (Vy.) 10 vV |VvDD = 50V
DP16 Input high voltage (Vi) 20 v
Threshold voltage nsing 185 v
ABSOLUTE MAXIMUM RATINGS Thieshold voltage falling 105 v
Supply Voltage Voo LV CLEAR, RATE A RATE B 2.43
Input Voltage Voo + 0.3V to Vss-0.3V Input low current -33 <100 WA Nom 150K pullup resistor
Operating Temperature 0°Cto +70°C c‘" 0‘"::9"""2:‘!5 except OSCIN 1.5.9 +25 pa | Vin = Vss 03V 1o Vpp +03V
Storage Temperature -55°Cto + 125°C | ""Put curre
Output Sink and Source Current SOmA | OSCIN 6
Humidity 85% Input current +10 pA ViN = Vss-03Vto Vpp +03V
OUTPUTS
A - E, DATA READY
Output low current  (sink) 13 26 mA | VoL = 04V
Output high current (source) 21 -45 mA Vou = 24V
5 VO Vgs-03toVpp + 03V
Output leakage current (A-E) +10 pA pin 9 = Voo
oscouTt
Output low voltage (sink) 10 mA Vio = 03V
Output high current (source) -10 mA Vo = Vpp 03V
910028 - 15
Fig. 5. Main data and pinning of the MV601 receiver.

the transmission rate inputs is made logic
high; otherwise, the IC remains off).

The main application circuits of the trans-
mitter are given in Fig. 4. As already men-
tioned, very few external parts are required
— the basic circuit works with an inexpens-
ive ceramic resonator and two capacitors.

In principle, there is a choice between two
types of input circuit. Of these, the most fre-
quently applied is probably a keyboard ma-
trix (option B). Alternatively, the code to be
transmitted may be supplied by a computer
or another digital circuit (option A).

When the inputs are connected to an 8x4
matrix (option B), the 5-bit parallel code is
composed from bits A, B and C supplied by
the row decoder, and bits D and E supplied
by the column decoder. Note that bits D and
E must be inverted because the relevant IC
inputs, pins 11 and 12, are active low. The
other data inputs, pins 2 to 9, are active high.

At the output of the MV500, the encoded
serial data is modulated on to a carrier. In its
simplest form, this carrier may be a direct
voltage on a wire connected to pin 1. Add
the ground wire to the receiver, and you
have a simple 2-wire remote control system
(option C). Note, however, that this arrange-
ment requires the transmitter to operate at
5V, ie., at the same supply voltage as the re-
ceiver. For wireless control, the choice of
infra-red light as the carrier is obvious. Since
the output of the MV500 is not capable of
driving an infra-red emitter diode direct, we
need to inserta power driver. To increase the
range of the transmitter, the IR beam emitted

by the diode can be made narrower by fitting
the device with a small reflector or, to
achieve even greater directivity, a small lens.
The current limiting resistor may be omitted
when the full transmit power is called for.
Note, however, that this increases the cur-
rent drain, and shifts the operating point of
the IR diode beyond that of maximum effi-
ciency. Remember, the peak current through
the IR diode can be as high as 2 A, although
this current flows for a couple of microsec-
onds only. The IR diode shown in the circuit

diagram is a type with a peak pulse current
of 2.5 A. Options D and E show suggested
circuits for use with a 9-V battery block and
a 5-V power supply respectively.

Receiver MV601

Figures 5 and 6 fill you in on the receiver IC,
the MV601. The serial data applied to the
input of the IC are converted into parallel to
give an exact copy of the encoded data at the
transmitter side. The block marked ‘Noise

I—"’o DATA READY
1 e ———
PPM INPUT O—— 13BITSHIFT REGISTER -/ QUTPUT ENABLE
D
{ I I O L—oourtrurt
A R & 1 ';'
RATE INPUT AOS R Rl
10 81T COUNTER f=—4 — WORD STORE wor: k. B OUTPUED,
RATE INPUT 8O- COMPARATOR 5 1|
I I | ] —O0 OUTPUT C
$ ‘L% oumns
"1 TiMING PULSE CURRENT WORD )
|| GeneraToR REGISTER =% |\ o
[ — g
oscinod [
cicoursl OSCILLATOR ]
uro—
WORD NOISE MOMENTARY/
i LATCHED
SUPPLYOT S STEOUNTER COUNTER | | DETECTOR
ov 03 = Vi L 4 2 POWER CLEAR
910028 - 16

Fig. 6. Block diagram of the MV601.
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REMOTE CONTROL ICs MV500 AND MV601

Input circuits Main circuit Output circuits
option 1 option B 3 1 option I option ! option P option
1] T 3] : I | | |
F | 9 [ 1 H I J |"<
| | AI 3 ~sg (| | |
| 11 1 4] g S z0u || | | | micro
| ] MY | = 2p 1] | | |
ik o =Jh | | 1 |
! =
| 11 |B01| FE | I |
el e e |
IR- 1
daric >| 15 o " 150R [$202
e o
I ¥ g 14 l F s 1/0-
R
| 11 o 13 = I £l I Port
= : :100n 2 22 =81 & | ks
11 ’ v
| a8 —>5
I l l . Interrupt
[ 8 fa - |
| 1 1 | |
=l B R ) it
I I1 ke I 1 I |
J 8] ] 1 L l
910028 - 17

Fig. 7. Application options of the receiver.
7 —®) 5V
E1
= D1
= C1
| Mve01 B1
A1l
.t* AAngn
J
E2
3l D2
‘ V601 2
. M B2
A2
o \_d
=3 D0
DATA READY
U
PPM INPUT E3
FROM SL486 > D3
MV601 &3
L B3
A3
- 1
470T
—{(0)
L 910028 - 18
Fig. 8. 96-channel remote control extension.
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Detector’ is capable of recognizing and sup-
pressing interference. Similar to that in the
transmitter, the clock is provided by an oscil-
lator. After being processed in a number of
latches, counters and timers, the data are fed
to the output latch, and from there to the IC
output pins, A-D, pins 11-15. Each latch out-
put can source 45 mA and sink 26 mA. The
internal timers and the output latch may be
reset with the aid of a low pulse at the POWER
CLEAR input (pin 2). This input is connected
to an on-chip 150-kQ resistor, so that a single
capacitor is sufficient to achieve automatic
resetting of the IC on power-up.

The logic level applied to the MOMEN-
TARY/LATCH input, pin 5, determines
whether the data are kept in the latch (level
=0), or erased (level = 1) when there is no
valid code at pin 1. When the OUTPUT ENABLE
pin is made low, the dataword is fed to the
IC outputs. A high level switches pins 11 to
15 to the high-impedance state. This allows
the outputs of two or more MV601s to be
connected to a databus. The DATA READY out-
put goes low when a valid word is present.

The main application options of the
MV601 are shown in Fig. 7. Like the trans-
mitter, the receiver contains a small number
of components only — the simplest applica-
tion circuit works with a single ceramic res-
onator and two capacitors. A resistor may be
connected in series with the resonator to en-
sure resonance at the fundamental fre-
quency.

Depending on the transmitter configura-
tion, there are several options for the receiver
input circuit. No additional components are
required for the two-wire remote control
system, option F, where pin 1 of the receiver
is simply connected to pin 1 of the transmit-
ter. The wireless remote control, option G, is
more complex because the MV601 requires
an external infra-red preamplifier such as
the SL486 (see Refs. 1 and 2).

The outputs of the MV601 may be con-
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Fig. 9. 96-channel remote control receiver implemented on an 8-bit microprocessor bus.

nected to driver transistors (option H), or
solid-state relays (option I). It should be
noted, though, that these output configura-
tions allow only 5 of the 32 possible channels

3...9V

i

Fig. 10. Keyboard select extension for the
transmitter.

MV500

910028 - 20

to be switched, since decoding is not applied.
When more than 5 channels are required,
simply add one or two 1-0f-16 decoders, e.g.,
the CD4514 (option J).

Receiver option K works with the pre-
viously mentioned computer-controlled ver-
sion of the transmitter, option B. The output
register is set to latching (pin 5 held logic
low), and the outputs of the MV601 are con-
nected direct to a microprocessor input port.
A simple handshaking arrangement may be
implemented between the IR receiver and
the microprocessor with the aid of the DATA
READY and the OUTPUT ENABLE lines.

A single receiver has a maximum decod-
ing capacity of 32 channels. This figure can
be trebled by using three sets of transmit-
ter/receiver, each wired to operateat its own
transmission rate. As shown in Fig. 8, the
complexity of a 96-channel remote control
system is still within reason, mainly because
the clock for all three receivers is supplied by
a single oscillator. Also, a single reset line is
used for the complete receiver system.

Figure 9 shows how to implement a 96-
channel receiver when an 8-bit microproces-
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sor bus is available. Here, the DATA READY
output is connected to the OUTPUT ENABLE
input.

The receiver is not too complex either
when it is extended. The two transmission
rate inputs are held logic high with pull-up
resistors. When a key is pressed, one of the
inputs goes low, and a different MV601 is
addressed. It is almost impossible to tamper
with this system since the transmitter re-
mains off when two keys are pressed simul-
taneously. Finally, the circuit in Fig. 10
shows an input configuration that allows
you to switch between three keyboards. ®

References:

1. “Infra-red remote control", Elektor Elec-
tronics September 1990.

2. “Dimmer for halogen lights", Elektor Elec-
tronics April 1991.

Source:

Satellite & Cable TV IC Handbook, Publica-
tion P.5.2020, October 1988 (Plessey Semi-
conductors).
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ZAP51: AN 87C51 PROGRAMMER

N my first article (Ref. 1) I described the

problems associated with developing
87C51 single-chip microcontroller applica-
tions, especially the software. In the second
article (Ref. 2), I described a low-cost in-cir-
cuit emulator (ICE) that provides the hob-
byist with a route into simulation —
conventionally the province of corpor-
ate/professional developers only. One final
problem remains for the hobbyist. Having
developed the software in situ in the target
environment, the single-chip microcontrol-
ler needs to be programmed. Most low-cost
EPROM programmers have 28-pin sockets
and can not, therefore, program the 40-pin
87C51.

The ZAP51 described here is a minimum
cost programmer that uses the ICE51 hard-
ware as the program controller. The diagram
in Fig. 1 describes the hardware.

The ZAP51 consists of a socket, P3, to
plug the ICE51 into; a voltage converter cir-
cuit to generate 12.5 V from the 15-V power
supply; and two zero-insertion force (ZIF)
sockets: one 28-pin type, Ul, to program
EPROM devices, and a 40-pin type, Us, to
program the microcontrollers. The ZAP51
can program CMOS devices only: hence, it
will program the 87C51, but not the NMOS
part, the 8751. The 8751 requires a 21-V pro-
gramming voltage that, on cost consider-
ations, was rejected on the programmer.

Software

The software supplied with the ZAP51 is
splitinto two parts. The first part executes on
the PC; the second part runs on the ICE51.
The ICE51 program extends the function-
ality of the standard ICE51 monitor program
to include programming code. The PC soft-
ware includes menu-driven code to control
the ICE51. A brief description of the proce-
dure to program a microcontroller is
presented below. This is followed by a de-
scription of each menu option.

To program a device

1. The RAM on the ICE51 should be set high
using the monitor. Move the cursor over the
‘mon’ option, then press return. Fill memory
with $FF by typing

x 1000-2000 ff
then exit back to the menu using

q
2. The device type (microcontrol-
ler/EPROM) must be selected by position-
ing the cursor over the uC menu option, and

then pressing return.
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3. To load a file, select the ‘mon’ option,
then enter the command line

load [filename]
Enter ‘q’ to exit back to the menu.

4. The target address in the 87C51 must be set
by defining the device offset address in hex-
adecimal.

offset
0

5. The number of bytes to program must be
entered using the option

#bytes
0100

6. To program the device, select the ‘pro-
gram’ option. The programmed data will be
verified automatically after the program-
ming function is complete.

7. Optionally, select the security lock, 1 and
2, orencryption functions during production
device programming.

8. Repeat the entire procedure, or part of the
procedure, on all devices, or exit the pro-
gram to return to DOS.

Monitor

The software on the ZAP51 contains a super-
set of standard ICE51 commands. As such,
the development facilities on the ICE51 exist
and can be accessed by selecting the monitor
option.

#Bytes

The #Bytes option enables the user to define
the number of bytes to use in any operation.
It affects the number of bytes that are pro-

grammed, read, verified and check-
summed. The numeric value is entered in
hexadecimal.

Offset

This option selects the address in the target
device to start programming or reading the
data from. The value is entered in hex. It can
be used to move, copy or relocate data
within a device. Under most conditions, this
value will normally be set to 0.

Read
Data is read from the device into the ICE51
memory. It can be examined and modified
using the monitor option. For example, to
read $100 bytes from the start of an EPROM,
enter

offset 0

#bytes 0100

read
To modify the data, enter the monitor using
the ‘mon’ option. Data is read into the ICE
starting at address $1000. Hence, to dump
the data, execute the monitor command

x 1000 - 1010
To modify the code, enter

x10001,2,34 ...

To return to the menu, enter
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Fig. 1. Circuit diagram of the ZAP51.
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The modified data can now be programmed
into the new device. By default, when the
ICES1 powers up, the ICE51 offset value is
set to $1000 in the startup file. Consequently,
data loaded from an Intel hex file is offset by
$1000 bytes — the data byte for address 0 is
loaded at address $1000, $1—-%$1001, etc.
To display the ICE51 offset value, enter

(8]

whilst in the monitor. The display should re-
spond with the value of 1000. If any other
value is displayed, set the offset back to 1000
by entering

0 1000

If code is read from an EPROM, it will be
stored at address $1000 in the data memory.
To disassemble that data, the data pointer in
the ICE51 must be changed. The data pointer
defines the boundary between data memory
and code memory in the DS2250 device.
Normally, the ICE51 code memory is set be-
tween addresses 0 and $0FFF when using the
ZAP51. Data memory is then available
above address $1000. The list command, ‘I" is
used to list disassembled code memory:

10-10

but it operates on code memory only. To dis-
assemble the contents of data memory above
$1000, the data memory must be temporarily
changed to code memory. You can do this by
entering

data 4000
1 1000-2000
data 1000

It is vital that the data pointer be returned to
1000 after executing this command se-
quence. Otherwise, incorrect data will be
programmed or read from the device.
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Program

#Bytes of data is programmed into the se-
lected device starting at the target address of
offset. ‘Program” automatically calls ‘verify’
to check the result of the programming oper-
ation.

Verify

The contents of the device can be verified
against the contents of either an Intel-hex file
or another device. In the former case, data is
read into RAM using the monitor to load the
file as described above. Next, the file can be
verified against the device in the socket. To
compare two devices, read the first device,
then verify its contents against that of the
second device.

Checksum

This option enables the user to generate a
checksum from the data in memory, which
can be used to monitor the integrity whilst
programming multiple devices. After each
device is programmed, a checksum is gener-
ated reflecting the contents of memory used
to program the device. The checksum pro-
vides a visual reassurance that consistent
data is being used in successive devices.

27C128/27C256/87C51

These options select the type of device that is
to be programmed. In the latter case, the
87C51 is programmed in the 40-pin ZIF
socket, while with the former two devices
the 28-pin socket is used.

BlankCheck

BlankCheck provides the user with the tools
to check that a region of memory can be pro-
grammed, i.e., it is in an erased state.

Security locks

The 87C51 provides two security lock bits.
The first, SL1, prevents further program-
ming of the device — a useful feature if mas-
ter devices are going to be generated. The
second security bit, SL2, prevents the device
from being read. This bit is programmed

ZAP51: AN 87C51 PROGRAMMER

normally on production parts for commer-
cial security reasons only. Both the lock bits
are cleared when the device is erased using
ultra violet light.

Encrypt
The 87C51 provides a facility to encrypt the

data in the on-chip EPROM. A 32-byte en-
cryption table is used to XNOR with the on-
chip code. The encryption table provides a
degree of security from unscrupulous soft-
ware pirates.

Quit
This option takes the user back to the DOS
command line interpreter.

Prospective

The 87C51 in its one-time programmable
form costs about £18.00. Since it is often the
only device required to implement many ap-
plications, custom designs are cheap to
manufacture. An added advantage — if the
designer creates a ‘winning product’ — is
that the cost to manufacture in quantities by
making a masked device tumbles toless than
£2.00 per device. ;]

References:

1. “The 8031/8751 Microcontroller”, Elektor
Electronics July 1990, p. 36.

2. “8031 In-circuit emulator”, Elektor Elec-
tronics January 1991, p.50.

For further reading:
“Programmer for the 8751", Elektor Elec-
tronics November 1990.

For further information on the ICE51 and the
ZAP51, contact the author at Micro Amps
Ltd. ® 66 Smithbrook Kilns ¢ Cranleigh
Surrey GU6 8]] ® England. Telephone: (0483)
505395. Fax: (0483) 268397.



INTERMEDIATE PROJECT

A series of projects for the not-so-experienced constructor. Although each article
will describe in detail the operation, use, construction and, where relevant, the
underlying theory of the project, constructors will, none the less, require an
elementary knowledge of electronic engineering. Each project in the series will be
based on inexpensive and commonly available parts

BUILD THE OPTICALOCK - PART 1

by Michael Swartzendruber

Combination locks are useful because they can not be picked like
a ‘key’ lock can. If a combination lock could sound an alarm
before it was cracked’, the odds of stumbling on the correct
combination would be very slim. The trouble with combination
locks is that they have preset/unchangeable combinations.
Such combinations are a security risk, since the they may fall
into the hands of the wrong people. So, how about creating a
programmable combination lock system unlike any other in
the world that is so innovative that practically nobody can

HE lock system described in this article

is well adapted for controlled entrances
for the following reasons: 1) it will allow
only three incorrect attempts at the correct
combinations before it will trigger an alarm
system; 2) the combination is programmable
at any time — moreover, the process of re-
programming is as easy as setting the fre-
quency of a garage door opener; 3) the lock
has 127 possible combinations — with only
three entry attempts allowed, the risks of an
unauthorized entry are very small; 4) be-
cause of its innovative nature, it is highly
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Fig. 1. Circuitdiagram of the ‘key’ to the electronic
combination lock.

crack the code?

unlikely that any unauthorized person will
possess a ‘skeleton key’.

The key

The design goal of the key to this system is
convenience. Itis reprogrammableatany time.
And, sinceitis ‘palmsized’, it could be mounted
into any small enclosure and could be added
easily to a key ring.

The key's operation and construction are
very basic. It may be easily assembled on
the printed circuit board shown in Fig. 6.

The key operates as follows—see Fig. 1:
all the enabled infra-red (IR) emitters are ac-
tuated by closing the normally open push-
button switch. This connects battery power
to the buses on the keyboard. Each of the IR
emitters is wired in parallel across this power
bus.

The only emitters that are enabled are
those that have power passing through their
branch; power is applied to the emitter by
the DIP switch, S, in that branch. If the DIP
switchin a branch is closed, current will flow
through that branch and that emitter will be
active.Ifthe DIP switch in thatchannel isopen,
the emitter will have no current and will not
be active. The resistors hold the current to a
level that is safe for the reliable operation of
the emitters.

Theinfra-red emitters correspond with de-
tectors inside the lock unit. The lock will be
programmed to expect certain IR emitters to

be active by the setting of its corresponding
DIP switch element. In this manner, any com-
bination can be chosen or changed at will,
but the lock will ‘open’ only if the combina-
tion in the lock and that in the key are exact
matches.

The lock

The lock part of the combination system is
divided into fourdistinct functional areas: the
infra-red detectorarray and amplifier section;
the combination programming section; the
combination decoder logic array and lock
driver; and the entry attempt counter and
alarm trigger driver. Each of these sections
will bedescribed individually, after which the
operation of the system should be easy to
grasp.

Sensor/amplifier array
(keyhole)

The infra-red detectors and detector ampli-
fier array in Fig. 2 form the ‘keyhole’ of the
system. The IR detector array, T,-Tg, senses
which of the emitters of the key are active.
When the detectors are exposed to IR radia-
tion, they begin to conduct. This raises the
voltage at the base of the current amplifying
transistor connected to the relevant detec-
tor. The transistor is then switched on and a
logic high voltage becomes present at the emit-
ter side of the biasing resistor. This voltage
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is used as the input to gates of logic sections.
Amplifier channels that are not stimulated
with IR energy stay clamped at a logic low
level.

The combination decoder

The combination detector/lock driver section
operates as follows—see Fig. 3. The eight
outputlines of the IR detectoramplifierarray,
A-H, are applied in parallel to the eight Q
inputs of magnitude comparator IC3, and to
the eight inputs of NOR gate IC5. The eight
P inputs of 1C; are linked to DIP switch Sy
on which the unlock code is set. If the key
described earlier is programmed with a spe-
cificemitter enabled, its relevant detector will
clamp on and the amplifier circuit will apply
a high-level signal to the P input and the
input of IC5 associated with that detector
channel.

Provided the code set in the key matches
that set in the receiver, that is, when the two
DIP switches are set to the same bit combi-
nation, output P=Q (pin 19) of the compara-
tor goes logic high when the push-button on
the key is pressed. If the two bit combina-
tions do not match, the P=Q output will re-
main logiclow. Whenamatch occurs, the high
level at the P=Q output is applied to ICg, a
Type PWRDRV1 high-current drive IC. This
driveractuatesasolenoid locking mechanism
or relay coil or any other electromechanical
device you may wish to drive.

The 8-input NOR gate, IC7, functions as a
digital signal detector. Its output, pin 13,
goes low whenever one or more inputs are
taken logic high, that is, whenever the key is
used to transmit a code, whether this is valid
or not. This enables the NOR gate to clock
the code entry counter, bistables (US: flip-
flops) IC4,~1Cyy, via the CLK input of ICy,.

The lock mechanism may be overridden
by switching the OUTPUT ENABLE pin of
the 8-bit magnitude comparator to V. This
clamps the P=Q output low. Note also that
an LED will light whenever the Power Driver
is applying current to the load. This LED is
used toindicate when thedeviceis ‘unlocked’.

The outputsignal of AND gate ICgpis used
to clear the counter in the unauthorized at-
tempt detection block. The signal is applied
to the CLR input of a pair of JK bistables (US:
flip-flops), ICy, and ICyy,.

The unauthorized-attempt
counter and alarm driver

Theunauthorized-attempt counterand alarm
actuation block operates as follows. All the
signals from the detector array are OR-ed to-
getherinICs. Wheneverany of the sensors de-
tects an IR signal, the output of IC5 will pulse
high while the excitation lasts and is used to
clocka pairof JK bistables (US: flip-flops), IC,,
and [C4b.

The bistables are hard-wired in toggle
mode, thatis, they will switch states withevery
clockinput. The Qoutput of the first flip-flop is
connected to the CLK input of the second
bistable: this configuration forms a two-stage
ripple counter. The Q outputs of both flip-flops
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Fig. 2. Circuit diagram of the infra-red detector/amplifier array.

are wired to an AND gate, ICq,; when both
are in a high state, representing binary 11 or
decimal 3, the two inputs to the AND gate will
be high. This enables the AND gate. Its out-
put drives a Type PWRDRV1 chip that con-
trols a relay.

The contacts of the relay can be wired eas-
ily as a normally open or normally closed
switching detector inany existing alarm loop
or they can enable an alarm.

The alarm may be disabled by closing the
ALARM CLEAR switch, S3. Thisaction causes
a pulse to be applied to the CLR lines of the
bistables to disable the alarm relay.

Constructing the lock

[t is best to begin the project with construct-
ing the key. Start by inserting a 16-pin DIP
socket into the circuit board (marked S;).
Makesurethatall the leads go cleanly through
the board and that the socket is held firmly
against the topside of the board. Solderall the
leads of the socket to the board, taking care
not to make any solder bridges between the
closely spaced adjacent pads. Insert an 8-po-

sition single-pole, single-throw DIP switch
into the socket.

Insert resistors Ry—Rg into the appropri-
ate positions on the board. Note that, in an
effort to keep the board small, they should
be placed at an angle: the part that is lifted
off the board should point to the DIP switch
socket.

Next, install the leads of a 9-V-battery clip
in the holes marked + and —. Cut two 2-in.
(5 cm) long pieces of solid hook-up wire and
strip 1/g in. (3 mm) of insulation from each
end of the wires. Solder the two wire ends to
the pads marked S1 on the board. Solder
each of the free ends to one of the lugs of a nor-
mally-open momentary-contact pushbutton
switch.

Finally, install the IR emitter array, D;-Dj,
according to the detail drawing. Note that this
device is polarized, that is, it will work only
if it is installed correctly. Once you are sure
itis placed correctly, solder all terminals into
place. Make all solder connections quickly
or use a heatsink to avoid possible heat dam-
age to the device.

When the board is completed, hook up
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Fig. 3. Circuit diagram of the main logic board.

the simple test jig shown to test the opera-
tion. Open, or close, each of the DIP switches
one at a time and aim that emitter at the test
jig. The voltage level indicated by the meter
should be about 5 V. If none of the emitters
works, check the battery wiring, the polar-
ity orientation of the array, and the wiring of
the test jig. If one, or more but not all, of the
emitters fails, replace the array.

Next, complete the sensor array and am-
plifier board. First, prepare the leads of the
IR array, Q;—Qg, so that they will ‘mate’
with the corresponding emitters from the key
according to the assembly detail drawing.
Make sure that the polarized deviceis installed
correctly or the entire assembly will not work
properly. Solder the array into place; make
all connections quickly or use a heat sink to
avoid any possible damage to the devices con-
tained in the array.

Next, install sockets for the current-am-
plifying circuits, IC; and IC;. Seat them firmly
against the board by bending out the corner
leads at an angle of 60°. Solder the sockets to
the board; be careful not to create solder
bridges between any closely spaced pads.

Install base bias resistors Rg—R ¢ and emit-

ter resistors Rj7—R»4 on to the board and bend
their terminals to hold them in place. Then
solder all terminals to the board and cut
away all excess lead lengths.

Solder voltage stabilizing capacitor C; to
the board. Observe correct polarity: improp-
erly installed electrolytic capacitors can (and
do) explode. When that happens, it is loud,
messy and a little unnerving.

Prepare two pieces of 18 AWG (1 mm?2)
wire by stripping /5 in (3 mm) from one
end of both pieces. Insert the bare ends into
+ and - respectively.

Test the board by applying 5V d.c. (ob-
serve polarity) to the circuit. At each collec-
tor in the transistor sockets and on the de-
tector array, 5 V should be measured. All
other locations on the board should be 0 V.
If the board passes this test, switch off the
power and fit the transistor arrays.

The next test is to aim the emitter key at
the array detectors and measure the volt-
ages at the emitters of the amplifying tran-
sistors. They should be high if that emitter is
enabled and low otherwise.

Remove the power from the assembly
and attach an 8-conductor ribbon cable to

the output port of the board. Carefully sep-
arate the wires from the ribbon overabout 3-4
in. (7.5-10 cm). Carefully strip each of the con-
ductors, twist the fine wires together and
lightly tin the ends of each conductor. Insert
one end of the ribbon cable into the output
port of the sensor array board and put the
assembly aside till the next board is completed.

Note: if the IR sensor array will be ex-
posed to electric light, especially fluorescent
light, in its normal application, RF bypass
capacitors (0.001 puF polyester ‘chicklet’ types)
should be soldered across the collector and
emitter leads of each IR detector to prevent
false amplifier circuit triggering from the
electriclight source. See the detail photograph
that shows how this can be done.

The next module to be constructed is the
main logic board. Start by fitting IC sockets
for 1C3-ICg. Make sure that the sockets are
flush with the board before soldering them
into place. Install a 16-pin DIP socket for S;.

Prepareinsulated jumper wires for each of
the jumpers on the board by measuring the
wire next to the jumper location and adding
sufficient length to each end for PCB pene-
tration and soldering. Carefully place the
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jumpers flat against the board and solder in

place.Clipawayall excess lead length. Insome

cases, the jumpers will lie very close to where
other components or wire connections will
be, so make sure to route them so that they

PARTS LIST

Resistors:

R1-R8 = 156 Q*

R9-R16, R38 = 10 kQ*
R17-R24 =220 Q*
R25-R32 = 330 Q*

R33 = 3.3 kQ*

R34, R36 = 2.7 kQ, /o W, 5%
R35, R37 =56 Q, 1 W, 10%
R39 = 1 kQ*

R40 = 470 Q*

=14 W, 5%

Capacitors:

C1 =100 puF, 16 V, electrolytic
C2 =220 uF, 16 V, electrolytic
C3,C4,C7 =1 uF*

C5,C6 = 10 uF**

** = ceramic or polyester

Semiconductors:

D1-D8 = 8-position IR emitter,
Siemens Type LD268

D9, D10 = 1N914 or general purpose
switching diode

D11 = LED, 3/4 Texas

D12, D13 = 1N4002

Q1-Q8 = 8-position IR phototransistor,
Siemens Type BPX88

IC1, IC2 = transistor array, Sprague
Type TPQ2222

IC3 = 8-bit magnitude comparator,
Texas Type 74LS688

IC4 = dual JK flip-flop,
Texas Type 74LS76

IC5 = 8-input OR gate,
Texas Type 74HC4078

IC6 = quad AND gate,
Texas Type 74LS00

IC7, IC8 = PWRDRV1 (Power
Technologies)

Miscellaneous:
S1, S3 = normally open,
momentary-contact switch
S2, S4 = 8-position SPST DIP switch
S5 = SPDT slide or toggle switch
circuit boards; solder; circuit (hook-up)
wire; jumper wires; enclosures;
mounting hardware; battery clip for 9 V
battery; IC sockets; 0.1x0.1 in. right-
angle circuit board headers; ribbon
cable.

In the USA, the chip set may be ob-
tained from Artronix, PO Box 221393,
Sacramento, Ca. 95822, at a cost of
$35.00 (excl. sales tax). Add $3.50 for
postage and handling. Aliow 4-6
weeks for delivery.
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Fig. 6. Printed circuit board for the ‘key’.
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will not interfere with these components.

Next, fit resistors Rys—Ryq. Clip away the
excess lead length from these components
after they are soldered in. Inspect your work
as you progress, look for bad solder joints or
solder bridges between any of the closely
spaced pads or circuit tracks.

Install Dg-D; 3. Use heat sparingly on these
devices when soldering them to the board.
Also, observe correct polarity. When you are
certain that the devices are properly ori-
ented, solder them to the board and clip
away the excess lead lengths.

Fit capacitors C;-Cy. Note that some of
these components are polarized electrolytic
types; make sure that correct polarity is ob-
served. When the capacitors are fitted cor-
rectly on the board, solder them into place.

Prepare the following from solid 22 AWG
(0.6 mm dia.) circuit wire: two 6-in. (15 cm)
lengths, stripped !/ in. (6 mm) at each end
for the alarm reset switch, S3, and three 8-in.
(20 cm) lengths for lock enable switch Ss.
Solder these wires to theappropriate locations
on the board and then attach them to the rel-
evant lugs on the switches.

Test the board by applying 24 V d.c. and
5V d.c. totheappropriate points on the board
(observe polarity) and make the following
measurements: pins 7 and 8 of 1C7 and 1Cg

should be at 24 V d.c;; all others pins on the
two sockets should be 0 V.

Insert S into its socket with the ON side
located towards Ry5-R3. Closeall the switches,
whereupon pins 2,4, 6, 8,11, 13,15,and 17,
of IC3 should be at 5 V d.c. Open all the
switches, whereupon these pins should be
at 0 V. The level at pin 1 may be high or low,
depending on the position of change-over
switch Ss, connected to points X, Y and Z.
Pin 20 should be at 5 V d.c. all the time. All
other pins should be at 0 V all the time.

Pins 2,4,5,7,9, 12, and 16, of IC4 should
be at 5 V d.c. All other pins should be at 0 V
all the time.

Pin 14 of ICs and ICg should beat5V d.c;
all other pins on these sockets should be at
oVv.

If you measure any levels other than the
ones stated, stop and find the reason for the
incorrect reading. Once this has been found,
retest the board as outlined.

Next, remove the power from the circuit.
Attach the ribbon cable between the sensor
array board (completed earlier) and the main
logic board. The letters on the main logic
board correspond to the channel letter output
of the sensor detector/amplifier array.

Prepare the cable forassembly by carefully
stripping the insulation from the ends of the

wires. Be careful not to nick the fine-strand
conductors. Twist the conductors togetherand
lightly tin the wires: take care not to damage
the cable insulation with heat from the sol-
dering iron. Separate the cable along the cen-
tre conductors in the cable to a length of 3 in.
(7.5cm) from the end. Next, separate each con-
ductor in the ribbon over about 1 in. (2.5 cm)
from the end. Insert the wires from each
channel into the corresponding pad of the
main logic board. Note that channels 7 and
8 are not in order and must be given a ‘half
twist’.

Attach a relay or solenoid coil, or any
other suitable type of load, to the load points
on the logic board. Mount the sensor detec-
tor/amplifier array, the main logic board
and the output loads in an appropriate en-
closure. Set switch Sssothat pin 1 of ICzis low
to enable the lock driver.

Install IC3-ICg into their respective sock-
ets: make sure that they are correctly ori-
ented and that all pins insert correctly be-
fore pushing them home. Note that IC;, IC5,
IC7, and ICg, are sensitive to electrostatic en-
ergy so take theappropriate precautions when
handling these devices. |

Next month’s final part of this article will deal
with programming and testing the opticalock.
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jumpers flat against the board and solder in
place. Clipawayall excess lead length. Insome
" cases, the jumpers will lie very close to where
other components or wire connections will
be, so make sure to route them so that they

PARTS LIST JOUTUTTO0T g R gzif*f-.::é
! |@sorHOF O | I o ,§" 8
)/ iao-ll-oc (39 PO L o T _»
Resistors: ag H b2IT g hcs 0 8 0-0-
R1-R8 = 156 Q" \i“\_ D 9, B2ca
R9-R16, R38 = 10 kQ* W o970 b- g &'B 3|
R17-R24 =220 Q* , \ D 4
R25-R32 = 330 Q* | : p |

R33 = 3.3 kQ*

R34, R36 = 2.7 kQ, 1/o W, 5%
R35, R37 =56 Q, 1 W, 10%
R39 = 1 kQ*

R40 = 470 Q*

*=14W, 5%

Capacitors:

C1 =100 uF, 16V, electrolytic
C2 =220 pF, 16 V, electrolytic
C3,C4,C7 =1 uF*

C5,C6 = 10 pF**

** = ceramic or polyester

Semiconductors:

D1-D8 = 8-position IR emitter,
Siemens Type LD268

D9, D10 = 1N914 or general purpose @
switching diode

D11 = LED, 3/4 Texas

D12, D13 = 1N4002 ] o

Q1-Q8 = 8-position IR phototransistor, |  Fig- 4 Main logic board.
Siemens Type BPX88

IC1, IC2 = transistor array, Sprague

E-reoore

Type TPQ2222 @ — RS @ @ s-reoore @
IC3 = 8-bit magnitude comparator, 97‘17c =B : .../—\—o
Texas Type 74LS688 = 4/{?(iléu,mc e P2 Ok 4
IC4 = dual JK flip-fop, hp) o 0B
Texas Type 74LS76 [ 4 2
IC5 = 8-input OR gate, ' ppmaig
Texas Type 74HC4078 i o A=
IC6 = quad AND gate, o s ©9.n.
Texas Type 74LS00 F oAy ng Q..
IC7, IC8 = PWRDRV1 (Power S\O):d
Technologies) @ 15

Miscellaneous:
$1, 83 = normally open, . Fig. 5. PCB for the IR detector/amplifier array.
momentary-contact switch
S2, S4 = 8-position SPST DIP switch
S5 = SPDT slide or toggle switch
circuit boards; solder; circuit (hook-up)
wire; jumper wires; enclosures;
mounting hardware; battery clip for 9 V
battery; IC sockets; 0.1x0.1 in. right-
angle circuit board headers; ribbon
cable.

SR

ol
JIL1818

tained from Artronix, PO Box 221393, L I | J IIIIIIII .
Sacramento, Ca. 95822, at a cost of @ :%: ﬂ @
S 8l

$35.00 (excl. sales tax). Add $3.50for | | &7  89------
postage and handling. Allow 4—-6
weeks for delivery.

aJO03J-J

Fig. 6. Printed circuit board for the ‘key’.
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Buid the Opticalock - Part 1
(September 1991 - p. 42)
Diode Dy is drawn with wrong polarity in
the circuit diagram (Fig. 3, p. 44) and the PCB
component side (Fig. 4, p. 45).




DESIGN IDEAS

The contents of this column are based solely on information supplied by

the author and do not imply practical experience by Elektor Electronics

HERE are many chips on the market that

may be used in a keyboard circuit, but
many of these are fixed and do not provide
all the keys required. For example, RCA's
CDP 1871 is an excellent device, CMOS
logic and low power requirement, but it does
not provide for the backspace key to be coded
as hex 08. Instead, it uses the delete key,
coded as hex 7F. Although it is possible to
change the software to recognize the differ-

ent code, this is not always easy. The aim of

the design offered here is a keyboard that
can produce every code but is also able to
be hooked up as a standard keyboard.

To provide a matrix that will encode the
128 combinations of the ASCII code, 16x8
lines are needed. If all 128 keys are to be
used, a strobe output to signal that a key

by D. Nelson

has been operated is also required.

In the diagram, ICs, ICg, and ICg are all
CD4051 single 8-channel multiplexers. The
strobe is generated by stopping the clock that
drives seven-stage ripple counter IC; via
an AND gate, because the battery on pin 9
is earthed via the matrix and two of the
multiplexers.

The key code is contained in the output
of the ripple counter and the strobe is pro-
vided by the Schmitt trigger NAND gate that
will oscillate with an unequal mark-space
ratio, since the diode used is a germanium
type. A silicon diode would, of course, do
as well, provided itis shunted by ahigh value
resistor. The oscillation provides a repeat
function of the key that is pressed. Since
the strobe is in the wrong sense to that re-

Keyboard circuit

quired by the following circuit, it is in-
verted by an additional transistor.

To give the conventional keyboard the
functions of shiftand control keys, extra gat-
ing is required, and that is the purpose of
the rest of the circuit. Control has precedence
and, by means of two AND gates, forces bits
6 and 7 low. The control key is non-lock-
ing.
The shiftkey is arranged to convert lower
case letters to upper case so that it is nec-
essary to wire the alpha keys in the lower
case matrix positions. This key is conven-
tional non-locking and inverts bits 6 and 5
of the output code. The shift-lock is cou-
pled capacitively to the same AND gate as
the shift key, so that the gate is toggled by
the shift-lock key and will stay with the

ELEKTOR ELECTRONICS SEPTEMBER 1991



output low when the shift-lock is released.
The shift-lock is released by pressing the
shift key and releasing it again.

One other feature has been included to
make the keyboard friendly to computers:
the alpha key. This changes lower case to
upper case without shifting the keys with
an ASCII code between 20 and 3F hex, that
is, the numbers row on a standard key-
board. This key is locking and implemented
in the same way as the shift-lock key. The

alpha key is released by operating the shift-
lock.

Only one key now remains an enigma:
the space bar. Without any extra gating,
this gives a 0 if the shift or shift-lock is op-
erated, and this is clearly not acceptable.
To correctthis, five diodes have been added,
one each from the four least significant
lines and one between the two inputs of
the XOR gate in bit 5, so that a space re-
mains a space, shifted or not.

KEYBOARD CIRCUIT

Two further features of the circuit require
a mention. One is the transistor feeding
the most significant bit 8. If this is connected
to its own key, it can be used in conjunc-
tion with other keys to give hex codes from
80 to FF. The other is tied up with the clock
and strobe. A diode is fed back from the
output of the repeat strobe oscillator to the
main clock. This is necessary to prevent a
false output if a second key is pressed be-
fore the first one is released. Fii

to Keyboard

a
-

910100 - 11

*see text

IC3, IC4 = CD4081

IC1 = CD4070
IC7 = CD4093

CONTROL

RST

l|| 10 |9

90

SO

€0

IC2
4024

[4e)

12|11)|9 |6 |5 |4 |3

ﬂ‘ : -

ICS
4051

l" 10 |9

|
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A CHEAP, EFFICIENT, STRATEGIC FIRE ALARM

by C.C. Whitehead

A fire may be started by an unstubbed cigarette-end, a faulty electrical
appliance carelessly left on, or lighted paper shoved through the
letter-box by vandals. You may, like a great many people have
furniture stuffed with deadly polyurethane foam, which catches alight
easily, burns rapidly and produces vast quantities of dense and highly
toxic smoke. In most cases, smoke is the killer. People asleep are
poisoned and rendered helpless long before the heat gets to them to
finish the job. And all this happens in a surprisingly short time:

NEIGHBOUR of mine showed me the

fire alarm she had had installed in her
living room. It was not particularly cheap, but
nevertheless reasonable in price. It was effi-
cient, but certainly not strategic. In effect, it
protected one room only, or at most one floor
of a two-storey house if all doors on that
floor were left open.

The experts—professional firemen—have
shown us clearly how domestic fires nearly
always start, what happens in the first few
minutes from the start, and what the main
danger to life is.

In all cases, smoke is the main hazard and
that is why most fire alarms are smoke de-
tectors. Fortunately, these can be made very
efficient at little cost.

Once the fire has started, hot air carrying
smoke quickly makes its way to the highest
point it can reach in the building, forming a
layer just below the ceiling, and then filling
first the room or passage and subsequently
the whole building from the ceiling down-
wards. That is why firemen, and those who
are trying to escape from the fire, keep as
low down near the floor as they can, even
crawl if necessary. It is clear that a smoke
detector should be installed on or near the
ceiling, certainly high up in a room.

a few minutes at most.

Fig. 1. Correct position of smoke detector.

A smoke detector/alarm can be installed
in every room, but that is quite an expensive
business. So is the installation of smoke de-
tectors in every room connected to a central
alarm, which involves wiring costs.

The cheapest method, without sacrific-

ing too much in the way of efficiency is to
install a single smoke detector/alarm at the
most strategic pointin the building. Ina two-
storey house that is at the top of the staircase
leading to the second floor, close to or on the
ceiling—see Fig. 1.

Dealers may, of course—and quite rightly—
point out that this system loses a few sec-
onds of time in indicating the start of the
fire, and that, if the fire starts in a room of
which the door is closed, considerable dam-
age may occur before the alarm goes off. This
istrue, but thealarmstill gives time toawaken
sleeping people and allows them time to
make their escape; in this respect it is as ef-
fective as any other system: it is all a matter
of seconds after the start of a fire.

Circuitdiagrams of a battery-operated ver-
sion and of a mains-operated version of the
unitareshownin Fig. 2and Fig. 3 respectively.
To avoid duplication of the description, the
designation of the essential componentsis the
same in the two diagrams.

The relay is a miniature type available
from many suppliers; it has an operating
‘on’ voltage of 5-7 V at 10 mA. The coil re-
sistance is 600 Q. In a simplified version of
the battery unit, Tandy Type 275-232 may be
used: this has only one set of contacts. The

"~ 910086-11

™ o 02
R2
R3| R
D3 Da
T2
07
(%) DS - D6 Re1
> >3V fogs
> gEsilt ==
1 b
T1 BHT
" 2
-— " 91008612

Fig. 2. Battery-operated version of smoke detector.

Fig. 3. Mains-operated version of smoke detector.
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Fig. 4. Detail of mounting of unit (see Fig. 1).

e .

Fig. 8. Smoke escape holes and holes for con-
necting leads to mains, escape lamp and ac-
cess to Py.

Fig. 9. Location of components in mains-operated version

A CHEAP. EFFICIENT. STRATEGIC FIRE ALARM M
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Fig. 5. Smoke hole at underside of unit.

Fig. 7. General view of right-hand side of unit.

objective is to keep the power consumption
of the relay (in the non-alarm condition of
the unit) as low as possible to extend the bat-
tery life.

There are two ways in which the unit can
be made to function, depending on the posi-
tion of infra-red (IR)emitting diode D5 and
IR photodetector T;. As shown in the dia-
grams, when there is no interruption of the
light path between D5 and T, the relay is
energized and the supply to thebuzzeris held
off. A slight obstruction of the light path
causes the relay contacts to open, where-
upon the buzzer (and the ‘escape light’, if
fitted) is energized.

In the battery-operated version, the posi-

.In the batt-operated versin, removal

of the transformer, zener diode and R, makes space for the battery.

ELEKTOR ELECTRONICS SEPTEMBER 1991

tionsof Dsand T> canbe reversed and the con-
nections of therelay contactsasshowntogive
a slightly reduced current drain on the bat-
tery. The circuit works well in either case.

Capacitor C; in the mains-operated ver-
sion has two functions: the usual one of reser-
voir and that of holding a charge so that
when the unit is disconnected or switched off,
thebuzzergivesaloud bleep. Thisshows that
the unitis functioning correctly and is the rea-
son that the capacitor is retained in the bat-
tery-operated version.

In the mains-operated version, the minia-
ture transformer may have a secondary volt-
age of 12-20 V and be capable of providing
a load current of 150-200 mA.

The value of R; is 15U, where Uy is the
secondary voltage of the transformer; its tol-
erance may be +20%.

Theunitmay be constructed ona 10x7.5cm
(4x3 in.) piece of prototyping board (vero-
board or perfboard). The location of the com-
ponents, other than D5, T, P; and the trans-
former, is not important. The positions of T,
and Ds are obvious and should be about
25 mm (1 in.) above the board.

The dimensions of the enclosure are
9x11.5x9 cm (3.5x4.5x3.5 in.) (LxWxD). The
positions of the smoke holes and the hole
for screwdriver access to adjust PP; can be as-
certained from the photographs.

It will be found that there are two points
on P; at which the buzzer can be switched
on and off: only one of these is correct. The
adjustment may be made on a workbench,
since T>is not sensitive to visible light. To find
the correctadjustment point, waggle amatch-
stick between D5 and T,. Once this has been
found, carefully adjust Py again until the
buzzer just goes off. The buzzer should make
aloud and unpleasant noise to make sure that
it wakes healthy sleepers. 1

Resistors:
R1=50Q

R2 = see text
R3=300Q, 1 W
P1 =22 kQ preset

Capacitors:
C1 = 1000 pF, 35 V DC working

Semiconductors:

D1-D4 = IN4001

DS = infra-red emitting diode
D6 = IN914

D7 = zener diode, 12V, | W
T1 = BC149 or similar

T2 = infra-red photodetector

Miscellaneous:

S1=SPST switch

Rel =miniature relay, 5-7 V, 10 mA, coil
resistance 600 Q

Battl = 12 V battery

Trl = miniature mains transformer,
secondary 12-20 V, 300mA

Bzl = miniature buzzer, 12V
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Understanding the EDIF standard

by Tony K.P. Wong

EDIF is a standard data format for electronic design information
transfer between CAD systems, and supports gate array and
semicustom IC design. It plays an important role in the VLSI

world. Some of the basic structure of the EDIF and an
application of its netlist are presented in this article.

T MAY be recognized that the VLSI inte-

grated circuit design process relies heav-
ily on communication between all parties
involved in the design, manufacture and
testing of VLLSI products, that s, *Joint Ventures’
scheme. This has to be so irrespective of the
different CAD systems that might be used
at each end of the data exchange. However,
problems arise since each CAD system em-
ploys its own system-specific data structure
for storing product data. This data may not
be transferred from one system to another
or be read by other systems, as they have no
common data structure. Hence, to obtain the
maximum benefit from CAD systems, data
exchange becomes essential to the manu-
facturers.

Many national and international organi-
zations have developed a public domain
standard for data transfer, which is called
Electronic Design Interchange Format, or
EDIF. This standard enables the designs of
semicustom and custom ICs to be commu-
nicated unambiguously to device makers.

EDIF structure

EDIF is aneutral data format that may be used
for transferring netlists, schematics, IC lay-
outs and other electronic data between com-
puter workstations. A translator program
will be required to translate the information
from the sender's data base and to create a
sequential file in the format defined by the
EDIF specification. Another translator pro-
gram may be used to load the design infor-
mation into the receiver's data base.

The basic format of the EDIF syntax is
an ASCII file. An EDIF file consists of an
hierarchical set of structures based on the
LISP programming language. Each con-
structof the EDIF language is a parenthesized
list of items of information. Each distinct
EDIF construct is identified by a keyword.
This syntax is very simple, easily parsed, and
extensible, but its power for representing
design information comes from its struc-
ture. The hierarchical structure of EDIF means

that it is abstract at the highest levels and
becomes progressively more detailed as one
descends within the hierarchy. Figure 1 shows
a portion of the EDIF structure model and
the path of the netlist view is specified.
Further details of the structure of EDIF may
be obtained from Ref. 1.

In general, an EDIF file may contain one
or more libraries of cell data. A library con-
sists of cells grouped according to the com-
mon characteristics.

®
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Cells in the library may contain instances
of other cells from an external library. Each
cell currently supports seven view types:
behaviour; schematic; symbolic: netlist; mask
layout: document; and stranger. Each view of
the cell contains information particular to a
specific use of the cell.

The ‘library’ and ‘view' structures can
make a possible change in the transfer of
partial or incomplete design information, so
that the data transfer time may be reduced.

View cells can be divided into two sec-
tions: the interface section defines the cell's
communication with other cells, and the
contents section defines the detailed im-
plementation of the cell.

In the top level, the Design block con-
tains the name of a design and provides a

path for finding data. The Status block spec-
ifies the file information such as the pro-
gram version, creation time, and so on. The
User Data block contains the user specific
data, for instance, local user extensions. All
of the data describing a design is collected
in the Library block. The Library may make
reference to the External Library, that is, a
library is known to the sender and receiver
by name, but no details are transferred. Within
the Technology construct, information of phys-
ical design rules, global constants, and so
on, may be included.

For the View level, the Netlist view, the
netlist description contains a list of cell in-
stances and a collection of nets that specify
signal connections among the ports on the
instances and the external ports of the cell
itself. It is possible to display the property
name and its value in any context. Properties
may include optional *owner’ and ‘unit’ val-
ues. For example,

(port AAA
(property BBB (number (e X-Y))
(unit CCC)
(owner DDD)))

describes that the port named AAA of a cell
has a property BBB (e.g., Cin). The value of
the property is exp X Y (e.g., 1x10-12) and
it has the unit of CCC (e.g., capacitance).
The owner of this property is DDD, which
is user-defined to avoid the same name of
properties from different data bases.

It should be noted that, when the file is
translated into the receiver's data base, any
scaling of values for the unit CCC, which is
specified in the technology section of the EDIF
library, would be applied to the property
value.

The Mask Layout view also contains an
interface and a contents section. In the con-
tents of the view there is a set of shapes on
different mask layers, called figureGroups
in EDIF, and an instance of another cell.
The figureGroup will refer to a figure group
defined in the technology library.
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2
(EDIF OPAMP_SCH (instance (qualify DEVICE _LIB X_O_O1UF) X_O_O1UF_NET C2)
(status (instance (qualify PSPICE_LIB X_& 8K) X_&6 _8K_NET R4)
(EDIFVersion 1 1 0) (instance (qualify PSPICE LIB X_10K) X_10K_NET R3)
(EDIFLevel 0) (instance (qualify ANALDG_LIB X_741) X_741 _NET U1)
(Written (instance (qualify DEVICE _LIB X_10UF) X_10OUF_NET C1)
(TimeStamp 1991 2 9 14 S 30) (joined
(comment “The ABOVE TimeStamp is local time") (qualify C2 X_1)
(accounting Program “NETLIST.EXE") (qualify R2 X_1)
faccounting ProgramVersion " V3.20a 26-Jan-89") (qualify R1 X_2)
(comment “(C) Copyright 1985,1986,1987 OrCAD Systems.") (qualify Ul MINUS_INPUT)
) )
) (joined
(external ANALOG_LIB) (qualify C2 X_2)
(external ASSEMBLY_LIB) (qualify R2 X_2)
(external CMOS_LIB) (qualify Ul OUTPUT)
(external DEVICE_LIB) OBARF
(external INTEL_LIB) )
(external MOTO_LIB) (joined
(external PSPICE_LIB) IBARP
(external SHAPES_LIB) (qualify C1 X_1)
(external SPICE_LIB) )
(external TTL_LIB) (joined
(external POWER_LIB) (qualify C1 Xx_2)
(design DPAMP_SCH (qualify lib root)) (qualify R1 X_1)
(library 1ib )
(cell root (joined
(status (qualify Ul PLUS_INFUT)
(Written (qualify RI X_2)
(TimeStamp 1991 2 9 14 4 4) (qualify R4 X 1)
(comment “The ABOVE TimeStamp is local time") )
(comment " February 9, 1991") (joined
) (qualify Ul PLUS V)
) X_PLUSSV
(view NETLIST root NET (qualify R3 X_1)
(interface )
(define input port VSS) (joined
(define input port IBARP (qualify R4 X_2)
(rename IBARP "1/FP")) GND
(define output port OBARP vss
(rename OBARP “0/P")) (qualify Ul MINUS V)
(define input port X_PLUSSV '
(rename X_PLUSSYV "+5V")) )
(define input port GND) )
) )
(contents )
finstance (qualify PSPICE_LIB X_10K) X 10K_NET R1) : 910099-12
(instance (qualify PSPICE _LIB X_10K) X_10K_NET R2)
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The Symbolic view contains the descrip-
tion on elements of connectivity and geo-
metric layout. It can be used to describe
placement and routeing problems, and to trans-
mit symbolic layouts for technology re-map-
ping. Under the Symbolic view, the con-
struct elements specified in the Interface
and Contents sections may be implemented.

The Schematic view is used for the trans-
mission of logic data and schematic dia-
gram plus connectivity. The cellsinclude logic
elements and symbols.

An EDIF netlist application

Netlist is a list of components and connec-
tions that describes the connectivity of a cir-
cuit (Ref. 2). Figure 2 shows an EDIF file
thatdescribes the circuit of the band-pass net-
work shown in Fig. 3. The schematic cap-
ture was produced by OrCAD/SDT I1I soft-
ware. The EDIF netlist file is one of the for-
mats that the software can support. The de-
tails of the file related to the circuit are de-
scribed below.

OPAMP_SCH is the name of the file.
Under the Status construct, the EDIF ver-
sionand level are specified; the local time and
the program (NETLIST.EXE) from which the
EDIF file was generated are described in
the Written block

Following these, the external library files
are referred to; they are named with the ex-
tension, LIB, as shown and, in this case,
they may be found in the library directory
of Schematic capture software.

A root Cell must reside in the Design en-
tity and be a cell in one of the libraries.

The Status block following the Cell root
contains information about this particular
cell. Itthen shows the Netlist view of the cell.
At the beginning of the view, all input and
output ports are defined under the Interface
block.

The Rename construct shows the origi-
nal port name. The designation of compo-
nents and their electrical values are speci-
fied in the Instance construct. Each compo-
nent value and its related library file are
also mentioned with a Qualify construct.
For instance, in this case, R has a value of
10 kQ and belongs to the external PSPICE
library file.

Finally, the connectivity of the circuit is
described in the Joined blocks. Each Joined
block specifies the connections at one node
of the circuit. In practice, anumber is assigned
to the terminals of each discrete compo-
nent: the left-hand terminal is | and the
right-hand one is 2. For instance, as shown
in the first Joined block, terminal 1 of C,
and R; is joined to terminal 2 of R; and the
—ve input of Us.

Conclusion

EDIF Version 1.00, published in 1985, has
provided a solution to the data base compat-
ibility problem in the gate array and semi-
custom IC designs. Although it is not com-
plete, users have processed a number of suc-
cessful data base conversion programs. Many
CAD software manufacturers have included
the format in their products, for instance,
OrCAD, HiWIRE, Schema III, and so on.
EDIF Version 2.00 has just been pub-

lished. This can address many of the prob-

lems and difficulties of the earlier version,

and meets the needs of real data transfer in

the design and manufacture of printed cir-

cuit boards. Moreover, it contains provision

forbehavioural modelling and includes some

new constructs, forinstance, Netand Property.

Unfortunately, even the latest version cannot

yetdo everything: features that are still under

development include:

« transfer of design changes;

+ PCB layout transfer between CAD sys-
tems;

« transfer of data for board testing;

« transfer of data from CAD systems to
board manufacture;

« electrical design rules.

These features may form part of the next
version. However, there will be a signifi-
cant performance penalty to using EDIF for
data exchange, because the format tends to
require more storage space than the CAD data,
and may slow down the data base conver-
sions. Simplification and more advanced
constructs may, therefore, be required. W
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PLOTTER DRIVER

OR those of you who have not followed

the story so far: the plotter referred to
above is a mechanical as well as electronic
construction project described in Ref. 1, with
some useful mechanical alterations brought
together in a follow-up article, Ref. 2. The
second article also describes a partly HPGL-
compatible plotter driver, which is less soph-
isticated than the one discussed here. It may
be useful to know that the modified version
of the plotter is available as a kit from some
regular advertisers in Elektor Electronics. It
must be noted, though, that the contents of
their kits may deviate from the modified
mechanical parts list included in Ref. 2.

The driver program

CAD programs — or more generally, draw-
ing programs — such as AutoCAD, OrCAD,
DrawPerfect, Ultiboard and Smartwork, to
mention but a few, provide drivers for plot-
ters that work with a certain industry-stand-
ard ‘language’, for instance, HPGL (Hewlett
Packard Graphics Language). Since the Elek-
tor Electronics plotter is not compatible with
any graphics language, it requires a conver-
sion operation in which the commands con-
tained in the computer output file are
converted into appropriate bit combinations
that can be applied to the interface board that
belongs with the plotter. In practice, this con-
version operation is carried out by the pro-
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gram described here. This program accepts
HPGL input data, translates this into a series
of plotter commands, and drives the plotter
via the Centronics port on the PC and the in-
terface board attached to the plotter.

The plotter driver program is written in
Turbo Pascal 6.0, and comes on one 5%4-inch

MONDRIAAN PLOTTER DRIVER
Plot Paper

Size

Smallest X co-ordinate :
Smallest Y co-ordinate :

Largest X co-ordinate
Largest Y co-ordinate
X co-ordinate of P1

Y co-ordinate of P1

X co-ordinate of P2

Y co-ordinate of P2
Enlarge/reduce factor
Plot Horiz.,/vert.

Plotfile: AUTOCAD.PLT

Settings
TOPER SIal—————a—y

360 KByte MS DOS formatted floppy disk.
The program is suitable for MS-DOS compu-
ters only. It can be modified to drive plotters
other than the Elektor Electronics one by
adapting a number of procedures in one of
the source files. Evidently, to be able to make
such modifications you must be conversant

Uersion 2.2
Quit

SIZE
A4
A3
USER1
USERZ
USER3
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COMPUTERS AND MICROPROCESSORS

with the Turbo Pascal 6.0 compiler. The basic
information on the modifications is contai-
ned in the source file itself.

The plotter driver program, PL.EXE,
translates HPGL files into control commands
for the Elektor Electronics plotter, and in addi-
tionallows a number of plotter-specific para-
meters to be defined.

Before the plotter driver can be used, the
drawing made on the PC must be converted
into an HPGL file. Most CAD programs can
do this without problems when an HPGL-
compatible plotter (e.g., the HP7475A) is se-
lected in the output menu, and the plot file is
printed to disk. When the HPGL file is avai-
lable on the system, the plotter driver,
PL.EXE, may be called up to complete the
conversion into plotter commands. Comple-
tely menu-driven, the converter program is
uncomplicated in practical use.

Hardware recap and tuning

The interface board with the Elektor Elec-
tronics plotter is connected to the Centronics
port of the PC as shown in Fig. 1. Note that a
number of pins on the Centronics connector
are tied to +5 V to make them permanently
logic high. The +5 V can be taken from the
plotter interface via an unused wire in the
cable to the Centronics port on the PC. For
connector pin functions, look in the file
PLPROC.PAS on the diskette.

Before you can start plotting a drawing, a
number of parameters must be set. This is
done in the ‘settings’ menu, and in particu-
lar, in the sub-menu ‘mechanical charac-
teristics’.

Wait time between steps

This parameter determines the plotting
speed. The larger the wait time, the slower
the plotting, but the more accurate the result.
Since the wait time is set by means of a soft-
ware counter, it may have to be adapted in
accordance with the clock speed of the com-
puter.

Half step

The half step parameter determines the final
resolution of the plotter. When you switch
the motors from half step mode to full step
mode, the size of the plotted drawing will re-
main the same, i.e., the co-ordinates are re-
scaled internally.

Wait time between pen up/down

This is a constant that must be determined
empirically for best results. It provides a cer-
tain delay before a pen is lifted or put down
on the paper.

Y-compensation factor

This factor is a constant that allows dif-
ferences in the resolution between the X and
Y driving systems to be compensated. It is
programmed by writing the following line of
ASCII text, and sending it to the plotter:

PR1000,0; PR0,1000 Z

Make sure that the clipping area (see ‘paper
size’) is not effective, and if necessary adapt
the enlarge factor. The Y factor is obtained by
dividing the distance travelled in the X direc-
tion by the distance travelled in the Y direc-
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MONDRIAAN PLOTTER DRIVER
Plot Paper

Plotfile
Path

Wait time between steps

Half step
Mechaf—
Scree
Save

Settlngs

2

Uersion 2.2
Quit
SETTINGS — —
AUTOCAD .PLT
AN\

250

— MECHANICAL CHARACTERISTICS
Wait time between pen UP/DOWN
Y compensation factor

HPGL
Number of pens
X compensation
Y compensation
X compensation
Y compensation

1.0000

compensation factor 0.130

pen ¢ : 58

pen 2

pen
pen

Position slowly
Position Fast
Printer port

Plotfile: AUTOCAD.PLT

tion: Y factor = dX/dY. The larger the dis-
tances travelled, the more accurate the Y fac-
tor.

X- and Y-compensation pen 1/2/3

These parameters serve to compensate the
distance between the pens in the carriage.
Enter the following text in an ASCII word
processor, and send it to the plotter:

PU; SP1; PD; PU; SP2; PD; PU;
SP3; PD; PU "Z

This should produce a single spot on the
paper without off-set between the individual
dots made by the pens.

Number of pens

Optionally, you may work with fewer than
three pens. The pen numbers in the SP com-
mands are counted in a cyclic manner.
When, for instance, the driver encounters the
command ‘SP3’ (select pen 3), while the
maximum number of pens is set to 2, pen 1 is
selected.

Paper size

This parameter speaks for itself. The Xand Y
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co-ordinates are not the HPGL co-ordinates
in the plot file, but the maximum number of
steps to be made by the stepper motors on
the plotter. The limits that belong with a cer-
tain paper size setting can be calculated on
the basis of the diameter of the platen and the
string wheel for the carriage drive, and the
number of steps per spindle revolution of the
stepper motors used. Next, the enlarge/re-
duce factor is used to fit the drawing on the
selected paper size. When the co-ordinates of
the drawing fall outside these borders, the
relevant part of the drawing is not plotted,
and a warning is given when the plotting is
finished.

Trouble shooting and user
hints

It is very well possible that the first results
obtained with the plotter and the driver pro-
gram will look like drawing attempts of a
two-year old. Any one with some experience
in setting up electromechanical drawing

Plotter driver
Centronics board
port K1
error = "1" 8o -0 O
D1 o'
: D2 -0 ©
D3
18 o ¥ s
b3 0 L 5 ground wires connected
o= — )1
=} o2 —0 0 to allow ready use of
= ‘c‘fe o1 > 0 flatcable
T o7
o -0
&) | o =
3 o o oo
E O,O <— Busy -input="0" oo
0/0 <*=pPE="0" o0
= 13 < Select="1" o0
non - used wire from IC 6 output on
500108 - “ plotter driver board

Fig. 1.
plotter driver board.
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Hardware recap: suggested connections between the PC Centronics port and the

PLOTTER DRIVER

/ARE ON DISKETTE

360 KByte MSDOS fo floppy
disk under order mmhor ESS1541.
Details on cost and ordering are given
on the Readers Services page else-
wl!orelnthistssue.

equipment will confirm this without shame.

In the worst case, nothing is plotted. First,
check whether manual pen positioning
works (go to the sub-menu ‘plotting’). If this
works, you have probably loaded a non-
HPGL compatible plot file (the name of the
file processed is displayed in the lower left-
hand corner of the screen).

A problem reported by many construc-
tors of the Elektor Electronics plotter has to do
with the lifting and lowering of the pens.
First, check that the pens can move up and
down without friction. Marker pens in parti-
cular are prone to remaining stuck. This hap-
pens because the lever that lifts the pen
remains stuck to the core in the solenoid (lift
magnet). The problem is simple to eliminate
by sticking a small piece of self-adhesive
tape between the core and the lever. This
creates a small air gap between these two
metal parts, and reduces the risk of sticking
(caused by permanent magnetism) to a mini-
mum.

‘Real’ plotter pens are much heavier than
marker pens, and are much more likely to re-
main down on the paper because the sole-
noid in the carriage is incapable of lifting the
weight. There are two possible solutions to
this problem:

- reduce the tension of the solenoid
springs, or remove them altogether;

- increase the value of capacitors C2, C3
and C4 on the interface board from
470 uF to 1,000 pF.

The distance between the lever and the pen

is critical. When the lever is too close to the

pen, it can not move freely. Conversely,
when the distance is too great, the pen can
bounce up when it is lifted. The critical dis-
tance can be ‘tuned’ by bending the ‘rear leg’
of the solenoid a little forward or to the rear.

If the plotted drawing is mirrored with
respect to that produced with the CAD pro-
gram, simply reverse the connections to one
of the stator windings on one of the stepper
motors.

Paper slip may be caused by insufficient
pressure on the platen. The correct amount
of pressure must be determined empirically
by fitting springs with different tensions.

Another type of slip (in the X as well as in
the Y direction) may occur when the platen
or the string wheel for the carriage move-
ment is not fitted securely on the spindle of

the relevant stepper motor. =
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