




COMPUTER-CONTROLLED 
WEATHER STATION 
PART 1: INDOOR/OUTDOOR 
THERMOMETER 

This is the first in a short series of articles on applications 
of the multifunction measurement card for PCs, described 
in the previous two issues of this magazine. The 
applications we have in mind should have a wide appeal, 
since they form the building blocks of a versatile weather 
station with advanced features for the amateur 
meteorologist. 

A LTHOUGH we know that a state-of- 
the-art weather station is likely to score 

high on the list of popular electronicprojects, 
it has taken us a while to come up with one 
mainly for want of a suitable central control 
unit. Fortunately, that has become available 
recently in theformofa PC insertioncard of- 
fering a high resolution voltmeter and a fre 
quency/pulse meter. This card, the 
multifunction measurement card for PCs, 
was described in two instalments in the pre- 
vious two issues of this magazine (Ref. 1). 

Provided that it is connected to the right 
types of interface and associated sensor, the 
measurement card forms the ideal starting 
point for a host of applications that require 
accurate processing and recording of anal- 
ogue values. The PC used allows us to store 
measured values, such as temperature, in 
memory or on disk for analysis at a later 
stage. Few PC users will need to be informed 
that the results of suchananalysis are perfect 
as input data for a graphics presentation 

~~ ~ 

package. 
The interfaces we have in mind for the 

measurement card turn an IBM PC or com- 
patible into an autonomous weather station, 
with sensors for temperature, relative hu- 
midity, air pressure, wind direction and 
wind speed. The first module, a dual in- 
door/outdoor thermometer, is described 
here. 

Dedicated or in the 
background 
The multifunction measurement card and 
the associated control programs allow the 
PC-controlled weather station to function in 
one of two ways. In the first mode, a meas- 
urement is performed when the PC is 
switched on just to do that. During themeas- 
urement the PC collects the measured 

values produced by allsensors, and converts 
the data such that they may be stored on 
disk. Thus, a complete meteorological read- 
ing may be performed without going out of 
doors - you may remain seated in front of 
your PC and comfortably look at the 
measured results presented graphically on 
the monitor. 

In the second mode of operation, the PC 
collects the meteorological data with the aid 
of a background (memory-resident) pro- 
gram, which allows a foreground task, such 
as word processing, to be carried out with- 
out the operator noticing that the PC is per- 
forming a second task. The background 
program automatically scans all sensors, and 
reads the measured values. Provision is 
made for the user to determine (within 
limits) the sampling interval. All readings 
and the times they were taken are collected 
in a file and subsequently stored on a floppy 
disk or a hard disk for use by a statistics or 
graphics/statistics program later. The soft- 
ware routines supplied with the main con- 
trol program for the weather station allow 
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Fig. 1. This ready-made ABS enclosure 
contains the electronic thermometer that 
measures the outside temperature. 

the trend of values measured over 24 hours 
to be presented in the form of a graph, while 
the current values are also shown graphi- 
cally on the screen. 

in this first article we describe thesensors 
used for measurine the temwrature indoors ,, 
and outside. For this purpose, most meteor- 
ologists use mercury thermometers with a 
mechanical minimum/maximum tempera- 
ture indication. By contrast, the electronic 
version presented here uses a single sensor 
and software to record the minimum and 
maximum temperatures. If desired, these 
two parameters may be shown continuously 
on the PC screen. 

Temperature measurement 
Temperature measurement can be tricky if 
Ihts &lionof thcsensor isnot taken intoac- 
count It ir not d~fl~cult  to havt. two id,-nlical 
thermometers indicate different tempera- 
tures by placing them in positions that are 
only marginally different. Meteorologists 
are aware of this and are forced, for obvious 
reasons, to comply with certain conventions 
as regards their daily measurements. For in- 
stance, temperature is measured at a height 
of 1.5 m above a grass lawn. To prevent di- 
rect sunlight causing additional heating, the 
thermometer cabin is painted white, and has 
a door facing north. To prevent precipitation 
affecting the temperature readings, thecabin 
usually has a sloping side facing south. 

Inside a meteorology cabin you will typi- 
cally find a number of mercury thermome 
ters that indicate the maximum, minimum 
and current temperature. In most cases, a 
mechanical recorder is used to produce a 
temperature graph over a period of 24 hours. 

Since a fully equipped cabin is probably 
unaffordable for most amateur meteorolog- 
ists, a less expensive, but reliable, alternative 
is described here. The photograph in Fig. 1 
above shows the white, plastic enclosure 
used for the prototype of the thermometer. 
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CoMPuTER-coNTROLLED WEATHER STATION (11 m 
If are you not so fortunate as to have a 

garden with a lawn, werecommend that you 
fit the thermometer enclosure to the north- 
side wall or facade of your house. Since the 
north facing wall is heated less by sunlight 
than thesouth facing wall, this positionis the 
best compromise. 

The circuit 
With the description of the electronics most 
of you will feel that you are returning to fam- 
iliar ground. Figure 2 shows the circuit diag- 
ram of the interface for the two temperature 
sensors. Remember, this interface is con- 
nected to the multifunction measurement 
card for PCs. 

The dual temperature sensor measures 
the inside (indoor) and theoutside (outdoor) 
temperatures simultaneously. The inside 
temperature is measured with an REF-02, 
the outside temperature with an LM334Z. 

The REF-02 (IC?) has two functions in the 
circuit. First, it provides a reference voltage 
of 5 V. This voltage, which is available on 
  in 6 of thestabilizer, is used for opamps IC2 

I ( and IC4. Pin 3 (TEMP), of the R E F ~ ~  supplies 
Fig. 2. Circuit diagram of the double electronic thermometer. The circuit Is connected to a temperahlre-dependent direct voltage. 
the voltmeter input of the multifunction measurement card for PCs. Since the REF-02 is fitted on a PCB that re- 

mains indoors, theTEMroutput may be used 
The conshuction of the enclosure prevents slots in the enclosure enableallow a free air- for the indoor thermometer. The voltage at 

1 precipitation and direct sunlight reaching flow around the sensor. Since the enclosure the TEMP output is 0.574 V at 0 'C, and rises 
, the temperature sensor, which is inserted shown can be bought ready-made, it fairly at a rate of exactly 2.1 mV per Kelvin. Unfor- 

through a hole at the underside, and fitted easy to make a number of identical ther- tunately, theTEMrvoltagecannotbeapplied 
centrally in the enclosure. The ventilation mometerboxes. direct to the ALK on the measurement card. 

Fig. 3. Track layouts and component mounting plans of the two printed circuit boards 
needed for the indoorloutdoor thermometers. 

Resistors: 
l 226P 1% R1 
1 2 k n l l %  R2 
1 low R3 
2 12kn R4:R8 
2 27W4 1% R5:RlO 
2 lkn741% R6:R9 
1 1W25 R7 
(1% resistors from E96 series) 

1 2 2 ~ F  16V axial C3 
2 47pF25V radial C6:C7 

Semtconductors: 
1 LM334Z IC1 
2 O P T  IC2:IC4 
1 REF-02 iC3 

Miscellaneous: 
1 ABS enclosure; size approx. 

100~50x25 mm (e.g. Bopla EG410) 
1 printed circuit board 900124-3 

Note: The sensor enclosure shown in the 
photograph in Fig. 1 was obtained from 
Mierij Metm Tuinstraat 1-3 3732 VJ De 
Biit Holland. Telephone: +31 30 200064. 
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Fig. 4. The PCB with the LM334Z on it must 
be cut to size to fit into the plastic tube. 

This problem is solved by a simple level con- 
verter in the form of an opamp, IC4.The con- 
vertor is designed such that the output 
voltage of IC4 has a range of +2.5 V to -2.5 V 
for the desired temperature range, while the 
output voltage is 0.5 V at a temperature of 
0 "C. Thegradient of theoutput voltage is set 
to 40 mV/"C, so that an effective tempera- 
ture rangeof -50 "C to +75 "C isachieved (al. 
though we know that the projects carried in 
this magazine are built and used around the 
globe, this seems a reasonably large tem- 
perature range. ..). 

The electronic temperature measurement 
has a guaranteed resolution of 0.1 "C, which 
equals the resolution of mercury thermome- 
ters used by professional meteorologists. 

The outside temperature is measured 
with the aid of an LM334Z. a temperature- 
dependent current source. Asusual with this 
type of measurement 'in he field', the sensor 
is a current source rather than a voltage 
source. The current drive eliminates the ef- 
fects of length, diameter and temperature of 
the cable between the sensor and the input 
amplifier. If voltage drive were applied, 
these parameters would cause a voltage 
drop that requires a complex type of com- 
pensation. 

The sensor output current gradient is set 
to 1 pA/K. Since thecurrent flows througha 
2.1 kR resistor, R2, a voltage gradient of 
2.1 mV/Kiscreated,whichequals thatof the 
indoor temperature sensor, IC3. Opamp IC2, 
like IC4, converts the temperature-depend- 
ent voltage into a value within the range be- 
tween -2.5 V and +2.5 V, required for the 
ADC on the measurement card. 

One thing that you will probably like 
about the interfacecircuit is the total absence 
of adjustment points or complex compensa- 
tion circuits. This is by virtue of the control 
software, which provides routines that take 
care of the tracking and individual calibra- 
tion of the two temperature sensors. 

Construction 
The two printediircuit boards shown in 
Fig. 3 (one for the interface and one for the 
outdmr sensor) must be separated before 
they are populated. Start the construction 
with the wire links on the interface board. 
Next, fit all the components - a job that is 

unlikely to present any difficulty. 
The outdoor sensor PCB is cut and filed 

until it can be fitted into a small plastic tube 
of the type used for storing SMA compo- 
nents (see Fig. 4). The PCB area that has no 
components on it is first filed to a size to fit 
the tube. In view of the size of the plastic 
tube, the output wires are best soldered di- 
rect to the respective copper pads on the 
PCB. 

After inserting the completed PCB into 
the tube, the wires are through small 
holes in thecau. Next. thecao is hermeticallv 
sealed with a few drops of epoxy resin or 
potting compound. The fitting of the tube at 
a suitable position in the centre of the ther- 
mometer enclosure is straightforward. 

The PC connection 
The outputs of the complete interface circuit 
areconnected toanalogue inputs I6 and 17of 
the multifunction measurement card, while 
ground is connected to the analogue ground 
(on connector K3) of the measurement card. 
Note the following components at the anal- 
ogue multiplexer input (refer to the circuit 
diagram of the measurement card): 
- Resistor Rh: 10 kR 
- Resistor R7: not fitted 
- Resistor Rk: 10 kR 
- Resistor R9: not fitted 
- Capacitor C33: 100 nF 
- Capacitor C%: 100 nF 

These values ensure the correct measure- 
ment ranges. 

The interface is powered by a simple 
symmetrical supply with an output voltage 
between k8 V and *l5 V. Since the current 
consumption of thecircuit isquitelow (a few 
milliamperes only), a pair of fixed voltage 
regulators, such as the 7910and 7810,may be 
used with the usual decoupling capacitors. 

-- - - -  
SOFTWARE SERVICE 

The control software mentioned in this 
article is available on a 5i/a-inch 
360 KByte MSDOS formatted floppy 
disk which may be ordered through 
our Readers Service. The order code 
of the disk is ESS 1551 

Control software 
As with the multifunction measurement 
card, the hardware is not complete without 
appropriate software. The control program 
written for the thermometer is supplied on a 
51h-inch floppy disk, and runs on any PC XT 
or AT fitted with a Hercules, EGA or VGA 
card (unfortunately, the program does not 
support CGA cards). The disk contains three 
programs: TADJUST.EXE for calibrating the 
sensors, TLOGGER.EXE for data logging as 
a background program, and TEMP.EXE, for 
the graphics presentation of the measured 
values. 

The first thing to do is run TAD- 
JUST.EXE. This program requires two tem- 
perature measurements. The calibration of 
the outdoor thermometer is simple: immerse 
the sensor in melting ice, leave it there for a 
couple of minutes, and enter the value 0 "C 
in the relevant window on the screen. Next, 
place the sensor in free air. In the relevant 
window on thescreen,enter the temperature 
read from a mercury thermometer fitted at 
the same position as the sensor. 

Since the indoor temperature is 
measured with an IC fitted on the interface 
board, this sensor can not becalibrated with 
the aid of melting ice. Thus, a comparative 
calibration is required against a g w d  quality 
mercury thermometer. As with the outdoor 
thermometer, two temperatures are r e  

I I 

Fig. 5. Completed and ready for use: the indoorioutdoor thermometer is the first module 
in a computer-controlled weather station. 
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COMPUTER-CONTROLLED WEATHER STATION (1) m 

I W Elektor Electrmics Hc I 

INSIDE 
0 C 

H 
1 2 3 4 5 6 7 8 9 1011121314151617181920212223 

-) Hours 

I I 
Fig. 6. Screendump produced by the thermometer program, TEMP.EXE, which can run on any PC XT or AT fitted with a Hercules, EGA or 
VGA video card. 

quired, which must beentered in therespec- mometer. A better, though slightly cumber- night. Since the program creates one log file 
tive windows on the screen. The higher the some, way of creating a larger temperature every 24 hours, the fileof the previousday is 
temperahlre difference, the better. Since in difference is to take the interface circuit out closed after midnight. From then, the 
most modern homes the daytime indoor of doors for a short while. measured results are available for further 
temperature will typically he a b u t  5 "C This completes the calibration. The par- processing. After it is closed, every log file is 
higher than the nighttime temperature, this ameters used are automatically stored in a automatically storedundera name that indi- 
difference mav be used to calibrate the ther- filecalled TADJUST.CFG. cates the measurement period, i.e. 

Constructors who wish to use two remote 
sensors may build these on two separate 
PCBs. These sensors can share the 5-V refer- 
ence voltage at terminal Ur, produced by a 
single REF-02. 

The program TLOGGER.EXE is a back- 
ground utility to collect measured data pro- 
duced by the sensors. The program is made 
memory-resident by typing command 

TLOGGER / I  

(install). and removed from memory (unin- 

Tyymmdd.LOG - until, of course, the disk 
is full. You may want to use your own pro- 
grams to handle the collected data, and feed 
them into a statistics calculation or analysis 
program at this stage to produce a nice look- 
ing presentation. Initially, however, you 
may want to use TEMP.EXE on the distribu- 
tion disk for this purpose. The program 
shows a graph with the temperatures 
measured from midnight onwards, as well 
as the current indoor and outdoor tempera- 
ture. To ensure optimum resolution under 
allcircumstances, thevertical axisof the tem- 

stalled) by typing command perature graph is autoranging. The horizon- 
tal axis shows the 24 hour marks. CI I TLOGGER /U 
Reference: 

The interval between the instants at which 1. "Multifunction measurement card for 
data is to be collected on hard disk or floppy PCs". Elektor Electronics January and Fe- 

Fig. 7. Definitely a collector's item, this disk is set in the configuration file, TLOG- bruary 1991. 
mechanical temperature recorder puts mod- GER.CFG. The default is 60 minutes. The last 
ern electronics in an interesting perspective. update of the log file is always made at mid- Next time: a relative humidity sensor. 

ELEKTOR ELECTRONICS MARCH 1991 



COMPUTER-CONTROLLED WEATHER STATION (1)
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Fig. 2. Circuit diagram of the double electronic thermometer. The circuit is connected to
the voltmeter input of the multifunction measurement card for PCs.

The construction of the enclosure prevents
precipitation and direct sunlight reaching
the temperature sensor, which is inserted
through a hole at the underside, and fitted
centrally in the enclosure. The ventilation

slots in the enclosure enable allow a free air-. '~
flow around the sensor. Since the enclosure
shown can be bought ready-made, it fairly
easy to make a number of identical ther-
mometer boxes.

-,

Fig. 3. Track layouts and component mounting plans of the two printed circult boards
needed for the indoor/outdoor thermometers. ' ,
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If are you not so fortuna te as to have a
garden with a lawn, we recommend that you
fit the thermometer enclosure to the north-
side wall or facade of your house. Since the
north facing wall is heated less by sunlight
than the south facing wall, this position is the
best compromise.

The circuit
With the description of the electronics most
of you will feel that you are returning to fam-
iliar ground. Figure 2 shows the circuit diag-
ram of the interface for the two temperature
sensors. Remember, this interface is con-
nected to the multifunction measurement
card for PCs.
The dual temperature sensor measures

the inside (indoor) and the outside (outdoor)
temperatures simultaneously. The inside
temperature is measured with an REF-02,
the outside temperature with an LM334Z.
The REF-02 (IC3)has two functions in the

circuit, First, it provides a reference voltage
of 5 V_This voltage, which is available on
pin 6 of the stabilizer, is used for opamps IC2
and IC4_Pin 3 (TEMP),of the REF-02 supplies
a temperature-dependent direct voltage.
Since the REF-02 is fitted on a PCB that re-
mains indoors, the TEMPoutput may be used
for the indoor thermorneter, The voltage at
the TEMPoutput is 0.574 V at 0 °C, and rises
at a rate of exactly 2_1mV per Kelvin, Unfor-
tunately, theTEMPvolta ge can not be applied
direct to the ADC on the measurement card.

COMPONENTS LIST

Reslstors:
1 226111% R1
1 2k011% R2
1 10kO R3
2 12kO R4;R8
2 27k041% R5;R10
2 1k0741% R6;R9
1 1k05 R7
(1% resistors from E96 series)

Capacltors:
1 100nFSMA
6 100nF

C1
C2;C4;C5;C8;
C9;C10
C3
C6;C7

1 22J.1F16V axial
2 47J.1F25V radial

Semlconductors:
1 LM334Z
2 OP77
1 REF-02

IC1
IC2;1C4
IC3

Miscellaneous:
1 ABS enclosure; size approx.

10Ox50x25mm (e_g_Bopla EG410)
printed circuit board 900124-3

Note: The sensor enclosure shown in the
photograph in Fig. 1was obtained from
Mierij Meteo· Tuinstraat 1-3·3732 VJ Oe
Bilt· Holland. Telephone: +3130200064.



THE COMPLETE PREAMPLIFIER (2) 
by T. Giffard 

ollowing the circuit description in our E anuary 1991 issue, we will now focus 
our attention on the practical construction 
of the preamplifier. The busboard is shown 
in Fig. 5 and 6 and the motherboard in Fig. 7 
and U. 

The bushoard contains all thecomponents 
shown in Fig. 2 and the SOURCE SELECT and 
RECORD SELECT switches. These switches are 
fitted with extension spindles toenable them 
to be controlled from the front panel. 

The motherboard contains the compo- 
nents shown in Fig. 3 with the exception of 
the controls, which are fitted on the front 
~ane1 .B~  virtueofitsdouble-sidedand thmugh- 
plated design, this board will be fairly easy 
to populate. 

Most of the work lies in preparing the en- 
closure and connecting the controls to the 
motherboard. 

Choice of components ~ i g .  4. General view of the preamplifier. 
The quality of any preamplifier depends to 
a large degree on the opamps used and the 
type of capacitors in the signal paths. 

In the present design, there is only one 
capacitor in the signal path: at the output. v 

The board has space for two large parallel- 
connected types (C24-C25and C56-C57).These ' - 
should preferably beMKP types, but at these 
values they are fairly expensive. Second choice 
is MKT types. 

There are also some capacitors at the out- Fig. 5. Populated busboard. 

Finally, the tone control circuit also con- 
tains a couple of capacitors which is virtu- 
ally unavoidable. Since this circuit in any 
case degrades the quality to some degree, 
the quality of the capacitors used in it is 
hardly of any consequence. 

Thereis a widechoiceof suitableopamps. 
The quality of the preamplifier is, however, 
not necessarily indirect proportion to the price 
of the opamps chosen. I t  is rather a matter of 
choosing the opamps on their merits and to 
individual requirements. We shall look at 
each of them in turn. 

IC1. In this position a low-noise type with 
smalloffsetvoltageispreferred.The Signetics 
5532 is a good and economical choice. A 
slightly faster version is the 5535, while the 
SM2132iseven faster. NationalSemimnductor's 
LM833 is, as far as its specification is con- 
cerned, almost identical to the 5532. More 
expensive,butfast,isAnalogDevices'AD712 
(which has the added advantage of FET in- 
puts).Then thereis theOP270(a doubleOf27) 
or the OP249, which has a high slew rate and 
FET inputs. In the Burr-Brown family there 
are theOPA2107andOPA2604, both with FET 

Sensitivity 
dynamic PU 2.4 mV r.m.s. 
line inputs 150 mV r.m.s. 

Input impedance 47 kn 
Output voltage 

nominal 1 V r.m.s. 
maximum 9.5 V r.m.: 

Output impedance < l 0  Q 
Bandwidth 

dynamic PU 20 Hz-20kHz53dB 
line inputs 5 Hz-I MHzM.5 dB 
(load = 10 k n )  

Signallnoise ratio 
dynamic PU >X0 dB (linear) 
line inputs >l00 dB (linear) 
(inputs shorted) 

Channel separation >l00 dB (1 kHz) 
>70 dB (20 kHz) 

Harmonic distortion 4.003% 
(line in, U, = 1 V) (20 Hz-20 kHz) 

Intermod. distortion 4 . 0 5 %  
(line in, U, = 1 V) (2.50 Hz14 kHz. 4:l) 

Resistors: 
Ri,R~,R~,R7,Rq,Rli.Ri~1Rzi1Rz3.Rz5 

1 R,,.R, = see tevt (Pan I) 
R ~ , R ~ , R ~ , R ~ . R ~ o ~ R ~ z ~ ~ z o ~ ~ ~ ~ . ~ z ~ .  
R x . R ~ ~ , R ~ o  = 47 kS1 
Ri3,Ri4,R3i,R32 = 100 R 
Ris1Ri6.R33.R34 = 47 Q 

Ri7.Ria,R35.R36 = 1 MQ 

Capacttors: 
C1.C3.C5,C, = 47 nF, ceramic 

4.~6,;Ca = 47 )IF, 25 V l C r C  
Semiconductors: 
IC1= NE5532 
ICz = AD172 (NE5532 - see text) 

Miscellaneous: 
Sl.S2 = 2-pole. 6-position rote 

switch for PCB mounting 
K,-KZo = 3.5 mm audio chassis 

socket 
PCB Type 890169-1 
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Flg. 6. Printedcircuit busboard. Note that these drawings are reproduced here at 71% of true slze. 
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Fig. 7. Prlntedclrcult motherboard. Note that thesedrawings are reproduced here at 71% of bue size. 
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THE COMPLETE PREAMPLIFIER 121 m 

Fig. 8. Populated motherboard. 

Resistors: 
R40.Ral.R43.R4a.R63.R5.~.Ri~.R5g.R~8~R8g = 
6k8 
Ro2 = 3k3 
R45.R6o.Rfii,Rio.R~5,9ss = 12 k 
R ~ B . R J ~ . R S ~ . R ~ I . R , ~ , R ~ ~  = 1 M 
R48;R49.R73.R:d = 2kZ 
R50.R775 = 18 k 
R52.R77 = 1 k, 1% 
R5?,R78 =5k62. 1% 
Rsa.Rig = l 0  k 
RS5,RRo = 47 S1 
R56,R81 = 88k7, 146 
RS7,Ra2 = 7k5, 1% 
R5B,R83 = 154 51, 1% 
RS9,RR4 = 47k5. 1% 
R~z.R8i = 1 k 
R65,R66,R9o,Rg> = 27 R 
R S ~ . R ~ Z , R ~ ~ , R ~ ~ . R ~ O O  = 100 0 
Rg3 = 47 k 
Rg5 = 68 Cl, '12 W 
Rg6 = 2k7 
Rg7.Rg8 = 4R7 
P, = 10 k log. stereo potenliometer 
P2 = 10 k balance control 
PS = 22 k (or 25 k) potentiometer 
P4 = 10 k linear potentiometer 
P5.P6 = 10 k preset potenliomeler 

Capacitors: 
Cia~C12~C20~C22.C33C37.C52.c5454c555c699 
C79,C~0,C81,C82,C96-Cgg = 47 nF ceramic 
C17 .Cl3.C21.C%.C32.C36.C53,C55,C6464c688 
C9&gs = 47 pF. 25 V. radial 
C14.C46 = l 0  pF, 40 V, bipolar, radial 
ci~~c16~ci7~c35~c39~c43.c477c48Bcd9~c67~ 

C71.C75.Ce3,Css.Cs7.C~ = l00 nF 
C18,C50 = In8 
Clg.Cs, = ln2 
C~a,C25.Cs6.C57 = 10 pF. MKP or MKT 
C26.C27,C58.C59 = 18 nF, 1%. MKT 
C28,C6C = 5n6, 1%. MKT 
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inputs. An inexpensive but good choice is 
theTL072, which has FETinputs butaratlier- 
higher noise figure. 

IC2. The same considerations as for IC1 
apply, but in this position it is even more im- 
portant to have a type with a low offset volt- 
age, becauseall deviationsbetween input and 
output are amplified. In view of the switch- 
ingclicks and ievel changes that occur when 
a different inout channel is selected.ooamos . L  8 

with FET inputs are preferred. Both condi- 
tionsaremet by theAD712.OP249.OP.42107 
and OP.42604. The least expensive choice is 
the TL072 (hut remember its noise figure). 

IC3. In this, the mono count, position a 
low-noiseopampisessential: theOP27,55.UA 
and SSM21.U are suitable. The last two tvpes 
are not unity-gain stable, however, which 
makes it necessary to fit a 22 pF capacitor 
between pins 5 and 8 at the undersideof the 
motherboard. FET inputs are not necessary. 
Again, a TL072 may be used where econ- 

CdO.Cj:, = 47 pF, polystyrene 
Cal.Cx = 100 pF  polystyrene 
C42.C74 = 100 !IF l0  V, radial 
C44.Cd5,C76.C:7 = 150 nF 
C78,C91 = 220 (IF. 25 V. radial 
CR4,CR8 = 2200 }[F, 40 V, radial 
Cloo.Clot = l00 (rF. 25 V. radial 
C102.Ci03 = 150 PF, POly! 

Semiconductors: 
D1-D4.D6-Dg = 1 N4148 
DS.D~~.D1, = IN4001 

IC3.1C4,1C5 = OP27 
IC6.1C7 = LTlOZBCNB 

ICli.IC12 = NE5534 

Miscellaneous: 
S3,S4 = DPST miniature toggle switch 
S5.S6 = DPCO miniature toggle switch 
S7 = SPST miniature toggle switch 
Rel,Re2 = 12 V relay, 1 CO contact 
1 off 6 mm stereo audio socket 
2 off heat sink for ICg and lCio 
1 off 3-way PCB-type terminal block 
1 off DPST mains press button switch 
1 off fuse holder with 315 mA slow fuse 
1 off strain reilef sleeve 

omy is a must. 
IC4 and IC5. The same considerations as 

for IC3 applv: remember the 22 pF capaci- 
tors if a 5534A or SSm2134 is used. 

IC6and 1C7. Becauseverylownoisein the 
dymnucpick-upcircuit isimperative,a Linear 
Technology Type LT1028 would he ideally 
suitable in these positions, were it not for a 
tendency to become unstable (for reasons 
we have not been able to ascertain) and, 
therefo~, thesamemanufach1rrrs'TypeLTlll5 
is preferred. This type hasvirtually thesame 
specificationas the 1028,butdoesnotbecome 
unstable. A lessexpensivechoiceis theOP27, 
while the 5534A and SSM2134 would also 
be suitable. These last two types require, 
apart from the22pFcapacitormentioned ear- 
lier, a change of value to 100 kR for presets 
P5 and P6. 

ICE. In this, the headphone amplifier, po- 
sition, very low noise is a prime require- 
ment, and this is met by the Signetics Type 
5532 or  5535, an SSM2132, an LM833 or an 
OP27. If the preamplifier will be required to 
deliver regularly fairly large output volt- 
ages, i.e, larger than the nominal 1 V r.m.s., 
a type with FET inputs should be used in 
this position. The inputs of the 5532, for in- 
stance, are provided with protection diodes 
that may cause small d.c. voltages at the line 
output if the amplifier is overdriven. 

ICl l  and IC12.Theprimereason forusing 
a 5534 in this position is its facility to pro- 
vide sufficient current to low impedances 
(<h00 Q), but the SSM2134 is also suitable. 
MostopampswithFETinputsdonot perform 
well with such low impedances. If the load 
on thepreamplifierisneverlikely tobebelow 
2 kR, an AD711 or TL071 may also be used. 

Construction 
It is better not to use IC sockets: we believe 
that each extra point of contact, and this a p  
plies particularly to IC sockets, degrades the 
quality of any audio circuit. Our preference 
is to solder ICs on to the board, although we 
admit that sockets enable the quick and easy 
exchanging of ICs to compare their perfor- 
mance. 
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Fig. 9. Wiring diagram. 
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893159F 

Fig. 10. Front panel foil (available through our Readers' services). 

890169 

Fig. 11. Tone control characteristics. 

Populating the boards should not give 
any difficulties.Fitsolderpinsatallinputand 
output points: this will make the wiringlater 
on that much easier. On the motherboard 
solder a wire bridge between J and K and 
between L and M if you do not intend to use 
the dynamic pick-up amplifier. Wire bridges 
are also required between A and B and be- 
tween E and F. 

Note that both voltage regulators need 
an individual heat sink. 

Oncetheboards havebeencompleted,they 
can be fitted in the enclosure when this has 
been prepared. As shown in the wiring dia- 
gram in Fig.9, the motherboard fits into the 
left-hand side of the enclosure to enable the 
extension spindles of the rotary switches to 
just clear the heat sinks of the voltage regu- 
lators. At the right-hand side there is space 
for the mains transformers. 

ThelayoutofthefrontpanelseeFig. l& 
determines the locationof the busboard at the 
back of the enclosure. Depending on the di- 
mensions of the enclosure, a mains input 
plug with integral fuse holder or a mains 
cable entry with strain relief may be used. In 
the last case, a fuse holder must be fitted 
within the enclosure, preferably near the 

board (Fig. 6) may be used as templates for 
drilling the required holes in the front and 
rear panels respectively. 

Once theenclosureisready, the boardsand 
the various controls can be fitted. If Bourns 
potentiometersareused,makesure that these 
haveh.3 mmspindlesand nottheusual6mm 
ones. 

Finally, the inter-wiring can be carried 
out. Take good care to insulate all mains- 
voltagecarryingparts. Msignalwiresshould 
be~creened~buttheir diametershouldnotex- 
ceed 5 mm to prevent difficulties in solder- 
ing them to the motherboard where they are 
very close together. 

The wiring between bus- and mother- 
board should be carried out first, followed 
by that between the boards and thecontrols 
on thefrontpaneland finally thepowerlines. 

Although the screen of each and every 
signal line is connected to a separate solder 
pin,only thoseat thevolumeand balancecon- 
trols are actually connected to the earth line: 
those of all other screened cables are left un- 
connected .The enclosure earth is connected 
to the mains earth and this is the only real 
earth connection of the preamplifier. 

The output socket of the headphone am- 
transformer. plifier must be well insulated from the en- 

Photocopiesof the frontpanel foil (shown closure to avoid earth loops 
; \' r 

"m 
in Fig. 10 at a scale of 3:4) and of the bus- 
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Fig. 6. Prlnted-clrcuit busboard. Note that these drawlngs are reproduced here at 71% of true slze.
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Fig. 7. Prlnted-clrcuit motherboard. Note that these drawlngs are reproduced here at 71% of true slze.
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I 
M E A S U R E M E N T  TECHNIQUES (5) 

by F.P. Zantis K 
Audio-frequency technology is of particular interest to many 
electronics enthusiasts since it seems to surround us in our 

everyday life in the shape of television and broadcast receivers, 
audio amplifiers, equalizers, and so on. To keep such apparatus 

in tip-top condition, it is important to be able to test and 
check it with suitable equipment. 

T he first question that arises when audio- 
frequency (AF)equipment is tobechecked 

or tested is what test gear is suitable. For 
example, a multimeter is only suitable if it 
is designed to work at frequencies between 
30 Hz and 16,000 Hz. Such instruments are 
pretty expensive: alessexpensivealternative 
is an audio-frequency millivolhneter. Often, 
such an instrument is not readily available. 
but an oscilloscope is, and this is perfectly 
suitable for audio-frequency measurements. 
Even the simplest oscilloscope has an oper- 
ating range extending from DC to about 
10 MHz. It should be noted, however, that 
an oscilloscope measures peak values, while 
a multimeter or AF millivoltmeter measures 
root-mean-square (r.m.s.) values. 

instrument 

Apart from an oscilloscope or AF milli- 
voltmeter, a function generator is required 
to provides sinusoidal and rectangular volt- 
ages in the audio frequency range. 

The input resistance of most AF milli- 
voltmeters and oscilloscopes is of the order 
of 1 MR. The resiqtors of the input voltage 
dividers in all test equipment intended for 
AF measurements are shunted by small ca- 
pacitorsof 1-500pF. Thereason forthesebe- 
comes clear from Fig. 32. Here. the lower 
resistor of the I : IO  divider is shunted by the 
parasitic capacitance, estimated at 100 pF, 
contained in the wiring andcircuit. At afre- 
quency of 16 kHz, this capacitance has a 
reactance of some 100 kR, which reduces 
the lower branch of the divider to 50 kR. 

33 1 

Clearly, this will cause a serious error in the 
measurement. To obviate this, a compensat- 
ing capacitor is connected in parallel with 
the upper resistor of the divider. This solu- 
tion has a disadvantage, however, in that the 
load presented by the measuring instrument 
to the measurand depends on the frequency, 
which is the reason for the limited frequency 
range of most instruments. The value of the 
input (i.e., compensating) capacitance is 
therefore always clearly stated on all instru- 
ments intended for operation at audio or  
high frequencies. The smaller it is, the bet- 
ter (and more expensive) is the instrument. 
But here again, when the cause of the error 
isknown,itseffectcan beestimatedfairly ac- 
curately. Also, it should be remembered that 

probe measuring inrlrumenl 

probe lip 

0 :: 
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error-free measurements are not possible. 

The capacitance of the screened cable of 
a probe as shown in Fig. 33 also affects the 
measurement and it has therefore to be com- 
pensated in a similar manner. For this, a 
variable trimmer as shown in Fig. 34 is nor- 
mally used. The probe is calibrated with the 
aid of a rectangular voltage. Such a signal 
consists of a large number of sinusoidal volt- 
ages superimposed on each other. If one or 
more of these sinusoidal voltages is attenu- 
ated, therectangularsi~albecomesrounded. 
Most oscilloscopes have an integral I kHz 
rectangular-signal generator for this pur- 
pose as shown in Fig. 35 (CAL). The fre- 
quency ofthis signal isoftennot veryprecise. 
although its level is stabilized and stated in 
the technical specification,forinstance,0.2 V 

peak-to-peak ?I%. The compensating ca- 
pacitor is adjusted until the waveform on 
the screen of the oscilloscope is truly rect- 
angular as shown at the centre of Fig. 36. 

Measuring input and output 
resistance 
The input resistance. Ri. of an audio circuit 
may be measured with a set-up as shown in 
Fig. 37 if it is appreciably larger than the in- 
ternal resistance, Rg. of the signal generator. 
The output frequency of the generator is 
I kHz. A variable resistor, R,. needs to be 
inserted between the generator and the am- 
plifier input. To keep the error introduced 
by the load presented by the measuring in- 
strument small, the output voltage rather 

than the input voltage of the amplifier is 
measured. If R, = Ri, the input voltage of 
the amplifier is halved, and so, of course, is 
its output signal. To be exact, Rg should be 
added to R,. If the input resistance of the 
amplifier is very low, the test set-up shown 
in Fig. 38 should be used. 

The output resistance of an amplifiermay 
beascemined with theset-upshowninFig. 39. 
The unit under test, i.e., the amplifier, is 
driven. but not over-driven, by a tone gen- 
erator. First, the open-circuit output volt- 
age, UI .  is measured and then the output 
voltage. U,, across RL. From the values of 
these voltages the output resistance, R,, may 
be calculated as follows 

36 

rlght wrong 

t kHz 
900113."-13 
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' m  TEST & MEASUREMENT 

Some older amplifiers may have a ten- 
dency to become unstable under open-cir- 
cuit conditions and then generate large spu- 
rious signals that not only invalidate the 
measurement, but may also damage the am- 
plifier and the measuring instrument. It is 
therefore advisable to monitor the wave- 
form at theoutout withanoscilloscoue.This 
will also indicaie if theamplifier isovkdriven, 
which would also invalidate the test results. 

Measuring output power 
The specification of the output power of an 
amplifier is of practical use only if it in- 
cludes the distortion, which is an indication 
of the non-linearity of the amplifier. The 
distortion increases rapidly when the ampli- 
fier isover&venas shown inFig. 40. Normally. 

the output power is specified at a distortion 
of 1%. If therefore the output power needs 
to be measured exactly, a distortion meter 
must be used as shown in Fig. 41. The am- 
plifier, terminated into its nominal load RL, 
is then driven till a distortion of I% is indi- 
cated. The output power, PO, is then 

The decibel scale 
The behaviour of audio components is often 
benerobsewedona logarithmic scale, which 
is calibrated in bel. B, or a tenth of this, the 
decibel, dB. These are dimensionless units 
expressing the ratioof hvo powers, currents, 
voltages, or sound intensities. The decibel 
is ten times the common logarithm of the 

power ratio or twenty times the common 
logarithm of the voltage or current ratio. 
Thus, iftwopowersPI andP2differby ndeci- 
bels. 

and. if two voltages or currents differ by n 
decibels, 

Low-frequency millivoltmetersand some 
good-quality multimeters have a decibel 
scale(see Fig. 43-lowestscale) thatenables 
the ratio to be read directly. If, for instance, 
the gain of an amplifier is to be measured, 
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MEASUREMENT TECHNIQUES 151 El 
the amplifier is driven by a 1 kHz signal at 
a level at which it just is not over-driven. 
An AF millivoltmeter is connected across 
its input and the decibel scale read andnoted. 
Then, the millivoltmeter is connected across 
itsoutputand thedecibel scale againreadand 
noted. If the output is greater than the input. 
thedifferencebetween the two readings is the 
gain in dB; if the input is greater than the 
output. thedifference is theattenuation indB. 

Measuring frequency 
response 
The circuit diagram of a small audio ampli- 
fier is shown in Fig. 45. Its frequency re- 
sponse may be determined in a manner sim- 
ilar to that used for measuring its gain: the 
test set-up isshown in Fig. 42. With a I kHz 
signal input, the level is set to give an out- 
put of 0 dB. The decibel readings are noted 
when the frequency ischanged to. say, 10 Hz. 
30Hz. 100 Hz.300 Hz.3000 Hz, IO.OOOHz. 
and 30.000 Hz. The more frequencies are 
used. the more exact the test result will be. 
A voltmeter is used in parallel with the sig- 
nal generator to make sure that the input 
level to the amplifierremains thesame. From 

the results, tabulated in Fig. 44, a frequency 
response curve as shown in Fig. 46 (relat- 
ing to the amplifierinFig. 45)may bedrawn. 
The frequency range of the amplifier is that 
between the two-3 dB points. 

Thismethod ofdeterminingthe frequency 
response requires no special or  expensive 
instruments. but it is very time-consuming. 
Far more convenient is the use of a wobhu- 
lator. whose output is varied automatically 
over a predetermined range of frequencies. 
In the example discussed above. the fre- 
quencies wouldbevaried b w e e n  10 Hzand 
30.000 Hz. Moreover. its scanning rate may 
be synchronized with the horizontal deflec- 
tion of the oscilloscope to give a stable trace 
on the screen. Some wobbulators give an 
additional sawtooth output to facilitate the 
synchronization with the oscilloscope's hor- 
izontal time base. This sawtooth may also 
be used in X-Y operation to deflect the hor- 
izontal trace. Figure47 shows the screen image 
during measurements on a cable in this man- 
ner. The test set-up forthis isshown in Fig. 48: 
the frequency was varied from 10 Hz to 
510 kHz; the horizontal scale was 50 kHz 
per division. The falling level of the signal 
at higher frequencies is quite evident. 

The use of a wobbulator gives an appre- 
ciahlesaving in testtimeand theoscilloscope 
always showsacomplete signal period, pro- 
vided the wobbulator is adjusted properly. 
The peak-to-peak value of the signal is eas- 
ily read from the screen. 

The test becomes even more straightfor- 
ward if the signal at the output of the unit 
under test is applied to the oscilloscope via 
a peak detector. The frequency response of 
the unit under test is then shown on the 
screenofthgeoscilloscopeasacurve. Again, 
the screen shows the peak values of the sig- 
nal. but these may be converted to r.m.s. 
values with the aid of a voltage divider. The 
test set-upisshownin Fig. 49,whileFig. 50  
shows the result when a band-pass filter is 
measured in this. ¤ 
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DESIGN IDEAS 
the contents of this article are based solely on information obtained from the 

author and do not imply practical experience by Elektor Electronics. 

8-CHANNEL AUDIO/VIDEO SWITCH 
(PHILIPS COMPONENTS) 

General description The IC provides two 3-state switches for 
audio channels, and one 3-state switch for 

The TDA8440 from Philips Components is the video channel and a video amplifier with 
a versatile video/audio switch, intended to selectable gain (unity gain or 2 times). 
be used in colour TV receivers equipped The TDA8440 can be used in conjunc- 
with an auxiliary video/audio (SCART) tion with a microcontroller from the 
input. MAB8400family. and is then controlled via 

TDA8440 
O.47rF 

AUDIO L a  % 

iAUOC A OUT 

047°F 

A U I X O E a  Q" 
11  so 

0 4 7 p F  e* 

a bidirectional I'C bus. Sufficient sub-ad- 
dressing is provided for the I'C bus mode. 
The IC can also be controlled directly by d.c. 
switching signals. This option is worked out 
in the present application note. 

Functional description 
The block diagram of the TDA8440 is given 
in Fig. l. The 1C incorporates three 3-state 
switches with the following functions: 
- one video switch with selectable gain 

(unity gain or 2 times) for switching be- 
tween an internal video signal (from the 
TV's IC amplifier/demodulator) and an 
AuxnlARY input signal: 

- two electronic audio switches for two 
sound channels (stereo o r  dual lan- 
guage), for switching between intemal 
audio sources and signals from the AU- 
XILIARY VIDEOIAUDIO connector. 

047°F 

TDA8440 
MAIN SPECIFICATIONS 

Each switch on board the TDA8440 allows 
a selection to be made between two input 
signals and a high-impedance 'off' state. 
The 'off' state is necessary if more than one 
TDAR440 is used. 

VIDEO 1 2 

VIDEO U % ,ck- 
OFF 

L 

Combined analogue and dlgltal clr- 
cultly gRas maxlmum flexlblllty In 
channel switching 
%state switchea for all channels 

Flg. 1. Block diagram of the TDA8440 audlo/vldeo switch IC (iliusfration reproduced by 
courtesy of Philips Components). 

5 Selectable sain for the video channel 
Sub-addressing facility for I'C bus 
1% bus or non-I'C bus mode (con- 
trolled by d.c. voltages) 

T:,VloEo OUT 

6- 5 2  

SOA 

1 12c BUS 
SCL 

"P 

910025-14 

F:"* r-p U 

B 

Slave rscalver in the 1% bus mode 
External OFF command 
System expansion possible up to 
7 devices (for 14 signal sources) 

I 7  

18 

15 

I2C 
BUS 

RECEIVER 

l 

Stetlc short-clrcult mistant outputs 

)I80975 

4 
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TDA8440 AUDIONIDEO SWITCH m 
The SDA and SCL pins can be connected 

to the I'C bus. or to d.c. switching voltages. 
Inputs SO (pin 11). S1 (pin 13) and S2 
(pin 6) are used for selection of subaddress- 
ins or switching to the non-1% bus mode. 

The non-['C bus mode is selected by 
making SO. S1 and S? pemlanently logic 
high (+l2  V). In this mode, the sources (in- 
ternal and external), and the gain of the 
video amplifier can be selected via the SDA 
and SCL pins, by means of the switching 
voltage from the AUXILIARY VKIEOIAUDIO 
connector. The four available functions are 
controlled as follows: 

1 I 
Fig. 2. Circuit diagram of the basic 
audiolvideo switching module. 

- sources I are selected if SDA = 12 V (ex- - video amplifier gain is 2 times if SCL = 
temal source); 12 V (external source); 

- sources 2 are selected if SDA = O V (TV - video amplifier gain is unity if SCL = 
mode); 0 V (TV mode). 

.m L> -a 

.m m -c uQdu'- I 
- 0 2  - 0  1 

*O2-I 
L m u - 5  
. m r o q - - H r  

VIDEO 

'"l""I A- Y -. 
."mm-c MM"", 
-.-D P '".""l .mu-r 
---F 

t"# 
'"l""r '"aou-s n 

.m n-c "d"'. I 
W E O 1 - 0  3 "I .Wrak-+-,' 
""rnas-e 

- 0 7  - r  '"u.1 .Yaav-m 
Mod~t. , 

-08-D I 'F=! 'uaoL8-r 
ruma-r x 

Fig. 3. Four modules as shown in Fig. 2 and a BCD thumbwheel switch interface together 
make a versatile eight-way electronic audlolvideo switch. 
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CD4028 decoder outputs 

3 2 1 0 1 2 3 4 5 6 7 8  

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 -  
0  0  0  0  0  0  0  

0  1 0  0  0  0  0  0  
0  0  1 0  0  0  0  0  
0  0  0  1 0  0  0  0  

0  0  0  1 0  0  0  
0  0  0  0  0  1 0  0  

0  0  0  0  0  1 0  
0  0  0  0  0  0  0  1 0  

0  1 0  0  
0  1 0  1 0  
0  1 1  0  
0  1 1  1 0  
1 0  0  0  

OFF OFF OFF OFF 

1 2 3 4  

1 0  1 1  
0  1 1  

0  1  

1 0  1 1 s o u r c e 4  
1 0  

1 1  0  
1 1  

1 1  1  

SDA 

0  
$ 1  
0  
1 1  
0  
1 1  

Selection 

I s o u r c e l  
1 s o u r c e 2  
t s o u r c e 3  

I s o u r c e 5  
1 s o u r c e 6  
O s o u r c e 7  
O s o u r c e 8  
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l I 
Fig. 4. A possible substitute for the BCD thumbwheel switch in the circuit of Fig. 3. 

If more than one TDA8440 device is used in 
the non-12C bus system, the OFF pin (pin 2) 
can be used to switch off the desired de- 
vices. This can be done via the 12-V switch- 
ing voltage of the AUXILIARY VlDEOIAUDlO 
connector: 
- all switches are in the high-Z (off) posi- 

tion if OFF = 12 V: 
all switches are in the position selected 
with SDA if OFF = 0 V. 

Application circuits 
The circuit shown in Fig. 2 is one of four 
identical switching modules based on the 
TDA8440. The two video inputs, A and D. 
are terminated with 75-Qresistors, while the 
two stereo audio inputs (pairs B-C and E-F) 
are terminated with 10-kR resistors. The 
audio signals are filtered with R-C networks 
to suppress noise. The amplification of the 
videoswitch i s  set to2  times here by the per- 
manently high level at the SCL input. The 
voltage at the SDA input determines the 
source selection as discussed above. 

The final 8-way audio/video switcher 
(Fig. 3) contains four modules of the type 
shown in Fig. 2. A thumbwheel switch with 
BCD-coded outputs is used to select one of 
eight AV channels. The LSB (least-signifi- 
cant bit) of the BCD switch is connected to 
the SDA inputs of the four modules. 

gate to ensure the correct control of the OFF 
input of the relevant AV switching module. 
The channel selection of the 8-way switch- 
ing unit is shown in the Table below Fig. 3. 
All channels are switched off by setting the 
thumbwheel switch to 0. 

The audio and video outputs of the four 
modules are connected in oarallel and buf- 

fered with the aid of emitter follower stages 
that provide the appropriate source imped- 
ance (75 Q for the video output and about 
600 R for the audiooutputs). The gain of the 
video channel is set to two times here to 
compensate the 6 dB voltage attenuation in- 
troduced by the series resistor at the video 
output and the input resistance of the load. 

Connectors for the inputs and outputs are 
not specified here since they depend on the 
practical useof the switchingunit. BNCsoc- 
kets. phono sockets or SCART sockets may 
be used as required. Likewise, the switcher 
can be built to handle fewer or more than 
eight AV channels as proposed here. A 
simple AV switcher for two video and two 
audio channels, for instance, requires only 
one module controlled by a much simpler 
selection circuit than the BCD switch plus 
the 4028. 

One application of the AV switching unit 
is the connection of a video recorder, a home 
computer and a CD player to the SCART 
input of the TV set, eliminating the need of 
changing lots of cables any time a different 
source is selected. 

Finally, a 'discrete' replacement for the 
(expensive) BCD switch is given in Fig. 4. 
The channel selection is effected by press- 
ing the U (up) and D (down) keys. The num- 
ber of the selected channel appears on a 
7-segment LED display. ¤ 

Reference: 
TDA8440 De1,elopnlent Data. Philips Com- 
ponent$. 

The four 'module select' lines are cre- 
ated with a CD4028 BCD-to-decimal 
decoder. The eight decoded outputs of this Fig. S. Prototype of the eight-way audiolvideo switch built on a small piece of Vero 
IC are connected in pairs. Each of the four stripboard. In this version, the unit has the upidown keys and the 7-segment LED display 
signals so obtained is invened by a CD4069 shown in Fig. 4 to set and visualize the selected AV channel. 
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E L E C T R O N I C  EXPOSURE TIMER 

Many amateur photographers spend a disproportionate amount of 
their time in the dark-room. The exposure timer presented here 

can cut down that time because the exposure is controlled 
entirely electronically. That results not only in perfect prints 

every time, but also in a reduction in paper and chemicals used 
and that is good for the environment and for your wallet. 

e tradit~onal way to determine the ex- 
posure tlme for a photographic print is T ; 

to use a test strip and expose the negative 
for a number of different periods. The strip 
is then developed and a judgment taken 
which exposure time is the most nearly per- 
fectoneand thattimeistaken toprinttheneg- 
ativds). Clearly, this technique wastes time, 
paper and chemicals. With the timer' de- 
scribed here, this technique becomes a thing 
of the past. It also ensures that the setting of 
the diaphragm in the enlarger does not af- 
fect the exposure meter. 

The procedure with the timer is simplic- 
ity itself: the negative or slide is placed in 
the enlarger, the wanted size of the print is 
determined, the enlarger is focused, the phc- 
tographicpaper is placed on theeaselandcov- 
ered with a sheet of glass, and the start but- 
ton on the timer is pressed. The electronics 
in the timer will ensure perfect exposure. 

Principle of operation 
Two methods are commonly in use to assess 
the correct exposure time for prints. The spot 
measurement is used for determining the 
exposure foracertainpart of thephotograph. 
This is of particular interest if the photo has 
sharp contrasts, such as somebody standing 
in theshadeagainsta verybrightbackground. 

Thesecond method is theintegrated mea- 
surement in which the entire photograph is 
used to determine thecorrect exposure time. 
This is done by diffusing the light falling on 
to the paper with the aid of some frosted 
glass and measuring the light intensity. 

Thehvomethodsmay becombinedby con- 
centrating theintegrated measurement on the 
light falling on the centre of the photograph, 
and this is the one used in the present timer. 
The light is measured at twelve different 
points spread across the paper. The diffuser 
is the paper on which the print will appear. 
This method of measurement is made possi- 
ble by placing the light-sensitive cells of the 
exposure meter not above the paper as is 
usual, but underneath it. The only proviso 
of the method is, therefore, that the paper is 
translucent, which it normally is. 

Fig. 1. The timer in use in a typical dark-room, 

The design 
The twelve light-sensitivecellsarecontained 
in a man-made fibre paper easel as shown in 
Fig. 2. Each of the cells consists of a photc- 
transistor Type BPW40. The easel consists of 
a sheetoftransparent perspex(US:lucite)into 
which 12 holes are drilled. The cells must 
not protrude through the sheet (since the 
paper would then not lie flat and cause the 
photo to be distorted). The diameter of the 
holesshouldpreferably belargeratthe paper 
side than at  the underside. 

Since experience shows that most photos 
are printed in 130x180 mm (5x7 in.) format, 
the prototype easel has been made in that 
format, too, but you may, of course, decide 
on other dimensions. 

Tests with the prototype to verify that the 
principle issound resulted inoutput voltages 
atfiveofthecells(P~-P5)asshowninTable 1. 
The tests were made with the negative in the 
enlarger first not illuminated for1 second and 
then exposed to maximum illumination for 
32 seconds. The diaphragm of the enlarger 
was stopped down by two f-numbers. The Fig. 2. Layout of the perspex (lucite) easel that 
voltages were measured with a digital volt- houses the twelve photocells. 

ELEKTOR ELECTRONICS MARCH 1991 



• GENERAL INTEREST 

meter with Ri=10 MR. 
I t  is clear that the cell at the centre of the Fig. 3. Blbck diagram of the exposure timer. 

easel (PS) receives more light than those at 

UTI-)-~UT~~ L!!- 
I 

the edges. Furthermore, thetolerances of the 
phototransistors proved to be small enough 
to be of no consequence to the operation. 

TheblockdiagraminFig. 3shows howthe 
output voltages of the phototransistors are 
processed. First, they are summed and the 
total voltage, Ut, is fed to a timevoltage in- 
tegrator. The output of the integrator, Uint, 
is proportional to the luminous flux radi- 
ated on to the easel. The output is then com- 
pared with a reference voltage, U,: when 
these two potentials are equal, the exposure 
is correct. Since the sensitivity of different 
printing paper varies, the integrator is pro- 
vided with a conhol with which the integra- 
tion constant can be altered. This enables the 
timer to be calibrated according to the pho- 
tographic paper used. 

At the moment Uint=U,, the lamp of the 
enlarger is switched off and the photo is 
readyfor chemical processing. ~ m n g e m e n t s  
mavbemade toswitchon thedark-rwmlieht- 

stoplnart 
m , - 1 2  

t 

I,,,- 
L 

" 
ing at the same time; this is, however, not 

- Wmol 2 
enlarger 

.. 
advisable whencolourphotographsare being 
processed as thatshould takeplacein thedark. 

Durineex~osure. thelieht in thedark-mm . " 
must be switched off, since diffused light 
will adversely affect the exposure measure- 
ment and, consequently, the quality of the 
print. As stated earlier (see also Table l), the 
photocells provide a maximum output of 
49&750 mV at an exposure time of 1 sand a 
minimum potential of 16-19 mV at an expc- 
sure time of 32 S. The output voltage, U,,, of 
the integrator at which the print is exposed 
optimally is calculated from: 

where t ~ - f o = f , , ~ ,  the exposure time. From 
this, it follows that 

12x62OxlW3=7.44 V. 
From these results, it would appear that the 
reference voltage for the timer should be 
about 7.4 V. To make calibration possible, 
the level chosen in the prototype is 9 V. 

The circuit 
The circuit diagram of the timer is given in 
Fig. 4. The twelve phototransistors are con- 
nected as emitter followers whose emitters 
are connected to the summing circuit via 
10 MR resistors. The phototransistors are 
shown in groups of four to coincide with the 
way they are to be fitted on three separate 
PCBs (see Fig. 5). This enables the construc- 
tor to experiment at an early stage with the 
mechanical layout of the exposure timer. 

Opamp IC, sums the output voltages of . . ~  
photohansistorsT1-Tlzandinvertsthe&sult. 
This inversion is necessarv because inteera- " 
tor ICz , which follows IC1, also inverts its 
input. 

Integration constant RC is obtained from 
Rzc PI, and C6. Preset PI enables the con- 
stant to be varied so that calibration to allow 
for the various types of paper is possible. If 
the range of the preset is not sufficient for a 
certain type of paper, the value of C6 may 
be altered accordingly. When the exposure 
time is too long, halving the value of C6 re- 
sults in one stop down; when it is too short, 
doubling the value of C6 results in one stop 
UP. 

The integrator is followed by ]C3, which 
compares the output of the integrator with a 
reference voltage, U,, derived from poten- 
tial divider R3rR31. As soon as the integra- 
tor voltage becomes larger than the refer- 
encevoltage, thelevelattheoutputof IC3goes 
highand bistable (flipflop) IC4, is reset. This 
causes output Q to go high, which results in 
transistor T,? being switched on. The inte- 

Resistors: 
R I . R ~ . R s . R ~ , R s , R ~ I , R I ~ ~ R I ~ ~ R I ~ ~ R ~ ~ ~  
RZ1 ,Rz3 = 1 MR 
R ~ , R ~ , R ~ , R B , R I ~ , R ~ Z , R ~ ~ ~ R I ~ ~ R I ~ ~ R ~  
0Rn,R24~R27 = 10 MQ 
RZ5 = 470 kQ 
R26 = 820 kR 
R28 = 6M8 
RB = 22 ki2 
R309R3z.R33 = 10 
R31 = 330 kQ 
R34=10k(l 
PI = 2M5 

Capacitors: 
C1-C9,C12 = 100 
CIO,CII = 100 WF 
cl4,cI5 = 100 p ~ ,  25 V, rac 

designstages, thea;erageoutputof thepho- pemanentlyduringfocusingandsomeother 
tocells is 620 mV. At 1 S, the shortest period operations, switch S2 has been added to by- 
possible on the timer, the output of the inte  pass the elechonics. 
grator is Start switch S1 passes a clock pulse to 

,.- .. 

1 grating capacitor, C6, is then completely dis- 
- - -- RC U t r ~ * ~  charged and the timer is ready for use. At 

the same time, outputQ of IC4, goes low, which 
At the longest exposure time, the aver- causeshansistorT14toswitchoff,sothatrelay 

ageoutputvoltageof the photocells is 19mV. Re1 isdeenergized.Thetimeris thenswitched 
The output of the integrator is then off and the light in the dark-room comes on 

32x12~19xlW3=7.3 V. again (if wanted). 
At the shortest exposure time used in the Since the enlarger is required to be on 
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Miscellaneous: 
K1 = 5-way DIN plug, 180" 
K2 = 5-way DIN socket for PCB, 180" 
S1 = push-button switch, 1 make 
S2 = miniature switch, 1 make 
Re1 = relay, 12 V, for PCB mounting 



ELECTRONIC EXPOSURE TIMER • 
bistable (flip-flop) [C,,, which starts the en- when5 ispressed.Theintegratorcornmences clock pulse although the D input is then still 
tire rneasurinr cycle. Since the D input of operation and the enlarzer is switched on. low (because the timeconstant on that input 
the bistable is connected permanentl~to the when the supply is switched on, network isrnuchlonger).~hisensumthatafterpo~er- 
positive supply line, the Q output goes high R32-C9 ensures that the bistable receives a on the enlarger is switched off and the dark- 

Fig. 4. Circuit diagram of the electronic exposure timer. 
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m GENERAL INTEREsl 

room lights are on. 
From Fig. 4 it is seen that the circuit con- 

sists of two sections that are interconnected 
by a length of Cway cable and two five-pin 
DIN plugs. This arrangement makes it pos- 
sible for some of the components, such as 
the mains transformer, relay, mains entry to 
be fitted away from the working area, which 
then only needs to house the control box of 
the timer. An additional advantage is that 
mains-carrying parts are well away from the 

chemicals to lessen the likelihood of any 
mishaps. 

The power supply for the timer is fairly 
simple. The alternating voltage at the sec- 
ondary winding of the mains transformer is 
rectified (full wave) by DsD6 and smoothed 
by C14andCls.Anegativeandapositivevolt- 
age are then supplied via a length of &way 
cable to the voltage regulators, ICs and IC& 
in the control box. These regulators provide 
supply voltages of +l2 V and -12 V. The 

mains supply for the dark-room lights and 
the enlarger may be taken from the 3-way 
terminal blocks. 

Construction 
The five printedi-ircuit boards for the entire 
timer are shown in Fig. 5. Since these are de- 
livered as one, they need to be separated 
with a fret saw (US: jig saw) before being 
populated. 

I 
Fig. 5. The printed-circuit board for the electronic exposure timer consists of five parts. 
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ELECTRONIC EXPOSURE TIMER H 
mounted on the front panel of the enclosure 

Fig. 6. Construction of the perspex (lucite) easel. It is important that the upper surface is smooth to 
ensure that the paper lies perfectly flat. 

The three prints housing the phototran- 3-way cable. 
siston must be mounted on to the perspex it is advisable to start by placing the re- 
(US: lucite) easel as shown in Fig. 6. The per- quired wire bridgeson themotherboard and 
spex sheet must be thick enough to take in then mount the other components. The reg- 
the bodies of the phototransistors. After the ulators d o  not need a heat sink and may 
three PCBs have been interconnected, they therefore be fitted directly on to the board. 
are linked to the motherboard by a length of Potentiometer P1 and switches S, and S2 are 

that contains the motl;erboard. 
It also ~oss ible  to fit the motherboard un- 

derneath;heeasel.~wodifferent~of~IN 
connector must then be used for connecting 
the board to the power supply and to the 
switches and potentiometer which are then 
housed in a small, separate box. 

If at  all possible, fit the power supply 
board in a man-made fibre enclosure with 
moulded mains plug. If wanted, the dark- 
room light(s) can be switched from this unit 
via a separate cable. The enclosure should 
be fitted with a hole through which the DIN 
plug for the power lines can be passed. 

Once the boards have been completed 
and fitted in the enclosures, PI must be ad- 
justed with the aid of a number of test e x p o  
sures.Thesettingsofound needs tobealtered 
only if photographic paper with a different 
sensitivity is used in the future. 

M I D I - T O - C V  INTERFACE 
Some additional notes 

lthough the MIDI-to-CV interface was synthesizer handbook to ascertain which of i.e., normally between 36 and 97 or five A described fully in our February 1991 these signals you need. octaves from low C. 
issue,itwasthough thatsomeadditionalnotes The gate LED lights when a correct gate Does the gate LED light correctly, but 
might prove useful to a number of readers. signal is applied. This diode can also be used the connected equipment does not func- 

to check whether the interface is function- tion? This is almost certainly a failure of 
MlDl connections ing correctly, even when this is not (yet) the cable connecting the interface to the 

connected to a synthesizer. synthesizer. 
TheMIDI-IN socket.L(nexttothemains If the scale of the interface does not cor- . ". 

input plug) must be connected via a suitable 
MIDIcable to the MIDl output of your MIDI 
keyhc~ard. .;ynthe\izcr. or other equipment. 
The MIDI Inout sienal amear.; unchanecd 
attheMIDI ~ b T s ~ k e t ( F ; f i ~ l  throughfuk- 
tion). The nameofthat socket may seem some- 
what confusing ('through' function at 'out'). 
but that is because the interface isprinci- 
pally intended to output the data in changed 
format (e.g., filtered). Other equipment may 
be connected to the MIDl OUT socket, but 
this must be controlled by the same data as 
the present interface. 

Connection to CVIgate 
The connection to a monophonic synthe- 
sizerisviathe two6.3 mmconnectorsmarked 
"CV OUT" and "GATE O U T .  The 1 Vloc- 
tave tone control voltage is available at the 
CV socket. The 0 V reference point (i.e.. the 
MIDI code for 0 V control voltage) is nor- 
mally 36, which is equivalent to low C on a 
standard five-octave keyboard. 

The 0-5 V gate voltage is available at 
thegatesocket.Dependingon thetypeofsyn- 
thesizer, this is apositive gate signal, i.e. +5 
V when a key is depressed and 0 V when 
the key is released, or a negative gate sig- 
nal, i.e.. 0 V when a key is depressed and 
+5 V when the key is released. Consult your 

Setting the MlDl channels 
The MlDI channels are set with the aid of 
the Cpole DIP switches, S W I S W 4 ,  on the 
interface board. The settings and associated 
channels are shown in Fig. 3. The settings 
should be carried out before the equipment 
is switched on (if they are made while the 
equipment is switched on, the channel will 
not change). 

Faultfinding check list 
If the interface dwsnot work (correctly) check 
the following. 

Is the power supply correct? The LED 
should light briefly on power on and then 
go out again. Are the power lines re- 
versed? 
Are the connections to the MlDI trans- 

respond exactly with that of the synthe- 
sizer. shown by the increasing detuning 
away from the reference point, a correc- 
tion can be made with potentiometer PI.  

mitter and synthesizer in order? These I / \  '/ Am I 
include the earth connections! 
Has thecorrect MlDIchannel be seton the I 
interface? Does the gate LED light when 
thecontrolling MlDI equipment sendsdata 
on the set MIDl channel? Does the MIDI 

I "  sender transmit on the correct channel? I 1 ( 1 I 
For security's sake, check the MIDI cable I 1 I 1 ( 1  1 I 
and whetheithe MIDI senderoperatescor- 
rectly. C . 0  
Do the sent tones lie in the correct range, 
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room lights are on.
From Fig. 4 it is seen that the circuit con-

sists of two sections that are interconnected
by a length of 4-way cable and two five-pin
DIN plugs. This arrangement makes it pos-
sible for some of the components, such as
the mains transformer, relay, mains entry to
be fitted away from the working area, which
then only needs to house the control box of
the timer. An additional advantage is that
mains-carrying parts are weIl away from the

chemieals to lessen the likelihood of any
mishaps.
The power supply for the timer is fairly

simple. The alternating volta ge at the sec-
ondary winding of the mains trans former is
rectified (ful] wave) by D3-D6 and smoothed
by C14 and CIS. A nega tive and a positive volt-
age are then supplied via a length of 4-way
cable to the voltage regulators, ICs and IC6,
in the control box. These regulators provide
supply voltages of +12 V and -12 V. The

mains supply for the dark-room lights and
the enlarger may be taken from the 3-way
terminal blocks.

Construction
The five printed-circuit boards for the entire
timer are shown in Fig. 5. Since these are de-
livered as one, they need to be separated
with a fret saw (US: jig saw) before being
populated.

Fig. 5. The printed-circuit board for the electronic exposure tirner consists of five parts.
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Fig. 10. Effects of dispersion on digital
signal bandwidth: a) original data signal; b)
light pulse in putto fiber system; c) dispersed
light pulses overlapped.
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Fig. 11. Gradedindexfiber.

müdes and eventually the cable becomes mono-
modal; If the eore gets down to 3 10 5 microns,
then only the HEll mode becomes available. The
crirical diameter required for monomodal oper-
ation is:

D _ 2.4A.
CTIl- 1t [NA]

Because the monomodal cable potentially re-
duces the number of available müdes, it also re-
duces intermodal dispersion. Thus, the
monomcde fiber is capable of exrremely high
dara rates Of analogue bandwidths.

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

Reference:
I. "Optical-fibre communication" Elektor Etec-
tronics February 1991.

CORRECTIONS
Wattmeter
April 1991, p. 32-35
With reference the circuit diagram, Fig. I, the
right-hand terminal of the lower section of
switch S2 should be connected to the circuit
ground. This point is indicated by a dot..

In the adjustment procedure given Oll page
35, the references to presets P4 and Ps have been
transposed. Ccnrrary to what is stated, P4 sets
rhe VY offset, and Ps the vx offset. The functions
of the presets are shown correctly in the circuir
diagram. Fig. I.

To improve the accuracy of the insrrument,
connect Rs direct ro the circuir ground instead of
junction R6-R7. Finally, all circuit board tracks
carrying mains current must be strengthened
with 2.5-mm2 cross-sectional area solid copper
wire if currents higher than about 5 Aare
measured.

80C32j8052 Single-board
computer
May 1991, p.17-23
When a CPU type 8031 or 80S2AH-BAS1C is
used, ICI, IC2, JC3, and ICs-ICt2 must be
74HCT rypes. Jumper Bis erroneously reffered
to as Brz in the text under "On-board EPROM
programmer" . Contrary 10 what is stated, this
jumper must be fitted only when an EPROM is
to be programmed - for all other use of the
SBC, it must be removed. Also note thatjurnper
B may only be Fitted when the programming
LED is out.

Sequential control
Ju1y/AugusI1991, p. 61
Motor M should be a d.c. type, not an a.c. type
as shown in the circuit diagram.

[ 15]

Digital phase meter
June 1991, p. 32-39
In Fig. 5, the switch between Input 'A' and ICI
should be identified 'S 1', and that between input
'B' and IC2 'S2'. Switch S4 is an on/offrype, not
a push-button as shown in the diagram. Capaci-
tors C3 and C6 are shown with the wrang po-
larity. The component overlay of the relevant
primed-circuit board (Fig. 8) is all right.

Universal NiCd battery
charger

June 1991, p. 14-19
The parts list on page 19 should be corrected to
read
C7 = 2200~F 25V

When difficult to obtain, the BYW29/100 (D5)
may be replaced by the BY229, which is rated
at6A.

The text under the heading 'CaIibration'

address data
OOBC ES
00C7 80
00C8 CB
00C9 FS
OOCA 7B
OOCB 12
OOCC 00
OOCD D2
OOCE C2
OOCF 02
OODO 80
OODI C2

should be replaced by:
4. Connect a multimeter between points G

and H on the board, and adjust P4 until the
rneasured voltage is I V lower than the voltage
on the battery terrninals.

MIDI program changer
April 1991, p.14-17
The contenrs of the EPROM should be modified
as follows:

Readers who have obrained the EPROM ready-
programmed through the Readers Services may
return it 10 obtain an update.

Electronic exposure timer
March 1991, p. 31-35
Ptease add to the parts list on page 32:
C16=33pF

Augmented A-matrices
May 1991, p. 42-43
The drawing below was erroneously omitted in
the left-hand botrom corner of page 43.

910058-14
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ELECTRONIC EXPOSURE TIMER H 
mounted on the front panel of the enclosure 

Fig. 6. Construction of the perspex (lucite) easel. It is important that the upper surface is smooth to 
ensure that the paper lies perfectly flat. 

The three prints housing the phototran- 3-way cable. 
siston must be mounted on to the perspex it is advisable to start by placing the re- 
(US: lucite) easel as shown in Fig. 6. The per- quired wire bridgeson themotherboard and 
spex sheet must be thick enough to take in then mount the other components. The reg- 
the bodies of the phototransistors. After the ulators d o  not need a heat sink and may 
three PCBs have been interconnected, they therefore be fitted directly on to the board. 
are linked to the motherboard by a length of Potentiometer P1 and switches S, and S2 are 

that contains the motl;erboard. 
It also ~oss ible  to fit the motherboard un- 

derneath;heeasel.~wodifferent~of~IN 
connector must then be used for connecting 
the board to the power supply and to the 
switches and potentiometer which are then 
housed in a small, separate box. 

If at  all possible, fit the power supply 
board in a man-made fibre enclosure with 
moulded mains plug. If wanted, the dark- 
room light(s) can be switched from this unit 
via a separate cable. The enclosure should 
be fitted with a hole through which the DIN 
plug for the power lines can be passed. 

Once the boards have been completed 
and fitted in the enclosures, PI must be ad- 
justed with the aid of a number of test e x p o  
sures.Thesettingsofound needs tobealtered 
only if photographic paper with a different 
sensitivity is used in the future. 

M I D I - T O - C V  INTERFACE 
Some additional notes 

lthough the MIDI-to-CV interface was synthesizer handbook to ascertain which of i.e., normally between 36 and 97 or five A described fully in our February 1991 these signals you need. octaves from low C. 
issue,itwasthough thatsomeadditionalnotes The gate LED lights when a correct gate Does the gate LED light correctly, but 
might prove useful to a number of readers. signal is applied. This diode can also be used the connected equipment does not func- 

to check whether the interface is function- tion? This is almost certainly a failure of 
MlDl connections ing correctly, even when this is not (yet) the cable connecting the interface to the 

connected to a synthesizer. synthesizer. 
TheMIDI-IN socket.L(nexttothemains If the scale of the interface does not cor- . ". 

input plug) must be connected via a suitable 
MIDIcable to the MIDl output of your MIDI 
keyhc~ard. .;ynthe\izcr. or other equipment. 
The MIDI Inout sienal amear.; unchanecd 
attheMIDI ~ b T s ~ k e t ( F ; f i ~ l  throughfuk- 
tion). The nameofthat socket may seem some- 
what confusing ('through' function at 'out'). 
but that is because the interface isprinci- 
pally intended to output the data in changed 
format (e.g., filtered). Other equipment may 
be connected to the MIDl OUT socket, but 
this must be controlled by the same data as 
the present interface. 

Connection to CVIgate 
The connection to a monophonic synthe- 
sizerisviathe two6.3 mmconnectorsmarked 
"CV OUT" and "GATE O U T .  The 1 Vloc- 
tave tone control voltage is available at the 
CV socket. The 0 V reference point (i.e.. the 
MIDI code for 0 V control voltage) is nor- 
mally 36, which is equivalent to low C on a 
standard five-octave keyboard. 

The 0-5 V gate voltage is available at 
thegatesocket.Dependingon thetypeofsyn- 
thesizer, this is apositive gate signal, i.e. +5 
V when a key is depressed and 0 V when 
the key is released, or a negative gate sig- 
nal, i.e.. 0 V when a key is depressed and 
+5 V when the key is released. Consult your 

Setting the MlDl channels 
The MlDI channels are set with the aid of 
the Cpole DIP switches, S W I S W 4 ,  on the 
interface board. The settings and associated 
channels are shown in Fig. 3. The settings 
should be carried out before the equipment 
is switched on (if they are made while the 
equipment is switched on, the channel will 
not change). 

Faultfinding check list 
If the interface dwsnot work (correctly) check 
the following. 

Is the power supply correct? The LED 
should light briefly on power on and then 
go out again. Are the power lines re- 
versed? 
Are the connections to the MlDI trans- 

respond exactly with that of the synthe- 
sizer. shown by the increasing detuning 
away from the reference point, a correc- 
tion can be made with potentiometer PI.  

mitter and synthesizer in order? These I / \  '/ Am I 
include the earth connections! 
Has thecorrect MlDIchannel be seton the I 
interface? Does the gate LED light when 
thecontrolling MlDI equipment sendsdata 
on the set MIDl channel? Does the MIDI 

I "  sender transmit on the correct channel? I 1 ( 1 I 
For security's sake, check the MIDI cable I 1 I 1 ( 1  1 I 
and whetheithe MIDI senderoperatescor- 
rectly. C . 0  
Do the sent tones lie in the correct range, 

ELEKTOR ELECTRONICS MARCH 1991 



6.0 MHz TV SOUND DEMODULATOR 
Although local low-power 
repeaters make it possible to 
receive British TV 
programmes in some areas 
on the European Continent, 
the sound channel is missing 
when a locally purchased TV 
set is used. The reason is the 
difference in the sound 
subcarrier frequency, which 
is 6.0 MHz in the UK (PAL 
system I) and 5.5 MHz (PAL 
system B) in most Continental 
countries. Aimed at the 
many expatriates among our 
readers, the simple circiit 
~ r o ~ o s e d  here is used to Fig. 1. Circuit diagram of the sound demodulator: a standard application of the TBA120T. . . 
upgrade existing PAL TBA120Tvia an inductor, whichfunctionsas works, and measure the direct voltace at the 
System-B TV sets with a a decoupling device.  he inductor, LI, con- AF output of the TBAIZOT, pin $. This 

6.0 MHz sound channel. sists of 46 turns of 0.2 mm diameter ena- should be at roughly half the supply voltage. 
melled coDDer wire on a T50-6 ferrite rine Next. add the6.0 MHzdiscriminator Darts. If 

M ANY of the British communities clus- 
tered around NATO and related mili- 

tary bases on the European Continent enjoy 
their own local radio and TV services, the 
best known of which are provided by the 
SSVC and the BFBS (British Forces Broad- 
casting Services). The radio programmes are 
transmitted in the VHF FM band, the TV 
programmes in the UHFband. To enable the 
expatriates to use a TV set and an antenna 
brought over from the UK, theTV signals are 
transmitted to the PAL-I system with the FM 
sound subcarrier at 6.0 MHz, and with verti- 
cal polarisation. 

A classic FM demodulator 
Thecircuit shown in Fig. 1 is based onan  old 
faithful, the now nearly twenty-years-old 
TBA120 quadrature FM demodulator from 
Siemens. Here, the T-suffix version of the IC 
is used since this is designed for use with ce- 
ramlc f~ltrrsand dl\cnm~nator, The ~nternal 
dlacram of theTRAI20T1s al\t8n in FIE 2 " " " 

The demodulator is capable of operating 
both at 5.5 MHz and 6.0 MHz by virtue of 
two ceramic filters, FLI and FL2, and two ce- 
ramic discriminators, CD1 and CD2. The fil- 
ters and discriminators used are ceramic 
types manufactured by Murata. 

Since a simple parallel connection of the 
discriminators, CD1 and CD2, is not per- 
missible because of the risk of mutual load- 
ing and dehlning, the6.0MHz discriminator 
isconnected to the quadratureoutputsof the 

L r <l 

core from Amidonor MicroMetals. Note that 
the6.0 MHz input filter and the 6.0 MHz dis- 
criminator parts are screened to prevent in- 
terference. Network m-C3 at the AF output 
of the TBA120T forms a simple de-emphasis. 
Since the AF signal is superimposed on a di- 
rect voltage, you may need a couplingcapa- 
citor to connect it to the input of the AF 
amplifier in the TV set. 

Initially, the circuit is best built with the 
5.5 MHz discriminator only. Check that it 

necessary, increase or reduce the number of 
turns on L1 to ensure that the previously 
noted voltage is still measured while a 
5.5 MHz subcarrier is received. Next, tune to 
a PAL-I transmission to check that the sound 
channel at 6.0 MHz is received properly. 

Finally, a word of warning: the chassis of 
many TV sets is connected direct to the 
mains. Be sure to usea mains isolating trans- 
former while installing and testing the 
sound demodulator. 

I I 
Fig. 2. Internal schematic of the demodulator IC Type TBA120T (illustration courtesy 
Siemens Components). 
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INTERMEDIATE PROJECT 
A series of projects for the not-so-experienced constructor. Although each article will 
describe in detail the operation, use, construction and, where relevant, the underlying 

theory of the project, constructors will, none the less, require an elementary 
knowledge of electronic engineering. Each project in the series will be based on 

inexpensive and commonly available parts. 

2-METRE BAND CONVERTER 

This month we tackle a high-frequency project by venturing out into 
the exciting world of VHF radio amateur communication. Build this 

converter if you have a general coverage SW receiver and would like 
to listen to licensed radio amateurs working in the popular 2-metre 

VHF band (144-146 MHz). 

J. Bareford 

M OST multimode SW receivers have a 
frequency range of about 150 kHz to 

30 MHz, and are capable of receiving CW, 
SSB, AM and FM signals. The 10-metre radio 
amateur band between 28 MHz and about 
29.6 MHz is located just above the CB band 
(27 MHz) towards the top of the receiver's 
frequency range (the actual frequency as- 
signment of the 10-m band may differ de- 

pending on the country you live in). The 
present Zmetre converter allows you to 
listen to radio amateurs working with SSB 
(single-sideband) and CW (morse) in the 
lower part of the 2-m band, as well as to 
'local' FM (frequency modulation) traffic 
and repeater stations in the frequency range 
between 145.0 and 146.0 MHz. The 2-metre 
band is very popular among radio amateurs 

because of the ready availability of transcei- 
vers, the small antenna size, and the low 
power required tocover considerabledistan- 
ces, even when going 'mobile'. All in all, if 
you are a beginning electronics enthusiast, 
listeninz to local radio amateurs might well 
prove useful to learn a lot about el&tronics, 
as most radio amateurs are keen and heloful 
experimenters. In and around large cities 
you can expect a lot of trafficin the2-m band, 
with dominant repeater activity in theupper 
section of the band between 145.600 MHz 
and 145.875 MHz. At the low side of the 
band, just above 144 MHz, there is long-dis- 
tance (DX) traffic in CW and SSB. Here, it 
pays to have a directional aerial to pick up  
signals from distances u p  to 300 km and 
more under favourable propagation condi- 
tions. 

The basics 
What we want to do  is convert the frequency 
range from 144 MHz to 146 MHz down to 
28 MHz to 30 MHz (see Fig. 1). Once this has 
been achieved, a general coverage receiver 
tuned to the 10-m band can be used to r e  
ceive all signals of all types of modulation 
used (CW, SSB, FM and possibly AM). 

The frequency conversion of the 2-MHz 
wide band is effected with the aid of a local 
oscillator operating at 116 MHz, as shown in 
the block diagram in Fig. 2. The arithmetic 
behind this conversion is simple: the output 
frequency of the converter equals the dif- 
ference between the input frequency and the 
local oscillator frequency. Thus, for the low 
end of the band: 
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while for the high end of the band: 

146 MHz - l16 MHz = 30 MHz 

Note that in principle the required output 
frequency may also be obtained with a local 
oscillator operating at 172 MHz. A fre- 
quency of 116 MHz is used here, however, 
since this can be generated with a standard 
quartz crystal. 

As shown in Fig. 2, the antenna signal is . . . . 
amplified before i t  isapplied rod band-pas 
f ~ l t r r .  Scxt .  i t  1s mixed !'ht,terodvned') a f ~ t h  
the 116 MHz local oscillator signal. The 
mixer consistsof a transistor, T2. The output 
signal of the mixer is the intermediate fre- 
quency, 28 MHz - 30 MHz, obtained from 
subtractive mixing. A band-pass filter 
formed by L6couples theoutput slgnal of the 
converter to the Input of the general cover- 
age receiver. 

The band-pass filter ahead of the mixer is 
needed to suppress signals at the so-called 
image frequency. In the present converter, 
these signals occur between 86 MHz and 
88 MHz, since these two frequencies result 
in intermediate frequencies of 30 MHz and 
28 MHz respectively when mixed with 
116 MHz. Since part of the image frequency 
band falls in theVHF broadcast band, a filter 
is a must to prevent signals in the 2-m band 
being blocked out by a local radio station! 

Practical circuit 
The circuit diagram in Fig. 2 shows a num- 
ber of dashed lines, which indicate RF 
screening plates that serve to keep inter- 
ference between the sub-sections of the cir- 
cuit to a minimum. As shown, these 
screening plates are connected to ground. 

The antenna signal is coupled to the con- 
verter via a low-impedance tap on inductor 
LT. Tuned circuit Cl-L1 forms a bandfilter 
tuned to the 2-m band. At the same time, the 
L-C tuned circuit provides the necessary im- 
pedance conversion between the low imped- 
ance of the aerial cable (50-75 R) and the 
high impedance (several mega-ohms) of the 
gate-l (G1) terminal of dual-gate MOSFET 
TI. This conversion is usually called imped- 
ance transforming or matching. 

To reduce the risk of oscillation, the out- 
put signal of theamplifier based on TI iscon- 
nected capacitively to a low-impedance tap 
oninductor L3.The bandpass filter needed to 
suppress the image band is formed by L.3, CS, 
L4 and C6. As you can see from the circuit di- 
agram, the coupling between amplifier TI 
and mixer T2 is inductive (no, we have not 
forgotten a coupling capacitor between L3 
and Lz). Both L? and Lz are tuned to about 
145 MHz by trimmer capacitors. 

The mixer is formed by a second dual- 
gate MOSFET, T2. Conventionally, the RF 
signal is applied to gate l, and the local oscil- 
lator signal to gate 2. The difference fre- 
quency is Altered out at the drain of Tz by 
transformer Lb. The output winding of L6 

converter 30MHz 

Fig. 1 .   he converter described here sits between a 2-metre antenna and the input of a 
multimode SW receiver tuned to the 10-m band 

l i 
Flg. 2. Block dlagram of the 2-metre converter. 

I 
'lg. 3. Circuit diagram of the 2-metre converter. Nole that only three transistors are used. 
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LMETRE BAND CONVERTER • 

i I 
Fig. 4. Track layouts (mirror images) and component overlay of the double-sided printed 
circuit board for the converter. 

has a relatively l ow  impedance to enable the short length of 50-R coax cable fitted wi th 
irlput of the SW receiver to be matched cor- suitable RFplugs. 
rectly. The output of the converter is con- The local oscillator based on T3 is quartz- 
nected to the input of the SW receiver via a controlled wi th a 116-MHz crystal, XI, oper- 

I cut o h  this 
black area I 

Resistors: 
1 33m R1 
1 68kR R2 
2 470n R3;R6 
l 560 R4 
1 4 m  R5 
1 l o o n  R7. 

capadtom ,. 
3 7pFlrimmer 
1 l nF wnin capacitor 
3 1OnFceramic 
1 82pF 
1 12pF 
1 mpFtrimmer 
1 8pF2 
1 12pF 
1 220nF ceramic 

Inductorr: 
1 OfiH22 axial choke L5 
The other inducton are home made: see 
text. Required materials: 

l-mm dia. silver-plated wire 
0.2-mm dia, enamelled copper wire 

1 7K1S inductor assembly (Neosid) 

Miscellaneous: 
1 quam crystal 116MHz 

5th overione 
tin-plated melal sheet 

1 printed circuil board 900006-1 

ating at fifth overtone, i.e., the fundamental 
frequency of XI is 23.2 MHz. Circuit L5-Cln is 
tuned to 116 MHz and serves to suppress 
any spuriousoutput signalsproduced by the 
oscillator. 

Fig. 5. Cut a small slot in the PCB to en- Fig. 6. The RF parts used in this project. The coffin-type leadless ceramic capacitor, C2, 
able the coflin-type capacitor to be seated. is the second device on the left in the top row. 
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Building the converter 
The circuit is best built on the double-sided 
p ~ ~ t b o n r d s h o w a i n B g . 4 . T h i s  
board is available ready-madeand help8 yw 
to go m d  the pitfalls of RFcbcdt &- 
sbuction Before you fit any companenl 
the b a d ,  cut the slot for capacitor (1 
shown in Fig. 5. Q is a sxakd cdh-type 
leadleas ceramic capadtor (qulte a 
for a basically simple nnd s m a l l c o m ~ .  
Theslotiscarefullycutandfueduntilthe 
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I 
Fig. 10. Construction of the 145-MHz in- 
ductors in the circuit. 

citor is soldered to the same track as the G2 
terminal of TI (at the track side of the board; 
see Fig. 7). and the other side to ground 
formed by the copper surface at the compw 
nent sideof theboard. Be careful not to break 
or overheat thecoffin capacitor,as it isa rela- 
tively brittle component. 

Next, cut the screening plates to size, not- 
ing their length from the dashed lines on the 
PCB overlay. The height of the screens is 
about 15 mm. Position the screens vertically 
on to theboard, and solder themover the full 
length with a medium-power iron. Donot go 
for the easy way out by fixing the screens at 
a few positions only - to be effective, they 
must be soldered over the full length. 

Thenext step in theconstruction is the fit- 
ting of the resistors. Note that two of these, 
RI and R2, are mounted vertically, and that 
one terminal of RI must be soldered at both 
sides of the PCB to effect a through-contact. 

Proceed with the capacitors. With the ex- 
ceptionofC4and C12,all capacitors haveone 
terminal soldered at both sides of the PCB. 
Miniature ceramic capacitors must be used 
where appropriate. In all cases, the capaci- 
tors must be fitted as close as possible to the 
PCB. 

Except for Ls, the inductors in this project 
are home-made. Start with LI, L, and U, 
wh~ch consist ,,f t ~ g h l  turns of l-mm dla. sli- 
wr-dared wire A drill bit is used t , ~  m \ , ~  " 
these inductors aninternal diameter of 6 mm 
(see Fig. R). The taps on L1 and are made 
as shown in Fig. 10. 

lnductor L2 is the simplest to make, since 
it consists of four turns of 0.2 mm dia. ena- 
melled copper wire through a ferrite bead. 
The construction is illustrated in Fie. 11. 1 

Fig. 12. Construction and assembly of the 
IF output transformer, L6. 

The construction of the IF output trans- 
former, Lh, is slightly more complex as it r e  
quiresan inductorassembly Type 7K1S from 
Neosid. Constructional details are however 
apparent from the drawing in Fig. 12. Al- 
though it is shown in the drawing, the small 
rim that divides the former into two equal 
lengths must be cut off carefully with theaid 
of a sharp hobby knife. Inspect the windings 
and check the continuity at the base pins of 
the inductor. Next, carefully fit the cup core 
and the screening can before you fit the in- 
ductor on to the PCB and subsequently 
solder the five base pins and the two pins at 
the sides of the screening can. 

Fig. 11. Construction of choke L2. 

One terminal of thequartz crystal must 
besoldered toground, while thedevicemust 
be fitted as close as possible to the PCB sur- 
face. Unless you have a solder bit small 
enough to insert between the crystal body 
and the PCB, you will have to bend one ter- 
minal close to the crystal body, and solder it 
flat on to the ground plane of the PCB. 

The last parts fitted on to the PCB are the 
semiconductors. TransistorT3 is fitted first in 
the normal manner. The MOSFETs, TI and 
T2, require special attention. The PCB has 5- 
mm holes to accept these Cpin transistors, 
whose terminals are soldered direct to the 

copper tracks. The drawing in Fig. 7 illus- 
trates the way in which T1 is fitted. Note that 
the source terminal is bent down before the 
transistor is inserted in the PCB hole. Next, 
the terminal is pushed flat on the ground 
plane at the component side of the board. 
Also note that the type number of T1 is 
legible from the component side of the 
board. The other FET, T2, is simpler to fit as 
all four terminals are soldered at the track 
side of the PCB. Note however that the de- 
vice is turned such that its type number is 
legible from the track side of the FCB. The 
photographs in Fig. 9 further illustrate the 
construction of the converter. 

Adjustment 
To begin with, the tuned circuit in the local 
oscillator must be set to 116 MHz to force the 
crystal to operateat its fifthovertone. Toper- 
form this adjustment without the help of 
specialist test gear, place a simple portable 
FM radio near the converter board, and tune 
the radio to 94.6 MHz. In most cases, this will 
mean that the local oscillator in the FM radio 
operates at 94.6+10.7=105.3 MHz. If necess- 
ary, check this with a second receiver. The 
image frequency of the FM radio is 
105.3+10.7=116 MHz. Provided its image r e  
jection is bad enough, the radio will happily 
receive a sufficiently strong signal at 
116 MHz. Solder a short length of thin, solid 
wire to the drain of T2, and wind this around 
the whipantenna of the FMradio. Switch the 
converter on, and adjust trimmer CIO until 
the FM receiver is silenced by the 116 MHz 
signal. Peak Clo for minimum noise (if 
necessary make the coupling at the antenna 
a little looser). Next, remove the wire from 
the drain of T2. 

Connect a 50-cm long wire to the input of 
theconverter,and theSW receiver to the out- 
put. Tune the receiver to 29.0 MHz, and 
check that its output noise in SSB mode in- 
creases when the converter is switched on. 
Next, peak Lb, then C6, CS and C1 for maxi- 
mum noise. If you are lucky, the wire at the 
converter input will be sufficient to pick up  
local 2-m signals, and you may start to listen 
to radio amateurs by tuning the SW receiver 
between 28 MHz and 30 MHz. For serious 
DXing however you will soon find that a di- 
rectional antenna is a must. ¤ 
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Fig. 4. Track layouts (mirror images) and component overlay of the double-sided printed
circuit board for the converter.

has a relatively low impedance to enable the
input of the SW receiver to be matched cor-
rectly. The output of the converter is con-
nected to the input of the SW receiver via a

cut out this
black area

906002-18

short length of 50-!"!coax cable fitted with
suitable RF plugs.
The local oscillator based on T3 is quartz-

controlled with a 116-MHz crysta!, Xt, oper-

2·METRE BAND CONVERTER

COMPONENTS usr
Reslstol'$:
1 33kn
1 68kO
2 4700
1 sea
1 471<0
1 1000

R1
R2
R3;R6
R4
RS
R7

X1

CapacltOI'$:
3 7pF trimmer
1 1nF coffin capacitor
3 10nf ceramic
1 82pF
1 12pF
1 20pF trimmer
1 8pF2
1 12pF
1 220nF ceramie

C1;C5;C6
C2
C3;C7;C9
C4
C8
C10
C11
C12
C13

900006-1

ating at fifth overtone, i.e., the fundamental
frequency of Xi is 23.2 MHz. Circuit Ls-Cin is
tuned to 116 MHz and serves to suppress
any spurious output signals produced by the
oscillator.

Inductors:
1 0J.lH22axial choke LS
The other inductors are home made; see
text. Required materials:

1-mmdia. silver-plated wire
0.2-mm dia. enamelled copper wire
7K1S inductor assembly (Neosid)

Semlconductllrs:
2 BF981
1 BF494

T1;T2
T3

Misctllaneous:
1 quaftZ crystal116MHz

5th overCone
tin-pt/lltedmetal sheet
printed circuit board

Fig. 5. Cut a small slot in the PCB to en-
able the coffin-type capacitor to be seated.
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Fig. 6. The RF parts used in this project. The coffln-type leadless ceramic capacitor, C2,
is the second device on the left in the top row.



PC-CONTROLLED 
SEMICONDUCTOR TESTER PC-TT 90 

PART 1: INTRODUCTION AND BASIC FEATURES 

This versatile, PCcontrolled, test instrument, designed and 
marketed as a kit by ELV, puts you in a position to view, on your PC 
monitor, the curves that describe the main electrical characteristics 

of transistors, LEDs, zener diodes, triacs and thyristors. These 
curves, like no other test on these devices, provide a definitive 

goodlfaulty indication and in addition can help you decide whether 
or not a discrete semiconductor is sultabie for a particular 

application. 

D ISCRFFE semiconductors, and in par- 
t h h  tr&mrS, form m impottent 

E(rm-t group in loctap's electronics 
, s c e n e . T h e P C - m w a s ~ & $ L V  

- ..- 
p l t e r . T h e ~ ~ o f ~ ~ - ~ d l o n a t h e  
l inesoftheICtesW@tef .~~,ofw&k~ 
numbem haveben bdt. 

hirdar n-pn and M 
t h e t e s t e F i s a l s a ~ B a u s e  

w l t h F E T e , d i o d e s , L m J a , ~ ~ ~  
~ I a d t h ~ . A ~ ~ t o W ~ ~ b  
thanaseeondtocomphandp"1~~e8a 
p l O t t e d ~ t i s ~ o f w , t a t e n  
i idvidualme~.  

The Eomplete dratit cif fhe 8-W is 
buiit~nasinglecaKL,wNEhis~ina 
f r e e s l o t i n t h e P C T h e ~ c o l ~ ~  
thatleavetheeardatfherearaRconnWed 
t o t h e d o v i c e € o b e ~ T h e ~ ~ -  
ticmismadebythreeawd+krl$g. 

The easy-*use mtml sofhvm fa. the 

I nate spW% etc., olrr -G 1 i c a l l y , ~ t b a t t h @ ~ u n d a B o s t ~  
ebdamagedbg-ara9np 
otheraanaer. 

I With transistors, for in&anw,tBe cdlec 
I tarmmnt,~ce(onthe~~)isp~asa 

" shapes and sizes, and with a plethora df dnssesofthyristom and & 
hu\bions. P i i M - d M  tnuwistors m s ) ,  for UnforhmaMIy, it is beyond the scope of 
mStance, now form an irnportanl and widely this artideta discuss thebasic c k m d d s b  



I A I B  1%) 
"R 

909518-11 
Fig. 2. Basic d.c. conditions of a diode. 
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Fig. 3. Voltage-current characteristic of a 
typical small-signal diode. 

of all currently available discrete semicon- 
ductors. Therefore, we will concentrate only 
on the most frequently used types. 

Diodes 
Diodes are devices that pass a current flow- 
ing in one direction without significant 
losses, and block current that flows in the 
reverse direction. As you are probably 
aware, this property allows a diode, in con- 
junction with a reservoircapacitor, toturn an 
alternating voltage into a direct voltage. 

Thediagram in Fig. 2 shows the two basic 
direct-voltage operating conditions of a dio- 
de. The left-hand drawing, Fig. 2% shows the 
diode in its conductive state, i.e., passing a 
forward current. This current causes a for- 
ward voltage drop, UD, across the device. 
Typically, at about one tenth of the maxi- 
mum permissible forward current, Uo lies 
between 0.2 V and 0.4 V with germanium 
diode,  and 0.5 V to 0.8 V with silicon d i e  
des. 

The right-hand part of Fig. 2, marked 'h', 
shows the same diode, connected to a rever- 
se voltage. In the permissible voltage range, 
the reverse, or leakage, current of small-sig- 
nal diodes liesin thepA range with germani- 
um types, and in the nA range with silicon 
types. When the permissible reverse voltage 
is exceeded, the resultant leakage current 
can rise to values of the order of the forward 
current. For most diodes, this leads to de- 
struction of the device. The curve in Fig. 3 
shows the relation between the voltage and 
the current of a typical small-signal diode. 

The PC-TT90 uses only the emitter and 
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PC-CONTROLLED SEMICONDUCTOR TESTER PC-TT 90 • 
the collector lead to test diodes. The yellow 
(base) lead is not used in this case. The diode 
is connected in the conductive direction (red 
clip to the anode, and blue clip to the catho- 
de). Next, the maximum current is set, and 
the measurement started. The computer 
plots the characteristic of the diode, taking 
into account the set maximum forward cur- 
rent. 

Zener diodes 
The sc-called avalanche effect causes the 
reverse current to rise rapidly when the 
maximum reverse voltage is exceeded. This 
property of almost any semiconductor ele- 
mentisexploited inthezenerdiode,with the Fig. 4. Basic d.c. conditions of a zener 
aid of a current limiting resistor.Toavoid ex- diode. .. 
cessive local heating and subsequent de- 
struction of the device, the reverse current is 
distributed equallv on the semiconductor ' ! . . 
crystal. In general, a zener diode is operated 
in its safe electrical area as long as the power 
dissipation caused by the reverse current 
does not exceed the maximum permissible 
'forward' power dissipation. The reverse 
voltage at which the current rises suddenly 
is called the zener voltage, U/. 

Circuit section 'a' in Fig. 4 shows a zener 
diode connected in forward, i.e., conductive, 
direction. The electrical behaviour of a zener 
diode in this configuration is almost identi- 
cal to that of a normal diode. The reverse 
connection, illustrated in the circuit 'h' in 
Fig. 4, is the morecommon for a zener diode. 
When the voltajie applied via series resistor 

I 
I. 5. Voltage-current characteristic of a . . - 

K .  I. i l~lf~ilenllv h ~ g l ~ ,  tlit.7rncr vtdtflgr can zener diode. 
bc measurtd a;ro<. t i i t ~ d ~ ~ ~ d c .  Tlrer\'~~;al ( I -  , . 
us-l characteristic of a zener diode is shown 
in Fig. 5. In the forward direction, zener dio- 
des can be tested just as ordinary diodes, as 
described earlier. 

The zener voltage, Uz, may be determi- 
ned by connecting the zener diode in there- 
versedirection, i.e., just as they arenormally 
used. It should be noted, however, that the 
maximum reverse current may be much 
smaller than the maximum forward current. 

Hence, this setting may have to be changed 
(on the computer) before connecting the z e  
ner diode. As a rule of thumb, the maximum 
permissible reverse current is roughly the 
maximum permissible power dissipation di- 
vided by thezener voltage. After starting the 
measurement cycle, the stabilization curve 
of the zener diode is plotted and displayed 
on the screen. 

The PC-TT90 does not require a resistor 

Fig. 6. Typical transistor characteristic. The graph shows the colllector current, lc, a s  a 
function the collector-emitter voltage, UCE, with the base current, h, a s  a parameter. 
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Flg. 7. Baslc test circults of n-p-n transistors (left) and p-n-p transistors (right). 

to be connected in series with the zener dio- values only with small voltages. 
de. In fact, sucha resistorwould causean un- The basic circuits of the n-p-n and the p- 
wanted off-set in the stabilization curve. n-p transistor are given in Fig. 7. The left- 
Thus, the zener diode to be tested is connec- hand circuit shows an n -pn  transistor in 
ted direct between the red and the blue test common-emitter configuration. Series resis- 
lead. tor R B S ~ I I ~ S  a constant current into the base. 

The resultant collector current. which flows 
Transistors through Rc,is the product of the basecurrent 

and the current gain factor, h ~ ,  of the trans- 
When we s ~ e a k  of a transistor. we usuallv istor. The collector and base current are ad- 
have a bipolar type in mind. In most cases, 
special types such as the FET are referred to 
by their group name, i.e., not by the term 
transistor. 

Transistors are semiconductors with 
three terminals. They are used mainly to 
switch and amplify electrical signals. Silicon 
transistors have now almost completely su- 
perseded germanium types that marked the 
beginning of the semiconductor era. Both si- 
licon and germanium transistors are availa- 
ble in n-p-n and p-n-p versions. 

The outstanding feature of the bipolar 
transistor is its ability to act as a current am- 
plifier. A base current, IB, is internally mul- 
tiplied by the amplification factor, and gives 
rise to a collector current, lc. The current 
gain, h=, is thus defined as the ratio of the 
collector current to the base current (see also 
Ref. 2). 

As an example, Fig. 6 shows the output 
characteristic of a typical small-signal n-p-n 
transistor. Thecollector-emitter voltage, UCE, 
is given on the horizontal axis in the range 
between 0 V and 20 V. The vertical axis indi- 
cates the collector current, Ic. 

The ten curves describe the relation be- 
tween these two voltages, with 10 base cur- 
rents. Is, as parameters. The first curve (Ie = 
10 PA) shows that a collector current of 5 mA 
flows when UCE increases from about 2.5 V 
to 20 V. It is seen that the collector current 
drops rapidly to virtually nought when UCE 
is made smaller than about 1 V. 

The magnitude of the collector current ri- 
ses with the basecurrent. In fact, thecollector 
current appears to settleat a certain multiple 
of the base current. Hence, a constant base 
current causes a collector current that re- 

ded when they leave the transistor via the 
emitter terminal. 

Typical current gain factors of small-sig- 
nal transistors lie in the range between 100 
and 1,000, and those of power transistors he- 
tween 10 and 50. Hence, the base current is 
usually small with respect to the collector 
current, and may be neglected. So, for all 
practical purposes, the collector current 
equals the emitter current. 

The curves in Fig. 6 are obtained by sen- 
ding a constant current into the base of the 
transistor under test, and increasing the col- 
lector-emitter voltage from 0 V to the maxi- 
mum value (here, 20 V) within a certain 
period (here, 100 ms). As the voltage is in- 
creased, the collector current is measured to 
enable the PC to compute the first curve. 
Next, the base current is set to the next hig- 

her value (here, 20 FA), and the process is re- 
peated to produce the second curve. After 
having computed all ten curves, the compu- 
ter plots them in a graph as shown in Figs. 1 
and 6.  One advantage of the useof a compu- 
ter here is that each curve needs to be measu- 
red only once. Hence, the process is 
completed fairly quickly, and thus prevents 
damage to the transistor, which inevitably 
heats upas  a result of its own dissipation. In 
practice, even power transistors do  not need 
a heat-sink when connected to the PC-TT90. 

Field-effect transistors 
A FET is a type of transistor that can be 
driven, virtually without power, via an elec- 
tric field. In this respect, FETs behave very 
much like thermionic valves, and the simi- 
larity of these two component types is fre- 
quently noted in electronics textbooks. 

The category of FETs falls into six basic 
types, whose circuit symbols are brought tw 
gether in Fig. 8. Thegate, G, is the input elec- 
trode that allows the current flour between 
thedrainand thesource to becontrolled. The 
gate voltage, UGS, exists between the gate 
and the source. The input resistanceof a FET 
is typically very high, with values between 
l0"'n and 10"R for junction FETs, and 1 0 " ~  
and l0"O for MOSFETs. 

Analogous to the division into n-p-n and 
p-n-p classes of transistor, FETs come in n- 
channel and p-channel versions. Figure 9 
shows the basic operation of an n-channel 
FET (left-hand circuit) and that of a p-chan- 
nel FET (right-hand drawing). Both types of 
FET conduct at UGS = 0 V, and are therefore 
called depletion devices. 

Thecircuit with then-channel FETshown 
in Fig. 9 is taken as an example here to ex- 
plain the basic operation. A typical example 
of an n-channel depletion FET is the well- 
known BF245. Similar to a bipolar transistor, 
the drain current (the 'FET' equivalent of the 
collector current) is virtually constant for va- 
lues of the drain-source voltage, Urn, b e  
tween 5 V and the maximum value. Since the 
gate forms a very high resistance, it is volt- 

Enhancement 
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mains virtually constant within a fairly large 
range of UCE (roughly between 5 V and 909518 - 17 

20 V). The collector current drops to small Fig. 8. Overview of field-etfect transistors. 
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909518-18 r Fig. 9. Basic d . ~ .  circuits of an nzhannel 

FET (left) and a pchannel FET (right). 

age-driven rather than current-driven like 
the base of a bipolar transistor. Hence, the 
voltage applied to the gate determines the 
drain current. A gate voltage of 0 V causes 
full conduction in a depletion FET. Thedrain 
current mav be reduced by making the gate 
negative with respect to the source, as illus- 
trated by the transfer characteristics in 
Fig. 10. 

P-channel FETs are driven by a positive 
gate voltage. As shown in Fig. 9, the source 
is connected to the positive supply voltage, 
and thedrain is, therefore, negative with res- 
pect to the source. 

MOSFETs are also available as depletion 
types. In general, their extremely high input 
resistance is achieved by a thin isolation lay- 
er of 5 0 2 ,  which separates the gate from the 
drain-source channel. The electrical charac- 
teristicsof depletion MOSFETsare largely si- 
milar to those of normal depletion FETs, 
discussed above. Depletion MOSFETs are tv- 
pically used for high-frequencv and digital 
circuits. 

Enhancement-mode MOSFETs, or en- 
hancement MOSFETs, requirea voltage to be 
applied to the gate before conduction can oc- 
cur, i.e., they are off when U;.s = 0 V. Then- 
channel enhancement MOSFET does not 
draw drain current until Ucx exceeds a cer- 
tain threshold, when the drain is positive 
with respect to the source. This characteristic 
is reversed with p-channel types, i.e., the 
drain must be negative with respect to the 
source, while a negative gate-source voltage 
must be applied for the FET to conduct. 

Itshould benoted that therearealso FETs 
which seem to fall between the depletion 
and enhancement-mode classes. Thesedevi- 
ces are marked by a drain current of about 
half the maximum value when U;.s = 0 V, al- 
lowing the gate voltage to be made positive 
or negative with respect to the source. 

Some MOSFETs have a fourth terminal, 
which is connected to the substrate. In most 
cases, the electrical function of this electrode 
issimilar to that of thegate,althoughit must 
be noted that the substrate connection has 
only one isolation layer between it and the 
drain-source channel. The connection is usu- 
ally indicated by the letter S(for substrate) or 
B (bulk). 

The power MOSFET is a semiconductor 
from theclassof enhancement-modedevices 
that will be discussed in detail below. Like 
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Fig. 10. Current-voltage transfer of a typical n-channel junction FET. 

some types of bipolar transistor, power 
MOSFETs are capable of switching high vol- 
tages at high currents. Their drive charac- 
teristics, however, are fundamentally 
different anrl correspond to those of enhan- 
cement MOSFETs. N-channel pourer MOS- 
FETs are driven by a positive gate voltage, 
when thedrain is positive with respect to the 
source. Depending on the mode of opera- 
tion, tlie gate voltage lies between 0 V and 
20 V. The relevant transfer characteristics are 
shown in Fig. 11. 

The number of n-channel FETs is greater 
than p-channel FETs, the reason being that 
electrons (in an n-channel) have a greater 
mobility than lioles (in a p-channel). This gi- 
ves n-channel FETs a higher gain than p- 
channel FETs. Also, in the case of power 
MOSFETs with an identical chiparea and re- 
verse voltage specification, the 'on' resistan- 
ce of thedrain-sourcechannel in a p-channel 
type is roughly two times that of an n-chan- 
nel type. Furthermore, the p-channel versi- 
ons require a more complex production 
process, which shifts the price-performance 
ratio in favour of the n-channel types. 

Returning to the transistor tester, the test- 
ing of anv FET is started bv selecting the re- 
levant menu option, e.g., 'n-channel 

depletion FET/depletion MOSFET', follo- 
wed by the maximum drain-source current. 
The screen then indicates how the three wi- 
res of tlie tester are to be connected to tlie 
FET (red = drain; blue = source; vellorv = 
gate). All further settings are provided autw 
matically by the PC-TT90, which takes into 
account that FETs are driven with a control 
voltage, not a control current. 

I f  you d o  not know which type of FET 
you are testing, select menu option 7, 'un- 
known FET'. After you have entered the 
maximum permissible drain-source current, 
tlie screen again indicates the connection of 
the test leads to the FET terminals. The pel- 
low lead is connected to the gate. When the 
drain and the source are identified, the red 
wire goes to the drain, and the blue wire to 
the source. The connections of the drain and 
the source are reversed in the case of p-chan- 
nel FETs. If you do not know the n- or p- 
channel classification, or the drain and 
source pinning, simply connect the drain 
and source in either way. The gate, however, 
must be connected correctly at all times. 

When the test cycle is started, the PC- 
IT90 limits the drain current to the smallest 
value of 10 mA, and attempts to find a cohe- 
rent transfer characteristic by varying the 
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Fig. I t .  Current-voltage transfer characteristic of a typical n-channel power MOSFET. 



TEST AND MEASUREMENT 

i i 
Fig. 12. Basic connection of a thyristor. 

Fig. 13. Transistor-based equivalent of a 
thyristor. 

I I 

Fig. 14. Typical voltage-current charac- 
teristic of a thyristor. 

control voltage between +5 V and -5 V. As 
soon as a clear indication is available about 
the operation of the device under test, the 
complete transfer characteristic is computed 
and subsequently displayed on the screen, 
along with the type classification of the FET. 
When this is not successful, the PC prompts 
you to swap the drain and source connec- 
tion, and start a new test. 

The trial-and-error test performed by the 

PP-TT90 allows unknown FET types to be 
tested and classified. After the first test run, 
the complete transfer characteristic is mea- 
sured, up to themaximumdraincurrent spe- 
cified by the user. 

Thyristors 
Figure 12 shows the circuit symbol of a thyr- 
istor. Thyristor is the original name of the 
solid-state equivalent of the thyratron valve, 
but is now more commonly called silicon- 
controlled rectifier (SCR). A version of the 
SCR for switching a.c. is the triac, which is 
discussed further on. 

The anode-cathode (A-K) junction of a 
thyristor is normally blocked, so that series 
resistor Rs does not pass current (see Fig. 12). 
When a positive voltage, LICK, of about 1 V is 
applied to thegate terminal (G), the gate-cat- 
hode junction becomes conductive, and pas- 
ses a current. This gate current is usually 
denoted by the term triggering current, IGT, 
and is not dependent on theanodevoltageor 
the anode currents. When 1r;r exceeds a cer- 
tain value (the trigger threshold) the thyris- 
tor is triggered ('fired'), and the 
anodecathode junction conducts. Current 
will keep flowing through this junction even 
when the gate current is removed. The cur- 
rent is interrupted, however, when it drops 
below a certain level, the holding current, l,,. 

The equivalent circuit of a thyristor. ba- 
sed on transistors, is shown in Fig. 13. In 
principle, a reverse-biased thyristor blocks 
current just as a diode. 

Apart from the maximum reverse volt- 
age, which is usually fairly high and therefo- 
renot achievable with thePC-lT90, the main 
specifications of a thyristor are the IA-UAK 
characteristic (Fig. 14) and the triggering 
current, IGT. 

The red test terminal of the PC-TT90 is 
connected to the anode of the thyristor, the 
yellow lead to the gate, and the blue lead to 
the cathode. The instrument automatically 
and gradually raises UAK to the maximum 
value before going back to nought and in- 
creasing the triggering current by one step. 
When the thyristor triggers, the relevant 
characteristic is computed, and the trigge- 
ring current indicated on the screen. Since 
this current represents the minimum value 
of IGT, the indication should be increased for 
practical purposes to ensure reliable trigge- 
ring under all 'real' working conditions of 
the device. ln most cases,it is best to usea va- 
lue of 2 to 5 times the minimum, as long as 
the maximum permissible triggering current 
is not exceeded. 

Triacs 
A triac consists basically of hvo thyristors 
connected in anti-parallel, sharing a com- 
mon control input. The circuit symbol is 
shown in Fig. 15. 

When n <mall voitagt. 1s appl1t.d bt.tn.rt,n 
thr anode ( 7 )  and the cath<rcir* (-) thc trlac. 
like the thyristor, can be triggered with a po- 
sitivegatecurrent. Afurthersimilarity is that 
the tr~ggering voltage exists between the 

Fig. 15. Circuit symbol and basic connec- 
tions of a triac. 

Fig. 16. Typical transfer characteristic of a 
triac. 

gate and thecathode. Contrary toa thyristor, 
however, a triac can also be triggered with a 
negative gate voltage, both when the anode 
is positive with respect to the cathode, and 
viceversa.Thischaracteristicallowsa thyris- 
tor to be used as a switch for alternating cur- 
rent, controlled by triggering pulses that 
may occur in all four quadrants. 

Most triacs requirea relatively small trig- 
gering current when the anode and the gate 
voltage have the same polarity with respect 
to the cathode. More triggeringcurrent is g e  
nerally needed when the gate voltage is po- 
sitive, and the anode voltage negative. Thus, 
when direct-voltage triggering pulses are 
used with a triac in an alternating voltage 
circuit, the triggering voltage must be nega- 
tive with respect to thecathode toenable the 
triac to be fired with a relatively small cur- 
rent. 

The main characteristics of a triac are its 
transfer characteristic, i.e., the current-volt- 
age response of the anode-cathode channel, 
and the gate current at which the device is 
triggered. Figure 16 shows a typical transfer 
characteristic. 

The red test lead is connected to the ano- 
de, the yellow test lead to the gate, and the 
blue test lead to the cathode of the triac. The 
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PC-TT90 raises the supply voltage slowly 
while increasing the gate current in small 
steps. When the triac triggers, the IA-UAK 
characteristic is measured, and the required 
triggering current indicated. Next, the test 
procedureis repeated with reversed polarity 
of the triggering current. The 1.4-UAK charac- 
teristic is not measured, however, since it 
does not depend on the polarity of the trig- 
gering current. Once the triac is triggered, 
the required (reverse) triggering current is 
measured and indicated. 

The characteristics of a triac may be test- 
ed asexplained with reversed anodeandcat- 
hode polarity also, simply by swapping the 
red and the blue test leads. In all cases, the 
monitor of the PC shows the main charac- 
teristics of the device under test. The main 
electrical properties measured allow you to 
classify the device, if it is an unknown type, 
or, if it is a known type, to check whether it 
is functional or not. 

Working with the PC-TT90 
As already mentioned, the PC-TT90 is 
simple to use because the component tests 
are performed virtually automatically, 
under the control of a computer program. 
Before wecanuse thePC-TT90, however, the 
instrument must be installed on the PC. 

Hardware installation 
The complete instrument is accommodated 
on a single printed-circuit board that is in- 
serted in a free busextension slot in your PC. 
The PC-TT90 may be used in PC-XT as well 
as PC-AT computers, and compatibles. It 
will be clear that an AT-type computer with 
a hard disk has certain advantages here. 

The three test leads, each of a length of 
about 1 m, are fed out of the rear of the K, 
and the small crocodile clips at the ends are 
located such that they areeasilyconnected to 
the devices to be tested. 

Sofhvare installation 
The user software consists of a number of 
files, and is supplied on a 51h-inch, 360- 
KByte diskette. The programs on this disk 
automatically identify the video adapter in 
the PC, and are suitable for Hercules, EGA, 
and VGA systems. 

The control software for the PC-TT90 
may be run under the control of a shell called 
ELV-DOSBATCH. This shell, oruser-interfa- 
ce, offers menus and single-letter commands 
that take you off the W S  level, affording a 
less cumbersome way to work with the PC. 

The software installation is straightfor- 
ward. To begin with, insert the diskette 
supplied with the kit into drive A:. Make A: 
the current drive. If you do not have a hard 
disk,or d o  not want touse it for thePC-lT90, 
fYPe 

DOSBATCH 

followed by a carriage return (CR). The shell 
is loaded, and themain menu appearson the 
screenafter a few seconds. The transistor tes- 
ter is loaded from this menu by typing '1' 

and a CR. The program loads and is ready 
for useafter a few seconds. The screenshows 
a menu bar that allows you to enter certain 
maximum values for the device to be tested. 
These values will be reverted to in the d e  
scription of the test procedure. 

The installation on a hard disk is equally 
simple. Type 

INSTALL <CR> 

from the A: prompt, and answer the ques- 
tions regarding the language and the name 
of the subdirectory on the hard disk. If you 
are satisfied with the defaults offered by the 
installation program, a subdirectov called 
'ELV' is created on the hard disk, and s u b  
sequently used to hold DOSBATCH and all 
other ELV programs. When the installation 
is complete, DOSBATCH appears on the 
screen. As described above, the transistor 
tester is run by typing 'l '  and a carriage re- 
turn. 

Practical use 
The actual use of the program is straightfor- 
ward, and is largely self-explanatory. Fig- 
ure 17 shows the main menu. Items and 
options presented on the screen are selected 
in the usual way by pressing the arrow keys 
and the return key, or, if applicable, by typ- 
ing the selection number. The maximum de- 
vice current (for transistors, 10, 20, 50, 100, 
200,500 or 1000 mA) is selected in this way. 
The lower half of the screen indicates the 
function of the three test leads. For an n-p-n 
transistor, for instance, the leads are con- 
nected as follows: 

blue: emitter 
yellow: base 
red: collector 

In most cases, the red lead is positive with re- 
spect to the blue lead, while the yellow lead 
carries a control voltage, and can he at posi- 
tive or negative potentials depending on the 
reference. 

After connecting the device to be tested, 
start the actual test by pressing the space bar. 
The previously discussed transfer charac- 
teristics are computed and plotted in a co-or- 
dinate system with automatically adapted 
scale factors. In thecaseoftransistors, theap- 
propriate base currents are also set automat- 
ically, depending on the maximum collector 
current. The maximum base current is set at 
107" of the maximum collector current, while 
the maximum collector-emitter voltage is li- 
mited to 20 V. If smaller values are required 
for these parameters, call u p  a submenu by 
pressing the <CR> key instead of the space 
bar. Next, enter the values you require, and 
run the test by pressing the space bar. 

In the case of transistors, the transfer 
characteristic consists of a maximum of 
10 curves. Depending on the electrical beha- 
viour of the transistor under test (m), fe- 
wer curves may appear. For instance, only 
six curves appear when the smallest mea- 
ningful collector current is caused by a base 
current of 1 mA, and the TUT draws its 

A complete kit  of parts for the PC-con- 
trolled semiconductor tester is avail- 
able from the designers' exclusive 
worldwide distributors: 

ELV France 
B.P. 40 
F-57480 Sierck-les-Bains 
FRANCE 

Telephone: +33 82837213 
Facsimile: +33 82838180 

maximum collector current at a base current 
of 6 mA. 

In principle, the following maximum va- 
lues of the base current are available, each 
with a subdivision factor of 10: 

10.20.50.100.200.500 p A 
1, 2, 5, 10, 20, 3, 100 mA. 

this means that thesmallest current range of- 
fen the values 1 pA, 2 pA, 3 pA, and so on, 
up to and including 10 pA. Similarly, the 
next higher range starts at 2 pA, and ends at 
20 pA. 

The plotted characteristic is static, i.e., it 
remains on the screen until the space bar is 
pressed again to run a new test on the same 
or another component. A minimum interval 
of 4 s must he allowed between subsequent 
tests, while care should be taken to avoid 
overheating of power semiconductors. If ne- 
cessary, allow a longer pause, say, 10 S, be- 
tween tests on these devices. 

When another semiconductor type is to 
be tested, or  when different parameters are 
required, press the ESC (escape) key to re- 
turn to the main menu. Finally, on-line help 
is availableand may be called u p  by pressing 
function key F1. To exit the transistor tester 
program, simply press ESC twice. 

Storingmeasured characteristics 
Hard copy of the computed characteristics 
may be obtained on a matrix printer set to 
'Epson' mode. Press the F2 key to use this 
feature. 

The curves and the associated co-ordina- 
te system may also be written to a file. To use 
this option, press F3, enter the file name, fol- 
lowed by a <CR>. Files stored in this way 
may be retrieved Later by pressing F4and en- 
tering the file name. 

I 1 0  base address 
The default 1/0 address setting of the PC- 
TT90 card is 3 0 0 ~ .  If you requirea different 
address, load the program with the com- 
mand 

TRTEST [address] <CR> 

where [address] is a hexadecimal number. 
This address must match that set in hard- 
ware on the card. More information on this 
setting is available in the 'README' dc- 
cumentation file. 2 
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HEADPHONE AMPLIFIER 
W I T H  D IG ITAL  VOLUME C O N T R O L  

from an idea by U. Habschied 4 
It is often socially not acceptable to turn up the volume of your 

amplifier, receiver or television set. In such cases a pair of 
headphones is the perfect medium for listening to your favourite 
record, tape or television programme. Also, headphones have a 
decided advantage over loudspeakers: their qualitylprice ratio is 

at least five times better 

ormally, headphone amplifiers consist N of a s ~ m p l e  purpose-designed output 
stage. The one presented here is rather more 
sophisticated: it is not just a good-quality 
miniature stereo amplifier, but also offers a 
volumecontrol that usesdigital switches. Just 
two push-button switches enable the loud- 
ness to be set in 16 discrete steps. It also has 
two switch-selectable inputs. The design is 
based partly on that of the "All solid-state 
preamplifier" we published just over a year 
ago*. It is therefore particularly suitable for 
use with that unit, but may also be used in 
conjunction with other preamplifiers or in- 
tegrated amplifiers without any problem. It 
may also be constructed in a stand-alone 
box with its own power supply. 

The circuit 
The circuit diagram shows the input selec- 
tors, step attenuators and amplifier stages 
for both stereo channels. The other compo- 
nents serve to control the input stages and 
the step attenuators. 

At the top left are the four input sockets, 
K,-K4. A logic level provided by electronic 
switches [Clh-ICld enables switching be- 
tween the tape and line inputs: a son of tape 
monitor switch as i t  were. 

The switching signal is provided by push- 
button switches S1 and S2 viaan R-S bistable 
(flip-flop). IC2,1C2b. This stage retains the 
last selected position and at the same time 
prevents chaos if S I and S2 were pressed si- 
multaneously. Network RI-Cl  ensures that 
it is always set to position "line" when the 
supply is switched on. 

The input signal is also applied to a po- 
tential divider connected across the inputs 
of a 16-channel multiplexer. The divider for 
the left-hand channel consists of resistors 
RI4-R29, and that for the right-hand chan- 
nel of R38-R53. The junctions of the succes- 
sive resistors are connected to the 16 inputs 
of IC5 (K6).  The common output of the mul- 
tiplexerisconnected to the non-inverting input 
of opamp IC, (IC8). 

Since theFETswitchesonboard the4067 

are in series with the fairly high input resis- 
tance of the opamp, they introduce virtually 
no distortion. 

The logic combination at inputs A-D of 
the multiplexer determines which of its in- 
puts is connected its output (pin 1). 

Theoutput stage consists ofan opamp with 
two separate output transistors, T, and T4 
for the left-hand channel. These transistors 
are driven by the output of IC-, via quies- 
cent-current diodes D]-D2. The quiescent- 
current circuit also contains current sources 
T]-R3? and TZ-Rjj. These sources provide 
sufficient current for the output transistors 
even in high-drive conditions. so that the 
distortion is kept low right up to the maxi- 
mum drive level. 

The output stage is a class A type operat- 
ing withaquiescentcurrentof50mA. Negative 
feedback takes place via R," and R,I. The 
stageusesnocapacitors so that nolossofqual- 
ity is caused by such components. 

The output stage operates from a higher 
supply.kl5 V. toensure agwddynamicrange 
even if fairly insensitive headphones are 

used. This arrangement ensures that an out- 
put voltage of up to 8.5 V r.m.s. is available 
with a distortion of not greater than 0.01%. 
The bandwidth is 400 kHz. 

Any offset compensation for the opamp 
has been omitted purposely. The offset volt- 
age at the output varies hy a couple of mil- 
livolts, which is caused by the relatively 
high bias current of the 5534 that flows 
throughthefeedbackresistors. Compensation 
would, therefore, be largely ineffectual. 

The output of the amplifier is protected 
by two parallel-connected resistors of 120 R 
to give an output resistance of 6 0  R. This 
value has been chosen to ensure that the 
power delivered to the headphones remains 
about the same. irrespectiveofwhetheralow- 
or high-impedance type is used. If it is felt 
that this arrangement does not provide opti- 
mum sound quality. the value of the resis- 
tors may be altered to personal taste. Bear 
in mind, however, that the values depend to 
a large extent on the impedancecharacteris- 
tic of the headphones. 

The control stage for the multiplexers 
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Fig. 1. Circuit diagram of the headphone amplifier. 
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consists of the circuit based on IC3, IC4, and 
(partly) IC2. This section also contains two 
push-button switches, S3 and S4, to provide, 
respectively, an increase or a reduction in 
the volume. Each of the switches operates 
3n oscillator. lC3, and IC3,, respectively. 
Whencithcrofthece witchc\ is kcpt pressed. 
the volume is increased or reduced in pre- 
defined steps (see Table 1). 

The oscillators are followed by an R-S 
bistable (flip-flop), IC3, and 1C3d, that ar- 
ranges for counter IC4 to count up or down 
dependingon whichoftheswitches ispressed. 

The signal generated by IC3, or IC3,, is 
also applied via gates ICz and 1C2d to the 
clock input (pin 5 )  of IC4. Circuit ICId en- 
sures that when the highest or lowest vol- 
ume is reached the counter is disabled. 

The counter may also be preset to a given 
position with the aid of the DIP switches 
contained in S,,. Whenever the amplifier is 
switched on afterwards, the counter auto- 
matically assumes the preset position. The 
position is read via R9 and Ch. Push-button 
switch SS enables the preset position to be 
selected during operation. 

The power supply has been kept simple, 
since normally the present unit will be inte- 
grated into an existing amplifier, which al- 
most certainly has a regulatedf15 V supply 
available. All that is necessary to obtain a 
+8 V and -8 V supply for the circuit other 
than the output stages, therefore, is the ad- 
dition of regulators IC9 and IClo. 

Some practical points 
No printed circuit has been designed for the 
amplifier, but its construction on a proto- 
type board should not present undue diffi- 
culties. 

The electronic input switches cause very 
slight distortion.1ftheswitchingbetweenline 
and tape is not required, it is therefore ad- 
visable to omit ICI and its associated con- 
trol circuitry to reduce the distortion. This 
may alsohe achlevcwl hy uslngTe~&\ ln\numenLc 
Tv1xTI.C4066 LlnCMOS lnnur \u~tches  In- 
siejd of the standard 4066 iypes. Note that 
the TLC4066 ICs require 6 V instead of 8 V 
voltage regulators. 

The values of the resistors in the voltage 
dividers as shown in the circuit diagram re- 
sult in 2.5 dB steps in volume. This gives an 
overall volume range of 40 dB. If steps of 
different magnitude are required, the values 
of the resistors must be altered as shown in 
the examples in Table 1. 

Although the BD139 and BD140 output 
transistorsgetpretty warm duringnormalop- 
eration. they do not need a heat sink. If, nev- 
ertheless, you are worried by their tempera- 
ture, there is, of course, no harm in using a 
heat sink. 

Circuit IC7 may be a Type NE5534 or a 
Type OP37. Of these two, the OP37 is the 
slightly better, but it is also much dearer. W 

* EIektor Electronics, December 1989 and 
January 1990. 
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CENTRAL HEATING CONTROLLER 
PART 2: CONTROL SOFTWARE, CONSTRUCTION AND 

/" PROGRAMMING 

continaedfrom the February 1991 isstre I Codes written to the LCD Instruction register 

/ 

Control software 
Table4 shows how the available RAM mem- 
ory has been allocated in the control system. 
The first 64 bytes are allocated to system 
variables such as the current time, the date, 
etc., and the state of thesystem. 

The largest slice of RAM memory is allo- 
cated to the user program store. This is 
where the instructions you input, e.g., 'heat- 
ing ON Monday at 10.30' is stored. There is 
sufficient storage capacity for up to 255 pro- 
gram steps. 

The final 64 bytes of the RAM memory 
are used for the 280 stack. 

The flowchart shown in Fig. 7 provides 
an overall view of how the program works. 
The first section deals with initializing the 
system fromacold start, i.e., the first time the 
CH controller is powered up. Since the sys- 
tem has a battery backup, the initialization 
would only take place again if the battery 
were removed and the system powered 
down. After initialization, the program en- 
ters the main program loop. 

A separate sectionof the flowchart shows 
the timekeeping interrupt sequence. The 
CPUisdiverted from the main program loop 
to the interrupt subroutine every 20 millisec- 
onds by the 50 Hz synchronizing signal. As 
already noted in part 1 of this article, this sig- 
nal is derived from the mains supply fre- 
quency. After completing the interrupt 
subroutine, the CPU returns to where it left 
off in the main program loop. 

Each box in the flowchart represents at 
least one small subroutine in the timeswitch 
program. Note, however, that the flowchart 
is by no meanscomplete, as thereareover 80 
separate subroutines in the heating control- 
ler program. 

Unfortunately, it is beyond the scope of 
this article to give a full insight into the pro- 
gramming techniques of the 280 micropro- 
cessor. Much has been written on this 
subject, however, and two useful references 
aregiven at the end of this article. Moreover, 
the 280 has been with us for many years 
now, and has been used in many projects 
carried in this magazine. 

To illustrate thebasicsteps in programm- 
ing the present unit, three examples are 
given of subroutines used in the heating con- 
troller program. All subroutines below are 
written in assembler format. 

Table 3 

-P- 

O O O O O O O 1 Ciear d s p a y  and home cu rso r  
C -. 

l 
4 

I - v-.- ....- l ; 1 ; l ; l ; 1 ; ; l ; l ; [ome cursor and return-shtft l 
Entry mode set 

0 m c Display onloff 
0 0 0 1 0 d '  Shift cursor position 
0 0 0 1 1 d '  Shift entire display 

Instruction 1 

0 0 1 Z 1 0 '  

Notes 
Bit has no effect 

a Address in character generator (range 00 to 3F hex) 
Address in display RAM (range 00 to 4F hex) 

b Cursor character flashes (0 = no flash; 1 =flash) 
c Cursor (0 =off: l =on) 
d direction (0 = left; t = right) 
i increase or decrease address (0 = decrease: 1 = increase) 
m Display mode (0 =off :  1 =on) 
S Shift display on entry (0 = no shift; 1 = shift) 
z Set number of data bits (0 = 4 bits; 1 = 8 bits) 

1 

Codes read from the LCD instruction register 

. 

-K%I 1~ , Instruction - -P 

a a a a a a a Reaa busy i a g  and aodress  Lf- - - ~- ~- p ~ l 

Function set (used once to in- 
itialize) 

a 

Notes 
a current address in either character generator or display RAM, depending on 

previously set instruction 
f busy flag (1  =busy: 0 = ready) 

a I a 

Table 4. RAM memory allocation. 

- . ~ ~ - ~ ~ ,  I 1 l 
3000 - 303F 64 

~~p 

Syslenl varab !es  
Pp - 

3040 - 363F 1536 User program store (256 items) - 

3640 - 37BF I 384 1 spare 
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a 

a 

stack (32 items) 37CO - 37FF 

a 

a 

64 

a 

a a 

Set the user defined character 
a R A M a r e a  

Set the display RAM address 



m GENERAL ,,TEREST 

Example 1: zero RAM routine 
This routine is used as part of the initializa- 
tion of the system, to set all 2,048 bytes of 
RAM memory to zero. 

LD HL, #3000 load the HL regis- 
ter pair with the 
first RAM address 
(see Table 1 )  

LD BC, #OS00 load the BC regis- 
ter pair with 2048 
(count value) 

loop: LD A, #O load A register with 
zero 

LD (HL), A load the RAM ad- 
dress pointed to by 
HL with the contents 
of A (zero) 

INC HL increase the HL 
register pair by one 

DEC BC decrease the BC 
register pair 

LD A,B load A register with 
contents of B 

OR C 'OR' the contents of 
A register with C 
and leave result in A 
(i.e., check if both B 
and C are zero) 

JR NZ, loop jump if the result of 
the check is not zero, 
to a point called 
'loop' (i.e., test Zero 
~ l a g )  

RET finish subroutine 
and return 

Example 2: display a character 
This routine is used extensively in the con- 
troller program to display a character pat- 
tern on the LC display. On entry to this 
routine, the A register contains a valid dis- 
play code. 

CALL busy call the 'busy' sub- 
routine (see below) 

LD (#9001),A load the LCD data 
register with con- 
tents of A register 
(see Table 2) 

RET finish subroutine 
and return 

Example 3: the busy subroutine 
This routine checks that the LC display is 
ready to receive an instruction. The program 
will wait until the display module is ready. 

busy: PUSH AF start here with 
saving AF registers 
on the stack 

wait: LD A,(#9002) load 'A' with con- 
tents of LCD in- 
struction register 
(see Tables 2 and 3b) 

BIT 7.A test bit 7 of the A 
register (the busy bit) 

JR NZ, wait jump back to 'wait' 
if bit 7 was not zero 
(i.e., wait until the 
LC display is ready 
for data 

l 
i n t e r~p t  servicing routine is shown separ- 

POP AF restore the AF 
registers 

RET finish subroutine 
and return to the 
character display 
routine 

The mnemonic listing for the timeswitch 
program runs to over 15,000 characters in 
1,400 lines of assembler text. The final object 
code produced by the assembler has just 
over2,900 bytesof ZRO instructions and data. 
is given in Fig. 8. Details on ordering a copy 
of the hexdump listing of the control pro- 
gram are given at the end of this article. 

Construction and adjustment 
Main PCB assembly 
The assembly of the main PCB is fairly 
straightforward. First, fit the 14 wire links as 
shown on the component overlay. It is essen- 
tial that these links are fitted first, and 
checked, because some of them go beneath 
ICs, and it would be difficult to make 
changes later. The components can then be 
fitted on to the PCB, starting with thesmaller 
ones such as the resistors and diodes. IC soc- 
kets should be used for all the integrated cir- 
cuits, but at this stage, do not fit the ICs into 
the sockets. Lengthsof stranded wire should 

ELEKTOR ELECTRONICS MARCH 1991 



CENTRAL HEATING CONTROLLER (2) 

/ MAN CONTROLLER PCB l 
Resistors: 
1 1kR 
4 47kO 
1 27kO 
2 lOkQ 
1 Seetext 
1 22kQ 
2 lkn2 
1 300n 
l 270W 
2 4kn7 
1 47kR preset H 

Semiconductors: 
6 IN4001 
7 IN914 
1 BZY88C9V1 
1 TlLllt 
1 78M05 
1 74HC14 

1 6116 
1 74HC373 
1 4011 
1 7555 
3 BC108 

Capacitors: 
1 10nF ceramic 
1 22OpF 25V raalal 
3 lOOnF ceramic 
1 lnF ceramic 
1 22pF 25V radial 
l 270pF ceramic 

Miscellaneous: 
1 2 MHz quartz crystal X1 
1 250mA 20-mm fuse 
2 fuse clip 
1 40-way IC socket 
1 28-way IC socket 
1 24-way IC socket 
1 20-way lC socket 
2 14-way lC socket 
1 8-way lC socket 
1 case type AB13. (Maplin LF140) 
1 mains transformer 12V @ 250 mA 
2 miniature mains relay (Maplin YX97F) 
1 12-way 2A connection strip 
1 banery (see text) 

'l 
Fig. 8. Author's deslgn of the main controller printed circuit board. 

be soldered to the various connection points 
as shown. 

At this stage it is advisable to do a num- 
ber of preliminary checks. First, carefully 
check the PCB for short-circuits and dry 
joints, as any faults, particularly on the ad- 
dress and data lines of the CPU are difficult 
to hace. and could prove fatal to the CPU. 
Connect u p  the transformer, or an AC bench 
supply, to thecircuit. Check the5 Vand 12V 
supplies. Also check that a 5-V supply is 
present at all the IC sockets. Refer to the cir- 
cuit diagrams to locate the supply terminals. 

Disconnect the power, then insert IC1, 

IC3, IC8 and IC9 into their respectivesockets. 
Reconnect the power and check for the fol- 
lowing pulses using either a logic probe or 
an oscilloscope. 
- Pin h of ICI socket: a 2-MHz clock pulse; 
- Pin 17 of IC4 socket: 50 Hz very short 

duration pulses. 

The next step is to disconnect the AC power 
supply and connect instead a 9-V DC supply 
to the points 3 and 4 on the main PCB (+Ve 
to point 3). Next, check the presence of 50 H' 
very short duration pulses to pin 17 of the 
socket for IC4. 

Display PCB assembly 
Fit all the components, except the LEDs, to 
the display PCB as shown in Fig. 9. Start 
with the resistors, diodes and transistors. 
Next, fit the key switches, complete with the 
caps, ensuring the correct orientation. The 
pins of the switches should be pushed 
through the PCB only far enough to enable 
them to be soldered. You may find it easier 
to solder only two diagonally opposite pins 
at first.Once theswitch alignment issatisfac- 
t o y ,  the remaining pins may be soldered. 

Mount the LCD display unit to the PCB 
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PROGRAMMING THE HEATING CONTROL UNIT 
The controi unit is orwrammed bv wav of the six controi kevs. Each 
key has a numbe; of-dlfferent finctiins, dependent on t;e &nu 
shown on the display module. The basic key functions are as follows: 

Arrow keys 
These keys are used to step through the various options shown on 
the display module. When sening the time, the keys increase or 
decrease the displayed time, one count at a time. if a key is held 
pressed for more than two oeoonds, the displayed time is rapidly 
advanced or retarded until the kev is released. 

ENTER key 
The 'enter' key i i  used to 

DELETE key 
This key is used to cancel a selection 

HEATINQIHOT WATER key 
These keys are used to manually change the status of the heatina and . - 
hot water outp~ts. 

I -- 
When bower is first connect- u, u* control unit, it performs various 
self checks. If these chedo are satlsfactorv, the dispiav shows a 

I continuously scrolling copyright message. It 1s only at this point in the 
program that entry can be made to the calibrate mode by pressing the 
HEATING kev. I ~ s s ~ m i n g  that calibrat!on of the sy8Mm has been completed success. 
f-lly as described earlier fin the text, there should be no further need 
to enter the calibrate mode. 
If any key other than the HEATINQ key Is pressed when the copyright 
message is showing, the display will show the current time. Initially. 
this time is set to 00:OO Monday 1st January 1990. 
It is probably a good idea at this stage to fit the standby battery. This 
wiil preserve the time, and any programs you may enter, if the power 
is accidentally disconnecteA 

Setting the time and date 
To set the system time al., ,,... ... st press the TIME SET (down 
arrow) key to enter the time sening mode. The display will change to 
the hours and minute indication, with the hours shown between two 
arrow symbols. These arrows Indicate the part of the display which is 
being edited at the moment, I.e.. the hours. Press either of the arrow 
keys to change the hours display to the current time. Note that holding 
the arrow key pressed for more than two seconds will cause the 
disoiav to advance raoidlv. I ~nen ' the  correct ho$s ind~cat~on 1s shown on the d splay, press tne 
ENTER 6ey. Th.s will conflrm the hours setting. and move the no~cat- 

I ing arrows on the dispiay to the minutes Indication. Set the minutes 
to the correct time, again using the ARROW keys. Press the ENTER I kev. 
carry on settng the DAY. MONTH and YEAR in the same way, using 
tne arrow keys to se,ecl the choice, and tne ENTER key to conllrm 
tne choice. After the YEAR has beenset, and the ENTER kev pressed. 

1 the display will revert tothe normal time dis~lav. Note that it k'wssible 

requtrethesw~tching to take place svery Week at the same time, select 
'repeal'. Selecting 'once only' will caLse the program to cancel tselt 
automatical~y aner execution. The f'nal Dress no of the ENTER Kev 
will return the display to the normal time display mode. A switching 
operation has now been programmed. 

Dlsplaylng the swltchlng programs 
To dlspiay the swltchlng programs, press the DISPLAY PROGRAM 
(ENTER) key loenter the d1sp.a~ program mode Tne dfsp ay wtll then 
showpartolthet rst program stored Uslng tnearrow keys. tneaisplay 
can be scrolled lett or r~ght to read the varfoLs parameters of the 
program To select the next program, press the ENTER kev Once the 
last program has been displayed, the indication will revert to the 
normal time display. 

Deletlng a program 
To delete a program, first dlsplay it as explained above. Press the 
CANCEL key. The display wiil then show 'ENT to Delete'. Press the 
ENTER key todelete the program, or press the CANCEL key again to 
revert to the program display mode. 

Uslng manual override 
A lac'fiity exists to manually switch the system on or off with the aid of 
the HEATING and HOT WATER kevs. Each oress of a kev channas ., - - =-- 
the status of the approprtate outp~t 'n  the sebLence shown below A 
-ED 8ndcatlon IS given of the cJrrent state of the outputs 

Assuming the output Is off: LED not lit 
Press ahoverride key: the output selected changes to on; 

LED flashes. 

In this state the output will be turned off automatically when the next 
programmed 'off' time Is reached. 

Assuming the output is on: LED flashing. 
Press an override key: the output selected changes to 

'permanent on'; LED is on. 

In thls state the output will ignore any programs, and remain perma- 
nently on. 

Assuming that the output is 
permanently on: LED on. 

Press an override key: the output selected changes to off; 
LED not lit. 

In thls state the output wili respond to programmed controls as normal. 

Svstem inhlblt 
~ i u r f h e r  facllityexists tosuspendail switching operationsfora period 
of time. This facility could be useful for instance, when on holiday or 
during the summer when the system is not required to operate. 
Although programs in the system are still retained, they are Ignored 
untilthe inhibit iscancelled. A LEDindIcation isgiven when thesystem 
is inhibited. 
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to set a "on-existent date, i.e.. 30th of ~ebruary. The system wiil 
automatically correct this at midnight, however, making the next day 
the first of March. 

Displaying the recond. 
To change the display mode from the normal time and date display to 
hours, minutes and seconds, press the DISPLAY SECONDS (up 
arrow) key. To synchronize the seconds, press the ENTER key. The 
seconds count wiil be zeroed to the nearest minute. To return to the 
normal display mode, again press the DISPLAY SECONDS key. 

Programming a awltchlng operation 
From the normai display time mode, press the PROGRAM SET (can- 
cel) key to enter the program mode. The display will show 'Set a 
program'. Press the ENTER key to select this option. The display will 
then change to show either 'C heating' or 'Hot Water'. Use either of 
the arrow keys to select the option you wish to program. Again use 
the ENTER key to confirm yourchoice. Next, set the 'switch on' time. 
and the 'switch off' time, confirming your choice with the ENTER key. 
Then, again using the arrow keys, select the day@) when switching 
is to take place. The choice is between any single day, every day, 
weekdays (i.e.. Monday to Friday) or weekend (i.e.. Saturday and 
Sunday). Again confirm your choice with the ENTER key. 
Finally, the dispiay will show either 'once only' or 'repeat'. I f  you 

To inhibit the system, press the PROGRAM SET (cancel) key. The 
display will show 'Set a Program'. Use either of the arrow keys to 
change the display to 'set Inhibit'. Press the ENTER key. The inhibit 
LED will light and the display will revert to the normal time dlsplay. 
To cancel the inhibit, press the PROGRAM SET (cancel) key. The 
display wili show 'set a program'. Use either of the arrow keys 10 
change the indication to 'inhibit Cancel'. Press the ENTER key. The 
inhibit is now cancelled. Thedisplay returns tothe normal time dlsplay 
and all the programmed switching operations are re-enabled. 

System errors 
The only error possible is 'Memory Full' which will occur if you attemp1 
to insert more than 255 programs In the system. 
If this erroroccurs, the dispiay will continue to show the error until the 
ENTER key is pressed. The dispiay will then revert to the normal time 
indication mode. 

Power failure 
if  a mains power failure occurs, the control unit is no longer able to 
control the heating system. However by using the standby battery, the 
current time and all the stored programs are preserved in the memory. 
Once the power is restored, the control unit will restore the correct 
status to the control outputs, and control of the central heating system 
will resume. 



CENTRAL HEATING CONTROLLER (2)  m 

l 
Fig. 9. Author's design of the display printed circuit board. 

2 ALUMINIUM STRIP 2mm 
APROX. 2Omm WIDE 

3 CONNECTION STRIP 
4 CASE (LOWER HALF) 

Fig. 10. Internal construction of the central heating controller. 
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1 DISPLAY PCB l 
Resistors: 
3 22m 
4 lkR2 
1 l 0 m  preset H 

Semiconductan: 
6 IN914 
3 BC108 
2 yellow LED 5 mm 
1 red LED 5 mm 
1 green LED 5 mm 

Miscellaneous: 
1 EA-D16015AR LCD module (Epson UK: 

STC part no. 0296628) 
6 click-effect push-button S20-S25 
4 black key cap (Mapl~n FFBBV) 
2 white key cap (Maplin FF49C) 
4 LED clip 5 mm 

with four small nuts and holts, using 14-in 
spacers between the module and the PCB. 
Connect the LCD module to the PCB with 
the aid of short lengths of tinned copper 
wire. Note that the LCD module is a CM05 
device, and precautions should he taken to 
prevent damage caused by static electricity. 
Before handling the LCD module, discharge 
yourself to an earth point, and use an ear- 
thed soldering iron bit. Once the display is 
wired to the PCB, treat the whole PCB with 
the same care. 

Finally, wire thedisplay PCB to the main 
PCB with stranded wire as shown in Fig. 11. 
Then check the wiring and soldering very 
carefully. 

Testing and adjustment 
At this stage in theassembly, further testing 
is advisable. In order to d o  this, the remain- 
ing ICs should he inserted into their respec- 
tive sockets on the main PCB. 

Connect u p  the power, and check the 
LCD module for the display message: 

-(C) 1990 .... 
If the display remains blank, or shows blank 
squares,adjust theconhast with Pznuntil the 
displayed message isclear. The usual setting 
for P20 is close to the minimum. Should, 
however, thedisplay showrandompatterns, 
or remain totally blank, regardless of the 
contrast adjustment, switch off and check 
both PCBs for short circuits, dry joints, etc. 
The data and address lines are particularly 
suspect at this point. 

Standby timing adjustment 
If all is well so far, the standby timing circuit 
may be adjusted. The heating control system 
software helps you at this point by providing 
a calibration routine. 

Connect a 9-V supply to points 3 and 4 on 
the main PCB (+Ve to point 3). Ensure that 
the copyright message is scrolling across the 
display. Next, press the HEATING switch, 
SWz4. The the display will change to 



• GENERAL INTERESl 

Strip 

ommoi,, 

-?? • % . see D ! % % I ~ - ~  a== 

@ S- @ c 
Fig. 11. Interconnection diagram for the two printed-circuit boards. 

Wire ~iumbe) [ Use 
~ - 

1 2  V A C  suppiy l7 Data D5 1 
l 18 Data D1 1 I 

Calibrate- 000 
Adjust preset P13 until the digits show as 
near as possible a constant zero. The arrows 
next to the number indicate if an increase or 
decrease in resistance is required. Allow the 
circuit to settle for a few seconds between 
each adjustment. 

Once you are satisfied with the adjust- 
ment of PI$ disconnect the power. The cali- 
bration of the timing circuit isnow complete. 

3 - 
- 
L - 

6 
7 

Standby batterycircuit 
A suitable standby battery should be se- 
lected for the control unit. The type selected 
must be able to supply 50 mA whilst main- 
taining at least 7 V. Theauthor used an8.4 V 
PP3 style nickel-cadmium battery (Maplin 
HW31J). which gave a standby capacity of 
2 hours. 

In order to find the correct value of resis- 
tor Rh for the type of battery chosen, connect 
a 10 kfl preset or potentiometer and an am- 
meter in place of Rh on the circuit board. 
Connect the power and adjust the preset 
until the recommended trickle charge cur- 
rent flows. Replace the preset with a stand- 
ard resistor of approximately the set value. 

Final assembly 

Battery + 
Battery - 

Relay1 
Hot water control 

The box suggested for the project is a low- 
cost aluminium type (size approx. 150 X 100 
X 50 mm) from Maplin (order code LF14Q). 
The top of the box should be removed and 
cut as shown in Fig. 13. The base of the box 
should also be driled to mount the main 
PCB and the transformer. Check the assem- 
bly of all parts of the box, then disassemble it 
before painting. The author used four or five 
coats of white cellulose spray paint of the 
type used to touch u p  cars. Allow the paint 
to dry for at least 24 hours before applying 
the 'Letraset' panel markings as shown. En- 
sure the letters are well rubbed down, then 

19 1 Data D4 

20 
21 
22 
23 

Data D2 
Data D3 
Ground 
- 
KEY (kev enable1 

Relay 2 
Heating control 

apply two coats of clear cellulose lacquer as 
used on 'metallic paint'cars. Allow theselast 
two coats to dry for a further 24 hours. 

Complete the inter-PCB wiring as shown 
in Fig. 11. Fit the transformer and the main 
PCB in the case, and secure them with small 
nuts and bolts as shown. It is recommended 
to use V-inch spacers to support the PCB. 
The mains cable should enter the case 
through a small hole in the rear panel,and be 
fitted with a rubber grommet. 

A length of 2-mm thick aluminium ship 
should be bent as shown in Fig. 10. Mount 
this just above the main circuit board to s u p  
port a 12-way stripof connectors. 

Next, fit the four LED clips to the top 
panel, and push the LEDs into place, ensur- 
ing that the leadsalign with the relevant PCB 
holes. Do not, however, fit the securing col- 
lars. Glue a thin piece of perspex sheet to the 
inside of the panel to form a protective win- 

10 

- 

24 1 E (display enable) 

26 1 LED21 
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25 

12 
13 
14 
15 
16 

LED20 

11 

quired, so that thedisplay module is pressed 

Address A1 

Data D7 
Address A0 
Data D6 
Data DO 

- - 
+5V supply 27 

dow for t h e ~ ~  display. 
Position the PCB behind the top panel, 

feeding the LED leads through the appropri- 
ate holes in the PCB at the same time. Secure 
the PCB with the aid of four small nuts and 
bolts with the appropriate spacers as re- 

28 +12V supply 
LED27 

-- 
29 
30 
31 

32 

Ma~ns (Live) 
Ma~ns (neutral) 
Mains (earth) 



CENTRAL HEATING CONTROLLER (2)  m 

Fig. 12. Construction details of the front panel. 

against the prspex window. Finally, solder 
the four LEDs into position, to complete the 
assembly. 

Typical central heating 
system 
A typical central heating svstem is shown in 
Fig. 13. Individual control of the hot water 
and heating system is only possible if a suit- 
able motorized valve is fitted in the system. 
Where such a valve is not fitted however, it 
is still possible to use the heating controller 
described here. The separate hot water con- 
trol function is then ignored. 

References: 
The following reference material has been 
used in the preparation of this project: 

1. Data sheets: Epson EA-D LCD modules 
(Epson UK Ltd., 081 902 8892); 280 CPU 
(Maplin Electronics, 0702 552911). 
2. ZRO programming: Mnclli~re lanrgira,~e pro- 

Hot 

Radlalorr 

~ l l l l ~ ~ l ~ l ~ ~ l ~ ~ l l ~ l l ~  

- Plumbing 

-- --- Elsctrical Wiring 

Boiler 

91m22-11.ZZ 

Fig. 13. Typical central heating system. 

xrammi~x mnde simple for !/olrr Sbrclnir (Mel- 
bourne House Publishers). 

Note: 
photocopies of the control program hex- 
dump listing may be obtained free of charge 
from our London office. 
Readers in the UK should send a self-ad- 
dressed, stamped envelope. Overseas 
readers should send a self-addressed en- 
velope and two International Reply Cou- 
pons (IRCs), which may be obtained from 
the post office. 

0 Power on 

0 Inhibit 

0 Heating 
Disp Time Disp P ~ o g  
sec set prog set 

910022-11-20 

Fig. 14. Suggested front panel design (see also the introductory photograph in part 1). 
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COMPONENTS LIST

Capacitors:
1 1OnFceramic
1 220J.lF25V radial
3 1OOnFceramic
1 1nF ceramic
1 22J.lF25V radial
1 270pF ceramic

MAIN CONTROLLER PCB

Reslstors:
1 lkn
4 47kn
1 27kn
2 lOkn
1 see text
1 22kO
2 lkn2
1 3000
1 270kn
2 4kn7
1 47kn preset H

Semiconductors:
6 lN400l
7 lN914
1 BZY88C9Vl
1 TIL1l1
1 78M05
1 74HC14
1 Z84COOA
1 27C64
1 6116
1 74HC373
1 4011
1 7555
3 BC108

Rl
R2;R5;R8;Rl1
R3
R4;R14
R6
R7
R9;R12
RiO
R13
R15;R16
P13

01-04;012;013
05;07-011 ;014
06
ICl
IC2
IC3
IC4
IC5
IC6
IC7
IC8
IC9
Tl;T2;T3

Cl
C2
C3;C7;C8
C4
C5
C6

Miscellaneous:
1 2 MHz quartz crystal Xl
1 250mA 20-mm fuse Fl
2 fuse clip
1 40-way IC socket
1 28-way IC socket
1 24-way IC socket
1 20-way IC socket
2 l4-way IC socket
1 8-way IC socket
1 casetypeAB13, (MaplinLF14Q)
1 mains transformer 12V@ 250 mA
2 miniature mains relay (Maplin YX97F)
1 12-way 2A connection strip
1 battery (see text)

be soldered to the various connection points
as shown.
At this stage it is advisable to do a num-

ber of preliminary checks. First, carefully
check the PCB for short-circuits and dry
joints, as any faults, particularly on the ad-
dress and data lines of the CPU are difficult
to trace, and could prove fatal to the CPU.
Connect up the transformer, or an AC bench
supply, to the circuit. Check the 5 V and 12V
supplies. Also check that a 5-V supply is
present at all the IC sockets. Refer to the cir-
cuit diagrams to locate the supply terminals.
Disconnect the power, then insert ICI,
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CENTRAL HEATING CONTROLLER (2)

Fig. 8. Author's design of the main controller printed circuit board.

IC3, ICs and IC9into their respective sockets.
Reconnect the power and check for the fol-
lowing pulses using either a logic probe or
an oscilloscope.
- Pin 6 of IC4 socket: a 2-MHz dock pulse;
- Pin 17of IC4 socket: 50 Hz very short
duration pulses.

Display PCB assembly
Fit all the components, except the LEDs, to
the display PCB as shown in Fig. 9. Start
with the resistors, diodes and transistors.
Next, fit the key switches, complete with the
caps, ensuring the correct orientation. The
pins of the switches should be pushed
through the PCB only far enough to enable
them to be soldered. You may find it easier
to solder only two diagonally opposite pins
at first. Once the switch alignment is satisfac-
tory, the remaining pins may be soldered.
Mount the LCD display unit to the PCB

The next step is to disconnect the AC power
supply and connect instead a 9-V DC supply
to the points 3 and 4 on the main PCB (+Ve
to point 3). Next, check the presence of 50 Hz
very short duration pulses to pin 17 of the
socket for IC4.



,-

Fig. 9. Author's design of the display printed circuit board.

1 MAIN PCB
2 ALUMINIUM STRIP 2mm
APROX. 20mm WIDE

J CONNECTION STRIP
4 CASE (LOWER HALF)

4

Fig. 10. Internal construction of the central heating controller.
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CENTRAL HEAT1NG CONTROLLER (2)

COMPONENTS LIST

OISPLAYPCB

Reslstors:
3 22kll
4 1k.Q2
1 10kll preset H

R20;R21;R22
R23-R26
P20

Semiconductors:
6 1N914
3 BC108
2 yellow LEO 5 mm
1 red LEO5 mm
1 green LEO 5 mm

020-025
T20;T21;T22
020;021
022
023

Miscellaneous:
1 EA-016015AR LCOmodule (Epson UK:

STC part no, 029662B)
6 click-effect push-button S20-S25
4 black key cap (Maplin FF88V)
2 white key cap (Maplin FF49C)
4 LEOclip5mm

with four small nuts and bolts, using Vs-in
spacers between the module and the PCB,
Connect the LCD module to the PCB with
the aid of short lengths of tinned copper
wire. Note that the LCD module is a CMOS
device, and precautions should be taken to
prevent damage caused by static electricity.
Before handling the LCD module, discharge
yourself to an earth point, and use an ear-
thed soldering iron bit. Once the display is
wired to the PCB, treat the whole PCB with
the same care.
Finally. wire the display PCB to the main

PCB with stranded wire as shown in Fig. 11.
Then check the wiring and soldering very
carefully.

Testing end edjustment
At this stage in the assembly, further testing
is advisable. In order to do this, the remain-
ing ICs should be inserted into their respec-
tive sockets on the main PCB. .
Connect up the power, and check the

LCD module for the display message:
- (C) 1990 ....

If the display remains blank, or shows blank
squares, adjust the contrast with P20until the
displayed message is dear. The usual setting
for P20 is dose to the minimum. Should,
however, the display show random patterns,
or remain totally blank, regardless of the
contrast adjustment, switch off and check
both PCBs for short circuits, dry joints, ete.
The data and address lines are particularly
suspect at this point.

Standby timing adjustment
If all is weil so far, the standby timing circuit
may be adjusted. The heating control system
software hel ps you at this point by providing
a calibration routine.
Connect a 9-V supply to points 3 and 4 on

the main PCB (+Ve to point 3). Ensure that
the copyright message is scrolling across the
display. Next, press the HEArING switch,
SW24.The the display will change to



RADAR DETECTOR 
Radar signals are used in nautical navigation systems for vessel 
positioning and distance readings where visibility is restricted. 

Unfortunately, radar equipment is pretty expensive, so that many 
owners of small yachts have to make do without an 'electronic eye'. 
With the aid of the detector presented here these ship owners can, 

however, implement a basic warning and positioning system by 
making use of radar signals from other ships. 

M.R. E b b t l l q  

R ADAR installations make it possible to 
survey large areas with the aid of elec- 

tromagnetic waves. Not surprisingly, most 
radar equipment is produced for the avio- 
nics, military and nautical industries. Sincea 
radar system includesa transmitter, its activ- 
ity can always be detected. Most radars emit 
a pulsating RFsignalat a frequency between 
2 GHz and 12 GHz, and receive their own 
signals, which are reflected by objects within 
the covered area. The relative strength and 
thedelay of thereflectionsaremeasured and 
used to determine the distance and the size 
of the object. This system allows the area 
around the radar installation to be mapped 
and surveyed. 

For non-professional applications, such 
as pleasure craft, radar is often too expens- 
ive. Consequently, most pleasure craft can 
not sail when there is heavy rain or fog. 

The radar detector presented here is a 
low-cost way of using the radar signals of 
professional craft to prevent collisions, and 
provide a basic way of ship positioning 
where visibility is restricted. A LED indica- 
tor starts to flash, and an audible warning is 
given, when a radar system is detected with- 
in the receive range of the detector. To the 
navigator, these signals are a sign that an- 
other ship is approaching. The detector isdi- 
rectional, that is, it can be aimed at the radar 
source for an approximate distance and po- 
sition reading. 

Frequency bands 
Since the peak pulse power emitted by a 
radar transmitter is of the order of kilowatts, 
a relatively simple receiver can be used to 
detect the pulsating RF signals. Parts of the 
frequency bands listed in Table 1 have been 
reserved for radar systems. It should be 
noted that certain frequencies may be shared 
with other services, such as radio and TV 
microwave links, satellites, mobile services 
and radio amateurs. The primary or second- 
ary serviccs in a particular band are deter- 
mined at a local (often national) level by the 
relevant telq.ommunication authorities. For 
example, although radio amateurs are 

Fig. 1. Prototype of the radar detector, seen from the solder side of the PCB. 

allowed to use certain sections of the 23 cm 
and 24 cm bands (L-band), they are forced to 
share them, on a secondary basis, with 
powerful radar transmitters used for auto- 
matic aircraft identification systems in- 
stalled near military airports. Since the radio 
amateur service has a secondary status in 
these sections of the band, the interference 
caused by such radar stations has to be put 
up  with. 

Radar systems for nautical applications 
usually work in the X band or the S band. 
More precisely, in the X band the section 
from 8.5 GHz to 10.68 GHz is assigned to 
radar, while in the S band hvo sections are 
used: 2.3 GHz to 2.5 GHz, and 2.7 GHz to 
3.7 GHz. 

Although designed to detect X band sig- 
nals, the present circuit will also work withS 
band radar systems, so that it is suitable for 
all conventional nautical radars. 

Theeffective rangeof a nautical radar d e  
pends on the transmit power and the height 
of the antenna. Table 2 lists the most import- 
ant characteristics of currently used radar 
systems. Jtshould benoted that thetransmit 
powers are peak pulse values, not continu- 
ous levels. The radar transmitter is pulsed to 
enable distances to be measured (when the 
transmitter is off, the receiver is on to detect 
the reflected signal). The transmitter pulse 
rate determines the maximum distance that 
can be measured. The longer the pulse spac- 
ing, the longer the signal will have to travel 
to causea reflection that can bemeasured r e  
liably. Because of the pulsating operation, 
the continuous power rating of most radars 
is only a fraction of the peak pulse power. 

In practice, the range of a radar system 
depends on a number of factors, including 
the transmit power, the directivity of the an- 
tenna, the propagation characteristics of the 
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RADAR DETECTOR m 

I I 
Fig. 2. Circuit diagram of the radar detector. 

band used, and atmospheric conditions. The much longer because of capacitor CS. The A further opamp, ICld, is used to convert 
frequencies used for radar are so high that output of theopamp goes low when a radar the short pulses into a signal with a fixed 
thepropagationofthesignalsislargely simi- signal is received. Components R9 and D4 pulse length of 1 ms. The output of  this 
lar to that of light. This means that a micro- limit the output signal of lClc to a value of monostable multivibrator is applied to two 
wave radar can not, in principle, see objects 3.3 V. sub-circuits. Opamp lClb amplifies the pul- 

Circuit description 
The circuit diagram of the radar detector is 
given in Fig. 2. Although the circuit is de- 
signed to receive very high frequencies, it is 
relatively simple. The only RF parts in the 
circuit are a detector diode Type IN23 and a 
rudimentary type of antenna which is con- 
structed with the aid of the diode fitting. To 
achieve maximum sensitivity, a small for- 
ward current is sent through the 1N23. This 
current is supplied by transistor TI. The 
diode current rises considerably when an RF 
pulse is received on the antenna. The resul- 
tant current pulse causes TI to conduct har- 
der and supply a voltage pulse at its 
collector. In this way, the pulsating SHF 
radar signal is converted into a pulse train 
that can be processed by low-frequency cir- 
cuitry. The pulse rate and duration depend 
on the radar system received by thedetector. 
In general, the pulse rate will lie between 
400 Hz and 4 kHz. 

The largechanges in the collector current 
of TI cause the voltage at the +input of 
opamp 1C1c to drop considerably. The volt- 
age at the inverting input remains stable 

over the horizon. In practice, however, dif- 

Band designation 

fraction, scattering and partial reflection in 
someatmosphericlayersgivea radar system 
a range that extends just over the horizon. 

VHF 
UHF 
L 
S 

b 
~ ~ b i ~  1 

Nominal frequency range 

30 - 300 MHz 
300 - 1000 MHz 

1 -2GHz  
2 - 4 G H z  

4 - 8 G H z  
8-12GHz 
12-18GHz 
18-  27GHz 
27 - 40 GHz 
40 - 75 GHz 

75-  110GHz 

l l 0  - 300 GHz 

Specific radiolocation 
(radar) b a n d s  

(ITU Assignments  
for Region 2) 

138 - 144 MHz 
420 - 450 MHz 

1,215 - 1.400 MHz 
2,300 - 2.500 MHz 
2,700 - 3,700 MHz 
5,250 - 5.925 MHz 

8.5 - 10.68 GHz 
13.4 - 14.0 GHz 

24.05 - 24.25 GHz 
33.4 - 36.0 GHz 

59 - 64 GHz 
76 - 81 GHz 

92 - 100 GHz 
126- 142 GHz 
144 - 149 GHz 
231 - 235 GHz 
238 - 248 GHz 
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• RADIO AND TELEVISION 

I Table 2 

Antenna height 
(metres) 

Vessel  type  Beamwidth )wer Range 
(degrees )  <W) (naut. miles 

river transport 1.5O 4 5 2.5 
yacht 3" 4 3 1.5 
trawler 2" 6 10 3 
coaster 1.5" 8 10 5 
containerlbulk vessel 1" 3 0  50 8 
(X-band) 
containeribulk vessel 3 O  30 50 3 
(S-band) 

charged via Rla and D7 as long as the output RF decoupling of the power supply. 

Fig. 1 .  

- R 
ses supplied by ICld, and drives a sniall The supply voltage of tlie detection diode is kets as s p x e  itcnis). It ~lioulii hc notcd that 
loudspeaker. The output signal of lcld is reduced toabout RV by Dzand Rzl, witlica- there exist a number of equivalent or near- 
also fed to a single-phase rectifier that con- pacitors C n  and C3 providingadditional fil- equivalent types of the 1N23, all of which 
sists of R I ~ ,  Ri5, Cin and D7. Capacitor Clo is tering, and C4 and C6 ensuring the required can be expected to work in the circuit. One 

near equivalent, the DC1504 from NEC, is 
of lCld supplies positive pulses. The capaci- shown in the photograph of the prototype, 
tor can only he discharged via R15. Since R15 
has a much higher value than R14, C? can not Construction Theantenna of the radar detector consists 
be discharged completely until the pulse As shown in the photograph of the proto- of a 15-mm dia. plate soldered to the anode 
train from ICld has ceased. When C2 is kept type, the detection diode is mounted cen- connector as shown in Fig. 2. A short piece of 
charged, the inverting input of ICla is at a trally at the track side of a round wire connects the antenna to Cl-R2 on the 
higher voltage than the non-inverting input. printed-circuit board. The crucial part in the printed-circuit board. Altliougli a purpose- 
Consequently, the LED in optocoupler IC2 circuit, the 1N23, is a point-contact diode designed PCB is shown in Figs. 2 and 3, the 
lights, and causes an oscillator based on the with an extremely low stray inductance. The circuit sliould also work without problems 
transistor in ICz to operate. The generated device, which is probably familiar to thoseof when constructed on a piece of veroboard or 
AF signal is fed to the loudspeaker via resis- you who have 'microwave' experience, has a stripboard. 
tor RI;. At the same time, LED DIO lights. white ceramic body and gold-plated termi- The completed circuit board and tlie at- 

Switch S1 allows the loudspeaker to pro- nals. Since the device is easily damaged by tached detector diodemust he fitted in a met- 
duce either the detected pulses or the con- overheating. it must never be soldered. AI- al enclosure with a small hole drilled in the 
tinuous warning signal. The same switch is ways secure the diode with the appropriate front cover. The hole is drilled at a position 
also used to switch the detector on and off. fixing sockets, which can be salvaged from facing the antenna fixed to tlie detector 

The battery voltage is filtered with theaid surplus SHF military equipment such as the diode. The hole gives the radar detector a di- 
of R20 and CII. Diode Ds limits the circuit famous APX-6 transponder (a visit to an rectivity ofabout 25". 
supply voltage to about 13 V and prevents electronics surplus shop will probably se- Depending on the mode selected with S], 
the circuit being damaged bv overvoltage. cure the IN23 and the associated fixing soc- the loudspeaker produces either the rattle of 

the received radar, or an intermittent alarm 
sound with pausesof about 1.5 S. As already 
noted, tlie frequency of the received radar 
pulses depends on the system used. In prac- 
tice, you can expect almost any frequency b e  
hveen 400 Hz and 4 kHz. The sound is 
probably produced as short hursts because 
radar antenna rotates. Usually, the antenna 
has a speed of 22 rotationsper minute, which 
results is bursts with a repeat rate of 3 sec- 
onds. You can tell tlie presence of more than 
one ship equipped with radar when the d r  
tector produces bursts with a repeat rate 
shorter than 3 seconds. To determine the ap- 
proximate position of a radar source, hold 
the detector in your hand and slowly turn it 
horizontally, sweeping the horizon. ¤ 

Fig. 3. Component side view of the radar detector PCB. A six-way terminal block is used 
to connect the supply, switch S l ,  the LED and the loudspeaker. 
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