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The picture shows the
voltmeter function, PCV,
of the Multifunction Mea-
surement Card for PCs in
action. The two basic
measurement functions
offered by the card, a volt-
meter and a frequency
/pulse meter, are fre-
quently required in the
electronic workshop or
laboratory, but not com-
monly implemented on a
PC. At least, not at the ac-
curacy achieved by this
card: the voltmeter and
the frequency meter have
the remarkable precision
of 12 bits and 6 digits re-
spectively, which is up to
par with the specs of
much more expensive (in-
dustrial) products.

On the EGA monitor you
can see the colourful PCV
menu, which offers a host
of features for multi-chan-
nel multiplexed measure-
ments, auto-calibration
and range settings. The
large voltmeter indication
will be familiar to readers
who have already digested
Part 1 of the relevant arti-
cle (don't worry if you
don't get the meaning of
1.91).

In forthcoming issues, we
intend to publish a num-
ber of practical applica-
tions of the system.

Copyright © 1991 Elektuur BV
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MULTIFUNCTION MEASUREMENT
CARD FOR PCs

PART 2: CONSTRUCTION, ADJUSTMENT, SOFTWARE AND
PRACTICAL USE

Following last month’s formal description of the operation of the
measurement card, many of you will be keen on tackling the more
practical side of things. In this second and final instalment we
concentrate mostly on the construction, which is fairly easy, and on
the powerful, menu-driven control software package that brings the
card alive on your PC.

J. Ruffell COMPONENTS LIST

Reorienting

Having digested all the information on the
design and operation of the measurement
card presented in last month’s instalment,
we can now start to look at the construction
of the unit. As shown in the photograph of
our prototype, the printed-circuit board is
fitted with a support bracket of the type used
in PCs to secure insertion cards to a frame at
the rear side of the computer. The PCB ac-
commodates four connectors used for the
various types of measurement. The upper
two connectors, K1 and K3, are for the anal-
ogue measurements, while the lower one,
K2, forms the protected digital input for fre-
quency and pulse measurements. The other
digital inputs are provided on connector K,
which is located next to the two PPIs (8255s)
on the left-hand part of the PCB. Between
connectors K2 and K3 we find LED D4, an in-
dicator which that lights during the gate
time when measurements are carried out on
digital signals.

The lower edge of the PCB has the famil-
iar PC extension bus connector, which con-
sists of gold-plated contact fingers. To the
top, at the right, we find the three multiturn
presets, P1, P2 and P3, and switch S1. As will
be detailed later, these components play an
important role in the adjustment of the card.
During the adjustment, the switch is used to
generate two calibration signals. The two
PCB solder pins to the right of P3 (marked
‘adj.’) form an adjust output, which is used
during the alignment of the ADC only.

Building the card

The track layouts and the component
mounting plan of the printed-circuit board
are given in Fig. 3. As a matter of course, this
PCB is double-sided and through-plated.
Having noted that the PC bus extension con-
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nector is gold-plated for optimum contact
with the slot connector in the PC, you will
agree that is hard, if not impossible, to pro-
duce this PCB yourself and match the quality
of the one supplied ready-made.

It is recommended to use thin solder tin,
and a low-power solder bit with a very fine
tip. Those of you confident of their soldering
skills may want to do without IC sockets in
the analogue section of the circuit (the anal-
ogue section essentially consists of the ADC,
the two multiplexers and the three associ-
ated opamps). In practice, it is often found
that soldered connections are better than (in-
expensive) IC sockets, which tend to develop
bad contacts. If you are hesitant about solde-
ring the (fairly expensive) components in the
analogue section, consider the use of 1C soc-
kets with turned pins.

Overall, the construction of the card is
simple and straightforward if you follow the
parts list and the component overlay printed
in white on the PCB. One area that deserves
special attention, though, is the decoupling
of the ADC chip. To enable the ADC to
achieve the specified accuracy, it requires
decoupling capacitors that are fitted as close
as possible to the IC. If the decoupling is in-
adequate, a number of the lower significant
bits are not stable, making the measurements
unreliable. From the PCB layout it is seen
that the ADC chip is fitted with three sur-
face-mount assembly (SMA) decoupling ca-
pacitors, Ca4, C45 and C46, which can be
mounted very close to the IC because they
have no leads. It should noted that C44 is
mounted only when the -A type ADC is
used. A further decoupling capacitor, C47, is
a tantalum bead type mounted at the solder
side (i.e., the non-component side) of the
board.

The special decoupling of the ADC,
together with the filter function of the soft-
ware, ensures that the measurement results
are degraded only by the +1-bit error of the
LSB (least-significant bit). As discussed last
month, this error occurs in all analogue-to-
digital conversion processes, and can not be
eliminated. ’

The final accuracy of the frequency meas-
urement is basically achieved by the soft-
ware, which has a filter function that builds
the actual measurement value from up to a
thousand measurement results obtained
from very fast sampling. By evaluating all
these measurement results, the software is
capable of eliminating errors caused by, say,
a small spike, or random interference.

Jumpers JP2 to JPs need not be fitted as
yet, because the software will also function
without hardware interrupts implemented.
As detailed last month, jumper JP1 sets the
base address of the card. Install it as re-
quired, with reference to Table 1.

Jumper JP9 must be set to position C
when the on-board 10-MHz oscillator is
used. Position D is used when an external
reference oscillator is connected. The func-
tion and use of jumper JP10is discussed later
in connection with the adjustment of the
ADC.

Depending on the desired measurement
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Component overlay of the double-sided, through-plated printed circuit board.
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. COMPUTERS AND MICROPROCESSORS

SOFTWARE SERVICE

This project is supported by two items
in the Elektor Software Service (ESS)

I I | range:
@ ) ‘ + a diskette, order number 1461, con-

taining the control program (MS-
DOS format, 5a-inch, 360 k);

* aready-programmed PAL type 16L8
(IC7), order number 561.

For prices and details on ordering
these products, please refer to the
Readers Services page elsewehere in
this issue.

range on multiplex channels I1 to 17, you
must dimension resistors Re to R19 yourself,
To prevent measurement errors caused by
large ground currents, these resistors prefer-
ably take high values. For the same reason,
do not load the +8 V reference voltage on
connector K3. As indicated in the circuit di-
agram, the junction of each potential divider
may be decoupled for alternating voltages
with the aid of a capacitor (C33 to C39).

Software
Inall fairness, a piece of high-tech electronics
like the PC measurement card is of little use
when you have no software to control it
properly. Fortunately, such software exists,
and is available in a ready-to-go state on a
diskette for all PC-XT/AT MS-DOS compu-
ters.
The control program developed for the
BEEERRREYS measurement card has been written in Turbo
NI Pascal, and uses a large number of coloured

menus to show the various measurement re-
n® o0 00 ?
©gee i §
-]

sults. The software is uncritical as regards
L}
L=}
-
o ‘_j
=

the type of PC, and can be used with video
adapters such as the Hercules, EGA and
VGA (not with the CGA). The software for
the prototype card was written and success-
fully tested on a PC-AT with a hard disk,
640 kB of memory, MS-DOS version 3.2, and
an EGA video card. A hard disk is not strictly
required for the software to be used, but it
does offer the additional comfort of faster
switching between parts of the program.

If you have a hard disk, create a subdirec-
tory for the measurement card, and copy all
the files from the distribution floppy disk
into this subdirectory. If you do not have a
hard disk, make a working copy of the dis-
tribution disk, and store the latter safely for
use as a back-up. Make sure that the working
copy is not write-protected.

The diskette supplied for the project has
two .EXE files: PCV.EXE, which starts the
voltmeter program, and PCF.EXE, which
starts the program for time-related measure-
ments. Also on the disk are a number of con-
figuration files used by the two programs.

Before using PCV.EXE or PCF.EXE, make
sure that the configuration contained in
ADCEF.CFG is correct. If you inspect this file,
Fig. 3b. Track layout (mirror image) of the component side of the board. you will find that the defaults are:

i

II

C
A
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MULTIFUNCTION MEASUREMENT CARD FOR PCs

base address: $0300

- reference frequency: 10 MHz,
on-board XTO

- maximum gate time: 410s
- full-scale voltage: 25V

+|

In most cases, the default settings allow PCF
and PCV to be used straight away, unless
you require a change in the base address. If
necessary, edit the ADCF.CFG configuration
file with the aid of a (simple) word processor
such as EDLIN, PCTools, Norton or Side-
Kick.

J [ooise—1]

PCV, the PC-controlled
Voltmeter

After fitting the card in the PC, leave the
cover open as yet to provide access to the
three multiturn presets. Run PCV, and check
that the main menu appears (see Fig. 4). If
the program reports that the card is not
found, you have a problem. Not to worry,
though: check for the correct base address in
software (the configuration file) and in hard-
ware (jumper JP1). If this is all right, a section
of the hardware may not function properly,
or the card causes an address conflict in the
PC. Investigate and rectify the problem be-
fore proceeding,.

Once you are looking at the main menu,
you may confidently embark on the adjust-
ment of the card. The adjustment procedure
effectively matches the software to the hard-
ware, ruling out the effect of component
tolerances on the measurement results.

£

Adjust

Start by selecting the ‘Adjust’ option from
the main menu. The information presented
by this option, shown in Fig. 5, is clear and
allows the ADC on the card to be calibrated
quickly and efficiently. As already men-
tioned in part 1 of this article, channel I1 is
used for the calibration of the ADC. There-
fore, do not forget to disconnect R19, and fit
Ris (or, if applicable, a wire link) on the PCB.
The program then performs the adjust rou-
tine and provides all the instructions and
help you need to achieve satisfactory results.
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Learn

On completion of the ‘Adjust’ routine, return
to the main menu. From there, select the
‘Learn’ option to calibrate the attenuators on
the eight analogue inputs. The ‘Learn’ rou-
tine allows you to tell the program which at-
tenuation is applicable at the inputs of the
various analogue channels. The software
automatically eliminates the tolerances in
the ladder attenuators, and offers a number
of options that allow you to select the anal-

ogue channel of which the transfer function |

(i.e., the attenuation) is to be ‘learned’. As

long as inputs I1 to 17 are not connected to
additional attenuators, their maximum
input voltage range is 2.5 V at a conversion
factor of 1. Nonetheless, these inputs need to
be calibrated to enable the program to be in-
itialised. Fig. 3c. Track layout (mirror image) of the solder side of the board.
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The calibration is equally important on
channel 0, since the passive attenuator used
here may give rise to measurement errors.
That is why the program calculates the exact
attenuation for each attenuator position. The
switching between the attenuation factors is
performed by multiplexer IC12. Attenuator
position ‘0" corresponds to a measurement
range in which voltages up to 0.1 V can be
measured. The highest measurement range,
300 V, is selected by position 7. All posi-
tions between ‘1’ and ‘7" must be calibrated
one by one in the ‘Learn’ routine.

Since the results of the calibration are
stored in a file, the software is capable of ac-
curately determining the values of the input
voltages every time it is used. If the attenua-
tion changes after a while owing to ageing
effects, the correction factors may be up-
dated simply by running the ‘Learn’ routine.
A further advantage of the software-control-
led calibration is that the actual attenuator
can be kept relatively simple, and based on
resistor values from the E96 series.

The ‘Learn’ option is relatively simple to
use. Connect a test voltage of about half the
maximum value to the relevant analogue
input. Monitor this voltage with an accurate
digital voltmeter (DVM). Select the ‘Edit’ op-
tion to open a small window in which the
value of the input voltage is entered (see
Fig. 6). This input voltage is read from the
DVM. Next, the software computes the con-
version factor and the maximum input volt-
age that may be applied to the input in this
range before the ADC starts to produce over-
flows. Overflows must not occur until the
input voltage exceeds the maximum level
defined for the particular range. If the maxi-
mum measurement value is not reached in a
particular range, the relevant resistor in the
attenuator must be made a little smaller. If
this is not done, the maximum level can
never be measured, making it impossible for
the autoranging function to work properly
(remember, the software does not select the
next higher range until the maximum level
in the currently used range is exceeded).

Update

When all measurement ranges (and chan-
nels) have been calibrated, the conversion
factors may be written to a file on disk. This
is accomplished automatically on selection
of the ‘Update’ function. The conversion fac-

tors are stored in a file called RATIO.CFG for
use by the program when this is started.
After this calibration procedure, the card
is ready for use. It is recommended to store
the different .CFG files on a separate diskette
for use as back-ups when, for some reason or
other, the files on the hard disk or the work-
ing copy of the floppy disk, are lost or cor-
rupted (which would force you to go
through the calibration routine again).

PCV

To start the PC Voltmeter, simply select the
option ‘PCV’ from the main menu. The result
is shown in Fig. 7: the measured value is dis-
played in the form of large numbers on the
screen. Below the voltage indication is a bar-
graph showing a corresponding value. The

| associated menu allows a number of pref-

erences to be set. For example, the ‘Sound’
option enables a short beep to be produced
when an overflow occurs. The optional filter
function uses an algorithm to produce an
average measurement value on the basis of a
large number of measurements, thus reduc-
ing the risk of errors to a minimum.

Adjust the 12-bit ADC

**+ Elektor Electronics bdot

#%#% Copyright (C) => 1990 ###

*%% ESS: 146 (1, 2, 3, 4) #»»

PCV
Learn
Adjust
Quit

>> V1.0/JR <<

900124 <0 - 11
Fig. 4. Screendump of the PCV main menu.
Adjust the 12-bit ADC
#4#* Elektor Electronics hk
*#%+ Copyright (C) => 1990 ##+=
[ e+ Ess: 146 (1, 2, 3, 4) ees
ADC ADJUST:
Offset must be adjusted before full-scale error. This
is achieved by applying an analogue input of 0.61 mV. So
switch S1 to position "H" and adjust P3 until the volt-
meter reads exactly 0.61 mV.
| Now adjust P1 until the ADC output code flickers between
' 1000 0000 0000 and 1000 0000 0001.
Press ENTER or click left mouse button to continue....
| r=ADC OUTPUT:
| 1000 0000 0000
900124 -0+ 12

Fig. 5.
tion procedure for the ADC.

On selecting the ‘Adjust’ option from the above menu, you enter a guided calibra-
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All ratios specified!

*++ Elektor Electronics Lidd

ANALOG STATUS

Analog channel : 0o
Range number o
Range (%) 308.982 V
Transfer ratio : 123.593 +
Voltages
ADC 0.000 V
Measured 0.000 V
Applied
._f»» 150.00 V
L
[ Cc-Channel R-Range number E-Edit U-Update A-Abort
200124-0-13

ready mentioned in part 1 of this article, the
available measurements are very accurate,
covering the basic signal parameters fre-
quency, period time, pulse/pause (on/off)
ratio, and pulse time.

The program PCF.EXE does it all. Like
PCV, it is user-friendly and features menus
as well as windows for the measurement re-
sults. The menu allows you to select fre-
quency measurement, event count, period
time, duty cycle, or pulse time of the input
signal. The screen shows the most recent re-
sults obtained from a measurement. These
results are not updated until the relevant
measurement is performed again. To keep
you informed about what is being measured,
the current type of measurement is under-
lined.

The event count and pulse time measure-
ment each offer two submenus which allow
the trigger edge and the on or off time to be
selected respectively. The desired input

Fig. 6. The ‘Learn’ sub-menu of PCV is used to calibrate the ladder attenuator on the card.

The ‘Channel’ function enables you to se-

channel is also selected via a submenu.
During the measurements, the measure-

lect the channel of which the measurement

results are shown in the large window.
Finally, a maximum input voltage level

may be defined individually for each chan-

nel. A screen indication is provided when Channely
this value is exceeded. This indication takes chscan
the form of an exclamation mark (!) in the pater
eight small windows at the bottom of the ¥ain
screen, a short beep, and a special ‘Check-

Lim’ indicator in the large window.

Quit

When the ‘Quit” option is selected, the most

recent settings are stored in the file

PCV.CFG. These settings are called up auto-

matically by PCV when the program is doie L5
started. 0.0 mv

PCF, the PC-controlled
Frequency/Pulse Meter

Neasure |

| O
| 1 | ersonal Computer Voltmeter e ——
2
3 nV AutoRg 7
| 4 Chan 0 Filter -
5 ChScan +
6 CheckLim
7 | | Limits +
. . 5.00 V
>> Holding! 1.00 V
l ' &5 T O o T N S S TR O B T3 B 5 TR ) = B R -V
0 1 2 3 K 5 6 7 8 9 10
Bargraph multiplier: 0.01
Chan 1 Chan 2 Chan 3 Chan 4 Chan 5 Chan 6 Chan 7
0.00 Vv 0.00 V 0.00 Vv 0.00 V 0.00 V 0.00 V o.o0vV
$00124 -4 - 14

The PCF.EXE program is used for all time-re-
lated measurements on digital signals. As al-

Fig. 7. The PCV in action. The display shows a large voltmeter indication as well as a
bargraph read-out.

Measure frequency, period time, duty cycle and pulse time
=== CONTROL
Channel

Pulse time
Chain
Quit

kA

3, 4)

Event count

Freguency **+ Elektor Electronics

Period time #** Copyright (C) => 1990 ##=
Duty cycle ®#+ ESS: 146 (1, 2,

LR

Personal Computer Frequency counter
>> Measuring high level pulse time.
50.0 %

Event count 0.00232 Hz 429.496 s

channel: 0 Elap

curren

429.496 s

>> V1.0/JR <<

429.496 s

900124 -0-15

ment window indicates the current channel
and the lapsed gate time. The latter indica-
tion is particularly useful for measurements
involving relatively long gate times. When
an option is selected that requires additional
information to be entered via a submenu (for
instance, the ‘Channel’ option which takes
the channel number in this way) the meas-
urement window shows the indication
‘Waiting for instructions!”. The relevant
measurement does not start until you have
entered the requested additional informa-
tion.

The last menu option, ‘Chain’, provides
an ‘all-in-one’ type of measurement, return-
ing values on frequency, duty cycle, period
time and pulse time (pulse ‘on’ as well as
pulse ‘off’). Since it has little meaning in the
case of continuous signals, the event count
function is excluded from the ‘Chain’ meas-
urement, which, without doubt, is a good

Fig. 8. The PCF function of the software is used for all time-related measurements.
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6-metre band converter

April 1991, p. 38-43
The components list and the inductor over-
view in the top left hand corner of the circuit
diagram should be corrected to read:

L1, L2 = 301KN0800.
Capacitor Ci6 (4.7 pF) must not be fitted on
the board.
Finally, a few constructional tips:

- Fita 10 nF ceramic decoupling capacitor
at junction L7-R3e.

- Fit a 18 kQ resistor between the base of
T3 and ground. This reduces the Q factor
of L2, and prevents too high signal levels
at the base of T3.

- For improved tuning, inductor Ly may
be replaced by a Toko Type
113KN2K1026HM.

Multifunction measurement
card for PCs

January and February 1991

We understand that the 79L08 (IC17) is no
longer manufactured and, therefore, diffi-
cult to obtain. Here, the IC may be replaced
by a 7908, which, although physically larger

ELEKTOR ELECTRONICS JUNE 1991

CORRECTIONS

than the 79L08, is pin-compatible, and
should fit on the PCB.

Dimmer for halogen lights

April 1991, p. 54-58

In the circuit diagram of the transmitter,
Fig. 2, pin 14 of the MV500 should be shown
connected to pin 13, not to junction R1-R2-C2.
The relevant printed-circuit board (Fig. 6) is
all right.

RDS decoder

February 1991, p. 59

Line A0 between the 80C32 control board
and the LC display is not used to reset the
display, but to select between registers and
data.

We understand that the SAF7579T and
the associated 4.332 MHz quartz crystal are
difficult to obtain through Philips Compo-
nents distributors. These parts are available
from C-1 Electronics, P.O. Box 22089,

6360 AB Nuth, Holland. For prices and or-
dering information see C-I's advertisement
on page 6 of the May 1991 issue.

S-VHS-to-RGB converter

October 1990, p. 35-40

Relays Re1 and Re2 must be types with a coil
voltage of 5 V, not 12 V as indicated in the
components list. Constructors who have al-
ready used 12-V relays may connect the coils
in parallel rather than in series.

Suitable 5-V relays for this project are the
3573-1231.051 from Giinther, and the
V23100-V4305-C000 from Siemens.

The components list should me modified to
read:

6 33nF C57-C62
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PHONES IN THE AIR

Telephones for use on board aircraft,
employing satellite systems around the globe,
must be the ultimate in mobile phone use.
What was once considered to be feasible only
in the realms of Gerry and Sylvia’s puppetry is
now common practice thanks to technological
advances in the last few years.

Bill Higgins
Region Longitude
A number of systems are currently being
planned to provide telephone com- AOR 26° W Marecs B2 Operational
munication from aircraft for use via satel- AOR 18.5° W IMV(MCS) Dual
lites to anywhere with telephone contact. AOR 15° W Marisat F1 .3939'
One such system that is currently being
launched is called *Skyphone’. IOR 63°E Intelsat V (MCS) Operational
IOR 60° E Intelsat V (MCS) Dual
What is Skyphone? 10R 73°E Marisat F2 Spare
Skyphone is a telephone service provided by 8 1 .
a consortium formed by British Telecom In- POR 1?._9-' E Intelsat V (MCS) Operational
ternational, Norwegian Telecom and Singa- POR 177.5°E Marecs A Dual
pore Telecom. It can be used in passenger POR 176.5° E Marisat F3 Spare
airliners and private jets. Calls can be in-
itiated in either direction, i.e., air to ground Note: AOR to be widened to the West, when Marecs B2 will move from 26° W to 55.5° W.
transmission or ground to air transmission.
Inmarsat satellites are used to afford cover-

age around the world, from aircraft in flight. Table 1. Positions and usage of satellites employed for airborne telephone services.

SATELLITE COVERAGE MAP 910015 - 12

Fig. 1. Map showing Skyphone service coverage based on 0° and 5° angles of aircraft elevation at ground level. (source: British Telecom).
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Table 2. The three earth regions, Atlantic,
Ocean, Pacific Ocean and Indian Ocean are
served by different ground stations.

Technical considerations

Signals from the system on board aircraft are
relayed via an Inmarsat satellite in geosta-
tionary orbit, to a Ground Station for con-
nection by the appropriate land based
telecommunications company.

Satellites

Inmarsat uses geostationary satellites in
three geographical regions of the Atlantic.
Pacific and Indian Oceans. For each region,
a working pair, known as a dual, and one
spare satellite are employed. Table 1 lists
the nine satellites that are used.

Ground stations

Connection to the ground network is via
Ground Stations within each satellite region,
as shown in Table 2. The uplink/downlink
division and frequency band used in the
aeronautical satellite system are given in
Table 3.

Within the Atlantic Ocean Region
(AOR), calls are routed by British Telecom
International via their Ground Station at
Goonhilly. British Telecom’s Skyphone
ground network is shown schematically in
Fig. 3. The station at Goonhilly houses
equipment that separates telephone signals,
including routeing and billing signals, from
the SHF link via the satellite. Links to Lon-
don are normally in digital form to tie into
the International Digital Switching Equip-
ment (IDSE). Air traffic controls are linked
directly to voice and data channel equip-
ment at Goonbhilly.

As might be expected, operator and cus-
tomer services are linked to both Goonhilly
and IDSE in London. A voice coding rate of
9.6 KBit/s is used for passenger and oper-
ational services.

Similar setups are provided by Norwegi-
an Telecom using their Ground Station at
Eik to serve the Indian Ocean Region (IOR),
and by Singapore Telecom using Sentosa
Ground Station to serve the Pacific Ocean
Region (POR).

Equipment on board aircraft

Airborne equipment is manufactured by a
number of companies, mainly within the UK
and USA. Table 4 lists equipment along
with manufacturer and locations.

ELEKTOR ELECTRONICS FEBRUARY 1991
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Blade antenna

Tail-mounted antenna

Low-profile plate antenna

Mechanically steered antenna

Conformal side-mounted
antenna

910015-11

Fig. 2.

Antennas

Various designs of antenna are available to
be connected to the outside of aircraft. Each
design has its own characteristics including
scan coverage patterns of five types of an-
tenna (see Fig. 2).

Some currently available antenna options for aircraft. (source: Racal Avionics).

Blade antenna

This type normally has high gain (12 dBi)
with narrow beam width. It is used on a
number of wide body aircraft such as the
Boeing 747.

Tail-mounted antenna

Basically, this is a customized version of the



E TELECOMMUNICATIONS

Table 3. Frequency and radio band assignment for the uplinks and downlinks.

Table 4. Overview of UK- and USA-based manufacturers engaged in the production of
airborne telephone equipment.

blade antenna. It is sited on top of the air-
craft vertical stabilizer. The tail-mounted
antenna is currently used on Gulfstream-2,
-3, and -4 series of aircraft. Plans for its use
on the Falcon 900 are under way, and it
could be used on Lockheed L-1011 Tristar
and other three-engined aircraft.
Low-profile plate antenna

This type is top-mounted and consists of 32
identical elements of about 3V4-inch long
placed in a rectangular grid of 8 elements
long by 4 elements wide, enclosed in an
aerodynamically shaped radome.
Mechanically steered antenna

This is a high-gain single-helix antenna that
is situated on a pedestal. Coverage is about
360° azimuth and +90° to =30° elevation by
means of an avionic signalling control sys-
tem. Pedestal and antenna are both enclosed
in an aerodynamically designed radome.
Conformal side-mounted antenna

This antenna is mounted on two sides of the
aircraft fuselage to conform to its contours.

Ring off

Things are happening at a fast pace in the de-
velopment of services for passengers in air-
craft. This article, although only an
introduction to the operation of a complex
system, may well be of use to readers, either
as possible users of telephone equipment on
board aircraft, or as people that may be in-
volved in future designs and manufacture of
systems and components. | |

- Passenger informanion

International Operator & tﬁé
telecommunications customer
network services
UK national
network
EIK. Norway ' Digital [_ g
transmission
International I Voice &
digilal data F
' switching I podsorsia squipmem 1
equipment equipment Main
I aerial
LONDON
Signalling &
Public o channel control i
SENTOSA. o private andby
Singapore links f; al
i
Data Test
\
::"J:‘i recording facilities
networks GOONHILLY
' O,
9,
R % ATC
- Operations control Aidines I S::‘,:‘,g |
- Mamntenance control Business \ Inmarsat
- Fiight services Aircraft L

910015 - 13

Fig. 3. Structure of the Skyphone ground network. (source: British Telecom).

ELEKTOR ELECTRONICS FEBRUARY 1991



MEASUREMENT TECHNIQUES (4)

by F.P. Zantis

This month's instalment deals with a very important
measurement: that of resistance. This measurement is important
not only in faultfinding, but also in design and development. It is,

unfortunately, not possible to deal with the gamut of methods
available: only the most common ones will be discussed

IRTUALLY all multimeters have sev-

eral ranges for measuring ohmic (also
called true ord.c.) resistance. The battery pro-
vided in analogue types is there for one pur-
pose only: the measurement of resistance. The
two most common methods of measurement
use either a constant-voltage source or a
constant-current source.

3
~%
~
"

Fig. 24. An analogue meter becomes difficult to
read at the left-hand side of the scale.

In the first, a constant voltage, U, is ap-
plied across the component under test: the

resulting current, /;, is used as the basis of

the resistance measurement: /.= U /R, where
R, is the resistance of the component under
test. Since /. is inversely proportional to R,
a separate scale is required, which is cali-
brated in ohms (or multiples thereof) and runs

from right to left, that is, “0" is at the right-
hand side of the scale—see Fig. 24. It should
be noted that accurate measurements are
only possible over the right-hand half or
three-quarter of the scale.

The basic circuit for this method of mea-
surement is shown in Fig. 25. The “0" value
(meter terminals short-circuited) is set with

4888

display or moving
coil meter

constant - current
source

!
1 ;

~
9001134v-13

Fig. 26. Basic circuit for constant-current mea-
surements.

the aid of the potentiometer. This obviates
any circuit properties affecting subsequent
measurements.

The fundamental circuit for constant-cur-
rentmeasurements is shown in Fig. 26. Inthis
method, a constant current, /., is passed
through the component under test and the con-
sequent voltage, U,, across it is the basis of

the resistance measurement: U, =/.R. Note
that in this method U, is directly propor-
tional to the resistance. A separate scale is.
therefore, not required. Moreover, the scale
division is more linear, so that the values of
resistance may be read fairly accurately over
the entire scale.

Small or large resistance values cannot
be measured accurately with either of these
methods. A Wheatstone bridge or a com-
parison method must be used for these.

Component testing with an
ohmmeter

Most ohmmeters may be used for testing semi-
conductors, provided that the potential at
the test terminals is sufficiently high. A
diode has a very large resistance when the test
leads are connected across it in one way and
a much smaller one, depending on the type
of diode, when the test leads are reversed.
In the first case, the diode is reverse-biased
and inthe other, forward-biased. The forward-
bias resistance of point-contact diodes is
considerably higher than that of junction
diodes. Measurements of this nature indi-
cate only whether the diode is functional or
defect: other than that, they do not show
how the diode will behave in a circuit.
Testing of transistors must be done in six
stages—see Fig. 27. The resistance between
emitter and collector is high in both direc-
tions. That between base and collector oremit-

display or moving
r-@—‘ coil meter

Potentiometer

N
I :

9001 134v-12

Fig. 25. Basic circuit for constant-voltage mea-
surements.
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Fig. 27. Testing a transistor with an ohmmeter requires six measurements.
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Fig. 28. Component tester: (left) test set-up and (right) incorporated in an oscilloscope.

ter is small in one direction and large in the
other. The measured values depend on the ap-
plied voltage and current, as well as on the
ambient temperature. It is thus not possible
to measure absolute values, but short-circuits
and open-circuits are, of course, indicated.
When transistors are tested in-circuit in this
manner, the effect of surrounding components
must, of course, be taken into account. For
more accurate measurements, the transistor
should be removed from the circuit.

Component tester

On the basis of the foregoing, special com-
ponent testers for use with, or incorporation
in, oscilloscopes have been developed as
shown in Fig. 28. The basic circuit of the tester
is fairly simple: a low alternating voltage,
drawn for instance from amains transformer,
is used as the supply for the series network
of component under test and shunt resistor.
The alternating voltage is used as the hori-
zontal time-base, while the potential drop
across the shunt resistor is used for the ver-
tical deflection of the electron beam. When
the component tester is in use, the internal
time-base of the oscilloscope is, of course,
switched off.

The voltage drop across the shunt resis-
tor determines the current through the com-
ponent under test. The screen of the oscillo-
scope shows the /U characteristic (U in hori-
tonzal direction), and thus the resistance
curve of the component under test. No ref-
erence is provided, so that the trace only
shows the relative resistance of the compo-
nent under test.

Since the component tester is so simple,
it is possible to use it with, or build it into,
any oscilloscope whose time-base can be
switched off and which has an additional X-
input available.

Note that since the earth potential must
be at the centre between component under
test and shunt resistor, the current trace is
inverted. In a number of oscilloscopes, the
Y-channel can, however, be inverted, so that

traces of single
components

traces of single
transistors

E)

-

traces of semiconductors
on the circuit
N)

traces of
single diodes
H)

0)

Q)

s)

9001134V-16

Fig. 29. Traces obtained from measurements with a component tester: A) test terminals short-
circuited; B) true resistance; C) inductor; D) capacitor; E) base-collector junction of a transistor;
F) base-emitter junction of a transistor; G) emitter-collector junction of a transistor; H) zener
diode whose zener voltage is lower than the maximum test voltage; |) zener diode whose zener
voltage is higher than the maximum test voltage; J) silicon diode; K) germanium diode; L) recti-
fier; M) thyristor whose gate is connected to its anode; N) parallel network of diode and resistor;
0) two diodes connected in anti-parallel; P) series network of diode and resistor; Q) resistor in
parallel with the base-emitter junction of a transistor; R) parallel network of resistor, capacitor
and base-emitter junction of a transistor; S) diode and capacitor connected in parallel.
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a correct trace is obtained.

There must be no voltage across the cir-
cuit or component under test, otherwise the
measurement becomes meaningless.

Correctly interpreting the trace requires
some practice, particularly when the mea-
surement is carried out on a circuit.

If the component under test is a true re-
sistance, there is no phase shift between the
two deflection voltages and the trace is a
straight line. The tilt of the line is a measure
of the resistance: when this is 0, the trace is
upright, when it is oo, the trace is horizontal.

Measurement of impedance

The component tester may also be used to
determine impedance values. Capacitors and
inductors cause a phase shift between the volt-
age across, and the current through, them, and
thus between the deflection voltages. This
gives rise to elliptical traces, the height and
width of which are typical of the impedance
of the component under test—see Fig. 29.
Exact measurements are possible only if the
relation between the horizontal and vertical
deflection voltages is known. The vertical de-
flection is calibrated on all oscilloscopes.
When the set value is divided by the value
of the shunt resistance, the deflection on the
screen is in A/div or mA/div. The X-deflec-
tion is often not calibrated, but the voltage
at the relevant input may be measured fairly
easily by switching off the time base and
setting the trace exactly in the centre of the
screen. Then deflect the trace to the nearest
graticuledivision by applying a voltage to the
X-input. The level of that voltage gives the
value V/div. Once this has been determined,
the values of voltage and current can be read
directly from the traced characteristic.
Impedances may, of course, also be mea-
sured without the use of an oscilliscope and
component tester. A sine-wave generator and
an instrument that can process frequencies
are then required. The component under test
is connected to the generator, after which
the voltage across it, and the current through
it. may be measured. The impedance, Z, is de-
termined from the relation Z = U / I. The
true resistance must be deducted from the
obtained value to arrive at the value of the
reactance, X. In view of the phase shifts,
however, this must be done geometrically,
that is, X2 = Z2 — R2. The values of reac-
tance and impedance are valid only at the

frequency of the test signal.
The reactance, Xj , of an inductor is

XL = oL =2rfL,
whence,
L=X} [ 2xf.

The reactance and value of a capacitor
are calculated in a similar manner

Xc=l/(0C.
and

C=1/0Xc=1/2nfXc.

Measuring the supply voltage

One of the most frequent measurements is
checking the supply voltage of an equipment.
Moreover, preliminary tests indesign and de-
velopment aim at deciding whether a given
voltage- or current-source is suitable for the
projectin hand. Most supplies can be checked
with three or four measurements of: e.m.f.;
short-circuit current; internal resistance, R;:
and, in the case of a d.c. source, the hum
voltage, Uy,. Most voltage sources provide a
direct voltage or an alternating voltage with
a frequency of 50 Hz. Both of these may be
measured with a multimeter without any
problem.

To measure the e.m.f., it is imperative
that the source is not loaded: if the output
impedance of the source is not particularly
high, the input resistance of the multimeter
may be ignored.

Measuring the short-circuit current is in
many cases not recommended. It is better to
determine the internal resistance, which in
most cases will enable the short-circuit cur-
rent to be calculated.

Measuring the internal resistance of a
home-made regulated supply can be very re-
vealing: for one thing, it shows how good
the supply really is. A pretty good and sim-
ple way of determining R; is possible with
the circuit shown in Fig. 30. The source is
loaded with a variable resistor that is set to a
position where exactly half the e.m.f. is dropped
across it. The drop across R; must then be the
same, whichmeans thatthe internal resistance
must have the same value as that presented
by the variable resistance. Note that this
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method is not suitable when the value of R;
isrelatively high, because the current may then
become relatively large. The method is, how-
ever suitable for determining the input and
output resistance of an electronic circuit.
The simplest way of determining the in-
ternal resistance of a voltage source is as
follows and requires knowing two operat-
ing points. The first of these may be the
e.m.f., U,. The second may be determined
by loading the source with a resistance, R,
whose value must cause the output voltage
to be appreciably lower than the e.m.f. The
internal resistance is then calculated from:

Ri=(U,-U)/(UIR)=R\(Us-Up /U,

If, forexample, the e.m.f. of an a.c. source
is 25.2 V and the output voltage drops to
23.5 V when a load of 5.6 Q is connected
across the output, the value of the internal
resistance is:

Ri=5.6(252-235)/23.5=041 Q.

Note that the output current is then 4.2 A:
this value must be lower than the maximum
output current before current limiting sets
in. As soon as current limiting takes place,
the internal resistance rises rapidly, which
invalidates the measurement.

Compensating method of

measurement

The smaller the internal resistance of a volt-
age source, the better regulated the output
voltage. Electronically stabilized power sup-
ply units have a very small internal resistance,
provided the maximum output current is not
exceeded. Such small resistances cannot be
measured by the methods described so far,
at least not with any degree of accuracy.
They can be measured accurately by the so-
called compensating method, which requires
some care in calibration, however.

The test set-up is shown in Fig. 31. The
unit under test is loaded by a variable resis-
tance, R . and the resulting current, /|, is mea-
sured. The voltmeter indicates the difference,
Uy, between the potential across R and the
compensating voltage, U .. which is set by
R>. This resistance is varied until Uz = 0. At
the same time, lower and lower ranges of
tthe voltmeter are selected to make the cal-
bration as accurate as possible. Then, R is

voltage source

variable
resistance

e l”° Ié’ % — ——1:;
i [

9001134v-17

item
under test

9001134v-18

Fig. 30. A pretty good and simple way of measuring the in-

ternal resistance of a voltage source.
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Fig. 31. Compensating method of measuring small internal resistances.



a TEST & MEASUREMENT

carefully varied in small steps. This will
cause a change in /; as well as in U, as indi-
cated by the two meters. The internal resis-
tance is calculated by dividing the change
in output voltage by the change in current.

Measuring hum voltage

All d.c. supplies derived from an alternating
voltage retain a certain amount of a.c., how-

ever small, superimposed on the direct volt-
age output. This a.c. component manifests
itself as hum. The lower the hum level, the
better the power supply, at least in this re-
spect. The a.c. component can be measured
by removing the d.c. with the aid of a ca-
pacitor. On oscilloscopes this is done by set-
ting the input selector (AC/GND/DC) to
AC. The a.c. component may then be dis-
played on the screen with very good resolu-

tion. Since the hum voltage is seldom sinu-
soidal, it is normally specificed as peak-to-
peak, and this is clearly seen on the screen.
Multimeters set to a.c. ranges also iso-
late the d.c. voltage from the input signal,
so that only the a.c. component is measured.
Since this component is normally not sinus-
oidal, the indicated value is only reliable if

a true-r.m.s. multimeter is used.
(to be continued)




DECADIC VOLTAGE DIVIDERS

by Ing. G. Peltz

Designing decadic voltage dividers is not as simple as it may
seem. One decade is not too difficult, but when a number of
decade steps are to be selected by a rotary switch the design
becomes rather more tricky. Or does it? In this article, an old di-
vider circuit is rehashed that otherwise may easily be overlooked
in these days of microprocessor-controlled digital potentiometers.

IGURE 1 shows the basic circuit of a 3-

decade voltage divider. Switches S| and
S, are 2-pole, 10-position types, while S3 is
a single-pole, 11 position type. Both S; and
S, selecttworesistors atatime fromadivider
chain. The value of the parallel combina-
tion of these two resistors and the following
chain is equal to that of a single resistor.
This requirement is fulfilled when, for ex-
ample, chain | contains resistors of value
R, chain 2 contains resistors of value R /5, and
chain 3 contains resistors of value R/25.
Note that S; and S; are always displaced
two positions with respect to each other.

Since the value of the parallel combina-
tion of the two resistors between the poles
of S; and the following chain is equal to
that of a single resistor in the first chain, the
voltage drop across each resistor is the same
as the potential between the two poles of
Sy, that is, the input voltage, U, divided by
10. Similarly, the potential across each of
the resistors in the second chain is U,/ 100,
and that across each of the resistors in the
third chain is U, / 1000. This means that the
output voltage (with respect to earth) may
be selected in steps of a thousandth of U,,
depending, of course, on the tolerance of
the resistors, which in this case must be
0.1%.

Figure 2 shows a practical application of
the foregoing: two resistor chains and a po-
tentiometer provide an accurate, variable volt-
age source. Potentiometer P3 may be re-
placed by a third chain of 47 Q resistors.

A temperature-compensated zener diode
provides a very stable reference voltage,
U,, of 6.8 V from the supply voltage, Uy,

The values of the two resistor chains may

Ur 11 xR

11 xR/5

10 x R/25

I

a] 0-1Vin
6 U % 1mV steps

5 S3

/\ i

®

E e

/

w—S1: §2:

—@

©,1,...9)xUr /10 (0,1,...9)xUr /100 (0,1, ...9)xUr/ 1000

910003 - 12

Fig. 1. Basic design of a decadic voltage divider.
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Fig. 2. Voltage source providing 0-10 V in 100 mV steps.

be adjusted by presets P; and P; respectively
to give the second chain a total resistance of
exactly 2 kQ and “the third™, that is, P3, a
value of 4 kQ. If 2% resistors (of the same

batch) are used in the dividers, an overall
accuracy of 0.5% is obtained. This accuracy
will, of course, be even better if 1% or 0.5%
resistors (from the same batch) are used.

DECADIC VOLTAGE DIVIDERS

The potential at the wiper of P; covers a
range of only 0—6.8 V and must not be loaded
too heavily to avoid unacceptable errors.
For that reason, the potential is applied to an
opamp with FET inputs, which gives an out-
put voltage range of 0—10 V preset by Ps.

The opamp is powered by an asymmetric
voltage source: +U=12-18 V. -Up=5-10V

Series resistor Ry, in the positive supply
rail has a value between 1 kQ and 2.2 kQ,
depending on the level of the supply volt-
age: it carries a current of about 5 mA.

Except for Ry, all resistors should be
metal film types with a temperature coeffi-
cient, T, not greater than £50 p.p.m. and a
tolerance of £1% or better. Presets Py, P»,
P4 and P5 are multiturn cermet types, while
P3isagood-quality wirewound type ora47 Q
resistor chain as in Fig. 1. The switches
should also be high-quality types.

Calibration

For calibration, a digital multimeter with a
4 1/, digit display is required. Set all presets
to the centre of their travel, and P3 and the
switches to their lowest position.

Turn P4 until the output voltage is 0 V
with respect to earth.

Check thatthe level at Bis exactly the same
as the zener voltage.

Turn P, until the potential at C is exactly
one tenth of the voltage at B.

Set S to position 1, i.e., between termi-
nals I and 3, and turn Ps until a voltage of
exactly 1.000 V is obtained at the output.

Adjust P3 for maximum output and then
turn P, to give an output of 1.100 V.

Reset S to position 0: the output should
then be exactly 100 mV.

Since the controls affect one another slightly,
the calibration needs to be repeated a couple
of times.
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LOGIC ANALYSER PART 2

The busboard

The busboard does not look it, but it is the
heart of the analyser—see Fig. 3. It can ac-
cept up to five other cards, each via a dis-
crete connector. A sixth connector provides
a link to the computer interface. The major-
ity of the signals handled is common to all
the boards, as is usual in the case of bus-
boards. Only the five board-select signals, the
5-volt supply and the earth connections are
individually provided for each card as is
shown in Fig. 4 (Part 1).

The clock

The fact that the analyser is provided with a
clock frequency of 100 MHz indicates that it
is not intended for measuring direct volt-
ages or currents. It does not mean, however,
that a 100 MHz signal can be applied to the
input without further consideration. What
in an analyser is called clock frequency is in
otherapplications often a sampling frequency
(as, for instance, in CD systems). According
to Shannon's Theorem, the sampled signal
may be reconstructed correctly only if the high-
estfrequency of the input signal is not greater
than half the sampling frequency. That is not
all, however, becauserectangular waveforms
are used in the analyser that contain, apart
from the fundamental frequency, a whole
series of harmonics. For reliable sampling a
digital input signal, a maximum fundamen-
tal frequency of, say, 30 MHz must be as-
sumed. The most important, and also the
strongest, harmonic is the third and that is
then nearly equal to the clock frequency. In
real terms, that means that the frequency
range of the signals that are required to be
transported over the metering leads extends
to at least 100 MHz. That cannot be done re-
liably and without distorting the signals over
even small distances, however, by means of
some twisted cable terminated into crocclips.
The analyser therefore uses an active probe,
which is discussed below.

The probe

From a purely electronics point of view, the
probe (see Fig.6) is very simple: a few resis-
tors, two connectors and some buffers.
Nevertheless, it forms an important link in
the transport of the inputsignals to theanaly-
ser. Itis,asitwere,a "forward" input. Theitem
under test may be connected to it with short
leads, so that it only "sees" these leads and
the probe input. This is fortuitous as the fol-
lowing example shows. Assume that a test
lead has a capacitance of 10 pF (with many
test leads, this is much higher). If the signal
across thelead hasa frequency of 30 MHz, the

by K. Nischalke and H.J. Schulz

lead represents a load of 530 Q on the signal
source. The very shortleads used here ensure
very low capacitance. The load presented
by the long cable following the buffers in
the probe is not reflected on to the signal
source.

The buffers in the probe are of the famil-
iar 245 type in the 74 series, butin ACT tech-
nology, that is, fast. The more usual types
arenot fastenough. Moreover, the ACT types
have a high-impedance input, so that they
present only a small load.

The outputs of the buffers provide a sig-
nal that is strong enough to bridge a 1 m
cable.Ifalonger cableis required, more buffers
must be added. The connectors of the probe
are therefore designed to enable the probeand
cable to serve as an extension lead. They
carry, apart from the data lines, the 5-V sup-
ply and alsoa +12-V supply to enable a probe
to be constructed that can handle higher
input voltages.

Populating the printed-circuit board—see

Fig. 7—is straightforward, but care must be
taken to ensure that pin 1 of K is located
correctly. Before the board can be mounted
in the case, the cover must be prepared. One
of thelong sides mustbe given a recess through
which K5 can be passed. The other long side
must be given a slot through which the flat-
cable can be passed. Note that this must be
done before the second connector is fitted
on to the cable. The photograph in Fig. 8
shows how these modifications should be car-
ried out.

The board is fitted on to the inside bot-
tomof theenclosure with twoscrews. The flat-
cable can now be fitted to the connector, after
which the top of the case can be put into-
place.

The connection between probe and item
under test is made by a short length of flat-
cable and a number of single-core leads ter-
minated into a test clip. The flatcable is ter-
minated at both ends by a female connector
fitted with a strain relief clamp. One of the
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Fig. 6. Circuit diagram of the probe.
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Fig. 7. Printed-circuit board for the probe.

Fig. 8. (left) a slot and a recess have to be provided in the top of the enclosure; (right) general view

of the probe and the required ancillaries.

sockets is connected to the probe, while the
other is used as a multiple connector for the
individual test leads. These test leads are
terminated into wire-wrap pins that fit nicely
into the socket. These pins may be bought
from your local retailer or cut off contacts strips
that normally serve as IC socket -- see Fig. 8.
The test cable is then soldered into one of
the two buses. The other end of the the indi-
vidual leads, which should not be longer
than 20 cm, is fitted with a test clip. The other
bus remains unused except for one plug per
probe where an earth connection is soldered.

The RAM card

The RAM card is at the heart of the input
signal processing: it writes and temporarily
stores thedata. Therelevantcircuitis straight-
forward as may be seen in Fig. 9. The input
signals are passed to ICs 17, 18, 28 and 29.
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Depending on thelogicstate of the 100/25MHz
signal at the S; input of the ICs, these de-
vices function either as shift register oras latch.
When the signal is high (25 MHz mode), the
data presentat parallel inputs ADareaccepted
into theregisters of the ICsatevery clock pulse.
In this state, 16 input signals can therefore
be processed.

When the 100/25 MHz signalislow (100 MHz
mode), the four ICs function as shift regis-
ters that accept the logic state of input SR at
every clock pulse. This means that only four
inputs are left per RAM card, but these may
be processed ata clock frequency of 100 MHz.
Since the clock frequency cangoupto 100 MHz,
the clock signal is not carried via the bus
board but via a short coaxial cable that con-
nected the CLK input directly to the control
board.

From the input shift register, the signal is
split into two: one part goes to the word rec-

LOGIC ANALYSER PART 2

Ra-Ryg = 27Q
Rw.-Rw-array; 1MQ

Ca3, C34 = 100 nF

Semiconductors:
ICap, IC33 = 74ACT245

Ky = y male box header
K5=3:-mv:ayﬁgm-anglepﬁmmader

or
Four 34-way IDC sockets (three with
strain relief clips)

1 metre 34-strand flatcable

16 red miniature test clips

1 black miniature test clip

Enclosure, 50x25 mm e.g.
OKW A9010087; Bopla 410;
Multibox 110

PCB Type 900094-3

ognizerand the othertoalatch formed by IC
and IC;,.The three-state outputs of this latch
ensure that the RAM can be read without
any problems.

Furthermore, the latch ensures that in the
100 MHz mode the data are stable long enough
tobe written into the RAM. True, in the 100 MHz
mode the data are offered at a frequency of
25 MHz, but in spite of that they remain sta-
ble for only 10 ns, which is too short for ICg
and IG5, the RAM ICs. It is for that reason
that they are first stored in the latch. The
R/W signal from the control card clocks the
latchand controls the RAM. The control board
also provides the address lines that contain
the address into which the data are written
in the RAM. Every time this occurs, the ad-
dress is increased by one.

When the measurement has been com-
pleted, the R/W control goes high. The out-
puts of latches ICy; and IC;; are then high-
resistance and the RAM is in the read posi-
tion. Thecomputer can then read the contents
of the RAM address by address via three-state
buffers ICy and ICq. Since only eight bits
can be read at a time, the buffers must be ad-
dressed individually, and this is done via
address decoder ICs. The two register ad-
dress lines and WR\ determine into which
register may be written and from which one
may be read. The address decoder is also
controlled by a card select signal to enable a
distinction to be made between the RAM
cards (up to four) and the controller card.

Apart from the RAM, the RAM board also
contains the word recognizer that arranges
the triggering of the logic analyser. Via the
interface the computer writes into the four
regislcrs, l(—|‘,, |C]h. ng and l(:j‘, the data
that determine whether a bit is to be high,
low or don't care to trigger the analyser. An
XOR-NAND combination is used for each
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Fig. 9. Circuit diagram of the RAM card.
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bit to compare the input data with the set
trigger pattern. The individual comparisons
are combined into signals ARM and TRIG
via the open-collector outputs of the NANDs,
which have been linked to form a wired-OR
gate. Signals ARM and TRIG are buffered
by gates IC3;. and IC3;4 and then applied to
the bus. These gates also have an open-col-
lector output, so that the trigger signals on the
busareagain passed througha wired-OR gate,
which ensures that the control board receives
twocomplete trigger signals. The XOR-NAND
combinationand its truth table are shown sep-
arately in Fig. 10. The output of this combi-
nation must be high for the trigger condi-
tion for the relevant bit to be met. When the
Xinputis made low, the outputisalways high.
The bit is then a don't care one in the trigger
pattern. When the X input is high, the 0/1
input is used to determine whether the data
input must be low or high to meet the trig-
ger condition. The XOR-NAND combinations
are connected to the four registers in a man-
ner that ensures that in each of the registers

Resistors:
Ry, Ro=1kQ

gapadtor: o—cswo F
Cap =100 uF, 25V

‘Mﬁm(sﬂezo )
ICg, IC1g = 74HCT245

four 0/1 inputs and four X inputs are juxta-
posed.

The printed-circuit board shown in Fig. 11
is straightforward, although some construc-
tors will wonder about the number of wire
links. These were found necessary because
of the density of the board in a number of
places. It was considered thatin these instances
wire links are safer than copper tracks. Also,
they provide a way of keeping the supply to
groups of ICs separate, which makes thor-
oughdecoupling of the power lines that much
simpler. Note that the resistance of the power
lines may be made even lower by giving the
relevant tracks an extra layer of tin.

Note also the layout of the board around
ICgand ICy. These ICs are normally supplied
inwidths of 0.3 in., but wider versionsarealso
available. The board is suitable for both types.
Whichever type is used, pin 1 must always
be inserted into the appropriately marked
hole.

(Part 3 will follow in our April 1991 issue)

IC10, IC2¢ = 74F574

IC41, ICy4, IC22, IC25 = 74ALS03
IC12, ICys, IC23, IC2¢ = 74ALS86
ICy3, Ic']a, tC24, IC27 = 74HCT574
IC47, IC4g, IC2g, IC2g = 74F194
IC39 = 74HCT138

IC31 = 74ALS09

X 01

as | )

- - o - O
- - 0 ©O x
- 0 - O x
-0 O - -

data

o :

O |

Fig. 10. The word recognizer consists of 16 of
the circuits shown here.

900094 - 11- 13

Miscellaneous:

Kz = 64-way right-angle male AC
connector to DIN 41612

K3 = 34-way right-angle male header
with ejector

PCB Type 900094-2
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Fig. 11. Printed-circuit board for the RAM card
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Register address Read Write
0 low byte RAM trigger nibble 0
1 high byte RAM trigger nibble 1
2 no address trigger nibble 2
3 no address trigger nibble 3

Table 1. Address arrangement for the RAM card.
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7 ] — ] ~ PARTS LIST
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3 B 300 ICaz, ICga = 74ACT245
N\ 0.d"- b IO00 :
e g o Bolooo Miscellaneous:
% °d 0 bulge9 K4 = 34-way male box header
o\ g =i g,/“ ° Ks = 34-way right-angle print header
% d B with ejector
9 B Four 34-way IDC sockets (three with
ol |oo/ strain relief clips)
e 1 metre 34-strand flatcable
16 red miniature test clips
1 black miniature test clip
Fig. 7. Printed-circuit board for the probe. Enclté)s;\rz, 536(12 050?7[1'] gégp]a 410
Multibox 110
PCB Type 900094-3







LOGIC ANALYSER PART 2

Write

trigger nibble 0
trigger nibble 1
trigger nibble 2
trigger nibble 3

Read

low byte RAM
high byte RAM
no address

no address

Register address

Or—NM

Table 1. Address arrangement for the RAM card.
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OPTICAL-FIBRE COMMUNICATION

Modern telecommunications increasingly uses photonics, the
technology of using photons instead of electrons to convey
information in a controlled manner. The United Kingdom is a
world-leader in this technology and both British Telecom and

Mercury Telecommunications already have substantial lengths of

HE basic principles of using photons for

communication via optical-fibre cable
were established by Hockam and Kao, work-
ing at the Standard Telecommunication
Laboratories at Harlow, Essex, in 1966.

A photon is an elementary particle of
light in the frequency range of 3x10% MHz
to 6x1010 MHz, corresponding to wave-
lengths of 1000-5 nm.

a
media separation
media separation
%,
%
%
'~
%
(3
normal
90°
/
;\,/
/ “\ [5
I‘cf refracted part of
,’\\ ray parallel to
¥ & media separation
v
86028-2b
C
media separation
incident ray
(0
normal
V
totally reflected
ray
86028-2¢c

Fig. 1. Depending on the angle of incidence of
the light ray, the transmission path is called low-
or high-order mode; the greater the angle, the
lower the mode.

A ray of light is the direction along which
photons, that is, light energy, travel. A beam
of light is a collection of rays. According to
the Principle of Reversibility of Light, if a
light ray is reversed, it always travels along
itsoriginal path. Light waves may be refracted
or reflected.

In reflection, some or virtually all of the
lightis thrown back into the original medium
when the light strikes the boundary surface
between two media. Highly polished metals
reflect most of the light incident on them,
whereas, forinstance, plate glas reflects only
about five per cent.

In reflection, the incident ray, the nor-
mal, and the reflected ray lie in the same plane.
Also, the angle of incidence with the nor-
mal is equal to the angle of reflection with
the normal—see Fig. 1.

Refraction is the change of direction that
a ray of light undergoes when it enters an-
other transparent medium. In refraction, the
incident ray, the normal, and the refracted
ray lie in the same plane. Snell, a Dutch sci-
entist, found in 1620 that the ratio sino.:sinf3
is a constant, where « is the angle of inci-
dence and B is the angle of refraction. Snell's
Law is usually expressed as

optical-fibre cable in everyday use.

ny +sin@=ny +sin
86028-1

Fig. 2. lllustrating Snell's Law.

sino/sinB = n/ni=u, [1]

where 7, and n; are the refractive indexes of
the two media and p is a constant.

Light is refracted because it has different
velocities in different media. The Wave Theory
of Light shows that the refractive index ;7
for two given media | and 2 is given by

11 =(‘|/l'3. [2]

86028.3a

86028 3c

Fig. 3. Top:stepped index multimode cable; centre: graded index multimode cable; bottom: monomode
cable. At the left of the drawings are the profiles of the refractive index.
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where ¢, and ¢, are the velocities of light in
media 1 and 2 respectively.

If medium 1 in [2] is a vacuum, the value
is the absolute refractive index. The value
for any other two media is the relative re-
fractive index. The absolute refractive index,
n, of a medium is then n=c/v, where c is the
velocity of light in a vacuum and v is the ve-
locity of light in the medium. As the abso-
lute index of air is 1.000 29, in practice the
velocity of light in air can replace that in
vacuum.

There are, of course, situations where
there is a partical reflection and a partial re-
fraction of the light. For instance, in Fig. la
the angle of incidence is so small that a large

part of the incoming light is refracted. In
optical fibre, this would mean that a large part
of the light would be lost in the cladding of
the cable. Figure 1b shows the critical angle
of incidence: the refracted light here is at an
angle of 90° with the normal. At the critical
angle, the refracted light may cause inter-
ference. Itis, therefore, essential that the angle
of incidence is greater than the critical angle—
see Fig. lc—when total reflection takes place.
Note that the angle of incidence, a. is equal
to the angle of reflection, y. The condition
for total reflection is that the ray of light
travels from an optically dense medium with
a relatively large refractive index to a less
dense one with a smaller refractive index.

OPTICAL-FIBRE COMMUNICATION

Rays of light that fall upon the media
boundary at an angle smaller than the criti-
cal angle are called high-order modes: they
take relatively longer to reach the end of the
cable. Rays of light that travel almost paral-
lel to the optical axis, thatis, at anangle greater
than the critical, are called low-order modes.
Low-order modes travel faster because they
are reflected less often than high-order modes.
Low-order modes are far less prone to losses
than high-order ones.

The sine of the angle of incidence of the
ray of light is called the numerical aperture:
this is the prime factor where two optical
waveguides are to be linked. The numerical
aperture is also an indication of the difference

ray of light

el e (Mg

o ()

Fig. 4. Longitudinal cross-section of an optical fibre cable.
The refractive index of the core is slightly higher than that
of the cladding.

critical angle in degrees

0 w0e 006 0304 0402 os 0898 0898 O Toe o802
e
refractive index

6 » critical angle 90005513

Fig. 6. Relationship between the critical angle and the re-
fractive index n, with ny given a value of 1.

Fig. 8. Dispersion causes the width of the light pulses to be
increased.
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Fig. 5. If the ray of light is input at an angle greater than the
critical angle 6, it is not reflected internally but absorbed in
the cladding.

Rayleigh scattering

OH absorption

anenuation in dB km-!

.&1 | | | I I A (nm)

850 nm 1300 nm 1550 nm

window window window
90005615

Fig. 7. Relationship between attenuation presented by an
optical-fibre cable and the wavelength of the input light.

Fig. 9. Depending on the input angle, different rays of light
travel different distances, and this causes their transit times
to be of different duration.
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between the refractive indexes of the core and
the cladding: the smaller it is, the greater
the bandwidth of the optical signal.

In mono-mode (also called single-mode)
optical-fibre cables (Fig.3) the core diame-
ter is comparable to the wavelength of the
light, so that there can be only one electro-
magnetic mode of propagation and spread-
ing of the pulse, called multi-path disper-
sion, is eliminated.

In multi-mode optical fibre cables—see
Fig. 3—the ray paths of the different modes
are of different lengths and have, therefore,
difference transmission times. Because the
modes are divided by a pulse, this is subject
to progressive spreading as it travels along
the fibre, causing it to interfere with adja-
cent pulses.

Its small core size makes mono-mode
fibre more difficult to use, but it has a smaller
attenuation than multi-mode fibre cables.

Optical fibre cable in practical use con-
sists of a light-conductive cylindrical core
of doped ssilicaclad in pure silica—see Fig. 4.
The refractive index, n,, of the cladding is

about 1% smaller than that of the core, n,.
This makes total internal reflection possible
at the boundary between core and cladding
of all rays of light that enter the cable at an
angle smaller than the critical (Fig. 5). The
critical angle, 6, is

O=arcsinV(n,2n,2),

and it depends therefore only on the refrac-
tive indexes n; and ny. If ny = 1 (vacuum)
the characteristic curve in Fig. 6 pertains.
Often, the numerical aperture, NA, is given
instead of the critical angle:

NA=sin@=V(n,2n,2).

Cable characteristics

The transient response of an optical-fibre cable
depends, apart from its geometrical charac-
teristics pertaining to the core and cladding,
on its optical attenuation and scattering.
The attenuation is largely dependent on the
wavelength of the input light. It consists of

two components: one caused by absorption
and the other by dispersion.

The absorption component is specific to
the glass fibres and can be kept to a mini-
mum during manufacture, when, for exam-
ple. oxygen-hydrogen (OH) ions may get
trapped in the material. Such impurities ab-
sorb light at a number of wavelengths as
shown in Fig.7. Note that the attenuation of
wavelengths around 1300 nm and 1150 nm
is very small.

The dispersion component depends on the
properties of the cable.It manifests itself as
avariation of refractive index with the wave-
length of the light.

Some spurious particles will always be
present in the glass: they come about during
the melting process. The dispersion caused
by these particles, which are small com-
pared to the wavelength of the light used. is
called Rayleigh scattering, which reduces
withincreasing wavelength—Fig. 7. Scattering
is an intrinsic property of the glass: it can-
not be eliminated. It is partly caused by the
glass fibres and partly by properties of the

Fig. 10. Because of the continuously varying refractive
index of graded index optical-fibre cables, rays of light in
these cables travel along helical instead of linear paths.

Fig. 11. Diagrammatic representation of the three types of
optical-fibre cable. That at the top, a stepped index mode type,
is virtually out of production.

microwave
resonator

crystal tube

plasma

’//////////////////////////////////////////////////%

'//////////////////////////////////////////////////%

G

02

1.
2.
3.
4
s.

1

POLYETHYLENE COATED CENTRE
OPTICAL FIBRES

POL
GRP
BLACK POLYETHYLENE SHEATH

Polyethylene Siot Cap
Filling Compound
Optical Fibre Ribbon

Binder Yarn
Glass Reinforced Plastic Rod
Sheath

FiB
YMER TUBE
ROO
5. 7mm NOMINAL DIAMETER

Short Spon Figure of B Type

Fig. 12. Simplified diagram of production set-up.

Fig. 13. Some multi-core optical-fibre cables: top: Fibrespan (made by STC) and below:
Translite (made by TCL, a subsidiary of General Electric).
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light input.

Dispersion results in an increase in pulse
width of the light during its travel through
the cable (see Fig. 8). The increase is pro-
portional to the distance between sender and
receiver, that is. the length of the cable. It is
normally given in picoseconds per kilome-
tre (ps km-1).

Mode scattering is caused by the various
light rays entering the cable at slightly dif-
ferent angles—see Fig. 9. It is clear that dif-
ferent rays travel different distances through
the cable and this leads to attenuation of the
input signal. The difference between the
shortest and longest transit times, Af, is

At=ny (ngny)/cng,

where ny is the refractive index of the core
material, n, the refractive index of the cladding
and ¢ the speed of light.

The smaller the dispersion attenuation of
an optical-fibre cable, the larger the trans-

mission bandwidth. In practice. the band-
width, B, is B = 0.44/T, with T determined
at the -3 dB pulse amplitude.

Practical cables

A multimode cable is one with a core diam-
eter sufficiently larger than the wavelength
of light to allow propagation of light energy
ina large number of different modes. Multimode
cables embrace stepped index and graded
index types. Stepped index types have a core
whose refractive index is constantly higher
than that of the cladding, that is, the index
changes abruptly at the boundary of core
and cladding. Owing to mode dispersion,
the attainable bandwidth of this type of cable
is limited to about 100 MHz km-1.

The refractive index of the core of graded
index cables reduces parabolically by 1%
from the centre of the core to that of the
cladding. This results in the light rays trav-
elling along helical instead of linear paths

in the cable—see Fig. 10. This
results in a noticeable reduc-

tion in transit times and disper-
sion attenuation. Dispersion at-

s .

ER tenuation values of 0.2 ns km-!
g I A and corresponding bandwidths
3 . - - .

i 7 of 1 GHz km~! are attainable.

The graded index cable

has become an international
3 (CCITT) standard with a core

diameter of 50 um, a cladding

diameter of 125 um. and a nu-
merical aperture of 0.2 (Fig. 11).

/‘
' J/ I/
// —_—
poe]
o
) o os \J .8 25 3 3s
LU L] o 02 o3 os 0s os 0

A monomode cable is a
stepped index type whose inner
core diameter (of higher refrac-
tive index) is comparable with

the wavelength of light; this re-

sults in there being only one
mode of light propagation. Mode
dispersion is thus eliminated.
Monomode cables do not cause
transit delays, which results in
very large bandwidths of more
than 10 GHz km-!. Since the
attenuation of these cables is also

Fig. 14. Attenuation as function of (a) the distance between
the cable ends, and (b) radial displacement between the cores.

small, they are eminently suit-

able for wide-band and long-dis-

tance communication.
Diagrammetic representa-

Fig. 15. Some commercially available couplers for use with optical-fibre cable.
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tions of the three types of cable are shown
in Fig. 11. The most commonly used is the
graded-index type. The transfer capacity of
this type of cable is normally greater than
required. Moreover, the in- and out-cou-
pling of light is easier with this cable than
with the mono-mode type. The attenuation of
commercially available graded-index cable
is 5-10dB km~!, which is not a lot worse than
that of mono-mode cable. On the other hand,
the dispersion in mono-mode cable is much
smaller than in multi-mode cable. Owing to
its high attenuation of 10-30 dB km-! and
its smaller transfer capacity, the stepped
index multimode type of cable is now virtu-
ally out of production.

Cable manufacture

Glass fibres are normally manufactured by
the plasma activated chemical vapour depo-
sition (PCVD) technology. In this, a mix-
ture of silicon chloride, germanium chlo-
ride and oxygen is passed througha very pure
quartz tube. This gas mixture causes aplasma
reaction zone inthe field of amicrowave gen-
erator, which results in the deposition of a
doped quartz layer (Si02) at the internal
surface of the tube (see Fig. 12). By axially
shifting the microwave generator along the
tube, aneven thin layer is deposited. The core
is built up of some hundreds of such layers.
By varying the Ge doping of individual lay-
ers it is possible to obtain a very exact re-
fractive index profile, which is a prerequi-
site for large transmission bandwidths.

The quartz tube is then heated to a tem-
perature where it collapses into a solid 1.5 m
long glass rod. This rod is then heated to
near its melting point and drawn into a fibre
some 15 km long with a diameter of 125 um.
To prevent damage to this fragile strand, it
is immediately given a primary coating of
man-made fibre. Later, a secondary coating
of man-made fibre is applied to give it the ten-
sile and mechanical strength required for pro-
cessing itinto a cable. The protective sheath-
ing of the cable does not affect the optical
properties. Over the past few years, multi-
core optical-fibre cables as shown in Fig. 13
have become available, which have opened
up enormous possibilities for improving and
expanding communications systems.

Coupling techniques

Couplers are, of course, required for con-
necting the optical fibre cables to transmit-
ters, receivers and repeaters, although ca-
bles may also be lenghtened by splicing.
Whether a coupler or a spliced joint is used.
additional attenuation is the result, which
depends on the distance between the cable
ends, and the radial as well as the angular
displacement between the two cores. In a
spliced joint the cables ends are fused and this
type of coupling therefore gives the lower
attenuation as shown by curve a in Fig. 14.
In many cases, however, removable con-
nections are required and for these there are
now a number of optical couplers available
commercially (see Fig. 15). -]
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CENTRAL HEATING CONTROLLER

PART 1: SYSTEM OUTLINE AND CIRCUIT DESCRIPTION

Most householders these days employ timeswitches to control their
central heating systems. Many of these switches, however, are of
the mechanical type, with a limited number of switching steps, and
with no facilities to vary the program from one day to the next. It is
only fairly recently that electronic controllers have appeared on the
scene, and the one described here is designed to give a wide range
of programming options, which can easily be changed.

K. Browne
MAIN FEATURES
[Z50 Controller] * Microprocessor-controlled

HE block diagram of the system is
shown in Fig. 1. The CPU (central pro-
cessing unit) is a CMOS version of the popu-

lar Z80 8-bit microprocessor. This is
connected to the ROM (read-only memory),
RAM (random-access memory), display
unit, key switches and output latch via a
common 8-bit data bus.

The ROM contains the control program,
enabling the CPU to perform the timeswitch
operations. This IC is a CMOS version of the
perhaps more common 2764 8Kx8 bit
EPROM. The control program would actual-
ly fitin the smaller 2732 4Kx8 bit EPROM. At
the time of writing, however, the 2732 was
not available in a CMOS version at a reaso-
nable price.

The RAM is a 2-Kbyte CMOS memory

chip, which is used to store the switching
program, the current time and other system
variables.

Two bits of the output latch are used to
control the switching relays. A further three
bits control LED indicators on the front pa-
nel.

A mains-derived 50 Hz signal is provi-
ded for the CPU by the timing section of the
circuit. This signal is required for timekeep-
ing purposes.

The power supply provides a stabilized
5 V rail for all the circuits. This supply is ei-
ther derived from the mains, or, in the event
of a mains failure, from a stand-by battery
source. The battery can be of the recharge-
able type, since the PSU also supplies a char-
ging current.

* Programs can be selected on an indi-
vidual day, weekdays only, weekend
only, or on an every day basis

* One-shot or repeating programs

* Separate control of heating and hot
water systems

* Override and inhibit functions

+ Battery backup in the event of
power failure

The key switches and display unit are
mounted on a separate PCB. The 6 keys in-
terface with the data bus via diodes, and per-
form multiple functions to enable the user to
program the timeswitch.

The display unit is a 1-line, 16-character
LCD (liquid crystal display) module from
Seiko-Epson. The unit contains its own ROM
character generator and display RAM. Care
should be taken when handling the LCD as
it is quite expensive and easily damaged.

The circuit details

Power supply section (Fig. 2)

Transformer Tr1 reduces the mains voltage
to 12V, which is rectified by diodes D1 to Da,
and smoothed by capacitor C2 to provide ap-
proximately 12 VDC. This voltage is used,
via resistor Re and diode Ds, to charge the
stand-by battery, if required. The 12-V sup-
ply is also fed, via D7, to a 5-V fixed voltage
regulator, ICa2.

Resistor Ri1 feeds the positive half-cycles
of the mains frequency to an optocoupler,
IC1, whose output drives a pulse-shaping
circuit formed by C1-R3. The resulting short-
duration positive pulses are inverted by
IC3F, and subsequently used as a reference
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by the CPU to synchronize the timekeeping
function. Transistor T1, diode Dé and resistor
R5 form a monitor circuit for the 12-V sup-
ply. T1is normally on. In the event of a mains
failure, R4 discharges smoothing capacitor
C2. When the voltage across C2 falls to about
8V, T1 is turned off, providing a power fail
signal to the rest of the circuit.

The timing section (Fig. 3)

As previously mentioned, the CPU requires
a timing or interrupt signal of 50 Hz. The
normal supply of this signal is from IC3F in
the power supply circuit. The pulses are ap-
plied to the interrupt input of the CPU. To
prevent the system losing its timing refer-
ence when the mains fails, a second source of
50 Hz pulses is implemented in the form of
an oscillator circuit based on IC9. The fre-
quency of oscillation is set by resistors Ri2,
R13 and capacitor C7. Preset P13 allows fine
tuning of the frequency to exactly 50 Hz. The
power fail indication from T1 in the PSU cir-
cuit is connected to the oscillator circuit by
diode D9. The result is that IC9 provides an
output signal only when a mains failure oc-
curs.

The CPU circuit (Fig. 4)
A clock supply for the CPU is generated by
the circuitaround IC3c. The quartz crystal in
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Fig. 1. Block diagram of the Z84C00-based central heating controller.

R1
%* see text

Tr1

1N4001

@5\, % 78M05
5 hl

IC1

-

’ |

B { Hife
TIL111 e

N

C1
¢ II 13
R2 R3 D5
x
~

IC3 =74HC14

27k

1N914

Q Q|

BC108

. G
cat B
12

50Hz

100n

910022 - 12

Fig. 2.

ELEKTOR ELECTRONICS FEBRUARY 1991

Circuit diagram of the power supply and the 50 Hz timebase, which derives its accuracy from the mains.




m GENERAL INTEREST

this circuit is a 2-MHz type. A lower fre-
quency than the maximum specification of
the CPU is used in view of the LCD unit,
which can only operate with signals up to
3 MHz. The 8-bit data bus is connected to the
ROM, ICs, the RAM, ICs, and the output
latch, IC7. Twelve of the address lines, A0 to
Al1, are also connected both to the ROM and
the RAM ICs. The remaining address lines,
A12 to Al5, are used to select various ICs
connected to the data bus. A number of gates
in IC8 ‘AND’ these address lines with the
MRQ (memory request) output from the
CPU, to provide the correct timing. A truth
table of the address decoding logic is shown
in Table 1.

Display module and key switches (Fig. 5)

The 8-bit data bus from the CPU, along with
two of the address lines, A0 and Al, is ex-
tended through to the display PCB. The six
key switches, SW20 to SW25, are connected
direct to individual lines of the data bus.
Pressing a key, however, has no effect unless
the IORQ (input/output request) line of the
CPU is low. This terminal is normally high,
and only taken low when the CPU requires
to read the key switches. It does this peri-
odically under software control. When a key
is pressed during a CPU read cycle, the ap-
propriate data line is pulled low via one of
the diodes D20 to D2s. If two or more swit-
ches are pressed at the same time, this prob-

, (#)
R11 R14 5V
< P13 a
50Hz 47k D10
i1N914
8
°
DIS
IC9 i ——
7555 |, INT
Q
- 1N914
THR
s
1
©
910022 - 13

Fig. 3.

Circuit diagram of the mains-synchronized timebase. The interrupt pulses supplied
by this circuit are fed to the microprocessor.
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Fig. 4. The heart of the controller is formed by a computer system based on Zilog’s Z84C00 8-bit CMOS microprocessor.
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Fig. 5. The display circuit of the CH controller is based on an intelligent LCD module from

Seiko-Epson.

0 ROM

0 0 ‘ 0 ) | ROM 0000
g 0 R Y S S .
0 0 1 0 1 _Oinput latch | 5000 A
0 1 0 0 1 Display module 9000

Table 1. Address decoding in the microprocessor system.

0 0 0 ‘ | 0 0 ‘ Instruction Register (write)
0 1 0 0 \ 1 _J_ 0 1 9001 Data Register (write)
0 1 0 " L L R 0 | 9002 Instruction Register (read)
T T
0 1 0 L T R (U [ 1 9003 Data Register (read)
Table 2. Display module register selection.
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Fig. 6. The relay driver circuit that forms
the link between the controller and the CH
pumps, valves and the boiler.

lem is sorted out by the software.

The display module proper is self-contai-
ned. The CPU writes data to, or reads data
from, either the control or the data registers
in the display module. Access to the registers
is controlled by the two lower address lines,
A0 and Al, and by address line A15 (see Ta-
ble 2). A summary of the control codes and
character set available in the display module
is detailed in Table 3.

Preset P20 is provided to adjust the con-
trast of the display. Four LEDs are also ac-
commodated on the display PCB. LED20 and
LED21 indicate the state of the ‘hot water’
and the ‘heating system’ respectively. LED22
is used to indicate the state of the inhibit con-
trol. These three LEDs are controlled by the
CPU via the output latch and driver transis-
tors T20, T21 and T22. LED23 indicates that
mains power is present to the unit.

Relay section (Fig. 6)

Twochangeoverrelays, RL1 and RL2, control
the actual central heating system. They are
operated by the CPU via the output latch
and the drivers, T2 and Ts. 4

Continued next month.



INTERMEDIATE PROJECT

s for the not-so-experienced constructor. Although each article will
clooorlba in diﬂl!hp 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.

SIMPLE FUNCTION GENERATOR

The test instrument presented here is capable of supplying
sine-wave, square-wave and triangular-wave signals with an
adjustable amplitude of 0 to 12 V. The square-wave output in

addition offers a fixed 5-V level for easy use with digital circuits. The
frequency range of the generator is 2 Hz to 25 kHz.

D. Harkema

F you are into testing and designing elec-

tronic circuits at almost any level, a func-
tion generator and an oscilloscope are
indispensable instruments on the work
bench. Sine-wave signals produced by a
function generator are typically used to
check the frequency response and power
output of audio amplifiers, and to align fil-
ters. The triangular waveform, often mis-
takenly referred to as ‘ramp’ or ‘sawtooth’,
enables you to measure the cross-over dis-
tortion of a balanced amplifier. The square-
wave output has the widest application
range: it is generally used for overshoot, fre-
quency response and pulse response meas-
urements on audio amplifiers. Applied to
digital circuits, the square-wave function is
often used to provide a variable clock gener-
ator. For this purpose, the generator output
level is either 5 V for TTL circuits, or 12 V
(generally) for CMOS circuits. In any case,
make sure you know the supply \olt(u,o. of
the digital circuit connected to the generator,
and the required drive level of the logic ICs.

Integrator

To help you in locating the individual cir-
cuits that together form the function gener-
ator, and understanding the basic function of
each of these circuits, the simplified schema-
tics are first discussed with reference to
Fig. 1. For convenience, the part reference
numbers in the simplified schematics corre-
spond to those in the full circuit diagram,
discussed further on.

The first sub-circuit is an integrator
(Fig. 1a). When a constant voltage is applied
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to the input, capacitor C1 is charged with a
constant current. Hence, the voltage across
Cirises, in principle, linearly as a function of
time, and not according to a logarithmic
function (e-curve) as in a resistor-based
charging circuit. The opamp is responsible
for this linearization of the charge voltage.
Since the inverting input of the opamp forms
a virtual ground, all input current is, in prin-
ciple, sent into the capacitor. This means that
the capacitor charge current is equal to the
current that flows through the input resistor.
This current is simple to calculate since the
value of the resistor is known, and the volt-
age across the resistor equals the input volt-
age. In the present circuit, there are only two
voltage levels, ‘high’ and ‘low’. You have
guessed it: the integrator is driven by a
square-wave signal.

The capacitor is charged by the ‘high’
voltage level, and discharged by the ‘low’
voltage level. Because of the integrating
operation of the capacitor, its right-hand ter-
minal supplies a triangular voltage, which
corresponds to the charge voltage (remem-
ber that the left-hand terminal of the capaci-
tor is at ‘virtual’ ground). If you want to
demonstrate the operation of the integrator,
use a large time constant by fitting a capaci-
tor of say, 1 uF, for C1, and a resistor of 1 MQ
atthe opamp input. These component values
make the integrator so slow that a simple
multimeter connected to the output will
clearly indicate a slowly rising and falling
voltage when the inputis taken low and high
(in that order because of the inverting func-
tion of the opamp).

Schmitt trigger

The previously mentioned square-wave sig-
nal that drives the integrator is supplied by
an oscillator based on a Schmitt-trigger. The
basic schematic of this circuit is given in
Fig. 1b. Like the integrator, the Schmitt-trig-
ger is based on an operational amplifier. Re-
sistor junction Ri12-Ri3 is connected to the
non-inverting opamp input and causes posi-
tive feedback instead of negative feedback as
with the integrator. Contrary to a ‘normal’
circuit with positive feedback, however, the
Schmitt-trigger sees its output voltage reach
the full positive and negative supply level.
When the input voltage is sufficiently posi-
tive, the output voltage reaches the positive
supply level. When a negative input voltage
is applied, the opamp output voltage is
nought. The feedback resistor between the
input and the output of the opamp also en-
ables the circuit to settle in one of two stable
states, like a flip-flop. The opamp can be
made to change state by applying a suffi-
ciently high reverse voltage to the +input.
This happens when the voltage at the resis-
tor junction exceeds that at the inverting
input of the opamp. Hence, there is a certain
degree of hysteresis. If we apply a sine-wave
to the circuit, the output will not go high
until the instantaneous amplitude of the
input signal is a little higher than 0 V. Simi-
larly, the output goes low when the input
signal is a little below 0 V. The upshot is that
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Fig. 1. The main sections of the circuit are
formed by an integrator (Fig. 1a), a Schmitt-
trigger (Fig. 1b), and a sine-wave shaper (Fig.
1c).

the circuit in Fig. 1b converts a sine-wave
into a square-wave.

Generator

A signal generator is created by combining
the circuits in Fig. 1a and Fig. 1b. In prin-
ciple, all that is required is to connect the out-
put of one circuit to the input of the other.
This results in positive and negative levels at
the input of the integrator, enabling the ca-
pacitor to be charged and discharged. The
Schmitt trigger receives positive and nega-
tive levels from the integrator. In this con-
figuration, the inverting function of the
integrator, the delaying effect of the capaci-
tor, and the hysteresis of the Schmitt-trigger
together ensure that the circuit oscillates. In
other words, what we have on paper at this
stage can be used as a signal generator.

Sine-wave shaper

As already noted, the function generator is
capable of supplying a sine-wave signal.
Here, the sine-wave output is obtained from
the triangular waveform. The circuit that
performs this function is shown in Fig. 1c.
The two anti-parallel diodes, D1and D2, play
a crucial role. Their non-linear current-volt-
age characteristic causes the peak excursions
of the triangular signal to be ‘crushed’. The
resulting waveform is a crude approxima-
tion of a sine-wave that needs to be passed

4
SIMPLE FUNCTION GENERATOR

through a low-pass filter to clean up the sig-
nal.

The two diodes and R23 form a potential
divider (p.d.). Since the lower branch of the
p.d. has a non-linear behaviour (it is not a
pure resistance), the ratio of the resistance in
the upper branch to that in the lower branch
is voltage-dependent. This is caused by the
internal resistance of the two diodes, which
is low at a high input voltage, and high at a
low input voltage. The effect of the non-li-
near p.d. is that the difference between the
maximum and minimum levels of the input
voltage (a triangular waveform) becomes
smaller. That is precisely what we are after:
the peaks of the triangular wave must be
‘crushed’ to give the round parts of the sine-
wave, and the part around the 0 V potential
must be ‘stretched’. The circuit in Fig. 1c
achieves this goal, although its output wave-
form is not a perfect sine-wave.

The complete circuit

In the circuit diagram in Fig. 2 we find the in-
tegrator, IC1a, in the top left-hand corner.
The Schmitt-trigger, IC2, is seen to the right
of the integrator. The circuit around IC3 pro-
vides the Schmitt-trigger, IC2, with an accur-
ate symmetrical supply voltage. ICid is a
standard amplifier set up to function as a
buffer.

The power supply of the function gener-
ator is symmetrical with output voltages of
+15V and -15 V with respect to ground. The
previously mentioned low-pass filter is
formed by the circuit based on opamp ICib.
Referring back to the basic circuit diagram of
the integrator, Fig. 1a, the series combination
of a resistor and a capacitor makes the re-
sponse dependent on the frequency of the
input signal. In essence, this creates a filter
function. If we want to use the capacitor to
enable the circuit to ‘remember’ the applied
voltage, its function is that of an integrator.
Conversely, if we want the capacitor to intro-
duce more attenuation for high frequencies
than for low frequencies, its use in combina-
tion with a resistor creates a low-pass filter.
Hence, the circuit in Fig. 1a functions as an
integrator as well as a low-pass filter.

For the moment, we will consider the cir-
cuitin Fig. 1a as a low-pass filter. If a resistor
were fitted in the position of the capacitor,
the circuit would function as a normal,
opamp-based amplifier, of which the voltage
gain is not dependent on the frequency.
However, because of its reactance, the capa-
citor makes the voltage gain of the circuit fre-
quency-dependent. Since the reactance of a
capacitor drops with frequency, the circuit
functions as a low-pass filter that suppresses
some of the higher harmonics of the con-
verted triangular signal.

In the circuit diagram of the function gen-
erator, the feedback capacitor in the low-
pass filter, IC1b, is selected by a switch, Sia.
The frequency determining capacitor are C5-
Cs. The integrator capacitors, C1-C4, are also
selected by a switch, in this case Sib. The
switches that select the components are
coupled to make sure that the frequency ran-
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Fig. 2. Complete circuit diagram of the function generator. Note the special symmetrical power supply for integrator opamp IC2.
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SIMPLE FUNCTION GENERATOR

906060-12

Fig. 3. A little cutting and filing does the trick: how to turn a single potentiometer and a
stereo potentiometer in a ganged triple type.

\

Fig. 5. Oscilloscope photographs of the
waveforms produced by the function gener-
ator. Top: square wave; centre: sine wave;
below: triangular wave.

ges of the low-pass filter correspond those of
the square-wave/triangular-wave generator
based on IC1a and ICa.

Fig. 4. Practical realization of the triple ganged potentiometer on the generator PCB. The frequency of the signal produced by
the square wave/triangular wave oscillator
is determined by the charge/discharge rate
of the integrator capacitor, the capacitor
value and the charge voltage. The coarse fre-
quency setting is effected by selecting a capa-
citor with the aid of a rotary switch. A
potentiometer, P1, is used for the ‘fine’ fre-
quency adjustment. Two further poten-
tiometers, P2a and P2b, are used to adjust the
low-pass filter. Since the low-pass filter must
track the generator frequency, P2 is coupled
mechanically to P1 (see the drawing in Fig. 3
and the photograph in Fig. 4.)

The power supply of the function gener-
ator is conventional with a symmetrical 15V
output. The £15 V supply voltages are used
for all parts of the circuit except opamp IC2,
which requires a more accurate symmetrical
supply voltage to ensure that its output sig-
nal is an exact square wave. Opamp IC3
forms a stabilizer for IC2. Normally, pin 3 of
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Fig. 6. Design of the single-sided printed-circuit board for the function generator. Note that
the complete power supply, including the mains tansformer, is accommodated on this board.

COMPONENTS LIST

Resistors:
8 22kQ R1,R4R7,R10,
R21,R23,R26,R29
3 2kQ2 R2,R5,R8
5 10kQ R3,R6,R9,R19,
R28
3 220kQ R11,R12,R13
3 100kQ R14,R30,R31
2 1kQ R15,R16
2 22kQ 1% R17,R18
1 47kQ R20
1 4kQ7 R22
1 1kQ2 R24
1 2kQ7 R25
1 1kQ8 R27
1 50k linear potentiometer ~ P1
1 50k linear stereo
potentiometer P2
1 1kQ linear potentiometer P3
Capacitors:
2 270nF C1,C5
2 27nF c2,C6
2 2nF7 C3,C7
2 270pF C4,C8
3 100nF C9,C14,C15
1 47uF 25V radial Cc10
1 15pF c11
2 470uF 40V radial C12,C13
Semiconductors:
3 1N4148 D1;02;03
1 10V 400mW zener diode D4
1 LED 5mm red D5
1 B80C1500 B1
1 TLO74 IC1
1 CA3130 IC2
1 LM741 IC3
1 7815 IC4
1 7915 IC5
Miscellaneous:
1 PCB-mount transformer Tr1
2x15V @ 2x107mA

2 2-pole 6-way rotary switch  §1;82

1 mains appliance socket K1
w. built-in fuseholder
and 50mA fuse

1 BNC socket

1 2-way PCBterminal block K3

1 enclosure LC730 (manutacturer: Telet;
supplier: C-| Electronics)

ICa is held at ground potential by a symme-
trical potential divider, R15-R18. The output
of IC3, pin 6, is therefore also at ground
potential. However, when the £15 V input
voltage is not exactly symmetrical (for
example, when the +15 V voltage is a little
higher than the =15 V voltage), the voltage at
pin 3 of IC3 rises. Consequently, the output
of 1C3 will try to track this change by raising
the output voltage. This is not possible, how-
ever, since the output is connected to
ground. The result is that a positive current
flows from the output of IC3 into the ground
line. Since this currentis supplied via R15, the
voltage drop across Ris rises, so that the
positive supply voltage of IC2 (pin 7) drops.
In this way, the too high supply voltage is re-
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duced and stabilized. The operation of the
stabilizer is the same for too high levels of the
negative supply voltage, =15 V. The zener
diode in the stabilizer, D4, limits the output
voltage of IC2 to 10 Vpp.

The circuit based on IC1d is a buffer with
a short-circuit resistant output (connector
K2). The potentiometer at the input of the
buffer, P3, forms the output level control of
the function generator. The output voltage
available at K2 can be set between 0 V and
12 V.

The waveform selection is accomplished
with a four-way, 2-pole switch, S2a/2b, con-
nected ahead of the buffer. The square-wave
setting has two options: a fixed output volt-
age of 5V for TTL circuits, or 0 Vto 12 V
(variable) for all other applications. The posi-
tive half-cycles of the 5-V square wave are
obtained from the output voltage of IC2. A
diode, D3, passes only the positive half-
cycles to a potential divider, R20-R21 and a
buffer, IC1d. The photographs in Fig. 5 show
the waveforms produced by the generator.

906060-F

Construction

The function generator is best built on the
printed-circuit board shown in Fig. 6. A sug-
gested front-panel design is shown in Fig. 7.
The connection of the range select switches
to the board involves quite a few wires, so
make sure you understand the pinning of
the rotary switches. Keep all wires as short as
possible. Also note that the connections to
the output buffer, IC1d, are made with three
screened cables (refer back to the circuit di-
agram in Fig. 2). The photographs in Figs. 8
and 9 show the completed circuit board,
viewed from the component side and the
track side respectively. The board is fitted on
four short plastic PCB spacers to avoid any
risk of the mains-carrying PCB tracks touch-
ing the bottom cover of the metal enclosure
L)

Fig. 7. Suggested design of a front panel for the function generator.

23/24 cm ATV RECEIVER

y last month’s review of an
3/24-cm ATV receiver by Mike Wood-
ow inform us that that the product has

Road, CRYDON (CRO 6RD. Tele:
phone: (081654)7172.  m

- — '
Fig. 9. Solder side view of the printed-circuit board. e o=~
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Fig. 6. Design of the single-sided printed-circuit board for the function generator. Note that
the complete power supply, including the mains tansformer, is accommodated on this board.

COMPONENTS LIST

Resistors:

8 22kQ R1,R4R7,R10,
R21,R23,R26,R29

3 2k2 R2,R5,R8

5 10kQ R3,R6,R9,R19,
R28

3 220kQ R11,R12,R13

3 100kQ R14,R30,R31

2 1kQ R15,R16

2 22kQ 1% R17,R18

1 47kQ R20

1 4kQ7 R22

1 1kQ2 R24

1 2kQ7 R25

1 1kQ8 R27

1 50k linear potentiometer  P1

1 50k linear stereo ¥

potentiometer P2

-

1kQ linear potentiometer P3

Capacitors:

2 270nF C1,C5

2 27nF C2,C6

2 2nF7 C3,C7

2 270pF C4,C8

3 100nF C9,C14,C15
1 47uF 25V radial C10

1 15pF Cit

2 470uF 40V radial C12,C13
Semiconductors:

3 1N4148 D1;D02;D3
1 10V 400mW zener diode D4
1 LED 5mmred D5

1 B80C1500 B1

1 TLO74 IC1

1 CA3130 IC2

1 LM741 IC3

1 7815 IC4

1 7915 IC5

Miscellaneous:

1 PCB-mount transformer ™
215V @ 2x107mA

2 2-pole 6-way rotary switch ~ S1;S2

1 mains appliance socket K1

w. built-in fuseholder
and 50mA fuse

1 BNC socket

1 2-way PCBterminalblock K3

1 enclosure LC730 (manufacturer: Telet;
supplier: C-| Electronics)

IC3 is held at ground potential by a symme-
trical potential divider, R15-R18. The output
of IC3, pin 6, is therefore also at ground
potential. However, when the 15 V input
voltage is not exactly symmetrical (for
example, when the +15 V voltage is a little
higher than the ~15 V voltage), the voltage at
pin 3 of IC3 rises. Consequently, the output
of IC3 will try to track this change by raising
the output voltage. This is not possible, how-
ever, since the output is connected to
ground. The result is that a positive current
flows from the output of IC3 into the ground
line. Since this current is supplied via R15, the
voltage drop across Ri5 rises, so that the
positive supply voltage of IC2 (pin 7) drops.
In this way, the too high supply voltage is re-
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SERIAL VIDEO CARD

This design, based on a
6847 video display
generator and the 8031
single-chip
microcontroller, provides a
simple solution to the
problem of interfacing
serial ASCII data for
display on a monitor.

R. Grodzik

HE unit proposed here is basically a

simple terminal for use with small com-
puter systems that do not have their own dis-
play interface, but are capable of supplying
serial RS-232 or inverted TTL ASCII data.
The serial video card is capable of working at
a selectable bit rate, and has a RAM (ran-
dom-access memory) with storage capacity
for up to 16 pages (or screens) of informa-
tion.

As shown in the block diagram, Fig. 1,
the system has two push-buttons; one is used
to leaf forward through the pages of text,
while the other, the reset key, is used to initi-
alize the system, to home to the first text
page, and to configure the bit rate on the se-
rial input channel.

The unit has been designed as a mini-
mum text display device with a reduced
character set displaying upper-case charac-
ters only. Lower-case characters sent by the
computer are displayed as upper case. The
available character set is listed in Table 1,
along with the line and page control codes.

The RAM in the system allows 16 screens
of alpha-numeric data to be stored and dis-
played one at a time, providing a total capa-
city of 8,000 characters. The screen mode is

organized as 16 lines with 32 characters per
line, giving 512 characters per screen. If the
amount of data received at the serial input
exceeds the screen capacity, the next page is
automatically selected, until all 16 pages
have been filled. Furthermore, there is an

=y

automatic wrap-around facility when the
earlier data in the first page is overwritten.

Applications

I am often asked “What is it for?" or “What
does it do?", when completing a design. Well,
the answer is: it depends on you. Here are a
few examples of what my colleagues have
come up with:

- A serial keyboard which provides an
ASCII encoded output (note that IBM
PC keyboards are not suitable as they
produce their own unique codes). The
serial keyboard is connected to the
input of the video card to give a basic
text display terminal.

- Connected between a modem and a
television receiver, incoming computer
data can be displayed on your TV set.
This application may be of interest to
the deaf and hard of hearing.

- A video answering machine?

- A teaching aid.

- With additional battery back-up for the
video RAM, text can be downloaded
from a computer station for subsequent
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Fig. 1.

remote display on a TV set or a monitor.
- A video carousel for promotional and
advertising purposes.

Circuit description

The complete circuit diagram of the serial
video card is given in Fig. 2. On power-up,
or pressing RESET button SW1, the hexadeci-
mal switch SW3 is read by IC2, a single-chip
computer, and the bit rate on the serial input
channel is initialised. Table 2 lists the bit
rates that can be selected by SW3. The word
protocol follows the most commonly used
format with 1 start bit, 8 data bits, 1 stop bit
and no parity.

The serial data applied to the circuit is
converted into parallel data by the system
firmware, and subsequently sent to the vi-
deo RAM, IC10. For this to be accomplished,
the tri-state buffers IC4, IC5 and ICs are ena-
bled by address line A15 and WR lines of the
8031. At the same time, the video generator,
I1Cy, and the data and address buses are swit-
ched to a high impedance state by ICsD, and
the system EPROM, IC1, is disabled by A15.
One databyte is thus transferred from the
8031 on to datalines DO-D5. Databit D6 is

ELEKTOR ELECTRONICS FEBRUARY 1991

lost since it not required by the character
generator. Dataline D7 on IC10 provides a re-
verse video facility during the power-up self
test, when the entire available character set is
generated, a screenful of each character. This
test feature is useful if an address or data line
is open or shorted, since the monitor will
show up either fault.

Once the video RAM has been updated,
the tri-state buffers IC4, IC5 and 1Ce are disa-
bled, the IC9 buses are enabled, and address
lines AO-A8 are strobed by IC9 to access the

Block diagram of the serial video card. At the heart of the circuit is a 80C31 single-chip microcontroller.

ASClI data. Data goes into IC9 on lines DD0-
DD5, and is converted into a composite seri-
al video signal on pin 28 of ICo.

The video signal is inverted by transistor
T1, and buffered by T2 to drive the 75 Q load
formed by the monitor input. Two outputs
are provided: K2 supplies the 1 Vpp 75-Q
composite video to the monitor, while K1,
the phono-type socket on the TV modulator,
supplies a modulated RF signal at
591.5 MHz in the UHF TV band, for connec-
tion to the aerial socket of a domestic televi-
sion receiver.

Subsequent serial asynchronous data
words are fed to the video RAM. After 512
characters, port address P1.0-P1.3 on the
8031 increments, which, in turn, selects the
next block of 512 locations in IC10. Address
lines A9-A12 of IC10 provide 16 pages of text
storage capacity.

About the Video Generator

Each character on the screen is consists of a
pattern of light and dark dots. Dot patterns
for the desired characters are stored perma-
nently in the character generator, as illus-
trated in Fig. 3. This simplified block
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Fig. 2. Complete circuit diagram of the serial video card.
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Fig. 3. Simplified block schematic of the video generator.

diagram shows how a chain of counters are
cascaded to provide the timing required for
the monitor circuitry.

The clock signal for the video generator is
derived from an inexpensive 3.579 MHz
(NTSC subcarrier) quartz crystal. The dot
clock signal enables the video dots to be clo-
cked out of the shift register. As the first AS-
Cll character in RAM is accessed by the +226
counter, the character generator is addressed
via data lines D0-D5. The dot information
required to produce the first dot row of the
character resident in the character generator
is presented to the parallel-in, serial-out shift
register. The dot clock is used to shift out the
eight dots required to turn the CRT (cathode
ray beam) beam in the monitor on or off,
which produces the first line of dots for the
character.

The address on lines A0-A4 increments
once every eight dot clock cycles to address
the next ASCII character in RAM, and the
first dot row of this character is clocked out
to the CRT. Address lines A0-A4 can select
one of 32 characters needed for a complete
line of text on the screen.

The output of the +226 counter produces
a line sync pulse after the first dot row of all
32 characters is clocked out. The +12 counter
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COMPUTERS AND MICROPROCESSORS

00000: 02 00 40 02 04 31 FF FF FF
00010: FF FF D2 BE A3 32 FF FF FF
00020: CO DO CO EO 7E FF 1lE 7F FF
00030: DO EO DO DO 22 75 09 00 75
00040: 31 00 31 05 11 BO 31 05 D2
00050: FF FF FF FF FF FF FF FF FF
00060: ES 90 FB F5 90 BB FO 02 7C
00070: DO 02 7C CC BB CO 02 7C Eé6
00080: 02 7C F3 BB 90 06 12 02 00
00090: 11 20 11 20 11 20 11 20 11
000A0: 75 98 50 75 89 20 D2 8E D2
000BO: 00 00 00 00 00 00 00 00 OO
000C0: 00 00 00 00 00 00 00 00 0O
000DO: 00 00 00 00 00 00 00 00 00
000EO: 00 00 00 00 00 00 00 00 0O
000F0: 00 00 00 00 00 00 00 00 00
00100: 74 FO F5 90 22 90 80 00 22
00110: A8 83 B8 82 F7 22 90 80 Eé6
00120: DO EO 04 B4 1D F5 80 14 53
00130: 4E 49 54 49 41 4C 49 53 45
00140: OB CO EO 83 FO A3 00 DO EO
00150: 35 30 20 BB EO 14 74 0B CO
00160: 04 B4 OF F4 80 04 33 30 30
00170: EO B3 FO A3 00 DO EO 04 B4
00180: 20 BB CO 14 74 OB CO EO 83
00190: OF F4 80 04 31 32 30 30 BB
001A0: FO A3 00 DO EO 04 B4 OF F4
001BO: AO 14 74 0B CO EO 83 FO A3
001C0: 80 04 32 34 30 30 22 FF FF
001D0O: ES5 90 04 54 OF F5 90 22 FF
001E0: FF FF FF FF FF FF FF FF FF
001F0: FF FF FF FF FF FF FF FF FF
00200: 74 B0 CO EO FO A3 A8 83 BS
00210: 09 31 05 DO EO 04 B4 00 E9
00220: 00 00 00 00 00 00 00 00 0O
00230: B8 00 02 80 03 B8 20 02 80
00240: 60 02 80 03 B8 80 02 80 03
00250: 02 80 03 B8 EO 03 D2 8E 32
00260: B8 1F 02 80 03 B8 3F 02 80
00270: 7F 02 80 03 B8 9F 02 80 03
00280: 02 80 03 BF FF 03 D2 8E 32
00290: A3 14 B4 00 FB A8 83 B8 82
002A0: 54 OF F5 90 D2 8E 32 D2 B8E
002BO: 54 OF F5 90 D2 8E 31 05 32
002C0: CO 90 75 FO 10 E5 90 54 OF
002D0: F4 DO 90 22 FF FF FF FF FF
002E0: FF FF FF FF FF FF FF FF FF
002F0: FF FF FF FF FF FF FF FF FF
0U30U: 30 98 FD C2 8E C2 98 Eb 99
00310: 20 03 02 02 B9 CO EO 54 60
00320: DO EO B4 08 03 02 02 2E B4
00330: 03 02 02 8E 00 00 00 00 00
00340: B4 OD 03 02 04 00 00 00 00
00350: 01 09 90 80 00 D2 8E 32 FF
00360: FF FF FF FF FF FF FF FF FF
00370: FP FFP FP FF FF FF FF PP FF
00380: FF FF FF FF FF FF FF FF FF
00390: FF FF FF FF FF FF FF FF FF
003A0: FF FF FF FF FF FF FF FF FF
003BO: FF FF FF PP FF PF FF FF FF
003C0: FF FF FF FF FF FF FF FF FF
003D0: PF FF FP FF FF FF FF FF TP
003EO: FF FF FF FF FF FF FF FF FF
003F0: FF FF FF FF FF FF FF FF FF
00400: ES5 82 54 1F B4 00 02 8O 05
00410: 32 B8 60 02 80 03 B8 BO 02
00420: B8 CO 02 80 05 B8 EO 05 80
00430: CF C2 B8E C2 A8 11 20 CO EO
00440: DO EO 00 00 00 00 00 00 0O
00450: 11 20 D2 A8 D2 8E 32 FF FF
00460: FF FF FF FF FF FF FF FF FF
00470: FF. PP PR TP FFP FF PF PP TP
00480: 00 00 00 00 00 00 00 00 OO
00490: 00 00 00 00 00 00 00 00 OO
004A0: 00 A8 B3 BB 82 OF CO EO E5
004BO: 00 31 05 DO EO FO A3 D2 B8E
004C0: FF FF FF FF FF FF FF FF FF
004D0: FF FF FF FF FF FF FF FF FF
004E0: FF FF FF FF FF FF FF FF FF
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Fig. 4. Hexdump of the control program that resides in the system EPROM, a 27C16.

then increments to point to the next lower
row of dot patterns for the same 32 charac-
ters. As the CRT beam sweeps across the
screen, the dot information of the sub-
sequent 11 rows of each character is traced
on to the screen after every line sync pulse.
When all 12 rows of all 32 characters are
traced, the +22 counter increments the ad-
dress on lines A5-A8, and the next screen
row of 32 RAM-resident characters is ad-
dressed. The dot information for these char-
acters is clocked out as described above.
When 16 lines of characters have been dis-

played on the monitor, the final output of the
+22 counter issues a vertical sync pulse re-
quired by the monitor circuitry to restart the
raster scan, by which time all the counters
have been re-initialized to zero. Thus, all 512
characters are continuously refreshed to the
monitor, 60 times per second, corresponding
to about three million dots per second.

External lines A9-A12 on the 8031 allow
one of 16 different blocks of 512 characters to
be addressed, providing a total of 16 screens
of information.

In addition to the chain of counters, addi-

tional circuitry is needed to produce a blan-
king (beam retrace) signal for the monitor,
and also to combine the vertical and horizon-
tal sync signals with the serial dot stream.
The combination of these signals is called the
composite video signal.

The complex functions described in rela-
tion to the video generator circuitry are ac-
complished by a VLSI (very large scale
integration) IC, the 6847 from Motorola. This
chip thus performs the definitely non-trivial
task of interfacing a microprocessor to a
computer monitor or television set.

Construction notes

The serial video card is built on a double-
sided, not through-plated printed circuit
board of Eurocard size (10x16 cm). The
author’s prototype is shown in the introduc-
tory photograph. For constructors wishing
to burn their own EPROM for this project,
the content of the 27C16 is given in Fig. 4.

Itis recommended that all ICs be fitted in
sockets, particularly IC9, which is static sen-
sitive. The usual precautions, such as groun-
ding the circuit board and yourself, should
be taken. Be sure not to wear a nylon shirt or
pullover when handling any of the ICs.

All logic ICs must be devices from one
and the same family, in this case the HC se-
ries. Mixing HC series with standard 74 se-
ries ICs will produce timing errors and
random display of information, since the in-
put and output voltage thresholds are in-
compatible.

Ceramic decoupling capacitors should be
fitted directly on the supply pins of the ICs,
at the track side of the board.

Printed circuit linking pins, totalling over
150, are inserted from the component side
during the initial stages of construction. The
holes for these pins are drilled at a diameter
of 0.8 mm. Care should be taken while solde-
ring, since solder bridges are easily made. A
watchmakers’ eyepiece is useful for inspec-
ting the board, since solder whiskers can ea-
sily evade the human eye. Once the linking
pins are in place, the IC sockets are soldered
in. Next, fit the discrete analogue video com-
ponents. Then follows the ready-made UHF
modulator, which is also static sensitive.

Finally, the power supply to the board is
5V, at a total current consumption of about
200 mA. ]
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MIDI-TO-CV INTERFACE

Older monophonic synthesizers have the disadvantage that they
cannot be controlled via a Musical Instrument Digital Interface—
MIDI. Since most owners of these synthesizers, which are rightly
renowned for their excellent sound , would be loath to get rid of
them just yet, this article describes an interface that enables these
units to be controlled via a MIDI, provided they conform to the
1 V/octave logarithmic standard.

ONNECTION to the MIDI is made viaa

standard MIDI IN socket that is located
on the printed-circuit board of the present
interface. AMIDITHRU /OUT socket enables
additional MIDI compatible equipment to
be controlled. The MIDI receive channel of s7vs
the present interface is set via a 4-pole DIP
switch.

Connection from the interface to the syn-
thesizer is via two 6.3 mm audio connectors:
one for the control voltage—CV (1 V /oc-
tave) and the other for the gate signal. Either
a positive or a negative gate signal may be
selected.

The interface receives MIDI note-on and
note-off instructions from which it gathers the
control voltage and status of the gate needed
to be supplied to the synthesizer so that this
produces the tones associated with the MIDI
data. The MIDI code for the touch control is
not involved and is of no further interest
here.

In conformity withaccepted standards, the
interface software uses MIDI controller no. 36
as the reference tone for 0V, that is, MIDI
tone value 36, equivalent to low C on a stan-
dard 5-octave keyboard, is produced when
the CV output is 0 V. The maximum tone
range is 5 octaves, produced by a control
voltage range of 0-5 V.

The interface is powered by an external
mains-operated supply: the three required
voltages are derived on the interface board.

Circuit description

The MIDI signal is applied to serial input
P3.0 (pin 10) of microcontroller 1C; via the
obligatory optocoupler, IC4. The program,
stored in IC;, responds to note-on and note-
off commands in the MIDI channel selected
with switches SW|-SWy. It computes from
the MIDI data the corresponding analogue
voltage, later converted intodigital form,and
the status of the gate. The voltage is avail-
able indigital form at the 8-bit port P1, which
is connected with the digital inputs of 8-bit
analogue-to-digital converter IC4. The output
of this converter is a voltage that is directly
proportional to the digital value at port P1.
The scale of the control voltage is set by
opamp ICs, whose gain is varied with the
aid of preset P;.
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Fig. 1. Circuit diagram of the MIDI-to-CV interface.
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The status of the gate is available simul-
taneously at portlines P3.6and P3.7. Depending
on the software, P3.6 is active high (i.e., +5V
with key depressed) or active low (i.e., 0 V
with key depressed).

The heart of the interface is microcon-
troller IC;, which consists of an 8-bit micro-
processor, 128 byte RAM, four ports of eight
lines (bits) each, P0-P3, a serial interface with
programmable baud rate, and two 16-bit
counter/clocks. Note that the difference be-
tween a Type 8031 and a Type 8051 IC is that
the former has on-board ROM. If, therefore,
an 8051 is used, its internal ROM must be
switched off via pin 31 (EA), since the pro-
gram is stored in an external ROM. A more

PARTS LIST

detailed description of the 8031/8051 may
be found in Ref. 1.

Since the 8051 has no separate terminals
for address and data buses, ports PO and P2
are used for this purpose. Port PO serves as a
multiplexed address-cum-data bus for the
eight lowest bits, and P2 as that for the eight
highest bits.

Circuit IC,, an eight-fold latch, assumes
the eight lowest addresses from port PO at
the trailing edge of the ALE (address latch
enable) signal. The eight highest addresses
are provided by P2.0-P2.4. From the leading
edge of the ALE signal onwards, P0 func-
tions again as data bus.

The program is stored in IC3, an EPROM

Type 2764. Although this is available ready-
programmed, it may, of course, be programmed
to individual requirements.

The 8031/8051 has a complete serial in-
terface, i.e., input and output, as required
for MIDI operation. When a 12 MHz clock is
used, the internal baud rate generator is ad-
justed via the software tooperateat31.25kHz.
The input of the interface is P3.0 (RD=read)
and the output is P3.1 (WR=write).

The MIDI input circuit is based on opto-
coupler IC4. Input resistor Rj limits the cur-
rent through the photodiode, while D5 pro-
tects the LED against negative input voltages.
The open-collector output of the optocou-
pler is connected to serial input P0.3 and to

Fig. 2. Printed-circuit board for the MIDI-to-CV interface.(not available ready-made).
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the +5 V supply via pull-up resistor R,.

The MIDI OUT socket is connected via
the obligatory 220-Q resistors, Ry and Rs, to
P3.1 and the +5V line respectively.

Components X;, C;, and C; are the exter-
nal elements for the internal clock oscillator
of the 8031/8051; their values are as speci-
fied by the manufacturers.

Resistor Ry and capacitor C3 provide the
resetsignal at power-on. The EA terminal, pin
31 of ICy, is connected to earth to ensure that
when an 8051 is used, its internal ROM is
switched off.

Port terminals P1.0-P1.7 are connected to
the digital inputs of digital-to-analogue con-
verter—DAC—IC,. The analogue output of
this device has a potential that is directly
proportional to the digital value at P1.0-P1.7
and the reference voltage at the RIN input,
pin 5, of IC,.

At the reference voltage output (ROUT),
pin 6, of IC4 a constant, temperature-stable
reference voltage of 2.5Visavailable. The out-
put is connected according to manufactur-
ers’ specification to ground via Cg, to the
+5 V line via Rg, and directly to RIN.

Since the analogue voltage range of ICy is
only 0-2.5 V, and cannot be preset, the out-
put voltage is applied to opamp ICs. The
gain of this amplifier is preset with P to ob-
tain the wanted voltage range of 0-5 V, cor-
responding to a tone range of five octaves.
Preset Py is a 25-turn helical type to ensure
precise setting of the control voltage.

The outputs of switches SW,-SW, are
monitored by ports P3.2-P3.5. Since these
ports are connected internally to the +5 V
line via resistors, pull-up resistors are not
needed at their input terminals.

When the relevant switch is open, the as-
sociated port is high; when the switch is
closed, the port is low.

The switches serve as channel selectors
(MIDIchannels 1-16). When the unit is switched

on, thesoftware ascertains the position of each
of theswitches, whichis translated intoa MIDI
channel number. Switch SW; has the lowest
value, i.e., 1,and SWjy the highest, i.e., 8. The
MIDI channel numbers 1-16 result from the
addition of 1 to the (converted) digital val-
ues 0-15, since the counting in MIDI tech-
nology is from 1 to 16.

Port P3.6 provides the gate signal. To en-
sure that its potential is high enough, the
port is connected to the +5 V line via pull-up
resistor R5.

Port P3.7 provides the gate indication sig-
nal: it is connected to an LED, Ds, via Rq.
The other terminal of the diode is at +5 V.

This way of operating the diode is advanta- .

geous, since the 8031/8051 ports can draw
higher currents when they are low than when
they are high. The LED lights when P3.7 is
low.

The +5 V supply for the digital part of the
circuit is derived from an unregulated volt-
age of 9-12 V, available at K3, via protection
diode D; and integrated voltage regulator IC.
The interface also needs a negative and a
higher positive voltage for opamp ICs. In
the present circuit, these were chosen at -3 V
and +7.5 V: both these voltages are stabi-
lized by appropriate zener diodes. Note that
the -3 V line can provide a current of only
0.5 mA maximum. It is therefore impossible
to replace the Type TL061 by an ‘equivalent’
type, such as the uA741, TLO81 or TL0O71,
since all these draw a higher current and
this would damage the-3 V part of the power
supply.

Construction

The entire interface is housed on the printed-
circuit board shown in Fig. 2. Only two wire

bridges are needed: ‘U’ and ‘gate’.
If audio connectors are used for CV-OUT
and Gate-OUT, two jump leads (J; and J,)
must beconnected be-

tween K; and K.
Diode Ds' must be

11 channel 2 hannel3 channel 4 soldered between Ky
ON ON oN oN and Ks. The termi-
| () (] (] | BEEE
should bebentby %(r.
. L e — If audio connec-
channel 5 channel 6 channel 7 channel 8 Sorsarenoy used' the
_ = - - CV and gate take-
off, as well as the
OFF OFF OFF OFF are at K. Diode D5
must be fitted next
channel 9 channel 10 channel 11 channel12 to Rg. The relevant
o o - o partoftheboard not
| (o] ] (] | Bs
offalong thedashed
— - — — linetomaketheboard
channel 13 channel 14 channel 15 channel 16 smaller and more
oN oN on oN suitable for fitting into
an existing equip-

w ment.
OFF orr OFF OFF Note that K; has
two additional sol-
b i dering points to en-
able the use of stereo

Fig. 3 Setting of MIDI channels with the DIP switches.
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connectors for both

MIDI-TO-CV INTERFACE

CV and gate.

Test

Do not yet plug in the ICs and switch on the
mains. Check that the +5 V (£5%) and +7.5V
(£10%) supplies are present. If not, a short-cir-
cuit, adefect capacitor, or one thatis connected
with incorrect polarity, may be the cause.

Switch off the mains and insert all ICs
into their sockets. Switch on the mains and
check that the 3 V (+20%) supply is present.
Also, when the mains is switched on, D5 or
D5’ should light briefly to indicate that the
reset routine is effected. If it does not, there
isashort-circuit, defect component, or the LED
has been connected with incorrect polarity.

Set the DIP switch to the required MIDI
channel as shown in Fig. 3 and connect a
suitable MIDI sender to the MIDI-IN socket
ontheinterfaceboard. When the sender trans-
mits on the selected channel, diode D5 or D',
as the case may be, should light when an
note-on instruction activates the gate signal.
When the relevant key is released, and a note-
off command is thus given, the LED should
g0 out.

Next, press the reference key, which is
normally C; (MIDI code 36), and check that
the control voltageis 0 V.Ifitis not, jot down
the difference. Then, press a key five octaves
higher (C3) and adjust Py until the control volt-
age is exactly 5.000 V (or 4.000 V if a four-oc-
tave keyboard is used) plus or minus the dif-
ference noted before.

If the circuit does not operate satisfacto-
rily and noapparentfaultcanbe found, check
whether there is a 12 MHz signal at pins 18
and 19 of the microprocessor (showing that
the internal oscillator functions) and whether
at reset pin 9 the level briefly becomes +5 V
and then drops back to zero when the mains
is switched on. Also, check the board for
short-circuits or breaks of the tracks, whether
all ICs have been inserted properly into their
sockets, and whether the EPROM is of the cor-
rect type.

Switched trigger modification

Some synthesizers do not operate with a gate
signal but with a switched trigger. The wave-
formgeneratorin these is notstarted by a volt-
age pulse but by a switched contact. To con-
trol such synthesizers via the present inter-
face, an additional 10 kQ resistor and a gen-
eral-purpose n-p-n transistor should be con-
nected as shown in Fig. 4.

.S-ulwr
rRDOT=H-)%

909006-3-50

Fig.4.Extension circuit for working with switched
trigger equipment.

Reference: The 8031/8731 microcontroller
Elektor Electronics — July 1990, p. 36. =
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The status of the gate is available simul-
taneously at portlines P3.6and P3.7. Depending
on the software, P3.6 is active high (i.e., +5V
with key depressed) or active low (i.e., 0 V
with key depressed).

The heart of the interface is microcon-
troller IC;, which consists of an 8-bit micro-
processor, 128 byte RAM, four ports of eight
lines (bits) each, P0-P3, a serial interface with
programmable baud rate, and two 16-bit
counter/clocks. Note that the difference be-
tween a Type 8031 and a Type 8051 IC is that
the former has on-board ROM. If, therefore,
an 8051 is used, its internal ROM must be
switched off via pin 31 (EA), since the pro-
gram is stored in an external ROM. A more

PARTS LIST

Resistors:

R3—Rs5=220 Q

Re, Rg, Rg=390Q
R7=1kQ

P1=10 kQ, 25-turn preset

Capacitors: )

C4, C2=22 pF, ceramic

C3=6.8-10 uF, 16 V, tantalum

C4=10 nF, ceramic

Cs, Cg=100-470 uF, 10 V, upright

C;, Cg=15-6.8F, 16 V

Cy=100 nF

C10-Ci2=1.5-6.8 uF, 16 V, or
10-100 nF, ceramic

Semiconductors:
D41=1N4001-1N4007

Do, D3, D4=1N4148

Ds (Dg)=LED

Dg=zener, 7.5 V (ZPD 7V5)
D;=zener, 3 V (ZPD 3V0)
IC1=SAB8031 or SAB8051
IC2=2764 EPROM
IC3=74HC573, 74HCT573
IC4=ZN426E-8

IC5=TLO61

ICe=CNY17/ll

IC,=7805

Miscellaneous:

X1=12 MHz crystal
SW,-SW,=4-way DIP switch
Ky, Ko=3-way pin header,

2.54 mm grid
Ka=low-voltage socket for PCB
K4, K5s=6.3 mm(stereo) audio

connector for PCB
Kg, K7=5-pin DIN socket for PCB
IC socket 40-pin -

IC socket 28-pin

IC socket 20-pin

IC socket 14-pin

2x IC socket 8-pin

2x insulated jumper (J1 and Jo)

Heat sink for IC;

Unregulated 9—12 V, 300 mA mains
adaptor

detailed description of the 8031/8051 may
be found in Ref. 1.

Since the 8051 has no separate terminals
for address and data buses, ports PO and P2
are used for this purpose. Port PO serves as a
multiplexed address-cum-data bus for the
eight lowest bits, and P2 as that for the eight
highest bits.

Circuit IC, an eight-fold latch, assumes
the eight lowest addresses from port PO at
the trailing edge of the ALE (address latch
enable) signal. The eight highest addresses
are provided by P2.0-P2.4. From the leading
edge of the ALE signal onwards, PO func-
tions again as data bus.

The program is stored in IC3, an EPROM

Type 2764. Although this is available ready-
programmed, it may, of course, be programmed
to individual requirements.

The 8031/8051 has a complete serial in-
terface, i.e., input and output, as required
for MIDI operation. When a 12 MHz clock is
used, the internal baud rate generator is ad-
justed via thesoftware tooperateat31.25kHz.
The input of the interface is P3.0 (RD=read)
and the output is P3.1 (WR=write).

The MIDI input circuit is based on opto-
coupler ICq. Input resistor R3 limits the cur-
rent through the photodiode, while D; pro-
tects the LED against negative input voltages.
The open-collector output of the optocou-
pler is connected to serial input P0.3 and to

CO G Ty e caaF

ST e B M |

Fig. 2. Printed-circuit board for the MIDI-to-CV interface.(not available ready-made).
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RADIO DATA SYSTEM (RDS)

005’\0 e

3

DECODER

Since our first publication on RDS almost two years ago, the system
has met with rapid acceptance by European radio broadcasters. At
the time of writing this follow-up article, the experimental status of

RDS on which we reported earlier is nearly ended, and there are
currently car radios as well as FM tuners that can be bought with an

RDS decoder as a built-in feature. For all of you who have a perfectly
working FM radio without an RDS demodulator/decoder we present

R'D'S

RADIO DATA SYSTEM

When we first published an article (Ref. 1) on
the main features and the technical back-
ground of the Radio Data System (RDS), we
added a circuit of an RDS demodulator to
help interested readers on the way to desig-
ning a stand-alone decoder. As explained,
the demodulator, based on the SAA7579T
from Philips Components, is to sit between
the FM tuner and a microprocessor system.
Its function is to extract the RDS data from
the received signal, and supply a number of
digital signals for use by a decoder. The
decoder was not described at the time, and
various readers have made suggestions for
the design of such a unit.

In this article we will recapitulate some of

LCD read-out.

Dr. Ing. M. Ohsmann

the basic information on RDS contained in
Ref. 1, repeat the circuit of the SAA7579T-ba-
sed RDS demodulator, and propose a micro-
processor-controlled decoder that supports
the main functions of the RDS system.

RDS features supported

If you are interested in a full technical back-
ground to RDS, and a complete description
of all the features offered by this system,
there is only one thing to do: order a copy of
the relevant EBU specification, Technical
Document 3244-E (Ref. 2). You will find this
document invaluable while experimenting
with RDS reception and decoding, since it

.- PR—

two add-on circuits, an RDS demodulator and an RDS decoder, that
implement the main features of this new service with the aid of an

contains a full explanation of the modula-
tion, signal encoding, and all code structures
used.

The structure of the RDS system allows
so-called features to be added or omitted de-
pending on the RDS Group Type defined by
the EBU (see Table 2 in Ref. 1). Since the ex-
perimental status of the system has been
abandoned in many European countries, the
list of features has grown to quite a length.
However, radio station operators are, in
principle, free to make a selection of the fea-
tures they wish to implement. Hence, whe-
ther or not a certain RDS feature is
implemented or not depends on the country,
the region, and even the radio station you are
tuned to. Fortunately, there seems to be a
consensus as far as a set of basic features is
concerned. In fact, the EBU makes a distinc-
tion between three classes of RDS features:
primary, secondary and additional. The pre-
sent decoder supports three of the four pri-
mary features (PF), and two secondary
features (SF). The function of each of these
features is discussed below.

PI: Programme Identification (PF)

This code allows the receiver to distinguish
between countries or areas in which the
same programme is transmitted, and the
identification of the programme itself. The PI
code is not normally displayed, and func-
tions in conjunction with an Alternative Fre-
quency (AF; also a primary feature) list,
stored in the RDS decoder. The AF list en-
ables the receiver to be retuned automat-
ically for best reception of a particular
programme.

PS: Programme Service name (PF)

The PS code contains a text consisting of a
maximum of ten alphanumeric characters
that form the station name or a meaningful

ELEKTOR ELECTRONICS FEBRUARY 1991
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T I mono stereo difference RDS
31900 signal pilot signal subcarrier
level tone
L+R L-R V L-R \
| | 1 I a I |
—— 1% 19 23 38 53 o7
frequency kHz kHz kHz kHz kHz kH2
880209-11-1
Fig. 1. Spectrum of the baseband transmitted by a VHF FM broadcast transmitter modu-

lated with a stereo multiplex signal plus associated pilot tone, and the RDS datastream.

abbreviation of it. The characters are defined
by the ISO-646 standard, and correspond to
ASCII codes as far as letters and numbers are
concerned. The PS indication is particularly
useful for domestic receivers, since the VHF
FM band in many areas is so crowded these
days thatitis almostimpossible to find a par-
ticular station quickly just by listening.

TP/TA: Traffic Programme / Traffic An-
nouncement (PF)

These are essentially on/off codes that indi-
cate whether a particular transmitter carries
traffic information or not. The signal may be
used for turning a cassette or compact disc
player in the car, or a signalling device, on
and off. Alternatively, TP/TA information
may be used in conjunction with an auto-
matic station search function in a radio.

PTY: Programme Type (SF)

A total of 31 codes is available to indicate the
programme type. Examples are 00001 for
News, 00100 for Sports, and 01110 for Folk
Music.

RT: Radiotext (SF)

This code accommodates a 64-character text
string which may be programmed freely by
broadcasters. It often contains supplemental

data on the current programme, music titles,
announcements, and the like. In some cases,
RT is also used for traffic announcements.

to the baseband transmitted by the VHF FM
station. In most cases, the baseband will al-
ready contain the stereo difference signals
L-R and L+R, plus the associated pilot tone
at 19 kHz.

The RDS system uses a subcarrier fre-
quency at 57 kHz, which is locked either in
phase or in quadrature phase to the third
harmonic of the 19 kHz pilot tone. The resul-
ting baseband spectrum is shown in Fig. 1.
Interestingly, in Germany, the 57-kHz sub-
carrier is not completely suppressed since it
is also used for the ARI (Autofahrer Rund-
funk Informationen, or motorists’ broadcast
information).

The RDS subcarrier is suppressed and
amplitude-modulated by the bi-phase coded
RDS datastream. The formal classification of
this modulation system is ‘double-sideband
with suppressed carrier’, or DSSC. However,

—
—

—

e == Information word =16 bits

— Group = 4 blocks = 104 bits -
[ Blockt | Block2 Blockd | Blocks |
>4 Block = 26 bits N
7 ~
[ Information word I Checkword + |offset word
— A .

/"
) )
- —

/ Checkword =10 b-!s S —1

Iml”ulml'"wlml"wl Tl S ssfeaferla <<

880209 ~II-15

Fig. 2.
the European Broadcasting Union).

RDS on the air

The RDS datastream generated by the broad-
caster is modulated on to a subcarrier added

ELEKTOR ELECTRONICSE

Structural analysis of the RDS data format (illustration reproduced by courtesy of

since a bi-phase coded modulation signal is
used, the qualification ‘two-phase phase-
shift keying’ (PSK) may also be applied, bea-
ring in mind that the phase deviation is 90°.
The bandwidth of the RDS sidebands in the
baseband spectrum is roughly equal to the
databit rate of 1187.5 per second.

RDS: basic structure

RDS data consists of 16-bit words, accompa-
nied by a 10-bit checkword for synchroniza-
tion purposes. The two are referred to as an
RDS block. As shown in Fig. 2, the MSB
(most significant bit) of the dataword is al-
ways transmitted first. Four RDS blocks
together form an RDS group. Since all data is
transmitted continuously without gaps be-
tween blocks or groups, the group trans-
mission time is 87.5 ms.

The 10-bit checkword with every data-
word is a so-called CRC (cyclic redundamv
check) that ensures high reliability of the
RDS even under adverse reception condi-
tions. Like the dataword, the CRC is trans-
mitted MSB-first.

The status of each RDS group is marked
by the first five bits (MSBs 15 through 11) in
block 2. The first four bits, 15 through 12, in-
dicate the group number, the fifth bit the
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Fig. 3. Circuit diagram of the SAF7595T-based Radio Data System decoder.

group type, A or B. All group types contain
two of the previously mentioned primary
RDS features, PI and TP, and one secondary
feature, PTY. This means that these RDS co-
des have the highest repeat rate. The other
codes used by the present decoder are con-
tained in the fourth block. The third block
contains either the PI data (group type B), or
the alternative frequency (AF) list (which is
not used by the control program of the deco-
der described here).

An RDS demodulator

The circuit diagram of the SAF5779T-based
RDS demodulator is shown in Fig. 3. The
baseband signal supplied by the FM tuner is
amplified by transistor T1 and subsequently
filtered in a three-section 57-kHz band-pass
filter. The filter consists of fixed inductors L1,
L2and L3, and trimmer capacitors C2, C7and
C10, each with a parallel capacitor to ensure
the correct tuning range. The gain of the
transistor amplifier can be set with the aid of
preset P1, as required for the output level of
your FM tuner. The filtered 57-kHz signal is
buffered by emitter follower T2, whose d.c.
operating point is defined by voltage divider
R6-R7. Next, opamp IC1 amplifies and di-
gitizes the 57-kHz signals.

The actual demodulation of the two 57-
kHz sidebands takes place in ICi, a
SAA7579T or SAF7579 from Philips Compo-
nents. Since the operation of this IC has been
covered extensively in Ref. 1, a summary is
appropriate here. It should be noted that the
SAA7579T is now obsolescent, and will be

superseded by the SAF7579T, which has ba-
sically the same characteristics. Both ICs
work all right in the demodulator.

The internal diagram of the SAF7579T is
given in Fig. 4. The digitized 57-kHz signal
supplied by the previously discussed ampli-
fier/filter circuit is applied to a Costas-loop
which includes a 4.332 MHz oscillator. The
loop circuit recovers the modulation signal
from the sidebands, and regenerates the 57-
kHz carrier, which is divided internally to
obtain the 1187.5-Hz clock signal, RDCL
(output pin 9). The actual demodulation of

the RDS signals is based on a bi-phase sym-
bol decoder and a phase difference decoder.
Chip output pin 10 supplies the RDDA (RDS
data) signal, which is synchronous with
RDCL. Relative to the clock, data are valid
for 417 us after a clock transition, irrespecti-
ve whether referenced against the positive or
the negative pulse transition. This forces
data changes, i.e., the toggling of RDDA, to
take place 4 ps before a clock transition.

A third signal, QUAL, is used to indicate
that the received signal contains valid RDS
data, ie., its reception quality is good
enough for the decoder to recognize data
and sync.

The last point to note here is the frequen-
cy of the quartz crystal. Unfortunately, this
frequency has caused confusion with some
constructors of the demodulator because it
looks very much like the familiar PAL colour
frequency, 4.433 MHz. The required quartz
crystal frequency is, however, 4.332 MHz;
the demodulator does not work properly
with a PAL colour crystal.

The decoder: a 80C32
single-board computer

The RDS decoder proposed here is a basi-
cally a single-board computer (SBC) based
on the 80C32 microcontroller. The function
of the decoder is to translate the information
received from the RDS demodulator into
characters on a liquid-crystal display (LCD).
The SBC used here is not purposely designed
to function as an RDS decoder; it is the
EPROM-based control software only that
implements this particular application. The
hardware of the SBC is a fairly ‘open’ design,
and may be used for other applications that
require some form of intelligence in the form
of a microcontroller running an application
program from EPROM.

The heart of the SBC is formed by the
80C32 single-chip microcontroller in a con-
ventional application circuit. The lower ad-
dress byte is decoded with the aid of a latch,

Bl
o
Differential w) rooA
decoder &
SAF 1579 T
Quality - bit 1) QUAL
generator
81.5Hz 9] ROCL
Test logic and
output signal selector
Lr }v %u {u {s %1_13 g
ARl RES 3 T2 N Tqz Tq1 157 880209 -1-11

Fig. 4. Block diagram of the SAF7595T (courtesy Philips Components).
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Fig. 5.

IC3, under the control of the address latch
enable (ALE) pulse. The control program is
contained in an EPROM, IC4. Data is placed
on the databus under the control of proces-
sor signal PSEN. The power-on reset signal
required for the 80C32 is supplied by Ci-R4.

The LCD is connected to the databus via
a box header, K3. Data for the display is co-
pied from the databus with the aid of a latch
signal supplied by NAND gate IC1D, which

Circuit diagram of the 80C32-based controller board.

combines the RD and WR signals of the
80C32. The two least-significant address li-
nes, A0 and Al, are also fed to the LCD. A0
serves to reset the LCD, while Al acts as a
read/write (R/W) control line. Preset P1
enables the contrast of the LCD to be adjus-

ted

The TTL-level RDCL, RDDA and QUAL
signals from the demodulator are applied to
the 80C32 via connector K1. The clock signal,

RDCL, causes interrupt requests via the
INTO input of the 80C32. These interrupts
enable the microprocessor to load RDS data
(RDDA) via the T1 line. The QUAL signal
controls a LED, and is applied to input TO of
the 80C32 for quality checking purposes.
The ‘minimum’ user interface of the de-
coder is shown in Fig. 6. All the controls are
connected to the CPU via K2 and port P1.
Although port lines P1.0, P1.1 and P1.2 are
buffered, they are not used by the RDS deco-
der software. They are, however, at the pro-

K2
QuAL 21,5 511 MODE
LA 3
10 ©
oot —
RESET Lo O L
£ oo
o0———0 O
14 13
oft~ L_af
%] ol
8l o7 I
2o o L—o o4
CLEAR
GND
900060 - 12

grammer’s disposal when the SBC is used
for another application.

Finally, the SBC has its own, on-board, 5-
V power supply that allows the circuit to be
powered from the car battery.

What’'s on?

When the decoder is switched on, or after a
reset, the LCD briefly shows an ‘OK” mess-
age. Next, the control program will attempt
to decode the signal supplied by the RDS de-
modulator. If the RDS signal is present and
good enough, the programme identification,
PI, is displayed in hexadecimal notation in
the left-hand four character positions of the
LCD text line (see Fig. 7). Then follow a colon
(:) and the 2-character PTY (programme
type) code, also in hexadecimal. The next
character is either a + or a — (TP code), de-
pending on whether the received station car-
ries traffic information or not. When an
traffic announcement is broadcast (TA=1),

Fig. 6. Connection of the controls to header K2 on the processor board.
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the colon changes into a solid rectangle. The
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last eight character positions on the LCD are
reserved for the PS (programme service) in-
dication.

In addition to the above 16 characters, the
display stores another 64. These positions
are reserved for the RT (radiotext) function.
Switch S1allows you to shift the 16-character
wide window, so that the radiotext (if trans-
mitted) appears on the LCD. The other two
switches, S2 and S3, serve to clear the display
and to reset the decoder respectively.

A special test mode may be entered by
keeping S2 pressed during a reset. The con-
trol program then measures and displays the
number of errors that occur in the demodu-
lated RDS datastream during an interval co-
vering 1,000 pulse transitions. The test mode
is particularly useful for the alignment of the
demodulator.

Construction

The construction of the demodulator board
(Fig. 8) and the decoder board (Fig. 9) is
straightforward, and merits almost no de-
tailing, with the possible exception of the
mounting of the SAA7579T (or SAF7579),
which is a surface-mount (SMA) chip. Not to
worry, though: if you use a low-power

12345678 910111213141516171819......... 80

222 A2 ] 2|
Pl Programme Identification
E] PTY Programme Type
0 TPTA  Traffic Announcement
L | SN Service Name
[ ]RT Radio Text
v B8 e B Sync. Lost
C202:00+BBC R2 COD E .
900060 - 14

Fig. 7. Positions reserved for the RDS data that appears on the LC display.

solder bit with a fine tip, and solder quickly
and carefully, you will have no trouble what-
soever dealing with this tiny, yet essential,
component. Inductors L1, L2 and L3 are
radial types from the 181LY series from the
Japanese manufacturer Toko Inc.

The completed boards must be screened
since they radiate pulses that could cause in-
terference in the FM tuner. The prototypes
were mounted in RF-tight enclosures cut
and bent to size from tin plate. The demodu-

o
o
‘0
0
o]
V]

Fig. 8. Track layout and component mounting plan of the demodulator board.

lator input of the decoder, the connection for
the controls (K2) and that for the display (K3)
are preferably made with sub-D sockets and

plugs.

Adjustment

The adjustment of the RDS decoder is
limited to the demodulator board. Tune to a
station that transmits RDS, and adjust P1
until the opamp, IC1, supplies a signal with

COMPONENTS LIST
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Fig. 9. Track layout and component mounting plan of the processor board.

an amplitude of 10 Vpp. Next, peak the three
trimmers on the demodulator board for the
highest possible amplitude of the signal
measured at the emitter of T2. Do not connect
the demodulator and the controls cable to
the decoder board as yet.

Connect a small loudspeaker to pins 16
and 2 of connector K2 of the completed deco-
der board. Power up the decoder board. The
loudspeaker should produce a short series of
notes. If not, the decoder does not work, and
you are faced with a construction error that

ELEKTOR ELECTRONICS FEBRUARY 1991

must be traced and eliminated before pro-
ceeding.

Connect the cables for the display and the
controls to the SBC, and set P1 to the centre
of its travel. The 470 Q resistor between pin 3
of K2 and ground pulls the P1.1 line of the
80C32 low, and causes the microcontroller to
enter the RDS decoder program instead of
the ‘music generator’ program. After apply-
ing power, all pixels on the top line of the
LCD are black. Slowly turn P1clockwise, and
press the reset key, until you see the ‘OK’ in-

COMPONENTS LIST

dication.

Switch off the decoder board, and con-
nect it to the demodulator via a 10-way flat-
cable with IDC sockets at both ends. Connect
the input of the demodulator to a suitable
point in the FM tuner. Apply power to the
demodulator and the decoder. The ‘OK’
message should appear briefly before the
display shows the RDS information. The
QUAL LED goes out when the reception
quality is adequate. |

References:

1. “Radio data system (RDS) demodulator”,
Elektor Electronics May 1989.

2. “Specifications of the radio data system
RDS for VHF/FM sound broadcasting", EBU
Tech. 3244-E. Supplements: 1,2, 3, 4. *

* to obtain copies of these documents, use
the order form in the EBU Catalogue of Pub-
lications, available from the documentation
department of the European Broadcasting
Union * Ancienne Route 17A * Case Post-
ale 67 * CH-1218 Grand Saconnex (GE)
SWITZERLAND.
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6-metre band converter

April 1991, p. 38-43
The components list and the inductor over-
view in the top left hand corner of the circuit
diagram should be corrected to read:

L1, L2 = 301KN0800.
Capacitor Ci6 (4.7 pF) must not be fitted on
the board.
Finally, a few constructional tips:

- Fita 10 nF ceramic decoupling capacitor
at junction L7-R3e.

- Fit a 18 kQ resistor between the base of
T3 and ground. This reduces the Q factor
of L2, and prevents too high signal levels
at the base of T3.

- For improved tuning, inductor Ly may
be replaced by a Toko Type
113KN2K1026HM.

Multifunction measurement
card for PCs

January and February 1991

We understand that the 79L08 (IC17) is no
longer manufactured and, therefore, diffi-
cult to obtain. Here, the IC may be replaced
by a 7908, which, although physically larger

ELEKTOR ELECTRONICS JUNE 1991

CORRECTIONS

than the 79L08, is pin-compatible, and
should fit on the PCB.

Dimmer for halogen lights

April 1991, p. 54-58

In the circuit diagram of the transmitter,
Fig. 2, pin 14 of the MV500 should be shown
connected to pin 13, not to junction R1-R2-C2.
The relevant printed-circuit board (Fig. 6) is
all right.

RDS decoder

February 1991, p. 59

Line A0 between the 80C32 control board
and the LC display is not used to reset the
display, but to select between registers and
data.

We understand that the SAF7579T and
the associated 4.332 MHz quartz crystal are
difficult to obtain through Philips Compo-
nents distributors. These parts are available
from C-1 Electronics, P.O. Box 22089,

6360 AB Nuth, Holland. For prices and or-
dering information see C-I's advertisement
on page 6 of the May 1991 issue.

S-VHS-to-RGB converter

October 1990, p. 35-40

Relays Re1 and Re2 must be types with a coil
voltage of 5 V, not 12 V as indicated in the
components list. Constructors who have al-
ready used 12-V relays may connect the coils
in parallel rather than in series.

Suitable 5-V relays for this project are the
3573-1231.051 from Giinther, and the
V23100-V4305-C000 from Siemens.

The components list should me modified to
read:

6 33nF C57-C62



