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MINI Z80 SYSTEM

Call it what you like: an all-time favourite, an evergreen in computer
land, or just a die-hard electronic component: the Z80 8-bit
microprocessor enjoys tremendous popularity because it is
inexpensive, widely available and easy to program. Furthermore, a
massive amount of software and paperware is available for this
powerful CPU. Here, we present a no-frills miniature computer
system based on the Z80 CPU, with I/O and ROM. No RAM, no,
because that is not strictly necessary for small applications if your
programming is up to scratch (but we have a RAM extension up our

ROBABLY the most remarkable feature

of the present computer board is the ab-
sence of RAM (random access memory).
This is unusual, but in many cases the inter-
nal registers of the Z80 can function as RAM
equally well. Omitting a RAM IC then allows
us to cut down on components (cost), and
save board space.

The block diagram of the Z80 system is
shown in Fig. 1. Remarkably, the arrange-
ment of the functions corresponds closely to
that of the associated ICs on the circuit
board. In fact, Fig. 1 shows the classic setup
of a microprocessor system. The Z80 CPU
(central processing unit) uses I/O-mapped
input-output operations, which means that
the CPU works with different addresses for
the memory and the I/O blocks. The present
system has four I/O addresses, although
two further blocks of four addresses may be
selected via the two 1/0 ports.

The I/O ports available in the system are
compatible with the universal I/O interface
for IBM PCs (Ref. 1), which allows the exten-
sions originally developed for this to be con-
nected without problems (for instance, the

sleeve).

by A. Rigby

relay card discussed in Ref. 2).

From the block diagram it may appear
that the memory address decoder is a super-
fluous luxury: there is only one EPROM, and

that could have been connected direct to the
CPU without a decoder. The decoder, how-
ever, divides the memory range into four
blocks of 16 Kbyte each, and so allows RAM
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Fig. 1.

Block diagram of the Z80 microprocessor system. Note the absence of RAM.
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to be added (more about this next month), or
more EPROMs. Moreover, the memory ad-
dress decoder is formed by the remaining
two 1-of-4 decoders contained in the IC used
for the I/O address decoder. This means that
although it may not be used in many cases,
the memory decoder does not require addi-
tional hardware anyway.

Circuit description

The circuit diagram shown in Fig. 2 closely
resembles the block diagram. Only two ICs

have been added: a voltage regulator and a
hex inverter. Three inverters in the latter IC
(ICs), are used to implement the 2-MHz
clock oscillator. The unused control inputs of
the Z80 (IC1) are held at +5 V via a pull-up
resistor array. The reset input of the CPU is
connected to an R-C network and a switch to
ground (S1) that allows the system to be
reset. The control, address and data lines of
the Z80 are connected to the I/O and mem-
ory sections in the usual way.

Address decoder IC7a divides the 64-
KByte memory range into four sections of

MINI Z80 SYSTEM
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Fig. 2. Circuit diagram of the mini Z80 system.
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COMPONENTS LIST

Resistors:
1 7-way SIL array 100kQ R1
1 330kQ R2
2 2kQ2 R3;R4
2 8-way SIL array 100kQ R5;R6
Capacitors:
1 1uF 16V radial Cc1
2 68pF C2,C3
1 1uF solid MKT c4
1 100uF 25V radial Cs
6 100nF C6-C11
Semiconductors:
1 Z80CPU IC1
1 2764 or 27128 IC2
2 74HCT574 IC3;IC4
2 74HCT245 IC5;IC6
1 74HCT139 IC7
1 74HCTO04 iIC8
1 7805 IC9
Miscellaneous:
2 10-way box header K1;K2
2 20-way box header K3;K4
2 6-way box header K5;K6
1 push-button S1
1 quanz crystal 2.00MHz X1
1 Enclosure 150x80x55mm,

e.g. Bopla E440VL
1 printed circuit board 910060

16 kByte, so that so-called mirror areas are
avoided. Only if an 8-KByte EPROM is used,
its contents are duplicated in the upper half
of the 16-KByte area reserved for it. The
EPROM on the mini Z80 card is located in
the range that starts at address 0000, where
the CPU starts after a reset. The other signals
supplied by the MEM address decoder, and
the write signal (WR), are available on the
PCB for use by external circuits, such as a
RAM or EPROM extension.

[/O address decoder IC7b makes use of
address lines A0 and A1 only. This means
that the I/O addresses do have ‘mirror loca-
tions’: the same IC is selected every four ad-
dresses. Since the read and write lines are not
used in the I/O address decoder, you must
take care not to write to input devices, or
read from output devices, on penalty of de-
stroying the CPU. Note, however, that ad-
dresses 0 and 1, at which the two 8-bit
outputs, IC3 and IC4, reside, can be read
without problems.

The next two addresses, 2 and 3, are occu-
pied by two bidirectional ports, IC5 and ICé,
and must be used more carefully. These
ports can be set to function as an input, an
output, or a bidirectional device with the aid
of jumpers. When IC5 or ICé are used as
input devices, a write operation to them may
damage the CPU or the addressed IC, since
in that case two outputs are interconnected,
which results in a virtual short-circuit. When
used as output devices, a read operation to
IC5 or ICé is not harmful. In bidirectional
mode, the CPU is protected reasonably well
against output conflicts, and it then depends
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Fig. 4. Undoubtedly the most flexible way of developing software for the Z80 board is by
means of an EPROM emulator and a PC running a Z80 assembler.

outputl: equ
output2: equ
inputl: equ
input2: equ

org

begin: 1d
out
out

loop: in
cpl
out
in
cpl
out
jr

Be careful,

R e O R

STMPLE TEST PROGRAM FOR MINIZ80 BOARD

B

C ICS and IC6 jumpers set for input only

WN =0

00h

a,0
(outputl).,.a
(output?),a
a,(inputl)

(outputl),a
a,(input2)

(output2),a
loop

a write can be destructive

R

;address for K1
;address for K2
;address for K3
;address for K4

iprogram start address

ivinitialize outputs

iread input from K3
sinvert each bit
youtput to Ki

;read input from K4
,invert each bit
;joutput to K2

yloop to check inputs

910060-13

Fig. 5. A simple test program that presents input data in inverted form at the output.



on thelevel supplied by the circuit connected
to connector K3 or K4 whether or not a dan-
gerous situation can arise from reading
from, or writing to, ICs or ICs. In addition to
the eight datalines, connectors K3 and K4
therefore also carry the RD and WR signals,
which indicate read and write operations re-
spectively, and so enable an external circuit
to disable its inputs or outputs accordingly.
There are more signals on K3 and K4: one en-
able signal, and two address lines, A2 and
A3. These allow the Z80 card to work with
extensions originally developed for the
universal I/O interface for PCs.

The enable signal on the extension con-
nectors indicates that the I/O lines are ad-
dressed, so that the circuit connected can
start reading or writing data. Address lines
A2 and A3 give us access to a total of eight
external addresses: four each via each exten-
sion connector, as shown in Table 1.

To prevent the output ports being left in
an undesired state after switching on the sys-
tem, the outputs of IC3 and IC4 are briefly
switched to high impedance with the aid of
network R2-C4, whose R-C constant is about
three times greater than that of the CPU reset
network. Provided the relevant instructions
are placed right at the start of the program
(i.e., from 0000 onwards), network R2-C4 af-
fords sufficient time for the CPU to initialize
the outputs properly and prevent output-to-
output conflicts.

The system is completed by a voltage
regulator, IC9. This allows a mains adaptor
with an output rating of 9 V to 15 V d.c. at
300 mA to be used, which is a safe as well as
inexpensive way of powering the computer.

Construction

The design of the double-sided through-
plated board used for building the Z80 sys-
tem is shown in Fig. 3. This board is available
ready-made through our Readers Services.

Construction is straightforward work,
and merits no further discussion. Applica-
tion circuits can be connected to the Z80
board either via short lengths of flatcable, or
direct via the connectors. In the latter case,
the Z80 card is best fitted on top of the appli-
cation circuit. This ensures that the EPROM
socket remains accessible for a new EPROM,
an EPROM emulator, or a RAM extension.
As shown in one of the photographs, such an
assembly is obtained by fitting sockets to the
underside of the Z80 card (see Fig. 8).

The fixing holes in the PCB are located
such that the completed board is easily fitted

COMPUTERS AND MICROPROCESSORS
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Fig. 6. Z80 register overview.

LA AR RS2 R A R R R R R R R R R R R T et

SIMPLE TEST PROGRAM FOR MINIZ80 BOARD

LA A AR S R S RS R R R AR R R RS R

IC5 and IC6 jumpers set for input only

LA AR R R R R R R RS R R R R R R R s e RS R ]

: USING MACRO’'S

outputl: equ 0
output2: equ 1
input1l: equ 2
input2: equ 3

;address for Ki
;address for K2
;address for K3
saddress for K4

:II..-'“.‘Q...‘I".I..'.'l‘...‘IIII‘.'...II...‘..'I'-II.

H MACRO DEFINITION

;I.'.I'I.I..'I.I.'...‘..ll'ﬂﬂ‘ BB

init_to_zero:
.MACRO
14 a,o0

out (outputl),a
out (output2),a

.MACEND

A_to_output:
.MACRO output

cpl
out (output),a
.MACEND

input_to_A:
.MACRO input
in a,(input)

iload initial value
iset output to zero
iset output to zero

idefine variable: output
iinvert each bit
joutput contents of A

ijdefine variable: input
iread input into A

LA AR S R RS R RS AR AR R R R R R R Rl R ]

FEEEBERABEAEEEAABEREABEREAERAAEAAAAAAEAEA AL AAEAREBERAAERAAAAARRERR "

.MACEND
MAIN PROGRAM

org Oh
begin: init_to_zero
loop: input_to_A inputi

A_to_output outputl
input_to_A input2
A_to_output output2

jr loop

iprogram start address

;initialize outputs

iloop to check inputs
910060-15

Fig. 7. Because of the absence of RAM, subroutines are best replaced by macros during
the assembly phase.
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IM 2 sinterrupt mode .

POP IX ;get data from stack
POP IY  ;getdata from stack
POP qq iget data from stack
PUSH IX ;put data onto stack
PUSH 1Y ;put data onto stack
PUSH qq  :putdata onto stack
RET ;return from subroutine
RETI ;return from interrupt
RETN ;return from non-

;maskable interrupt
qq = AF, BC, DE or HL

cc = condition to execute instruction
nn = address

into the enclosure mentioned in the parts list.
Where the board is used as a controller for
one application only (as discussed above),
the sections with the fixing holes in them
may be cut off to reduce the board size even
further.

Writing programs

As already mentioned, a massive amount of
literature exists on programming the Z80. In
addition, assemblers and cross-assemblers
for the Z80 are widely available. Lacking
these, you may still program the Z80 purely

MINI Z80 SYSTEM

Fig. 8. Z80 board fitted 'piggy back’ on to a prototype of the RC5-code infra-red receiver

described elsewhere in this issue.

by hand, i.e., by writing a machine code pro-
gram, looking up the opcodes, and loading
them into an EPROM. A far more flexible
way of developing software is afforded by
an EPROM emulator (Fig. 4), which goes
round the problem of having to erase and re-
program an EPROM every time a change is
required (and debugging, as you probably
know, almost invariably involves a lot of
changes).

For now, you probably want to know if
the card works. Well, that can be found out
quite easily with the aid of the test program
listed in Fig. 5. Set the two jumpers on the
board to input before running the program
(from EPROM). The program turns the Z80
card essentially into an input data operator.
As you can see, this can be achieved without
RAM, since the (many) registers of the Z80
can be used for the ‘scratch’ functions. Fig-
ure 6 shows a register overview of the Z80.

The absence of RAM means that a num-

ber of Z80 instructions can not be used.
These instructions, listed in Table 2, are es-
sentially those related to stack operations. As
you can see, it is not possible to call interrupt
and subroutines if you do not have RAM.
Fortunately, this need notresultin ‘spaghetti
software’, because most assemblers support
the use of macros. Macros are small pieces of
machine code that are used frequently in a
program, and which need to be written in
source code only once. In most cases, it is
possible to use variables in macros, for in-
stance, to indicate the register or address the
macro is to make use of. An example of a
piece of source code containing macros is
given in Fig. 7. &

References:

1. “Universal 1/0 interface for IBM PCs".
Elektor Electronics May 1991.

2. “Relay card for universal I/0 interface".
Elektor Electronics November 1991.
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Fig. 3. Track layouts (mirror images) and component mounting plan of the PCB for the mini Z80 system.



NE602 PRIMER

HE Signetics (Philips Components)

NE602/SA602 is a monolithic integrated
circuit containing a double balanced mixer
(DBM), an oscillator, and an internal voltage
regulator in a single eight-pin package
(Fig. 1). The DBM operates to 500 MHz,
while the internal oscillator works to
200 MHz. The primary uses of the
NE602/SA602 are in HF and VHF receivers,
frequency converters and frequency transla-
tors. The device can also be used as a signal
generator in many popular inductor-capaci-
tor (L-C) based variable frequency oscillator
(VFO), piezoelectric crystal (XTAL), or
swept-frequency, configurations. In this ar-
ticle we will explore the various configura-
tions for the d.c. power supply, the RF input,
the local oscillator and the output circuits.
We will also examine certain applications of
the device.

Versions

The NE602 version of the device operates
over a temperature range of 0 to +70 °C,
while the SA602 operates over the extended
temperature range of —40 to +85 °C. The
most common form of the device is probably
the NE602N, which is an eight-pin mini-DIP
package. Eight-lead SO Surface mount (D-
suffix) packages are also available. In this ar-
ticle the NE602N is featured, although the
circuits also work with the other packages
and configurations, including the improved
follow-up types NE602AN and NE602AD
which are now available.

Because the NE602 contains both a mixer
and a local oscillator, it can operate as a radio
receiver ‘front-end’ circuit. It provides very
good noise and third-order intermodulation
performance. The noise figure is typically
5 dB at a frequency of 45 MHz. The NE602
has a third-order intercept point of about —
15 dBm referenced to a matched input, al-
though it is recommended that a maximum
signal level of —25 dBm (approx. 3.16 mW)
be observed. This signal level corresponds to
about 12.6 mV into a 50-Q load, or 68 mV
into the 1,500-Q input impedance of the
NE602. The NE602 is capable of providing
0.2-uV sensitivity in receiver circuits without
external RF amplification. One criticism of
the NE602 is that it appears to sacrifice some
dynamic range for high sensitivity —a prob-
lem said to be solved in the A-series (e.g.,
NE602AN).

Frequency
conversion/translation

The process of frequency conversion is

by Joseph J. Carr

910155 - 11

Fig. 1. Block diagram of the NE602 show-
ing pinouts.

called heterodyning. When two signals at
different frequencies (f; and f;) are mixed in
a non-linear circuit, a collection of different
frequencies will appear at the output of the
circuit. These are characterized as f,, f> and
nfi tmfa, where n and m are integers. In most
practical situations, 7 and m are 1, so the total
output spectrum will consist at least of f1, f>,
fi +fand fi—f>. Of course, if the two input cir-

cuits contain harmonics, additional products
are found in the output. In superheterodyne
radio receivers, either the sum or difference
frequency is selected as the intermediate fre-
quency (IF). In order to make the frequency
conversion possible, a circuit needs a local
oscillator (LO) and a mixer circuit (both of
which are provided in the NE602).

The local oscillator consists of a VHF n-p-
n transistor with the base connected to pin 6
of the NE602, and the emitter to pin 7; the
collector of the oscillator transistor is not
available on an external pin. There is also an
internal buffer amplifier which connects the
oscillator transistor to the DBM circuit. Any
of the standard oscillator circuit configura-
tions can be used with the internal oscillator,
provided that access to the collector terminal
is not required. Thus, Colpitts, Clapp, Har-
tley, Butler and other oscillator circuits can
be used with the NE602 device, while the
Pierce and Miller oscillator circuits can not.

The double balanced mixer (DBM) circuit
is shown in Fig. 2; it consists of a pair of
cross-connected differential amplifiers (T1-
T2 with T5 as a current source; similarly
T3/T4 with Te working as a current source).

2 @V+

Power Line
0sC L® 0sC 2 |2
BASE OSCILLATOR EMITTER
-
b3
5 j’E,) OUTA
7]
A J
§ —@) outs
T T2 T3 T4
INA @\ﬁ INB
5 T6
GROUND
910155 - 12

Fig. 2.

Partial internal schematic showing the Gilbert Transconductance Cell.
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NE602 PRIMER
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© 91015513

Fig. 3.

+18 V supplies; d) 3-terminal IC voltage regulator for supplies from +8 to +28 V.

This configuration is called a Gilbert Trans-
conductance Cell. The cross-coupled collec-
tors form a push-pull output (pins 4 and 5) in
which each output pin is connected to the V+
power supply terminal through 1,500-Q re-
sistors. The inputis also push-pull, and simi-
larly is cross-coupled between the two
halves of the cell. The local oscillator signal is
injected into each cell-half at the base of one
of the transistors.

Because the mixer is double-balanced, it
has a key attribute that makes it ideal for use
as a frequency converter or receiver front-
end: suppression of the LO and RF input sig-
nals in the outputs. In the NE602 chip, the
output signals are fi+f2, and fi-f2. Although
some harmonic products appear, many are
also suppressed because of the DBM action.

DC power supply
connections

The V+ power supply terminal of the NE602
is pin 8, and the ground connection is pin 3;
both must be used for the d.c. power connec-
tions. The d.c. power supply range is to be
+4.5Vto+8 Vd.c, witha current drain rang-
ing from 2.4 to 2.8 mA.

It is highly recommended that the V+
power supply terminal (pin 8) be bypassed
to ground with a capacitor of 10 nF to 100 nF.
The capacitor should be mounted as close to
the body of the NE602 as is practical; short
leads are required in radio frequency (RF)
circuits.

Figure 3a shows the recommended
power supply configuration for situations
where the supply voltage is +4.5 to +8 V. For
best results, the supply voltage should be
regulated. Otherwise, the local oscillator fre-
quency may not be stable, which leads to
problems. A series resistor (100 to 180 Q) is
placed between the V+ power supply rail
and the V+ terminal on the NE602. If the
power supply voltage is raised to +9 V, in-
crease the value of the series resistance an
order of magnitude to 1,000 to 1,500 Q
(Fig. 3b).

If the d.c. power supply voltage is either
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unstable, or above +9 V, it is highly recom-
mended that a means of voltage regulation
be provided. In Fig. 3c a zener diode is used
to regulate the NE602 V+ voltage to 6.8 V,
even though the supply voltage ranges from
+9 V to +18 V (a situation found in automo-
tive applications). An alternative voltage
regulator circuit is shown in Fig. 3d. This cir-
cuit uses a three-terminal voltage regulator
to provide V+ voltage to the NE602. Because
the NE602 is a very low current drain device,
the lower power versions of the regulators
(e.g., 78Lxx) can be used. The low-power
versions also permit the NE602 to have its
own regulated power supply, even though
the rest of the radio receiver uses a common
d.c. power supply. Input voltages of +9 V to
more than +28 V, depending on the regula-
tor device selected, can be used for this pur-
pose. The version of Fig. 3d uses a 78L09 to
provide +9 V to the NE602, although the
78L05 and 78L06 can also be used to good ef-
fect.

NE&602 input circuits

The RF input port of the NE602 uses pins 1
and 2 to form a balanced input. As is often
the case in differential amplifier RF mixers,
the RF input signals are applied to the base
terminals of the two current sources (T5 and
Té in Fig. 2). The input impedance of the
NE602 is 1,500 Q shunted by 3 pF at lower
frequencies, but drops to about 1,000 Q in
the VHF region.

Several different RF input configurations
are shown in Fig. 4; both single-ended (un-
balanced) and differential (balanced) input
circuits can be used with the NE602. In
Fig. 4a a capacitively coupled, untuned, un-
balanced input scheme is shown. The signal
is applied to pin 1 (although pin 2 could
have been used instead) through a capacitor,
C1, that has a low impedance at the opera-
ting frequency. The signal level should be
less than -25 dBm, or about 68 mV into
1,500 Q (180 mVpp). Whichever input is
used, the alternative input is unused, and
should be bypassed to ground through a
low-value capacitor (1 nF to 100 nF depend-

DC power supply configurations for the NE602: a) for supplies +4.5<V<+8 V; b) for +9-V supplies; c) zener diode regulator for +9 to

ing on frequency).

A wideband transformer-coupled RF
input circuit is shown in Fig. 4b. In this con-
figuration, a wideband RF transformer is
connected such that the secondary is applied
across pins 1 and 2 of the NE602, with the
primary of the transformer connected to the
signal source or aerial. The turns ratio of the
transformer can be used to raise the source
impedance to 1,500 Q (the NE602 input im-
pedance). Either conventional or toroidal
transformers can be used for Tr1. As in the
previous circuit, one input is bypassed to
ground through a low reactance capacitor.

Tuned RF input circuits are shown in
Figs. 4¢, 4d, 4e and 5. Each of these circuits
performs two functions: a) it selects the
desired RF frequency while rejecting others,
and b) it matches the 1.5-kQ input imped-
ance of the NE602 to the source or aerial sys-
tem impedance (e.g., 50 Q). The circuit
shown in Fig. 4c uses an inductor (L1) and
capacitor (C1) tuned to the input frequency,
as do the other circuits, but the impedance
matching function is done by tapping the in-
ductor; a d.c. blocking capacitor is used be-
tween the aerial connection and the coil. A
third capacitor, C3, is used to bypass one of
the inputs (pin 2) to ground.

Another version of the circuit is shown in
Fig. 4d. It is similar in concept to the pre-
vious one, but uses a tapped capacitor volt-
age divider (C2-C3) for the impedance
matching function. Resonance with the in-
ductor is established by the combination of
C1, the main tuning capacitor, in parallel
with the series combination of C2 and C3:

Ctune=C1+(C2C3) /(C2+C3) [1]

The previous two circuits are designed for
use when the source or aerial system imped-
ance is smaller than 1.5 kQ (the input imped-
ance of the NE602). The circuit of Fig. 4e can
be used in all three situations: input imped-
ance lower than, higher than, or equal to, the
NE602 input impedance, depending on the
ratio of the number of turns in the primary
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Fig. 4. NE602 input circuit configurations:
a) direct, untuned input (Vin<180 mVpp); b)
broadbanded RF transformer couples signal
and transform aerial impedance to 1500 ©; c)
tuned input uses a tap on the inductor for
impedance matching; d) tuned input uses a
tapped capacitor voltage divider for imped-
ance matching; e) tuned transformer input
that uses a grounded frame variable capaci-
tor.

winding (L2) to the number of turns in the
secondary winding (L1). The situation
shown schematically in Fig. 4e is for the case
where the source impedance is smaller than
the input impedance of the NE602.

The secondary of the RF transformer (L1)

resonates with a capacitance made up of C1
(main tuning), C2 (trimmer tuning or band-
spread), and a fixed capacitor, C3. An ad-
vantage of this circuit is that the frame of the
main tuning capacitor is grounded. This fea-
ture is an advantage because most tuning ca-
pacitors are designed for grounded frame
operation, so construction is easier. In addi-
tion, most of the variable frequency oscilla-
tor circuits (discussed shortly) used with the
NE602 also have a grounded frame capaci-
tor. The input circuit of Fig. 4e can therefore
use a single dual-section capacitor for single
knob tuning of both RF input and local oscil-
lator.

Figure 5 shows a tuned input circuit that
relies, at least in part, on a voltage variable
capacitance (varactor or varicap) diode for
the tuning function. The total tuning capacit-
ance that resonates transformer secondary
L2 is the parallel combination of C1 (trim-
mer), C2 (a fixed capacitor), and the junction
capacitance of varactor diode D1. The value
of capacitor C3 is normally chosen large com-
pared with the diode capacitance so that it
will have little effect on the total capacitance
of the series combination C3/Cp1. In other
cases, however, the capacitance of C3 is
chosen close to the capacitance of the diode
so it becomes part of the resonant circuit ca-
pacitance.

A varactor diode is tuned by varying the
reverse bias voltage applied to it. Tuning
voltage Vi is set by a voltage divider consist-
ing of R1, R2 and R3. The main tuning poten-
tiometer (R1) can be a single-turn model, but
for best resolution of the tuning control use a
multiturn potentiometer. The fine tuning
potentiometer can be a panel mounted
model for use as a bandspread control, or a
trimmer model for use as a fine adjustment
of the tuning circuit (a function also shared
by trimmer capacitor C1).

The voltage used for the tuning circuit
(Va) must be well regulated, or the tuning
will shift with variations of the voltage.
Some designers use a separate three-termi-
nal IC regulator for V5, but that is not strictly
necessary. A more common solution is to use
a single low-power 9-V three-terminal IC
voltage regulator for both the NE602 and the
tuning network. However, it will only work
when the diode needs no more than +9 V for
correct tuning of the desired frequency
range. Unfortunately, many varactor diodes
require a voltage range of about +1 V to
+37 V to cover the entire range of available
capacitance.

When oscillator circuits are discussed, we
will also see a version of the Fig. 5 circuit that
is tuned by a sawtooth waveform (for swept-
frequency operation) or a digital-to-anal-
ogue converter (for computer-controlled
frequency selection).

NE602 output circuits

The NE602 output circuit consists of the
cross-coupled collectors of the two halves of
the Gilbert transconductance cell (Fig. 2),
and are available on pins 4 and 5. In general,
it makes no difference which of these pins is
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Fig. 5. Voltage-tuned RF input circuit.
used for the output — in single-ended out-
put configurations only one terminal is used,
and the other one is ignored. Each output ter-
minal is connected internally to the NE602 to
V+ through separate 1.5-kQ resistors.

Figure 6a shows the wideband, high im-
pedance (1.5-k2) output configuration.
Either pin 4 or 5 (or both) can be used. A ca-
pacitor is used to provide d.c. blocking. This
capacitor should have a low reactance at the
frequency of operation, so values between
1 nF and 100 nF are generally selected.

Transformer output coupling is shown in
Fig. 6b. In this circuit, the primary of a trans-
former is connected between pins 4 and 5 of
the NE602. For frequency converter or trans-
lator applications, the transformer could be a
broadband RF transformer wound on either
a conventional slug-tuned form or a toroid
form. For direct conversion autodyne re-
ceivers the transformer would be an audio
transformer. The standard 1:1 transformers
used for audio coupling can be used. These
transformers are sometimes marked with
impedance ratio rather than turns ratio (e.g.
600 Q:600 Q, or 1.5k€2:1.5kQ).

Frequency converters and translators are
the same thing, except that the ‘converter’
terminology generally refers to a stage in a
superhet receiver, while ‘translator’ is more
generic. For these circuits, the broadband
transformer will work, but it is probably bet-
ter to use a tuned RF/IF transformer for the
output of the NE602. The resonant circuit
will reject all but the desired frequency pro-
duct; e.g., the sum or difference (IF) fre-
quency. Figure 6¢ shows a common form of
resonant output circuit for the NE602. The
tuned primary of the transformer is con-
nected across pins 4 and 5 of the NE602,
while a secondary winding (which could be
tuned or untuned) is used to couple the sig-
nal to the following stages.

A single-ended RF tuned transformer
output network for the NE602 is shown in
Fig. 6d. In this coupling scheme, the output
terminal of the IC is coupled to the V+ sup-
ply rail through a tuned transformer. Per-
haps a better solution to the single-ended
problem is the circuit of Fig. 6e. In this cir-
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Fig. 6. Output circuit configurations: a) direct capacitor coupled output (untuned); b) broadband transformer coupled output; c) tuned
transformer output; d) tuned transformer to V+; e) grounded tuned transformer output; f) tapped capacitor tuned output (VHF circuits); g)

low-pass filter output; h) filter output.

cuit, the transformer primary is tapped for a
low impedance, and the tap is connected to
the NE602 output terminal through a d.c.
blocking capacitor. These transformers are
easily available as either 455 KHz or
10.7 MHz versions, and may also be made
relatively easily.

Still another single-ended tuned output
circuit is shown in Fig. 6f. In this circuit, one
of the outputs is grounded for RF frequen-
cies through a capacitor. Tuning is a function
of the inductance of L1 and the combined
series capacitance of Ci, C2 and C3. By tap-
ping the capacitance of the resonant circuit,
at the junction of C2-C3, it is possible to
match a lower impedance (e.g., 50 Q) to the
1.5-kQ output impedance of the NE602.

The single-ended output network of
Fig. bg uses a low-pass filter as the frequency
selective element. This type of circuit can be
used for applications such as a heterodyne
signal generator in which the local oscillator
frequency of the NE602 is heterodyned with
the signal from another source applied to the
RF input pins of the IC. The difference fre-
quency is selected at the output when the
low-pass filter is designed such that its cut-
off frequency is between the sum and dif-
ference frequencies.

In Fig. 6h an IF filter is used to select the
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desired output frequency. These filters are
available in a variety of different frequencies
and configurations, including the Collins
mechanical filters that were once used exten-
sively in high-grade communications re-
ceivers (260 kHz, 455 kHz and 500 kHz
centre frequencies). Current high-grade
communications receivers typically use crys-
tal IF filters centred on 8.83 MHz, 9 MHz,
10.7 MHz or 455 KHz (with bandwidths of
100 Hz to 30 kHz). Even broadcast radio re-
ceivers can be found using IF filters. Such fil-
ters are made of piezoceramic material, and
are usually centred on either 260 or
262.5 kHz (AM auto radios), 455 or 460 kHz
(other AM radios) or 10.7 MHz (FM radios).
The lower frequency versions are typically
made with 4-, 6- or 12-kHz bandwidths,
while the 10.7-MHz versions have band-
widths of 150 to 300 kHz (200 kHz being
most common).

In the circuit of Fig. 6h it is assumed that
the low-cost (typically US$ 3) ceramic AM or
FM filters are used (for other types, com-
patible resistances or capacitances are
needed to make the filter work properly).
The input side of the filter (FL1) in Fig. 6h is
connected to the NE602 through a 470-Q re-
sistor and an optional d.c. blocking capacitor
(C1). The output of the filter is terminated

into a 3.9-kQ resistor. The difference IF fre-
quency resulting from the conversion pro-
cess appears at this point.

One of the delights of the NE602 chip is
that it contains an internal oscillator circuit
that is already coupled to the internal double
balanced mixer. The base and emitter con-
nections to the oscillator transistor inside the
NE602 are available through pins 6 and 7, re-
spectively. The internal oscillator can be
operated at frequencies up to 200 MHz. The
internal mixer works to 500 MHz. If higher
oscillator frequencies are needed, use an ex-
ternal local oscillator. An external signal can
be coupled to the NE602 through pin 6, but
must be limited to no more than about -13.8
dBm, or 250 mV across 1,500 €.

NE&602 local oscillator
circuits

There are two general methods for control-
ling the frequency of a local oscillator circuit:
inductor-capacitor (LC) resonant circuits or
piezoelectric crystal resonators. We will con-
sider both forms, but first the crystal oscilla-
tors.

Figure 7a shows the basic Colpitts crystal
oscillator. It will operate with fundamental
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mode crystals on frequencies up to about
20 MHz. The feedback network consists of a
capacitor voltage divider (C1-C2). The values
of these capacitors are critical, and may be
caluculated from:

C1=100/VF [2]
C2=1000/F [3]

Where the capacitor values are in pF and the
frequency in MHz. The values resulting
from these equations are approximate, but
work well under circumstances where exter-
nal stray capacitance does not dominate the
total. However, the practical truth is that ca-
pacitors come in standard values and these
may not be exactly the values required by
Egs. [2] and [3].

When the capacitor values are correct, the
oscillation will be consistent. If you pull the
crystal out, and then reinsert it, the oscilla-
tion will restart immediately. Also, if the
power is turned off and then back on again,
the oscillator will always restart. If the capa-
citor values are incorrect, the oscillator will
either fail to run at all, or will operate inter-
mittently. Generally, an increase in the capa-
citances will suffice to make operation
consistent.

A problem with the circuit of Fig. 7a is
that the crystal frequency is not controllable.
The actual operating frequency of any crys-
tal depends, in part, on the circuit capacit-
ance seen by the crystal. The calibrated
frequency is typically valid when the load
capacitance is 20 pF or 32 pF, but this can be
specified to the crystal manufacturer at the
time of ordering. In Fig. 7b a variable capaci-
tor is placed in series with the crystal in order
to set the frequency. This trimmer can be ad-
justed to set the oscillation frequency to the
desired frequency.

The two previous crystal oscillators oper-
ate in the fundamental mode. The resonant
frequency in the fundamental mode is set by
the dimensions of the slab (wafer) of quartz
used for the crystal—the thinner the slab, the
higher the frequency. Fundamental mode
crystals work reliably up to about 20 MHz,
but above 20 MHz the slabs become too thin
for safe operation. Above about 20 MHz, the
thinness of the slabs of fundamental mode
crystal causes them to fracture easily. An al-
ternative is to use overtone crystals. The
overtone frequency of a crystal is not necess-
arily an exact harmonic of the fundamental
frequency, but is close to it. The overtones
tend to be close to odd integer multiples of

the fundamental (3rd, 5th, 7th). Overtone
crystals are marked with the appropriate
overtone frequency, rather than the fun-
damental.

Figures 7c and 7d are overtone mode
crystal oscillator circuits. The circuit in
Fig. 7c is the Butler oscillator. The overtone
crystal is connected between the oscillator
emitter of the NE602 (pin 7) and a capacitive
voltage divider that is connected between
the oscillator base (pin 6) and ground. There
is also an inductor in the circuit (L1), and this
must resonate with C1 to the overtone fre-
quency of crystal X1. Figure 7c can use either
3rd or 5th overtone crystals up to about
80 MHz. The circuit in Fig. 7d is a third-over-
tone crystal oscillator that works from
25 MHz to about 50 MHz, and is simpler
than Fig. 7c.

A pair of variable frequency oscillator
(VFO) circuits are shown in Figs. 7e and 7f.
The circuit in Fig. 7e is the Colpitts oscillator,
while Fig. 7f is the Hartley oscillator. In both
oscillators, the resonating element is an LC
tuned resonant circuit. In Fig. 7e, however,
the feedback network is a tapped capacitive
voltage divider, while in Fig. 7f it is a tap on
the resonating inductor. In both cases, a d.c.
blocking capacitor to pin 6 is needed to pre-
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Fig. 7.

Local oscillator circuits for the NE602: a) simple Colpitts crystal oscillator; b) Colpitts crystal oscillator with adjustable frequency

control; c) Butler overtone oscillator for low-band VHF; d) additional overtone oscillator; e) Colpitts VFO; f) Hartley VFO.
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vent the oscillator from being d.c.-grounded
through the resistance of the inductor.

Voltage-tuned NE602
oscillator circuits

Figure 8 shows a pair of VFO circuits in
which the capacitor element of the tuned cir-
cuit is a variable capacitance diode, or varac-
tor (D1 in Figs. 8a and 8b). These diodes
exhibit a junction capacitance that is a func-
tion of the reverse bias potential applied
across the diode. Thus, the oscillating fre-
quency of these circuits is a function of tun-
ing voltage V\. The version shown in Fig. 8a
is the parallel-resonant Colpitts oscillator,
while that in Fig. 8b is the series-tuned Clapp
oscillator.

Figure 9 shows an application of the volt-
age-tuned oscillator (in this example, the
Clapp oscillator). Two tuning modes are
provided in Fig. 9. When switch St is in posi-
tion ‘A’, the tuning voltage is manually set
with a potentiometer, R2. If a d.c. level is ap-
plied to the top end of the potentiometer, the
oscillator will operate on a discrete fre-
quency that is a function of Vra. If a sinusoi-
dal waveform is applied to the
potentiometer, however, the oscillator fre-
quency will deviate back and forth in fre-
quency modulation (FM). Or, if a sawtooth
waveform is applied, the circuit becomes a
sweep oscillator: the frequency will increase
as the applied voltage increases, and then
snap back to the lowest frequency in its
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Fig. 8. Voltage-tuned (varactor) VFO cir-
cuits: a) Colpitts; b) Clapp.
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Fig. 9. LO frequency control by either manual or digital means, according to the setting of
switch S1. This circuit can be swept for FM or sweep generator use, or computer controlled
by applying a binary word to the DAC input corresponding to the desired drive voltage for a

specified frequency.

range when the sawtooth drops back to zero.

When switch S1 is in position ‘B’, the fre-
quency is controlled by a digital-to-analogue
converter (DAC). In this case, a current out-
put device (DAC-08 or its relatives) is
shown. The output of the DAC is a current
between 0 and 2 mA, which is converted into
a voltage by operational amplifier A1. The
tuning voltage Vg is the product [,R3. A d.c.
offset, for trimming the actual frequency, is
provided by potentiometer R5 and a nega-
tive reference d.c. source, V).

There are several advantages to the DAC-
driven version of this circuit. One is to digi-
tally control the sweep in a manner similar to
the analogue sawtooth waveform. If the digi-
tal inputs of the DAC are cycled through the
binary numbers 00 to FF hex (i.e., 255 deci-
mal) in sequence, the analogue output rises
as a sawtooth.

Another application s to let the computer
set the frequency of the oscillator. When the
circuit is calibrated, you can set one of 256
discrete frequencies by sending the correct
binary number to the DAC (which, of course,
corresponds to a discrete voltage).

Finally, the digitally driven voltage-con-
trolled oscillator can be programmed for a
more linear frequency characteristic. Varac-
tor diodes have a non-linear voltage vs. fre-
quency characteristic, and therefore a
non-linear frequency characteristic in a res-
onant circuit. A linearized look-up table
stored in the computer can be used to gener-
ate the voltage that produces a series of equal
discrete frequency steps for each 1-LSB
change of the applied binary word.

NE602 as an oscillator

The NE602 is usually thought to be a receiver
or frequency converter, but it can also be
used as an oscillator or signal generator.
Normally, the LO signal and the RF signal
are suppressed in the output. Figure 10
shows a generic circuit that will allow the LO
signal to appear at the output (no RF or IF
signal appears). In this circuit, one RF input
(pin 2) is bypassed to ground for RF, while

Frequency
Control
e Network
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Fig. 10. Method for using the NE602 as a
signal generator.

the other input (pin 1) is grounded for d.c.
through a 10-k€2 resistance.

Conclusion

The NE602 is a well-behaved RF chip that
will function in a variety of applications
from receivers, to converters, to oscillators,
to signal generators. Good luck. u



COMPUTER-CONTROLLED
WEATHER STATION

PART 3: WINDSPEED AND DIRECTION

METER

Having dealt with sensor interfaces that measure
temperature and relative humidity, we now tackle two other
important meteorological parameters: the speed and
direction of that eternal friend or foe of ours, the wind.

by J. Ruffell

Fall factors that determine the weather,

wind and precipitation are the ones
that matter most to us. Since the wind brings
us cold or warm air, it contributes greatly to
our feeling comfortable or not, out of doors.
Particularly on a cold winter’s day, the wind
force and wind direction have a considerable
effect on the perceived temperature: when
the air temperature is, say, a few degrees
below zero, a stiff breeze can make it feel as
cold as minus 20 degrees. This is the so-
called chill factor. Of all living creatures,
only mammals have this impression because
their blood circulation, skin and body liquid
evaporation system work in such a way that
the body temperature is held constant.

Apart from having an effect on the per-
ceived temperature, the wind can also cause
problems and become a tremendous danger
when its force increases from a breeze to a
storm (wind force 10 or greater on the Beau-
fort scale).

The wind direction is measured because
itis often an indication of the type of weather
and related temperature we can expect. In
areas close to, or surrounded by, the sea,
wind from the sea has a cooling effect, while
wind from the inland usually brings rela-
tively warm air. This situation exists in the
summer months, when the sea water is
‘colder’ than the land. In the winter months,
the sea works as a thermal buffer because it
forms a large source of residual heat, built up
during the summer. Hence, coastal regions
are often warmer in the winter. Also note
that air carried over land is much drier than
air carried over sea. In conclusion, wind
speed and wind direction are important par-
ameters to meteorologists, and play a signi-
ficant role in weather forecasting.

The sensors

Because repeatable, accurate measurements
of the wind speed and wind direction re-
quire standardized sensors, we propose the

use of a ready-made unit for this. The com-
bined sensor is shown in Fig. 1. Its output
signals are fed to the PC measurement card
(Ref. 1) at the heart of our weather station.
The PC runs a program that converts the sen-
sor signals into information that is meaning-
ful to us.

The wind direction meter consist of a
vane secured to a spindle. The spindle is at-
tached to a transparent disk with a Gray
code on it. The advantage of the Gray code is
that one bit changes between two successive
positions of the vane, which allows us to im-
plement a basic error checking procedure.
The sensor proper consists of four slotted
opto-couplers that ‘read’ the code on the
disk. This means that the wind direction is
fed to the PC in the form of a 4-bit code.
Hence, the sensor is capable of indicating
16 wind directions. This is sufficient for most
purposes, and meteorologists never seem to
use a more accurate scale anyway.

The connection of the wind direction sen-
sor output to the PC measurement card in-
volves more precautions than one would
expect, and this matter is taken up in detail
further on.

The wind speed, which is later converted
into a corresponding value that indicates the
wind force, is measured with the aid of an
anemometer. As you can see from Fig. 1, this
consists of three small arms secured at angles
of 120° to a vertical spindle. Each full spindle
revolution results in 12 output pulses.
Hence, the computer need only measure the
frequency of the output signal of the wind
speed sensor, and convert this into a nor-
malized value (see Table 1).

Lightning protection

Since the wind speed and direction sensor
assembly is usually fitted on the roof or in
another elevated location, fairly long cables
may be required to bring the output signals
to the computer. As far as the digital signals
are concerned that travel along this cable,
there are no difficulties. A problem, though,
is formed by the voltages induced in the

Fig. 1. This ready-made unit contains all
the mechanical parts needed to measure
wind speed and wind direction.

cable by lightning. Without suitable precau-
tions, lighting that strikes close to your home
can turn your costly PC into scrap metal and
electronics. It is for this reason that we have
to make sure that induced voltages are
shunted off in the safest possible manner.
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Fig. 2. Circuit diagram of the sensor interface.
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Note, however, that the measures taken here
to achieve this do not afford protection
against direct ‘hits’ on the sensor, the cable or
the PC itself, or even the mains wiring via
which the system is powered. Remember,
the proposed protection is effective and ade-
quate for induced voltages only. Electrical
systems are very difficult to protect against
direct lightning hits, and you may want to
consider having a lightning conductor fitted
to your home to deal with this problem.

The interface

The main function of the circuit shown in
Fig. 2 is to feed the sensor output signals to
the computer whilst affording protection
against voltages induced on the (long)
downlead cable. Every sensor input is con-
nected to ground via a surge arrester (A1—
As) with a spark-over voltage of 90 V. The
surge arrester is a glass tube filled with a
noble gas, and is capable of suppressing volt-
age peaks within 1 ps at peak currents up to
10 kA, or continuous currents of 20 A. Al-
though these arresters are pretty fast-acting
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devices, they are not sufficient to protect the
sensitive electronics in the circuit. Therefore,
each input has additional protection in the
form of a very fast 12-V zener diode (D1-Ds).
The response time of these devices is 1 ps
(typically), which is fast enough for adequ-

ate protection against overvoltages. As soon
as the zener diode starts to conduct, the over-
voltage is turned into heat by the associated
series resistor (R1-R5).

The buffers used here are Types 4050
which are capable of handling signals levels

Track layout (mirror image) and component mounting plan of the PCB designed for the interface.

up to 20 V at a supply voltage of 8 V. This
means that the zener voltage is low enough
for the buffers to operate safely at all times.
Resistors Re—R10 protect the buffers against
negative input voltages. The buffer outputs
are capable of sinking relatively high cur-
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rents, which is useful for the driving of opto-
couplers ISO1, ISO2 and 1SOs.

Although the above safety measures
should be adequate for most situations, a
further protection has been added: the entire
sensor interface is electrically insulated from
the computer with the aid of opto-couplers.
The outputs of these devices (ISO1, [ISO2 and
1SO3) supply the digital signals the computer
needs to interpret the data related to the
wind speed and direction. The first par-
ameter is supplied by ISO3, the second by
ISO1 and 1SO2.

Since the ILD74 used here is a dual opto-
coupler, and the wind speed sensor requires
one output only, the remaining output is
used to indicate that the circuit is powered.

ELEKTOR ELECTRONICS JANUARY 1992

WINDSPEED AND DIRECTION METER

Hence, output C2 of ISO3 is used to enable
1C3, a 74HC368. This HCMOS line driver
squares up the signal edges, and so increases
the noise margin with respect to ground.
Note that IC3 is powered by the PC—this
part of the circuitis, therefore, completely in-
sulated from the rest of the interface.

The interface is connected to the PC
measurement card via connector Ki. The
wind direction code is sent via datalines
WDO0-WD3, while frequency meter input,
F5, is used for the wind speed signal.

When the power supply of the interface is
switched off, the outputs of the line drivers
are automatically switched to a high-imped-
ance state. This condition is signalled to the
PC by the POWER GOOD line, PBI1, going
high. Resistor R23 prevents the 1/O port on
the PC measurement card being damaged
when it is set to output.

The remainder of the circuit is formed by
the power supply and the associated de-
coupling capacitors. LED D7 is the on/off in-
dicator. The circuit diagram shows clearly
that the protective earth at the mains socket
is connected to the ground of the electronics
ahead of the optocouplers. This connection is
absolutely necessary for the surge arresters
to get rid of the induced currents. An even
better solution is to connect K3 to an earthing
pin—this enables the energy to bypass the
rest of the electrical system.

Construction

The construction of the interface should not
pose problems because the circuit is com-
pact, and a PCB design is available. Figure 3
shows the component mounting plan and
the track layout (mirror image) of the PCB
designed for the interface. To reduce stray
inductance to a minimum, the surge arrester
must be mounted as close as possible to the
PCB. The same goes for diodes D1-De.

On completion of the solder work, the
PCB is fitted into a water-proof metal enclo-
sure, which is earthed via connector K4. The
copper track between the earth terminal on
the PCB and connectors K3 and K4, and the
earth tracks of the surge arresters, must be
strengthened by soldering pieces of 2.5-mm
(cross-sectional area) solid copper wire on
them.

The sensor is connected to the sensor in-
terface via a short flexible cable terminated
into an 8-way DIN plug. The pinout of this
plug is given in Fig. 4.

The software

Once again this part of the computer-con-
trolled weather station requires a powerful
piece of software, which you can obtain
through our Readers Services. As with the
previous two publications on the weather
station, an IBM PC or compatible is used to
collect the measured data, and convert these
into easily interpreted graphics images.
Procedures have been added to the latest
version of Xlogger (1.2) that enable the wind
speed and wind direction to be measured
and recorded. A new graphics program,

900124 -5-12

Fig. 4. Pinout of the 8-way DIN socket,
seen from the solder side.

WIND.EXE, has been developed, and is in-
cluded on the disk. In the left-hand bottom
corner of the screen three coloured bars are
displayed that indicate the current, the aver-
age and the peak wind speed. The scale is in
m/s with a range of 0 to 30, and has a nu-
merical readout at the extreme right.

As usual in meteorology, the average
wind speed is computed progressively over
the last ten minutes. The peak indicator al-




GENERAL INTEREST

Load file
Switch plot
Select hour

Suitceh grid
Auto scale
Hardcopy
OQuit

Date 19%91-09-25
Time 13:16

%% Elektor Electronics »ee
wex Copyright ()
¥ ESS:

=> 1991 w»wex

164 (1, 2, 3, 4) w6

P average windspeed plot
Direction 12
N
H?,f—‘\\QE 10|
“EQE 8"“"’—’/-/
SH SE
$ 6 \
247.5°* \\\
4q
Speed 2
Peak
I e i 20.1
Auera
--ﬂ? 11.6 —_— b —————+—+ ——
o 123 €43 6789 101112131415161?181920&#2223
urrent 1%5.5 -> Hours
h Current logfile ---> X910916.L0G
"ns Speed max. 1%.‘_3 n’s av, Dir. max.
nin: o n's av. Mnin.
D 3 1013 2025 30 17:00h: 11.3 mw/'s au, 17:00h:

900124-5-13

Fig. 5.

ways shows the highest current value (use-
ful to measure the top wind speed during
blasts), and is automatically reset at mid-
night.

The wind dial shown on the computer
screen has the usual N, NNE, NE, etc,
marks. In addition, the wind direction is in-
dicated numerically as an angle between 0
and 360 degrees: nought degrees being
North, and counting positive to the South via
the East.

The wind direction is read as a single 4-
bit code, and therefore takes very little pro-
cessor time. Xlogger has no problems
reading a wind direction code each INT-$1C
interval, that is, 18.2 times per second. The
wind speed and relative humidity measure-
ment are much more complex, so that two
measurements per minute are realistic.
Every progressive average wind speed value
is, therefore, based on the last 20 measure-
ments.

WIND.EXE offers a graph procedure to
visualize the recorded data. The by now fam-
iliar function-key menu allows you to select
between a 24-hour graph for the wind direc-
tion, or one for the wind speed. The graph
displayed on the screen is automatically up-
dated after Xlogger adds a new value to the
log file. A window below the graph shows
the highest and lowest values recorded dur-
ing the measurement. Other options of the
program include: producing hard copy of
the graph on a printer (Epson FX-80 com-
patible), retrieving measurement data at a
preset time, and loading previously made
log files. The diskette supplied for the pres-
ent project also contains an update for the

Screendump of the WIND.EXE program. The calibration is very simple.

relative humidity meter and the ther-

mometer.

Adjustment

The function of the combined wind speed
and direction sensor assembly is well do-
cumented in the form of two tables (2a and
2b) supplied by the manufacturer. These two
tables are stored in the text files
WSTrans.CFG (for the wind speed) and
WDTrans (for the wind direction). The first
file consists of the origin, 0 Hz; 0 m/s, plus
ten known co-ordinates from Table 2a.
WIND.EXE uses this information to interpo-
late the wind speed that belongs with a cer-
tain measured frequency.

When WIND.EXE is started, a look-up
table is created (in RAM) on the basis of the
information contained in WDTrans.CFG.
The Gray code functions as an index, and the
entries are the associated wind direction in
degrees. Since the hardware inverts all logic
levels, the codes stored in WDTrans.CFG are
inverted with respect to the table entries. The
references N, NNE, NE, etc., are comment
only—remember, the location (i.e., the line
number) in the text file determines the asso-
ciated wind direction. Taking this structure
into account, only the configuration (.CFG)
files need to be modified to enable other sen-
sors to be used. =

Reference:
1. “Multifunction measurement card for
PCs”, Elektor Electronics January and Fe-
bruary 1991.

Previous instalments in this series:
1. Indoor/outdoor thermometer.
Electronics March 1991.

2. Electronic hygrometer. Elektor Electronics
October 1991.

Elektor
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FAST, PRECISE THERMOMETER

by J. Ruffell

Thermometers that depend on the Seebeck (thermoelectric)
effect have been in use for many years. The thermocouples
(sensors) used in these instruments are formed by two wires
of dissimilar metal joined either at each end (two-terminal) or
at one end (three-terminal) to form an electrical circuit. If the
junctions are at different temperatures, a current will flow in
the circuit. The magnitude of the current is proportional to the
characteristics of the materials and the difference between the
two end temperatures.These sensors are robust, inexpensive,
available in a variety of shapes and sizes, and suitable for use
over a wide range of temperatures.

LTHOUGH the PT100 thermometer pub-

lished in our November 1990 issue was,
by allaccounts, very popular, itsuffered from
a serious drawback as far as many construc-
tors were concerned: the sensor was quite
expensive. The thermometer presented in this
article uses a thermocouple that is much
more reasonably priced. Moreover, the elec-
tronics has been kept as straightforward as
possible: apart from the sensor, the ther-
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mometer requires a simple amplifier, an ana-
logue-to-digital converter, a linearization cir-
cuit and a display. If good precision is not a
serious requirement, the linearization circuit
may be omitted.

The outstanding feature of the thermometer
is, undoubtedly, the speed at which the tem-
peratureis measured and displayed. Whereas,
for instance, a resistance-based (say, PT-100)
thermometer requires up to 15 seconds to

indicate the measurand, a thermoelectric ther-
mometer does so in just one or two seconds.

The e.m.f., Uy, developed across the junc-
tions of the thermocouple is given by

U=a+b0O+ch2,

where a, b, and ¢ are constants and @ is the
temperature difference between the junc-
tions. If the reference (or ‘cold’) junction(s) is
maintained at 0 °C (the usual case),

U= aT2+ BT,

where czand Bare constants dependenton the
metals used and T is the temperature of the
sensing (or ‘hot’) junction. At temperatures
below the neutral temperature (Tn=-/2a),
and if a is small (the usual case), U is di-
rectly proportional to the temperature of the
hot junction. Therefore, in a practical ther-
mometer, the e.m.f. is

U= E (Te=T)),

where T, is the reference temperature (cold
junction), T is the sensed temperature (hot
junction), and E is the voltage-temperature
gradientof the thermocouple (mV K-1). Asal-
ready stated, the cold junction is tradition-
ally held at the ice point (the equilibrium tem-
perature between ice and air-saturated water

Thermoelectric output (mV)

e T
L muers)
Temperature (“C)

L i

Fig. 1. The voltage-temperature gradient
of Type K thermocouples (a) is fairly lin-
ear ; the deviation from linearity at a x100
larger scale is represented by (b).
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at standard atmospheric pressure); for prac-
tical purposes, this is 0 °C, That makes the
measurement independent of the ambient
temperature. In electronic thermometers,
once calibration has taken place, a compen-
sating voltage, directly proportional to the
ambient temperature, is added to the e.m.f.,
sothat, electronically speaking, the cold junc-
tion is always at 0 °C.

The temperature at the hot junction, re-
ferred to 0 °C, is multiplied by the voltage-
temperature gradient E to give the thermo-
electric em.f., U . The gradient can be de-
duced from a table of thermoelectric materi-
als by adding the gradients of the two met-
alstogetherand dividing by two. Unfortunately,
not only are the tables valid for only one
temperature, but the gradients are not lin-
ear, so that for precise temperature measure-
ments a correcting network must be inserted
between the thermocouple and the display
circuit.

However, there are thermocouples that
have a reasonably linear gradient, combined
withawide temperature range, whicharenot
too expensive. For the present design, a Type
K sensor was chosen: this consists of achromel
(NiCr) and nickel (Ni) or alumel (NiAl) com-
bination. The gradientof this thermocouple—
see Fig. 1 (a)—is fairly linear so that a lin-
earization network is not required. The de-
viation from true linearity is shown in (b) on
ascale x100 that of (a). Itis seen that the max-
imum deviation is 0.5 mV at 800 °C, which
is just 1.5%.

Type T (copper-constantan) thermocou-
ples, which are very accurate, or Type ] (iron-
constantan) sensors, which are more sensi-
tive, less expensive, and slightly more accu-
rate than Type K devices, could also have been
used, but their maximum temperature—500°C
and 760 °C respectively—would nothave been
acceptable for the present design.

From sensor to circuit

It is clear that the output voltage of the sen-
sor must be magnified to an appreciable ex-
tent. The basic setup of a suitable amplifier
is shown in Fig. 2. The thermo-emf, U;. and
the compensating voltage, U, (which, re-
member, is a function of the ambient tem-
perature) are added and the resulting poten-
tial, U, is amplified by a factor A in an op-
erational amplifier. The voltage-tempera-
ture gradientis 40.44 uV K-1at 25 °C, so that,
if the signal at the output of the opamp i re-
quired to have a rate of change of 1 mV K-1,
E must be amplified x23.728.

The process may be considered in more de-
tail with reference to Fig. 3, which shows the
input stage of the thermometer. The com-
pensating voltage is provided by a small-
signal transistor whose base-emitter poten-
tial has been set at 0.6 V by Rs. The temper-
ature coefficient,y, of the base-emitter junc-
tion is =2 mV K-1. This means that for every
degree the temperature rises, the base-emit-
ter potential drops by 2 mV. The compensat-
ing voltage thus consists of a fixed compo-
nent, Uy, and a variable component, yT,. The
fixed componentis, of course, not wanted and

is, therefore, negated by a temperature-in-
dependent offset voltage, U,

The currents flowing through Ry, R,, and
Rjinto the inverting input of the opamp are:

Iy =-U/Ry;

[r=(UgryTo)/Ry;

[3= Ups/R3.

Their sum is the current, I 4, through Ry:

14 = 11+12+13.

The output voltage, U, of the opamp is

Uy =-I4Ry

==Ry[-Use/Ry+(Ug+ /T,) /Ro+Uos/Rs).

When the fixed component is negated,
that is,

Ug/Ra+Uos/R3 =0,
it follows that

Uos = Ug(-R3/Ry),
whence

R3 = Ug(-RoU,s). (1]

Since Uy is positive, U,s must be nega-
tive. When full compensation is applied, the
output voltage is

U, = UpRy/Ry=yTRy/Ry.

When U, is replaced by E (T-T,), this
becomes:

U, = ETSRy/R1-T,(ER4/R1+YRy/R;) [2]

When this equation is differentiated with
respect to T, R4 can be calculated:

dU,/dTs = ERy/R; =1 mV K-
from which, if E is given the value 1,

Ry = 24.728R,. 3]

U = E(Ts-T;)

910081 - 12

Fig. 2. A compensating voltage that sim-
ulates the ice pointis added to the thermo
e.m.f.

Ui, o

where y=-2mV °C-1

10081 - 13

Fig. 3. Input stage of the thermometer.
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Fig. 4. Block diagram of the thermometer.
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PARTS LIST

Resistors:

R1=6.81kQ, 1%

R2, R3 =340k, 1%
R4 = 169 kQ

R5=15kQ

R6=10Q

R7, R12, R17 = 10 kQ

R8 =2.7 kQ

R9, R10 =1 MQ

R11 = 330 kQ

R13, R20, R21 = 100 kQ
R14 =475kQ, 1%
R15=22.1 kQ, 1%
R16 = 3.3 kQ

R18 = 10 MQ
R19 = 220 kQ

R22 =220 Q

P1 = 10 kQ multiturn preset
P2 = 5 kQ multiturn preset
P3 = 25 kQ preset

P4 = 20 kQ multiturn preset

Capacitors:

C1, C6, C12 =100 nF

C2, C3 = 470 nF, 63 V, MKT*

C4,C5=10nF

C7 =330 nF

C8 =100 pF

C9 =330 nF, 63 V, MKT*

C10 = 47 nF, 63 V, MKT*

C11 =220 nF, 63 V, MKT*

C13,C14 = 47 uF, 16 V, radial

* MKT = metal-plated polyterephtalate
(polyester)

Semiconductors:

D1 = 1N4007

D2 = 1N4148

D3 = LM336Z-2.5V (National
Semiconductor)

T1, T2 = BC547B

T3 =BC516

IC1 = TLC2652

IC2 =7106

IC3 = 4030

IC4 = LF356

Miscellaneous:

K1 = special socket to be obtained
with the thermocouple

K2 = 3.5 mm stereo jack socket for
PCB mounting

S1 = spring-loaded push-button switch

S2 = change-over slide switch for PCB
mounting

9V battery with clip

LCD1 = 3 % digit display

J1 = low-voltage socket with change-
over switch for PCB mounting

Re1 = relay with change-over contact,
5V,320Q

Enclosure, 145x80x36.5/29.5 mm
(5% x3%x1%e/1%gin)

Thermocouple Type K

PCB Type 910081

Fig. 5. The double-sided printed-circuit board for the thermometer.
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Equation [2] can also be differentiated
with respect to T;:

dU,/dT, = ~(ER4/R;+yR4/Ry) =0,
from which
R; =-yR;/E. (4]

Resistor R, is given an arbitrary value of
6.81 k€, so that, according to Eq. [3],

Ry = 24.728x6.81x103 = 168.4 kQ.

The nearest standard value in the E96 se-
ries is 169 kQ.

From Eq. [4],

R; = -2x10-3%6.81x103/40.44x10-6

=337 kQ.

The nearest standard value in the E96 se-
ries is 340 kQ.

Since, for correct compensation, the lev-
els of Uy and Uy, must be equal , it follows
that

R; =R, =340 kQ.

The output of the opamp is peak-limited
and the device is thus very stable. This means

that only a potentiometer is required to cali-
brate the input stage.

The remainder of the circuit consists of a
straightforward analogue-to-digital (A-D)
converter that drives the LC display directly.
This enables the temperature sensed by the
thermocouple to be displayed within a few
seconds. A comparator with a relay output
is connected in parallel with the display. The
relay output canbe used forindication or con-
trol purposes. Whether the relay is active or
not can be seen on the display.

The offset-voltage source provides a con-
stant current through Ry, Py, and Rj. The pre-
setserves to set the current to a specific value;
more about this later. Transistor T; and the
reference (‘cold’) terminal of the thermocou-
ple must be located close to the offset-volt-
age source, since they must be thermally
coupled. Resistor Ry improves the thermal
symmetry of IC;. The output of this opamp
is a signal with a voltage-temperature gra-
dient of 1 mV K-1.

The A-D converter and the display are
straightforward applications. Apart from
the 3 1 digits, only the low BAT(tery) and
the triangle at the top left -hand corner are
used: the decimal point, colon, and a.c. sign
are disabled. When the supply voltage drops
below 7.6 V, the BAT input is actuated.

The A-D converter may be powered by a

(9 V) battery or regulated mains adapter. If
an unregulated adapter is used, the mea-
surement error will increase. The supply
should not exceed 15 V under any circum-
stances, since that will badly affect the oper-
ation of the converter. To enable both types
of supply to be used, the adapter is con-
nected viaa low-voltage socket with change-
over contact, J;. On/off switching is effected
by S,. Protection against polarity reversal is
provided by D;. The reference voltage is de-
termined by potential divider P4~R;5. When
the comparator is inoperative (P; set to max-
imum resistance), the circuit draws a cur-
rent of only a few milliamperes. Note that
circuitearth mustnotbe connected to the neg-
ative supply line, since the A-D converter
needs a small negative auxiliary voltage.

The comparator is based on a Type LF356,
which is inexpensive and gives excellent per-
formance evenathigh synchronousinputvolt-
ages. When switch S; is pressed, the invert-
ing input of the comparator is no longer con-
nected to the thermocouple, but to the refer-
ence voltage: the display then shows the ref-
erence temperature , T,.

The output of the comparator is low when
the sensed temperature is higher than that
set by potential divider P;-Ry4: the relay is
then actuated. The hysteresis of the com-
parator is set to about 5 kQ with Ry7 and R;g.

Lco1 [s

[1s  LT0221R-12

o]:

or3 oPy

3
1])JiC3a

+ s
TO\TLczesz |

C2 |C3

470n 470n 1
63V sav

x
v
x
o

: A:fggg .

AC

3p@B8382 SLUBNSES GEE50m %
T T TaS[2a]2s [BE e
2217 |18 15 {24 |1e 13frale frofrrfiz |7 |6 [e

Ic2
ICL7106

: :
S eE—— LRk

2 3 Ja
BCU0BJ8Z SLUBYRL GLEGEEGA

*see text

LM3362-2vs

910081 - 11

Fig. 6. Circuit diagram of the thermometer, excluding the thermocouple.
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Fig. 7. The completed thermometer, excluding thermocouple.

If the value of R;7 is lowered to about 1 k€,
the hysteresis also becomes about 1 kQ.

A darlington transistor at the output of
the comparator controls a polarized relay that

is suitable for switching currents of up to
2 A, d.c. voltages of up to 150 V and a.c. volt-
ages of up to 125 V.

When the output of the comparator is low,

FAST, PRECISE THERMOMETER

the output of XOR gate ICs. is high; the out-
put of gate IC3p, and thus the OF input of
the display, then carries an inverted rectan-
gularsignal thatcauses the triangle on the dis-
play to light.

Construction and calibration

Provided the thermometer is built on the
double-sided printed-circuit board shown
inFig. 5, nodifficulties should be encountered,
in spite of the dense population of the board.
Socket K; should be purchased together
with the thermocouple. Other types, even
those for different thermocouples, must not
be used, since these will almost certainly
cause serious measurement errors.,
The finished board and 9 V battery fit in
a 140x80x36.5 mm (5 % x 3 % x 1 7 in) in-
strument case. This type of enclosure may
be available with ready-made cut-outs for
the display and slide switch (S;).
Calibration is commenced by connecting
a good-quality mV meter across test points
H and L. Then, insert at least ¥ of the length
of the thermocouple into boiling water and
turn P; until the meter indicates 100 mV.
Next, turn P4 until the display shows 100.
Subsequently, press S; and turn P, till the meter
reads 100 mV and the display shows 100.
Finally, turn P3 (which compensates for the
offset voltage of ICy) until the relay is just
actuated and the triangle on the display lights.
When that is done, the desired change-over
temperature is set with P, when S, is pressed.
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PARTS LIST

Resistors:

R1=6.81kQ, 1%

R2, R3=340kQ, 1%

R4 = 169 kQ

R5 =1.5kQ

R6=10Q

R7,R12, R17 = 10 kQ

R8 =2.7kQ

R9, R10=1 MQ

R11 =330 kQ

R13, R20, R21 = 100 kQ
R14=475kQ, 1%
R15=221kQ, 1%

R16 =3.3kQ
R18=10MQ ~

R19 = 220 kQ
R22=220Q

P1 = 10 kQ multitumn preset
P2 = 5 kQ multiturn preset
P3 = 25 kQ preset

P4 = 20 kQ multiturn preset

Capacitors:

C1,C6,C12=100nF
C2,C3=470nF, 63V, MKT*
C4,C5=10nF

C7 =330 nF

C8 = 100 pF

C9 =330 nF, 63 V; MKT*

C10:=47 nF, 63 V, MKT"..
C11=220nF, 63V, MKT*

C13, C14 = 47 yF, 16 V, radial

*MKT = metal-plated polyterephtalate
* (polyester): ~« « » « & . <

Semiconductors:

D1 = 1N4007 o

D2 = 1N4148 il S o

D3 = LM336Z-2.5V (National = . .

. Semiconductor)

T1,T2=BC547B

T3=BC516 =~

IC1°= TLC2652

IC2:= 7106

IC3,=4030 |

IC4 = LF356

Miscellaneous: - ¢ 2 ¥

K1 = special socket to be obtained .
with the thermocouple

K2 = 3.5 mm stereo jack socket for .

" PCB mounting B

S1 = spring-loaded push-button switch

S2 = change-over slide switch for PCB
mounting g

9 V battery with clip

LCD1 = 3 % digit display

J1 = low-voltage socket with change-
over switch for PCB mounting

Re1 = relay with change-over contact,
5V,320 Q

(5% x3 Y% x1%e/1%gin)
Thermocouple Type K

Fig. 5. The double-sided printed-circuit board for the thermometer.
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BUILD A COMPACT-DISK PLAYER

by T. Giffard

Building a record player, cassette or tape recorder, or compact-disk

FRONT c VER player, is often hampered by the mechanical construction and the
o availability of certain parts, particularly the deck. In the past,

manufacturers have generally tended to be reluctant to make tape or
CD decks available to the retail trade, but Philips has recently decided
to break away from this policy. A kit, containing its CDM-4 deck and
associated (populated) mother board, can now be obtained from
certain retailers at an affordable price.

PROJECT

HILIPS's CDM-4 deck, used in a great

variety of domestic compact-disk players,
hasrecently become available in the retail trade
toenable audio enthusiasts tobuild theirown
CD player. The deck comes in a kit complete
with a finished mother board, which con-
tains the analogue and digital circuits, and a
display board as shown in Fig. 2.

The kit can be used in two ways. The sim-
pler is to build the various items into a suit-
ableenclosure and connectit to a stereo audio
system. The second is rather more ambitious
and entails the construction of a digital CD
driver, that is, a CD player without digital-
to-analogue (D-A) converter and other ana-
logue sections. A separate D-A converter
can then be used to process the digital out-
put. It is assumed that most audio enthusi-
asts do not need extensive programming fa-
cilitiesand thatgood sound reproduction does
not require a de-luxe display (the quality of
thedisplay is noton a parwith that of the deck
and the mother board). Since the mother
board does not provide a digital output sig-
nal, a suitable ancillary circuit and board will
be published in a few months' time.

Construction : g,%
R1
When opening the kit, treat the laser unit 5 Lz é}‘
with respect and care: do not remove the K1 ad 16 e
paper clip at end of the packing foil until the ﬁ;o o : : ® R
laser is required. The unit is very sensitive to = z y Lkt FS44 I—
static electricity. Also, do not touch its lens, 7 ey 1S 7 Dyl 1o,
because that may damage the focusing unit. o2 T - ::: posm 12 B
Mount the disk compartment holder on 11 12 Slscas 359
the board in such a way that the end of the B15 o} Tlsoas p  xsyspl
protruding light grey spring-loaded lever is :: o o«% J»—:: ATSE b
located exactly above the switch at the cen- e % ™= DOEN 18T =
tre of the board—see Fig. 8. Use only three O LS O
self-tapping screws at this stage; the fourth, :
near the compartment switch, is a longer one
(to ensure correct operation of the compart- T
ment switch) and is not inserted until the as-
sembly is fitted in the enclosure.
Next, fit and solder the transformer on to Tr1 = 1004 TSBCC(Philips) <—|U
th(.' b()ard. X1 = 11,2896 MHz ﬁCJ ca
Remove the mains (power) socket, fuse Tlp Fsp
holder and on-off switch from the mother a S

board and replace the fuse holder and on/ off
switch by wire links and the mains (power)
socketby a two-way PCB type terminal block.
At a later stage, a new mains (power) entry  Fig. 1. Diagram of the auxiliary digital output circuit.
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with integral fuse holder will be fitted at the
rear panel of the enclosure.

If you want to use the player as a digital
driver only, remove the output (phono) sock-
ets, the D-A converter and the diodes num-
bered 6580, 6581, 6586 and 6587 (near the
left of the heat sink), which disables the en-
tire analogue section.

Digital output

Some Philips ICs, for instance, the SAA72208B,
have a digital output in the filter section, but
others, like the SAA7210 used on the pre-
sent mother board, have not. Therefore, an
IC has to be added for converting the digital
data into the Philips/Sony format. Suitable
for this purpose is the Type PCF3523P Audio
Digital Output Circuit. The necessary clock
and a number of signals emanating from the
SAA7210 are taken from the motherboard
via a short length of 20-core flatcable to an
auxiliary board, which houses the additional

circuitry--see Fig. 16.

Furthermore, a matching transformer is
required at the output of the PCF3523P to pro-
vide the correct level of output (1 V p-p)
and output impedance (75 Q). The trans-
former also prevents any earth loops arising
between the digital connections of the vari-
ous pieces of equipment. Capacitors Cs and
Cy ensure that the circuit is connected to
earthonly as far as high-frequency signalsare
concerned.

Although the auxiliary board has provi-
sion for a crystal oscillator, X;, Ry, C3 and
Cj, this is not used in the present applica-
tion: the clock for IC; is derived from the
mother board via wire link JP;. This proved
to give the best resuits in the present set-up:
with other CD players it may be preferable
to transfer the crystal from the mother board
to the auxiliary board.

The top of theboard has an earth plane that
serves as screen for high-frequency signals
(bandwidth of a couple of megahertz). All

BUILD A COMPACT-DISK PLAYER
components are soldered directly to the board.
The housing of the transformer, as well as
the —terminal of C;, must be soldered to the
earth plane.

The board contains three solder pins that
are not used (as yet): these are intended for
an optical output (a so-called TOSLINK). It is
hoped to publish the details of this addition
in a few months' time.

The link between the mother board and
the auxiliary board consistsofa30 cm (12in)
length of 20-core flatcable. The cores are sol-
dered to the underside of the mother board
as shown in Fig. 14. The details of the vari-
ous connections are summarized in Table 1.

As far as power is concerned, the +5 V
rail is taken from the top of the coil to the
left of the SAA7210P. This coil looks like a
resistor and is colour-coded yellow-mauve-
gold-silver. The earth line is taken from the
fairly broad copper track at the underside just
beside the +5 V take-off. The two connect-
ing points are indicated by arrows in Fig. 14.

Fig. 2. The kit for the CD player.

Fig. 3. The assembled CD deck.

Fig. 4. Disk compartment removed from
deck.

"
[Sror!

g -
[ et

“X
2 l—gex?—o

A
[Fwp |

571 SBL

[REPEAT

[open; [ PRoG.

' L—"?‘“&‘

S"I
r‘T,lMg/_

S!OL

K1
15 3 2 1 |4 |18 |16 e |
DATING  |KTSE |pAAB |cLAB [wsAB EFAB VSS VDD 7
J ] 6l ol
125 RECEIVER o 5| ‘}'
Siscas + ATTENUATOR a[u 4: QL:
7 |soas SUBCODE Ls8 3| H— ¢
RECEIVER o §§ 21 1
EF |
3 oosm |13 1! Jon o-¢
£0 Srgydy eite O = 1271 LI Pay
| wsP | poen J 14
= el “E
foe? 3 sc §§ TEST §12
USER <« 04
00(0..3)0?‘ | 3o 2%
BIT |
GENERATOR ) CHANNEL 52"— é g REV
STATUS | eccr xsysji1
WCL BIT S9 I
> GENERATOR
1 o g8
5 9110 CLOSE

TRACK
910146 - 12

Fig. 5. Pinout and diagram of the PCF3523P.
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AUDIO & HI-FI

All odd-numbered cable cores, except 1,
are cut off at the motherboard: they serve as
screen between the various signals.

The other end of the cable is terminated
in a crimp-on socket that mates with a plug
on the auxiliary board.

Note that the DMUTE signal at pin 17 of
the Type XC99659P control processor en-
sures that the digital outputsignal is switched
off when the player is not revolving or is in
the PAUSE position. Some D-A converters do
not work properly with this arrangement
owing to the time they require to relock on

Fig. 7. Some items must be removed from
the mother board.

to the signal when this reappears. It may,
therefore, be better not to use the DMUTE sig-
nal by leaving core 20 unconnected.

Display and operating keys

The display board, part of the board shown
inFig. 16, islinked to the motherboard by two
flatcables: the six-core one carries the data
from the control processor to the display and
the four indicator LEDs, and the seven-core
one connects the matrix to the keys. Since
the keys provided in the kit are not suitable

for a b1y apparatus, they have been replaced
by miniature key switches that are mounted
on to the key board.

Note that the board in Fig. 16 can be eas-
ily separated into twoasshownin Fig. 15 after
it has been scored at the separation line with
a sharp knife. Drill an additional fixing hole
in the display board.

Desolder the seven-core cable from the
board: at a later stage it will be connected to
the new key board. Also, remove the four
LEDs and their square holders: these will be
replaced by high-efficiency LEDs.

Fig.8. Disk compartment holder and mains
transformer on mother board.

Fig. 9. Laser unit connected to mother
board.

Additional facilities via remote
control:

* directselection of track num-
bers by numerical keys; play-
ing is started by pressing the
PLAY key.

* selection of index numbers
of tracks by INDEX keys.

* shuffle mode, in which the
selections are played at ran-
dom.

* scan mode, in which only
the first 10 seconds of each track
are played.

Switch display between elapsed
track TIME and TRACK/index
number.

OPEN or CLOSE compartment.
When the compartment is
opened, all programming is

erased.

Programming of tracks. Select
a track number and press the
MEMO key. Afteralltracks have
been programmed, control is
still available by pressing the
MEMO key. Tracks may be erased
by selecting a programmed track
number and pressing Memo.
All programmingis erased when
the compartmentis opened or
the sTOP key is pressed twice
in succession,

=}

When the RePEAT key lights,
the programmed tracks, or the
entire disk, are played again
and again.

Thedisplayindicates trackand
index number or the elapsed
track-time (as selected with
theTiMe/TRACK key). When the
disk is not revolving, the dis-
play indicates the number of
tracks orthe total playing time.

oew
aose

T
TRACK MEMO REPCAT

- [] ' e X
® & . e
e — = ] [ |

r
PLAY key. The disk is played
from track 1 or from the track
selected with the TRACK key.
Tracks that have been pro-
grammed are played first.

PausE key:thisallows the laser
beam to remain at a specific
point.

Pressing the stor key twice in
succession erases the memory.

Search keys for fast forward
and reverse.

Track keys for fast selecting a
track.

910146 - 14

Fig. 10. Front panel and concise operating instructions.
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The display board has space (to the right
of the display) for an infra-red (IR) remote
control receiver:an option thatis strongly rec-
ommended. Sony's Type BX1407 is particu-
larly suitable; Sharp's GP1U5 can also be
used, but this has slightly different connec-
tions. Finally, two resistors, 22 kQ and 3.3 Q
respectively, must be added as shown in
Fig. 17. This arrangement will allow remote
control of the player by any Philips IR trans-

mitter intended for CD players (such as the
Type RD5861).

Completion of the key board, whose ‘cir-
cuit diagram’ is given in Fig. 6, is straight-
forward. Keys of varying width have been
used to make operation unambiguous.

Lastly, solder the seven-core cable removed
from the display board to the key board: keep
the white line on the cable at the side of pin
7 on the board.

BUILD A COMPACT DISK PLAYER
Assembly

First, drill, saw and file the necessary holes
in the enclosure: use the front panel foil and
the front panel of the disk compartment for
accurate location of the holes in the front
panel and Fig. 13 for those in the bottom
panel. Do not forget the holes in the back
panel: mains (power) socket withintegral fuse
holder (at the left seen from the front panel);
digital output (at the right); and phono sock-

Fig. 11. The completed CD player.

Fig. 12. Completed display and key boards.
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Fig. 13. Drilling diagram for the bottom panel of the enclosure. All dimensions are in mm.
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m AUDIO & HI-FI

ets if you want to use analogue outputs.
Mount the key board and the display board
to the front panel with, respectively, five and
two 25 mm (1 in) long M3 (=6BA=3 mm dia.)
countersunk screws, nuts and washers. The

key board should be located so that the keys
protrude just far enough through the front
panel. Next, fasten the self-adhesive front
panel foil to the front panel.

Fix the mother board to the bottom panel

on 10 mm G4 in) long non-metallic spacers:
the location of the fixing holes is shown in
Fig. 13. Do not omit the central fixing screw,
because that ensures correct operation of the
disk compartment switch. Fit two M3 screws

Fig. 14. How to connectthe flatcable to the underside of the mother Fig. 15. How to separate the board shown in Fig. 16 into two.

board.
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Fig. 16. The combined auxiliary (digital output) and key boards.
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with 35 mm (1 % in) non-metallic spacers to
the left and right of the disk compartment.
The transformer is fastened with two M4

PARTS LIST
Auxiliary board

Resistors:
R1=470Q
R2 =1 MQ
R3 =562 Q, 1%
R4=619Q, 1%

Capacitors:

C1 =33 uF, 10V, tantalum
C2 = 22 nF, ceramic

C3, C4 = not used

C5, C6 =56 nF

Semiconductors:
IC1 = PCF3523P

Miscellaneous:

K1 = 20-way header, male

K2 = right-angled phono socket

X1 = not used

Tr1 = matching transformer (Philips
Type T5BCC)

Key board

S1, S2 = keyboard switch, 177 mm
wide, with keytop

S3-512 = keyboard switch, 12 mm
wide, with keytop

Miscellaneous

4x LED, yellow, 3 mm (high
efficiency)
DPDT mains (power) switch
Mains (power) plug, panel mounting,
with integral fuse holder
Fuse, 50 mA, delayed action
Enclosure, 19 in (483 mm) wide, 2 units
high, 12 in (30 cm) deep
PCB 910146
Front panel foil 910146F

Remote control
1x resistor, 3.3 Q

1x resistor, 22 kQ ,
1x IR receiver, Sony BX1407

(=4BA=4 mm dia.) screws that pass through
the board, two non-metallic spacers, and the
bottom panel, where nuts and washers are
attached.

Mount theauxiliary board at the right-hand
side of the enclosure on non-metallic spacers
so that the output socket protrudes through
the back panel.

Wire up the mains (power) section.

Solder the flatcables from the display board
and the key board to the mother board.

Fitthe new three-way connector to the two
wires from the CD motor: black to pin 1, and
brown to pin 2.

Unlatch the flexfoil connector on the mother
board by pulling it up slightly and place the
laser unit at right angles to it so that the flex-
foil is immediately above it. Carefully re-
move the paperclip from the end, place the
flexfoil into the connector, and press the latch
down to fasten the two together.

Place the springs and rubber grommets
asshownin Fig. 9, hook the two left-hand clips
of the laser unit into the deck and carefully
press down and inwards the clip at the right-
hand back of the unit.

Insert the motor connector to the associ-
ated connector on the mother board (imme-
diately adjacent to the light-grey lever of the
compartmentswitch. Link the three-way motor
connector to the three-way connector to the
right of the deck.

Finally, place the pressure plate and asso-
ciated spring on to the disk-compartmentand
push the whole into the deck. Clip the lid of
the compartment into place at the front.

The kit also contains a headphone socket
that may be connected, if desired, to the free
connectoratthe right-hand side of the mother
board. If this is used, the entire analogue sec-
tion must be left intact. The socket is linked
to the board by three wires: centre pin to cen-
tre pin, the terminal closest to the front of
the socket to the right-hand pin of the con-
nector on the board, and so on. Note that
there is no volume control for the headphone
output.

DO NOT YET connect the mains (power)
supply.

Calibrating the deck

Topreventtoo high acurrent through thelaser,

BUILD A COMPACT DISK PLAYER

set the 4.7 kQ preset on the mother board be-
hind the deck to a value of about 800 Q, mea-
sured with a multimeter connected between
its centre and right-hand terminals. Set the ad-
jacent 22 kQ preset to the centre of its travel.

Connect the mains (power) supply to the
unit.

Warning: DO NOT LOOK into the laser,
after the mains (power) hasbeen switched on,
because thatcould cause permanenteye dam-
age.

Lift the pressure plate of the deck and
switch on the mains (power) supply. If all is
in order, the laser arm should move inwards,
and the laser lens should briefly move up
and down. Also, the CD motor should move
brietly and shightiy. If these do not happen,
switch off and check that the flexfoil is fas-
tened securely in the appropriate connector.
Laser operation can also be checked visu-
ally. Standing in front of the player, look at
the laser lens at an angle of 20-30°. When
the mains (power) is switched on, a red re-
flection should be visible at the edge of the
lens for a few seconds.

Connectamultimeter (100 mV range) across
R3501 (4.7 kQ at the left behind the deck at
the edge of the board, just in front where the
mains switch used to be). Adjust the 4.7 kQ
preset on the mother board behind the deck
for a meter reading of 50 mV. Take care not
to turn the preset too far to prevent too high
a current through the laser.

Connect the multimeter (1 V d.c.range) be-
tween wire link 102 and the earth plane.
Inserta CD, preferably one with standardized
reflection, and switch on the player. While
selection 1 is played, adjust the 22 kQ preset
(immediately adjacent to the 4.7 kQ preset)
for a meter reading of 400 mV d.c.

This completes the calibration.

Finally

It is advisable to stick some self-adhesive bi-
tuminous felt to the inside of the top panel
of the player to prevent any vibrations aris-

ing in the panel.
Concise operating instructions, incl. those
witharemote control unit, are given in Fig. 10.
®

Table of connections

Connected to on mother board

Fig. 17. Where to fit the IR receiver and extra resistors (arrowed).
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earth (beside +5 V connection
+5 V (top of inductor 5501)
pin 39 of SAA7210P (WSAB)
pin 38 of SAA7210P (cLAB)
pin 37 of SAA7210P (DAAB)
pin 36 of SAA7210P (EFAB)
pin 35 of SAA7210P (SCAB)
pin 34 of SAA7210P (SpAB)
pin 8 of SAA7210P (xouT)
pin 18 of XC99659P (ATsB)
pin 17 of XC99659P (DMUTE)
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Fig. 16. The combined auxiliary (digital output) and key boards.
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CORRECTIONS & TIPS

Low-frequency counter
(January 1992, p. 44)

The parts list on p. 44 erroneously states
that capacitors C; and C, are tantalum
types. Since the polarity of the voltage across
these capacitors may be inverted, the capac-
itors should be bipolar aluminium types.

Under *Construction’ on p.45, it is stated
in the penultimate paragraphh that ‘the con-
nection between the input socket and C; o must
be single screened cable’. In fact, the con-
nection is so short that screened cable is not

necessary.

Measurement amplifier
(February 1992)
Owing to a misunderstanding, the track
side of the printed circuit board (p.23) was
notincluded withthearticle in our February
1992 issue. Our apologies for this oversight.
The missing drawing is shown below.

®
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Automatic cycle lights

(July/August 1991, p. 49)
Sir—In the construction of ‘Automatic
cycle lights’, I have encountered three
problems.
1. Triggering of IC;y at input —T (pin 11)
and R (pin 13). A trailing edge at —T trig-
gers the IC if R is high. It is, however, pos-
sible that R is still low or is just changing
state. A (not very elegant) solution to this
is to connect the line from Q (pin 7) to R to
junction R>-D (+ battery) via a | kQ
resistor.
2. A short pulse caused by the switching
on of the battery triggered input +T of IC
(pin 4), which switched the battery off
again. This was cured by connecting a
470 nF capacitor between +T and earth.
3. Triggering at +T of IC;}, was so sensi-
tive that even a tiny movement of the bicy-
cle causes the battery to be switched off. In
other words, if you don't hold the bicycle
absolutely still, its lights will flash on and
off. The sensitivity can be made variable
by replacing resistor R4 by a 100 k< preset

Helge Bergmann, Hannover

Mini square-wave generator
(February 1992, p. 60)

Sir—On page 61 of ‘Mini square-wave
generator’, you refer to the 7805 regulator
as a “low-drop regulator, which ensures
low power dissipation”. I would disagree
with that description: in my books that reg-
ulator is definitely not a low-drop type.

P. Thompson, Bristol

You are right: we apologize for that error:

Editor

Build a compact-disc player

(January 1992, p. 36)
Sir—I think that your contributor,
T. Giffard, in his article ‘Build a
compact-disc player'must be a lot more
wealthy than I am if he considers £249 “an
affordable price” (available from only one
advertiser in your January issue!).
Especially as Philips' own personal com-
pact disc player complete and ready made
costs only £149 (from Argos).

J. Easton, Watchet, Somerset
The price mentioned in the advertisement

is HFL (Dutch guilders) 249 (equivalent to
about £80.00). Editor







LOW-FREQUENCY COUNTER

FREQUENCY counter is indispensable

inthe design, repair and testof audioand
hi-fi equipment. The counter presented here
can either be built into a sine wave or func-
tion generator or, by the addition of a pream-
plifier, power supply and a suitable enclosure,
be made into a stand-alone unit. Its display
has only four digits, since three or four of
the usual seven or eight display digits are
not used in audio work. Three switched mea-
suring ranges are provided: 0-1000 Hz; 0-10kHz;
and 0-100 kHz.

Counter circuit

The heart of the circuit—see Fig. 4—is IC; a
TTL-compatible CMOS ICType 74C925 from
National Semiconductor. Housed in a 16-pin
DIL package, this device contains four decade
counters, a status memory, a multiplexer,
and a seven-segment decoder for a four-digit
display. The common-cathode, seven-segment
display, LD -LDy, is driven by transistors
T,-T4. The segments of the four digits are
fed in parallel via limiting resistors R;-Rj.

Transistor Ts ensures that the decimal
point is switched in tandem with the meter-
ing ranges. It is cut off by the display drivers
via D when Sy, is in the relevant position:
the decimal point then lights. To make cer-
tain that the transistor switches off promptly,
it must be a germanium or Schottky type:
the base-emitter potential of a standard sili-
con diode remains too high.

To prevent any problems with the cali-
bration of the time base, it was decided to clock
itby a Type SPG8650B (IC3) from Seiko-Epson.
This standard pulse generator, whose pinout
is givenin Fig. 1, containsahybrid circuit con-
sisting of a quartz oscillator and two pro-
grammable dividers that, depending on the
bit sample at input pins 2-7, provides 57 dis-
crete output frequencies. The fundamental
frequency is 100 kHz, and the frequency tol-

by F. Hueber

The frequency counter described in this article may be built
into an existing apparatus or be used as a stand-alone unit.
It obviates the problem of every frequency counter — the
accurate calibration of the time base - by ingenious
circuit design.

erance is 50 p.p.m.

The necessary pull-down resistors for the
programming inputs have been integrated
in the IC, so that all open inputs pins are au-
tomatically at earth potential (logic 0). Apart
from programming switch S;,, no other ex-
ternal parts are required.

When pins 3 and 7 are high (logic 1), out-

put pin 9 provides a signal of 5 Hz; when
pin 5 is high at the same time, the frequency
of the signal is 0.5 Hz; when pins 3, 6 and 7
arehigh, the frequency of the signal is 0.05 Hz.
The corresponding gate times of the counter
are 100 ms (0-99.99kHzrange); 1 s (0-9.999kHz
range); and 10s (0-999.9 Hz range). All avail-
able combinations are given in Fig. 2.

16 15

14 13 12 11 10 9
.NC
CGELS
.CTL2
HGTLY
CTL6
.CTL5
CTL4
. Vas

I O O

-

o

NC:Not connected
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M8650B 86518
16. Vins CTL4| O 0 0 0 1 1 1 1
15. NC SETENY Tt o 0 1 1 0 0 1 1
14. RESET ctueTi2lne o | 1 J ol v o | v o]
:j ‘;‘t:tti[}' [ 0 0 0 |10k [10K |IK 100 |10 1 |1/10 |1/100
11 FOUT 0 0 1 10K 1K | 100 10 |1 1/10 | 1/100 |1/1000
10. TEST 0 1 0 | 5K | 5K |500 5 | 5 1/2 | 1/20 |1/200
9. OUT 0 1 1 |33.3K |3.3K |333.3| 33.3 | 3.33| 1/3 |1/30 [1/300
1 0 0 | 25K |2.5K | 250 25 | 25 | 1/4 |1/40 |1/400
1 0 1| 2K 2K |200 2. 102 1/5 | 1/50 |1/500
1 1 O |6.6K |1.6K |166.6| 16.6 | 1.6 | 1/6 |1/60 |1/600
1 1 1 8.3k [833.3| 83.3| 8.3 0.83] 1/12 | 1/120 [1/1200
910149 - 14

Fig. 1. Pinout of the SPG8650B.

Fig. 2. Programming possibilities of the SPG8650B.
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LOW-FREQUENCY COUNTER

Since IC3 provides an output pulse with
aduty factor of 1:1,and IC; counts only when
that output is high, a count period is twice
aslongas the pulse duration. With 100ms and
1 s gate times, that does not matter much,
but when the gate time is 10s, there is a delay
of 20 s between two consecutive displays. A
little patience is, therefore, required during
measurements, but that is rewarded by a res-
olution of 0.5 Hz, which, particularly at low
frequencies, is extremely useful.

The exact state of the counter is indicated
by a gate display consisting of T7 and Ds.
Owing to the tiny base current through Ry,
transistor T; must be a type with high cur-
rent amplification. The value of R4 cannot
be reduced, since the maximum permissible
current drawn from pin 9 of IC5 is 40 pA. If
the high resolution is of no interest, the gate
display can be omitted and Sy can be a sim-
ple 2-pole change-over switch.

To function correctly, IC; needs a latch
pulse and a reset pulse, which are provided
by monostables IC;, and ICy, respectively.
The last transition (trailing edge) of the gate-
time pulses triggers 1C,, which causes a
pulse of about 7 s at the latch input (LE) of
ICy, whereupon the counter content is shifted
into the display memory. The last transition

b LD4 LD3 L02 LD1 of the 7 us pulse triggers IC,},, whose output
" b:: S - i%b - j’: - ._‘:_. - resets the counter.
= Vil."L::J“""“"‘ ” ﬂ [ 7], ﬂ ﬂ ERN ” ﬂ EN ﬂ ﬂ Buffer Ty, prevents the clock input of the
—Hex Ye' spHasatootle Joog P geod e Soon e S counter accepting too high values.
1) 935 m:ﬂmﬂo ::ﬂmﬂo E:ﬂ:ﬂo ._’{v.ﬂ[:ﬂo The input pulses and gate-time pulses are
51 2" "_‘IL""."I'_""};%p cc cc "‘“'-u cc cc ‘—'Hp cc cc : & cccc combined bV ‘OR gate' Dz—D}-Rlz.

- T A i The level of the input signal to the counter
should be not lower than 2 V r.m.s.: for lower
levels, a simple preamplifier—see Fig. 5—is

\ needed. Thelevel maybeashighas 100V, pro-

pL vided that the working voltage of C3 allows
this.

The +5 V power supply must be regu-

lated; the maximum current drawn from it

T1..T4 - BC5488
LD1..LD4 = HD11070

is only 80 mA.

Preamplifier and power
supply

The preamplifier, needed when input levels
<2V are processed, and the power supply,
whose circuits are shown in Fig. 5, are built
on to a small PCB (Fig. 8).

The preamplifier is designed around dis-
cretecomponents. FET Ty functions asimpe-
O 1Na148 dance converter to provide the necessary
high input impedance. Resistor Ry; and anti-

1 . 1 - parallel connected diodes Djy and Dy; form
u"‘lL 7 ""—l. + a protection network that limits the gate volt-
Eoseadiciol 1Y A Seaibaad Pl age of Typ to about 700 mV, although the
Ic2a ic2b o input level may be as high as 100 V.
" P - e - The input impedance for input levels
T5 T <600 mV r.m.s. is about 1 MQ, that is, the

value of Ry. Athigher inputs, the impedance

AT drops, because Dy and Dy; then conduct,

"o @sv thereby shunting Ry with Ry;. At inputs of

' ce 2 1Vrms,, theinputimpedanceis about400 kQ

® 1 & Ic2 = 74Ls221 and at 2 V rmss. it is about 150 kQ. If that is

Gra s too low, the value of Ry; can be increased up

to 1 MQ. Unfortunately, owing to the un-

avoidable capacitance of the diodes and the

FET, the input sensitivity for frequencies
Fig. 4. Diagram of the counter circuit. >10 kHz then deteriorates by up to 14 dB.

lsfelalz]
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M TEST & MEASUREMENT

PARTS LIST

Resistors:

R1-R7=220Q

R8 = 390 Q

R9, R27 = 47 kQ

R10, R11 = 10 kQ

R12=3.3kQ

R13, R22 = 1 kQ

R14, R23 = 100 kQ

R15 =22 kQ

R16, R21 = 150 kQ

R17=470Q

R20 =1 MQ

R24, R30 = 5.6 kQ

R25, R26 = 1.8 kQ

R28 = 560 Q

R29 = 8.2 kQ

P1 = 100 k2 multiturn
preset, vertical

Capacitors:

C1,C2=1nF

C3 =10 uF, 35V, vertical

C4 =330 nF

C5 = 220 uF, 10V, vertical

C6, C14 = 100 nF, ceramic

C10 =150 nF, 250 V

C11,C12=4.7 uF, 35,
tantalum

C18 =270 pF

C15 =10 uF, 10V, vertical

C16 = 470 uF, 25V, vertical

Semiconductors:

D1 = BAT85

D2-D4, D10, D11 =
1N4148

D5 = LED, 3 mm

D12-D15 = 1N4001

T1-T5, T11-T13 = BC548B

T6 = BC558B

T7 = BC548C

T10 = BF245C

IC1 = MM74C925

IC2 = 74L.S221

IC4 = 7805

Miscellaneous:

S1 =2 pole, 3 position slide
switch

K1 = phono socket

K2 = 2-way terminal block
(mains) for PCB
mounting

LD1-LD4 = 4-digit,
7-segment display

Tr1 = mains transformer,

9 V. 1.5 VA rating
Enclosure 60x150x132 mm
(2% x57% x5 %gin)
PCB 910149-1
PCB 910149-2

d

T D12..D15 = 1N4001

K2

v
1VAS

5V

910149 - 11

C“ﬁm

@{;W%@
i

S

A

5 el

88565888 o

B4

7 1O
B3

Fig. 6. The printed-circuit board for the counter and the display sections must be cut into two.
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Coupling capacitor Cyg blocks any d.c.
component in the input signal; it should,
therefore, have a working voltage of >250 V.

The signal is applied to amplifier Ty; via
Cy;. The operating point of this stage has
been chosen so that not only does Ty; mag-
nify the signal to a high degree, but, because
of its low collector potential, it also acts as a

signal limiter. With the value of collector re-
sistor Ry4 as shown, the collector potential
with respect to earth is about 0.9 V.

The output of Ty; is fed via Cy; to transis-
tors Ty and T3 that form a Schmitt trigger.
When P is in a position where the base po-
tential of T3 is just insufficient to switch on
the transistor, even tiny changes in the base

Fig. 7. The display and counter boards must be fitted together at right angles.

X
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Fig. 8. Printed-circuit board for the preamplifier and power supply.
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LOW-FREQUENCY COUNTER E

potential suffice to drive Ty, into conduc-
tion. When P is set correctly, a sinusoidal input
signal of only 10 mV results in a clean rect-
angular output signal.

A capacitor to couple the preamplifier
output to the counter is not required. In fact,
when the counter operates with the pream-
plifier, C3 in its input circuit may be short-
circuited or replaced by a wire link.

The power supply for both the counterand
the preamplifier needs a transformer rated
at 1.5 VA only. Full-wave rectification is pro-
vided by diodes D,~D;s. Filtering and reg-
ulation by Cy4, Cy5, and ICy, respectively, is
standard for this type of supply. Note that
the transformer specified is protected against
short circuits: the primary circuit, therefore,
does not need a fuse.

Construction

Commence the construction of the counter by
cutting off the display section from the board
in Fig. 6. After both sections have been com-
pleted, they must be soldered together at
rightangles with the aid of a number of short
lengths of bare wire that provide electrical
connections between the display board and
the counter board at the same time. This con-
struction can be seen clearly in Fig. 7.

No difficulties should be encountered in
completing the preamplifier-power supply
board.

The modular design enables the counter
to be housed in a variety of instrument cases.
Thatof the prototype measured 60x150x132 mm
(23 x5 7% x5 % in) (HxWxD). The counter
and display boards are fitted to the front
panel, while the preamplifier and power supply
boards are fixed to the bottom panel. If a
metal case is used, the earth plane of the
preamplifier-power supply board must be
connected to the earth of the inputsocket only.

Part of the preamplifier, indicated by the
dashed line in Fig. 5 and Fig. 8 should be
screened from the power supply by a 15 mm
high strip of tinplate. It may also prove use-
ful to put a 5 mm screen around these parts
at the underside of the board.

The connection between the input socket
and Cj( must be single screened cable.

Voltage regulator IC4 should be fitted on
a small heat sink.

Calibration

Connect an oscilloscope to the output of the
Schmitt trigger and inject a 10 mV sinusoidal
signal of about 20 kHz into the input socket.
Adjust P; until the waveform on the oscillo-
scope is a true square wave. If no oscillo-
scopeisavailable, adjust Py so that the counter
reading remains the same for sinusoidal and
rectangular signal inputs (atalevel of 10mV).

The counter has no overflow indication,
so that, if, for instance, the 10 kHz range is
selected, and the input signal has a fre-
quency of 10.234 kHz, it is displayed as
0.234 kHz. It is, therefore, advisable when
an unknown frequency is being measured,
to select the highest range first and then go
down as required. si
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CORRECTIONS & TIPS

Low-frequency counter
(January 1992, p. 44)

The parts list on p. 44 erroneously states
that capacitors C; and C, are tantalum
types. Since the polarity of the voltage across
these capacitors may be inverted, the capac-
itors should be bipolar aluminium types.

Under *Construction’ on p.45, it is stated
in the penultimate paragraphh that ‘the con-
nection between the input socket and C; o must
be single screened cable’. In fact, the con-
nection is so short that screened cable is not

necessary.

Measurement amplifier
(February 1992)
Owing to a misunderstanding, the track
side of the printed circuit board (p.23) was
notincluded withthearticle in our February
1992 issue. Our apologies for this oversight.
The missing drawing is shown below.

®
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Automatic cycle lights

(July/August 1991, p. 49)
Sir—In the construction of ‘Automatic
cycle lights’, I have encountered three
problems.
1. Triggering of IC;y at input —T (pin 11)
and R (pin 13). A trailing edge at —T trig-
gers the IC if R is high. It is, however, pos-
sible that R is still low or is just changing
state. A (not very elegant) solution to this
is to connect the line from Q (pin 7) to R to
junction R>-D (+ battery) via a | kQ
resistor.
2. A short pulse caused by the switching
on of the battery triggered input +T of IC
(pin 4), which switched the battery off
again. This was cured by connecting a
470 nF capacitor between +T and earth.
3. Triggering at +T of IC;}, was so sensi-
tive that even a tiny movement of the bicy-
cle causes the battery to be switched off. In
other words, if you don't hold the bicycle
absolutely still, its lights will flash on and
off. The sensitivity can be made variable
by replacing resistor R4 by a 100 k< preset

Helge Bergmann, Hannover

Mini square-wave generator
(February 1992, p. 60)

Sir—On page 61 of ‘Mini square-wave
generator’, you refer to the 7805 regulator
as a “low-drop regulator, which ensures
low power dissipation”. I would disagree
with that description: in my books that reg-
ulator is definitely not a low-drop type.

P. Thompson, Bristol

You are right: we apologize for that error:

Editor

Build a compact-disc player

(January 1992, p. 36)
Sir—I think that your contributor,
T. Giffard, in his article ‘Build a
compact-disc player'must be a lot more
wealthy than I am if he considers £249 “an
affordable price” (available from only one
advertiser in your January issue!).
Especially as Philips' own personal com-
pact disc player complete and ready made
costs only £149 (from Argos).

J. Easton, Watchet, Somerset
The price mentioned in the advertisement

is HFL (Dutch guilders) 249 (equivalent to
about £80.00). Editor
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Cochlear implants

HE array of human sensory apparatus is

without question amarvel of adaptive evo-
lution. In particular, Nature has evolved mas-
terful systems for vision and hearing. In both
these sensory systems, physical stimuli are
translated into nerve impulses, which are in
turn processed by the brain. Most of the suc-
cesses in preserving such sensory systems
relate to improving the receptive stages be-
fore the nerve stimuli are generated. Thus,
restoration of sight can, for example, be
achieved by extraction of cataracts. In the im-
provement of hearing, benefit can come from
the use of a hearing aid to amplify the stim-
ulus of the incident pressure waves.

Often, in instances of blindness or deaf-
ness, the sensing system has become inop-
erative, while the nerve pathway to the brain
has remained intact. If simulated nerve im-
pulses of appropriate type could be injected
into the nerve pathways, some element of sen-
sory perception could, in theory, be retained.
While this principle awaits to be developed
in visual systems, the use of cochlear implants
in hearing research has been successful in pro-
viding a means of greatly improving the
hearing perception of many thousands of in-
dividuals around the world. (The cochlea is
the spirally coiled part of the inner ear that
translates mechanical vibrations into nerve
impulses).

About the cochlea

A cochlear implant can be described as a
specialized hearing aid device that trans-
lates patterns of sound into a series of elec-
trical signals which are channelled directly
to the auditory nerve foronward transmission
to the brain. In so-called single channel sys-
tems, the output is attached directly to the
auditory nerve. In so-called multi-channel
systems, a series of individual electrodes
are attached along the interior of the cochlea
where, in the normal ear, sound vibrations ex-
cite hair cells to generate nerve impulses. This
is amore complex surgical procedure but pro-
vides better resolution of frequency content
of sounds.

The cochlea's highly specialized design
causes hair cells within its structure to respond
selectively to input signals of various fre-
quencies, so that the pitch of sounds can be
finely differentiated. The mechanical prop-
erties of the cochlea change from the basal
portion (widest) to the apex (narrowest).
The stiffness is greatest at the basal end, but
its mass per cross section is least, while at

by Douglas Clarkson

the apex the stiffness is least, but its mass
per cross section is the greatest. If a range of
sounds is coupled into the cochlea at the
wide, basal face, specific sections of hair cells
within the cochlea will vibrate. Higher fre-

Fig. 1. Cochlearimplant unit of the ‘Nucleus’
system.

Fig. 2. Close-up on set of electrodes im-
planted directly in the cochlea.

Fig. 3. Speech processor, external mi-
crophone and coupler/locator.

quency sounds will stimulate closer to the
wide basal face, while lower frequencies
will stimulate areas closer to the apex.

In total, there are about 15 000 hair cells
along the cochlea, which are connected to
about 30 000 nerve fibres in the cochlear nerve.
The interconnection pattern can be imag-
ined to be very complex. A particular nerve
bundle may be connected to several hair
cells or a specific hair cell may be connected
to several nerve fibres. The ‘design’ of the
cochlea, however, does allow excellent pitch
or frequency discrimination to take place.

Early work on the structure of the cochlea
was undertaken by Marchese Alfonso Corti,
who first described it in 1851. The theory of
the selective resonance of the cochlea was de-
scribed by Hermann von Helmholtz. A more
comprehensive investigation of the cochlea
was undertaken by Georg von Békésy, which
involved determining the vibrational char-
acteristics of human post-mortem specimens.

Real time listening

The mechanism of hearing can be imagined
to be areal time superposition of electrical sig-
nals from all the various sections of the line
of hair cells in the cochlea. Any ‘artificial’
cochlea would have to simulate such a sens-
ing pattern. In particular in terms of fre-
quency response, higher frequency signals re-
quire to be injected at the basilar (wide) end
and low frequency signals at the apex. This
requires an appropriate means of decoding
sound into its frequency components and
generating appropriate electrical stimuli.

Design of modern cochlear

implants

One type of cochlear implant has a total of
22 electrode sections in order to provide as
much pitch discrimination as possible. The
degree of such pitch discrimination attained
is not sufficiently good, however, to allow
normal speech to be understood without the
aid of lip reading. Only in very exceptional
cases can a cochlear implant provide near-
normal hearing discrimination. It must be
made clear, however, that the cochlear im-
plant can introduce a totally deaf individual
to a world of sounds that puts him or her in
touch again with society.

In the design of cochlear implants, there
isamajor division between analogue and dig-
ital systems. Analogue systems tend to have
direct connection by wire between the cochlear
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electrode and the sound analyser/stimulus
unit. Digital systems tend to couple stimula-
tion signals using radio frequency linkage.
Inone sense, the direct coupled analogue sys-
tem provides the advantage of simplified
drive/excitation circuitry, while the digital
system minimizes the problem of infection,
since the cochlear implant is inserted during
sterile procedure and subsequently there is
minimum risk of site infection.

The ‘cochlear’ system

Figure 1 shows the implanted unit of the
‘cochlear’ implant developed by the Nucleus
Group. Original work on the unitdesign was
undertaken by professor G.B. Clark and his
colleagues at the University of Melbourne,
Australia, during the early 1970s. The im-
planted unit consists of a magnet to localize
the external radio linkage system and mi-
croelectronics to pick up power and signals
in order to drive the array of 22 electrodes.
Figure 2 shows the array of electrodes
that is inserted into the cochlea. The 22 elec-
trodes are bands of pure platinum 0.3 mm
wide and spaced at 0.75 mm intervals along
a silicone elastomer carrier. The array ta-
pers smoothly from a diameter of 0.6 mm at
its widest part to about 0.4 mm at the tip.
In the driving of the individual electrodes,
current can be driven between specific pairs
of electrodes or between a specific electrode
and all the remainder acting as a common
ground. It can be appreciated that some de-

gree of customizing of each system is required
tooptimize performance. This s typically un-
dertaken by testing hearing responses with a
so-called implant centre system, where cur-
rent driving patterns can be tailored on a
master system before being incorporated in
the patient's own device. Specific performance
of, for example, consonant recognition can
be evaluated for a range of electrode driving
configurations.

Figure 3 shows the microphone, external
sound processor and magnetic locator/stim-
ulator unit. The external sound processor is
usually worn on a carrying pouch.

Speech processing

mechanisms

Speech elements can be identified as those in-
volving vocal chords such as ‘eeee’ or ‘ah’
and those which do not, such as ‘s’, ‘t" and
‘k’. These are the so-called ‘voiced’ and
‘unvoiced’ sounds. If the speech processor
firstly identifies that ‘voiced’ sounds are
present, it then determines the peaks in the
frequency analysis of the sound and their
relative signal amplitude. Subsequently, it
identifies from look-up tables what is the
appropriate electrode pattern to stimulate. The
required informationis coupled viaa2.5 MHz
RF link to the implant electronics in order to
drive the electrode configuration.
Forunvoiced speech elements, the speech
processor stimulates electrodes towards the
basal, high frequency end of the cochlea.

Middle ear cavity

Ext. aud. passage

Malleus

Tympanum

Pinna

Middle ear

OQuter ear

Vertical semi-circular canals

Q, Fenestra rotunda

Ampulla

Auditory nerve

—— Sacculus

N Cochlea

Fenestra ovalis

Eustachian tube

Inner ear

Fig. 4. The ear consists of three sections: the external, the middle and the inner ear.
The external ear extends from the external ear lobe (pinna) to the ear drum (tympa-
num). The middle ear acts as an amplifier with a gain of about 25 dB. The inner ear
consists primarily of the fluid-filled cochlea. Electron microscopy has shown that ex-
posure to high levels of noise results in irreparable damage to the hair cells mounted
on the basilar membrane, which then appear to be ‘bent over’ and no longer capable
of generating a nerve signal for the brain to interpret.
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The speech processor is, therefore, imple-
menting a first level of speech recognition
for voiced sounds.

Developments in performance of such
speech processors are primarily being derived
from increasing the processing speed of the
microprocessor circuit elements. This al-
lows for both faster decoding of speech pat-
terns and more complex algorithms to be
implemented. In the longer term, it is possi-
ble that systems will include more general
word recognition features, though this is not
a feature of current systems.

Driving patterns of current

It is known that direct current flowing in
sensory nerve channels can result in dam-
age to sensitivities. The stimulus waveforms
in the Nucleus system are biphasic or charge
balanced so that the averaged current flow
across the electrodes is close to zero (< 1 pA).

The typical duration of a phase is 200 ps
with pulse amplitudes of 100-800 pA. It is
appreciated that there is a danger in over-
driving neural circuits that are connected to
the main central nervous system. Current driv-
ing amplitudes that can be readily tolerated
in most patients can result in facial pain or
facial muscle spasm in a small number of
cases.

Uptake of cochlear implant
technology

To date, there have been over 5 000 cochlear
implants undertaken world-wide using a va-
riety of designs. The group of patients who
typically receive such treatment are those with
total loss of hearing in both ears and where
conventional devices such as hearing aids and
inner ear surgery can provide no benefit. It
is vital, of course, that the appropriate audi-
tory nerve is still functional.

Owing to the nature of both the technol-
ogy of the implant system and the range of
professional skills required in the ‘implant’
team, such treatments are relatively expens-
ive. However, in assessing costs and benefits,
individuals can usually achieve a higher
level of participation in society. In recent years,
children have become a major group to re-
ceive such implants, This is natural, since
their development is critically dependent on
communicating effectively with those around
them.

In the United Kingdom, a set of seven
centres has been established where cochlear
implants can be undertaken. There has been
disappointment, however, at the limited re-
sources provided to undertake such a pro-
gramme. The demand for such services far
outstrips present levels of funding.

‘Looking’ ahead

On a more distant horizon, probably in the
mid to late 1990s, artificial retinas may well
be introduced in their prototype forms. The
groundwork with artificial cochleas will, no
doubt, serve as useful experience in this
much more challenging development. W



A DIRECT CONVERSION RADIO

Amateur radio is expensive, or should | say it is if you buy all of your
equipment. This cost deters many from a hobby that once
investigated niches where low cost home built equipment can be
used to the full. Equally, others may have become tired of just using
a purchased rig and the chance to build and use a simple radio may
put life back into the hobby.

HE author wanted to build a low cost

transceiver as an experiment to see just
what can be achieved. For simplicity, this
means the radio is built for a single band and
that many of the complications that make a
communications transceiver so costly can be
dispensed with. As to the frequency, it was
decided that the 14-MHz (20-m) band would
be best. I prefer that band to the more famil-
iar option of 3.5 MHz (80-m), because I could
geta reasonable dipole antenna into my back
garden because of its smaller size.

It was felt that owing to the experimental
nature of a transceiver I set out to design that
it would be a reasonable idea to construct the
receiver section as a separate project to iron
out any technical problems, and to see what
sort of signals could be heard from such a
low cost unit. The most successful of the de-
signs forms the basis of this article.

Direct conversion, how it
works

Communication receivers tend to use the
double conversion superheterodyne tech-
niques. By contrast, the much simpler direct
conversion technique is based on one stable

by David J. Silvester G4TJG

oscillator which actually runs at the same
frequency as the signal being received and
all of the filtering is carried out at AF where
an inductor-capacitor bandpass filter is easy
to design and build. Direct conversion re-
ceivers are for use with single sideband and
CW transmissions, but with care the receiver
will demodulate AM signals, although the
carrier causes a problem as detuning leaves
a loud whistle in the headphones, and the re-
ceiver will need to be set accurately to null
this out.

To examine direct conversion, consider
an incoming upper sideband signal that
would have had a 14.200-MHz carrier if this
were not removed prior to transmission. In
the direct conversion receiver, the band of
signal frequencies that have been trans-
mitted is mixed with a stable signal of
14.200 MHz generated within the receiver.
In the mixer, the sum and difference fre-
quencies are generated and the difference,
which is an audio signal, is filtered out from
the remaining frequencies which are all RF.
If the internal oscillator is only slightly away
from the correct frequency, the signal will
still be resolved, but the audio tone will be
higher or lower depending on the difference.
However, if the receiver’s oscillator is set,

say, 3 kHz above the correct missing carrier
frequency of an upper sideband signal, the
signal is treated as lower sideband and a
characteristic direct conversion tuning
sound results.

Circuit description

The mixer

The mixer is the heart of the direct conver-
sion receiver, and whilst any type can be
used for the receiver, it was felt that one of
the balanced mixers available as a complete
package would be the most suitable to use
when the transceiver option was considered.
By using one of these balanced mixers, the
oscillator can be left running all of the time
into one of the mixer’s input ports, so that
this tends to stabilize its frequency. Also,
local oscillator radiation is a serious problem
in direct conversion receivers and the bal-
anced nature of the mixer chosen assists in
preventing unwanted signal leakage. Unlike
the situation in the superhet receiver, the an-
tenna and input bandpass filter are tuned to
the local oscillator frequency and any leak-
age will be transmitted. An isolator sta.gc can
be added to try to prevent this and good
screening needs to be placed between the
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Fig. 1.
local oscillator and RF circuits.

The oscillator

Essential for the design is the stability of the
single oscillator that in this case runs from
13.950 MHz to 14.400 MHz. This oscillator
must be stable to within a few hertz after a
short warm-up period, or the user will
forever be retuning the radio. Also, the oscil-
lator needs to be resettable so that the oscil-
lator control can be calibrated, and a
conversion chart drawn up. In fact, the tun-
ing capacitance has to change by only a very
small amount to obtain the tuning range we
need, and it was decided that the simplest
option was to use a variable capacitance
diode pair as the frequency controlling ele-
ment in the design. Here, the varicap control
is carried out by voltage derived from a 10-
turn potentiometer.

Figure 1 shows the full circuit diagram
for the radio. The oscillator is a well-proven
type using a FET as the active device. Diode
D1 and resistor R3 provide gate bias for FET
T1. The tuned circuit consists of the induct-
ance of L1 and the parallel capacitance of Cs
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and the varicap diode pair, IC2. C4 was not
needed for the 20-m band but since the re-
ceiver can be made to tune to other fre-
quency bands it is included for
completeness. Feedback to maintain oscilla-
tion is taken from a tap on the primary wind-
ing of the inductor, and the output from the
oscillator is from a small secondary winding
(tank) so that the following buffer only
lightly loads the oscillator.

During development an MPF102, a BF245
and a 2S5K55 were tried in the position T1. In
all cases the output was identical, so any of
these and possibly many other FETs may be
used, although some care will need to be
taken to assure that the FET leads are con-
nected correctly as the pinouts do vary be-
tween types.

If a single varicap diode is used, a prob-
lem occurs because its capacitance changes
as the oscillator operates (since its bias then
varies). To overcome this, the oscillator uses
aback-to-back common cathode varicap pair
in a single TO92 package, in which as one
diode loses bias, the other receives extra bias
and the capacitance across the anodes re-

Circuit diagram of the direct conversion receiver. This version is designed to work on the 20m amateur radio band.

mains approximately stable. This raises an-
other problem in that both diodes must be
held in reverse bias even though the anode
voltage at the upper end connected to the
winding will be varying at the 14-MHz fre-
quency. This is overcome by making the
minimum central bias voltage higher than
the peak RF voltage at the top end of the coil.
The bias voltage is derived from the portion
of the output voltage of the 8-V regulator,
IC1, that is selected by the potential divider
consisting of the 10-turn potentiometer P1
and resistor Ri. This voltage can never be
less than 5.3 V and allows a 6-V peak RF volt-
age at the top of the tuned circuit. A 10-turn
pot, although costly, was chosen because an
indicating dial can be used with this type of
pot and the dial reading can be directly re-
lated to the receiver frequency.

Capacitors C1, C2 and C3 provide sta-
bility for the tuning voltage and prevent the
oscillator signal feeding back into voltage
regulator IC1. During operation, no current
flows out of the varicap except for leakage
currents, so resistor R2 provides an RF block
whilst passing the DC voltage needed to bias
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Fig. 2a. Component mounting plan of the PCB designed for the radio.

the varicap. R4 and C7 isolate the FET’s drain
from the power supply at 12 V, as feedback COMPONENTS LiST
of RF may affect the other RF circuits.

The second stage, the circuit around T2
and T3, is a buffer amplifier to raise the signal
available at the transformer tap to about
1.5 Vpp into a 50-Q load to drive the balanced
mixer correctly.

The RF circuit and mixer

The input circuit is extremely simple. Two
identical tuned circuits with a top connect-
ing capacitor act as a bandpass filter for the
incoming signal. They have a Q of 10 with
the 50-Q impedance presented by the an-
tenna and the mixer’s input. The top loading
capacitor, Cis, couples the signal between
them. The SBL-1 mixer has a single-ended
50-Q input at pin 1, a 50-Q local oscillator
input at pin 8, and the output is available at
pins 3 and 4. The output consists of the sum
and difference frequencies as well as any sig-
nal that leaks through the mixer. Of these,
the difference is the audio signal we select
and amplify—all the others are RF signals.

AF filter and amplifiers

Initial RF rejection is provided by Ri2-Cis
with L4, C19 and the 50-Q input impedance
of the first opamp stage. This presents a con-
stant impedance of 50 Q to the mixer. At AF,
the signal passes to the 50-Q amplifier input
impedance through L4, whilst at RF Ri12 and
C18 maintain the 50-Q impedance.

The main audio filter consists of L5, Lé
and C25 to C29. This is a low-pass filter with
a high cut-off rate above 3 kHz to attenuate
signals outside the normal SSB range. This
does lead to the possibility of receiving more
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Fig. 2b. Track side and component side copper layout. The component side need not be etched as shown here; see the text for details.
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than one CW signal if they are closely
spaced, but it was felt that most users would
be listening to SSB transmissions. If required,
a narrow band select filter at AF could be
added for CW listening.

The AF amplifier has three stages: two
simple inverting opamps biased for use with
a single power supply, and a dedicated low
power amplifier. The first stage around IC3
has an input impedance of 50 Q defined by
R13, and a voltage gain of 100 (equivalent to
40 dB) set by feedback resistor Ri6. R16 is also
shunted with a capacitor, C23, to cut down
on the high frequency gain of the amplifier,
the cut-off being set at about 10 kHz.

As the receiver has a single power supply
of 12 V only, the non-inverting input to the
opamp has to be held at about 6 V to put the
opamp into its linear operating region. This
voltage is provided by R14 and Ri5 with C20
and C21 to remove any a.c. from the opamp
input. Capacitor C24 removes the d.c. off-set
at the output of IC3, passes the AF signal to
the main filter, and provides low frequency
attenuation of the AF signal. The second
opamp stage around IC4 provides another
40 dB of gain before the signal is passed to
the volume control, P2, and on to the power
amplifier, ICs.

T'he AF power amplifier has a gain of
about 35 dB, so the whole receiver has a volt-
age gain of about 75 dB, which is lower than
normal but allows for an RF buffer amplifier,
and in fact seems adequate for the job any-
way.

The output audio is to stereo headphones
with the two earpieces connected in parallel.
An adaptor was built to do this, and to allow

two sets of headphones to be used at once.
C40 isolates the d.c. on the output of the
power amplifier IC from the headphones.

To ensure stability, the two ICs in the AF
amplifier have capacitors across their supply
pins.

Construction

The whole circuit, except for the two poten-
tiometers, is mounted on a single PCB,
shown in Fig. 2. This board has its lower sur-
face etched to form the track pattern and the
upper surface either left unetched as a solid
ground plane, or etched as shown.

In the first case, the lower surface of the
board will be exposed, developed and
etched as usual, but the upper surface will
need to be kept covered to prevent any remo-
val of the copper layer. In the final stage of
board production, holes are drilled through
all of the pads on the lower surface. A 1-mm
drill seems to be the best size for this oper-
ation. There are eight through board connec-
tions where the upper ground plane must be
left close to the holes. Where the component
wires must pass through the PCB without
shorting to ground, a 2-mm ring of the cop-
per is removed from around the holes on the
upper surface. The author uses a &-inch (3-
mm) drill mounted in a handle for this. In
many cases, the components have one termi-
nal bent and soldered to the upper surface of
the board.

If the component side of the board is
etched as shown, it is not necessary to clear
the holes where component wires pass
through to the track side. However,

Parts for Balun:

Potting box 23mm; cubical type.

Potting compound: 50g will do two baluns
with a little over.

Coax connector BNC type.

Spade terminals.

Ferrite core Micrometals T72-26.

26SWG enamelled copper wire.

Parts Sources

Cirkit Distribution Ltd. at Broxbourne supply
all of the Toko coils and the Micrometals
cores as well as many of the other items. Ma-
plin Electronics supply the potting boxes and

grounded component wires must also be
bent and soldered flush on to the ground
plane.

The can tabs of inductor L1 are also con-
nected to the ground plane by bending them
out to the side and soldering to the upper
surface. The ground plane is a good conduc-
tor of heat as well as electricity, and a fairly
large soldering iron bit needs to be used if
joints to the ground plane are to be success-
ful. If a large soldering iron is used to solder
the small pads on the lower surface, great
care must be taken to avoid damaging them,
or damaging the components by overheat-
ing.

To fitinto the recommended box, the cor-
ners of the PCB and a section at the centre
will need to be removed to allow the PCB to
pass the screw mountings. These should be
cut out at an early stage of PCB construction.

Construction is best carried out in the fol-
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lowing order. Firstly, locate the position for
the inductor and the two ICs, as they are easy
to find due to the distinctive pin layouts.
Fold back the tabs on the inductor cans and
tin them. Insert the inductor, solder the pins,
and solder the tabs to the ground plane. Lo-
cate the position for the eight through-board
connections, push track pins or short pieces
of wire through to make the connections,
and solder to both the upper ground plane
and the lower track.

Care needs to be exercised when building
the PCB as the components are tightly
packed in some areas. Construction should
cause no problems but the usual care should
be taken especially aver the connections to
the ground plane, as there is no indication of
the orientation for these components from
the holes alone. It is easier to build outward
from the centre, but make sure that the resis-
tors and capacitors associated with an active
component are in place before fitting the
semiconductor itself.

In the prototype, the three ICs were sol-
dered into the board instead of fitted into
sockets, as board mounting is advantageous
with inexpensive ICs like these.

The only components not on the board
are the two potentiometers. The 10-turn pot,
P1, carries d.c. signals only, and the RF
pickup that may occur is shorted to ground
on the board itself. The second pot, P2, car-
ries AF signals at fairly high amplitude.
Hence both pots are connected to the PCB by
single strand hookup wire.

The antenna connection is made through
two toroidal inductors that have to be
wound by hand. Take a 2-ft (approx. 60-cm)
long piece of 26SWG (0.45-mm dia.) ena-
melled copper wire, scratch away the insula-
tion about 6 inches (15 cm) from one end,
bend in the middle of the bared section and
twist together for about 1 inch (2.5 cm). This
will form the tap connection. Place the wire
against one of the toroidal cores and wind
the short end of the wire through the core for
5 turns. This tail forms the ground connec-
tion. Next, wind the longer wire in the oppo-
site direction for 20 turns. This is the
connection to the two tuning capacitors and
the link capacitor. Repeat with a second core
and piece of wire. You will now have two 25-
turn coils with taps at 5 turns suitable for use
with a 50-Q antenna and the 50-Q input to
the mixer. Should you find that you would
like to use a 75-Q antenna impedance (see
the section on antennas later) then the an-
tenna toroidal winding needs to have the tap
at 6 turns instead of 5. Solder the input coils
onto the board. Then solder in wires for the
off board connections.

The choice of audio socket will depend on
the plug fitted to the headphones. Rather
than replace this plug, a mating socket of the
correct size can be used, or an adapter made,
but the two terminals that carry the different
signals in stereo operation need to be con-
nected together at the socket. The authors
radio has a standard jack socket in the box
and an adapter to two paralleled 3.5-mm ste-
reo headphone sockets so that two can listen
in comfort. The 12-V power input may be
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either by way of wires and a grommet or by
one of the power plugs, depending on the
constructor’s preference.

Two types of dial for the 10-turn pot are
suitable: round dial types have large control
knobs which ease the tuning but are more
complicated to read.

The board is a close fit into the box to
allow the ground plane to sandwich the
tracks between it and the box. This serves to
keep down spurious radiation. Locate suit-
able positions for the pots and input sockets
for the antenna, the 12-V power supply, and
the headphone socket, preferably very close
to the connection points on the PCB. Use
PCB stand-offs to hold the board away from
the box. Drill holes for these in the board, but
try to ensure that they do not interfere with
the pots or connections. The radio is used
with the box inverted, so that there were no
ugly holes in the top of the box. The stand-
offs were stuck into the box rather than
screwed down. Drill the holes in the box for
the pots and connectors and fit any lugs that
are necessary to locate the 10 turn pot indica-
tor. Next, fit the pots and connectors and
carry out the final wiring.

The pots are connected so that a clock-
wise rotation of the knob increases fre-
quency or audio output. The clockwise end
of P1 connects to the pad going to C1 and C2.
The clockwise end of P2 is connected to the
pad to C34, otherwise the controls will not
work in the expected manner, and the rig
will be difficult to use.

Aligning the rig

The ease of setting up the rig depends on the
amount of equipment available. The receiver
is designed to work from a 12-V power pack
normally intended for powering CB equip-
ment with an actual output voltage of
around 13.6 V. Although the aluminium box
used to house the receiver is a good electrical
screen, it does not give any magnetic shield-
ing. Unfortunately, the magnetic field of the
mains transformer in the power supply can
couple to the inductors L4, L5 and Ls, giving
a very distorted audio output. The separ-
ation only needs to be about a foot (30 cm) or
so to stop the pickup.

All three of the variable capacitors C5, C15
and C17 are initially set to a central position,
and the tuning control, P1, is set so that the
voltage at the end of R2is 8 V. This should be
at the fully clockwise position if the pot has
been installed correctly, and equates to an
oscillator frequency of 14.4 MHz.

Ifan oscilloscope is available, connect this
to the emitter of T3. Next, adjust the core of
L1 until the peak to peak voltage at the emit-
ter is 3 V or greater. Ignore frequency at this
stage. Alternatively, a digital voltmeter with
an RF probe accessory can be used, and the
reading set to 3 V as before.

A digital frequency meter is helpful in
setting the frequency range of the oscillator
and thus calibrating the receiver, but this can
be carried out using another receiver or by
using a calibration signal from a crystal oscil-
lator. Check that the oscillator can be set to

A DIRECT CONVERSION RADIO

cover the range 140 MHz to 144 MHz
which covers the 20-m amateur band, and
calibrate the read-out with the dial on the ten
turn pot.

If no scope or DVM is available, the core
of L1 can be set to the correct frequency with
Cs left in the central position. The oscillator
output will be sufficiently close for most
users.

Once the oscillator is set, the rest of tun-
ing amounts to adjusting the other variable
capacitors for the maximum audio output
from a weak input to the antenna socket.
This may be an off air signal or from a signal
generator or grid dip oscillator.

True alignment and calibration needs a
digital frequency meter, a crystal caiibrator
or the loan of a communications receiver. If
you are amember of a radio club, this equip-
ment will probably be available, and mem-
bers may be willing to help for the few
minutes that calibration takes.

Setting up the antenna

Anyone new to radio listening will need to
set up an outdoor antenna of some type if
any reasonable reception is to be achieved.
Fortunately, this does not need to be elabor-
ate, although a dipole antenna works much
better than a long wire. The author’s fa-
vourite is made from 300-Q ribbon cable.
Take a piece of ribbon cable 28 ft long (ap-
prox. 8.4 m) and join the two conductors at
both ends. Fold the antenna to find the
centre, and cut one of the conductors at the
centre. Take another length of 300-Q ribbon
cable to form the feeder, this can be of any
length; because it is thin and flexible it can be
brought into the house through a window.
Suspend the antenna in the open air and lead
the feeder into the house. Cut this ribbon
cable off a short distance inside the house.
The radio is designed for a 50-Q or 75-Q
single-ended (unbalanced) input, but up to
now our antenna is of a balanced type. To
convert the 300-Q balanced to 75-Q single
ended we need to make a balun. In practice,
the balun is wound on a ferrite core. Take
two pieces of 265WG (0.45-mm dia.) ena-
melled copper wire about 2 ft (60 cm) long,
twist them lightly tegether, and wind as a
pair for 15 times through the core. Cut the
ends off to about 3 to 4 inches (7.5 to 10 cm)
and scrape away the insulation on all of the
wires. Use an ohmmeter to find the start of
one wire and the end of the other, and twist
them together to give the central tap. Wire
the ribbon cable antenna feeder across the
full winding, and a 75-Q coax with the core
to one of the ribbon wires and the screen to
the central tap. The other end of the coax con-
nects to the radio through a plug and socket
on the aluminium case. In this form, the
balun is rather rough and ready although
fully operational. If you want the thing to
look nicer, the balun can be potted in a small
box made for that purpose and having a coax
connector at one end and two spade termi-
nals for the ribbon cable connections. u



A DIRECT CONVERSION RADIO

Fig. 2b. Track side and component side copper layout. The component side need not be etched as shown here; see the text for details.
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Exploring negative resistance: the lambda diode

ESISTANCE is omnipresent in electron-

ics. A few materials (super conductors)
lose their resistance at fairly low temperatures,
and all materials lose it completely at abso-
lute zero. However, at normal temperatures,
most (conducting) materials obey Ohm's law,
but some show characteristics of negative
resistance. Are these breaking Ohm's law?
And what good is negative resistance?

Dynamics

Ohm's law must be one of the simplest (and
most remembered?) equations of elemen-
tary electricity. To determine the resistance
of acomponent, apply a voltage across it and
measure how much current flows through
it. The resistance equals the voltage divided
by the current:

R=U/I,

where R is in ohms, U in volts and [ in am-
peres.

For many objects, their resistance may be
thought of as constant. If a resistance is plot-
ted over a wide range of voltages as in Fig. 1,
itwill be seen tobe pretty linear: the resistance
is the reciprocal of the gradient. But this sit-
uation is true only under certain conditions.
If the temperature at which the measure-
ments are made is varied, (slightly) different
values of resistance will be obtained. For in-
stance, the value of most carbon film resistors
changes by 0.03% °C-1. However, for most
purposes, the humble carbon resistor is re-
garded as being ‘linear: the current through
it is directly proportional to the voltage ap-
plied across it.

Notall devicesareso wellbehaved and we
need not look at exotic devices to find an ex-
ample. The wire-filament light bulb is non-
linear! As the voltage applied across it is in-
creased, the filament heats up and its resis-
tance increases. The bulb will passalower cur-
rent at higher voltagessee Fig. 2. A similar
effectis seen with a diode: it passes little cur-
rent as long as the applied voltage is below
700 mV (at least, in case of a silicon diode).

A device may, therefore, havedifferent val-
ues of resistance, depending on the level of
voltage applied across it. The application of
Ohm's law is always correct, because its an-
swer is the resistance at the instant the mea-

by Samuel Dick

surement was made, thatis, with constant cir-
cuit parameters. When the resistance of the
light bulb or diode was measured, the volt-
age was kept constant when the current was
measured. Because the resistance was mea-
sured in this way, it is referred to as static re-
sistance.

T

v—>p

910154 - 11

Fig.1. VI curve of simple resistor.

v—>p

910154 - 12

Fig. 2. V-I curve of electric light bulb.

A more interesting notion is that of dy-
namic resistance. If Figures 1 and 2 were plot-
ted with the current rather than the voltage
along the x-axis, the resistance at any point
would be merely the gradient of the curve.
This is referred to as the dynamic resistance
becauseitis measured asaresultantof chang-
ing circuit parameters.

While the static resistance s the voltage di-
vided by the current, the dynamic resistance
is defined as a change in voltage divided by
the (resultant) change in current. In this def-
inition, it should also be noted at what volt-
age the dynamic resistance was measured.
In the case of a resistor, the dynamicresistance
is constant and equal to the static resistance.
But for the light bulb or the diode, the gradi-
ent, that is, the dynamic resistance, of their
curves is a function of the applied voltage.

If the gradient of most devices is plotted,
it will be found to be invariably positive. But
for a few devices, part of the curve has a neg-
ative gradient, and thus a negative dynamic
resistance. For instance, Fig. 3 shows the be-
haviour of a tunnel diode: at a voltage of
150 mV, the current stops increasing and de-
creases instead. The tunnel diode, in this re-
gion, has negativeresistance. Of course, if you
applied a voltage of, say, 200 mV (in the neg-
ative slope region) and measured the cur-
rent, it would have a sensible, positive value.
It is not the static resistance that is negative,
but the change in current is in the opposite
sense (it decreases) compared with normal
positive resistance devices when the voltage
is increased.

Buthow isnegative resistance used? Tunnel
diodesare used in oscillators, monostable and

150 mv

e

910154 - 13

normal diode

910154 - 14

Fig. 3. VI curve of tunnel diode.

Fig. 4. Series resistor-diode network.
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n - channel FET

910154 - 15

Fig. 5. The lambda diode.
! peak at | = few mA,
V=2 Volts
(approx)
v—>
910154 - 16

Fig. 6. V-I curve of the lambda diode.

v—>p

910154 - 17

Fig. 7. Three possible load lines for the
lambda diode: (1) monostable; (2) bistable;
(3) oscillator.

EXPLORING NEGATIVE RESISTANCE: THE LAMBDA DIODE

bistable circuits. Which type of behaviour is
exhibited depends on how the device is bi-
ased. Biasing is merely the term for setting
up the circuit around a component so that it
operates correctly, but note that negative dy-
namic resistance devices have several cor-
rect operating modes.

Load lines

To determine how to bias a device, a simple
graphical approach may be used. Take the
example of a resistor and diode in Fig. 4.
How can we calculate at what voltage the
anode of thediode will run? If we plot the cur-
rent-voltage behaviour of the diode, a curve
like that in Fig. 6 would be obtained. If the
diode were not in the circuit, the maximum
voltage that could be present at the diode
end of the resistor would be the supply volt-
age, V. If the diode were short-circuited, the
maximum current that would flow would
be Vi/R. These two values may be taken as
the two ends of a line on the same graph.
That line represents all the possible solu-
tions to our problem. Since the diode must
operate on its characteristic curve, too, the
point at which the two curves intersect tells
us (a) at what voltage and (b) at what cur-
rent theanode of the diode will be. These lines
are known as load lines.

So, by drawing the load lines, we may
determine what are the operating points of
any circuit. This is very simple in the case of
the diode. Regardless of where we draw the
load line of the resistor, it will intersect the
characteristic curve of the diode in only one
place. Note, however, that in the case of a
tunnel diode or other device demonstrating
negative resistance, thereare several possible
characteristics.

The lambda diode

While tunnel diodes are relatively rare, n—chan-
nel and p—channel FETs are common. By com-
bining an n—channel and a p—channel FET as
shown in Fig. 5, a negative resistance device
is formed. It is called the lambda diode, be-

cause its characteristic

curve—see Fig. 6—looks
like the Greek upper case
lambda, A.

Figure 7 shows three
possible biasing schemes
for the lambda diode. In
the first, the device has
only one intersection or
operating point. Despite
any tions, thesim-
ple resistor and lambda
diode combination will
settle down to operate
around this point: its point
of stability.

In the second case, there
are two points of stabil-
ity: that is, the combina-
tion will work asa bistable.
If it is at the lower-volt-

910154 - 18

Fig. 8. Bistable circuit.
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age point, momentarily
increasing the voltage (for

instance, by a pulse fed via a capacitor—see
Fig. 8) will cause the circuit to stabilize at a
higher voltage point. By applying a pulse in
the opposite sense, the circuit will switch
back to the firstoperating point: itisabistable.

In the third case, there is only one operat-
ing point again but it is situated on the neg-
ative slope region of the characteristic curve.
Here, given the right circumstances, the cir-
cuit may be made to oscillate. If a pulse is
applied to the resonant LC circuit, the circuit
will ring at a frequency given by

f=1/2mlLC,

where fisinHz, LinHand Cin E

In an ordinary circuit, the resistance in
the circuit causes the energy of the oscillations
to be lost and the circuit ceases to oscillate.
But if the resistance is countered by a nega-
tive resistance, the circuit will resonate in-
definitely.

Vsupply

1k

g

910154 -19

Fig. 9. Simple LC oscillator.

Figure 9 shows a suitable circuit for ex-
perimentation: Vyupply) is in all cases 12 V.
The circuit tends to %e very stable: typically,
the drift is <100 p.p.m. per hour. The ampli-
tude of the oscillationsisabout+2 V.Theout-
put of the oscillator in any practical applica-
tions must be buffered, otherwise the load
caused by the following circuitry represents
additional resistance. As the power of the
circuit is limited by the peak current that the
lambda can draw (typically a few mA), a
buffer stage is invariably required.

When the tuning capacitor is shunted by
avaractordiode, the circuitmay be tuned elec-
tronically. Note that the circuit is simplified
by having only one tuning capacitor and asin-
gle, tap-less inductor, unlike the classical
Hartley and Colpitts oscillators. n



PROTOTYPING BOARD FOR IBM

PCs

The insertion card described here enables you to build, quickly and
easily, extension circuits intended to stay inside an IBM PC or

prototyping card is an essential item if

you want to equip your PC with a new
feature, say, a sound generator, a voice syn-
thesizer, or a relay driver card, which is as
yet in the development phase. Although
prototyping cards for the PC are available
ready-made from PC hardware suppliers,
they are pretty expensive. As regards the
choice of the interface to which the prototyp-
ing board is connected, the extension bus of
the PC is the only viable alternative. Adequ-
ate as they are for their specific applications,
the other interfaces, the parallel printer ports
and the serial ports, are not really suitable for
prototyping purposes, if at all they are ‘free’.
The prototyping card described here is,
therefore, designed as an insertion card for
the internal bus of the PC.

The circuit

The circuit diagram of the prototyping
board, Fig. 1, is really not more than a couple
of buffer devices that serve to protect both
the PC hardware and the circuit under de-
velopment. Address decoding is not im-

compatible.

by A. Rigby

plemented here—this function has be pro-
vided by the circuit you wish to develop. In
most cases, the address area reserved for
prototyping boards will be used. According
to the address assignment drawn up by IBM
(see Table 2), prototyping cards must be lo-
cated between 300y and 31Fy in PC XTs and
ATs.

Returning to the circuit diagram, the con-
tact fingers on the board that connect to the
PC bus extension slot are shown at the left as
rows A and B. The card is equally suitable for
8-bit and 16-bit slots.

At the top of the diagram we find the da-
tabus buffer, IC4, whose direction (DIR)
input is controlled by the buffered IORD sig-
nal supplied via buffer IC3. The logic level of
the IORD line indicates whether the PC per-
forms a read or a write operation. The enable
(G) input of the databus buffer is pulled to
+5 V by resistor R1, and may be driven by the
prototype circuit.

The address bus of the PC is buffered by
IC1 and IC2, and four buffers contained in
IC3. These three ICs are Type 74HCT541
octal non-inverting buffers with three-state

outputs. Their outputs may be used to drive
an address decoder in the prototype circuit.
All three ICs have their enable inputs, G1
and G2, tied to ground, so that they are per-
manently enabled.

Bus signals

The pin functions of the 8-bit extension slot
connector in IBM PCs and compatibles are
given in Table 1. A number of the signals
available on this connector are of special in-
terest, and described below.

OSC (pin B30) carries the clock signal of the
[/O bus. The standard frequencies are
4.77 MHz in XTs, and 14.318 MHz in ATs.
The mark/space ratio of this clock signal is
1:1.

CLK (pin B20) carries the system clock sig-
nal, which in the standard IBM PC is one
third of the oscillator frequency, i.e.,
1.59 MHz (4.77 MHz/3). The mark/space
ratio of this signal is 1:2. It should be noted
that the OSC and CLK frequencies used in
today’s PCs are much higher than those in
the original IBM PC XT.

RESET (pin B02) serves to initialize the sys-
tem when the power is switched on, or after
a ‘hang up’ or hardware reset.

IOWR (pin B13) is supplied by the bus con-
troller, usually a Type 8288, and serves to in-
dicate memory write operations.

IORD (pin B14) is also supplied by the bus
controller, and serves to indicate memory
read operations.

MEMRD (pin B12) indicates read oper-
ations by the processor or the DMA control-
ler.

MEMWR (pin B11) indicates that the data
on the databus can be written to the location
addressed by address lines A0 to A19.

The first thing to design into any circuit to be
built on the prototyping card is a decoder
that ensures proper addressing in the range
reserved for the application. Figure 2 shows
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PROTOTYPING BOARD FOR IBM PCs

a simple address decoder based on a word
comparator IC, the 74HCT688. All that is re- 1BM-Siot
quired to actually use this circuit is to set the i
switches in the DIL switch block to the re- . &% 2 OfE—7;—S
quired address, and connect the SELECT o . 3 ’
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Fig. 1. Circuit diagram of the prototyping card. The ICs serve to prevent overloading of the
PC’s data lines, address lines, and a number of control lines.
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Fig. 2. A ‘classic’ address decoder based on an 8-bit magnitude comparator IC. The base
Table 1. Pinning of 8-bit bus extension slot.  address assigned to the prototyping card is set as an 8-bit word on the switch block.
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Table 2.

/0 address assignment in IBM
PCs (source: IBM).
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small, and located between 3005 and 31Fy,
which provides only 16 addresses.

The printed circuit board

This consists of three sections:
- asection containing the address and
data bus buffers;
- asection for prototyping;
- asection containing the output connec-
tors.

The buffers are located close to the contact
fingers on the board that plug into the PC ex-
tension slot. Provision is made for a number
of tracks that carry the address lines A0 to
A16 to be ‘broken’. This option is provided
because it will seldom be necessary to use all
address lines. Where some of these are not

required, the buffers associated with them
are thus made available for other uses.

The prototyping area contains no fewer
than 1316 solder pads arranged in 28 ‘col-
umns’ of 47 pads each. The pads in the left-
hand column are interconnected and form a
ground line. They are connected to pin B01,
the system ground, on the extension slot. The
right-hand column similarly forms the +5 V
rail for prototype circuits, and is connected
to extension slot pin B03.

The prototyping card provides two out-
put plugs: a 25-pin and a 9-pin sub-D type,
K2 and Ki respectively. These PCB-style
plugs allow the circuit built in the prototyp-
ing area to be connected to the outside
world. Each plug has a staggered row of
solder pads to facilitate the soldering of
wires.

Construction

The prototyping board is simple to build,
and the PCB (Fig. 3) is available ready-made
through the Readers Services. As regards
construction, all you have to dois consult the
parts listand fit the components by reference
number on to the card. Whether or not the
sub-D plugs are mounted will depend on
your application.

Now it is your turn to develop circuits
that can be built in the prototyping area of
the card. Suggestions abound: a speech syn-
thesizer, a sound generator, a signal proces-
sor, etc.

Finally, when in doubt about the pinning
of whatever connector, slot, cable or plug in
your PC, consult the ‘PC Connectors’ wall
chart supplied with the September 1991
issue of Elektor Electronics. u
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UNIVERSAL RC5-CODE INFRA-RED

RECEIVER

This compact receiver is compatible with all infra-red remote
controls that transmit RC5 codes. The RC5 set comprises 2,048
possible codes, all of which can be decoded and output by the

present receiver. At the transmitter side, it is best to use a
ready-made RC5 compatible infra-red remote control, an item that is
available in many different versions as a spare part.

EMOTE control these days seems com-
monplace for domestic audio/video
equipment, and not a few electronics en-
thusiasts rightly wonder why it seems so dif-
ficult to implement on home-made projects.
T'he RC5 code is one of many systems de-
veloped by manufacturers of consumer elec-
tronics to standardize the control of their
audio/video equipment. Most equipment
produced with infra-red remote control uses
a subset of RC5 codes. The universal charac-

by A. Rigby

ter of the RC5 code set makes it particularly
suited to home-made equipment.

Since the transmitter must be small, easy
to operate, and its constituent parts cost
about as much as the manufactured unit, it is
best to buy one ready made.

The circuit

The RC5 receiver is a relatively simple cir-
cuit—see Fig. 1. The functions of receiving

and decoding the infra-red signal are
handled separately by two integrated cir-
cuits. IC1 receives the infra-red signal via
diode D1, and converts it into a TTL-com-
patible pulse train. The response of IC2 to
this pulse train depends on the setting of the
jumpers on the board. Assuming that jum-
pers S and A are fitted, the reception of an
RC5 code will cause a command code to ap-
pear on lines D0-D5, and a system address
on lines A0-A4. Also, the TO (toggle) line,
pin 18, changes state. Testing this bit allows
the receiver to detect the reception of a new
code. Decoded data remains ‘frozen’ on the
output lines until TO toggles.

If jumper A is removed, IC2 sees lines
A0-A4 as inputs, on which the system ad-
dress may be set. In this mode, the decoder
will only accept command codes and feed
these to outputs D0-D5 if the received code
contains the set system address. This address
is set with the aid of wire links on the
printed-circuit board. A closed wire link rep-
resents a logic 0; an open wire link a logic 1.
When all wire links are fitted, the system ad-
dress is set to “TV-set’, or address 0. When no
wire link is fitted, the address is within the
range reserved for future extensions.

In both of the modes described above, the
toggle bit changes once only, when the code
is received correctly for the first time. This
means that we do not know how long a key
has been pressed on the transmitter. How-
ever, whenjumper R (repeat) is fitted instead
of jumper S (single), and jumper A is not
fitted, bistable IC3b will change the toggle bit
at a rate of 0.5 s while a transmitter key is
pressed.

IC3b is wired as a monostable multivibra-
tor (MMV), and clocked repeatedly by the
RECVD output of IC2. Unlike the TO output,
the RECVD output supplies a pulse train
while a transmitter key is pressed. When the
clock pulse is received at pin 3, the Q output
of IC3b goes high. This in turn clocks IC3a
which divides by two and serves as the
toggle bistable. If more pulses follow after
the first clock pulse, nothing changes during
the first 0.5 s. After that, IC3b is reset because

ELEKTOR ELECTRONICS JANUARY 1992
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Fig. 1.

Ci15 is discharged via Ré. Consequently, the
Qoutput goes high again, and C15is charged
rapidly via D4 and Rs, which ends the reset
state. At the next RECVD pulse, the Q output
of IC3b changes to high again and clocks
IC3a, which toggles. In this way, the toggle
bit changes state every 0.5, as long as the re-
ceiver receives the code.

The above is possible only when the sub
address is set via solder links AO-A4, which
will be the most frequently used option.
When it is desired to read the address also
(jumper A fitted), the ‘repeat’ option may
still be implemented if a small modification
is made to the board: connect pin 3 of IC3 di-
rect to the cathode of D3 (do not insert pin 3
of IC3 into the PCB hole while fitting the IC,
and connect it to D3 via a short piece of wire).

The system address and the command
code are fed to external equipment via con-
nector Ki. When the fixed system address
option is used, a 14-way connector may be
used for Ki. If the system address is not

ELEKTOR ELECTRONICS JANUARY 1992

fixed, the address lines must be brought out
also, so that a 20-way connector is required.
The receiver is powered via connector Ki.
The circuit draws about 5 mA in the stand-
by state. This current increases a little when
an RC5 code is received, since LED D3 then
lights. Inductors L2 and L3 are wound on a
single core, and serve to suppress inter-
ference on the power supply rails. A clean
supply voltage is necessary because the re-
ceiver operates with very low signal levels at
its input. Hence, the cleaner the supply, the
greater the maximum distance that can be
covered by the remote control system.

Construction

Figure 2 shows the printed-circuit designed
for the RC5 receiver. The board holds a com-
bination of SMA (surface-mount assembly)
and traditional components. SMA compo-
nents are used here for two reasons: first, to
keep the size of the receiver as small as

A sensitive RC5 code infra-red receiver built from a minimum number of components.

possible; and second, to ensure the shortest
possible signal routes in the circuit, which
helps to give the remote control the largest
possible range. The PCB design shows
clearly that IC1 is tailored to work with SMA
components—nearly all components associ-
ated with this IC are conveniently fitted be-
tween its two pin rows.

Start the construction by placing, alig-
ning and soldering all SMA parts. Always
pre-tin one pad, solder the SMA part to it,
and then solder the other side. Itis best to use
solder tin of a diameter of 0.8 mm (0.3 in)
and a solder iron with a fine tip. The remain-
der of the components are fitted in the usual
manner, starting with the low-profile parts.

Inductors L2 and L3 are home made as il-
lustrated in Fig. 3: put two windings of
10 turns of 0.5-mm diameter (SWGIS;
AWG19) enamelled copper wire on to the
ring core. Both inductors are wound in the
same direction.

To isolate it completely from external
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Fig. 2.
parts go to track side of the board.

This single-sided printed circuit board has components at both sides—the SMA

(stray) radiation, the receiver may be en-
closed in a box made of thin sheet metal. The
metal is fixed to solder pins at the corners of
the board. This construction provides a
ground connection where the IR diode is
fitted.

The transmitter

Although this article is not concerned with
the building of an IR transmitter, it is, none
the less, useful to understand its operation.
In most cases, the system address sent by the
transmitter will have to be changed. A logi-
cal choice for the system address is one of the
addresses reserved for experimental pur-
poses: 7 or 19.

Most infra-red remote control transmit-

ters are downright simple circuits, as illus-
trated in Fig. 4. One IC does all the work, and
this is usually one of three SAA or SAF types
that are pin-compatible with very small dif-
ferences.

Here, only pin 2 (SSM) and the two key-
board matrices are of interest. The X/DR-
matrix contains the push-buttons that serve
to transmit certain command codes. The
number with a push-button indicates the
corresponding code.

The Z/DR matrix serves to indicate the
system address to be transmitted along with
the command code. The numbers adjacent to
the keys are the corresponding system ad-
dresses. The logic level applied to pin 2 of the
IR transmitter IC determines whether the
Z/DR-matrix actually consists of keys, or is

COMPONENTS LIST

910137-14

Fig. 3. Construction details of inductors
L2 and L3.
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RC5 code address/command overview

System
address Equipment

TV set
Teletext
video recorder
experimental
16 preamplifier
17 receiver/tuner
18 tape/cassette recorder
19 experimental

Command
code Function

0-9 0-9

12 stand-by

13 mute

14 presets

16 volume +

17 volume —

18 brightness +
19 brightness —
20 c. saturation +
21 c. saturation —
22 bass +

23 bass -

24 treble +

25 treble —

26 balance right
27 balance left
48 pause

32x 41, = 88858 ps (Le. 36 K2) 50 fast reverse
» 52 fast forward

53 play

910137 - 15 54 stop

55 record
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Fig. 4. Typical keyboard/IC configuration in an RCS5-compatible infra-red remote control
transmitter.
RTP 31 RTP 38 RTP 39 RTP 58
910137 -13
Fig. 5. A selection of particularly suitable Policom infra-red remote control boxes.

Fig. 6.
the board.

Close-up of the connector side of

formed by a single wire link. This option in-
dicates whether the remote control is used in
single system mode or in combined system
mode.

When pin 2 is low, the transmitter oper-
ates in combined system mode, which
means that the keys in the Z-matrix may be
used to indicate the system address to be
sent before the commands. This address is
latched internally, so that the system key
need not be kept pressed all the time. If a
new system address is selected with the aid
of a key in the Z-matrix, the transmitter will
send this address together with command 63
(1111112; system select). On receipt of this
command, the selected (addressed) system
‘wakes up’.

The operation of the transmitter IC in

Fig. 7.
remote control transmitter.

Setting a new system address in a

single-system mode (SSM) is practically the
same as described above. In this mode, the Z-
matrix consists of one fixed connection be-
tween a DR line and a Z line. Hence, the
system address transmitted by the remote
control box can be changed by removing this
connection, and fitting another. This connec-
tion effectively forms a pressed key in the Z-
matrix. Incidentally, there are also remote
control boxes in which the IC is permanently
wired to SSM mode, and still capable of ad-
dressing two different systems (e.g., a TV set
and a video recorder) with the aid of a switch
(or a set of electronic switches).

Infra-red remote control transmitters
using the RC5 code are available in various
versions from a number of manufacturers
and distributors of radio/TV spare parts.
Figure 5 shows a number of types from the
range produced by Policom. The choice be-
tween these types depends on the applica-
tion you have in mind. In most cases, it is
desirable that the functions available on the
box correspond, or correspond largely, to
those required for your particular applica-
tion. All Policom transmitters have the ad-
vantage of being modified easily. For
instance, you may want to design your own
front panel lettering and key symbols, and
stick this over the existing template on the
flat controls panel.

In all cases, the box must be opened to
change the system address. This is done by
removing the screw in the battery compart-
ment. The two halves of the case can them be
separated by shifting them lengthwise.
While doing this, keep the push-buttons
down to prevent them dropping from the
front panel. To change the system address,
remove the connection between one of the Z
lines and one of the DR lines. Note that this
connection may not always be visible be-
cause of a double-sided printed circuit
board. The connection may be broken by
desoldering the pin of the relevant Z connec-
tion from the board. Next, the new address is
set by fitting a wire. Figure 7 shows how the
modification was carried out on the trans-
mitter used for developing the receiver. ™
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Fig. 2. This single-sided printed circuit board has components at both sides—the SMA
parts go to track side of the board.

COMPONENTS LIST

Resistors:
(all SMA except R3 and R7)
2 56kQ R1;R2
1 4-way 10kQ SIL
(normal size) R3
2 68kQ R4;R9
1 1kQ R5
1 330kQ R6
1 8-way 10kQ SIL
(normal size) R7
1 100Q R8
1 1MQ R10
1 220Q R11
1 5kQ6 R12
1 33kQ R13
Capacitors:
(all SMA, except electrolytic caps)
3 10nF C1;C2,C7
1 47nF C3
1 22nF C4
1 6nF8 C5
3 100nF C6;C13;,C14
1 2nF2 cs
1 100uF 6V tantalum  C9
1 1uF 6V tantalum C10
2 27pF C11;C12
1 1pF 16V axial C15
Inductors:
1 choke 8mH2 L1
1 1-cm dia. ferrite ring core
e.g., T37-6 (see text) L2;L3

0.5-mm dia (18SWG; 19AWG)
enamelled copper wire

Semiconductors:
1 BPW41 D1
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